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Mr, Robert Lowenstein, Director
Division of Licensing and Regulation
U, §, Atomic Energy Commission
Washington 25, D, C,

Dear Mr, Lowenstein:

Once a construction permit hearing is scheduled on the Bodega Bay izkftéij/”
we will forward to you a report containing all of our comments, imncluding

a sumary of background levels and a report frow our Division of Water
Supply and Pollution Control, Since there has been some interest in the
seismological aspect of this site, I am enclosing a copy of our staff's
comments on seismology, It is our intention to include these commenis in
the report to be forwarded to you after a hearing is scheduled, These
comments are being transmitted to Mr, Alexander Grendon, Californis
Coordinator of Atomic Energy Development and Radiation Protection,

We hope that the information contained herein will be of some sssistance
to you and your staff,

Sincerely yours,

y James G, Terrill, Jr,
é’ Deputy Chief
Division of Radiological Health
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A Review of the Seismic Factors Pertaining to the Bodega Bay Atomic
Pover Unit « Number 1 based upon the following infoermation

froa the Preliminary Hazard Summary Report by the

Pacific Cas and Electric Compary:

1. Plan: Site end Eovirooment
2. Apperdix & '
3. Appendix §

4, Amavdment pumber 1

5. Amendment number 2

et

N/ TTEV .
This report was prepared at the request of the Nuclear Facilities lw}amul
Analysis Scction, Technical Operations Branch, Divisien of Radiological Bealth,
USPHS and is submitted to the Section for reviev and is to be considered as only

& portion of the over-all review baing conducted by the Section. (After the

Section's review the notation ERELDONARY DEAYT shall be removed and this revisw

may be issued as & separate report.) .
Subzitted by: Kruce W. Maxwell Norman 8. Parha
: Nace Naze
Geologist Ceologist .
Title Title

Technical Operations Braoch, DRE Techoicel Operations Braach, DRE
Organisation Orgaaisation

Date Subaicted: Nay 16, 1963

Piges & and 9 revised May 20, 1963
Page 9 revised May 28, 1963.
Addeodom ~ 6/13463 '




"

1n scction V of the Preliminary Hazard Sumary Report there is this statemont:

“"A preliminary Geological reconnaissance of Bodega Head was conducted by Mr.

Ciark E. Mclluron, Consulting Engincering Geologist, in 1958, for the compary

to recommend suitable power plant sites on Bodegs Head. When the company hac
acquired the property at the South end of the Head, it retained Dames and Moore,
Soil Mechanics Engineers, to condust & ceophysical and seismic survey of the
se.ccted site and a preliminary sv.surfoce cxploration. In 1960, Drs. Don Tocher,
Scisnologist, and Willias Quaide, Ceologist, both &. that time with the University
of California, were retained to make & do:ailc§ study of the selectecd site from
the standpoint of seismology and geology. Professeor George Housner, of the
California Institute of Technology, was retained to interpret the studies of

-

Tocher and Quaide and to ;ocoumand ltructu{al design criteria for the plant’.
1t appears that the predictions of Dr. Tocher were used by Professor Housner
to provide design eritc..a for the plant. This seems to be borme out by the*
stotements in Exhibit n.mber 48, "Consultants' Reports of Geologic and Seismic
Conditicns at the Pro...cd Bodega Bay Power Plant 51:0 and Summary of Those
Reports", presented before the California Publiic Utilities Commission dated
July 6, 1962. This exhibit states that Professor G. W. Housner was retained to
interpret the ttn&inss of Drs. Tocher and Quaide and deri structural seismic
dosig: criteriz. There is mo indication here that Professor Housner made an
independent evaluation of the probability of the maximum esarthquake intensity
to be expected. It is wnderstood that Dr. Tocker is one of the forecost seis~

mologists in California; hovever, ve do pot believe that the sa..:y of Lha public

“
should rest solely on the avalysis of one wan ar appears to be the case here,




() )

It would seex desirable since each buman being is subject to error to have

another seismologist make an independent evaluation of the -axi-ﬁn probable
intensity at the site. Even 1f Dr. Housner had made an independent evaluation

of the intensity expected 1t would seem desirable from the standpoint of the
Company, the state of California, and the public £o have an indspendent evaluation
made by a seismologist who 4s mot in the exployment of the Pacific Gas and Electric
Co. This is particularly important because several more large reactors are con-

templated for this site.

