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Field and Trench Observations in the Vicinity
of Humboldt Zay Nuclear Power Plant 23

3ackarounc: Secause of unresclvec geolecgic and seismic issues related
t0 the tectonic instability of the area in which the Humbold: Say Nuclear
Power 2lant is located an Order for Modification of License was issued
in May 1676, and the plant shut downuntil satisfaciory compliance with
the Order nag deen determined. In March 1677 PGAE submitsed an upcated
geclogic report by their consultants, Zarth Science Associatss (ESA)
in partial fulfiliment of the Order requirements, followes by a propcsal
for a license amendment that wculc 2allow restar: of the plan:. The
review of the report Ly the NRC Geosciences Staff (August 10, 1977)
concluded thet the svidencs provided was insufficient t0 srove thas either
3f the tac faulis uncer consideration were nen-capasle and recommended
that the plant remain in snutdown condition until more canclusive

infsrmetion is provicecd.

In Septemter 1878, FGAZ engagec ~oocward/Zlyde Consultants (#/C) 22
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resoive the issues. °>reliminary resulss 2f tneir study were presented

to the NAC staff at a meeting in 3ethasca on May 7, 198C, which was
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issues: The geclegic and seismic issues in the Order of Modification
License (paragrapn £.2) that had tc be adcressed included:

a. The Bay Entrance Faylt: the location, age, attitude, amount of
displacement and pessibility of surface faulting.

5. Little Salmon Fault: same informaticn as adove.

¢. Origin of displacements in the ravine 2t Humbolst =ill anc tne
quarry at Fields Landing.

¢. Seismic potential of the Freshwater an¢ Tadle Bluff faults ane
their relaticn to the Little Saimen Fault,

2, Seismic monitoring network in the }i:iﬂi:y cf the plant,

f. Past ang future earthquake menitoring <o determine if any loc2l

irc2s oV earinguakas arpung he J.ant.

or

ne Say Iatrance and Litt'e Salmen faults were tnesrimary focus of the
investizaticn. The concerns relating T2 these two faults arose from the
fact that ooth appeares 40 come wiininm 2re 7iie of the plant and their

ity w2s n0t Jetermines. The firss reports from ESA concluced sthar

the Littie Salmen fault was truncsted Sy an overlying uncisturded sedimentary
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The same reports were not 2ble %0 show conclusively that the 3ay
Entrance Fault was not c2pable, nor were they adble to sncw convincingly

the location of the trace with respect %o the piant.

One of the major tasks therefcre in resolving the issues is sating the
secimentary strat2 in the 2rea to determine when the 7aul* movements

oCcurred and the 2ge of the oldest undistursed units.

~ seconc major task is getermining the likelinood of a2 new fauls ¢csurring
Jncer the plant in the event of an earthquake focused an an 2csive
In the arez of the plant site, shoulc any of the local faults mentioned

*n tne Crder prove %2 be sources of seismic activity.

carzicioants: The site visit arranced with PG3Z also ircluded a field
S¥.Ioto see tne regicnal geclogy. w/C geologists thousnt this important
50 tnat the NRC zeciogists coulic see the site zeolcgy of the trench ‘n “he

sentext of the regional and local geclogic situatzicn.
rara 3racy, Aumpciczt Zay Nuclear Power lant Sesiezes ‘ignager, represented

W ol Tl e L e e 3l . ‘
“0dI, Lloya Cluff of w/l, led a team 5f fielg geCidcists on this -project,

Tom Stevens, Kevin (oopersmith and 3urt Swan. | was the onlv represantative

Trem NRC. A ze0itgist from the [.S5.5.5., WRC zonsultant on Humboles 3ay,
=72 n0T 300ear 25 Jrizinally anlicipatad, but visiiee the site three aeexs
iter

socgmare: 1% sgeling with their view that 2 regicna’ sarssective was

SSSECTTRL T0 am altreliation oF cthe signifizance of Sne site je0iogy, the

TTTST 3y Al faTt 1Y Tne secins S3y were §22nt axamining geclocic faasures
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On Morcay, July 14, 1580 I met with F. Brazy, L. Cluff ang the

three ficld geclogists at the fureka Airzert in McKinleyville. We
soent that afterncon anc evening examining siructyres and surface
characteristics in Area 1 of the attached =2 /Attachment 1), Th's
area is about 20 miles north of the plant site. Structures and
associated features seen nere inciuce the “cxinleyvilie Fauls, the
Trinidad Fault, the 3ig Lagoon Fault  from 2 2Zistance) and severa!

