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September 20, 1967

U._S. ATOMIC ENERGY COMMISSION

DIVISION OF REACTOR LICENSING

kEPORT TO THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

IN THE MATTER OF

v
PACIFIC GAS AND ELECTRIC .COMPANY

DIABLO CANYON NUCLEAR PLANT

© . REPORT NO.. 1

1

Note by the Director, Division of Reactor Licensing

The attached report has been prepared by the Division of Reactor Licensing for use
by the Advisory Committee on Reactor Safeguards at its October 1967 meeting.
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ABSTRACT

The Pacific Gas and Electric Company has proposed to build a PWR (Westinghouse)
reactor plant at its Diablo Canyon’site located adjacent to the Pacifié Ocean
in cgptral 6alifornia. Tﬁ; proposed plant will be operated at an average power
densit& 18% above the Indian Point No. 2 facility which is, in other respects,
similar to the Diablo Canyon plant.

This is the firét report to the Committee concerning our safety review of
this reactor.prbject.1 In this report we have presented our evaluation of certain
unique features'that are of significance in our safety review., In this report
we have included our ‘evaluation of the site, the proposed seismic design Bas?s,
and the proposed ‘coré design in terms of the higher power density mode of

»

operation. In addition, we have diééussgd, on a preliminary basis, ‘certain
aspects of the instrumentation, control, and auxiliar; power systems.

On the basis of our evaluation of previous PWR's anq(phe Pacific Gas and
Electric Company's proposal of Diablo Canyon, we “have ﬁade the following
findings:

- the proposed site is suitable for the construction of the proposed

facility

- the proposed seismic design bases for the:containment and

Class I piping are acceptable
- the propoged emergency power system is acceptable.

We plan to present our final safety evaluation to the Committee at its

December 1967 meeting.
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1.0 INTRODUCTION

The Pacific Gas and Electric Company has submitted an application, dated
January 16, 1967, for a construction permit and facility license for its
Diablo Canyon Nuclear Power Plant. The facility will be locagea on a site

adjacent to the Pacific Ocean in central California. The applicant has pro-

[y

vposed to build a PWR four~-loop plant similar to Indian Point 2 but with an 18%

increase in core average power density. The reactor plant will be furnished
by Westinghouse Electric Company. The reactor containment structure, whiéh
encloses the reactor and the steam generéﬁors, consists of a steel linedl'
concrete shell in the form of a reinforced concrete vertical cylinder with a
flat base and a hemispherical dome. The Diablo Canyon containment configura-
tion, the free_volﬁme of the containment (2.6 x 106 fta), and the design
pressure (47 psig) are the same as for the Indian Point 2 plant.

This report will provide the Committee with our preliminary evaluation of
the site, the seismic design, and core physics, thermal and hydraulic design.
The special features of each can be characterized as: (1) for the site, we
must give special consideration to the seismic, aspects; (2) for the gseismic
design, we must be convinced that the proposed design criteria will assure an
adequate designﬁ;ithwa high degree of safety under various operating conditions
and accidents; and (3) for the core design, we must consider the safety aspects
related to the propoged higher power density mode of 6peration.

In addition, we have included a section on instrumentation, control, and
power systems. Our evaluat&on of the instrumentation and control system is
not complete. However, our evaluation of the auxiliary electric power system

has been completed and is included in this report.
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It is our intention to complete our review of this application in these
areas (as well as others) before the Committee's December 1967 meeting.

2.0 SITE CHARACTERISTICS

The Diablo Canyon site contains approximately 800 acres and is located
adjacent to the Pacific Ocean and Diablo Canyon Creek in San Luis Obispo County,
California, It is approximately 10 miles from the nearest boundary of
San Luis Obispo (1965 population - 25,750). PG&E has leased the site land
for 99 years with an option to renew for an additional 99 years.

2,1 Population Distribution
» There are no communities within 6 miles of the site. The nearest residence
is approximately‘1~3/4 miles from the site. The 1960 cumulative population
distribution as a function of distance £f£rom the proposed site and the projected
1980 population distribution are presented in Table 2.1 which follows.
TABLE 2.1

CUMULATIVE POPULATION DISTRIBUTION

AROUND THE DIABLO CANYON SITE AS A FUNCTION OF DISTANCE

Distance 1960 - 1980
1 3 0 0
2 4 4
3 6 6
4 10 24
5 12 76

10 1,572 6,902
20 49,202 118,362
30 87,182 208,862
40 122,072 287,662
50 , 148,592, 344,262 -
60 157,982 370,992
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The population data shows that the area is very sparsely,pgpglated out teo

)

a distance of approximately 6 miles. Theﬁland surrounding the site for some
years will be for low density housing and recreational development.

The minimum exclusion distance is defined in 10 CFR 100 for the Diablo

Canyon site as 0.5 miles. “The\populatipn center distan?e is 10 miles, which

i; the distance from the site to the nearest boundary of San Luis Obispo.