The assignment of & probabdle intensity of eight () to the Bodegs Head Region
ralses some questions as to the analysis which are not ansvered in the Hazards
Summary Report. The San FPrancisco sarthquake of April 18, 1906 1s reported as
intensity XI M4l at San Francisco in the Earthquake History of the United States,
Part II, “Stronger Earshouakes of Californig And Western Nevada' by M, 0. Wood
and N, H, Heck revised by R. A. Eppley, published by the U, 6. Departmant of
Commerce in 1961, Accotdin' to this publication the greatest slip, 21 feot, was
in Mario County which includes at least half of Bocega loy. The report further
states that "at Santa Rosa, although 19 miles from the rift, destruction was
Srest and apparent intensity higher than ot most other points of corparadle dig-
tances (from the fault)., The district lies directly inland from the region of

greatest motion on the Sen Andreas fault," which would be the Bodega Bay Region.

Lo



“his 1¢ supported by the repcits from the book, The Califorris Ea;:bguakes

of 1900, edited by David Scarr Jordan, 190/, in the following series of

e€xsarpts by the authors:

p. 9

Ps 13
p. 17
p. 18
p. 19
p. 32

"The Earthquake Rift of April 1906, by David Starr Jordaa, Pres-
ident of Stanford University,

"We knnw that the center is in the sea because where the rift enters
the land the motion was more violent and the effects of the shock
greater than at any cother point along ite extent," (This is the
Point Arena area,)

"The spreading wave (seismic) displa or destroyed most of the
houses in the villages of Manchester and Point Arena, wrecking

the magnificent lighthouse of solid masonry on the Point itself...
«sse In Mendocino Eounty the horizontal displacement is about
sixtcen feet, Iu Marin County, wherever it is exactly measured,
it is sixteen feet soven inches. Southward it becomes less, '
"Through this regioo (Marin County) the shock was very violent,
4nd numerous cracks parallel with the main creck in the bay
extended along the shores,"

"At Marshall the Humble Botel was thrown bodily--and uprighte~into
the bay, the boarders unharmed; and at aristocratic Iaverness, on
Tomales Bay, thfoc sumner cottages suffered the same fate.,"

A train otnnd{;g at Point Reyes Station was thrown on its side.
"There are distinct traces of great disturbance across Burbanks
famous orchard at Bebastopol, but it s not clear that..,...the

e
underlying rock {¢ reslly broken. Here on & slope linas of fruit
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trees were shifced, & well was moved bodily three or four fco:,

and & crack about one fourth mile long extended across a neigh-
boring fieid, its direction paralled with that of the Tomales rife."

P. 59 "It was much less severe ir San Prancisco than anywhere along the
rifc in Marin or Mendocino Counties."

Although the Santa Rosa destruction was attributed to poor construction,

the sase type of construction does not Sppesr to be unique &s shown by

the following:

"The Destructive Extent of the California Earthquake," by Charles
Derleth, Jr,, Associate Professor of Structural Engineering,
University of California. :

p. 114 “Proportionately speaking, Santa Rosa's 1oss was greater than that
of San Francisco,,,., But it is my judgement that the shock was
less serious in the nerthern city than in San Francisco, How then
should the general destruction be explained? The brick buildings
of Santa Rosa were carelessly constructed,"

P. 131 "The most general dastruction by earthquake’ in San Francisco was

.

observed in ordinary brick buildings. Brick walls were usually

thin, of careless bond, and built with lime mortar of little sctrength,”

p. 188 "San Jose, about forty miles to the south and east of San Francisco,

is thirteen miles to the east of the fault line..... The earth-
quake deatructtén wes appalling...... Again we find chacp con-
struction with lime mortar, weak fraaing and {nsufficient anchor-

ing for flocrs aad roofs."
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mrhe Investigation of the Galiforais Berthquake,” by Grove Karl
Cilbert, of tha U, §. Geolegical Swrvey. '

p. 245 "The matural foundstion of Oaklend Lo pimilar to that of Saa Jose,
and its distance from the sarthquake erigin is about the sams, but
the tajury te its buildings was decidedly less; and Sents Ross
standing oo ground apparencly firmer them that at Oakland or Ban
Jose and haviag & some what greater distance from the fault, wes
pevertheless sbakes with extrems violence."

