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APPENDICES

A. Data from field and laboratory investigations by Earth Sciences
Associates,1972.

B. Data from geophysical investigations by Earth Sciences Associates,
1972.

- C.. Data from seismic reflection surveys, Humboldt Bay and offshore
area.

D. Paleontologic and geologic data provided by Standard Oil Company
of California, Western Operations, Inc. Exploration Department.

E. Logs of Wells.

F. Logs of test borings at the Humboldt Bay Power Plant Site by Dames
and Moore.

G. Consultants Reports from previous investigations of geologic and
seismic conditions pertaining to the Humboldt Bay Power Plant Site.
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A. Data from field and laboratory investigations
by Earth Sciences Associates,1972.

1. Description of field investigations.

2. Logs of Earth Sciences Associates
exploratory borings H-1 through H-11.

3. Logs of Earth Sciences Associates
backhoe trenches.

4. Sketch geologic maps of
,

exposures near Fields Landing.

5. Results of laboratory testing of
Carlotta Forniation claystone.
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-. A -1. Description of Field Investigations.

'The field investigations for the Humboldt Bay Power Plant site geology investi-

gation included three principal phases: 1) field reconnaissance and' reconnaissance

mapping, supplemented by study of stereo aerial photographs; 2) geophysical survey-

ing in~ selected areas by sparker seismic reflection profiling, . magnetic surveying and

gravity surveying; and 3) subsurface exploration, chiefly by drilling, with some back-

. hoe trenching.

The reconnaissance and reconnaissance mapping phase was initiated when Dr.

. G.~ F. Curtis spent four days mapping outcrops in the southern Humboldt Eay area in

1969. Tnia. work was resumed in 1972, when Curtis and D. H. Hamilton spent several

more days in the field in this area. A total of about four man-weeks was spent in field

| -mapping work. Field' data were plotted on 1 inch = 2000 feet scale U.S.G.S. topographic

f maps, or in larger scale sketch maps.
,

The geophysical surveying work began with a sparker seismic reflection survey

| of Humboldt Bay by Alpine Geophysical Associates, Inc. of Norwood, New Jersey. This

!' survey was made during the third week of September 1971. A detailed description of

j the survey is presented in Appendix C. Magnetic and gravity surveys of selected areas

were performed by Earth Sciences Associates in March and April of 1972. Descriptions
.

| of those surveys are given in Appendix B.

The program of subsurface exploration for the third phase of the investigation

was designed after the preliminary results of the reconnaissance mapping and the geo-
,

physical surveying programs were available. The two initial objectives of the drilling

program were 1) to extend the available information indicating continuity of identifiable

strata in the ground underlying the plant site, and 2) to test trends of geophysical

anomalies identified previously in the King Salmon - South Spit area. Later, the scope

of the drilling work was increased to permit exploring for the boundary conditions,

associated with the buried trace of the Little Salmon fault, under Humboldt Hill.

The' drilling contract work was done by the Pitcher Drilling Company of Daly

: City,-California using'a Failing 750 rotary wash boring rig. Samples were taken at

selected intervals using a Pitcher Barrel sampler. This device utilizes a tooth'ed

cutting barrel around a 3 inch I.D. steel Shelby tube. Samples are recovered as 3 inch,

i
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diameter cores up to 2 feet in length. The drilling operations were monitored continu-

ously by an E.S. A. geologist; borings were logged from core samples and washed drill

cuttings'. Six inch segments of each sample were preserved in glass jars for later

lithologic and paleontologic studies.

A total of eleven holes were drilled during the subsurface exploration program.

The borings ranged from 50 feet to 443 feet in depth, and a total of 2422 feet of drilling

was done. Holes H-1 and H-2 were drilled to provide a section near the plant that was

transverse to the section defined by previously drilled Dames and Moore borings 1-A
,

and D-13, and by PG&E well No.1. Holes H-3, H-4, H-5, H-7, H-8, and H-9 were

located so as to test the stratigraphic relationships in the vicinity of the geophysical,

anomalies detected near King Salmon and the north end of the South Spit. Hole H-6 pro-
'

vided a link between stratigraphic data in the Buhne Point - King Salmon peninsula and

in the Humboldt Hill - Spruce Point area. Holes H-10 and H-11 were drilled to explore

the section' underlying the Hookton Formation capping on Humboldt Hill. Logs of all

borings are presented in part A-2 of this Appendix.

Fourteen trenches were excavated on the crest and along the base of the south

slope of the terrace spur ridge located in Section 9, (T3N, R1W), immediately north-

east of the juncture of Little Salmon and Salmon Creeks, using a backhoe. The ;rubhes
,

were entered, logged, and sampled, and then were backfilled. The logs are presented

in part A-3 of this Appendix.
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A-2. Logs of Earth Sciences Associates
exploratory borings H-1 through H-11.
Locations of. borings are shown on
Drawing No. 7 and Drawing No. 9.
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E ARTH SCIEN CES ASSOCl ATES
DRILLING AND SAMPLING LOG

D ATE DRILLED gr,- 4//o /'72 HOLE NO. M/
PROJECT # v''I s oe o r /2 *'3

LO C ATI O N GROUND SURFACE ELEV.

D R I L L I N G C O N T R A C T O R J ^' ""c"* f"- LOGGED BY EC# DEPTH TO GROUND WATER
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_
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EARTH SCIEN CES ASSOCI ATES
DRILLING AND S A M P L'I N G LOG

PROJECT -/263 DATE DRICLED HOLE NO. #-/

LO C ATIO N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

'

DEPTH CLASS. FIELD DE S C RI P T I O N SAMPLE MODE REM A R K S
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E ARTH . SCIEN CE S ASSOCl ATES
DRILLilM AND SAMPLING LOG

#~#
PROJECT /f#3 DATE DRILLED HOLE NO.

LOC ATIO N GROUND SURFACE ELEY.

DRILLING CONTRACTOR LOGGED BY DEPTH TO GROUNO WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DE P,T H CLASS. FIELD DE S C RIP T I O N SAMPLE MODE REMARKS
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E ARTH SCIEN CES ASSOCl ATES
DRILLING AND SAMPLING LOG

PROJECT /253 D ATE DRILLED HOLE NO. #~#

LO C ATIO N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUNO WATER

TYPE OF RIG HOLE DIAMETER HAMMER WEIGHT AND FALL

SURFACE CONDITIONS WEATHER

DE P,T H CLASS. FI ELD DE SC RI P T I O N SAMPLE MODE REMARKS
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EARTH SCIEN CES ASSOCl ATES
~

DRILLING AND SAMPLlNG LOG

PROJECT /255 D ATE DRILLED HOLE NO. N-/

LOC ATION GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER H AMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DEPTH CLASS. FIELD DESCRIPTION SAMPLE MODE RCMARKS
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EARTH SCIENCES ASSOCl ATES
ORILLING AND SAMPLING LOG

PROJECT /Z63 DATE DRILLED HOLE NO. M-/

LO C ATIO N GROUND SURFACE ELEV.<

DRILLING CONTRACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RlG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DE P.T H CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
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EARTH SCIENCES ASSOClATES
DRILLING AND SAMPLING LOG
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EARTH SCIEN CES ASSOCl ATES
DRILLIN G AND SAMPLING LOG
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E ARTH SCIEN CES ASSOCI ATES
ORILLING AND SAMPLING LOG

PROJECT /fSS D ATE DRILLED HOLE NO. M3
LO C ATIO N GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER H AMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DEP.TH CLASS. FIELD DE SC RI P T I O N SAMPLE MODE REMARKS
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EARTH SCIENCES ASSOCl ATES
DRILLING AND SAMPLING LOG

PROJECT /253 DATE DRILLED HOLE NO. M-7
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SURFACE CONDITION $ ' WEATHER
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EARTH SCIEN CES ASSOCl ATES
DRILLING AND SAMPLING LOG

PROJECT A/vueoz or /253 DATE DRILLED W/3/'r2 HOLE NO. N
LO C ATIO N GROUND SURFACE ELEV.

DRILLING CONTRACTORM #'rC+'E2 ca. LOGGED BY M DEPTH TO GROUND WATER""*"'r
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SURFACE CONDITIONS WEATHER
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EARTH SCIENCES ASSOCl ATES
ORILLING AND SAMPLING LOG

PROJECT /253 DATE DRILLED HOLE NO. M /
LOC ATIO N GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WEIGHT AND FALL

SURFACE CONDITIONS WEATHER
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.E A R'TH S CIEN C E S ASSOCI ATES
DRILLING AND SAMPLING LOG
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EARTH SCIEN CES ASSOCl ATES
DRILLING AND SAMPLING LOG

PROJECT /2 55 D ATE DRILLED HOLE NO. //-S

.O C ATI O N GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WEIGHT AND FALL

SURFACE CONDITIONS WEATHER

DEPTH CLASS. FIELD DESCRIPTION SAMoLE MODE REMARKS

so c{,- sis. ss. t. sa.r>' cany: (ca.,rW) 1,.Sf 3 : :.

so' y,adafens f, eloyry cW. PS
, fe.s.-

.

. . . ,-a .
'

:''
,..

: ,og -.

SS ss-ss tk (V,~)/serdental elay 2sf,, :
. - ---

M ses.
,, .

. -

-|
..

2 78,5 :;* se- ek (V,~.y ~) stud /,

pg .,

of clay and erry M sd& .af.~ 22f,y~'."
'

go -- ~

| horicorrta/ bedd. y .
PQ

.'.-.. ..

41.1 -45.2 Leers af pe44ty ga,,4,1: g./t.s* 'os:y - . , . .

39''
: abeda t' strett fr ys. PC ;"_--,

" ~ ~~
65.z'-73.o' 34MO: nredd.e ,2 puny |:,? ***As Y3,,

,

Ade -fr**nco'; subreu.,de/ fo sea.,def.; P8 ,:;c,>,, _ _ .

se ocuseissa rou ,desp,&g . ,,,m,,y .

..

sheerl' rop. j deorre.
, I5/g3 :. -

*

,

y ,,

7o g- } Lo|g,,g"
---

:;. .--

." &.3p, ,

. ,.g-- .

i.9
,

/z.s
,

~ -, -

1', P8 --~

75 W.o -224, MW G4 Y. sorre -
~-cg_ :: Vfs :,

' .

as 31.s- cas.z ,. se// ro /: ' r>r . : Po .'..
~~ _. .

:: 2Vt.s: .

.

P8p t.4/ ,"
- '

.... . .

r2.5., - ,

: pg." .. ..

..

; ' 7-9 2.sf,, '' -
.

J: P8 ':,.ff _

a si ,,, .,

* 1g,5,, ., ,

,, ,, .-

pg..

.. ..

2.5f,y..
.

| ::' :;
<, ..

go L : P8 ; -

- - _

: : 254,y ::''

: .. pa n

z.s|t.5 .7
~

., .,

4/,7. -, ,

9f ,, 9s'' 6ee** +* f |?!*" |* f5'|b ?O .,,,'_-

:: '#f.f ::''

.

: pp'

. ..,

z.of'',, .
.

., .

|
' '

#SHEET 2 OF-

/ro pp' ' '

__ - . _ . . - , 4 ._ __ _ _ _



.

E ARTH SCIEN CES ASSOCl ATES
ORILLING AND SAMPLING LOG

PROJECT /2f.3 DATE DRILLED HOLE NO. * M*I
_O C ATIO N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOCGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER
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/00 C4 75-2z.4 * Sa 'r~Y Ct.A Y (CA) :: '*"' L.%.s ':'

P8 .< ... ..

. : '' .s: '

pg.,

/es - ,,. - -

r W.r:
.,,

. 1Jfr.C :
,

-

P6.

"o - z.sgj7- --

pg ..,

Nd5l:l '

//5 =A P8- -

- -,_ = e

: :: 15/tII:
..

pg ~.,,

~~ we .raner t'ea.res sa:ne/ ~~~

I'SbSrbede&h eys'da%. . :
'

y os. ,

I:o . pc ... .

- -- --

: :: E * #/t.r::.

: :: pg, ,,

_.

: 2 5/t.s :;' '

.

..

pe
/20

. .. ..
-- -- ,

: :: 2.5/,.s ::
..

: PB l'
"

. . .

: 7Sks:
.

PB -igo - - . - -

: : t 3/t.s ', ,

. .

pg ..., .

__

?.s/zs .
.
.

:,

. .

#B _::/yf ',
"

z.s/z.s
,, .,

., ., ,

; IS7* thei. 6r,,oerr % .s dahpr.o.y : pg
'

, . ,,

~, ~7 ~ " z.s/z.r .7
~~

7 /s * ~

,. .

,g ~ _ ~ ~ _~{p: I$* 3 kn> o/ Aka ja, rt was j: PS ,,,:',,,_ ,

a sa a r,., a :: 1.s : ,*

Ho ' TAa, damanst oo,s os uct .

Lir?f..le'' foe Atis o $ 4ds su el, E'= ?O A*
. ,.

: : 2.</2.f:-

,

: pg<

a.

@~ - ~~ ~~

; z,5/z.f:
,

, ..

.'*. F8 :".'

. .

: 2. gar: -

., .

SHEET 3 OF 8fgo : ; pa .. ,

. - _ __ . - . - - _ . _ , _ _ _ _ _ - --- _ . _



-- .- - . . .-

--. .
- -

E ARTH SCIEN CES ASSOCI ATES
DRILLING AND SAMPLING LOG

PROJECT /853 D ATE DRILLED HOLE NO. M-S
.O C ATI O N GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY- DEPTH TO GROUNO WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER
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DEkTH CLASS, FIELD DESCRIPTION SAMPLE MODE REMARKS
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EARTH SCIENCES .ASSOCl ATES
ORlLLING AND SAMPLING LOG

PROJECT /Z63 DATE DRILLED HOLE NO. M-5
.O C ATI O N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RlG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DE P.T H CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
|

%** : C L. ?.5' 22$' SH.rY cu9y (wG) : fp '
,

. .
.

. ..

.. .. . .

.. . . . .

., . . - ,

. . , , ,

., ., , ,

ses - . .

: : :'

.

. ..

.. .. ..,

. ., .,

. . .

.. . . b

. ,p

Sio - -
. . . .

. ..

. .P .,

, .P .,

.. .. .
1, 1, ..
. .. .,

, ., .,

,, ,, ..

2/i 9 '- -- -'"

,, .. .,

, ,, ..

, ., ..
.. .. ..

,., .,

, .,.,

,

., ., ..

. .. .,

5 # - 7 R7 --

.. .. .,

. . .

,, . .,

_., .. .
,, .,

.. .. ..
..

6. N. 3 2./ ' .:'- ::.2 2.f _".-. .. ..
. .. .,

., ..
.. ., .

.. . ..
, ., ..

. ., .

. ., t.

. ., .,

22e . -
. . .

. . .

. . .,

. . ..

.. ..
. .. 1,

. . .,

, . ..

. ., ..

135 , ~, ~.
~ ~-

, , ,

. ., ->

., .. ..

.. .. ..
. .. ..

.. ., .

., .. . ,

|
,, ., .,

zeo ::- ::-"
- -

. .. ..

. .. ..

. .

. . .

. .. ..

. ., .

-, ., ,

, . ..

y ,c - -
. ,,. .,

, ., .,

.. ., ..

. .. ..
.. .,, ..

. ..

8- .. .,

ggy : :: :: SHEET 6 OF'
>

.

1

I
- -, ,- - , ..-. .- - . - _,,- - .- - - . . _ - _ . '



. _. .

EARTH SCIEN CES ASSOCI ATES
DRILLING AND SAMPLING LOG

PROJECT NvNSoe47' /253 DATE DRILLED M/9 ~~ HOLE NO. MI"
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SURFACE CONDITIONS &ar #odo WEATHER CW4 - ue/M
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E ARTH SCIEN CES ASSOCI ATES i
.

DRILLING AND SAMPLING LOG
#~0/2S3 D ATE DRILLED HOLE NO.PROJECT

_O C ATI O N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER H AMMER WEIGHT AND FALL

SURFACE CONDITIONS WEATHER

DEkTH CLASS. FIELD DESCRIPTlON SAMPLE MODE REM A R K L ,
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E ARTH SCIEN CES ASSOCl ATES
DRILLING AND S A M P L'I N G LOG

PROJECT /253 D ATE DRILLED HOLE NO. M- 0

OC ATIO N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER
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CEkTH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS !
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E ARTH SCIEN CES ASSOCI ATES
ORILLING AND SAMPLING LOG

PROJECT /253 DATE DRILLED HOLE NO. #~0
_O C ATIO N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DE P.T H CLASS. FIELD DESCRi? TION SAMPLE MODE REMARKS

/Su : SP /39.3 -t90 Snwa .- (cowrd) ; 2D' '

.

'

. .

.. .. ..

. ., ,,

., .. .,

, ., ,,

iSS -- -- -- ,-

,,

. : pg' '

..

o.s/i.s . -

_ gp
efusa t en y <e Ct

troo - - --

.>

.,

, .> .>

.. .. ..
, .. ..

.> .>
-, .> .

. .. ..

sk - - -- .--

: : ::' "

. . ..

. .> .>

is.2-ise fra ve' lenses-- -- --

,*e. a*-. ., ..
. ..

. ,. ,,, .. ..

sys . ..- - -
. .. ,

.. ,. ,,

p .D .>
,, .. ..
. .. .
, .. .,

.. .>
. .. .,

.. .. ..

/7S . - -
~.

~
.. .

. .. ..

: :: :. .

e. oo. - ....

.. .

. . ..

. .

/go -
. .. .

.. , .

.> . .

.. s ... . ..
... ..

. > .>

. . .

.>

'./8s" . -oo se e - -

. ,, .,

, ., .

- o. ... .. ..
. .. ..
.. .. .
..o ., s . . > . > -, ..
,, .. .

. ., ..
' .. ..*9oi -- --

gg 80-2o3 SierY ct AY: sned. dad : :

prey (Ns); the hearcata t bedda,y, ~::
**

"

L,,g * l'8~ ~~- -

! : 2 %.c :: ,efig-,
, ., o

g
iss- no -- Hz a- ---

.

.. ..
.> .D .D

.D .D

5 . .. .BG

., ..

'

SHEET / OF #- ' '

2,, .. ..

_ __ -_. - __ _ _ _ _ _ _ _ _ __ __. _ _ _ _ _ _



EARTH SCIEN CES ASSOCI ATES
DRILLING AND S A M P L'I N G LOG

PROJECT /253 D ATE DRILLED HO L E N O. M- 0

.O C ATI O N GROUND SURFACE ELEY.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL '

SURFACE CONDITIONS WEATHER !
,
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DEP.TH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
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EARTH SCIEN CES ASSOCI ATES
DRILLING AND SAMPLING LOG

NPROJECT /253 D ATE DRILLED HOLE NO.

.O C ATI O N GROUND SURFACE ELEV.

DRILLING CONTRACTOR LOGGED BY DEPTH .TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

DNTH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
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EARTH SCIEN CES A S S O.C I AT E S
DRILLING AND SAMPLING LOG

PROJECT /253 DATE DRILLED HOLE NO. #- ("

O C ATIO N GROUND SURFACE ELEV.

DRILLING CONTRACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER
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EARTH SCIENCES ASSOClATES
DRILLING AND S A M PL'I N G LOG

M-5
DROJECT /253 DATE DRILLED HOLE NO.

.O C ATI O N GROUND SURFACE ELEV. |

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER

'

DEPTH CLASS. FI E LD DESCRIPTION SA'4PLE MODE REM A R K S
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EARTH SCIEN CES ASSOCl ATES |

ORILLING AND SAMPLING LOG
,

PROJECT /#'" "# 8 "e 4 7 /257 DATE DRILLED #/25 /'7Z- HOLE NO. A'~ 7
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EARTH SCIEN CES ASSOCl ATES
DRILLING AND SAMPLING LOG

PROJECT /2 55 D ATE DRILLED HOLE NO. #-7

LO C ATI O N GROUND SURFACE ELEV.

DRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RlG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WE ATHE R

DEPTH CLASS. FIELD DESCRIPTION SAMPLE MODE REM A R K S
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.E ARTH SCIEN CES ASSOCI ATES
DRILLING AND SAMPLING LOG

/253 DATE DRILLED HOLE NO. #-7
PROJECT

GROUND SURFACE ELEV.
LO C ATIO N

DRILLING CONTR ACTOR LOGGED BY - DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WEIGHT AND FALL
WEATHERSURFACE CONDITIONS
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DEPTH CLASS. FI E LD DESCRIPTION ,
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EARTH SCIEN CES ASSOCl ATES
|

DRILLING AND S A M P L'I N G LOG

PROJECT /2 53 DATE DRILLED HOLE NO. N-7

GROUND SURFACE ELEY.LO C ATIO N

CRILLING CONTR ACTOR LOGGED BY DEPTH TO GROUND WATER

TYPE OF RIG HOLE DIAMETER HAMMER WElGHT AND FALL

SURFACE CONDITIONS WEATHER
4
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DEPTH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
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E ARTH SCIEN CES ASSOCI ATES
DRILLING AND SAMPLING LOG

PROJECT heot or /253 DATE DRILLED Y26 /'7I- HOLE NO. #-8
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DEPTH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS
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EARTH SCIENCES ASSOCI ATES
DRILLING AND SAMPLING LOG
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A-3. Logs of Earth Sciences Associates
backhoe trenches.
Locations of trenches are shown on
Drawing No. 7.
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A-4. Sketch geologic maps of
exposures near Fields Landing.
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A-5. Rcsults of laboratory testing of
Carlotta Formation claycznc.
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RESULTS OF LABORATORY TESTING

' OF REPRESENTATIVE SAMPLES
,

OF CARLOTTA FORMATION CLAYSTONE

:

Sample H .1, J17

Depth: 119 ft.

Description: Dark greerdsh gray silty clays +one.
.

Natural Water Content: 23.9%

Unit Weight: 122.8 lbs/cu.ft.

Unconfined Compressive Strength: 2. 5 - 4. 2 tons /sq. ft.

Sample H-1, J25

Depth: 243 ft.

. Description: Dark gray silty claystone.

Natural Water Content: 27.2%

Unit Weight: 124. I lbs/cu. ft.

Ifnconfined Compressiva Strength: 3. 5 - 5. 7 tons /sq. ft.
!

Estimated Maximum Past
Pressure: Estimated from consolidation test

on undisturbed sample at less than'

12 tsf; material may be normally
consolidated at this depth.

f

Sample H-2, J3

Depth: 18 ft.

D Sctlption: Bluish gray silty cla~y ]

Natural Water Content: 23.5%

Unit Weight: 128.1 lbs/cu. it.

Unconfined Compressive Strength: 1. 6 - 3.5 tons /sq.ft.
,

I
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B. Data from geophysical investigations by
Earth Sciences' Associates,1972.

.

1. Description of Magnetic survey,
t

2. Magnetometer profiles.
s

3. Description of Gravity survey.

4. Bouguer gravity value profiles.
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B-1. Description of Magnetometer survey,
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B-1. Description of Magnetometer Survev.

Surveys of total magnetic field values were made along selected traverse lines

in the southern Humboldt Bay area as part of the Humboldt Bay Power Plant site geology

investigation. The surveys were n.ade using proton precession magnetometers having

digital readouts with an accuracy of one gamma. Two similar instruments, a Varian

M-50 and a Geometrics G-806, were used at different times during the survey.

Magnetic traverse lines were laid out so as to provide magnetic field data

throughout most of the southern Humboldt Bay area, and especially across possible pro-

jections of geologic structural features mapped elsewhere. On-land traverses were made

on the North and South spits, on Buhne Point, and at severallocalities along the base of

Humboldt Hill adjacent to Humboldt South Bay. Over-water traverses were made in the

South Bay and Bay entrance areas.

During the course of the survey, a base station and traverse field stations were

established so as to permit making of corrections for any short term drift of the total

magnetic field. The field was relatively quiet during times when observations were being

made. Tests were made to determine the effect at different geographic orientations of

the fibreglass boat and outboard motor used during the over-water traverses. During

any given over-water traverse, the boat was operated at constant heading and speed be-

tween identifiable reference points.

Data from the survey are presented on Drawings Nos. B-1 through B-4 accom-

panying this Appendix.

Rceults and Interoretation.

The magnetic survey was performed in order to provide a check of geophysical

anomalies indicated by sparker seismic reflection and gravity surveys, and to determine

whether magnetic anomalies existed in areas where there were no exposures, and which

were not accessible to surveying by gravity and seismic reflection techniques.

In general, tho objectives of the survey were most satisfactorily fulfilled by the

results of the over-water traverses. The over-land traverses mostly yielded confused

patterns of data which were further complicated by numerous anomalies associated with

cultural features.