Since the population density out to 10 miles is quite low and the 10 CFR 100
guidelines state ;Pat the distance to the nearesF boundary of the closest
population center should be at least 1-1/3 times the calculated low population
distance, we take 7.5 miles as the low population distance for calculational
purposes. Our preliminary calculations indicate tght for the 10-CFR 100 postu-

lated releases, exposure criteria can be satisfied provided that some credit for

,
-
% . b

iodine removal (factor of 3 for the 2-hour dose at 1/2 mile) and that the low
population zone is adequate with regard to the 10 CFR 100 guidelines.
2.2 Meteorology
Conservative diffusion climatology for the Diablo Canyon site has been
used by the applicant in lieu of on}site meteorological data. ESSA has reviewed
| the information on mete&roloéy in the PSAR and concluded in their ;omments which
| ;éré‘forwarded to the ACRS, that the meteorological assumptions described by
1 ' the appliéant”intﬁhe-PSAR are conservative, To verify theu@eteorological
assumptions uged in the PSAR, the applicant proposes an ambitious meteorological
program prior to plant operationswhich includes meteorological measuremeﬁts on
a 250-foot tower near the plant location and on a 100-foot tower at the top of

the 914-foot hill on the E@te. Tracer diffusion studies using flourescent “
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particles and smoke will also be performed. We feel that the proposed meteor-

ological program is quite adequate to provide a firm basis for the development

" of a gaseous radioactive release limit and to confirm the conservatism of

diffusion parameters used for the evaluétion of the consequences of accidentsg,
2.3 Hydrology
The hydrology of the site does not appear to present any potential problems
for this site as there is little or no probability of contamination of domestic
water supplies (the nearest open reservoir is thirteen miles northeast of the
site and surface drainage is expected to be toward the ocean) and the Diablo
Canyon Creek with a drainage basin of four square miles is incapable of a flood :
that could endanger the site.
2.4 Geology
The site has been extensively trenched to a depth of from 10 to 40 feet
B§'the applicant to identify the geologic characteristics of the site (see
Figure IILA-I in Supplement 3). All of the Class I structures will be ‘founded
upon bedrock, which is Eade up of mar;ne shéles, sandstones, and fine grained
tuffaceous sediments, Wefhave been told informally by the U.S.G.S. that the
bedrock is quite adequate to be used for the foundation of the facility. The
formal report of our consﬁltants from ﬁhe U.S8.G.S. will be forwarded to the
ACRS as soon as it is available.
" Mino? inactive faults have been traced through the site, including & faplt
or slip zone which runs under the proposed location of the reactor containment.

The strata covering this fault is undisturbed, indicating that the last move-

ment ofzthis fault occurred at-least more than 100,000 years ago, and probably

L 39
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moxe than a million years ago. Th? applicant's consultants feel that there is
little or no likelihood of movement along this fault. Our geologic consultants
have informally told us that they agree with this conclusion.

We feel that the geology of the site should present no unusual engineerﬁng
problems for' the construction of this nuclear facility.

»

2.3 QOceanography

Condenser cooling water will be provided by the Pacific Ocean. PG&E
feborts that the liquid radioactive wastes will be discharged with the condenser
¢ooling water at or below the 10 CFR 20 limits., The effects of reconcentration
in aquatic biota will be considered by PG&E in its monitoring program. Details
of'the monitoring of the aquatic environs proposed by the applicanéﬁare discussed ,
1n’a later section of this repo;é.

The applicant has analyzed the potential for flooding of the site by
tsunamis., It should be noted that all of the Class I structures and equipment
are located 80 or more feet above MSL (Mean Sea Level) excepﬁ the intake
structure. The top of this structure will be 20 feet above MLLW (Mean Low Low
Water). The peak tsunami wave height, which includes peak storm and high tide
éﬁq run-up is approximately 18 feet above MLLW providing a minimum freeboard .
for any Class 1 structure of 2 feet. The maximum draw-down due to tsunemi and
low tide is 9 feet below MLLW., We have been told informally by our consultants
in”the USC&GS that they feel that in order to provide adequate tsunami protection, .
the minimum protection level should be approximately 30 feet above MLEW.Y The
applicant has been informed of this anduhas orally indicated that they will

comply with our consultant's recommendations, ~ :
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| T 2:3 Seismology
, i The applicant has studied the seismic.ﬁistory of the Diablo Canyon area

and has determinediﬁhe maximum earthquakes relative to the faults in the

l gbﬁeral area. On theMLASis of this investigation, the applicant concludes that

thére are four possible types of earthquakes that would result in maximum

accelerations at ;he site. These will establish the design basis for the Diéblo‘

éaﬁyon plant, The maximum ground accelerations considered by the applicant were:

Earthquake A: A magnitude 8-1/2 along the San Andreas Fault 48 miles

from the site resulting in a ground acceleration of
0.10g at the site.