terrace levels,

The meraing of Tuesday, July 13, 1980, was spent in Area 2A, about

S miles southeast of the plant, examining 2 former trench site (ncw

- -

sack®ilies; in the Goose Lace Fauls Izre. This was foliowes by 2

vigit 50 tne still-cpen "Srazii" trench 27 =umpoldt Hill in Ares .3,

-
i

adout Z miles south of the plant, wWe exarinec structures associated

with the Listle Salmen Fauls. The rest ¢ =ne afternoon w~as spent
in the thres trenches &t the piant site.

- -

The last fiele visit was he merning 3f secnessay, suly 16, wnen .e

2xanined the guarry in Aumbolat i1 in irea 23, about one 2ile south

of the zlant site,
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Faylts:

Mckinleyville: This fault, about 15 miles morth of the slant site,
anc aporoximately paralieling the Little Salmon Faul: 2t N4OW, 1s
Selieved =0 de the zone of the 1954 Zure<: earthquake. The enly
icentifiasie surface manifestation of tnis fauls was 2 NWetreacing,
scuth=facing escarpment severz! feet hign, clese %5 the airpors.

A irench that originally crossed the escirsment as rignt angles is now

sackfilled.

actorcing to the trench logs and discussions &t this locale, the

trench snows 2 thrust fau’it snezr zone with 21 Te2st twe sets of

- S .

events. The lower unit exposed in the sreach, the Crannell Sands,

theught o Se 20C- <0 500,000 yrs, nas smes= “-aciures sctn sarallel with and

conjugate to the fauit. amount of 2ffset on these ‘s not known because

of lack of marker decs in this sand unit. These fragiires are truncated

<y in tverlying gravel unit interorezes <2 Se asout 22,000 yrs. Suycer-
‘moosed on this earlier set of fractures ‘s 2 thrust fault bringing

he sider unit pver th

W

Jounger gravels with 2 vertical displacement of

= s . AL o P Smmd - & .
=CTe NS .8 Sate, acl3IrIIng T the /% 80 C318%8, sntw that vercica

sfstlacerent i3 cumulativi, increasing a‘is Jesth to g lsage 32 meters
of 37fses
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Trinidag Fault: At the north end of the on-land segment of she Trinidad

Fault we observes shear fractures on a sea-cli®f face. The surface
manifestation of this fault, on the Anderson Ranch, was a prominent,
straignt-line, scutn-facing escaroment severs) feet high. Only the afore-
mentioned srave! unit that sverlics the Crannell sands is exposed. It is

sandy with gravel ceds that are offset atout 1 1/2 meters of apparent net 2¢ip
s112. 3asement Franciscan Formation recks are expesed on the upper slate

here, the only place this was abseriec on this trip. The ;er:ica1 displacemens:

nere therefore is interpreted tc be 20 .
n older set of mearly vertizal, fillec fractures were cffset a faw cm oy

Joungzer conjugate shears 2ipoing paralle) with and at a hign angle to the

-
. - -z oo -y
=uiT Burtage. =gre Sver a

istance °f atout 30 feet the parillel snear

fractures Zied out ard Zisapoearsd mere racidly than she conjugite ses,

A% the furtnes: exzosire from the projectes fauls, erly fraciures that were
Sef.zate T2 the main fault oriemtation wers visidle.
Siz cascor Tayis: At Patrick's Peint State Park about 35 =i Y of the olant

$1T2 we ooserved the coastal ‘satures from a2 vantage point. 31ig Lageen at

tne Tar cistance seoarates 2 rocky unterrices coast - “ranciscan rocks
sf he norah

g 3 .
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Soose Lake Fault Jone: About !5 miles southeast of the plant site near

the town of aydesville (in Area 2A of the enclosed map) a nerth-facing
2scarpment anc associatec linears psrallel the Little Salmen Fault,

A trench through the esi:rpment, now backfilled, showed that, despite

the suggesticn of uplift on the south sice, the faults and offsets sean

in the trench showes uplifs north chr scuth. They ¢id not ha@e &n explanation
for tnis contradiction but suggested some :en:AtiQe seomorpnic and

mechanica) pessibilities.