It was found that significant magnetic anomalies were associated with the Table

B1-1.
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Bluff fault under the South Bay and with the trend of the possible Bay Entrance fault

determined from sparker seismic reflection, gravity, and stratigraphic anomalies. At

other points not along the trend noted above, where there were anomalies in the sparker

seismic reflection data, no magnetic anomalies were detected. This was considered to

reinforce the interpretation that those sparker anomalies do not represent bedrock

geologic features.

,
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B-2. Magnetometer profiles.
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B-3. Lescription of Gravity survey.
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B-3. Description of Gravity Survey.

A gravity survey for the Humboldt Bay Power Plant site geology investigation

included the following operations: 1) measurement of gravity values at numerour., sta-
^

tions along selected traverses and also at other stations scattered throughout the Hum-

boldt Bay - lower Eel River region, 2) reduction of the measured field values to

-Bouguer gravity values, 3) preparation of detailed profiles of Bouguer gravity values,

and 4) compilation of a regional contour map of Bouguer gravity values. The survey

was carried out using a La Coste and Romberg Model G gravimeter. The gravity meter

was frequently returned to a base station to remove effects of instrumental drift. The

j_ base station used was part of the California gravity base station network established by

the California Division of Mines (Chapman 1966 - Gravity Base Station Network : Cal.

Div. of Mines Special Report 90). To further improve instrumental precision, the
'meter calibration constant was checked by running the instrument through a portion of

the U. S. Geological Survey's Mt. Hamilton gravity meter calibration loop. The instru-

ment was found to be very stable with respect to drift, and to be well calibrated. Eleva-

tion control and location of gravity measurement stations for the regional map were ob- t

tained from bench mark and spot elevation data on U.S.G.S. 7i minute topographic maps.

I Control for measurement stations along the detailed profiles was obtained by leveling
,

and distance measuring wheel surveys.e

Values read at the gravity measurement stations were reduced on an IBM model

i 360 computer. The latitude and longitudes of the gravity stations were taken from the

U.S.G.S. topographic maps by means of an X-Y digitizing table. A manually computed

" inner zone" terrain correction extending 1.1 kilometers from each station was calcu-
*

lated for stations located in areas of rugged topography. The location and terrain cor-

rection data, together with the principal facts for each gravity station, were then sub-r

!

mitted to the computer. Tidal, latitude, elevation,and Bouguer corrections, and theo-

retical gravity values were computer generated and Bouguer anomalies retrieved as

the computed output. The procedure outlined is highly automated to reduce to a mini-
,

mum the possibility of human error in the numerous mathematical computations involved.

The gravity values determined along lines of close station spacing were plotted
1 as profiles at scales of 2000 and 600 feet per inch. The regional contour map was

.

.

s
B3-1.
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prepared by linear interpolation between all available data points. No regional gradient

correction was made for either the profiles or the '. nap.

Data from the survey are presented on Drawings Nos. 5, 6, and 12 in the report

and the detailed profiles are presented on Drawings Nos. B-5 and B-6 accompanying

this Appendix.

Results and Interpretation.

The gravity survey was performed in order 1) to determine the relationship

between measured gravity values and known geologic structures, thus providing a basis

for interpreting gravity anomalies in areas where the geology is not exposed, and 2) to

detect and trace extensions of known structures, especially the Little Salmon fault and

other possible concealed structural features.

It was found that good correlation exists between the pattern of gravity values

and large scale structural features in the area including the Little Salmon - North Spit

fault system, the South Bay syncline, the trough located southwest of the Freshwater

fault, and the Freshwater fault itself. Small but distinct anomalies were found associ-

ated with probable near surface juxtaposition of materials of differing density along the

Table Bluff fault and the postulated Bay Entrance fault. These gravity anomalies appear

to correlate with magnetic anomalies over the Table Bluff fault, and with magnetic,

seismic reflection, and stratigraphic anomalies along the trend of the possible Bay En-

trance fault.

Adequate data exist to permit construction of quantitative models for the struc-

tures associated with the measured pattern of gravity values in the Humboldt Bay -

lower Eel River area. These data include information about average saturated bulk

density values for Carlotta Formation claystone (2.0) and sandstone (2.1), for the lower

units of the Wildcat Group (2.3) and for " basement" Yager Formation (2.4 to 2.6); clso

depths to and thicknesses of these units are known from drill hole information at sev-

eral points in the surveyed area. However, because the primary purpose of the gravity
~

study was the detection of faulting and 1) since faults are usually best indicated by a

pronounced steepening of the gravity gradient in the vicinity of faulting, and 2) because

of the availability of other geologic and geophysical data, it was considered adequate for

the purpoces of this investigation to use the gravity data qualitatively in conjunction

B3-2.
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with these other data. Because of the observed correspondence between anomalies in

gravity values and known or suspected geologic structural features, it is believed to be

unlikely that any significant structures cross'the detailed profile lines other than the

ones shown on the geologic maps presented with this report,

,

iB 3-3.
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B-4. Bouguer Gravity Value Profiles.
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C. Data from Seismic Reflection Surveys,
Humboldt Bay and Offshore area.

1. Survey of Humboldt Bay by Alpine
Geophysical Associates, Norwood,
New Jersey,1971.

2. Profile from the Wildcat offshore
survey made from the R/V Oconostota,
1967, by Eli Silver.
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C-1. Survey of Humboldt Bay by Alpine
Geophysical Associates, Norwood,
New Jersey,1971.
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C-1. Geophysical Survey in Humboldt Bay, California, Performed by Alpine
Geophysical Associates, Norwood, New Jersey.

Introduction

A continuous seismic profile survey was carried out by Alpine Geophysical

Associates, .Inc. In Humboldt Bay for Pacific Ga, and Electric Company during the

period September 15 to September 20, 1971.

Seismic data were obtained using Alpine's continuous seismic profiler called
,

the " Sparker". Navigation was provided by Towill, Inc. using their Hydroplotter
' system. ,

The sparker survey extended from central Arcata Bay, on the north to southern

South Bay, on the south, a distance of 12 miles. The most detailed part of the survey,

represented by the greatest density of-traverse lines, was in an area of about 2 miles'

length and 1 mile width, centered between the Bay entrance and the Buhne Point penin-

sula. Useful data were obtained from the survey in this area in the vicinity of the Buhne'

Spit shoal and from one traverse up the channel between the southern Eureka waterfront

and the North Spit from the vicinity of Fairhaven' south. Scattered data were obtained

at a few other aoint's l'n the surveyed area In general, it appears that the sparker sur-

vey was effective only in places where younger bay filling deposits are thin or absent.

Such places exist within the bay only along the major channels near theBay entrance and

over the recently eroded Buhne Spit shoal north of Buhne Point.

The traverse lines and survey points from the sparker survey are shown on the

Alpine Geophysical Associates, Inc. Figures 1-A,1-B, and 1-C. Examples of typical

returns from various traverse segments and of anomalies in the sparker recordings are |
' reproduced as Figures 2-A through 2-E.

Instrumentation-

' Profiler. The Alpine Sparker uses a high energy electric spark as the sound

source. A portable five (5) KW generator provides the 110 volt AC to the power unit.

This is transformed to 10,000 volts, rectified, and used to charge a capacitor for a

maximum value of 200 joules. The' capacitor is discharged through an air gap which can

be keyed by the trigger circuit at a rate from e.ight seconds to' four times per second.

The broad-band seismic signal is received at the pressure sensitive hydrophone

1

Cl-1.
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array, amplified by Alpine's "505" pre-amplifier, filtered with netive variable pass-

band filters and recorded on a wet-type helix recorder.

Each revolution of the helix in the recorder triggers the sparker so that full

scale on the 19-inch paper is variable from ) second to eight seconds.

Surveying. The Towill hydroplotter system makes use of a range and bearing

technique from a known position.

A plane table is set up at the known position. The bearing arm on the table has

a transit telescope mounted on top. A surveyor continuously tracks the vessel with the

arm. The arm also has a screw controlled range point on its bearing line. This range

point is mechanically connected to a master tellurometer where another surveyor con-

tinuously tracks the boat's range and feeds the distance to the plane table. A third

operator plots the track points at stated time intervals and passes the identification in-

formation to the boat via radio.

Aboard the vessel, a fourth survey team member operates the remote telluro-'

meter. The identifying fixes are marked and numbered directly on the seismic record.

Operations
'

The basic program was outlined at a meeting at Pacific Gas and Electric's

offices in San Francisco, on Monday, September 13, 1971.

A boat was located and arvey points spotted on September 14. The gear arrived

in Eureka, California, on Wednesday, September 15, and was installed on the boat the

same day. Final navigation arrangements were set up on Thursday morning and profil-

ing commenced about noontime.

Fog was encountered each morning, lifting sufficiently between 11:00 and 12:00

to permit navigation. Profiling continued on each day of September 17,18,19, and 20.

Field work was completed about 6:20 PM on September 20. All seismic profiles were

accompanied by hydroplotter navigation except during Monday morning when some lines

were re-run on topographic navigation before the fog lifted to permit hydroplotter visi-

bility.

All lines in the South Bay area were run at least twice, once at low power and !
l

once at high power to assure both maximum penetration and resolution. The northern

lines were run only once because of the better record quality in this area.

|
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' t the conclusion of the field work, a meeting was' held in San Francisco onA'

Tuesday, September 21, to discuss the survey results.
.

' Record Quality

E Record quality ranged from poor to fair. The better data were obtained using a

.
- relatively broad pass-band, from P00 Hz to 2000 Hz, with high power on the energy

source and a } second ' repetition rate.

Attempts were made to obtain data over the mud flats at high tide. These runs

produced virtually no usable data. Apparently, the muds were aerated enough at low

. tide to produce an extremely high acoustic impedance match with the water body. This
,

fact, together with the shallow water, allowed little to no energy penetration.

The best records were produced in the deep water channels. Penetration up to.

' ~ 600 feet was achieved although the' average was about 300. Side reflections from the

i- . edge of the channels and from man-made structures, (Jetties, wharves, etc.) were very

apparent and, to some extent, detracted from record quality in the narrow channels;4

- Results and Interpretation*

The results of the survey may be summarized as follows:
,

i - The area of the Bay floor lying north and northwest of Buhne Point is under-

; lain by a stratified section which has a predominant northerly component of dip. This

structure probably corresponds to the southwest flank of the northwest trending Buhne
.

'. Point syncline.

- Near the center of the gap between the North and South Spits, the dip appears.

to| undergo several reversals, suggesting that two or more minor folds may be super-
'

imposed on' the flank of the larger, . north dipping structure.

- Anomalies.in the recordings, . generally consisting of zones of confused re-'

turns, sometimes with returns of differing character on opposite sides, occur at points

along a west-northwest trend between King Salmon and the Bay entrance (sparker tra-

verse points 364 and 753). Magnetic and gravity anomalies also occur along this trend.

These sparker record anomalies are interpreted as possibly indicating a fault in the <

. |

Carlotta Formation bedrock section. '

,

: - Other anomalies appear in the recordings from a point 600 feet northwest of

Buhne Point (sparker traverse points 837 and 844), and from a point in the South Bay
,

. C1-3.
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channel opposite King Salmon (traverse points 429-434). The anomaly from northwest

of Buhne Point corresponds in location to a contact of bay fill deposits against the

i planed-off bedrock surface of the Buhne Spit shoal. . This anomaly is interpreted as

probably representing a local masking of returns from within the Carlotta Formationr

i' section by overlapping' younger bay fill deposits. The anomaly from the channel oppo-

site King Salmon may represent irregular channeling and backfill in the bay bottom. It

j- is interpreted as probably not indicating a bedrock structure. There is no magnetic

anomaly at the' location.of this anomaly in the sparker recording.

- The reach of the channel between the North Spit and the southern Eureka'

waterfront is underlain by an unbroken, gently south dipping section of strata. These

j strata probably represent the Hookton Formation, which is exposed in the low bluff back

i of the Eureka waterfront.

| . - Only a few scattered returns from the sub-bottom section were obtained from

i traverses in' the South Bay and from Arcata Bay. This information was not adequate for

determining the. nature of structural features in the bedrock section.;
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C-2. Data from the Wildcat offshore
survey made from the R/V. Oconostota,
1967, by Eli Silver.
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D. Paleontologic and Geologic data provided by
Standard Oil Company of California, Western
Operations, Inc. Exploration Department.

1. Paleontologic determinations of samples
from the vicinity of Buhne Point and
Fields Landing.

.,

2. Geologic summary, Standard Oil Company
bio.tner No.1.Well.
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D-1. -Paleontologic determinailons of samples
,

f~ om the vicinity of Buhne Point and '-

r -

Fields Landing. Locations of samples
are shown on Drawing No. 7.
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onw n
M Standard Oil Company of California,W Western Operations, Inc.

320 Market Street, San Francisco, CA 94111

Exploration Department
April 28,1972

;

i

Mr. Douglas H. Hamilton
Engineering Geologist

[ Earth Sciences Associates
701 Welch Road
Palo Alto, California 94304

Dear Mr. Hamilton:

I am sorry that analyzing the samples you left with us has taken so
long, but as you may recall, we were, and still are, in the process of
moving our Paleontology Lab; hence, the time delay.

Our Paleontolcgist has determined the following from the samples that
you left with us: .

Gray silty claystone carries:

Very common Rotalia beccarri
Very common Elphidiella hannai Composite sample from
Abundant Elphidium hughesi outcrops at Buhne Point ( f BP)
Rare Mollusk frags and at the Freeway roadcut

j Very rare Radiolaria spp 1500 ft. N. of Fields Landing ( f FL)
( Scarce Diatoms

Depositional environment: Very shallow water marine

Age : These species are long ranging but in West Coast j
sequence are Pleistocene (generally assigned to |
Lower Pleistocene). |

I

Based on the above, the shallow marine nature of the samples suggest that
it should be placed within the Carlotta formation. Such an assignment

,

! would agree with the published mapping of B. A. Ogle.
l

I Mr. Rod Huppi has advised that he has passed these data on to you when you
phoned him earlier this week.

If we can be of any further help, please advise.

Very truly yours,
3 f.!

~

ff- # 'f '
2 -

D. L. Zieglara i
*

*y .,
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ommaW Standard Oil Company of California,
W Western Operations, Inc.

320 Market Street, San Francisco, CA 94111

Exploration Department
July 13, 1972

Paleontologic Summary
P. G. & E. Reactor
Humboldt Bay Area, California

Mr. Douglas H. Hamilton
Engineering Geologist
Earth Sciences Associates
701 Welch Road
Palo Alto, California 94304

Dear Mr. Hamilton:

Attached is a summary cf the paleontology from the samples you
recently left with us.

The Pleistocene to Recent material is probably representative
of the Carlotta formation in the area. Outcrop samples No. 2
and possibly No. 4 are interpreted as being deep water sediments
and, thus, may be from the Rio Dell formation.

We would appreciate it if you would furnish us with coordinates
for the samples, or with a map showing the location where you
collected these samples, so that we may fill out our locality
cards properly and be able to retrieve these data from our
computer file.

I hope these determinations will prove useful to you.

Very truly yours,
1..

D'. ' L .'. . f
c L f hgf'*

LAR .

./
'

|
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MEMORANDUM

San Francisco, CA
July 6, 1972'

*

PALEONT0 LOGIC SUMMAPI

CORES AND OUTCROP SAMPLES (S.O. Loc 28542)
P. G. & E. REACTOR
HUMBOLDT BAY AREA

MR. D. L. ZIEGIAR

H-1-J-24 (Depth 240 feet)

Abundant Elphidium spp. (E. hughesi, E. granulosum, E. sp.)
Very Rare Rotalia beccarii
Rare Mollusk frags.

H-2-J-3 (Depth 18 feet)

Scarce Elphidium granulosum
Rare Radiolaria
Rare Sponge spicules
Scarce Fish frags.

H-5-J-9 (Depth 83 feet)

Abundant Elphidium granulosum, E. hughesi
Very Rare Elphidiella hannai
Very Rare Mollusk frags.

H-6-J-13 (Depth 257 feet)

Abundant Elphidiella hannai
Very Common Elphidium granulosum
Rare Rotalia beccarii
Rare Eponides frigidus calidus
Very Rare Ostracods
Very Rare Mollusk frags.

'

H-7-J-4 (Depth 63 feet)

Abundant Elphidiella hannai
Common Elphidium granulosum
Very Rare ' Ostracods

H-8-J-4 (Depth 53 feet)

Very Rare Elphidiam hughesi, E. granulosum

t

- . - - , - - , - ~ , ~- . _ - . - - , . , .,. - - - - _ . . _ _ . - - - - . .
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Mr. D. L. Zieglar July 6, 1972 |

Page 2 |

H-9-J-7 (Depth 118 feet)
|

Barren

H-lO-J-7 (Depth 142 feet)

Common Mollusk frags.
.

Outcrop #1 (Sample f -1)

One Radiolarian (reworked?)

Outcrop #2 (Sample f -2)

Rare Cassidulina cushmani
Scarce Frondicularia advena
Common Urigerina hollicki

Rare Uri6erina peregrina

Common. Pulvinulinella pacifica

Rare Eponides frigidus callidus
Common Globigerina spp.

Scarce Bolivina subadvena serrata
Scarce Nonionella miocenica var.
Rare Radiolaria spp.

Outcrop #3 (Sample f -3)

Barren

Outcrop M (Sample f -4)

One Pulvinulinella pacifica

Very Rare Radiolaria spp.

Depositional environment: All fossiliferous samples in "H" sequence are from
shallow water marine or brackish deposits. Outcrop samples #2 and (probably)
A are from moderately deep marine waters, probably Upper Bathyal.

.g:

"H" sequence: Pleistocene or Recent
Outcrop #2 and @ : Probably Upper Pliocene

G. E. MOIANDER

cm/jmh

.
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D-2. Geologic Summary, Standard Oil Company
Brauner No.1 Well.
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GE0IOGIC SUMMARY - S. O. CO. "BRAUNER" #1

Iocation: 1050'N, lO50'W of SE corner, Sec. 20"
i

Elevation (D.F.): 510' 4N/lWHBM j

Total Depth: 7152

Lithologic Sununary:

.0 - 200' multicolored coarse sand and conglomerate
200 - 260' predr=inavitly sand
260'-'1780' gray-gray green claystone becoming sandy below 1650'
1780-3490' gray-white sands, coarse and conglomeratic at top,

grading to fine at the base.
3490-6440' predominantly gray claystone and siltstone with some

;

fine gray sands.

6440-7152' gray claystone and siltstone with gray-white, fine-medium'

1 grained, calcite cemented sands.

Paleo Sununary:
230-1780 Early Pliocene - Repettian stage

-1780-2620 Possibly non-marine to brackish water; first
megafossils noted at 25204

-

Late Pliocene - Upper and Middle Pico2620-4800
4800-5130 - Iower Pico and/or Repetto" "

5100-6200 Early Pliocene - Repettian stage;

Fault Evidence:
Thrust fault at 1780' indicated by an==1ous position
of Iower Pliocene Eel River Formation over Iower
Pleistocene - Upper Pliocene Carlotta and Scotia Bluffs
formations. Dipneter results indicate southwesterly
dips above the fault and northwest to northeast dips
below the fault.

4

-

w W $ 't= y& t - -- = w gy er w e$ p-g'u-v?= 47- M s e e-- t- Wmw$ 9 t - $ m q r-4"WM'J=rabW@'OT"- MPd*m#'WTM-"4'W""+== vT
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E. Logs of Wells.

Locations of wells are indicated by name,
on Drawing No. 7. Welllogs are placed
in order of their location, . going from north
to south.
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.Humboldt Community Services District'

4135 W1111 ems Ave. ,

Eureks, Calif. j
.

1

LOG OF TEST WELL No. 3

11-23-54 Storted 11-26-54 Completed

From Tc. Formation*

0 2 Top soil
,

2 8 Brown clay
8- 26 Brown send & streeks of Clay
26 32 Brown clay i

32 50 Blue cley
,

50 125 Blue cley & shell
125 135 Light blue cisy
135 140 Coarse blue sand and gre. vel
140 160 Light blue clay
160 220 Cemmented blue gravel
220 240 Blue clay

258 ,
,

Cemmented blue gravel
.

240
; -258 30p~8

Light blue clay'

300 40 Light blue clay

l Olsen Implement Co. Inc.

Drilled by W. A. Younger

.

I
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UNITED STATES%%,
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY No. hN/1W-oJ1
WATER RESOURCES DIVISION

' " " " *
WELL LOG

[b
State .Californi a County Humboldt Subarea

Owner Dr. Stone
.

S ruce Pt.PLocation -

Hyde M 11eDougherty - AddressDrilled by

Date Casing diam. Land-surf. alt. _ ._.

B. A. Ogle
Source of data _

(Enter type of well, perforations, yield, and drawdown at end of log)

THICENESs Derrn
CORaELATION MATERIAL (feet) (feet)

1 0-1
Soil

_

-

Yellow sandy clay ,7 1-8
_

.

6 8-u
Gray mud _ _

._,

Yellow sandy clay ,,1h-2511

10h 25-129_ Blue sandy,, clay ,, ,

6 129-135
Sand (. i.th... wats.r) _w , , , ,

.
:

.- .
...ALu.e s.andy.. clay _ , , , , , ' ,,, lo 135-lh5

_, ,,,

'

. .Co.a.r.se gra. vel .. __
3._ _ 45-48

.-

...ll.l.ue clay ,_ _ _ 5 E8-153
,

_ _ , .

.-

3. 153-156 )
.

Coarse 6 ravel . - -
.

-- \.
=-

7
Blue clay . %h 1.56 230..-.

-.

5 230-235Sandstone _
. - -

28 ,2,3_5-263,. .B1ue,.,eandy clay and _ hard sand , , ,_, , _ , _

. . . _ _ . .

.H.ard stone .. - 12_ _ . 2. 6. 3 .2. 7. 5..
-

1
.

-- -- .
. .

8 275-283
. Coarse _ gravel

.

-

JPRarently aanded__up
- I

'

.. ...

. __

.

,

m b O
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JW|3=. Stone well(netset see. 8, 4N1W, near Bucksport School)
/u)-8o'/

> (1950?)---

s,

\.d# I soil.

Gh
'

. 1-8 yellox sandy clay .................. .

ShF14 gray n?ad ...........................

14-25 yellow sandy clay .............'..... Gh
S>129 blue saady clay ..................... Gh or STo

139-135 sand with water
i 18 & l45 blue sandy olay

lepida eoarse gravel
148-153 blue clay
15>156 ooarse gravel
15& B80 blue slay

probably STo-Tab230-886 sandstone ..................

255-275 hard stonet
27bS83 ocarse gravel

Well prodneed some water from upper part but there has been
trouble with " sanding up."

A
3d||2/l)-J2A// .x
y Cennick well #S (swk. set sec. 32, SN2W, drilled 1950)

f 4.'_oe dM~

"F
-

* @' 10-14
ble soil |

be heavy blue olay ........... pre-Carlotta material, !d
.(

Q1 some appears to be very young;-

I part may be Bookton.g
, D

h80-36 water earrying sand
i 35-40 gray sandy olay

- 40-68 gravel (_ salt water)
,

y ~ 60-80 gray sand
gravel .......................... top (To

,

86-14e gray sand
142-202 blue sandy mud-like olay.. . elaystone-siltstone, one

large Schisothaerus fragment'

809-235 gray sand
230-265 comested gravel, fresh water artesian to the_ surface

,

at the rate of approximately woo-c00 gal./ min. from
this gravel. On punty produoed 500-700 gal./ min.'

From this well and others in the vicinity it has,been sheen
that the upper 100 feet of sediments contain some salt water-
bearing strata. This apparently enoroaches from the sea to

,

; the west. The lower gravels or songlomerates are part of the
Carletta beds which dip north into the Eel River syneline.

| Belag interbedded with elaystones they are confined aquifers
and are a great potential sourse of water for the valley. It

is imperative that the upper strata be shut off in all wells |

trating this artesian aquifer in orear to prevent sentse |
j

| 49.en. (A few oyster fragments were found in the cuttings'

; fPea the upper part of the hole; position not sortain.)-

|

|

. . _ . _ - . . - , _ _ _.-.- .- ___ _ _ _ , . . . _ , _ - . _ _ . _ _ . . . . _ _ _ . . _ . . _ _ . _ _ . . _ _ . _ .
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H.it.Herton, Ge31tcist, P.O.31s 943, Eureka, Calif. 7:)'

! YALTI9 EICH N%1 FEE Hanbaldt County. D '.;
/kI' cection 1G, T.4N- R 1 W

Location : Approx 500' E and 175' N of Southwest corner of section.
Elevation Approx 230' (UEOS Topog) Drilled with rotary eq'pt made by
Total Depth 779 D and A. operator.

Drilled Sk hole, took 1" cores.
ppudded June 1, 1935.