Earthquake B: A magnitude 7-1/4 along the Nacimiento Fault 20 niles

from the gsite resulting in a ground acceleration of
0.12g at the site.

Earthquake C: A magnitude 7-1/2 along the off-ghore extension of the

Santa Ynez Fault 50 miles from the site resulting in a
ground acceleratioﬁ'ﬁf 0.05g at the site.

Earthquake D: After-shock with a magnitude 6-3/4 at the site associated

with earthquake A, above, which results in a ground
.acceleration of 0.20g at the site.

We have been.informed by our seismic consultants of the USC&GS that they
feel thﬁt a design earthquagg withra hotizontal ground accleration of 0,20g
and that a maximum credible’éarthquake, or safe shut down condition, with a
horizontal ground accelration of 0,.40g should be used for this site. The

applicant reports that a strong-motion seismograph would be installed in the
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facility priox to plant operation. The seismib Qesigq aspects associated with
the Diablo Canyon plant are discussed in a later sectfbn of this report.

2,7 Environmental Radiocactivity Monitoring

The applicant has stated that, t&uéstablish background radioactivity data,
an éhvironmental monitoring program will be initiated at least two years prioxr
to plant operation. They propo;e to monitér airborne ‘'gamma activity, air parti-
dulate activity, bovine.thyroid, milk, leafy veégtables, and aquatic flora and
fauna! We feel that the program proposed by the applicant will provide a firm
bagsis upon which the posﬁ-operational environmental radioactivity monitoring

program can be developed. Comments of the Fish and Wildlife Service,
Department_of .the Interior, have been forwarded-.to‘the AGRS¥dydi the appli-
cant,

3.0 SEISMIC DESIGN EVALUATION

3.1 General
' This section of the report is based on the information included in the
Preliminary Safety Analysis Report (PSAR) and Supplements 1 through 3, a

preliminary report from our consultants, Drs. Ne&mark and Hall, and discussions

with PG&E and Westinghouse personnel.

s

In this section we will present our evaluation of the adequacy of the
proposed criteria-for the response of Class I structures, systems, and components
to seismic forces in combination with other applicable loads.

The simultaneity of an earthquake with a loss-of-coolant accident has been

accepted by PG&E and other applicants for the design of containment structures.
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We believe that this concept should be extended to ali‘CIass I structures,
systems, and .components inclhding the containment structures, the reactor
coolant system,‘the reactor vessel, the reactor vessel internals, the emer-
gency core cooling system, other engineered safety features, and vital support
structures and members for such systems and components. The applicant has
agreed to follow this approach and has advised us that with certain mogifica-
tiogé, the plant could be maée to withstand simultaneous earthquake and bloé-
down ‘forces. These modifications include changes to_the sgpport saddle for the
reactor vessel Zunder the nozzles) and to the reactor inteénals. Westinghouse

has indicated, however, that with the present reactor vesgel and reactor core

¥

Bl

deéigﬁs, the reactor internals could not be modified without permitting the
combined loading stresses to exceed ASME Code Section III allowable values for
stresses, If tﬂéﬁmodifications were made to conform to code allowable stresses,
ﬁp?“tﬁermal and hydraulic performance of the proposed high power density core
&bﬁ}aihecessitate derating of plant power., In any'case, we intend to be assured
that the plant is designed to accommodate the effects of a simultaneous earth-
quake”and coolant loss accident. We will consider limits that may not conform
with code limits under certain conditions, provided the applicant can justify
the basis with a high degree of confidence.

3,2 “Earthquake Magnitudes

'The earthquake loadings for design purposes will be based on two postulated
earthquakes. Earthquakes B and D (Section 2.6) were determined by the applicant
to be controlling for plant design purposes at this proposed site. Earthquake D

has been assumed to be the "close-by" earthquake since its reponse spectrum
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(based on the Golden Gate 1957 earthquake) is maximized in the short period
range.and decays rapidly as Ehe period increases. The periqd range where
Earthquake D maxiqizeé is :for periods less than 0.2 to 0.3 seconds. Maximum
ground acceleration is predicted to be 0.20g.’

For longer periods, maximum accelerations occur for Earthquake B. The
response spectrum gorresponds to the 1952 Taft earthquake. This may be
characterized as the '"far-away'" earthquake. Maximum ground acceleration for
this earthqdake 1g normalized to 0;153 for design purposes as compared to the
original estimate by PG&E of 0.12g.

For Qesién purposes, the applicant proposes to, use both an envelope of the
B and D response spectra as well as B and D spectra separately. This would
encompass Earthquake B using the Taft response spectra with a horizontal
acceleration of 0.15g and Earthquake D using the Golden Gate regponse spectra
with a horizontal acceleration of 0.20g. The applicant further reports that
the design will be evaluated in terms of "safe-shut" down for which the maximum
accelerations will be increased by'a factor of two.