The trench 10gs a3ain indicate myultiple faulting episodes. Here a late
Pleistocene 21luvium, the Yager Creek, lies unconformably ¢n a 500~ 5 700,000
sear-cle unit, tne Carlotta, 2nd trunca2tes 2 variety of deformationa’ structures
10 twC major 20mes of faulting adout 19 7 apare. Aleng the =ejcr tarusts

seen n the trencn, the Carlotiz has Seen thrust over the Yager Creex

tliaviam, Thnese in turn nave seen thrust over 20nd or lake 2e00sics wich

ces C2tes of 548,000 years.

“ere 2zain tne geciogists emchasizeo tne =~.itizle fault mcvements occurring

réoedlelly in the same narrow shear 2cne.
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Soth of which were saic to be non-capable by PSAE consultants,

£3A, in 2n earlier repore.

The west-facing slope of this nill sarallels the Little Salmon Fault,
the trace of which had been previously projected by W/C %o emerge in the
Bay just Sd of the hill,

The trench, the smailer of twe parailel trenches, ind the enly one stild

oven, fs cut oerpengicular to the hill slope on a Sroad Sench adeut 30

feet 2Dove the Redwocd Highway. At the trench boticm, the oldest

material is 2 rather uniform, 1assi;e gray clay #ithout noticeadle

markers oeds, icentified as the R¢p Jell Formation. DQer}yﬁng the clay

Sn an irreguiar grosion surface is @ jravel unit interoresed By #/C 18
aorasion SlatforT cecosits reoresenting tne Sase of 3 marine serrace.

The aze of tnese younger terrace Zezcsiss is unknown. Ag the Rip

Jell is intersretec from vagnesic stratigracn 32 3 srezter than 750,900
yeirs 2i¢, tnis trench zces net Meld 1o resolve the age of faulting. Thers

'S Nowever fiear evicenmce of thrusting of 290 lell over tne terrace Zencsits.
sSrasioneplasform gravel layers nave Jeen 0%fset up %2 I o tdlong thrust

faults Jioping norstheastward about &5° snd striking “4C-30W, aporsximatsly

\
-

“na : .d AT T L 6 VYasees e .
NE& Srientation o7 the LUttie daimor fauit. At least twc jrave! unis

- s - SaYud b . . 1
A2ve Seen JeTCrTac Dy dragefilcing along twe of thne Tonger faults it
IV0LT the 3 ¢ statton 3¢ <ng zrgrce,

- . , . oY 4 O
T@ VST E ITsT.aceTenty 1D rli, Ac.ever, sracllce pre2cer 3fYget it
S8TI0, 28 tharetire may D rejiriel a5 <Uaimim gen. g the youtger
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Howc;er, the deformation is regarced 2s part of the shear 20ne on

the upper plate of the Little Salmon Fauls., The fauly surfaice is
interpreted as emerging about one-third of the way up the slope of

sumboldt Hill below the trench, which . Jid be 2t an elevation of about

30" adove sex level. This is a chance in interoretation, as W/C areéiOUsly

mapped the fault trace in the 2ay close %2 the shore.

