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‘ NTRODUCTION
! This report concerns the ability of the reactor proposed by the

Pacific Gas and Electric Company to resist an earthquake opposite Bodega Head

having the maximum effects described by the U, S, Geological Survey and the

PNRp—

U. S, Coast and Geodetic Survey. Reference is made in this report to
Amendment No, 8 of the Pacific Gas and Electric Company concerning this

| reactor, Consideration has been given to the danger to public health and

} safety in the event of the earthcuake occurring, accompanied by movements

on faults under the reactor containment structure,

l The general description of the maximum possible earthquake involves

a pattern of ground motions similar to that recorded by the Coast and

Geodetic Survey in the El Centro Earthquake of May 18, 1940, but with
approximately twice the intensity, corresponding to a maximum acceleration

of two~thirds gravity, a maximum velocity of 2.5 ft/sec., and a maximum ground
displacement of 3 feet, but with occasional and intermittent pulses of
acceleration up to 1.0 times the acceleration of gravity., The response spectrum
for the earthquake without the acceleration pulse up to 1.0g will be similar

to that of the El Centro Earthquake, With the additional accelerations, the

high frequency part of the spectrum will be increased somewhat,
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In addition, the structures are considered to be subjected to
simultaneous ground displacements ranging up to 3 feet, along faults
extending under the containment structure or other parts of the plant, with
motions in elther horizontal or vertical directions along the fault, It
is assumed also that after-shocks of intensity equal to the El Centro quake
might be suffered before eemedial action could be taken.

Under these conditions, and with the design considerations described
in Amendment No, 8, It Is my conciusion, after study of the matter, that
the structural integrity and leak tightness of the containment building can
be maintained under the conditions described, and with the provisions made
by the applicant, as described in Amendment No. 8 and in previous amendments
and applications, However, certain precautions that must be considered in
the design are outlined more fully herein, There are also questions expressed
concerning the behavior of the structure In the event of somewhat higher
input motions and fault mﬁtlons.

Similarly, the ability to shut down the reactor and maintain it in
the shut-down condition would not be impaired, provided that the intensities
of motion and the magnitudes of fault slip do not exceed those described,
Again, certain precautions are required as described more fully below.

The primary system, being contained in the massive reactor
contalnment structure, would remain intact up to fault movements not exceeding
3 feet, and under earthquake motions as described above, provided that the
piping system carrying the main steam lines from the dry uﬁbl to the turbine
inlet Is made sufficiently flexible to acconmodate a relative movement of
3 feet without fallure, and at the same time is damped to reduce its dynamic
response to earthquake oscillations, Further commentf§ on this mattef

Is made below,
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The supply of power to the facility, from power lines crossing
the major fault, might be interrupted, although the probability of such
interruption is probably fairly low. In the event of such interruption,
auxiliary power supplies are required, The description of these auxiliary
power provisions seems adequate,

In general, the provisions for meeting the various requirements
are based on methods for which some background of experience is available, or
on minor modifications of such methods, which in the light of analysis and
study appear to be reasonably adequate.

The earthquake motions, Including acceleration and velocity as well
as displacement, appear to be 2 to 3 times more intense than any that have
been ::::-ﬁ-llll in the United Stotes, and probably about twice as intense
as those experi nced anywhere else in the world in recent years for which
we have fairly good records. Nevertheless, it appears that the design
objectives can be accomplished.

A more detalled discussion of the various points described in
Amendment No, 8 Is contained in the following material. In additior,
consideration is given to several points not ~pecifically discussed in the

amendment.,

SOLATION OF SHOCK FROM FAULTING BY MEANS OF SAND LAYER

In the study of this problem I have had the benefit of a review
of the current state of knowledge of this aspect of the problem made by
Mr. R. A. Williamson of Holmes and Narver, The statements made herein reflect
in general his studies, as interpreted by me, and the final conclusions are

based on my views as well as his,
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The properties of sand under static loading have been studied
for many years and are well understood. The frictional resistance in natural
beds of sand has been measured and compared with behavior of such beds
under various conditions. Within recent years dynamic tests of the behavior
of sand have been made by Dr, R, V. Whitman of MIT, Dr. H, B, Seed of the
University of California at Berkeley, and by others, The results of these
tests, and of the engineering experience for many years, Indicate that the
frictional resistance of sand, as measured by the angle of internal friction,
changes very little for velocities of the order of 2 ft/sec,, and the change

is not greater than about 20% for velocities slightly greater than 3 ft/sec,

e -

The coefficient of friction, as measured by the tangent of the angle of
internal friction, corresponds to values ranging from about 0,5 or slightly

greater up to about 0,9, and In general there appears to be a slight decrease

in the coefficient of friction for high contact pressures or for high loadings.