Vertical acceleration values in all cases will be taken as two-thirds of
the corresponding maximum ho*izontal ground acceleration and the effects of
horizontal and vertical e:rthquake loadings will be combined, and considered to
act simultaneously. This is in agreement with‘Dr. Newmark's proposed specifi-
cation in the "Seismic Design Crtieria for Nuclear Power Pl;nts" (May 1967).

3.3 Response Spectra and Damping

The applicant has specified response spectra for the assumed earthquakes

along with an envelope of the spectra for the no-losg-of-function condition.
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We concur with the opinion of our consultants (Drs. Newmark and Hall) that
these spectra are aqceptable provided that both egrthquakes (B and D) are used
and the maximum response in either must be considered to apply to the design for
safe shutdown of single-degree-of-freedom elements. In the‘opinion of

Dr. Newmark, this is acceptable since Ear;ﬁquake B gives response values for
low and intermediate frequencies that lie above the-response spectrum values
from TID-7024 whén normalized to an-acceleration of 0.40g. In effect, this
earthquake ;orresponds to a 0.40g earthquake for low and intermediate fre-
quencies. For a safe shutdown of a multi-degree-of-freedom system, Dr. Newmark
has indicated that the eﬁbelope spectrum for both earthquakes should be used.
This envelope spectrum is consistent with the El Centro type response spectrum
for a maximum ground acceleration of 0.40g. We intend to discuss these aspects
with PG&E and will be prepared to provide the Committee with the results-apx
the October meeting.

We have reviewed the damping values to be used in the design and concur
with the selected values. They compare favorably with the 'values listed in
Table 1 of the "Seismic Design Crtieria for Nuclear Power Plants" by N. M. Newgark
and W, J. Hall (May 1967).
m3.4“Load Combinations and Stress Limits

§
The following is a summary of the applicant's-preliminary position in

regard to the seismic design. This information has neither been provided
formally nor with any supporting analysis to permit an evaluation at this time,

however, it does provide a basis for current understanding.

o)
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3.4.1 Design Earthquake

(a)

(b)

The seismic design of Class 1 equipment will be based on the
accelerations and resultant loadings from the "B'" and "D"
earthquake responseispectra as gfeéented in the Third Supplement
to the PSAR. These response spectra will be treated as separate
loading conditions. Stress levels in éode designed equipment
will be within code limits. Vital components that do not fall
within code juripd;ctions, guch as the reactor internals, will
use stress levels of Section III of the ASME Boiler and

Pressure Vessel Code as a guide.

The design of Class I equipment will also be evaluated for a
regponse curve representing the envelope spectrum of earthquakes
YB" and "D". Under this condition, stress levels in code-designed
equipment will be within code-al}owable limits. Stress levels

in the reactor internals may exceed the alfBWable stress levels

.of Section III which is used as a guide. Under such conditions,

increased damping coefficients may be used for the design of

core internals where sufficient evidence and justification are

available.

3.4.2 Maximum ot No-Loss=-of=Function Earthquake

(a)

" )\ "
Analysi% of Class 1 equipment for the no-loss-of-function

. 'earthquake will be based:on response curves equal to twice the

envelope of the combined "B" and "D" spectra. Loadings\from

the above spectra will be combined with the functional loads.
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(b) wﬁere appropriate, loadings from the above speétfa will aiso
be combined with functional loédg and blowdown férces resulting
from a major loss-of-coolant accident. The criterién fortghis
combination of loads will be, aslhgfqre, the ability to shut down
the reactgfwand establish emergency core cooling. For the case
of piping\and pressure vessels, evaluated stresses will remain
within the limit curves of WCAP-5890 submitted as Appendix A
of Supplement 1.

We' are currently reviewing thg applicant's criteria for load combinations,
but believe that more definitive information’'is necessary befoxre we can
determine their acceptability in all respects. This information would include
specific stress limits to be used for the Class I items, including the reactor
internals, for the design and maximum ;arthquake cages. 1If higher damping
coefficients are to be uﬁed for the design of the vessel internals, we wogld
need more details of the applicant's analysis. We believe this information can
be made available prior to the December ACRS meeting. PG&E has agr;ed to proviqe
us with sample calculations on representative piping and reactor internals to
clarify their design criteria,

We concur generally with the position of Dr. Newmark ﬁhat revised damping
fadtors can be considered without compromising safety, provided this is done as
a funct%on of stress and deformation level. We are awaiting PG&E's submission
of supporting information in this area. We intend to have Dr. Newmark or his

¥

representative available at the October 1967 'Committee meeting for further

-~

discussion of this matter,’
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" We believe that the design stre;s criteria and the load factor expres-
sions to be employed in the design of the containment are reasonable, This
will be discussed further in a later section. However, our review of the design
approach for the stress criteria for other Class I components, as preseénted in

the WCAP-5890, "Ultimate Strength Criteria to Ensure No Loss of Function of

e
~ e
s ey

Piping and Vessels Under Earthquake Loading," is continuing. While we accept
the application of limit analysis principles, we need to establish the vali&ity
and" conservatism of the limit curves presented in WCAP-5890 as applied to the
Diablo Canyon plant design.