Humbolde #4911 Quarry: The oxigized srown sands and intercalated sravel

Secs 2xposes in this guarry are delieved %¢ e 2t Teast 2000 £+ downsecticn
c? an important marker Deq the Unit 7 clay. Paleomagnetic studies show
acrmal polarity which brackets its age between 200,000 yrs (acorox. age of
Jnit F) ang 700,000 yrs !Vatuyams reversed goceh, the ninimum age of the
J10 Ceil seiow). A great many offsess ang Irig of beds Srought this

quarry %0 the attention ¢f "RC geologists in tneir review o the geslocic

and seismic issues 2% the time of the ‘ssuance of the license modificatian,

. contencs tnat aerial 2hotograchy, secrorsnic sticy and sterecnst
cts of shears 217 poiat to this 2art oF the 2111 as sart of 2 lengsiid

0s@ 2 the tee. The jeciogists dointed out that ali stereo olots of

mgas.res conjugdte shears in fault 2cnes in the regicn show twe clearly
sefires concentrationg 2€ soles %C sigres, wi'e 3 972t 37 soles ¢ tlanes
in the suarey SNCas @ rangor zistriSuticn, Tats mas cenvinced them that
gudn F s3me OF tne fractures were teciorically cevelspes, angstizimsg cas
*ITITES N0 SLAE“wIEE “RCrientel Thet amE, 2.8 o vasta extansise. cisec
SR ASENENSE aTCh 1YE ringlm in Sriersation
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The present conditicn of the guarry wish its deeply incised Saglands
topograsny was not conducive %o any svzluation in 2 brief Qisi:. Cnly 2
Tew sm2ll offsets were :bser&ed. mest shewing norma’ displacement, a
few showing reversed Sisplacement, wnile none zpoeares 0 continue shrough

tne strata. In places some fractures offset sarlier ones.

Site Trenches: All three site srenches were s341) open, 2ithough some
collacse had begun 2t the eastern enc of the main trench, anc both the
main trench [trench #] on Attachmen: 2) and the "nose” ‘rench (trench #3

3f attachment 2 hac varying amounts of water 2n the trench bottom.

"he m2in trench trencs slightly nortn of west from close :o she

-
e T
gensainnent Duil

Sing towercs the "ncse" of the terrace on which the

piant is built. This trend is azorcximately nermal to the Say Sntrance

Fault. At 145 = west of the 2lant the tranch sicas 2 rignt gangle surr
§nifling tne wesi-trencing line of i,2 tramen atous 3T mesers 5 ths

outh, tngn continues westwar: for 2ancther 32 meters.
Trench #2 15 2 steep-floored trench .nizh cuts shrougn the streatigraghic
selomn 2t the ecge of the terrace in: trencs otiicuely to the 338y Intrance
Fauit. The Tloor zescenas about 13 ¢ in i nerizomtal distance of 32 -,

2nC 25T cescerngs thriuch the

- - - ¢ ®oms e P - - s, 2l - - - - - -
STTACLT 3T Shg "stesd" trangn, nE OwWeET .dvegl IV % .re wd§ Tnuncactses
- oz =& - - - . - .- - st . - “a

= 382T32& I w2787 30 that tne dist.roes strec: sa N NaT8” (3vé &re
ceS8™iAT Ve orTng TRty siteE (st
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Main Trench (#1)

The “main" trench had a total -4 lensth ¢f 228 m (740 ft) seginning
35 m (adout 110 ft) west of the containment duilding. 1[4 was entirely
#ithin the uppermes: terrace deposit, a thick, apparentiy uniform,

gray clay-silt containing wood fragmenss cof ;arying sizes, oyritized

plant stems, and some incorporited grissy material. Thnis unit,

interpreted to De in tne “Heokton" focrmation, nad a :enza:i&e ige
determination based or CM J&tes on tne wCcC, which went to0 the limit

of cardon cating of about 35 000 yrs. This therefore 2stablishes “he
ninimum age far the clay. Careful sbsarvation showed the 2pperently uniforn
Jray-silt clay to nave thin siit layers anich were 3rcy

" 1
i |

out in nlaces

W)

-~ - I - i S .- - 3 BRI N - s
¥y & tecanigue W/C geolagists ceve ¥ pouring buckets of water

Carefuliy 2s sheets or films down the tre~ch sides. The result wag “inssans®

differential grosion which Srought 2us tne #°rne alternating laminae of

e
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r offsets of ity 3¢ were evicent througn acst

€c the stiraligrachy teneath the plant, showing
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For most of the Tength of the trench there was no Ziscernable deformation
of the strata. Exceptions to thi. e at the ‘-JET':/ beginning of the
trench, at its highest elevation (designated 32-35 = hor’zonta) gistznce

on the trench log). Small normal faults and graben-like faults with

2 few centimeters of offsets dic not appear 3 3C 2nywhere, The extsnsional
nature of these is in contraciction to the interpret2tion of 2 comorzcsional
tecionic setting characterized by thrus: fayulting. W/C geologists selieve
tnese are nor-tectonic and simpiy refiect Jdown-slicing extension or the

free-face slicoe ¢f the terrace.