The constancy of the angle of internal friction is dependent on
the relative density of the sand, If it is In a condition corresponding to
a density of the order of 90 to 95% of Its maximum possible density, the
friction angle does not increase with motion., For very low relative
densities, or for loosely packed sand, the friction angle of dry sand will
increase with loading, On the other hand, this Increase in friction angle

of loosely packed sand is accompanied by a reduction In volume, and this

R p————

reduction in volume, under conditions of saturation, corresponds to a great

f increase in the pressure carried by the inter-granular water, This results
in a temporarily decreased effective frictional resistance, and therefore

' It Is quite reasonable to expect that under the conditions of deposition

of the sand layer, the frictional resistance will not effectively be increased

i
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over the value corresponding to the density achieved in placement, over a

long period of time. However, after an earthquake has occurred, the conditions
prior to the next earthquake wili have been slightly changed, if the sand

is in a very loose condition to begin with, Nevertheless, a change in

density of the sand would not be expected to cccur unless relatively large
motions take place. Consequently, the structure whould be able to resist

very successfully a major earthquake, althoug' there are possibilities of

it not being able to react with full effectiveness against a second major

earthquake of the same intensity. Since this Is a most unrealistic

- —

; condition, however, It will not be considered further in this report,

The skin friction angle between relatively smooth concrete and
sand is generally slightly less than the friction angle in the sand itself;
hence the resistance to sliding of a properly constructed structure on a
i sand bed can be made as low as that which corresponds to a coefficient of
friction of the order of 0,6 to 0,8, and it can be expected with some
confidence that th's coefflclent of friction will not increase with time

if the sand is clean and the water inundating it does not contain cementing

compound.,

Minor earthquakes having accelerations less than that required
to overcome the frictional resistance would not affect the behavior of the

sand at all.,
SIGN OF PIPIN TC,, TO ACCOMMODATE R VE MOVEMENT AND VIBRATORY EFFECTS

The amendment indicates that adequate anchors and bracing will be
provided to prevent large relative motions of the piping connecting the
dry well to the containment shell, Beyond the anchor at the containment

shell, and extending to the anchor near the turbine generator foundation,
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the piping will be subject to the differential fault motions ranging up

to or as much ¢s three feet, as well as the vibratory motions induced by

the earthquake accelerations, Since the time sequence of the faulting and
the osclllation is entirely a random matter, both of the effects must be
considered as occurring at any time, even simultanecusly.

The precise strains in the pipe due to relative motions or due to
earthquake vibrations are functions of the length of the pipe runs in the
various directions and the method of anchoring. The curvatures in the pipe,
and hence the maximum strains in it, due to @ slow relative motion of the
ends of a pipe run, are primarily a function of the geometry of the system,
and are independent of the thickness of the pipe shell, The diameter of
the pipe and the length of the runs in the various directions, as well as
the conditions at the support, namely whether these are fixed or hinged
to provide rotation, are the primary influences affecting the strains
accompanying a given relative motion of the ends of the run., The maximum
strain is In general of the order of 4 times the diameter of the pipe times
the relative displacement divided by the square of the component 6f length
of the run in the direction perpendicular to the displacement., This value
of the strain corresponds to a condition of fixity at the ends o the run,
If the ends are hinged, which is an almost extreme condition thut-cnn not
be obtained except with flexible connections, then the strains are reduced

tweo-thirds
to possibly thmmebourths as much as those corresponding to fixed ends,
Therefore, the higher value will be used in the estimates made herein,

Both the horizontal and vertical components of the pipe runs

iu:gfnn-the 20 inch 2:::- steam lines are approximately 80 feet, Since

the pipe is 20 inches in diameter, the corresponding strain is approximately

0.0038 in/in. This Is about twice the strain at the yield point, Therefore,
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without flexible connections, the strain In the pipe due to @ three foot
relative motion will exceed the yield point, but only slightly, and by
an amount that should not cause any serious problem, To reduce the strains
to yleld point values would require the introduction of flexlblllfy at
possibly two of the joints or elbows in the pipe, or one or more bellows
connections at the ends of the pipe run, It does not seem feasible to
increase the length of the pipe run from 80 ft, to 115 ft,, which would
be the requirement to reduce the strain to the yleld point value merely by
flexibility of the pipeline itself,

The dynamic response of the piping depends on its fundamental
period of Wibration and can be obtained from the shock response spectrum,