LOG AND RIC0fiD , copied from Nr. Eichla original log book by R.M.R d/2/44

0 42 Red brown sand and buchshot gravel
-51 Sandstone
63 yellow olay

.75 yine brown send

.7R Tellow' Clay
-32 Raok and yellow shale 1" gas yeeket
-84 Rocks and gravel

92 Brown sand
94 Rock , gravel and flint-

-103 Fandstone
'

-105 Pock end gravel
,

-111 Tellow shale and fine gravel
,

-121 Candstone
-122 Rock and gravel
-130 Yellow shale
143 Sandy brown shale

-145 Rock, boulders ( shot hole to move)
' -153 Tellow brown shale

-171 " " "

177 - Dark blue shale, greasy looking 3 elight color with other.
-178 CORE: 3rown buekshot sand , wet with oil
-185 Hard Coarse sand and yellow clay
-198 Hard brown sandy shale with saml1 gravel
-216 Brown sand and abale with fine sand

,

~225 Fine sand shale, e%sy drilling
247 Hard S.R , brown in color, hard drilling. ( Aug.25, '36 ) |'

-266 Hard S.S.
; -209 Rock and as

[ ~;
. .k?1 Yery hard as

-DG Hard es. Hit big boulder shot hole
230

-266 Gravel and rock, soft
. 295 Small gravel and brown shale, foam of gas ( shot hole et 296)

329 Fine nrown sand ,

331 00 RED: Blue shale
-335 Plue otrown sand and shale
-356 Brown sand

,

-365. se and boulders
-376 Mard brown es. Eit blue shale at 3768

378 shale turned to dark brown, with some sand , cut oil

Page .1
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( continucd) Pago B Ln3 cf Caltor nich #1 700, 16 T 4N.11W H.M.Horten

.383 Hard brown shale, heavy out of oil ,

3A4- San and Shale, brown-grey
-38G 011 cend
.391 Interbedded layers of sand and s1. ale '

-795 . CM7D : Oil snnd 53.5 gravity
-364 Trown grey shale
-397 011 sr.nd , roe (?{ foot)
-399 Yery hard blue chale, light out of oil
.403 7ine rock and brown shale
-408 Gray shrTo
-411'

-413 cray shalo, 116ht cut of oil
423 Dark shale, black or blue to gray

!

-431 Grny sha'.e. soft. Oas and oil on sump
a to 435 GORE: Gray shalet henvy cut of oil

-439 COEXD: Shale, dark blue and gray, with whito spots
-448 CORED: Gray shale heavy out of oil 12% cut ,

! -463 Blue - Black shale
-476 3rown shale, greenish, heavy cut of oil

; out of oil, 37.6 degroes Crevity-605 " # #

At 526 46 (?) heavy gas.# # '-526 " " 8
1 .

j -547 Drown , dark shale. Oil 37.5 gravity
| . 509 Dark, brown shale, mame fine rocks. Heavy out of oil

# 605
-G19 Black shale. Oil 47.3 gravity ,

-G33 f ery dark st6cky shale. 46.2 gravity oil
- 649 Darkbrown-gray shale. Test showed kerosene content. 21ack paraffin ohunks

floatin6, size of apple sesde.
~671

,

673 Black blue shale'

694 Grey shnle, light out of oil. Marina ( H.M.H. saw bit. sample from G70 agray

siltstone tearing nurserous scattered large sand grains or sna11 pebble -granules )
.716 Gray shale, light out of oil'

-720 Gray shale ( silt , becomes fine sand) , extra heavy out of blach oil
'

,

.727 Gray shale, lihht out of oil'

-747 Gray black shale, with silt
.779 Bluish-gray silt , very light ant of oil. Mioaceans siltstone at end of hole.

StronC 6as odor in formation.
At 7558, 00R': ( EDT examined samples Gray onmpact narine siltstons, mostly
coarne-grainad , sono fine-grab od , with numerous hyaline FM!AM3, well Pro.

served definite BIAP0FS) EUH got sample...((Note that H.M.Horton made his own
' ob s e rvations . )-

f Total D.pth: 7798
,'

These showings, with percentages and gravities, listed on the above logs .. are
based on the aksraxkag,&etermination and analysis of Robert Duffy, then chemist for
skinner -Duprey Drug Co., Eureka, now believed to be in San Jose. (1944)

Mr. Eich drilled a total of fear wells. However, he doent have the recordc of the ,

other wells at hand.. '. ,

H. M. HORTON
i

PAGE S.

i~! j

'

__ _
< l -



(Continted) Page 3 Log of "In1ter ;ich Ho. 1 Feo ,16 T4U-RlW 11:

Humber 2 Fee: Located,right behind his-bouse, abo.it 200 ' etest of #1.
..stimated elevntion is 32b', and total depth about 500', junkzd.

.

Jiumber 3 Fee: This well, on vhich a small derrick is still standing,
is in section 21, 4U-lll, abo tt 800 'E and 150 's of 'the E'!/ cor of t'r .
section, but only a f ew hundred feet f rom the others he drilled. It's
elt.vation is estimIted to be about 260', and he ststos it vas -rill-
ed t o about 1430 ' tottl depth. He states that this well did not cor-
relate ;;ith t1 - others: in th it , at 400' this one encountered, blue.

shale nnd continued in it, without a break , t o its total d. pth.
Eumber 4 Fee: Located approximately between #1 and #2, it v.as carried
only to about 463'. Its elevation would be about 27b', estimated.

Eo " logs c in now be f ound by Er. Eich on any of the wells excoat on
Mumber 1, as given above.

'

H. M. Horton Page 3 7/ alter Eich No. 1 Fee
Sec. 16. T4N-RlW
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mesame WATER WELL DRILLLRS h . ORT Do Not Fillins*

a m a, mi... ,y n.,,,,,,,,,,,,,,,,,,,,,,,,,c

N? 18954
THE RESOURCES AGENCY OF CA'''ORNIA

5'"'''""*DEPARTMENT OF WATER RESC 1CES
Other Tell No

(1) OWNER: (l1) WELL i OG:
Name en y n ../.- t . M,Ot.g1 .,,.. 3 1 .i .,,6 t' c .. o.,,6 ,,. ,u,a ..n [1, '- ,,

|aaare >. c,_. , m n.-.,,......,.....

f r*wr. "1 . t .h it; '!C 1n. C.<' n i

(2) LOCATION OF'WELL: iltie C 1 7 3U
c. m,M t o.,..w,...... ..lne t' l' (' ll0
v ..,,, a .. .a s.. . 2uo :.: J = .'. - 2t l'_ O 1V
o .e .. a.....i,.a.... V 2 t L Cry..rrmti " .1uO ( N 2'T 2C'
f'4.J A e fe ..<51 a_ e . im d. n . C. . . i% i,1. C, ' PT,Y 2d X4
(3) TYPE OF WORK'(check):

'

CravR F, 23
New Tell 3 Deepenins O Reconditioning O Destroyias O dl. C2 '( ( Pcv 'J1C e7
If destreet.on. dewnbr o.aters.l nel p.ocedure .n item. II. |alue s. (jy 7& N$

d 295 11 0(4) PROPOSED USE (check): (f) EQL'IPMENT: m.l tio -

Domestic Industrial (3 Municipal Rotary G' 01 Co .M st Grav. 7.10 'V 5
Irrigation O Test Well O Other Cable O 'J a ' 'I o - d 32'i y2

Other R ' . ' CPcv. EII P'; ''f y

(6) CASING INSTALLED: '412 O i intUd 410 '* 4 2-

If ra'el acked plue C 17 81 5 -+h 2 'B PSTEEL: OTMan:

einate O oounta @ :lue G'sJy 'M'5 977
:.lue t id ==Clu y=G r.' To.L

Gage Diameter 4 g.}From .to or of From To
it. ft. Dum Tall Bore it. ft. b] t3e . :d h3rd 3 7,790 J 8

,

4( 144 'J 6 13L n,ne ~

$25 _ E
l . S* - .'. Cruv m oW

T'1 '3 0 L E Y .' 3130 JCtw
_._

s a .6 ., ..n ...e t'e' 10 s. .e . ....i D EsG MU
o 6. ... ' of.t - t' 1er .eard i.]i s Ct+; erit GruTal

(7) PERFORATIONS OR SCREEN: FK 'A d
in..e -e . .. .# . .a r3 *3 c Nr.** 30 ' f " .:10c 3r.10 Hard.

3Perf. Rows
From To per per Seu

it. ft- row it. in. : in.

7 g
--.

p :a ;

:

_

(s) CONSTRUCTION:
w .. . . . . .. ... .. . . . .: r ....a a . i , r x. m r. . ,. 4.,.6 ,,

,,

e,,,...........,s......n..> v,. O s . <- n..........i,.e......

'o e . .. v. , ,. . . , - .

b- # f. ir., .. .,.a i, , c ,,,i a
''

~

i.

u..us . ..o . TF LL DRILIER'$ STATEMENT:

(9) WATER LEVELS: ,,f 7,"d![q,"j',', f,#''["f" '" '""#""** ''# 'b' "#*" " "" '* 'N#
j ,

o... . . , . 6. 6 . . .. , . . 6,.. e..a . , i , . . ,, . .
' ~s..a.. . u..: ..-e......, , e 6 -.. s. NAMf

(10) WELL TESTS: Addrm *
, 'J ".'6'~~*~"*'", !'.*m' 'M -

'*"*"#>s..u..,i..,>....,,.,,........a...i.,.. ,. .

. . . . , - , 6 .c .""

_ ,._ . , _ .._ r3
v.. ,.. ,. . ...., v. - - s. _- i,...i.., -- '" 1 *" - " ^-

.. ,-

-/ ..,.....6 v . . . . . . . . . . . . . . , , , . . ism,,,,,_.w ,

r-......a...., ..........,....:a.. v., ., * ' " ' ' " * * >, ,y, g g,.g,9
w.......- i.. . a... ..r. v- a m n- u ,,, ....,6.... u ,,,,, uo. n i,o

SKETCH 1.OCATION Of"_WELL ON REVERSE SIDE . . _ _ _ _ _ _ _ , _ _ _ .
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:
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'' '' 't,./6 0 -/C,0 y
.

I/M-/70 . . . ' . _ . . . . _ _ ...

" '' "

h._ ,i/70-No ^ " "
. _. . . . _ . . .

N No -Mo "~ -

._ .

hM 0 _

I,/fo~200 '' "
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g
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WINZLER & KELLY
e .o u .. : ..

WELL-LOG - REDWOOD JUNIOR COLLEGE

August 64By Pialorsi -

360 feet deep - O' - 43' - 10"
O' - 43 ' - 360' = 8"

0 - 9 Yellow Clay -

9 -19 Grey Clay
19-20 Surface Water
20-41 Sandy Gray Clay
41143 Gravel L: Bolders f
43-360 Sorae water - Blue Clay

!

.

b

|

|

I

.

|

.

4 --. ew -.7 .--#4: - e 9-e.., ..w--, -. em -ey e-s- - = p .,,-e-,.
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D N t Fillla jWATER WELL DRILLERS REPORT
NO. 6'<aadoueuru,.ucm

.... . ... ..... . . . . . . . . . . .

RETAIN THIS sOPY
'"" ' " '

STATE OF CALIFORNI A
i .i cr well No. e

(tI) WLLL LOG:(! ) OWNER.
32Ee .. . . _ _ _ . fHe 8 0. et .,_ If v LL k' b, a b., .

4 Gro ' w h #.. .. ..n v.

' -'-~ -~-~~~~ ~-

^ +':r' ..g t . . rs - y .. _ .- / 44 *: A/mC .

._ .... . . L c I e L Jt C' A .-- _ [ g.

.___

.2 4.7. . . / 72- M /5 . . ._ . ..
'

(;) 1 OCATION OF WLLL: .Aro . . t20 .CM .s. .Gra a.e / . _ _ _
r ~ y w.; a . . . , . . . . . .. -- O,-

ZZO- ----- SA.S.3
, ~

-TCD s.S SAdd
- . _ _ . . - -

Cu .> d'
. . * ~ ~ ~ "_a w " . . .

. ~~~
-- --

,y- - . . . -
-

- . -

3n-. LL _... . ._ . _ ~ ~ ~ ~ ~
__ y/gp .SAAA Stviva.

- - -- - 3ro
~ d30 /

Li11/2 1/ Oaf 1/Af d (~';. /n te

(t TYPE OF WORK (check): 'y'q,9 ho hpp,,q j ' f
# ' ' ~ '

. . s . 7^ Deep ...nz O Recond.. . mns O Abandon O

r , ,,I. >.J... want. Jr.- .sbe ,narnut .nd pr,wed.re * Item 11.

(4) PROPOSED USE (check): (5) EQUIPMENT:
Domestic O Industi.al O Munisipa! [ Rotary O'

Ca e
irrigation G -Test Well O Other O'

g

(6) CASING INSTALLED: It pavelpacked

s. xc C counce~' c,, ,,
. s. ..

From 6. _ $ 0 C ., Jt/n...,, pfD sy :..... -

e. v. e..
..

.. --

- ..

- --
- _ . . _ .

~jij v + . . , . . .
, . . . . . . . . , . . . . . . . . .

u..o. ...
__

.r

(7) PERFORATIONS:
- b p c J1s, .n was a

t/(4/. .. w, w 6, ...Size . , . . . - . . .

'n . . . . , e .
From OfC . .-e., e ., , , .

.

R (- O M -

51 % O 1.fut ;
,

.

(8) CONSTRUCTION:
s...,,.........,,..44, o v a s. v. 6. 4.,,a v.

v . ... ...... .;a .. . o .. . a v o ,.. u . . . 4.,.. .e .. ....

Frorn < . . ,.
- -

-
--

_
.

. Method of Scaline v i ...a Vap . / Cf . i, P X c .i .d pfA (t'/7 / /* is

mL DKRLER4 STATWENT:
(9) WATER LEVELS: Th.s urli ses dr lled enter my perndectuee e.d $6 s orpo.I .s tree le 9h0 heet .

MC h. m, &=em4r4 r e=4 6el.cf.3o., s. . .h 6 ..... . n, f 4 .

Ii# "
* *n^

5. w ...... .p . .o.. NAME e

,e...n,...., . .=s p a ,

/b sas. .... s...a .ein ,s.. .. * *
Addre..

(10) WELL TESTS:
s. . ,u, a.. e y p. u,, . .. .w.

I 5''" 3
.

. . wu, o,e + .- .. . u -, >>. -. t JochJygaiingiiisp t .. u .1C.O. l . ..5, . o.. 4 . .i -._m - . i g... .. . .--i ... ... .a. , a v. t u.1 ,r.,....
-
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I Golden State Well (1960, in Golden State creamery yard.
- Imleta, see.18, 3N1W)

This well was being drilled in the s - * of 1980. Be-
sense of the 3resense of brackish water in eene earlier wells i

drilled $r the yard area, Golden State had sent Mr. Elmer
Trone, ehemist, to sample the water found. Er. Trona kindly

farmished information on the chemical eentent of the water in
varians strata in the well. Mr. Larson, superintendent for
Golden state, allowed the writer to examine logs of former

'

wells.

Ca, and Mg are expressed as caco 3 and MgC03 in parts per ,
million (ppm) . Cl is given in p3m; tir. Trene noted that the'

eroamary has used up to 500 ppm Cl for washing but that above
300 is poor for boilers. 350-380 ppm Cl begins to taste
brackish.

ghi 0.-16 yelles elay ........................

16-21 yellow clay and fine sand
21-2s blue elay
20-38 sand and gravel
36-43 yellow olay
49- 80 blue slay

- 80-87 brown olay and gravel (hard)
M-108 yellow aand .,.

| 108-177 blue clay
' 177-182 mand and fine gravel

149-198 ooarse gravel
198-224 blue olay, hard ..................... 4To sept
224-272 (araminad by the writer) .... gray, compact, blue-

gray siltstone, few carbonasecu; fragments.
279-298 sobbles to 4', mostly sub-angular; poorly sorted,

rarse to 1/28 pebbles.
398.-325 mediser gray sandstone (compact when fresh) .
Se3-M3? small pebbles to 1/2" ranging to medium sand, ,

shell fragments (inoonplete data) (see A6873)
'

l

Analysis ppu
i

Septh (in feet) Ca ug C1 !;

30 fresh water i

/7000. || 30 .............
190 124 276 896 !

! 290 220 466 473
270' 1130 2980 3680 _

,

278 334 616 660
380 334 616 680
See 310 630 7 80 3
513 530 '1090 1314 !-

586 480 1060 1160 i

536 390 840 900 i

588 470 990 1180

- - _._ _ _ _ _ . _ ith J f..yr.d g ggeg .e.ist.eg.. _ _
,

M3 610 1 I~

w __ _ =s__
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9
ie <i "0 y-?WCity of Portuna Well (located adjacent to the NWPRR depot :7 ;

in Fortuna, see Plate I) drilled la |

19507
1

Notee j

!
'

0-4 soil |4- 30 yellow sandy olay (water at 20') 4r.......
'

39-90 fine gravel and sand (84-86 hard rock),

'

Sto top ?90-104 gray ooarse gravel, hard ..............
* " * *104-115
" " * *

115-154
154-182 blue clay . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . .elaystonet

4

*hard" some-182-192 gray hard sand ........................
times used idmen grains are hard'

192-197 gray sand
197-208 blue clay
206-214 gray ocarse sand
214-226 ocarse-fins gravel
226-227 blue clay
287-237 eoarse gravel
RF1-280 blue olay
389-265 olean fine gravel .

j " " "

( 366-281
;
'

JSl-285 blue slay
986-288 olean Gravel
966-325 fine gravel-ooarse sand
325-328 gray rock and gravel oemented .......... pebbles

bonded by.elayey matriz
" " ' ' '328- W ;

346-851 blue elay
551-556 gray hard sand
356-361 eoarse sand or fine gravel,

| 361-365 olean gravel
365-600 slay, contains fragments of dense,

hard wood ............................. Typical ear-
bonised wood fragments
of the (To in elaystons

; The lower part of this wall was perforated la order to
podnoe from the lower gravels. A considerable amount of -

water sould be prodneed het it was found to have a high
manganese and iron content. The well has not been used for'

the city water systent, as yet although peduction might ;

be as mush as 500-600 gallous/, minute.
'

;
1

*
.

i.

I
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'
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*-*88 UNITED STATES
. (December 1949)

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY so. .. 3.F./,},W, ,$,Q.' ._

WATER RESOURCCS DIVISION

" " " * ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

WELL LOG

State calienmin County gabgldt Subarca

Owner. City _nf.for. tuna. Kell.h 3

Location

___

Drilled by L Dougherty Address Hydesyille

12 in. Land. surf. alt.Date ___19h9 Casing diam.

Source of data D.._L_ Maudlir Fortuna Qter,Sugt .3
(Enter type of scell, perforations, yield, and drawdown at end of log)

-

I

TuQtss gQi:t
comarr.Anos man 21AL

)i

Soil b 0-h
4

. . .
....le11.9y , sandy,,ciay .(yate r. at, 20_f t)_ _ . 35 M-39

JF-
. d-8h.. i

.'
. ..{e11o.y,,, clay.,and f.ine .gra, vel .or sand..._ ._,L5 )'

. . .
...Ha.rd,, rock ..gr,..boulde.rs _,.. .. ,_, . , , , , , , _ _ _ ,__,,2,,,,_, 8h-86,,i |

i

..orar.clar..and.. gravel... .. .
. . . . . . . . . . .. .. 18. . ... .86.-104i

. ..Erown clar..and..zravel. .. . . . . . ... 50.. . ._ . . 10.4-15k ,
,

. . . . . .. mu e. . .c l e.. . . . . . . .... . .... . ... . . . .. .. .. . . .. .. ...28_.. 15k-182J

..mue hard sand... . . . . . . . . . . . . . . . . . . . _ . .... .....10.. ... 182-19 2
i

. ore.4 and ..and ..elay.... .... ... .. .. .. .. 5 ._.. L92-19.7

,,,,,l.,,,,, 19.7,-2081... Blue... clay... .... . . . . . , , , , , , . , , , , , , , , , , , , , , , , , , , ,, ,

... Gray.. coarse._ sand .and.. clay... . . _.. _ . . , _ _ , .
6,,,,,, ,, 2.0.8. .21h

-

.. ..
...Cl.ay and, fir.e,. g[a, vel, , ,, , 12 _, 21h-226

,,,

. . . . . . . . S tic.kz. bl.u ? claz... . .. .. . . ...... .. .. ........ ....
33

.
226,-259

..9.?'n ...elay and fine.. gravel _, ._ ,, _ . _2 2 .. . . 259.-2,81
,_

.

....
...Blu,e, clay ,,,,,, h ,,,,,, 281.,285!

i

..F,1r* 6rav,9 ,,o,g,,sig,,,,, LO 28,h325'1
..

. . . . ...

SatrT ..... ... or ... 2,,Rscoso av.. - DATs - _

mct~n mcamrncam m=acr-n
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.

oss UNITED STATESi***"*
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY ' No. .JN/lW-JhJ1._ Cont. ,,,,, ,,
...