It appears, tharefors, the éestruction &t Ssnta Bese is walid evidence of

the greater intensity slong the segaent of the fault in Maris County.
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Pceiiz.nary hazards Sumwmary Repart Apperdix & by Dis, Tocher and Qua.de
s -tes: "The following description of effecis of the shock (other than favlt

trace phenvoens) was made by Prcfessor J. M. LeConte and Mo. A, S..H:igh: (Lawson,

190, nage 291). 'Near Bodcga Head the briage over Salmoa Creek was somewhat twistec.

Jos: beyeud this a good sized hotel previcusly used as a sunmer resort was badly
wiccked by the earthquake., It was moved on {ts foundation and rendered unfit for
o .tacion. The building was close o the sand dunes and probably rested on

sandy deposits, The barn was completely vrecked!" Although this destruction may
fove been cue to soft ground, it should occassion some concern an to the maximum
intensity expected in the bodega Head Region., The destructiom is typical of

Modified Mercali Intensity IX mot VIII as 15 reported by Tocher and Quaide to be

the maximuas probable intensity at the site.

Drs. Tocher and Quaide aleo state, "At least one and perhaps two Or WOre m&jor
earthquakes can be expected near the site within the next century. These may
be a6 strong, or even somewhst stronger than the California esrthquake of

April 18, 1906".

I: would seem appropriate therefore to desiga for an in.ensity of X MM or
greater. Wnen the unit is designed to withstand the appropriecc ‘dntensity,
rartisular attention should be given to {tems whose fo! ure cou'’ gesult 4t av
rolease of activity, These include reactor core, fual elemants, con

sefety rods, oupportthg positioning meabers, TRACLOT Prési..o ved. ., prieaty
coclent loop, piping systems, tha heat exchangers, inatrue o ' safety
devicen, eacrjency watsx systes, cau§sinno=: bullding scrws res, sariieules

ctteitbee ghoni: to piven to out of plass movemcnt batweoa sljitegt BTRLTRT M

TEtie <



or machinery and particularly to piping., We believe that this sbould pot place

€ great burden ov the cowpany since, sccording to their own comeultant Dr. G.

W. Housner in an article titled '"Desigu of Wuclesr Power Rescters Against Earth-
quakes"” published {n the Proceedings of the Second World Conference on Earthquake
Engineering, Vol, I, page 141, he says "It should be noted that in many instances
the structures of a nuclear generstor are well suited to resist earthquake forces
and can withstand horizontal sccelerations of 0.5g or even 1.0 without requiring
ény appreciable strengthening over ordinary opersting design, Thus the relatively
large design accelerations mentioned above are in gsnaral not difficult to meet
and do not usually require any sppreciable additional cost to meet the esrthquake
requirements. This can be axpected, however, only 4f sarthquake considerations
are kept io mind from the beginning of the design., If careful thought is not
given from the beginning of tha design the cost of sarthquake protection may be
appreciably incressed." He further says om page 143 "pipes connecting two pleces
of equipment must be designed s0 as Dot to be pulled apart when the equipmesn
begins vidbrating. In fact, all Piping, whether for steam or water, must be
Cesigned and supported so as to resist seisaic forces. More careful attcﬁ:ton
must be given to details in piping than 1s the usual practice when designing
industrial installations, This problem is particularly severe in the case of
nuclear reactors because of their very sxtensive piping systems", On page 144

he says "In the 't‘l‘#& state of koowledge, the design of the muclear reactcr
st be made for tha vorst poseible sonditions and it would not sees advissble

to reduce the dasign ért:c:ta o0 the bases of aseessed geological marits of

the site",
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It should be reitarsted that barring pioof as to the charasteristics of the
. Pressure supressiou systew under all conditions including sarthq akes, baffles
! should be included es they are iz Buabclt Bay Reactor pressure suppression

system,

Also in the above book edited by David Starr Jordan was the folloving commaent:

"Local EBffects of the Californis Barthquake of 1906", Stephan Tabe:r,
Stanford University.