Since both the weight of the piping and Its stiffness depend on its wall

of the wall thickness, Only the diameter of the pipe and the length of

between maximum dynamic strain due to earthquake vibration and maximum
strain due to movement of the supports can be obtained,
The ratio of the maximum strain due to a spectral displacement, D,

for vibration at a given frequency, compared with the strain due to a

X
relative static displacement at the ends, & , is approximately Smmes % .
Hence the earthquake strains which accompany earthquake motions will be
of the same order as the strains for the three foot movement of the ends

L5
if the earthquake displacement Is approximately 99@S. ft, For the pipe runs
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f considered, Mr, Williamson estimates & period of vibration of the order of

wkcn +he . arée ‘l

fhe maximum gt/es hr one  of the modes.
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thickness, the deflection ofﬁplplng due to a given acceleration is independent

the pipe runs determine the frequency of & pipe not carrying additional load,

For several different configurations of pipe a falrly consistent relationship

My caleolations indicate a perivd of sbovt 0.5 sec. fur tuwp
1to 2 ..u) Wm

' ‘damb\‘wn one primarily vertical wnd 4he other primaril heri gonty
: r pi ﬂc‘t r"i.“ CICrQbOJfJ"'Wogg “l

lu\q or one se. for )HA’GJ ends, The marimum torm bines
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wom, For a period of @.5 secs,, and for the'PG & E spectrum in Figure 1
of Amendment 8, for 0.5% damping, the displacement is of the order of
ﬂ%‘fnt. and for tuice this earthquake the displacement will be

Ghest 0.5 :
Sokammtes, feet, On this basis, It can be estimated that the strains due

abost ene-third
to the earthquake response are siamst=gwise a5 great as those due to toe
3 ft, relative divplacement of the supports. Hence, under combined
earthquake and relative displacement due to faulting, the pipe will be
overstressed, bot net b‘9°"‘ three times +he ”i‘u Strain,

It shou!d be noted that the response determined above varies
directly as the natural period in the range from about 0.4 sec, to more
than 3.0 sec. In other words, if the period of the pipe can be reduced,
its displacement will be decreased in the same proportion., However, reducing
the period of the pipe will require an increase in stiffness in general,
which would cause difficultias In resisting the relative displacement of
the ends. Lonversely, Introducing flexible connections will in general :
increase the period of the pipe which will increase th{:::mn:;uake w"
i LAY 8 7S

It appears therefore that some further consideration of the piping
design Is required before assurance can be given that the piping can sustain
both the earthquake vibrations and the relative fault motions without being
overstrained,

It might be pointed out in this regard that the maximum displacement
of the pipe, should it become inelustic in an earthjuake, would probably not
be different from the maximum d’splacement were the pipe to remain elastic,
Hence the pipe, under the most serious combination of conditions, will be

strained to aboutJA times the elastic limit strain at ylelding (undzr the

combined effcutn of the Yault motion and earthquake motion), This Is a
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bit severe,, A possible means of reducing the stress involves introduction
of damping by artificial means, If the damping factor is increased from

neamic
0.5% to about 20%, thezdlsplaccmnts are cut by almost a factor of 3, ens

Aoty Hence, dampers or snubbers attached to the

pipe in some fashion may be required, These should probably be attached in
such a way that they correspond tc internal damping in the pipe rather than
absolute damping by connection to the ground, since the latter will introduce
additional disturbing forcer in the pipe when relative motions of the ground

or the containment structures take place,
F F_AUX I PMENT

The auxiliary equipment contained within the reactor containment
building will, In general, move as @ unit within the containment structure,
The fault displacement of 3 ft, for which provision is made does not produce
a similar displacement within the structure, although it may produce a
rotation or tilting of the containment structure., However, the equipment
described In the amendment and in the original application can certainly
be designed for the slight tipping or tilting and rotation, provided it Is
not rigidly attached to items which move either a different asount or
do not move at all.

It is stated in Amendment B that ‘‘where vital components of the
emergency systems are located within the turbine generator foundation of the
control building, the inter-connecting piping and cable will be designed
to withstand up to 3 feet of relative displacement between the reactor
containment structure and the turbine generator foundation, or control
building." The provision of resistance to large relative displacement

combined with resistance to oscillations seems capable of achievement for

i
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relatively small diameter pipes, or for wires, although it Is difficult