WATER RESOURCES DIVISION

" " ' " * *
WELL LOG

~~~

.

State County Subarca
.

Owner City of Fortuna...Well f3
_

Location

Drilled by Address

Date Casing diam. Land surf. alt. _

Source of data

(Enter type of 1 cell, yrforations, yield, and drawdown at end of log)

I

Tu pgtss D ja,tconmEr.Arios mTaut.

u rsar sravel
... .

.,325-3h621

Blue clay.._. 5 3h6-351
I'

... _ Hard satui. _ 5......351-356

.
.C,oa pse..g'.:avel..and. sand.. ..... .. ....... 9.. ... 356.-3.65._ . . _ .

|
... Blue. c. lay. og, mud .,,,,95,,, ,,,,,365 .h60..;

I i
.,..

...o..o. .d. . .i. .n. ..c. .l. .ay 20 L60'-h80iW
,

l

...B1.ge... clay..or mud 16 h80-h96

. . . . .. ..

Pe.rforations ....182. 226.,
. . , , ._

Perforations 285 - 365

. .

. . . . . .

-

. ...

. . . . . . . . . . . . . . . . . . . ... .......

.

.-
._

.

..

Rrcomo sY DATE - S HEET . .. ... or _. . ...
!
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F. Logs of test borings at the Humboldt Bay
j Power Plant Site by Dames and Moore.
1
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APPENDIX VI

BORINGS FOR SITE FOUNDATION
INVESTIGATION

. , . - _ _ , _. .. , . -. - _ , . __. ,, . . .
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i

LIST OF PIATES

Plot Plan
Key to Test Data
Log of Boring 1A
Log of Boring 2A
Log of Boring 3A
Log of Boring 4A
Log of Borings DB & D9
Log of Boring D10
Log of Boring D12
Log of Boring D13
Field Pumping Test Data
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G. Consultants Reports from previous investigations
of geologic and seismic conditions pertaining to

'

the liamboldt Bay Power Plant Site.

1. Report of Earthquake hazard at the Ilumboldt
Bay Power Plant, by Perry Byerly and William
Quaide,1959.

.

2. Geologic Reconnaissance of ground water con-
ditions, Buhne Point, Eureka, California, by
Chester Marliave, 1959, 1960.

3. The geology in the vicinity of the Pacific Gas
and Electric plant at Bahne Point on Humboldt
Bay, California, by G. H. Curtis,1969.

4. Report on carthquake hazard at the ilumboldt
Bay plant, by Perry Byerly,1969.

!

)

.
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G-1. Report of. Earthquake hazard at the Humboldt
Bay Power Plant, by Perry Byerly and William
Quaide,1959.
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REPORT OF EARTHQUAKE HAZARD

AT THE HUMBOLDT BAY POWER PLANT

PACIFIC CAS AND ELECTRIC COMPAhT

By

Ferry Byerly and William Quaidt

.
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P.EPORT ON EARTHQUAKE HAZARD AT THE HTISOILt BAY PIANT

PJ Perry ayerly and Willian Quaide
|

! Foreword-

The investigation of earthquake hazard consists of three parts:
! ,

1) The history of earthquakes felt in the region.
!

; 2) The distribution of epicenters located from the records of
l seismographs.

3) A study of the geologic faults in the region.

| Discussions below will be based on this classification. ,

;

Summary g Conclusions
:

Study of the hazards leads to

1) No faults pass through the proposed site.

!2) The geologic foundation at the proposed site is satisfactory.
.

3) The region is one of cany fairly large car +bquakes. Construc- j
tion should be such as to resist an earthquake of intensity 8, :

l'odified !!ercalli Scale, which corresponds to an acceleration
i of about one quarter of gravity accompanying periods of 0.1 [

second to 0.3 second and repeated several times.

!

i Earthquake History
,

The area of Humboldt Bay is quite seismic. From references. cited;

at the end of this report, Table 1 has been compiled. The intensity of'

an earthquake describes the damage done and the effects on people. The
intensity of a given shock is different at different localities. It
depends on distance from the center of the shock, on geologic foundation,
and on the type of construction of buildings.

Table 2 lists the criteria for rating the intensity. Tnese'intensi-
ties are riven for the town of Eureka since it is from it that most
reports are on record. Only in the later years is the location of opi-
centers available. Soisnometry is a comparatively young subject a:J !
general location of epicenters in the area, except for very largo shoc.:c,
awaited the establishment of seismographic stations at Ferndale and
Arcata by the University of California.
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There is only one earthquake historically recorded in the Eureka
area with an observable fault break at the surface. That was the
California earthquake of April 18, 1906. The report of the Earthquake
Investigation Co =ission indicates that as well as the great fault break
to the south, a fracture occurred wnich began at Upper Mattole (35 =iles
south of Eureka) and disappeared beneath the sea at Shelter Cove.

Many of the earthquake reports indicate that fissures opened in the
area. These were not fault breaks but cracks due to differential settling
of poorly consolidated fill. This can occur at some distance from the
epicenter of a shock, and is not an indication of an active fault at the
point.

The tabulation of these earthquakes shows over 275 shocks which have
been felt. This list is probably incomplete in the early years, but
would include all the large shocks.

The greatest damage reported is an Intensity IX on October 1,1865
This is taken from old records, and there is some disagreement among
early newspaper reports as to the extent of the-damage. This =ay well
be an exaggeration, as no recent earthquake has exceeded Intensity VIII.

There are sete nine shocks of Intensity VIII listed and this is a
maximum which might be expected in the future.

Intensity VIII, according to Eershberger, is to be a ssociated with
an acceleration of 0.25 gravity. It would accompany waveu of period 0.1
to C.3 secends which would be repeated several times.

The Distribution of Epicenters

In Table 1 certain earthquakes are marked witt asterisks. For these
epicentral coordinates are given. These epicenters are plotted on Figure
1. The shocks =arked with one asterisk had epicenters within 30 niles of
Eureka. They are plotted as solid circles on the map. The shocks
=arked with crosses in circles centered more than 30 miles from Eureka
but were felt in the city.

The " magnitude" is given for these shocks. The =agnitude of an
earthquake is determined frcm the record of a seismograph. A given shock
has only one magnitude. It aims to measure the energy in the earthquake.
A formula connecting energy and magnitude is

log E = 11 + 1.6 M

where E is in ergs.

Most of the epicenters were located from the records of the University
of California seiscographic stations of which there are new twelve, rang-
ing fro: Corvallis, Oregon on the north through Reno, Nevada on the east
and Fresno, California on the south. For the larger shocks records of
distant stations were also available.

- _ _ - _ - _ _ _ _ _ _ _ _ _
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Geology and Faulting

The theory that eartht.uakes result from breaks along faults is
well substantiated. Incation of faults, therefere, is one method of
determining the possibility of damage from earthquake activity.

~

In this investigation the geology was mapped with emphasis on
fault location. Field surveys were conducted as far north as Trinidad

. Head, 23 miles north of the proposed site, as far south as Petrolia,
29 miles distant, and inland as far as the 12h degree meridian,15
miles away at the closest point. The area in the ic=ediate vicinity
of Buhne Point was studied in greater detail than were more distant
regions.

Discussion of Faults !

Nine major faults were mapped in the area investigated (Plate 2). .
These include, north to south, the Korbel, Crawford, Blue Lake, Falor, -

Freshwater, Little Salmon-Yager, Russ, Bear River, and Mattole Faults.
In addition to these, breakage which occurred in the 1906 movement ,

along the San Andreas Fault is shown. A more northerly trace of this
fault has not yet been located. '

,

|
| None of the mapped faults pass through the proposed site. The

nearest, the Little Salmon Fault, is four miles distant at its closest
approach. Because of its proximity, this fault will be considered
first. Subsequent discussion will concern faults at succeedingly !

greater distances from the site. *

Little Salmon and Yager Faults
s

A detailed map of the trace of the Little Salmon and Yager Faults
is shorn in Plate 1. These faults form a northwest trending system
northeast of Fortuna. Movement appears to have taken place at widely
spaced times in the past. Southeast of Fortuna, rocks of the Yager
. formation of Jurassic-Cretaceous age have been thrust over rocks of
the Rio Dell formation of Pliocene age. The exact annunt of movement (
here can not be determined, but displacements on the order of 10,000 !

feet along the fault surface are likely. The fault surface here dips
steeply to the northeast.

,

To the west, this fault can not be differentiated from the Little
,

Salmon Fault. In this area, beds of ?.ildcat Oroup of Upper Plioceno '

,

age have been thrust over rocks of the Hookton formation of middle :

Pleistocene age. There is no exact measure as to the amount of dis-
placenent on the Little Salmon Fault, but due north of Fortuna, in

.

Section 23, R17i, T3:!, (Plate 1), a borehole drilled by the Texas I
Cenpany started in Upper Pliocene rocks of the 7/ildcat Group and i

penetrated the Little Salmon Fault surface at 395 feet, passing into
| Pleistocene gravels of the Hookton formation. These data taken to-
| cether with field information show that the fault surface dips at
i

|
-, . . _ _ _ _ _ _ _ _ _ , _ , , _ , _ , _ . _ , _ . ._ - ._ _
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approximately ho degrees to the northeast and that novement of the
northeast block over the soutnwest block has not exceeded 1000 feet.

Farther to the northwest , th> Little Salmon fault appears to
have progressively smaller displacements until, in the center of
Section 33, RlW, ThN (Plate 1), the fault dies out.

The most recent movement on this fault was after deposition of
the flockton beds of Liddle Pleistocene ace, but before formation of
some low terraces of "pper Pleistocene ace in the Beatrice re: ion.
There appears to have been no nore recent activ;Ly on this fault
systen.

Freshwater Fault

The Freshwater Fault has been mapped at the abrupt contact
between rocks of the Yacer and Franciscan formationn from the head-
raters of the ?.1% ?.iver north.cestarly to Arcata 3ay. The trace of
the fault is concealed throughoat most of its extent by deposits of
the :icokton formation, but occasional exposures pernit its approximate
location. This is an old fault which was active mainly before dis-
position of the Mockton beds. Some late movements along the old fault
line are indicated, however. Southwest of Eayside on old Highway 101
(Plate 2) rocks of the Franciscan formation have been faulted against
rocks of the Hookton fornation, indicatin- activity since the Middle
Pleistocene. Eovenents may be taking place alonc tnis fault at the
present time.-

Blue lake, [alor, Crawford, and Korbel eaults

These four faults are discussed together beca tse of their simi-
larity. All occur north of Arcata and are northwant treuding, near
vertical faults which bound clocks of Pliocene sedinents whien nave
seen faulted a ainst rocks of the Franciscan Formation. All have
lar e but inexactly determined displacements, protably -easuring in
the thousands of feet. Three of these faults are known to have been
active since Middle ?leistocer.e tice, for they have faulted .~ranciscan
rocks a;ainst Hookton rocks. Movenent on the Lorbel fault, the aes*
northerly of the four, has Leon creater than en * no otaers in n re
recent tirr:, for Franciscan roci:s stand hi: above :ioakton beds
a;ainst rhich they have been faulted.

Tin hss-False ' age Shear 2cne-Ecar River Fault _ ,:,"u t_e_n.. -

The fault shown in riate 2 as the .itss Fault is act t illy a line of
j contact between ,hichly broken rocks of the False Cape . hear Zone and

unaltered rocks cf the Inger fornation. lhe False Cape Shear Zone is
a westerly trendinr zone of intensely sheared and crumplc ! rec, s several

- _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ __ - ___ __- _ _____ __ - _ __________ _ ___ _ ____ - _ _
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niles cride. Covenent alen: faults within the zone must have taken
place over a long period of tima. Prouinent subnarine structural
features extend great distances offshore fron this zone and from
other similar :enes to the south. Numerous epicenters have been
located alcng these offshore tones of weakness, indicating that

.present day movenents are continuing.

The southern linit of toe False Cape Zone is also bounded by
a near vertical fault, termed the Pear River Fault in this report.
This fault branches in the vicinity of Capetown, one branch trending
southwest and the other nortirrest. The block between the two branches
is a down-dropped block of sediments of "iocene and Pliocene age. The
amount of novecent is large, probably measuring thousands of feet,
but exact ceasurements are not possible. The fault has been mapped
inland for 13 tiles. Eeyond that point the trace of the fault has
not been located, not necause it dies out, but because mapping control
is poor there. Location of epicenters reported in the section on
Seisnolocy indicate tne probable eastward extension of this fault as
well as continued faulting activity.

t:attole Fault

douth of Cape ..endocino another wedge of Pliocene sediments is
bounded to the norta and so>th by vertical faults. The fault pattern
is nuch the same as that of the 3 ear River Fault, and movements are

of the same order Of nannitude. The name "attole Fault is used in
tnis report to descrite this feature. It can be mapped with cer-
tainty only a few miles inland, but its extension up the Mattole
talloy is indicated by the presence of nunerous epicenters.

1906 3_r.eaka~e_

Enmen brea:: ace along the San Andreas Fault in 1706 is confined
(in this area) tc a :all region near Shelter Cove (Plate 2). Tne
core northerly trace of the dan Andreas is not known. The fault mapped
as the Mattole in this report could be this core northarly extension,
but a trace alnnc the trend of the King Mountain Range reaching the
ocean soutn of the moutn of the "attole River is a much more likely
one.

1eolecie Cone 12sicns

Nine majcr faults or fault zones were mapped in the general vicin-
ity of Eureka (Plate 2 ). All these faults have large but inexactly

.

determined displacements. Displacenents of several thousands of feet
are the rule. All of these faults have been active over considerable
lengths of geologic time, and activity has continued into the recent
on -r.ny.

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ - _ _ _ _ _ - _ . _ _ _ _ - _ - _ _ _ - - _ _ _ _ _ _ _ .
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North of the site, the Korbel, Blue Iake, Falor, and Freshwater

Faults have been active since Middle Pleistocene time. The greatest

amount of recent movement in this northern area has been on the
4 Korbel Fault.

The Little Salmon-Yager Fault System is closest to the proposed
site. It is a northwest trending thrust fault with large displacements

j on its southeastern extent, but with succeedingly smaller displacements
to the northwest until the fault finally dies out just north of'

: Seatrice, four miles from the proposed site. The Little Salmon-Yager
j System has been active over a long period of time, with the most

recent activity having been after deposition of the Middle Pleistocene

i Hookton formation but before formation of some low-lying Upper
'

Pleistocene terraces in the neighborhood of Deatrice.

"

South of the site, inmediately north and south of Cape Mendocino,
faults are numerous and of large displacement. All these faults have

i a westerly trend and are related to structures which form the Gorda
and "endocino Escarpments, submarine features of extreme magnitude

,

extending 1000 miles or more offshore. Fault activity here started'

i long ago, but has extended up to the present time, as indicated by
j' geological and seismological evidence.

The proposed site is unfaulted. Present installations and the
! proposed site are on rocks of the Hookton formation, the same rock

unit which underlies the City of Eureka. It is a fairly well
indurated series of =udstones, siltstones, sandstones, and conglom-

;
! crates. Surrounding the site on all sides is recent, unconsolidated

'

j Bay-fill.

,

f

!

j

!

i

i

!

|
<

1

i |

i

| ,

. .-
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Table 1

EARTHQUAKES IN THE VICINITI 0F ELIREKA, CALIFOR!TIA

Epicentral Intensity

Date, Region at Eureka F.ffect at Eureka

1853, October 23 Humboldt Bay (VIII) Houses rolled like ships at sea, and
the wharf sank four feet.

1855, Yarch 19 Humboldt County (VI) Flow of streams affected and milk
thrown out of pans.

1365, October 1 Eureka II Destroyed all the brick houses. Redwood
trees were uprooted. Fissures opened a
few miles below Eureka on the bay.

1565, October 3 Humboldt Oounty V Heavy shock.
.

,

1S69, June 12 Hu=boldt County V Sharp shock.

' 1371, " arch 2 Humboldt County (VII) Shook cornices off some buildings. -

Much damage to property.1973,tiovember 22 At sea nortn of --

Cape Mendocino

1877, August 27 Eureka - --

1833, January 3 Eureka III Light, no damage.

188h, Janua:y 27 Th=boldt County (VII) Other reports give intensity IV.

ISSh, April 6 Eureka III Very light.

ISSL, April 8 Eureka III Very light shock (s).

Sharp shock.1839, August 12 Eureka --

Light shock.ISS9, Decesoer 20 Eureka --

Iwo shocks, the first light and the1890, April 25 Eureka -

second sharp.

Quite a sharp shock.1990, July h Eureka --

1890, July 26 Petrolia VI Clocks stopped.

Moderate aftershock.1890, July 27 Eureka -

Several light shocks.1891, June 20 Eureka --

Light shock.IS92, January 22 Eureka --

Sharp shock.1893, January 9 Eureka --

f
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Epicentral Intensity
Date Region at Eureka Effect at Eureka

1893, February 22 Eureka Light shock.--

1893, Februa:y 23 Eureka Light shock.--

1893, April 13 lbrdesville Light shock.-

IS9h, September 30 Eureka ~ Two heavy earthquakes, but no damage.-

1895, January 8 Eureka Heavy shock.-

1395, April 1 Eureka Sharp shock.-

IS95, August 6 Eureka No damage reported.-

1895, October 5 Eureka Light shock.-

1995, October 15 Eureka Two very light shocks.-

1395, November 18 Eureka Light shock.-

1S95, December 6 Eureka Quite a heavy shock.-

1896, February 13 weaverville A sharp earthquake.-

1896, April 22 Eureka Doors, windows, and movable objects rattled.-

1896, June 9 Eureka Light shock.-

1397, March 6 Eureka Five distinct shocks.-

1897, Septe=ber 17 Eureka A severe shock.--

1897, October 28 Eureka A slight earthquake.--

1897, November 25 Eureka Slight-windows and doors rattled.--

1397, November 27 Eureka Buildings swayed and windows and doors-

rattled loudly.

1393, January 29 Eureka Windows and doors rattled.--

1893, April lh Eureka- - --

1893, April lh ifu=boldt County and
Eendocino County. Clocks were stopped.-

1893, Septenber 9 Eureka A severe earthquake.-

1893, October 19 Eureka A light earth:;uake.--

1898,-November 25 Eureka A light shock.--

- -. . _ _. .- __. _.

. -- . - _ _ _ _ .
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Epicentral Intensity
Date Region at Eureka Effect at Eureka

1999, April 16' Eureka VII The iron flue connecting the boilers and
smokestack of lumber mill was loosened.

1899, April 18 hreka Light shock.--

1900, Jan':ary 21 Eureka Light earthquake.--

1900, April lh Eureka Light earthquake.-
,

1900, April 16 . Eureka Very light shock.-

1900, October 1 Eureka Very light earthquake.--

1903, February 25 Eureka Slight earthquake.--

lo03, December 9 Eureka VI Two successive jolts stopped clocks.

190L, Janua:y 11 Eureka Very light earthquake.--

190L, March 26 Eureka Quite a heavy earthquake.--

190L, July 6 A light earthquake.-- --

190h,' September lh Eureka Light shock.--

190L, December b Eureka Quite a severo earthquake.--

1906, April 13 San Francisco VIII

In Eureka several frame buildincs were twisted, many chimneys toppled, several
panes of class were broken, and pendulum clocks stopped. At Field!s Landing- "the
shock opened a fissure over 100 feet long in the middle of the road, which six tea =s
spent one day in filling. Felican Island, as it is common 2y called, opposite Field's
Inndin: dropt 3 feet at the point where the United States pile beacon stands." (From
the Report of the State Earthquake Investigation Commission, on the California earth-
quake of April 13,1906.)

1906, April 18 Eureka (?) III (05:22 am P.S.T.)--

1906, April 18 Eureka (?) Slight. (12:25 pm P.S.T.)--

1906, April 19 Eureka Slight. (03:00 am P.S.T.).--

1906, April 19 Eureka Slight. (05:22 am P.S.T.)--

1906, April 19 Eureka Slight. (10:30 am P.S.T. )--

1906, April 19 Eureka (11:10 pm P.S.T.)-- --

1906, April 20 Eureka Slight.--

190b, April 23 Eureka V to VI Stopped clocks.

._ - - - . - . - . - . _ - _ . , _ . _ . _ _ _ _ . _ _ _ _ _ _ _ . . . _ . _ _ _ _ _ __ .
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Epicentral Intensity

Date Region at Eureka Effect at Eureka

1906, April 23- Eureka -. Slight.

Sharp.1906, April 27 Eureka -

1906, April 30 Eureka -- --

Shook windows.1906, May 9 Dareka - -

Slight sudden jolt.1906, May 10 Eureka --

Shook buildings, most severe since April 16.1906, June 7 Eureka --

1906, June 10 Eureka -- --

Very light.1906, June 13 Dareka --

(10:00 pm P.S.T.)1906, July 9 Eureka - --

(11:37 pm P.S.T.)1906, July 9 Eureka -- -

Light.1906, July 30 D:reka -

Very light.1906, August 1 Eureka --

1906, November 7 Eureka -- --

Upset vases.1906, December 25 Eureka --

Light.1907, January lh Dareka --

1907, Febraary 25 Eureka -- --

Very light steady shaking of the earth1907, Augast 8 Eureka -

for six seconds.

1907, August 11 Ita=boldt Coanty ? VI or higher at Fortuna, but Eureka
lists only "quite heavy".

Ver/ light earthquake shocks.1907, August 12 Eureka --

Light.1907, August 23 dureka --

Slight.1907, August 26 D2reka --

Quite a heavy shock.1907, October 7 Eureka -

The jolt shook buildings.1907, October lh Direka --

Quite a perceptible earthquake shock.1907, October 23 Dareka --

Ver/ light.1907, October 23 Eureka --

Slight.1907, November 22 Eureka --

Heavy earthquake, distinct jolt.1903, Januar/ 3 Dareka --

.

1
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Date Region at b reka Effect at Eureka

Light earthquake.1908, April 18 Eureka -

Light earthquake.1908, July 10 Eureka --

1903, July 18 Humboldt Bay VIII Several plate Class wind e s were cracked,
a few chimneys tumbled, a:vi statues on the
roof of the courthouse were damaged.

A light earthquake.1908, December 8 D2reka --

Very perceptible.1909, May 17 Upper Eattole -

A light earthquake.1909, June 2S Eureka --

1909, October 28 Humboldt County VIII Very heavy earthquake, a number of chim-
(Fortuna) neys tumbled down, stores goods were

thrown from the shelves, clocks stopped,
and telephone and telegraph lines were
put out of commission.

Very light.1909, November 1 Eureka --

Very light.'1910, January 29 Rohnerville -

Very light.1910, February 1h Rohnerville --

Quite a heavy earthquake, continued with-
~

1910, Earch 18 Hu=boldt County --

out cessation for about L9 seconds, the
longest earthquake ever felt in the city,
but no damage.

A sharp earthquake stopped office clocks.1910, August h Eureka -

L2a ::,127o w (uagnitude 6.8)

A light earthquake.1910, August 26 Hu=boldt County -

A very slight shock.1910, Dece=ber 12 Eureka --

Light.1911, March 11 Eureka -

Ver/ perceptible.1912, Februar/ 2 Eureka -

191h, April 10 Eureka III to IV --

"

191L,, August 1h Eureka IV Rattled windows.

191h, December 10 Eureka II Abrupt jolt.

191h, Dece=ber 12 Eureka -- --

1915, February 18 Rohnerv111e II to III One sudden jolt.

1915, nay 6 Hendocino Coast II i--

l
i

,, - ... -
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Epicentral Intensity

Date Region at Eureka Effect at Eureka

1915, July 22 Eureka III Chandeliers shaken.

1915, December 31 Off Husboldt Coast III Magnitude 6).
bl' N, 126' W.

1916, May.16 Eureka III Two shocks.

1916, July b Humboldt County V Three distinct shocks.
(Ferndale)

1916, August 23 Eureka V to VI Felt by practically everyone.

1917, June 26 Eureka IV One bu=p.

1917, September 12 Eureka IV Rattled windows.

1917, October 26 Eureka II Houses creaked.
.

1918, Janua:7 lh Eureka -- --

1918, February 23 Eureka IV Felt by ca q .

1918, March 2 Eureka III Felt by several.-

1918, April 16 Eureka V Distinct bu=p.

uagnitude 6t.yed alarr.ingly.
Buildings swa1918, July 1h Off Humboldt Coast VI

Ll* N, 125 w

1918, July 21 Eureka III Felt by mag.

1918, August 20 Eureka IV Awakened most.

1918, Nove=ber 29 Eureka V --

1919, June 13 Eureka IV Felt by several.

1919, Septe=ber 12 Eureka V A series of at least five shocks, the

largest giving intensity V.

1919, Septenber 15 Eureka VII+ Four shocks. The first, and most severe,
demolished some chi =neys and broke windows.

1919, October h Eureka III Felt by several.

1920, March 20 Eureka IV Felt by mag.

1920, April 19 Eureka III+ Felt by mag.

1920, Octcher h Eureka III A bump. (05:31 am ?.S.T.)

1920, October h Eureka IV to V Some alarc. (OSch6 pm P.S.T.)

1921, March 22 Eureka II to III Bu=p felt by several.

. _ - - . - . . .- -- .- - - _. . -- - . _ . --- -
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Date Region at Eureka Effect at Eureka.

1921, April 2h Eureka IV Bump felt by many.

1921, August 28 Eureka III Bump felt by many.

1921, Nove=ber 29 Eureka II' Abrupt trembling.

1022, January 31 Off Cape Mendocino IV Felt over an extremely large area of
blo N,125P ? northern California. Magnitude 7 3

1922, February h Eureka III+ Rattled windows.

(7:30 pm P.S.T.)1922, August 5 Eureka III --

1922, Aurnist 5 Eureka IV Rocking motion felt by many.

(9:h5 pm P.S.T.)1922, August 5 Eureka III --

1922, August 17 Eureka III Rocking felt by many.

1922, September 1S Eureka III? Felt by several.

1922, November 3 Eureka III Rocking felt by several.