3.5 Dynamic Analysis

The applicant has reported that the dynamic analysis associated with the
Class I components and structures will be based on the modal participatioq
factor method. This method is outlined in "Design of Multistory Reinforced
Concrete Buildings for Earthquake Motions' by John A. Blume, Nathan M, Newmark
and Leo H. Corning. Dr. Newmark, in his draft report on the Diablo Canyon plant,
dated September 7, 1967, concurs with the use of this method for multi-degree-

b
of-freedom systems., For gingle degree of freedom systems, the applicant

'pidﬁoses, and we agree, to use the natural mode for vibration in the analysis.

~

" We understand that the modal analysis will be carried out using either

BT u - -

»

the“smoothed spectra, directly or by using a time history of ground motion,
employing earthquake records with scaled amplitude values which the applicant
claims will give essentially the same smoo;hed spectra. Dr. Newmark concurs

with this Qpproach provided that the time history input yields the same resﬁonse

29
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spectra without any major‘deviatidné below those smoothed response spectrum
values presented in the PSAR. We are in the process of clarifying this point
with our consultants and will be prepared to discuss it further at the October
meeting.

As a further point on the dynamic analysis, it is our understanding that
the design of Class I components, particularly for the safe shutdown conditionms
will 'be made for the envelope of the combined spectra of the two earthquakes
for the appropriate damping level. We agree with this approach.

3.6" Design of Structures, Systems and Components

3.6.1 Containment Structure

The reactor containment structure consists of a steel lined concrete *
shell in the form of a reinforced concrete vertical cylinder with a flat base
and a hemispherical dome. The applicant reports that the concrete reinforcing
steel pattern consists of bars oriented at 30° from the vertical in such a
manner that the pattern does not require termination of any bars in the dome.
These bars are designed to carry both the 1$£Era1 shear as well as vertical
tensile forces, Hoop reinforcing is prdbided for the cylindrical portion of
the structure. For radial shear reinforcing, the applicant proposes to use a
systém of vertical w;de flange beams spaced four'feet on centers, The beams 'are
attached by hinge connection to the base slab at the lower end and are terminated
about 20 ft above the top of the base slab. The beams provide resistance to
the “moments and shears‘created by the discontinuity at the base and p;ovide a

gradual transition of load carrying elements between the base and the cylinder

wall. )
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The proposed method for carrying the radial shear is novel. Dr, Newmark
has indicated that this application is acceptable, We have asked PG&E to give
careful attention to th; detail at the base of the I-gsection where it is keyed
into the foundation, to insure that no distress can occur in either the liner
;r the diagonal reinforcing bars through any rotation that might occur at this
point under earthquake loadings and/or accident loadings.

The factored load combinations and design stress criteria for the
containment are acceptable to us and to Dr. Newmark. The applicant has stated

that no steel reinforcement will experience average stress beyond the yield f
point at the factored load conditions. Also, the statement is made that the
liner wiil be designedbso that stresses will not exceed the yield point at the
factored load conditioné. We interpret these statements to mean that the average
stress in the reinforcement and lirers will not exceed yield and that the
defofmaéions will be limited to that of general yielding under the maximum ¥
earthquake loading conditions. We are in the process of verifying this point
with the applicant and will be prepared to discuss this matter at the October
meeting. ,
Based upon our review and that of Dr. Newmark's, it is our opinion that
the applicant's seismic design criteria for the containment structure are
acceptable. We note that there are a few areas yet to be clarified. These are
also identified in Dr. Newmark's draft report which has been provided to the

Committee., We intend to resolve these matters by the Committee's October

meeting;
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3.6.2 Penetrations

The applicant reports that for large penetratiops, the diagonal rebars
will be welded directly to a heavy structural steel ring through use onCadweld
sleeves, We believe that this approach is satisﬁéctory. Dr.’ Newmark has
reported that the applicant indicated that the stress concentration in the
vicinity of the opening is to be considered in the analysis. Although he indicates
that this approach may be satisfactory, he believes, and we agree, that the
penetrations desién should take account ;f any secondary effects arising from
local bending, and thermal effects to insure that the penetration-door detail
behaves satigfactorily. Partial proof of the integrity of the penetration ﬁil}
be provided b; the ﬁeasurement program to be made concurrently with the proof
testing of the containment vessel. Based on a recommendation from our consult-
ants, we are asking the applicag@ to calculate the penetration deformation pgior
to the proof testing to provide evidence that the design does indeed meet the
" criteria set forth for both the large and small penetrations. We will report
on this at the October meeting.