These faults were not seen in any of the units Selow. Ancther exception
was the sat of shear fractures ~ith reverse cisglacements 2F 1e2 c= in
the siit Unit, seen within sne 1281 10 = 21 the lower ang 3¢ the *rench.

ne Jnconformity adDove this sheared unis was cverlzin Oy Jsncisturded

and 2anC jravel strata. shile [ tnoughs [ saw faint sraces of

o
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w
we
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w
3
m
wr
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m

seemel to continue Lowar: inte the coarse and scorly sons

sand/gravel unit on the unconformity “rom the lower shear “ractures, thers

~88 ns offset of the unconformity

an

nyaners in the trarcn.

-

Tne sinificance anc 2ge of inese sneirg are uncertain.

g 2. a . " . : samesat) Nags
sfgrivtisance: whi.g the shears sirics essentia. iy Saral g, «#iIh ne
s & - e - -y - - e

SIS, SaLLAPR OT TRJITING, Tty ST T3 0% 34 Tither then 2 che “f ane
- - » P - - b -
«1& CoL SOWErs A% T1anT, BCCOrIINg T2 AL, ney SC MOT 200&ar D reiste
s 3 caum 3 te i *ma swasz $1%ss am mag misae 23 sapd mzes 1msawE Ar
v 3 NTOW 2a:35 e arsd, 2.°72.30 They - «% ST GSRTE INEATS °

- o > - Yae Camm mmios - -
ShE S3y INTTECE .Iler 2ia%e. w/. gE0iTsists reject th asgrorecation

- - o an Yga - YHAAR Lo & “-—ms - - - .
<ELELSE SR TrENIT DCETTON TEET (883 ave TL Frim mmg fyiiv. gy Ny

- y .

. B AR, Paw aun - s = a che Vg a - =i ais A
887, "5 WSS TIN Ind¥ TP ANV JETIPNETISN J0 IEE JSldr 298%s, LacilsE P The



experience with the regional faulting pattern, deformation is confined
0 narrow shear 2cnes and both primary anc sonjugate snears related <o

the faults cie out arg disappear within a “ew tens of meters.

Another pessibility is that they may be conjugate shears on the lower
plate of a fault newly discovered by w/C seclogists that will be described

later in this reoors.

«/C nas 2130 considered the possibility that these fractures relate %3
the flexing of Srittie strata during the downwarp of the sroad synciine
that characierizes Suhne Point structure.

~ze:  The ages of the straiz in which the fractures are faund, the
sncenformity, and the overliying graive’s have nct been srecisely Jeter~ined
/e,

The fractures silt is sart of a dewnwars coarsening seguence resting on an
Jnesnforaity directly ascove she Unit ° clay, 3 distinctive unit thas g

recignizec e2sily 2s tne "gzamma soike Jrit' of their sorencle Zata ssuzies.

2 scuth oF the plant 1 .similar sesuence 2bove the Jnis

F clay nas calcarecus fossils which have Seen dates Sy anino 2cid racemizazion

s 2AA A e Alamd o - - in &
&t 230,300 yrs, fi- 3ECICGTISTS are CJresantiy attempiing T ascertain the
» -» - - - -
«ATTEIBLION O the trengh stracta with wns roadout. oF ney 20 they «° 01 have
mogeas s» 12 APP SAe mmaA - & g
& Jrac«<etec tita Setwesn 33,2CC ang 200,0CC yrs “or The age oF 4mess



iose Trench =3

.