*1923, January 22 Off Cape Mendocino VI to VII Only minor damage. Magnitude 7.2.
h0P N, 12hb W

1923, February 9 Eureka II Felt by several.

1923, March 28 Eureka III Abrupt bumpirg.

1923, September 3 Eureka IV? Awakened nearly all sleepers.

1923, September 17 Eureka IV? Abrupt rocking.

192h, January 9 Eureka IV+ Awakened all but the soundest sleepers.

192L, June 19 Upper Mattole Felt.--

192h, July 17 Eureka IV Abrupt bumping.

192h, Septe=ber 7 Eureka II to III Rocking felt by several.

1925, January 25 Eureka II Felt by several.

1925, March 2 Eureka IV Felt by many.

1925, " arch 3 Eureka III+ Felt by rm;y.

1925, July 26 Eureka III+ Abrupt bumping.

1926, Septe=ber 21 Eureka I7 Awakened many.

1926, October 13 Awakened many.-- --

,

1926, Dece ber 27 Eureka III Abrupt bumping.

- . - - . . - _ _ - - . . _ - - - - - __ ._. _ _ . _ _, _ . _ . _ _ _ _ _ _ _ - . . _ -. _-.
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Date Region at Eureka Effect at Eureka

1927, January 3 Eureka IV Alamed some.

1927, February 12 Eureka IV Abrupt rocking.

1927, May 16 Humboldt County IV Felt by mag.

1 1927, August 10 Eureka V+ Awakened nearly all, and alamed many.
j .

4 1927, August 20 Mc=boldt Bay VIII
.

In Eureka considerable damage was done in the way of cracking of walls, fall of
4 plaster, cracking and fall of chi =ncys, and damage to goods which were throvrn fra the

shelves in stores. The County Courthouse and the Federal Building suffered extensive
damage in cracking of plaster and walls. Water pipes were broken in the latter build-

j ing. (From Per:7 Eyerly, The Eureka (California) Earthquake of August 20, 1927.)

1927, September 6 Humboldt County III Felt by several.

'927, September 16 Eureka V Light fixtures swayed. Awakened all but'

the soundest sleepers.

1927, December 8 Eureka V Felt by mag. (2:25 pm P.S.T.) '

j 1927,.Dece=ber 8 Eureka V Felt by nearly all at rest. (10:13 pm P.S.T.)

1929, December h Garberville IV ---

1930, March 27 III ----

1930, Septe=ber 22 Eureka VII Hajor earthquake. Two shocks which caused
considerable local damage, but little
infomation available.

V No da= age. (12:59 am P.S.T.)1930, December 11 --

IV (h:29 as ?.S.I.)1930, December 11 -

III (12:15 pm P.S.T.)1930, December 12 --

No da age. Between December 11 and December1930, recember 23 -- --

23 there were eight shocks felt in Eureka.

*1931, March 9 LO N, 125* w II to III -

1931, Eay 19 III :-----

*1931, September 9 LOko N,12h W IV Magnitude 5 8.
|

1931, November 28 III |
----

4 i

|1932, January 5 III ----

|

I

.
~1932, April 26 rl ----

- - _,_ - -. - - - . . - -_ - - . _ _ _ - _ - - . - . . - . . _ - , . - , -
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II to III1932, June 5 ---

*1932, June 6 LO* h5' N,12ho 30' W VIII

Iwo large brick stacks (both 150 feet high) were damaged, almost all brick chimneys
around Hu=boldt Bay were damaged, and most of them completely demolished. On the higaway
at Field's Landing a crack running in an east-west direction transverse to the road was
fermed, but there was no evidence that it extended farther than the edge of the concrete
pavecent. One person was killed and another severely injured in Eureka. Electric power
was interrupted for only a'few minutes, and the water system in Eureka remained intact.
No fires followed the earthquake. (From Neil R. Sparks, The Eureka Earthquake of June 6,
1932.)

IV Felt by many.1933, November 10 --

IV Bumping motion following by trembling.193h, April 20 -

Awakened many.

9 93h, July 6 klo 26' N, 125o 2h' W V Hanging objects swung, clocks stopped.

193h, Nove=ber 15 II talls creaked.--

193L, November 17 III Gentle rocking.-

1935, January 2 LO?h N, 125 7 vi IV Windows rattled, walls creaked, and
chandeliers swung.

1935, February - II Felt.--

+

(III)1935, October 27 ----

1936, June 3 LO.2 U,126.0a W IV Slow rocking and rolling motion.

1936, August 23
_

(III) Felt by many.--

1936, September 25 -- (III) A single surge, felt by many.

1937, February 6 V Pendulum clocks stopped, bushes shook,--

and hanging objects swurg.

**1938, September 11 h0o N, 12 h* W V Felt by all; han:;ing objects swung.

**1939, October 17 ho N, 12L 77 (II) Felt by few.

1933, Ncvember 9 (III) Mild earth tremor, felt by many.--

**1939, ray 1 LO N, 12h Ti IV Rattled windows; hanging objects swung,

1939, June 22 II Felt by fer.--

19h0, August 25 III One vertical bump; subterranean sounds.--

19L0, Septe=ber-27 IV Moderately loud subterranean sounds,-

lighting fixtures swung, sone alar =.

_ . _ _ _. . . _ . . _ . . _ _ . _ _ _ _ _ _ , , _ , _ . _ _ _ . _ . _ _ _ . _ . _ . , _ _ _ _ . . _ , _ . _ _ _ , _ _ _ . _ _ _ _ , . _



Appendixps
10

me
Epicentral Intensity

Date Region at Eureka Effect at Eureka

IV Rattled windows and doors.19h0, October 22 -

19h0, November 16 V Objects swung, trees and bushes shook.-

V Cbjects sn.mg, dit.hes rattled, walls19h0, November 19 --

creaked, and bushes were disturbed.

19h0, December 20 IV Clocks stopped, objects swung, felt--

by nearly all.

19hl, January 23 IV Felt by many, awakened few.--

**19hl, Februa:7 9 h0.7* N, 125.h* W VI Overturned small objects, and . hook
trees and bushes.

**19hl, May 13 h0 3* N,125 0* W III Felt by few.

19hl, October 3 VII Plaster cracked and fell, chimneys-

cracked and twisted; was felt by and
frightened all.

19hl, October h III Slight.-

19L1, November Uh .III Felt.--

19h3, Nove=ber 11 IV Rattled loose objects, buildings-

creaked, awakened few.

19hh, January 12 - V Ha:u; ins; objects swung, small objects
disturbed.

19hh, June 5 III Felt by few.--

19hh, September 21 IV Rattled windows.-

19h5, May 2 V Fixtures swung, disturbed objects.--

19h5, May 19 h0.2* N, 126.8* W IV Rattled windows.

*19h5, October 22 h0.7*J[,12h.7*W O Not reie 4,ed felt. Eagnitude h.3

19h6, August 1 III Swayed Hght fixtures.--

:

19h6, Nove ber 23 V Earthquake sounds, objects disturbed.-

19h6, December 13 V Earthquake sounds, objects disturbed;--

sharpest since 1932.
,

19h6,'Dece:ter 20 III Felt by several.--

19h7, March 29 V Floor lamps swayed, objects disturbed.--

**19h7, May 27 h0.h* N,12h.7 W V --

**19h7, September 23 LO.h* N,125.2* W .VI Awakened all, frightened many, hanging
objects swung.

. _ ._--_ , __ ._. . . _ _ . _ _ _ . _ _ __ . .
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**19h3, February 19 hl N, 12h.9 W III Felt by several.

19hS, April 3 IV Felt by many, loose objects rattled.--

*19hS, August 8 ho 25' N,12h* 07' W 0 Not reported felt. Magnitude 3 0.

*19h3, August 8 ho 25' N; 12h* 07' W 0 Not reported felt. Magnitude 3.3

** 19h3, August 18 LO.5* N, 12h.7* W V Disturbed objects.

19L8, August 19 V Awakened mag.-

** 19h8, September 7 ho* 15 ' N, 12h* 16 ' W III Felt by several.

*19h3, November 12 LO* 2h' N, 12h* 19' W 0 Not reported felt. Magnitude h.5

*19h9, May 3 h0.h* N, 12h.3* W III Hanging objects swung. Magnitude L.l.

*19L9, ray 12 h0.7* N, 12h.78 W 0 Not reported felt. Magnitude h.3.

! 19h9, September 6 ? Felt.-

*19h9, October 27 h0.9 N, 12h.2* ?i V Disturbed objects. Magnitude L.5.

*19h9, December 21 h0.h* N, 12h.3 W 0 Not reported felt. Magnitude 3.6.

S +a 950, January 1h h0* 13' N, 12h* 25' W V Shifted scall objects, rattled windows.-

*1950, Februa / 10 L1.2* N, 12h.3* W V Hanging objects swayed, small objects
displaced. Magnitude h.0.

*1950, June 2 h0.8* N,12h.h* W ? Sharp at Eureka. Magnitude L.O.

*1950, June 6 LO.8 N, 123.7* W O Not reported felt. Magnitude 3.0.

*1951, January 13 kl.2 N, 12h.3* W IV Felt by many.

**1951, October 7 LO 17' N, 12h* 38' W V Disturbed objects, many frightened.

*1951, October 26 kl* 00 ' N,12h* 30 ' W 0 Not reported felt. Magnitude 3.9

*1951, November lh ho* 26' N, 12h* 03' W VI Iarge windows broken. ' Magnitude h.7.

*1952, March 23 ho* 2 5' N, 12h* 03 ' W 0 Not reported felt. Magnitude 3 2.

+1952, April 27 LO* 55' N, 12h* 25' W 0 Not reported felt. Magnitude 3 0.
,

**1952, september 22 LO* 12' N, 12h 25' W V Felt by most, disturbed objects.

*1952, October h ho* 35' N,12h* 25' W 0 Not reported felt. Magnitude 3.7.

*1952, November 36 hl* 008 N, 12h* 25' W 0 Not reported felt. Magnitude L.l.

*1952, December 17 h0.h* N,12h.2* W 0 Not reported felt. MaCnitude 2.6.

,*1953, January 3 h0 7* N,12h.h* W 0 Not reported felt. Magnitude 3.6.

_-- _______ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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*1953, April 10 h00 26' N, 12h 1S' W 0 Not reported felt. Magnitude 3.2.-

*1953, l'ay 25 ho 35' N, 123o h5' W 0 Not reported felt. Magnitude 2.8.

*1953, May 27 LO.5 N, 12h.ho W 0 Not reported felt.- Magnitude 3 0.
'

*1953, May 30 h0o 2 3 ' N, 12ho 27 ' W 0 Not reported felt. Magnitude 3.6.

*1953, June 25 h0.h* N, 12h.3 W 0 Not reported felt. Magnitude 3.1.

*1953, July 1 h0 5 N, 123.6 W 0 Not reported felt. Magnitude 2.h.

*1953, July 7 h0.6o N, 12h.3 W 0 Not reported felt. Magnitude 31.

*1953, August 6 h0.6 N, 12h.00 W 0 Not raported felt.- Magnitude 3 1.

] *1953, August 7 h0 7 N, 123.8* W 0 Not reported felt. Magnitude 3 5

! *1953, Aucust lh h00 23' N, 12h* 06' W 0 Not reported felt. Magnitude 3 0.

*1953, October 25 h00 36' N, 123 56' W 0 Not reported felt. Magnitude 2 9<

*1953, November 17 hl.2 N, 12h.1 W 0 Not reported felt. Magnitude 3.2.

*195h, May 27 L00 2S' N, 12ho 30' W 0 Not reported felt. Magnitude 3.6.

*195h, July 1 h0.8* N, 12h.5* W 0 Not reported felt. Magnitude 2.0.

*195h, July 5 LO 26 ' N, 12ho 16 ' W III Slight rumbling earthonake. Magni tucte
36.

'-*195h, July 17 hl 13' N, 123o 3h' W III Mild intensity.

*195h, October 20 LO.h N,12h.3 W 0 Not reported felt. Magnitude 2 5
,

*195h, November 18 h0 5 N,12h.l* W IV Felt by many.

*195h, December 21 LO h9' N, 12ho 05' W VII Magnitude 6.5

The old City Hall and old County Courthouse in Eureka were extensively cracked;
several old poorly constructed brick walls bulged, and there was some parapet damage, but
damage in the main was to chimneys, plaster, plate-glass windows, and merchandise. In the
poorly consolidated ground areas north and east of Eureka there were some pipe line failure
and Eureka's main water :eservoir (constructed in two halves) was cracked in one half.

j Iiumerous breaks occurred in Eureka's water distribution system, but none were serious. Two

tall industrial stacks, cracked in the 1932 earthquake, were again cracked, One elevated
steel tank (not earthquC:e resistant) had broken rods. U.S. Highway 101 between Eureka and'
Arcata was cracked and Lulged to some extent but no serious damage occurred to roads or
bridges. A press repore stated, "A large section of the' older downtown area of Eureka
settled from two to six inches. The area, bounded roughly by E Street, Fourth Street,
Broadway and the Bay, at one time was a tidal mud flat and was filled to allow construction;

of buildings. This sector of the city has been settling gradually for many years but sank
,

rapidly during the earthquake. . ... One man fell into Humboldt Bay and was drowned and a
number of people were injured by falling objects. (From the United States Coast and
Geodetic Survey).

. . - - . - - _ _ _ _ - _ _ _ . - ._ - - . - -_,- -._-_-_ -_---- . ._
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*195h, Dece=ber 22 ho* h7' N, 123 52' W 0 Not reported felt. Magnitude 3 5.
>

*195h, December 2h ho* hh' N, 12h* Oh' W V Frightened all, rattled dishes.
Magnitude 3.5

*175h, December 30 h0* h7' N,123* $2 ' W VI Plaster cracked windows broken,
chimneys down, and water transmission
lines broken. Magnitude 5{.

*1955, Jamarf 1 ho 57' N, 12ho 00' w IV some plaster cracked. Magnitude h.0.

*1955, Jamarf 1 hl* 11' N, 12h* 11' vt ? Included above. vagnitude 3 0.

*1955, Januarf 8 ho.9* N, 12h.h* K 0 Not reported felt. Magnitude 3 0.
1

*1955, January 9 h0 9* N,12h.h* W 0 Not reported felt. Magnitude 2.6.

*1955, January 12 bl.10 N, 123.9* W 0 Not reported felt. Magnitude 3 3

1955, Januarf 30 IV Felt by many.--

1955, January 31 IV Light jolt.--

*1955, March 5 kl.0* N, 12h.0* W III Light earthquake. Magnitude 3 1.

*1955, March 7 ho*/$[12h 15' w 0 Not reported felt. Magnitude 3.5

1955, March 15 III Two light shocks.-

t

i *1955, June 7 h0.8* N,12h.h* W 7 Felt.

d1955, August 26 h0* 23' N, 12h* 30' W III A ninor earthquake. Magnitude h.5.
i

*1955, Au -nt 29 ho 25' N,12h* 11' W V Floor lamps swayed, disturbed objects.
Magnitude h.1.4

;

1955, October 11 III Slight rattles.--

i
*1955, November h LO.8* N,12h.30 W IV Felt by all in home. Magnitude 3 0.

*1955, November 15 LO.7* N, 123.6* W IV Felt by all in home. Magnitude 3 2.

*1955, November 18 LO 25' N,12h* 05' W 0 Not reported felt. Magnitude 3.6.

$*1956, March 9 hoo 13 ' N,12h* 1h ' W IV Felt by several, awakened few.

*1956, May 23 kl.1* N, 12h.0* % III Very light. Magnitude 2.5

1956,!:ay 31 III Felt on first floor.--

1956, June 1 III six lignt shocks.--,

*1956, July 12 LO.8 N, 123.6 U 0 Not reported felt. Ma;nitude 3.5

l
,

- .- . _ _ . _ - _ _ - _ _ - - - _ . _ - - - _ - . . - , - - - . _ , - - - . . . . . - - _ _ _ -
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*1956, July 26 h00 27' N, 12h* 18' W O Not reported felt. Eagnitude 3.2.

*1956, August 1 h00 25' N, 12ho 05' W 0 Not reported felt. Magnitude 3.0.

*1956, October 6 h00 25' N, 12ho 00' W 0 Not reported felt. Eagnitude 3 3.

1956, October 11 h00 LO' N, 1250 h6' W V A few dishes broken.

1956, October 13 IV caused garage to tremble.--

** 1956, November 10 hoo 13' N, 1230 hS' W V Rattled windows and awakened sleepers.

*1957, January 26 h00 2h ' N, 12 h* Ol' W 0 Not reported felt. Eagnitude 3 3

*1957, February 18 bl.0o N, 12h.20 W III Light jolting earthquake. Magnitude
2 7.

*1957, March 13 LO.70 N, 123 90 ?! III Small shock. Magnitude 3 0.

'* 1957, March lh Luo 16' N, 123' 50' W IV Disturbed objects.

*1957, April 9 h0.ho N,12h.2* Ti 0 Not reported felt. Eacnitude 3 3.

*1957, June 5 h0* 30' r:,12ho 00' W 0 Not reported felt. Magnitude 3.h.

*1957, September 2 h0 7o N, 123 90 W 0 Not reported felt. Eagnitude 2.0.

*1957, Ju2;y 28 h00 29' N, 123* 56' W 0 Not reported felt. Magnitude 3.2.

'" 1958, March 1h h0* 16' N, 123 53' W IV Felt by many, awakened few.

* Spicenter located on map within 30 miles of ~ Sureka.

** 2;1 center located on map, beyond 30 milee , but felt in Sureka.

11-21-58

:
,
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Table 2

MODIFIED !ERCALLI IRTENSITY SCALE OF 1931
.

I. Not felt except by a very few under especially favorable circumstances.

II. Felt only by a few persons at rest, especially on upper floors of
buildings. Delicately suspended objects may sving.

III. Felt quite noticeably indoors, especially on upper floors of build-
ings, but =any people do not recognice it as an earthquake. Standing
motor cars may rock slightly. Vibration like passing of truck.
Duration estimated.

IV. During the day felt indoors by many, outdoors by few. At night some

awakened. Dishes, vindows, doors disturbed; valls =ade cracking sound.
Sensation like heavy truck striking building. Standing motor cars
rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, vindows, etc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbance of trees, poles and other tall objects some-
times noticed. Fendulum clocks may stop.

VI. Felt by all many frightened and run outdoors. Some hea.y furniture
moved; a fev instances of fallen plaster or damaged chimneys. Da:. age
slight.

VII. Everybody runs outdoors. Damage negligible in buildings of good
desip and construction; slight to moder te in ven-built ordinary
structures; considerable in poorly built or badly designed structures;
some chi =neys broken. Noticed by persons driving motor cars.

VIII. Da-age slight in speciany designed structures; considerable in ordi-
nary substantial buildings with partial collapse; great in poorly
built structures. Fanel valls thrown out of frame structures. Fall
of chimneys, factory stacks, columns, =onuments, valls. Heavy furni-
ture overturned. Sand and =ud ejected in small amounts. Changes in
veil water. Disturbed persons driving mo+4r cars.

IX. Damage considerable in speciany designed structures; vell designed
frame structures thrown out of plumb; great in substantial buildings,
with partial collapse. Buildings shifted off foundations. Orcund
cracked conspicuously. Undergmund pipes broken.

X. Some ven-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations; ground badly cracked. Rails
bent. Landslides considerable from river ban % and steep slopes.
Shifted sand and mud. Water splashed (slopped) over banks.

XI. Fev, if any (=asonry), structures remain standing. Eridges destroyed.
Broad fissures in ground. Underground pipe lines cc=pletely out of
service. Earth slu=ps and land slips in soft ground. Rails bent
creatly.

XII. Damage total. Waves seen on ground surfaces. Lines cf sight and
level distorted. Objects thrown upward into the air.

,

- - - ' -- ---r ~- - - . . _ , _ _ , _.
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>

PREFACE

After Mr.. E. C. Marliave completed the original report on " Geologic
Reconnaissance of Ground Water Conditions, Buhne Point, Eureka,
California," the Company drilled seven test holes to determine the
position and slope of the ground water table in the area. Mr.~

Marliave's analysis of the data obtained from the test holes is
presented in his letter of December 27, 1960.

Included in this appendix are Mr . Marliave 's letter of December 27,
1960. and his original report.
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December 27, 19o0
,

i

Mr. John F. Bonner
Vice President & Chief Engineer ;

Pacific Gas & Electric Company
i 245 Market Street

San Francisco, California

Subj ect: Unit No. 3, Eureka Plant

Attention: Mr. J . D. Worthington
Chief Civil Engineer'

Dear Mr. Bonner:>

? t ra n.s mirror letter for CM
In my, original report dated October 28, 1958, above

subj ect , it was suggested that your company drill a few test
.

holes to determine the position and slope of the ground-water
table in this area. In accordance with this idea seven holes

| were drilled during the Fall of 1960, and measurements have
~

.

been taken on them allowing an approximate determination of the
position and slope of water table in various parts of the
adj acent area.

,

The location of these holes are plotted on the

accompanying map which is a porcion of the U.S.G.S. Fortuna
7

quadrangle. Various water-level profiles have also been drawn -

and shown on the accompanying graph from the measurements taken<

by your office. They are numbered numerically as profiles. A
>

*

study of these profiles bears out the previous thinking regarding
ground-water movement and establishes the direction of movement
and slope of water table.

In general, it is quite true that the water-table
slope, and particularly in the main ground-water body of Elk

.

River valley, is from the southeast to the northwest and in'

local cases in a more westerly direction toward the Bay. The

following comments refer to the various profiles.

Profile 1'

i

j This profile trends northwesterly down Elk River valley
; through test holes 7, d, and 5, and shows a water-level slope

;.

.._- _ _ _ . - _ . _ . . _ . . - _ . . . _ . _ . _ . . . _ . _ _ _ . _ _ . . _ _ _ . _ _ . _ . . _ _ . - . .._ _ _
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from elevation 29+ feet in. hole no. 7 to elevation 4+ feet in
hole no. 5 in the Fall of 19o0. This is a slope of 25 feet in
about two and one-fifth miles, or an average slope of about 12
feet per mile. It should be noted that this slope occurs at-

what is generally considered to be the low-water period of the'

yea'r prior to any appreciable rainfall and recharge.

It will also be noted in your tabulation of elevations
on the drawing entitled ' Ground-dater Test Holes, Humboldt Bay,

3 - Scale l'' = 400 ' ," that in the last week of November there was
'

a rise in water-level elevations, probably due to rainfall and
recharge. The slopes remain approximately the same but the
water levels are at an elevation several feet higher due to the
effects of recharge.'

The foregoing suggests that there is always a seaward
gradient to the water table with no opporutnity for any water to
work upstream into the Elk River valley to the southeast of the
vicinity of hole no. 5 should any accidental discharge enter the,

lower portion of the stream. The stream will continue to flush out
the channel sediments; particularly during the winter months when

'

large flows occur.
,

,

Profile 2

This northeasterly trending profile,.between holes 4
and 5, indicates a water-table slope to the northeast. Hole
no. 4 was located where it was estimated a ground-water divide'

might exist and this condition seems borne out by the measurements
taken. Also there is very little fluctuation in hole no. 4
indicating it probably does not receive much recharge. Hole
no. 5 is in the Elk River valley and probably within the zone
affected by the tidal fluctuations. There is generally an

average water-level elevation difference of 3 feet in 5,700 feet,
or a little less than a 3-foot per mile slope.

Profile 3

There is a slope varying from 2 to 4 feet from test
hole 4 to test hole 2 in a westerly direction and generally
toward the Bay and Buhne Slough. The slope from test hole 4 to
5 to the northeast, and from 4 to 2 to the west, suggests that
a hydrologic divide exists in the vicinity of hole no. 4 and

,

drainage goes in both directions to the northeast to Elk River
.-_ _ - . . - . . - . . _ _ . - _ _ _ _ _ . _ . - - - _ - _ - - . -. _ - __
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valley and then the Bay, and to the west towards Buhne Slough.
The slope between test hole 4 and test hole 2 is about 5 feet
per mile.

Profile 4

There is generally a slope of about 5 feet in the
1,000 feet between test holes 4 and 3 in a northwesterly direction,
which is toward Buhne Slough and also the Bay. Hole no. 3 is
adj acent to Buhne Slough and is apt to be flooded during heavy
rains and probably also fluctuates with the tide through a rather
poor ground-water connection in tight sediments. This water-table
slope is about 25 feet per mile.

Profile 3

The slope between test holes 1 and 2 indicates a slight
landward gradient of about 1+ feet in 2,200 feet, or about two
and one-half feet per mile during low-water stages. This is
noted in the fall measurements prior to any appreciable rainfall.
After rainfall occurs the gradient is reversed and a slight
seaward gradient occurs.

Profile 3

A landward gradient exists between holes no. 1 and 3
on the order of 2.8 feet in 3,200 feet, or about 5 feet per mile.

Profile 7

A landward gradient exists between holes 2 and 3 on
the order of 1.6 feet in 2;203 feet, or about 5 feet per mile.

Hole no. 3 was drilled at the lowest elevation of all
of the test holes and is adjacent to Buhne Slough where it probably
represents the effect of tidal action. Hole no. 1 is at a slightly

higher elevation and may be drilled largely in tighter materials
underlying a very thin skin of Recent alluvium. Hence, these
measurements may not be as important to the area picture and only
reflect local conditions in the tidal zone. However, it should
be noted that these holes are drilled in the immediate vicidty
of the plant site and are generally away from the main ground-
water body of Elk River vallev and are separated f rom this valley
by what appears to be both a surface and ground-water divide.

- _ _ . _ _ . _ _ . - _ _ _ _ __ _
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i

From study of the lobs of the seven test incles drillod,
!there is little can be said other than that the material appears

to be clay and sandy clay and should have a very low perteability,
i

It should be. indicated that the plant area will be at
least, in part, paved and with certain drainage provided, which
would carry any runoff to the vicinity of Buhne Slough or the i

plant wasteuay, in either case the water being carried immediately
'

to the Bay. While the underlying materials, as previously
indicated in the original report, are quite tight and would have i

low percolation rates, the addition of an asphalt or other type
pavement in the plant area would further reduce the opportunity
for liquids on the surface to penetrate to water table.

It might be well at this time to indicate that the
quantity of waste, which might be accidentally discharged, would
be relatively small and in terms of a few thousands of gallons.

! This would not be a large quantity of liquid to control by
prepared drainage at the plant site and would certainly be
appreciably diluted when it reaches Buhne Slough or the Bay.

A pumping transmissib&ity test conducted by Dames & ,

Moore during foundation investigations at the plant site indicated
a low transmissibility coefficient.

It might also be well to quote from the U. S. Geological
Survey Water-Supply Paper 1470, which was published in 1959 and
is entitled ' Geology and Ground-Vater Features of the Eureza Area,,

Humboldt County, California.'

Similar conditions of ground-water movement are believed
to exist in the Elk River and Buhne Point area.

4

While this paper deals largely with the Mad River to
the north and the Eel River to the south of this area, there are,

paragraphs on page 28, which indicate that water generally moves
toward the Bay and ocean and is discharged naturally by subsurface
flow. The following paragraphs quote the particular reference
regarding discharge of ground water.#

' Discharge of Ground Uater

' Ground water in the Eureka area is discharged by
i

natural and artificial means. Artificial discharge is
considered to be the flow'and pumpage from wells.

- - . . _ - - .- -, - .-_ --- _-. ._
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Natural Discharge

'Most ground water is naturally discharged by
subsurface flow to streams and tidal estuaries in

~

the coasral plain, by evaporation and transpiration,
and by flow through spring orifices. As previously
disc'tssed in the section on recharge and movement of
ground water, the discharge of ground water to the sea
or to the tidal estuaries is partly controlled by the
rise and fall of the tide. The magnitude of the natural
discharge is no doubt large, but no data were available