for the 20 inch main steam lines,

SAFETY OF PRIMARY SYSTEM

Comments have been made previously regarding the main steam lines
and the di7ficulties involved in providing the necessary resistance to
relative motion and to earthquake vibrations, The statement is made in
the amendment that 'accelerations experienced by the primary system during
such a displacement would be less than the acceleration used in the design
of the equipment,"! It Is not clearly stated that the accelerations experienced
by the primary system during the maximum earthquake would be less than
the acceleration used in the design of the equipment, Moreover, it is not
clear, If the relative motion of faulting should exceed 3 ft,, whether there
will not be a greater maximum acceleration than that provided during the
earthquake, owing to a possible crashing or battering of the retaining walls

outside the gap against the reactor containment structure., These could

induce fairly large, but high frequency, accelerations, Because of the
large mass to be moQod, the inertia of this mass, and the possible weakness
of the walls of the resctor containment stfucture against a localized line
loading from outside, It Is not clear at all that a relative movement of
more than 3 feet can be sustained without producing serious damage to the
reactor containment structure or serious accelerations to the primary
system within It, Nevertheless, for less than the three foot fault motion,

questions of this sort can not be raised.

POSSIBLE ERRUPTION TO SUP POWER

The vulnerability of the overhead transmission lines has not been

established, These lines cross the San Andreas fault, and although they
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are supported on widely spaced towers, there is a possibility that one or
more of the towers may be displaced by as much as 20 ft, relative to a
neighboring tower. It is possible that the towers can sustain such a
motion without loss of all of the lines, However, further study of this
problem is desirable if it Is necessary to depend on this source of power,
The amendment states, however, that If the external sources are unavailable
the engine generator, located within the reactor containment structure,
will be capable of handling the load required to shut down the plant safely.
A further supply of power is available in the battery contained within the
reactor containment structure and control building.,

It must be regarded as possible that the main overhead transmission
line would be severely impaired lﬁ its functioning where it crosses the

main fault,
TY OF STRUCTURES AN UIPMENTS TO RESIST £ 0S ATIONS

The procedure described for the design of critical and non-critical
structures, on pages 19-25, appears in general, to be satisfactory, with
minor exceptions, On page 21, the second paragraph indicates that ''the
design of the plant will be checked to assure that all critical structures,
equipment and systems will be capable of withstanding earthquake ground
motions corresponding to spoctrum...(values)...;!g times as great as shown
on Figure 1 without Impairment of functions..." This means an earthquake
of maximum acceleration of 0,67g, but not with acceleratinon spikes ranging
up to 1.0g. The difference is not important for items having periods of
vibration greater than about 0.5 sec,, but It can be substantial for elements

having shorter periods or higher frequencies, and the discrepancies become

*: e B R 1 -
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progressively larger as the frequency becomes higher or the period becomes

lower., A clear and unequivocal statement about this point would be desirable.
In general, there is a reserve margin in almost every element

beyond the point at which ylelding begins, even in items of oqulpm?nt.

control rods, fuel assemblies, etc. Dr, Housneils study of the reserve

capacity of structural elements, in Appendix II of Amendment 8, is sound,

Nevertheless, for items of equipment which are not designed for yielding

at all, but which have to satisfy certain criteria sucll as clesrance or
mwﬂ{dhph«mnt. it is st essential to consider the higher spikes

of acceleration In thelr design in order to provide the necessary reserve
margin to assure operation of these items under the extreme maximum conditions,

In this regard, it should be noted that the design spectrum in

|
!
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Figure 1 is not qulte as large as the values that coreespond to the extreme
peaks of the El Centro spectrum, The values In Figure 1 are in general
those that correspond to the mean of the oscillations for the rather jagged
peaks in the individual response spectrum curves for various earthquakes,
especially In the high frequency region. An envelope through the spikes
would generally lie sbout @ factor of 2 sbove the smoothed spectrum,
particularly for the low values of damping, although It would approach

the values reported for the higher values of damping. This Is not regarded

s s oo~ .=

as an important discrepancy, however, as there are indications that the
mean of the oscillations In the spectrum is a much more significant value

than the magnlitude of the spikes, Calculations that have been made and

- ————— -

that are reported for equipment mounted on submarines, and for response of
! bulldings tc earthquake, in general indicate that the measured responses are

more nearly consistent with the mean of the oscillations of the spectral

FRETERSD
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values rather than with the peaks., Hence the smoothing of the spectrum

is a rational and reasonable procedure,
SUITABILITY OF PROPOSED PING COEFFICIENT

The damping coefficients listed on page 23 of Amendment No. 8
appear In general to be reasonable, The degree of precision implied in
the selection of damping coefficients to two significant figures seems
somewhat unwarranted, However, the values are Iin general reasonable for
the stress levels implied in the design of the individual elements, or for
the conditions which are involved In their behavior, The damping for the
reinforced concrete reactor toitainment structure would be considered high
for & structure supported directly on the rock, but may be reasonable
considering the fact that the structure is supported on a sand bed, For
low intensity earthquakes, possibly even for the 1/3g earthquake, If such
is considered to be a design condition, the damping might be of the order
of half as much as that used for the reinforced concrete reactor containment
structure., However, for the maximum earthquake considered, the damping