Stratigraghically, the “"ncse” trench cezins, at its upper level, adout
one meter belcw the lowest stratum of the stees trench Sut in the same
unit. It descends 12 m through & horizonsal cistance of 26 n begirning

in the fractured unit of tne steep trench and ending in the Unit ¥ clay,
The fraciures which are present in <he steep trench are nct recognizes in
tne same units of the nose trench. This <s apparently beczuse the

nose trench walls are oriented almest parailel wish this sat of fractures.

‘A -

trench containg the Unit F Clay 25 the lowest exposed unit and its

W

cveriying uncenfarmity, toth Cipping gcentiy to the joutheas:.

Ne SCttom of the trenchn 2t its lowes: 2levation was filled with a 2w
“eet of water, so I did 70t see the axnosure. muweuer, the W/C geoiogists

informed ne, anc the <rench 10gs ingizatz, that the lowes: &Xp0ses pars

-~ “ne

eT the Unit ¥ Clay has tnree shears #ith normal disclaceme~ts of up

22 8 ma, The gip of the Seds in “hig s$nearec sarsg

st Jnit F is steeser
ne Cids further Jo the Srench wners M¢ fraciures are Jiscernadie,

=5 the sli> is towards the “=ee facz of <ne terrace esgcarsmens and the gesener

- <

2175 IF the Tower deds are in the croder sanse oF rotastion, W/C ;e0izgists

“8 Inese Traciures resultas fro- extensicn assaciated with sllts or

“-ile e



Suhne %¢int Fauls:
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movement within the past 500,000 years, this fault must be considered

3 capadle fault as defined in Appencix A Part 100 tc 10 CFR.

Other details reported by W/C are 2 fault surface with variadle dip but

averaging about 3C°; and 2 narrow shear zone about 10 €. wide.

SumMmaRY

Recicna! Geolocy: Regforally, the area is characterized sy 2 series of en

echelon Nw-striking, NE-cipping tnrust faul:s along the czast of Northern
California. The faults show repeated movements through time. W/C
geologists emphasized that the cnief characteristic of these ‘aults is

the narrow 2one of Jeformazicn along which repeated movements appear o e

restricted, with ceformation confined o the upper claze. These charac-

“@ri3Tils were noted Dy A/C in the Little Saimor &nd newly giscovered

9sy¥: AT the site the sediments range ‘n age Setween

38,230 and 200,000 yrs while locally they are up 20 1 aillian yrs. The

irencnes snow no major deformation in any units, and only minor disolzzene

nts

in seciments 200,00C yrs cr older. The displacements dc not clearly relate

28 27 the terrace.

e LTItTe Saimon Fayult IS now recogrized 5y W/l 2s a2 cavanie fault #f =R
ST TIL T Trale 3T Sne iower Thtre 2F Sng southwes:s sione oF sumagles Wi
Tty 2@ lirgile~ing tne Sessisility Tt tne 32y Intrance Tayls, sne sz
ST amTIm TUes tetwder the se2wars Sroiection o fhe Littl: Satmon faute an
SEE- SLENs $§ 2 33 B 27 uing Livslg i,

iny ¢ the known fauits, and scme may be related o slumping on the “ree
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The newly mapped Buhne Point Fault, also capable, emerges at the surface
700 ft west of the plant Setween the plant and the trace of the Say

Entrance Faylt.

W/C geclogists pointed out that they 20 nct have any eviderce for or against

2 similar fault plane surfacing directly under the slant, and they could

not state w~ith any certainty whetner or not such 2 fault exisss.

NIC Seosciences Branch Posizion: It should be emphasized thas 811 geologic

interpretaticns and opinions expressec in =his resart are those presented
by PGAE's consulting geologists %o me during the field trip. 1 mace note

¢¥ those features [ observed directly but made no Judgements concerning

she validity of tneir intersress ons. Unti' PGAZ and sheir consultants

aresent 3 cdocumented writien regcrs and a formz) review Sy tne Geocsciences

Sranch of NRC nhas been undertaxen, no change in our position is contemplated

ner can any jucgemen:t be mage concerning their findings.
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