| to estimate it. An indication of the magnitude of

i natural discharge from the alluvium of the Eel and Mad
' Rivers may be obtained from the numerical difference

between total pumpage and the estimated depletion of
storage during 1952. This difference indicates about
10,000 acre-feet of natural discharge per year from the
Eel and Mad River alluvial deposits.

"In addition, ground-water discharge to the sea
from the older water-bearing deposits probably takes
place at some distance offshore, and ground water from
the coastal dune sand probably discharges near the' beach."

Conclusions

1. There is a pronounced seaward gradient of the
water table in Elk River valley, which is the main water-bearing
body near the plant, to the vicinity of test hole no. 5. The
water table near hole no. 5 is above sea level but is probably ;

affected to some extent by. tidal action.

i
2. Regardless of the effect of tides in Elk-River i

valley the sediments or. ground water-bearing materials will be !
flushed cut each year during the rainy season. |

3. Both a ground water and slight topographic divide
appear to exist between the plant site and Elk River valley in the,

vicinity of test hole no. 4. These features would reduce greatly
the possibility of liquids moving from the plant area to the Elk
River valley as subsurface or surface flow.

4. There is a small area immediately to the south and
west of the plant where ground water has a slight landward gradient
part of the time. This area, however, seems to be within the ,

1
4

|

-- ._. - . _ _ _ - _ . .. , - _- _ . - _ - . - - . - , - - . . - _ - , , - _ - _ -._
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zone of tidal action and there is probably little opportunity
for any appreciable movement of water inland.

5. With the proposed paving and draining of the plant
area, it would be almost impossible for liquid wastes to penetrate
through the paving and the underlying tight sediments to the
vicinity of the water table. Should this occur, it is doubtful
if such wastes, even diluted, could move inland from the vicinity
of the plant area.

6. The pump test conducted-by Dames & Moore in the
vicinity of the plant indicates, as previously estimated, a very
low permeability of the underlying sediments, and since this is
probably largely a horizontal permeability, it should be remembered
that the vertical permeability is many times-less.

.

Recommendation

The test holes should be measured at least twice
annually, for a period of several years. Measurements should
be made in late spring when water levels are high and again in
late fall when water levels are low and before there is recharge
by rainfall. These measurements will give sufficient evidence
over a period of time that liquids from the plant area cannot
work up-gradient.

Very truly yours,

'7/ .

< f. (
/

/r. <
E. C. Marliave
Consulting Geologist

ECH:jh
Enclosures

.
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Geologic Recotinaissance of Ground Water Conditions
Buhne Point', Eurkea, Calif.

Purpos_e

The purpose of this report is to determine the <

'

occurrence and movement of surface and subsurface waters in the
vicinity of the Eureka Plant area.

Location

The plant is located approximately in the NU 1/4
of the S.| 1/4 of Section 8, T. 4 N., R. 1 U., H.B.M. This

! location is about 3 miles south and two and one-half miles
west of the town of Eureka.

The plant is located on Buhne Point, between the
;

Northuestern Pacific Railroad tracks and the receding north

shoreline of Buhne Point. The plant area is slightly higher
in elevation than the surrounding flood plain and marshy
areas, as Buhne Point represents the seauard extension of a

~

northwest southeast trending range of hills that extend from
Buhne Point to the southeast.

The adjacent area of importance to this study is
to the east, south and southeast of the plant area and in
part in Sections. 8, 9, 16, 17 and 22, T. 4 N., R. 1 U., M.B.M.!

Much of this area is primarily the portion af Elk River Valley
and the bordoring contiguous hills that extend from the
southeast to the northwest toward Buhne Point.

Topography and drainage

The topography in the vicinity of this site is
primarily that of low rolling erosional hills with a gently
grading slope to the west toward the coast line as one; ,

descends from the mountainous area to the east. The coastal !

area, and particularly the valleys and flood plains, are in ;
a mature stage of development, with broad wide valleys l

containing the flood ~ plains meandering streams and sloughs.
The low lying flood plain and slough areas are-affected for
several miles inland by tidal action, particularly at lou
uater stages. The flood plain & posits originate from high
vinter and spring stream flow. The flood plain and flats are
poorly drained and there is little relief in the bottom of the
valicys. The hills and mountainous areas to the northeast and

,

southnart are reasonably sell drained by a dendritic stream'

pa t te rn.
. . ~ . . _ - . _ -_ ._ , - - _ _ _ _ . . _ , _ _ _ , , _ , . _ _ . - _ _ , _ . . _ _ _ _ . _ , . _ . _ - , ,
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Locally, in the vicinity of the plant, which is on
slightly higher ground than the tidelands and lowlands adjacent
to Buhne Point, surface drainage can be controlled to a modest
degree. Locally drainage is to the west, as exemplified by
Buhne Slough, while to the east of the plant drainage is to the
northwest. A tide gate installed near the mouth of Buhne
Slough affords further control of waters in the Slough.

Geolog.r

Since most of the pre-Pliocene sediments containing
very little water do not occur in the nearby areas, we are
concerned primarily with the post-Pliocene deposits and, in
particular, with the upper Pleistocene and Recent Quaternary
deposits.

These latter sediments, of the water-bearing. series,
are the least consolidated and most permeable members of the
geologic formation and they absorb, transmit and yield water
in sufficient quantities to be of economic importance. These
are the materials that would transmit most of the water that
may occur in the area.

There are five water-bearing formations in the

vicinity of Buhne Point. First, the river channel deposits of
which the coarse gravels and sands in the active channels of
the river are the most recent; secondly, the alluvium, which
is the unconsolidated gravels, sands, and clays underlying the
alluvial plains and flats of the flood plains; thirdly, the
terrace deposits which are poorly consolidated mixtures of
gravel, sand and clay, on the higher benches and slopes of
the hills adjacent to the flood plains and river bottom lands.
These latter are slightly more consolidated in many cases than
the alluvium.

The Hookton formation, described by Ogle in 1953,
is a slightly consolidated series of gravels, sands and clays.
These materials in general where exposed are fairly tight and
consist largely of the finer constituents. Ground water in
the sands and gravel throughout this formation is apparently
confined. Some of the wells penetrating strata of this unit
are flowing wells. The source of supply or forebay area is
farther upslope to the east and to the south in the steeper
hills.

. _ _ . _-. ._. , __ _ _ _ __ . _ _ _ _. . _ _ _ _ - _ _ . _ _ _ . _ . _
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Underlying the Hookton formation is the Carlotta
formation, again described by Ogle.in 1953, which is similar,

to the Hookton though more consolidated and indurated and'

comprised largely of conglomerates, sandstones and claystone.
Again, ground water in the more permeable beds of this
formation appear to be confined and give rise to artesian
flows and pressure water in wells penetrating the formation.

The formations most pertinent to this study aret
~

the river gravels, alluvium, terrace deposits and, to a lesser
,

extent, the Hookton formation.

Thus it may also be seen that the geologic units
,

just referred to may be divided into two. important parts, the
alluvium and river gravels and terrace deposits, which are the
most recent-in age, which appear to contain free ground water
and may be recharged by streamflow and penetration of rainfall'

. on the surface.

In general, it is estimated from the well data and
geologic sections available that the materials containing
free ground water have a depth range of from 20 to about 70
feet below average ground surface in the flat, alluviated
areas and particularly in Elk River Valley in the vicinity
of Buhne Point.

Secondly, the tighter, more consolidated Hookton<

formation containing considerable amounts of fine materials
and aquifers which are frequently under pressure. The fact.

.

that rhe aquifers are under pressure implies confining beds
| overlying permeable strata and absorption of water is primarily

in a forebay area. It is important to recongize this as the
confining strata and the hydrostatic pressure will probably

;

prevent appreciable downward percolation of water and prevent.'

surface liquids from reaching the confined water-bearing

| strata in the Hookton formation.

f The areal geology, taken from U.S.G.S. open file
report, " Reconnaissance of the Geology and Ground Water Features

on the following pdges.boldt County, California,' is indicatedof the Eureka Area Hum: ,

'Indicated on this map are the location

,

1
,

i

,,.,m _ . - - - ,_..__# . . . . - _ _ , . - . . . . _ , , _ . _ , , _ , , _ _ _ , - , - _ - - _ , - < > - - - -_..-...y. . . - ,
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of two geologic sections A-A' and B-B' drawn th' rough the plant
area and also the location of the Pine Hill anticline from
Ogle's report. The geologic sections follow the geologic map.
The vertical scale of these sections is. greatly exaggerated
to show the tight surficial materials overlying the alluvium
and the approximate thickness of alluvium and channel deposits
in the vicinity of the plant.

Originally it was believed that surface and
subsurface flow in the coarse sediments of Elk River Valley
would be an important factor in controlling surface and
subsurface waters originating in the plant area. Study of
geologic and hydrologic data suggests that this idea should
be minimized for the following reasons:

1. Water from the plant area will probably not be
discharged directly into Elk River Valley.

2. The existence of a modest drainage divide between
headwaters of Buhne Slough and Elk River just
east of the plant site, and the possibility of a
ground water divide in this area.

3. The probable importance of surface and subsurface
flow toward the plant to the north from the
area east of Fields Landing.

4. Buhne Slough drains to the west. Elk River may

become important during periods of low stream
flow an'd high tides, at which times stream flow
reaching the bay may then move in a landward
direction to the limits of tidal effects,

possibly two miles inland.

Surface Flow

Elk River has a very low gradient and the lower
portion for several miles of the channel to its mouth is choked
with phreatophyte growth. The Geological Survey maintains a
gaging station called the Falk Station about three miles upstream
from the mouth where this station is believed to be out of the
zone of tidal effects. Tidal effects may well extend inland
from Humboldt Bay for one to two miles.
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'From a discussion.of stream flow characteristics
with personnel of the U.S.G.S., they have estimated that the
maximum velocity of surface flow in Elk River would not exceed
eight feet per'second in the area near Buhne Point and that
this maximum flow would rarely be attained. During periods of
' low flow and high tides, negative velocities of one to two feet
per second may occur for lLnited periods of time and might be
effective a mile or more inland from the Humboldt Bay boundary.
However, eventually all water discharged by Elk River will
enter into Humboldt Bay where tidal currents will take over.
Hence it would seem reasonable to assume low surface velocities
in Elk River'on the order of one to three feet per second most
of the time during low flows near Buhne Point. Since surface
runoff would normally enter near the edge of such a stream, side
velocities.would be at a minimum at the entrance point.

This applies to surface flows only and the ground
water flows below the surface will be dealt with separately.

Since a tide gate is installed near the mouth of
Buhne Slough, a degree of control may be exercised over the
movement of water in this slough'.

Waters falling on the ground surface in the Buhne
Point area would move with the drainage to lower elevations
and transported to the slough area near the bay. The surface
velocity would be greatest during storms and when the ground
is thoroughly saturated at lower elevations.

During heavy storms with high flows, water would
move rapidly overground to the channels, while at low flows
and low water table, following the same local drainage, it
would tend to seep to a limited extent into the alluvial fill.

Subsurface Flow

Due to many variations in soil conditions and other
factors, the rates of movement of water are variable. Rates
of movem'ent might be on the order of values, as follows -

1. Vertically through clays and silts 0.01 to
0.1 ft/ day.

2. Vertically through sands and sandy clay 0.1
to 10.0 ft/ day
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3. Vertically through sands and gravels 10 to
100 ft/ day.

4. Horizontally through clays and silts 0.1 to
1.0 ft/ day.

5. Horizontally through sands and gravels 100
to 500 ft/ day.

6. Horizontally through mixtures sandy clay and
sand 1 to 10 ft/ day.

The above figures should be used with judgment, as
they are only estimates of average rates of travel for various
types of materials under hydraulic gradients of unity. When
reducing these rates of travel to the normal water table
gradients existing in the alluvial fill materials in the
vicinity of Eureka, California,.it is obvious that for the
lower gradients the indicated values will be greatly reduced.

While data are not available to drau ground water
contours in Elk River Valley and vicinity, a Water Level
Profile, Eel River Valley, August 1952, has been prepared
from the U.S.G.S. open file report. This profile should be-
indicative of water table slope in the free water body of the
channel deposits and alluvium of Elk River and the profile
indicates a steeper slope in the upper reaches of the valley
and a much gentler slope within a few miles of the river mouth
at a point on Salt River about two miles northeast of Ferndale.
The profile indicates a seaward gradient and a similar gradient
is believed to exist in Elk River Valley.

Confined water in sand and gravel strata of the
underlying Hookton formation near the plant site exerts an
upward pressure. This force and the clayey material of the
confining beds would make it almost impossible for water from
the surface to reach the confined zone. Since surface waters
may not readily reach this zone,-it is not probable that
estimates of transmissibility in the confined aquifers vill
be needed. The vertical permeability through these materials 1

'

should be very low though the horizontal permeability should
be much greater.

_ _ _
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Test drilling at Buhne Point and other well logs
available indicate a thickness of several to 35 feet of tight

clayey material at and near ground surface. According to
Dames and hoore and others who drilled this area, the depths

at plant site average 20 feet. . Laboratory tests indicate
this to be a clayey material that might have a vertical
permeability of a fraction of a foot per day. For lower
slopes the rate of travel toward the more permeable lower
zone would be appreciably less. Hence it would seem logical
that surface water would have a relatively difficult time in
-reaching the shallow free ground water zone in the plant area,
and a much more difficult, time in reaching the lower ~ pressure

aquifers through the confjining layers.

Although topography is not detailed enough, there
appears to be a surface drainare divide north of the extension
of Spruce Point. Here Buhne Slough drains through the plant
area to the west, while to the east of the divide there must
be surface drainage to Elk River. The possibility of.a ground
water divide must also be considered.

Even though in a limited area near the plant ground
water might move westerly for a short distance, the rain mass
of movement should still be toward the northwest both from
the vicinity of Humboldt Hill and Elk River Valley.

While it is believed that most surface and ground
water moves northwesterly, with the exception of the local
westerly drainage of Buhne Slough, there are no data from
water table elevations to support such a hypothesis. The

block diagram indicaces geologic conditions near the plant~

site at Buhne Point.

While a seaward hydraulic gradient exists or is
believed to exist at the present time, heavy pumping in an
area inland might reverse the hydraulic gradient either in
the free ground water body near the surface or in the confined
aquifers at depth and possibly allow for sea water intrusion
or a change in direction of ground-water movement.

Since surface waters at the plant will not be

discharged directly into the Elk River Valley, they would
have to follow drainage channels or slowly percolate through
the surface clays to reach the water table. The chances of
surface water from the plant area reaching Elk River Valley
are rather remote.

- - .-.
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Because of the rather free interconnection of ground
water in the permeable channel deposits and alluvium of the
valley, heavy pumping might draw bay water into the channels
when the gradient is reversed and the bay water might permeate
the alluvial fill. This would probably be a temporary
condition and high winter flows would result in a flushing action.

Seismicity.- This area has been subject to numerous
earth shocks annually, some of appreciable intensity and
magnitude. This hazard poses a problem as to rupture of
installations with a possible attendant accidental spreading
of wastes. Water-level recorders have indicated some temporary
readjustment of ground-water levels during earth shocks in this
area. Such shocks might also cause mud spouts and surface flows-
for a short period of time in areas of alluvial fill containing
ground water. It is also conceivable that ground-water flow
might be reversed for short periods of time.

Conclusions

l. There is a lack of factual hydrologic data.'

2. A comparison of surface flow and subsurface
data in Eel River area suggests that ground water moves in a
northwesterly direction in both the free and confined areas
of Elk River and Buhne Point.

I 3. Surface flows may be on the order of feet
per second.

4. Vertical rates of movement of water in the
plant area may be on the order of fractions of a foot per day
in the tight surface clays and horizontal movement from feet
to hundreds of feet per day in the more permeable aquifers at
depth.

5. Movement of all surface and subsurface flow
is to the bay.

6. River and tide stages will have a considerable
effect on rates of surface and free ground water flow.

7. Waters on the surface of the ground in the plant
area would be primarily controlled by surface drainage, as the
rate of downward percolation in the surface clays and soils,

would be very slow.

. - - - - - . . - - - - - _ . - - - - - . - -- - __ - . - _ . -_
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The Geology in the Vicinity of the Pacific Gas and Electric Plant

at Euhne Point on Humboldt bay, California

by

G. H. Curtis

Su= mary

The atomic reactor plant of the Pacific Gas and Electric Company at
Buhne Point on Humboldt Eay is in a tectonically active region but is located
on unfractured rock no closer than 7h miles to any visible trace of a major
fault or 3i miles to any possible extension of a visible fault (the Little Sal-
mon Fault). The Freshwater Fault the nearest fault on which earthquakes have
occurredinhisterictimes,is9},milesawayatitsclosestpointtotheplant.
The plant appears geologically safe.

Introduction

Four days, May 15, 16, 17 and 18, 1968, were spent in the field study-
ing the faults in the vicinity of the P. G. and E. plant on Humboldt Bay, Cali-
fornia. The publisned geologic map of the Fortuna and Ferndale Quadrangles, by
B. A. Ogle (1953), was used as a base, additional field data being plotted on
the Fields Landing Quadrangle on a scale of 1:24,000 (Pl.1).

Particular attention was paid to the possibility that the Little Sal-
mon Fault, or a branch of it, might extend northward to the plant site frc= its
last occurrence shown on Cgle's map approximately four miles to the south near
Willow Ercok, Sect. 33, T. 4 N. R.1 W. , H. B. M. As can be seen on his map,
the Little Salmen Fault turns abruptly north about a mile south of the junction
of Salmon Creek and Little Salmon Creek. Although Ogle e. tended the fault only
to the vicinity of Willow Brook, he indicates a possible bil?rcation of the fault
at that point, with the eastern most branch heading northward,1.. Lhe general
direction of Fields Landing and Buhne Point. Since fissures were reported having
developed in the highway at Fields Landing at the time of the great 1906 earth-
quake on the San Andreas Fault and again during the Eureks Earthquake of June 6,
1932, it seemed possible that the reported fissures might mark the location of
a branch of the Little Salmon Fault where it intersected the highway at Fields
landing,13 miles south of the plant, and that it might still be an active fault.
As vill be shown below, however, no such extension of the fault occurs, ari the
fissures at Fields Landing are probably due to slump of unconsolidated landslide
debris.

General Geology

The two f ormations exposed at the surface within five miles of tne
plant in any direction are the Pliocene-a6e marine Wildcat and the Pleistocene-
age non-marine Hookton. Within this radius of five miles, the Wildcat is compes+1

i

l
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dominantly of blue-gray silty to sandy mudstone. Thin gravel lenses are rare,
constituting less than three percent of all observed exposures. Fossils of
invertebrates are sparse and of marine types. Further south along the Eel River,
Cgle was able to separate the Wildcat into three mappable units, but no such
separation can be made in the vicinity of the Pacific Gas and Electric Company
plant at Euhne Point. Ogle indicates a thickness of approximately 5,000 feet
for the Wildcat formation on his structure section in the vicinity of the plant.

The Hookton formation in the area under consideration contracts mark-
edly with the Wildcat formation, being co= posed of 200 to 400 feet of yellow-
orange sandstone, sandy gravel, siltstone, and claystone in approximately that
order of relative abundance. Most of these lithologic types are almost as well-
consolidated as the Wildcat formation, and they appear to have been deposited
under fresh or brackish water conditions; however, thin lenses of fossiliferous
marine blue-gray mudstone, identical in all respects to the mudstones co= posing
the Wildcat formation, can be seen interbedded with yellow-orange sandstone and
gravel typical of the Hookton formation along the freeway both north and south
of Fields Landing. Cgle quite understandably mapped these as Wildcat formation.
Now, however, owing to the excellent exposures afforded by the new freeway-cuts
at these localities, the interbedded relationship can be clearly seen.

In the few good exposures of the contact between the Hookton and Wild-
cat formations within five miles of the plant the contact is unconformable; but,
as described by Ogle, the unconformity is not great and the Hookton folds follow
the underlying folds of the Wildcat farmation closely but have somewhat less
steep imbs. The near conformity of the two fonnations is well illustrated in
the Pine Hill Anticline area east of the plant (Pl.1), where the two formations
almost lie parallel to each other for distances of two miles or more. In a few
places the anconfonnity between the two formations is profound, and it appears
that between deposition of the Wildcat and the Hookton there was local uplitt
and deep erosion of the Wildcat formation.

Subsequent to deposition of the Hookton formation, in probably mid-
Pleistocene time, there was a general but sporadic uplift which allowed the Elk
River and the Salmon and Little Salmon Creeks to cut terraces along their courses
into the Hookton and Wildcat for=ations on which were deposited patches of coarse
gravel. Ogle's map over-emphasizes the abundance and thickness of these terrace
deposits, owing te the difficulty in accurately delineating them; however, he
mentions in his report (1953, p. 63) that they are 5 to 25 feet thick. I have
cmitted them from my map, but their presence on several prominent benches along
these streams at an elevation of about 75 to 93 feet indicates that folding of
the area since their formation has been negligible. The presence of marine
Humboldt Bay mud deposits, resting unconformably on Hookton formation at Buhne
Point bnnediately adjacent to the plant, probably represents eustatic rise of
the sea consequent upon ending of the last great glaciation and melting of ice
approximately 12,303 years ago.

Detailed Geology

The plant rests on the Hookton formation. Owing to cut and till im-
mediately arcund the plant itself, no rocks are presently visible in contact
'dth the building. Drill-hole data obtained by Dames and Mcore previous to plant,

.-_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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i construction, however, indicate that to a depth of approximately 20 to 35 feet
at the plant site the strata are compact clayey sand and sandy siltstone. Al-

j most certainly these same strata are exposed on the cliff facing-Humboldt Bay
about 150 yards north cf.the plant, where they dip gently (10-12') eastward and;