3.6.3 Intake Structure

The intake structure will be designed as a Class I structure, with due
regard for predicted tsunami water heights. Although the applicant indicates
that some protection will be provided against the possibility of rock masses
from the cliff falling onto, or into, the pump house, our consultants recom-
mend that careful attention be given to any possible impairm;nt of tﬂe controls
or the pumping system through any possible rock falls or slides. We intend to
review this, as well as the tsunami height problem previously discussed, with

the applicant.
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3.6.4 Reactor Internals

The design of the reactor internals has been reviewed with éﬁe applicantf
They arexto be designed towithstand the combined maximum ea%thquake‘;pectrum
concurrent with blowdown in such a manner that while moderate yielding may éLcur
it would not impair core cooling; capability. This matter is under detailed study
and further information will be provided- for our evaluation. We intend to discuss

the resiilts of this evaluatfon in a subsequent xeport to the Committee.

3.6.5 Reactor Coolant System

Class I piping will be designed to the USA S.1.B31.1 Code for pressure

piping which includes consideration of internal pressure, dead load, and other

earthquake effects will be considered with these loadings and further elabora-

tion of this>point is'given in Appendix A of Supplemént 1 (WCAP-5890).

tos

|

apprbptiate loads such as thermal expansion. The applicant indicated, that

The applicant has indicated that there may be regions of local bending
where the stresses in the piping could be equivalent to 1207 of yield. However,
the design bases for the piping system include the requirement that these locsal

deformations will not cause a loss of service capability., br.‘Newmark has

indicated, and we agree, that the deformations should be limited so that a locss

full consideration during design. 1In the interim, PG&E has indicated it would
‘provide us with the results of a sample calculation to better illustrate its

of function would not occur. PG&E has agreed that this matter would receive
design approach.
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3.7 Conclusions on Seismié Design

On the baﬁis of thg'infqﬁmation presented and outlined in this section, we
believe that the proposed desigé criteria for the containment and the 01§88 I
piping will provide an adequate margin of safety to withstand seismic loads.

We believe, however, that more definitive information on the criteria for
all Class I components and structures other than the containment aqd piping,
and in particular, thg reactor vessel internals must be provided to comglete

our review,.
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4.0 CORE THERMAL, HYDRAULIC AND PHYSICS DESIGN

4.1 Design Comparison

- The proposed plant is reported by the applicant to be similar to Indian Point II
with certain design differences. These difference; are apparent in certain equip-
ment types and sizing due to‘the increased average power density and rating for the
Diablo Canyon.plant. The average power density is approximately 18% greater than
Indian Point II. The principal differences between the two designs in terms ;f the
power uprating are listed in ‘Table 4.2.

In addition to these differences, the applicant reported in Supplement 3 that

‘ the moderator temperature coefficient of reactivity will be negative at all times

throughout all operating cycles. Burnable poison will be placed in certain unused

rod cluster control tubes in selected assemblies within the core. Previous designs
on other similar PWR plants iﬁcluded the potential for a positive moderator
coefficient‘of reactivity.

I Further, it was reported in Supplement 1 th;t part length control rods (eight
such assemblies) are.to be pfovided in the reactor in addition to the normal control
rods. Thése'rods will be used for power distribution éhaping and to control
potentiallaxial Xenon oscillations. This design feature is new and therefore.has

¥
not been evaluated on previous plants. We:plan to evaluate the bases and signifi-

!
I
I
cance of themforegoing desigg differences in terms of plant safety for both normal
operation inéluding anticilpated transients as well as the full spectrum of
potential accident conditions. The overall aspects of the“reactor design in the
areas of core thermal hydraulic and physics design are treated on a preliminary

basis in this section of this report. Our final position on these matters will be

presented in a subsequent report to the Committee.
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4.2 Thermal and Hvdraulic Design

The Diablo Canyon plant design proposes the highest power density PWR applica-
tion received to date. This plant follows the general trend apparent overrthe past
few years of increasing average and peak heat fluxes (see Figures 4.2.1 and 4.2.2).
A comparison of the significant thermal and hydraulic characteristics is presented
i; Table 4.2.

We note that although the average and. the peak ﬁgat fluxes have increased over
the past few years, the minimum DNB (Departure from thleate Boiling) ratio has
remained about constant. Using the W-3 correlation, most recent Westinghouse
reactors. have a DNB ratio between 1.81 and 1.90. It has been possible to maintain
a "constant" DNB ratio in.spite of increased heat fluxes by some optimization of
the inlet enthalpy, but principally, by using lower peak to averagerfactors.

An example of this is given.by comparing the thermal-hydraulic characteristics
of Diablo Canyon to Indiap Point II (see Table 4.2). These two reactors are nearly
identical except that the inlet temperature of Diablo Canyon is about 11°F lower.
The lower inlet temperature results in a lower enthalpy thFoughout.the core which
in:turn produces, raccording to the W-3 correlation, a higher burnout heat flux.

The combination of lower enthalpy and higher heét flux of Diablo Canyon results in
fiaintaining the DNB ratio within 1.81.