. ———

P. 274 "It was the first motion that snspped off branches, overturned cak trece
end wrecked buildings in the Lmsediate vicinity of the fault line; and
although this motion extended for a considerable distance, the damage
it caused was limited to & belt not over a nile distant from the fraciure',

These findings of Scopt;a Teber agree with the statement found in the Procoedings

of the Second World Conference on Berthquake Roginearing, Vol. I, “Os the Daansge

of Fukul Barthquake and the Pustructive Power of Bartbquake of Such A Kind™, by

Professcr Y. Sekabe: ;i

P 36 "I fesl {t sbsolutely undenisble thet the shock motion plays the main
PALL on the destruction near the qumcr:‘.

Decause of the possibility of sarth shock as described gbove, smd simce tie

Bodegs reector site is epproximately 1300 feet from the western limit of the

feult sore, wo would like to kmov £f this facter hat beex coosidered by Drs.

Tocher, Quaide, and Bousoer in the formclation of the seiome evaluation of the
plans site aod design eriteris,
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S . one seismologist has made an analyeis of the site o, i
v sarthquake intensity, It would be desirable to have «
i employed by the Pacific Cas and Electric Company mase &
veiuation.
cvapw.td saximun iotensity of Modified Mercali Intensity VIII and
v iteria based on MMI IX is open to some question., Further iavesti~
cas probability of a MMI of X or greater at the gite .»
PR T S
~«itl shoch motion &s well as wave motion has coatributed significancly
.v the cestruction in the area near the active portion of the fault. In
Lk 1906 earthquake, it played the main part in the destruction st distances
of one miie on either side of the active ares of the fault, The magnitude
oi destructive forces should be investigated because the Bodegs reactor
site is approximately 1500 feet from the western limit of the fault sone.
Particular attention during design and construction should be given to the
aselsnic qualities of the piping systems. :
The charsacteristics of surging standing waves, etc, under all conditions
incivding earthquakes should be favestigated before baffles are doleted

from the pressure suppression system.

DR ) ;gu..',// e
Bruc. ¥, Maxwell » Korman §. Yarba
Cevloagint Ceclogist
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ADDEXDUM TO “REVIEW OF THE SEISMIC FACTORS PERTAINING TO THE BODECA BAY
ATOMIC POWER UNIT - NUMBER 1" DATED MAY 16, 1963 REVISED MAY 28, 1963

The maximum intensity at the site can not be predicted with any degree of
certainty. The design criteria should be based on at least the maximum
intensity known or thought to have occurred st Bodega. I1f a safety factor
is desired the design should, of course, be for & higher intensity.

The April 18, 1906 earthquake intensity at Bodega Head 1s reported by the
Stgce Bartiquske Inyertisetion Committee Upon the Cgl fornis Earthqueke of
Arril 18, 1906 to be 10 Rossi-Forel, equivelent to 10 ¢+ greater on the
Modified Mercali scale. Thus design for 10 MMI would :. in line vith reported
facts. In light of this, construction of plant etc. .. oy less than 10 M1
vould imply sanction of failure of reactor components.  izontal forces on
the order of 1 g are to be expected from the sarth shoc < {nitial movement

along the fault,

Numerous slickensides, planes of slippage in the rock, arc nt in the
sea cliff west of the site. These are evidence of movement ne site but
the age could not be determined and the presence of dirt dur ‘var the
¢1iff during recent construction prevented examination of a ¢ cal area
for evidence of a fault through the saddle in which the reac: ‘11 be
situated. Engineering geologists of the U, 5. Geological Su: Messars,
Schlocker, Bonelli, Clebsch) are examining the site for evide . . ¢ recent

faulting and will prepare a report for the Department of Inte.....