I southeastward. Below 20 to 35 feet at the plant site are increasing amounts of

| interbedded gravel of pea to cobble size which occur in thin discontinuous lenses
,

to a depth of approximately 90 feet below the surface.. Probably the same sandy '

,I gravels are also exposed along the cliff mentioned above, west of the sandy silt-
j stone and dipping eastward below the sandy siltstone. Ogle (1953, p. 61) believes

'that a prominent gravel bed overlying blue clay at Buhne Point, approximately
1,200 feet northwest of the plant, marks the contact between the Hookton and Wild-<

cat fo=ations. This interpretation is probably correct and places the contact
.

j' of these two femations a little under 90 feet below sea-level at the plant site,
j or just below the deepest test-hole put down. Confimation of this is afforded
j by a test well, put down about 600 feet mutheast of the plant by Bechtel Corpor- ;

| ation,which shows sand with scattered gravel lenses to a depth of 130 feet and
- mostly blue clay below that depth, indicating that the Wildcat fomation had been'

reached. (Marlinve, 1959 & 1960; and Bechtel Corporation,1954).
,

I Although the cliff-section of strata north of the plant is not perfectly
exposed, owing to debris having been dumped there locally during construction of i

. the plant, most of the section is well-exposed, and nowhere are there indications
j of even =inor faulting.

Faulting

In their 1958 report of earthquake hazard at the Humboldt Bay Power
j- Plant of Pacific Gas and Electric Company, Byerly and Quaide dealt with the nine

known faults in the Eureka Fortuna area. With the exception of the Little Sal-
mon Fault, which I discuss below, al.1 of these are more than 9) miles from the ,

'

| plant at Humboldt Bay. As I have nothing more to add to the known geology of
these other faults than was given by Byerly and Quaide, I have simply reproduced
their comments about these faults, verbatim, in Appendix I.

i

| The Little Salmon Fault, as mentioned earlier, appears from study of
j Ogle's geologic map to have a probable northwani extension that might bring it
j into the vicinity of the Pacific Gas and Electric Company Plant. An effort was

; therefore made to trace it carefully from where it deviates sharply from its
365*W trend to its U20*W trend, near the west central edge of Sect.15, T. 3N.,
R. 17., H. E. M. South of this deviation in strike there are both surface and
subsurface data (Appendix I), indicating that the Little Salmon Fault and its t

{ branch (the Yager Fault) are high-andle reverse or thrust faults with their fault ;

i planes dipping northeastward. Ucrth beyond the deviation in strike, however, it |

) becomes apparent that the contact between the Hookton fomation and the Wildcat '

| femation, which Ogic evidently believed was a fault contact, dips southwest at
angles varfing between 20 and 35 degrees. Such a change in attitude implies that :!-

the fault suddenly changed from reverse movement to nomal movement where it !

changei strike' This is highly unlikely,

i i

| There appears to me to be only two possible interpretations to this
! sudden marked change in dip of the northern part of the Little Calmon Fault: c

1

1
1

!
<
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j 1. The north-trending section of the Little Salmon Fault is not the Little

! Salmon Fault but is a completely separate nomal fault that has been i

j intersected by the Little Salmon Fault.

2. The north-trending contact between the Hookton formation and the Wild-
# cat fomation. is not a fault contact at all but is a depositional . t

I
contact along a steep slope cut into the Wildcat formation after its
depositien and before deposition of the Hookton formation.

In either of the above cases, the Little Salmon Fault probably contir.ues
"s II65'W trend out through the southern part of Humboldt Bay, or dies out quickly'

in that direction.
a

;

j The field evidence supports the second interpretation. In most places

j exposures of the Hookton-Wildcat contact are poor, owing to heavy vegetation cover;
however, sufficient good exposures can be found in several gulches to show thati

I the contact is depositional and unsheared. Furthemore, Hookton formation over-

! lying Wildcat femation extends up ridgecrests for several hundred yards to the
east of where Ogle shows the " fault," and in adjacent gulches the Wildcat fema-;

tion can be found several hundred yards to the west of the " fault" lying beneath'

a cover of Hookton (Pl.1).
i
! If the Little Salmon Fault does not die out as it approaches Humboldt
i Bay, its most reasonable extension northwestward would place it along the southern-

most end of the bay no closer than 3h miles from the Pacific Gas and Electric
Company Plant. It should be noted that no epicenters occur anywhere in the south-'

: ern part of Humboldt Bay to indicate recent activity of this fault.
:

{ Fields Landing Slump |

; Immediately east of Highway 101, at the town of Fields Landing, is a

| sand quarry cut into the Hookton femation. It was here that Ogle (1953, p. 65)
! found several faults of small displacement. Probably some of these were removed
j or obscured by quarrying operations, because at the time of my visit only 4 ' hair-
; line cracks could be observed, two of which showed virtually no displacement and
! two showed a maximum of about 12 inches of nomal movement which seemed to die out
! along strike. The " faults" vary in dip from 47' to vertical and in strike from
i atout Ill5'E to N75'E, beinc markedly at odds with the prevailing northwesterly
) trend of all major faults in this region and showing no consistent pattern of I

! their own. The dips of the Hookton romation on the western edge of the quarry
j are much steeper (35*) than on the eastern edge (5-10*) and much steeper than

200 yards to the south. In addition, the N20*E strike of the beds in the quarry .|,

| contrasts with the almost east-west strike of bedding both north and south of L

; the quarry,
i

; The location of this quarry, with its anomalous structural features,
'

is along the crest of a small unnamed antic 11ne shown on Ogle's geologic map-
running through Humboldt Hill. It appeared to me that all of the anomalous

j features of the quarry can be explained in tems of its position on the plunging

i anticline, together with westward clumping along a bedding plane down the plunge
i of the anticline. Before the highway was located immediately west of whare the
! quarry now is, there is evidence that there was a wave-cut cliff fccing the town
j of Fields Landing, which was modified somewhat when the highway was placed at its
j base. The quarry-area seems to have slumped somewhat along this old cliff face; !

1

i
?
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and doubtless when the first road was constructed it was laid over the uncon-
solidated debr's at the toe of the slide. Almost certainly the ruptures in
the highway observed in 1906 and again in 1932 occurred at this point as a
result of further slight movement of this large slump or slide. Similar land-
slides of this kind are very frequent in this region, as inspection of Ogle's
geologic map will ectest.

Conclusions

The exposed rocks of the Hookton formation near the power plant of
the Pacific Gas and Electric Co=pany at Buhne Point on Humboldt Bay, California,
are fir = and well-consolidated and without visible fault-fractures. They appear
to be a stable foundation for the plant.

Therearenovisiblemajorfaultswithin7}milesoftheplantand
there are no reasons to suspect that any major fault in the entire area comes
closer than 3h miles to the plant-site. There appears to be no geologic threat
to the safety of the P. G. and E. power plant.

1
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G-4. Report on earthquake hazard at the
,
' Humboldt Bay plant, by Perry Byerly,

1969.
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neport on Earthquake Hazard at the Humboldt Bay Plant.
!

i Pacific Gas and Electric Company.

By Perry Byerly.

An earlier report was submitted in 1958. This report pre-
>

sents additional data and conclusion.

Foreword.

'

The investigation of the earthquake hazard consists of these parts:
i

1) The history of earthquakes in the region.

2) The distribution of instrumental epicenters located

from the records of seismographs.

3) A study of the geology of the site, including faults
:

i in the region (see report of Dr. Garniss Curtis):

a) To see if any pass through the site;

b) To see if the distribution of epicenters indi-

cates that any of these faults are active.

Summary of Conclusions.
i'

i) No faults pass through the site, and the geology of

the site is suitable.

2) The region is one of frequent moderately large

earthquakes.

3) For design basis an acceleration of 40% g is
:

I recommended.

4) For operational basis I recommend 25% g which was the

i
single acceleration recommended in my earlier report.

l

|

|

__ _ _ _ _ _ _ _ _ __ _ _ -
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Re California Earthquakes and Faulting.

A fault is a surface in the earth's crust where breakage

has occurred in the past. It is recognized by a field geologist

both by discordancies in the rock types across the fault trace

at the earth's surface and by physiographic evidence such as

displacement of streams and ridges, indicating horizontal move- !

ment, and linear scarps, indicating vertical motion. It takes

a trained geologist to recognize all but the most obvious recent

faults.

The continued program of locating epicenters of California
:

earthquakes confirms the earlier conclusions of Harry Wood (Ref.

') and Perry Byerly (Ref. 2) that many of the epicenters of.

smaller shocks do not lie on recognized faults although those

of the larger shocks do.
,

Here we are speaking of " instrumental epicenters", those

located by use of a group of seismographic stations. Such epi-

centers are supposed to indicate the point on the surface of the

earth above the point where the earthquake disturbance started--

if a fault is the source it is the place where the fault began

to break. In contradistinction, there is the " field epicenter",

the olace where the earthquake had the greatest intensity--did

the most damage. This may well be at some distance from the

fault, on the alluvial fill of a valley.

Wood wrote: "As with the large earthquakes, many of the

,
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smaller shocks, say from Magnitude M = 5 or M = 4 5 downward,

are or may reasonably.be associated with the more important
~

faults which emerge at the surface. However, from the beginning

of the systematic work of locating shocks by means of the data

furnished by seismograms it has been conspicuous that some of

these shocks, ultimately many of them, for which good locations

have been determined cannot reasonably be associated with these

more important faults. Moreover, a considerable nitsber of these

epicenters cannot reasonably be associated with any known

fault "
. . .

When the epicenters of small earthquakes do lie on recog-

nized fault outcrops.or very near them, we may conclude that the

fault is " active". However, if the epicenters are scattered over

a considerable area we are slow to say that they represent a net-

work of faults covering the area. (In the location of these epi-

centers we have taken it that we know the velocity of seismic

waves in the' region and that they are the same in all directions

from the source.)

The San Andreas Fault.

Regarding the San Andreas Fault, haxwell Allen pointed

out to a Seismological Society meeting in the early 1930's that

the portions of the fault on which major displacements occurred

at the times of the very great earthquakes of 1857 and 1906 are |
|

Very quiet, whereas the regions at either end of these breaks

are the seat of many moderate and small shocks, i.e. the Imperial

|

i

.

_ _ . _ _ _ _ _
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Valley, the area from San Luis Obispo County to San Francisco,

and the Cape Mendocino region. Byerly in 1937 (Ref. 3) drew

attention to this and opined less transverse compression in the

regions where the fault was freer to slip--more moderate shocks,

but no very large ones. In 1967 Clarence Allen (Hef. 4) writes,

"In summary, the author suggests that those two segments of the

San Andreas fault that have been characterized by great earth-

quakes within the historic record, in 1857 and 1906, have like-

wise generated infrequent great shocks throughout the recent-

geologic past, and that the present absence of small earthquakes

i and creep is typical of the past and probable future behavior

| between large shocks. The three remaining segments of the fault,
1

on the other hand, are currently the sites of abundant small and-

moderate earthquakes, together with fault creep, and it is sug-
'

gested that this behavior stays relatively constant with time;

truly great earthauakes are unlikely in these areas."

The phenomenon of creep on the fault has been generally

recognized only in the last ten years.

Regarding the Cape hendocino area, the record of the-

period for which magnitude is arailable shows eleven earth-

quakes of magnitude 6 or greater. They are:

North West
Date M Latitude Longitude

Aug. 4, 1910 6.8 42 127

De c . 31, 1915 6. 5 41 126o

Jan.31,1922 73 410 125 5
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North West
Date h Latitude Longitude

Jan. 22, 1923 7.2 40 5 124o.5
040 .7 1240 5June 6, 1932 6.4

Feb. 9, 1941 6.0 40o.7 125 4

May 13, 1941 6.0 400.3 125 0

40 .4 124 .80oct. 3, 1941 6.4

Dec. 21, 1954 65 40 .8 1240.1

oct. 11 1956 6.0 400.7 125 .8
0Aug. 8, 1960 6.2 400.3 127 .1

.

It seems reasonable to conclude that no earthquake of

magnitude over 7 5 need be feared off cape Mendocino.

Earthquake History.

(See Ref. 5 to 13)
The Humboldt Bay area is subject to . frequent moderately

large earthquakes. Tables 1, A, and B present 'the history.

Table 1 is essentially that presented in my first report except for

some changes from Rossi-Forel intensities to Modified Mercalli

intensities. The intensity is given most frequently for Eureka,

which is only a few miles (about 8), from the site, because it

has the most complete record. Map 1 plots the data from Table

1. hap B plots only instrumental epicenters of earthquakes of

magnitude 5 or greater, unless the intensity at a city near the
site was VI or greater, in which case the epicenter is plotted

even though the magnitude was less than 5

t

1
. . -- . . . - , - - _ _ . - - .- . .- --
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Table E lists the data on which Map E is based.

Table A lists the earthquakes of intensities VI or

greater which occurred before instrumental epicenters were

available.

There is only one earthq"ake historically recorded in the

Eureka area ~ with an observed surface fault break. This was the

great earthquake of April 18, 1906. The report of that earth-

quake indicates that as well as the great fault break to the south,
a fracture occurred which began at Upper Mattole, 35 milee south

of Eureka, and disappeared beneath the sea at Shelter Cove.

Many of the earthquake reports indicate fissures in the

area. These were not fault breaks but cracks due to differential
settling of poorly consolidated fill. This can occur at sone

distance from the epicenter of the shock, and does not indicate

an active fault at the place.

The Distribution of Epicenters

On Map 1 is plotted all the instrumental epicenters

available , at listed in Table 1. The large circle on the

nac represents the area within 30 miles of Eureka .

We now look to see if any of these epicenters tend to

indicate that any of the faults shown on the nap included in the

report of field geologist Dr . Ga rnis s Curtis a re a c t ive . In view

of the discussion in the above paragraphs we are not surprised at

the scatter of epicenters of the smaller earthquakes, plotted ac

.

I
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open circles. We conclude that the False Cape shear zone near

the Humboldt Base Line is active, and probably the Freshwater

Fault. The latter conclusion is based almost wholly on the

epicenter of the earthquake of December 21, 1954

The plethora of epicenters off the coast (which extend

to sea beyond our maps) are of ten vaguely referred to as the

San ar ireas Fault Zone.

Design Basis Earthouake * (CEE)

Inspection of the history indicates that a Modified Mer-

calli intensity of high VII in the site area (Eureka) describes

all of them except perhaps that of October 1, 1865 The fullest

report of this shock is from a Petaluma paper and is given in
r

Table A. The description of the effects on structures would

place it in the VII category. But we have the statement of

"many a majestic tree uprooted" which seems inconsistent with no

reports of collapse of masonry walls and the like. Cracks in

the bayshore fill have been commonly reported, but here it is

said to be "two miles wide"! (Ref. 5 and 6) I feel that a high

VII or low VIII should be used to describe this earthquake in

the vicinity of the site.

I suggest that a strong VIII with an acceleration of 40%'g

be used for design basis -- safe shutdown.

Hershberger's Correlation:

Regarding tne use of Hershberger's correlation of

* LBE, the earthquake (larger than any on record) for which
Class I structures should not lose their functional capabil- 1

ities, including safe shutdown.
'

1

. . _ _ .___ , _ . _ _ _ _ _
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intensity with acceleration in the higher ranges, see attached

graph on which Hershberger's curve is the steeper of the two.
The other is the Gutenberg-Bichter correlation.

1) Note .that there is no good theoretical reason that the

logarithm of acceleration and the intensity should have a linear

relationship.

2) Note that for the strong intensity VIII where Hershberger
,

gives us 40% of g, Gutenberg and Richter's correlation gives us

17% of g.

3) Note that for intensity average VIII Hershberger's formula

gives 33% of g but the observed point on the-graph is 25% of g.
:

His formula is overshooting his observations.

4) Note that intensity X which has been assigned to the

El Centro earthquake of 1940 would be correlated with 70% of g

by Gutenberg-Richter, while Hershberger's curve prolonged to

that intensity would exceed 200% of g, whereas the famed El Cen-

tro accelerogram of this shock gave 33% g.
-t

It is clear that when we get to high intensities we have
i

!
to give up the straight line relation.

If we grant that correlation of accelerations and
a

intensity as given by Hershberger or-Gutenberg-Richter is/ fair

approximation in the lower ranges, we seem to be forced to the
conclusion that once the structures of man begin to fail the

.

-,m. , , , - _ .m_- . - _ _ _ . . , - . _ -.. , , , _ _ _ , , . . , _ y- --.,-w _ ,, , , , ,- -
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Harshberger, John "A Comparison of Earthquaks Acoeltrations
with Intensity Ratings", Bulletin of tho Seismological Society
of America, Vol. 46, No. 4, October,1956.

COMPARISON OF EARTl!Qt'AKE ACCELERATIONS 319

of all the ratings published for a single severe earthquake. The earthquake chosen -
for this purpose was the big Kern County shock of July 21,1952. For this shock
1,151 ratings have been published, and the ' analysis is shown in curve C. This curve,
too, has a sharp peak similar to the others, with 465 ratings at the top, but this
time the peak comes at intensity 6.
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Finally, curve D shows an analysis of the same ratings as those in curve C, and
on the same scale, except that deletions have been made so as to include only on.-
rating from each locality. Evidently these deletions have not had any important
etTeet on the shape of the curve.

These analyses and curves may not prove that my method of selecting the data
was absolutely foolproof, but, in any event, I do not know of a better method.

Cetting back to the main subject. that of comparing accelerations with intensi.
ties, the comparisons inade are shown in fleure 2. Each dot in the figure. except

,

the circled ones, represents one comparison; that is, it represents an acceleration'

.--_ . - _ - . _ . _ . . . _ . - _ ,_ ,_
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.

increment of acceleration necessary to produce much greater

damage (i.e. to increase the intensity by a unit) decreases.
If it is desired to tie this hypothetical maximum earth-

quake to a fault we can proceed as follows:
The Freshwater Fault has been presumed to be active (see

geological report) because several epicenters have been located

very near it, as shown on the maps. It in the nearest such

fault to the site.

The largest earthquake assigned to this fault since instru-

mental records are available is that of December 21, 1954 It

had a magnitude of 6.5 and its intensity in the site area was VII.
The maximum acceleration for this shock was 0.23 g at Eureka and

0.16 g at Ferndale. Let us assume an earthquake of magnitude 7

on this fault. At its nearest point the fault is 15 km. from

the site. From Gutenberg and Benioff (Ref.114) we find they

advise an intensity VIII at distances between 10 km. and 25 km.

from a source of magnitude 7. Therefore a fairly ~high VIII may

be taken and correlated with 40% g as design basis.

Operational Basis Earthouake (OBE)

For the operational basis earthquake I recommend 25% g.

as I did in my 1958 report. In getting this single value I had

put in my own factor of safety, and I do not feel that it should
be doubled for the design basis earthquake (DBE), for which I

think the value 40% g is ample.

.- _ _-- - - . _ - _ - - ._
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Spectra

As a starting base-for drawing the spectrap I advise the

use of the Ferndale acceleration spectrum (carresponding to maximum

ground acceleration 0.16 g) cf the September 11, 1938 earthquake t e

pre 5ented by Alford, Housner anc rhrtel in "5pectrum Analyses nf

Strong-Motion Earthquakes", Caltech Report, August 1951, Revised,

August 1964, Figure 64

We select this because Ferndale is near the site (about 10
miles) and the geologic underground foundation on record for it is
the same as for the site (both taken from Ogle).

This spectrum should be smoothed allowing the numerous spikes

to lie on either side of it. The maximum ground acceleration for

this record was.0.16 g, according to Housner, Bull. Seis. Soc.

America, 43, pg. 101, 1953
The accelerations read from these smoothed spectra should be

normalized by multiplying each acceleration by 0.25/O.16 for the

operational base, and 0.40/O.16 for the design basis spectra.
' Plot these on a tripartite graph.

Since the earthquake on which these spectra are based had a

magnitude of only 5.5, and shocks we fear will be larger and there-
fore contain more long period motien, adjust for this on th'e tripartite

graph by not allowing the velocity.to decrease for longer periods
| following its maximum value. This is a customary procedure . It

results in a higher acceleration for longer perjods than would the

directly normalized spectra. (It also requires a continued increase
'

in displacement which may be questioned, but which seems unimportant
,

in this connection'.)
i

The response spectrum for OBE is given on Fig. 3 j

l

We may safely assume that the vertical component of the ground l

)
'

acceleration will be two-thirds the horizontal.
4

.- - - . . _ _ , , , . . , , . _ . , _ - . _ . _ , , . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . - . _ , _ _ , . . _ _ ., , _ _ , . . . . . _ . , _ - . , _ _ , _ , . _ , . . . . . . _ _
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Conclusion.

The adoption of 40% of gravity for " design basis", or

greatest plausible earthquake, is conservative.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ l
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Table A.

Earthquakes of Intensity MM VI or Greater, in the

Period before Instrumental Ericenters were Available.

Intensity *

Date at Eureka Effects at Eureka

. 1853, Oct. 23 VII ? Houses rolled like ships at sea, and the
wharf sank four feet.

1855, Mar. 19 VI ? Flow of streams affected and milk thrown
out of pans.

1865, Oct. 1 VIII ? The Petaluma Journal and Argus for October
12, 1865, reports scarcely a house in town

(Eureka) escaped fracture in its brickwork. Most of this seems to
have been chimncys down. "The steeple of the 1st Cong. Church swayed
to and fro. . and in the forests of redwood which lie adjacent to.

the town many a majestic tree was uprooted".. At Fort Humboldt, a few
miles south of Eureka, the soldiers had a " crevice of about two miles
in width . . (open) beneath their feet."

1871, Mar. 2 VII Shook cornices off some buildings.

1899 Apr. 16 VI? The iron flue connecting the boilers and
smokestack of lumber mill was loosened.

1906, Apr. 18 VII In Eureka several frame buildings were
twisted, many chimneys toppled, several

panes of glass were broken, and pendulum clocks stopped. At Field 's,

Landing- "the shock opened a fissure over 100 feet long in the middle
'

I

of the road, which six teams spent one day in filling. Pelican
Island, as it is commonly called, opposite Field's Landing dropt 3
feet at the point where the United States pile beacon stands." (From
the Report of the State Earthquake -Investigation Commission, on the
California Earthquake of April 18, 1906.)

1907, Aug. 11 VI VI at Fortuna, but Eureka lists only
"quite heavy".

1908 Aug. 18 VI Several plate glass windows were cracked,
a few chimneys tumbled, and statues on the
roof of the courthouse were damaged.

1909. Oct. 28 VII Very heavy earthquake, a number of chimneys
tumbled down, store goods were thrown from
the shelves, clocks stopped, and telephone

'

and telegraph lines were put out of commission.
(VIII at Fortuna)

4

e

e - - - a- . . .- ,.,,.,,_,..,.m _ __ ,,-_--,,..,-..__m __ _ - . . , - - . _ , _ _c ,. .-.



.

Table A, Page 2.

Intensity
Date at Eureka Effects at Eureka