This consequence results in the reduction of the ratio of core peak to
average heat flux values. Peak to average values of heat fluxes for applications
received from 1963 to mid-1966 ranged from 3.16 to 3.42, but ggﬁerally were at
about 3.25. These values include ratios for plants like Connecticut Yankee, GINﬁA,
Indian Point #2, Turkey Point #3, H, B. Robinson, and Pt. Beach #1. A From mid—1966
to the present time, Westinghouse reactors have had peak to average values of

about.2.81. These include applications such as Diablo Canyon, Surry, Indian Point

-,
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#3, and Kewaunee. According, to the applicant, the peak to average factors have
been reduced due to improved physics calculations and by control of the axial
power distribution whiéh is made possible by use of tﬂe proposed part length con-
trol rods. The improééd physics calculations represent more,receﬁt analytical
methods. The‘part léngth rods can be used to reduce xenon §scillations and to
flatten the axial power distribution. It is our understanding that the application“
of part length rods will be used on other similar Westinghouse PWR reactor plants
prior to the Diablo Canyon plant.

Maintaining a particular minimum DNBR is not a complete description of the
thermal characteristics of a reactor. For example, if a core could be'designed
‘with a peak to average ratio of 1:0, and then operated at a DNBR of 1.81, this
"flat power" plant could affect s;fety to ; greater extent than the actual Diablo
Canyon design in spite of equal DNBR's. For exampléz an error in the thermal

analysis of Diablo Canyon might put a few rods at DNB during an accident, while
i '

every fuel rod in the entire "flat power" core would be at DNB for the same .
accident. One is;theréfore also interested in the numeriéal distribution of rods
at’ various DNB ratios as well as the minimum DNB réiio.

Our evaluation of the adequacy of the Diaglo Canyon thermaladesign will be
based upon consideration of,ail potential thermal limits. These limits will
include: . ;

éa) burnout heat flux distribution

(b) fuel centerline temperatures

(c) transient effe%ts (e.g., loss-of-flow accident)

(d) hydraulic stability

(e) core heatup after a loss of coolant.
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TABLE 4.2

COMPARISON OF THERMAL AND HYDRAULIC PARAMETERS

-

) ITEM | Diablo Canyon hIrfdiah?oint Inéiaql_‘ffint' (B(z%]éggéob@) 0%% e
JMaximum Speci:é‘ic Power, Kw/fth - 189 18.5 ; 17.6 16.7 15.0
BTU ' . g
O Maximum Heat Flux,iz 7o 583,000 570,000 . 543,000 | 517,000 | 463,000 5
% Average Heat Flux,ﬁﬁB—gT 207,000 . 175,600 193,000 | 151,000 "1 143,000 %
= i 6 a6 - « 6 6 =;
@) Average -Mass Velocity, Lb . 2.54x10 2.56x10 2.53x106 | 2.43x10 b,02x10 @)
= HR-FT2 & B
> ' s 5
- Nominal Inlet Temperature, °F | 539 543 . skq. T 556 553 ':’ &
% Core T, OF (Average) _ - 68.6 57 “63.2 5l T %
& DNBR at Nominal Conditions 1.81 1.81. 1.8L | 1.90 2.07 B
F -2.82 ‘ “.2 2.82 J1 .2 @
% : 33 3.4 3.23 =
- Fon 1.70 1.88 1370 1.88 1.88 - i
% . [Date of Receipt of PSAR 1/18/67 1/6/66 L/26/67 111/2/65 2/4/63
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We are evaluating the significance of the increased power density in these

areas. Our final position will be discussed in a subsequent report to the

Committee.

ks

4.3 Core Physics

Part‘length control rods are to be.provided in the reactor in addition to the
normal control rods. There will be eight such assemblies, with control material
only in the bottom three feet. The function of these rods is to shape the axial
power‘distribution and to petmit control of potential axial time dependent
oscillations of power distribution caused by differential xenon concentrations.
The- applicant has furnisned analysis which illustrates in principle that the part
length rods can perform, their intended function. ‘This design feature for

L

Westinghouse PWR's has not beén analyzed by us before and therefore will require
]

continued review by us as information becomes available from the applicant.
Factors to be included are“the following:

(a) selection of’ the optimum core lattice locations for the part length rods.

’
.

(b) definition of the administrative control limits on part 1ength rod
travel as a function of normal rod insertion.

x(c) definition, as a function of normal rod position, of the relationship
betneen upper and lower half core poyer levels to be maintained with the
part length rods, as a function of power level.

(d) determination of timing of part length rod position adjustments.
(e) analysis of possible effects of individual part length rod operationms,
either by accident or purpose.

(f) evaluation of effects of the part length rods on the spectrum of accldents
analyzed for the reactor.

(g) detailed analysis of the power distribution under various transient

conditions.
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(h) the 'mechanical design of the rods, including“cooling provisions, etec.

(i) experimental and analytic evidence of.the ability to reliably and

accurately determine the presence of core.power imbalances.