factor used Is not at all unreasonable,

EFFECTIVENESS OF SAND LAYER IN CLIPPING PEAK ACCELERATIONS

In view of the comments on the behavior of the sand layer, lt.ﬁfn
be corcluded that the sand layer will act to clip high peaks osk.cc]lcratlon

that exceed its frictional capacity to transmit force to the reactor

contalnment structure, 9% O nat ‘Q“P vadicad PRTYITEVS PP ‘M-JM

ETAILED DY ANALYSIS OF EQUIPME

The method described on pages 23 and 24 for handling the response

of equipment within the bullding oppco}s reasonable, although for sengitive

8
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items near the upper part of the building, the approximate method may not
be adequate, A detalled dynamic analysis, such as described near the bottom
of page 24, will be desirable for all extremely sensitive and critical
items of equipment, The method of analysis described can take lntb account
the Interaction with the reactor containment structure itself, However,
the ground accelerations or ground fuput motions considered should correspond
to the maximum earthquake, and not the 0,33g earthquake for which Figure 1
of the amendment Is drawn,

The statement on page 34 implies that double the seismic loads
corresponding to Figure 1 will be considered, but this does not take into
account the spikes of acceleration ranging up to lg for the higher fiequency

components, A further clarification of this point is desirable,

ADDITIONAL COMMENTS

The effect of the water in the annulus surrounding the reactor
containment structure should not in general cause accelerations to be
transmitted directly to the structure through the water because of the fact
that the water has a free surface, However, it would be desirable to have
@ study by the applicant of this problem to insure that the surging of the
water will not Introduce additional oscillations within the structure, This
does not seem likely and it appears most reasonable to expect that the
water contained In the annular space will damp the motion of the structure,
Nevertheless, no specific data on this topic are available,

In general, although questions have been raised about the treatment
In certain aspects of the amendment, It is not believed that any of these

questions involve problems that are not possible of solution within the range
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! of currently available engineering knowledge, It Is my considered opinion

t that the structure and Its equipment can be designed to resist the effects
i of the maximum earthquake postulated,

Moo
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12, Page 9, Tiret full peregraph « The “furtier scasiderstion” of the piping
dosipgn which you believe to be required obuubolhﬂﬂll«hhn'
wpeeifie terme. ¥ - A

’?



b
13. Page 9, wesent full paragreph « The Ahird sewtence fadlecten thet straios
Of thres times the alevtie Lnit sirein ot yielsing ave Ssevere bat miaht be
televated®, AmuﬂmﬁMnﬂlh‘ub“o md the eonditioms
wder vhieh sweh streln veald be tolorsted should be 1isted.

b, Page 9, last paregrph « If yotation of the cexteimment is pomeit le

& e &scupsnd fn Lten 9 shove, the Lowt santence of this pose should

meke 4t elear thet this effeet should aloe be taken fwto acecomet fn She deeipmm
of all whilieals, "

15. Page 1b, firet full paragraph, lest sentence « It sppears Shat the
eonclesion in Shis sentense Lo valld suly 1f o high encugh selsnie design
peetrum Lo weod Ln the Senign of strwotures emd eynipment. If this 42 oo,
Shis qualifiestion should be oided to the Last ventsmes.

i, h.lb.h-tm o The lest soutenes (odfesbes thol eewtory of
ﬁmmm“l’MMM o oven bess LF
"sone sliding escurs on the saad". ¥ wederetend that you believe that due
ummu«m-ﬁm—mm.umnm.m
foot What sueh wliding wight eosur, Bowever, IV &5 ot clecy 40 a0 hew
w-nmmwmmuumuﬂumuwm.
umnmmu'm-mmuummm-u
possibie. Ploase elarify,

IT. Page 15, st full paragreph « The next to last sentenes {ndfestes
Mmm.brmmtnm-daeu«\pmv«
idf.“oftmmhMMdhlmtwo;&‘tﬁu.
possibly even for a 1/3g eartbqueke, Sises umumau

L] v



S
oarthquaks ascelerstices lover thes the max!mum postulated mey ocewr,
mm.m.-wmuumn-ﬁuumqum-

lowey demrins coefficient tham that prepesed for the n-ur c-hh-tt
1’ 3
iruoture? Ay,

®
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