With regard-to the latter point, the applicant proposes to rely primarily
upon external neutron detectors. These will consist of four long ion chambers.
each.divided to measure flux in upper and lower halves.of the core. The problem
of evaluation of the external detector concept is really separate from: that of
use of .part length rods, because it is necessary to have indication of radial
and azimuthal power imbalances as well as axial. It is currently not known
whether external detectors can provide sufficient information for these functionms.
The applicant reports that tests with long chambers will be performed in the SENA
reactor to determine their effectiveness in monitoring core.power distributions.

In addition, we have initiated studies at the Brookhaven National Lab?ratory to
| ebéluate-the problem. A final decision on the adequacy of external core detectors.
awaits development of further information. The:problem is not unique in the Diablo
“Canyon plant design, but could.be of greater significance in this piant because of
the proposed higher power density.- We, underst;nd that this matter will be the
subject of an appropriate test progrmJ and baséd upon the applicant's response to

our questions, such a program is being developed.

-

5.0"51NSTRUMENIATION, CONTROL, AND POWER SYSTEMS

5.1 Instrumentation and Control

Our- evaluation of the instrumentation and c;ntrol systems is not complete.
The only differences the applican; anticipates between the Diablo Canyon instru-
mentation and control systems and those of H. B. Robinson and Point Beach plants
result from the different number of primary loops. Our evaluation will be a part

of the continuing evaluation of the Westinghouse designs.for instrumentation and
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control systems. We are investigating the ability of equipment in engineered
safety feature systems to function in the accident environment. This includes
instrumentation and electrical equipment which is relied upon to function under
accident conditions inside containment. We intend to pursue-areas which in the
Past have been evaluated only on the basis of the applicant's criteria. Since
;riteria require specific interpretation, it is desirable to determine how the
criteria-are to be implemented. Much of the, design, however, still appears not

to be firm. The'protection systems, therefore, may have to be evaluated largely
on the basis of criteria alone. We will determine how the applicant plans for the

specific implementation of the criteria.

5.2 Auxiliary Electric Power

The-engineered safety feature loads are connected to three 4160 volt.vital
busses. ﬁhen off-site power 1s not available, each bus 1s powered by a separate
diesel generator. The redundancy of safety feature loads and the arrangement of
ioads on the busses is such that the required minimum of engineered safety
features will be available after the loss of any one bus. The failure of one.
diesel to start will not prevent the required minimum of engineered safety features
from operating from on-site power. The-busses are operated in a split bus arrange-
ment, and the generators are not paralleled.

Three station batteries are provided. The circuit breakers associated with
“each of the‘three vital busses receive their control power. from a different
battery. A single batéery failure of d.c. circuit fault should disable no more
than one of the three vital busses. A single failure in the.d.c. circuit breaker
control circuits should not prevent op?gation of the required minimum of engineered

safety features from either off-site or on-site power.
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Off-site power is supplied to the Diablo Canyon.plant by two 230-kv trans-.
mission lines. The:'single startup transformer can be energized from either trans-
mission line. Under accident conditions; the viial busses are connected to the
startup transformer. We do not believe that the use.of redundant startup trans-
formers would materially improve the reliability of off;site power. A transformer's
reliability tends to be high enough to prevent it from. being the limiting item even.-
when redundant lines and loads are provided. A motor operated link is provided to
disconnect the main generator from its transformer, so that power can be brought
into the plant from either of two 500 kv lines when the main.generator is shut
down. Although this source of off-site power would not be available immediately
after an accident, it will improve.the relliability of off-site power for post-
accident cooling.

We believe that the on~site system can be designed to power minimum. engineered
safety feature loads under accident conditions with a simultaneous loss of off-site
power and a single failure in the on-site electrical system. The proposed system,
we believe, can be designed to provide'reliable power to the.station from off-site

| sources.

6.0 FUTURE REVIEW MATTERS ] | o

[N

} We are-continuing our safety evaluation of the proposed Diablo Canyon reactor
facility. Our efforts up to this time have been principally directed toward the
acceptability of the site and the seismic design basis. Since the site is accept-
able in our opinion, our evaluation will now be expanded to more. fully evaluate

‘ other aspects of the design and proposed operation of the facility. We believe
that our evaluation of following matters will be completed in time for the

|
Committee's December 1967 meeting:
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the design basis for the containment

the instrumentation and céntrol systems

the core thermal, hydraulic, and physics design. as relgted to the safety
aspects of the high power density core

the adequacy of the proposed emergency core cooling system with respect

to the properties of the high power density core

the design bases accident analyses to evaluate the adequacy of the plant's

engineered safety features in terms of public health and safety.

7.0 CONCLUSIONS

On the basis of our evaluation concerning the particular review matters dis-

cussed "in this report, the following conclusions are made:

the proposed site is suitable for construction of the proposed reactor
facility in terms of those matters related to the site and environs
(e.g., population, meteorology, hydrology, geology, oceanography, and
seismology). |
the proposed s%esmic design bases for the containment and piping are
acceptabie. \

the proposed emergency power system 1is acceptable.
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