1918, July 14 VI Buildings' swayed alarmingly. Magnitude 6.5

1919, Sep. 15 VII Four shocks. The first, and most severe,
demolished some chimneys and broke windows.

1927, Aug. 20 VII Considerable damage was done in Eureka in
the way of cracking of walls, fall of
plaster, cracking and fall of chimneys, and

damage to goods which were thrown from the shelves in stores. The
County Courthouse and the Federal Building suffered extensive damage
in the cracking of plaster and walls. Water pipes were broken in the
latter building. (From Perry Byerly, "The Eureka, California, Earth-
quake of August 20, 1927.") VI at Ferndale.

1930. Sep. 22 VII _ Chimneys down, dishes thrown from shelves.
Field's Landing: chimneys cracked and
dishes thrown from shelves.

1
4
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Table B.

Earthquakes with Instrumental Epicenters --

M agnitud e 5 or Greater -- or Intensity VI or Greater.

---Epicenters--- Intensities; and Maximum
Degrees Degrees Acceleration at Ferndale

Date E N. Lat. W.Long. in R. when available
_

1922, Jan. 31 .73 41 125i V in Eureka. Felt over an
extremely large area of
northern-California.

1923, Jan'22 7.2 40h 124 VI at Eureka. Only minor
damage.

: VII at Ferndale, Petrolia.

1931, sep, 9 58 40 124 VI at Ferndale.
IV at Eureka.

.

1932.. June 6 6.4 40 45' 124'30' VII in Eureka. Two large brick0

stacks (both 150 feet high)
were damaged, almost all brick-

chimneys around Humboldt Bay were damaged, and
most of them completely demolished. On the high-
way at Field's Landing a crack running in an east-
west direction-transverse to the road was formed,
but there was no evidence that it extended farther
than the edge of the concrete pavement. One oerson
was killed and another severely injured in cureka.
Electric power was interrupted for only a few md

_ . _ _ _ _ _ _ . _ _ _ . _ _ . _ . . _ . . _ _ _ . _ . _ . .~ __ _ _ _ _ - _ _ _ _ - . . _ _ _ _ - . _ _ _ _ _ _ _ _ _



Table B. Page 2

---Epicenters--- Intensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in g, when

Date M N. Lat. W.Long. available.

minutes, and the water system in Eureka remained
intact. No fires followed the earthquake. (From
Neil R. Sparks, The Eureka Earthquake of June 6,
1932.)

IV at Eureka.
1935, Jan. 2 58 4094' 125 7 windows rattled, walls creaked,

and chandeliers swung.
V at Alderpoint.

1936, June 3 5 40.2 126.4 IV at Eureka. Slow rocking ,

and rolling motion.
V at Ferndale.

1937, Feb. 6 58 40 5 125 2 V at Eureka. Pendulum clocks
stopped, bushes shook, and
hanging objects swung.

1938, Sep. 11 5 40 3 124.8 V at Eureka. Felt by all;
hanging objects swung.
VI at Ferndale.

1940, Nov.19 Offshore Objects swung, dishes rattled,
walls creaked, and bushes
were disturbed. V at Eureka.
VI at Field's Landing.

1941, Feb. 9 6 40 7 125 4 overturned small objects, and
.

shook trees and bushes.
V at Field's Landing. VI at Eureka.
Maximum acceleration at Fern-
dale in g: 0.05

1941, May 13 6 40 3 125 0 III at Eureka. Felt by few.
Maximum Acceleration at Fern-
dale: 0.001 g.

1941, Oct. 3 6.4 40 3/4 125 VI at Eureka. Plaster cracked
and fell, chimneys cracked and
twisted; was felt by and i

frightened all.
Maximum acceleration at Fern-
dale in g: 0.12

1944, Jan. 12 51 40 3 124.9 y at Eureka. Hanging objects
swung, s=all objects. disturbed.

1944, Jan. 16 51 40 3 125 1 IV at Ferndale.

.. - __ - - _ _ _ _ _ . . _ _ - _ - - - , - - _ .
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Table B, Page 3

---Epicenters--- Intensities; and Maximum Accel-
Degrees Degreds eration at Ferndale in g, when

Date M N. Lat. W.Long. available.

1945, May 2 50 41.2 123 5 V at Eureka. Fixtures swung,
disturbed objects.
(Acceleration 0.004 g at
Eureka. )

1947 May 27 52 40.4 124.7 V at Eureka.
VI at Upper Mattole.
Maximum acceleration at Fern-
dale: 0.03

1947 sep. 23 53 40.4 125 1 V at Eureka. Awakened all,
frightened many, hanging
objects swung. Maximum accel-
eration at Ferndale: 0.02 g.

1948 Aug. 18 50 40.5 124.7 V at Eureka. Disturbed objects.
V at Ferndale. Maximum accel-
eration at Ferndale 0.02

1951 Apr. 1 5 40 5 125 3

1951 Oct. 7 58 40 17' 124038' V at Eureka. Disturbed objects.
many frightened.
V at Ferndale and Field's Land-
ing. Maximum acceleration at
Ferndale in g: 0.02

0124 03' VI at Eureka. Large windows040 26'1951 Nov.14 4.7
broken. VI at Ferndale. Max-
imum acceleration, Ferndale,
in g: 0.02.

1952 sep. 22 52 40012' 124o25' V at Eureka. Felt by most,
disturbed objects. Maximum
acceleration at Ferndale: 0.05 8

1954 Dec. 21 6.5 40 49' 124 c5' VII at Eureka. VII at Field's
Landing. Maximum acceleration
at Eureka 0.23 g. hazimum ac-
celeration at Ferndale, 0.16 g

The old City Hall and old County Courthouse in
Eureka were extensively cracked; several old poor-
ly constructed brick walls bulged, and there was
some parapet damage, but_ damage in the main was to
chimneys, plaster, plate glass windows, and
merchandise. In the poorly consolidated ground
areas north and east of Eureka there were some

.-- -- . . ...
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Table B, Page 4

---Epicenters--- Intensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in g, when

Date' M N. Lat. W.Long, available.

1954 Dec. 21 65 Pipe line failures and Eureka's main water reser-
( continued ) voir (constructed in two halves) was. cracked in

one half. Numerous breaks occurred in Eureka's
water distribution system, but none were serious.
Two tall industrial stacks, cracked in the 1932
earthquake, were again cracked. One elevated
steel tank (not earthquake resistant) had broken
rods. U.S. . Highway 101 between Eureka and Arcata
was cracked and bulged to some extent, but no
serious damage occurred to roads or bridges. A
press report stated, "A large section of the older
downtown area of Eureka settled from two to six
inches. The area bounded roughly by E Street,
Fourth Street, Broadway and the Bay at one time
was a tidal mud flat and was filled to allow con-
struction of buildings. This sector of the city
has been settling gradually for many years, but
sank rapidly during the earthquake . . One man
fell into Humboldt Bay and was drowned, and a num-
ber of people were injured by falling objects."
(From the U.S. Coast smd Geodetic Survey.)
Maximum acceleration at Eureka 0.23 g.
Maximum acceleration at Ferndale 0.16 g.

1954 Dec. 30 53 40.8 123 9 VI at Eureka. Flaster cracked,
windows broken, chimneys down,
and water transmission lines
broken. Maximum acceleration
at Ferndale in g: 0.02.

1956 oct. 11 6.0 40.7 125.8 V at Eureka. A few dishes
broken. Maximum acceleration
at Ferndale, 0.02 g.

1958 May 24 4.8 40 3 124.1 VI at.Ferndale. V at Field's
Landing, Alton, Fortuna,
Loleta. Maximum acceleration
at Ferndale,-0.02 g.

1959 July 23 58 41.1 125 3 IV at Eureka.

1959 Dec. 5 51 40 3 125 4 V at Alton, Ferndale, Field's
Landing.

1960 June 5 57 40.7 124.9 VI at Eureka, Ferndale.
V at Alton, Field's Landing,
Fortuna, Loleta. Maximum
acceleration at Ferndale,
0.07 g.
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Table B. Page 5

---Epicenters--- Intensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in g. when

Date M N. Lat. W.Long. available.

1960 Aug. 8 6.2 40 3 .127.1 V at Ferndale, Fortuna. IV at
Field's Landing, Eureka. Max-
imum acceleration at Ferndale.
0.06.

1960 Dec. 27 54 41 5 125 0 V at Ferndale. Reported not
felt at Field's Landing.

1961 Apr. 20 5 40.1 124.8 V at Eureka, Ferndale , Field 's'

Landing, Loleta.

1962 July 14 50 40 3 124.7 V at Field's Landing, Fortuna.
IV at Loleta, Ferndale , Alton..

Maximum acceleration at Ferndale
0.02 g.

1962 Aug. '23 5.6 41.9 124.6 V at Ferndale. IV at Field's
Landing, Eureka, Loleta,Fortuna.

1962 Sep. 4 50 41.0 124,4 VI at Eureka.
V at Ferndale and Field's ,

Landing.

1965 sep. 15 56 40.4 125 7 IV at Eureka. Ferndale.
III at Fortuna.

1967 Dec. 10 58 40 5 124.6 VI at Ferndale. V at Field's
Landing and Scotia.

,

1968 June 25 58 40.4 124 5 V at Eureka, Ferndale, Field's
Landing, Loleta.
IV at Humboldt Day Power Plant.

.
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Table 1.'

Earthauakes in the Vicinity of Eureka, California,
;

to J ne 25, 1968u

4

Epicentral Intensity

Date Region at Eureka Effect at Eureka

1853, October 23 Humboldt Bay VII ? Houces rolled like chips at sea,
and the wharf sank four feet.

i 1855, March 19 Humboldt County VI ? Flow of streams affected and
milk thrown out of pans.

1855, October 1 Eureka VIII

The Petaluma Journal and Argus for October 12, 1865, reports scarcely a
house in town (Eureka) esemped fracture in its brickwork. Most of this seems

to have been chimneys down.- "The steeple of the let Cong. Church swayed to and
fro . . and in the forests of redwood which lie adjacent- to the town many a

.

majestic tree was uprooted". At Fort Humboldt, a few miles south of Eureka,
the soldiers had a " crevice of about two miles in width . . (open) beneath
their feet."

18o5, October 3 Humboldt County V Heavy shock.

1869,_ June 12 -Humboldt County V Shaxp shock.

1871, March 2 Humboldt County VII Shook cornices off some
buildings.

1873, November 22 At soa north of VII duch damage to property.

Cape Mondocino

1877, August 27 Eureka -- --

1883, January 3 Eureka III Light, no damage.
!

1884, January 27 Humboldt County IV Moderate.

1884, April 6 Eureka III Very light.I

1884, April 8 Eureka III Very light shock (s) .

Sharp shock.1889, August 12 Eureka --

Light shock.1859, December 20 Eureka --

;
Two shocks, the first light- 1890, April 25 hureka --

and the cocond charp.- ,

,
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Epicentral Intensity

Date Region at Eureka Effect at Eureka

Wite a sharp shock.
1890, July 4 Eureka -

1890, July 26 Petrolia VI Clocks stopped.

Moderate aftershock.1890, July 27 Eureka -

Several light suocks.1891, June 20 Eureka -

Light shock.1892, January 22 Eureka -

Sharp shock.1893, Januan 9 Eureka -

Light shock.1893, Februay 22 Eureka -

Light shook.1893, February 23 Eureka -

;

Light shock.1893, April 13 Hydesv111e -

Two heavy earthquakes, no1894, September 30 Eureka -

damage.

Heavy shock.1895, January 8 Eureka -

Sharp shock.1895, April 1 Eureka -

No damage reported.1595, August 6 Eureka -

Light shock.1895, October 5 Eureka -

2 Two very light shocks.
1895, October 15 Eureka -

Light shock.
1895, November 18 Eureka -

mite a heavy shock.
1895, December 6 Eureka -

A sharp earthquake.
1896, February 13 Weaverville -

Doors, windows, and movable-
1896, April 22 Eureka -

objects rattled.

Light shock.,

1896, June 9 Eureka -

Five distinct shocks.1897, March 6 Eureka -

A severe shock.1897, September 17 Eureka -

A slight earthquake.
1897, October 28 Eureka -

.
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Epicentral Inten sity

Date Region at Eureka Effect at Eureka'

Slight-windows and doors1897, November 25 Eureka -

rattled.

Buildings swayed and windows and
.

1897, November 27 Eureka -

doors rattled loudly,*

i

Windows and doors rattled.1898, January 29 Eureka -

4

: 1898, April 14 Eureka - -

d

clocks were stopped,1898, April 14 Humboldt county -

and Mendocino
County'

,

A severe earthquake.1898, september 9 fureka -

',

A light earthquake.i 1898, October 19 Eureka -

A light shock.1898, November 25 Eureka -

1899, . April 16 Eureka V7 The iron flue connecting the
boilers and smokestack of
lumber mill was loosened. ,

Light shock.
1 1899, April 18 Eureka -

| Light earthquake.'

1900, January 21 Eureka .-

Light earthquake.1900, April 14 Eureka -

Very light chock.1900, April 16 Eureka -'

Very light earthquake.;

1900,- October 1 Eureka --'

slicht earthquake.1903, February 25 Eureka -

1903, December 9 Eureka V Two cuccessive jolts stopped

I clock s.
4

Very light earthquake.1904, January 11 Eurd.a --

Qpite a heavy carthqu&.e.;

; 1904, March 26 Eureka -

', A light earthquake,
; 1904, July 6 --

Light shock.
i 1904, September 14 Eurcha --

Qpite a cevere earthquake.1904, December 4 Eureka -

i

I

j

I

..
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I.
.

I

d

i
Epicentral Intensity

Date Region at Eureka _ Effect at Eureka*

.

i 1906, April 18 San Francisco VII

i

In Eureka several frame buildings were twisted, many chimneys toppled,
several panes of glass were broken, and pendulum clocks stopped. At Field's

.

'

Landing- "the shock opened a fissure over 100 feet long in the middle of the:

! road, which six tecas spent one day in filling. Pelican Island, as it is com-
) =enly called, opposite Field's Landing dropt 3 feet at the point where the

United States pile beacon stands." (From the Report of the State Earthquake
i Investigation Commission, on the Califomia Earthquake of April 18,1906.)
,

:

f 1906, igril 18 Eureka (?) III (05: 22 a.m. P .S.T. )-

-
~

Slight. (12: 25 p .m. P .S.T. )1906, April 18 Eureka (?) -

Slight. (03:00 a.m. P.S.T.)i 1906, April 19 Bureka -

Slight. (05: 22 a.m. P .S.T. )f 1906, April 19 Eureka -

4, '

Slight. (10s 30 a.m. P .S.T. )4'
1906, April 19 Bureka -

. (11:10 p.m. P.c.T.)
| 1906, April 19 Eureka - -

Slight.j 1906, /gril 20 Eureka --

1906, April 23 Eureka 7 to VI Stopped clocks.
: |

1
Slight-[ 1906, April 23 Eureka - .

!

Sharp .
| 1906, lgril 27 Eureka --

i

;I 1906, !gril 30' Eureka - -

b Shook windows. I

1906, May 9 Eureka --

Slight sudden jolt. ;t

1906, May 10 Eureka -

Shook buildings, most severe1906, June 7 Eureka -

since April 18. |i
I |
; 1906, June 10 aureka - -

i
very light.

i 1906, June 13 Eureka -

:!
- (10:00 p .m. P. S.T. ).

I 1906, July 9 Eureka -

1

- (11: 37 p.m. P.S.T. )1906, July 9 Eureka -

1

! Light.
! 1936, July 30 Dureka -

I

}

I
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Epicentral Intensity-

Date Region at Eureka Effect at Eureka

Very light.1906, August .1 Eureka -

1906, November 7 Eureka -- --

Upset vases.1906, December 25- Dureka --

Light.1907, January 14 Eureka --

1907, February 25 Eureka -- --

Very light steady shaking of1907, August 8 Bureka --

the earth for nix seconds.

1907, August 11 Humboldt County VI VI at Fortuna, but Dureka
lists only "quite heavy".

Very light earthquake shocks.1907, August 12 Sure'ca -

Light.1907, August 23 Eureka --

Slight.1907, August 26 Eureka --

aaite a heavy shock.1907, October 7 aureka --

The jolt shook buildings.1907, October 14 Eureka --

aaite a perceptible earthquake1907, October 23 Eureka - - -

shock.

Very light.1907, October 28 Eureka --

Slight.1907, Novester 22 Sureka --

1903, January 3 Eureka -- Heavy harthquake, distinct jolt.

Light earthquake. ,

1903, April 18 Dureka --

Light earthquake.1903, July 10 Eureka --

i

1908, kagust.18 Hustoldt 3ay VI Several plate glass windows were
cracked, a few chimneys tumbled,
and statues on the roof of the
courthouse vere damaged.

A light earthquake.
1908, December 8 Eureka --

Very perceptible.
1909, May 17 Uppor nattole --

A light earthqudce.
2909, June 28 Sureka --

)
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Epicentral Intensity

Date Region at Eureka Effect at Eureka

1 1909,. october 28 Eumboldt County VII Very heavy earthquake, a number.

(Fortuna) of chimneys tumbled down, stored

goods were thrown from the
shelves, clocks stopped, ands ,

telephone and telegraph linesI

were put out of commission.
j

Very light.1909, November 1 Eureka -

Very light.1910, January 29 Rohnerville -

,

Very light.1910, Febraary 14 Rohnerville -

.Q2ite a heavy earthquake, con-1910, March 18 Humboldt County" -

tinued without cessation for
' about 49 seconds, the longest

earthquake ever felt in the city,
but no damage.

,

i
'

A sharp earthquake stopped office1910, August 4 Eureka -

42 N, 127 W clocks. (Magnitude 6.8)0

A light earthquake.1910, August 26 Humboldt County -

;

1
A very light shock.

{ 1910', Dece=ber 12 Eureka -

Light.
; 1911, March 11 Eureka' -

. Very perceptible.1912, February 2 Eureka -

|1914, April lo Eureka III to IV -

'
i

1914, August 14 Eureka IV Rattled. windows.
|

| 1914, December 10 Eureka II Abrup t jolt.

4

|
1914, December 12 Eureka -- -

.

[ 1915, February 18 Rohnerville II to III One sudden jolt.

! 1915, May 6 Mendocino Coast II -

1915, July 22 Eu reka III Chandeliers shaken.
I

1915, December 31 off Humboldt coast III Magnitude 6t'
I 41 N, 1260 W

i

! 1916, May 16 Eureka III Two shocks.
i

i

!
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; Epicentral Intensity

Date Region at Eureka Effect at Euraka'

1

1916, July 4 Humboldt County V Three distince shocks.
(Ferndale)

.

1916, August 23 Eureka V Felt by practically everyone.

1917, June 26 Eureka ~IV One bump.

1917, September 12 Eureka IV Rattled. windows.

| 1917, October 26 Eureka II Houses creaked.

i 1918, January 14 Eureka -- --

1918, February 23 Eureka IV Felt by many.
4

1918, March 2 Bareka III Felt by several.I

j~

: 1918, April 16 Eureka V Distinct bump.

.1918, July 14 Off Humboldt Coast VI Buildings swayed alarmingly.
410 N, 125 W Magnitude 6t

7
:
.

|
1916, July 21 Eureka III Felt by many.

; 1918, August 20 Eureka IV Awakened most.

i 1918, November 29 Eureka V --

1919, June 13 Eureka IV Felt by several.i

1919, September 12 Eureka- V A ceries of at leact five chocks,
the 1e.r6est giving intencity V.

!

1919, September 15 Bureka VII Four chocks. The first, and

moct covere demolished come
| chimneys and broke windown.1. L

1919, October 4 Eureka III Felt by ceveral.

;

1920, March 20 Eureka IV Felt by many.

1920, Ap:11 19 Sureka III+ Felt by many.

I 1920, October 4 Eureka III A bu=p. (05:31 a.m. F.S.T.)
|

1920, October.4 Eureka IV to V Some alarm. (08:46 p .m. P.S.T.)

1921, March 22 Eureka II to III Bump felt by several.

,

- - , . - - - _ _ . , _ _ . , _ , _ , _ _ _ _ , . _ _ _ _ _ . , _ _ _ _ _ _ . _ _ _ , , _ _ _ . , . _ _ _ _ . . . . . _ . . . _ _ _ . _ _ , , , _ , . . _ _ _ . _ _ _ _ . , . __
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Epicentral Intensity at
Date Region Bureka Effect at Eureka

1921, April 24 Eureka IV hmp felt by many.

1921, August 28 Eureka III hmp felt by many.i
.

1921, November 29 Eureka II Abzupt trembling.

3'
1922, January 31 Off cape Mendocino VI Felt over an extremely large

410 N, 125h w area of northern california.
Magnitude 7 3

1922, February 4 Eureka ~ III+ Rattled windows.

(7:30 p.m. P.S.T.)1922, August 5 Eureka III -

1922, August 5 Eureka IV Rocking motion felt by.many.

(9:45 p.m. P.S.T. )1922, Auguct 5 Eureka III -

,

1922, Auguct 17 Eureka III Rocking felt by many.

1922, September 18 Eureka III7 Felt by several.

1922, November 3 Eureka III Rocking felt by coveral.
;

; *1923, January 22 off cape Mendocino VI only minor damage.
40}0N,124) W Magnitude '[g

;

1923, February 9 Eureka II Felt by several.

1923, March 28 Eureka III Abrupt bumping.

1923, September 3 Eureka IV? Awakened nearly all sleepers.

1923, September 17 Eureka IV? Abrupt rocking.'

1924, January 9 Eureka IV+ Awakened all but the soundest
sleepers.

Felt.1924, June 19 Upper Hattole4 -

2 1924, July 17 Eureka IV Abrupt bumping.

1924, September 7 Eureka II to III Rocking felt by several.

1925, January 25 Dureka II Felt by several.

1925, March 2 Eureka IV Felt by many.

i

.i
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Epicentral Intensity

Date Recion at kreka Effect at Eureka*

1925, March 3 Eureka III+ Felt by many.

1925, July 26 Eureka III+ Abr2pt bumping.

1926, September 21 Eureka IV Awakened many.

Awakened many.1926, October 13 - -

1926, December 27 Eureka. III Abrupt bumping.

1927, January 3 Eureka IV Alarmed some.

1927, February 12 Dareka- IV Abrupt rocking.

1927, May 16 Humboldt County IV Felt .by many.

1927, August 10 Eureka V+ Awakened nearly all, and-
alarmed many.

(
1927, August 20 Humboldt Bay VII

In Eureka considerable damage was done in the way of cracking of walls,
fall of_. plaster, cracking and fall of chimneyn, and damage to goods which were
thrown from the chelves in' ctores. The County Courthouce and the Federal Build-
ing affered extensive damage in cracking of plaster and walls. Water pipes

were broken in the latter building. (From Perry 3yerly, The Eureka, California,
Earthquake of Auguct 20,1927.)

1927, September 6- Humboldt County III Felt by ceveral.

1927, September 16 Eureka V Light fixtures swayed. Awakened
all but the soundest cleepers. I

1927, December 8 Eureka V Felt by many. ( 2: 25 p.m. P.S.T. ) |
|

1927, December S Hareka V Felt by nearly all at rect. |(10:13 p .m. P.S.T.')

1929, December 4 Garbond11e IV -

III-1930, March 27 -
-

1930, September 22 Eureka VII Major earthquake. Two shocks
which caused considerable local
damage, but little information
available.

V No danage. (12:59 a.m. P.S.T.)1930, December 11 -

IV (4: 29 a.m. P . S.T. ) .1930, becember 11 --

.
.

. ..

.. _ _ _ .__
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Epicentral Intensity
s

Date Region at Eureka Effect at Eureka

III (12:15 p.m. P.S.T.)1930, December 12 -

.1930, December 23 No damage. Between December 11' - -

and December 23 there were
eight chocks felt in Eureka. i

|
**1931, narch 9 40 N, 125 W II to III -

1931, May 19 III -
s

*1931, september 9 401o n, 124o W IV Magnitude 5.8.

j 1931, November 28 III --

1,

| 1932, January 5 III-- -

|

1932, April 26 IV --

II to III1932, June 5 - -

*1932, June 6 40 45'N VII

124 30' W

Two large brick stacks (both 150 feet high) were damaged, almost all brick
chimneys around Humboldt Bay were damaged, and most .of _ them completely demolished.
On. the highway at Field's Landing a crack running in an east-west direction tr'ans-

3

verse to the road was formed, but there was no evidence .that it extended farther
than the edge of the concrete pavement. One person was killed and another
severely injured in Dureka. Electric power was interrupted for only a few min-
utes, and the water system in Eureka remained intact. No fires followed the
carthquake. (From Neil R. Sparks, The Eureka Earthquake of June 6,1932.)
Magnitude 6.4.

IV Felt by many.1933, November 10 --

1934, April 23 -- IV Eumping motion followed by
trembling. At.akened many.

*1934, July 6 41o 26' N,125 24'W V Hanging objects swung, clocks
st opp e d.

II Walls croaked.1934, november 15. -

III Oentle rocking.1934, November 17 -

1935, January 2 _4094's, 125 7o W IV Windows rattled, walla creaked,
and chandeliers swung.

1935, February 3 II Felt.-

-

. ..

- _ - _ - - _ _ _ _ - _ _
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Epicentral Intensity
Date Region at Eureka Effect at Eureka

.

III?1935, October 27 --

1936, June 3 40.2 H, 126.0 W IV Slow rocking cnd rolling motion.

III? Felt by many.1936, Auglst 23 --

4

III? A single surge, felt by many.1936, septeaber 25 --

V Pendulum clocks stopped, bushes1937, February 6 -

shook, and hanging objects swung.

**1938, September 11 40 N, 124 W V Felt by all; hanging objects
swung.

~

**1938, October 17 40 N, 1240 W II? Felt by few.

III? Mild carth tresor, felt by many.1938, November 9 -

0
| **1939, May 1 _ 40 N, 124 W IV Hattled windows; henging
' objects swung.

II Felt by few.1939, June 22 -

,

1940, Aust 25 - III one vertical bump; subterranean
sounds.

IV Eoderately loud subterranean1940, Septe=ber 27' -

sounds, lighting fixtures swung,
some alarm.

.

IV Rattled windows and doors.1940, October 22 --

1

V Objects swung, trees and bushes1940, 1iovember 16 -

shook.

V objects swung, dishes rattled,1940, November 19 -
'

walls crocked, and bushes were
disturbed.a

IV clocks stopped, objects swung,1940, December 20 -

f elt by nearly all.

IV Felt by many, awakened few.1941, Januar/ 23 --

19t.1, Februr.rj 9 40.70 14, 125 4 a VI overturned s:cIl objects, and

shook trees and bushes.

**1941, May 13 40 3 H, 125.0 W III Felt by few. Magnitude 6.0
,

5
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Epicentral Intensity;.
Date Region at Eureka Effect at Eureka'

].
1941, October 3 40 3/4 N,125 W VI Plaster cracked and fell, chim-

noys cracked and twisted; was
felt by and frightened all.

Mc6nitude 6.4 ,

i,
,

III slight; 1941, October 4 -

<

III Feltj 1941, November 24 -

i
IV Rattled loose objects, build '

^

1943, November 11 --

ings creaked, awakened few.

I V Hanging objects swung, small1944, January 12 --

objects disturbed.
.

!~
III Felt by few.

| 1944, June 5 -

;
IV Rattled windows.1944, - September 21 -

1

V Fixtures swung, disturbed objectc.1945, May 2 -

1945, May .H 40.2 N, 126.80 k IV Rattled windows.

i

*1945, October-22 40 7o N, 124.7o u O Not reported felt. Mesnitude 4 3

! -1946, August 1 - III swayed light fixtures.

V- 3arthquake counds, objects1946, November 23 -

disturbed.
|

V Barthquake sounds, objects ditr-1946, December 18 -
,

J
turbed; sharpest since 1932.

$
~1946, Lecember 20 III Felt by aeveral.-

V Floor lamps swayed, objecte1947, March 29 -

disturbed.

| **1947, hay 27. 40.4 N,124 7 W V --

,

**1947, Sep tember 23 40.4o N, 125 2 W VI Awakened all, frightened many,
hanging objects swung.
Magnitude 5 3 |.

**1948, February 19 41o N, 124 9 ; III Felt by several.

IV Felt by many, loose objects1948, April 3 --

rattled.

!

|
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Date Epicentral Intencity
Regi on at Eureka Effect at Eureka

0*1948, August 8 40 25' N, 124 07'W 0 Not reported felt. Iiagnitude 3 0.

*1948, August 8 400 25' N, 124 07' W 0 Not reported felt. Magnitude 3 3

**1948, August 18 40 5 N,124 7 W V Disturbed objectc.

V Awakened many.19d8, August 19 --

o*1948, septe=ber 7 400 15' N, 124 16' W III Fcit by coveral.

*1948, November 12 40 24' N, 124o 19' W 0 Not reported felt. Magnitude 4 50

0 W III Hanging objects swung.*1949, May 3 40. 40 N, 124. 3
Magnitude 4.1.

*1949, May 12 40 70 N,124 70 W O Not reported felt. Magnitude 4 3

7 Felt.1949, September 6 --

~

*1949, October 27 40 9 'N, 124.2 W V Disturbed objects. Magnitude 4 5

*1949, December' 21 40.4 N,124 3 W O Not reported felt. Ma6nitude 3 6.0 0

o*1950, January .14 400 13' N, 124 25' W V shifted small objects, rattled0

windows.

*1950, February 10 41.20 N,124 30 W V Hanging objects swayed, small
objects dioplaced. Magnitude 4.0.

*1950, June 2 40.80 N,124.4 W 7 Sharp at Eureka. Magnitude 4.0.

*1950, June 6 40.8 N,123 7 W O Not reported felt. Ma6nitude 3 0.0

*1951, Jannary 13 41.20 N,124 3 W IV Felt by many.

o*1951, October 7 400 17 ' N, 124 38' W V Dioturbed objecto, many frightened.

*1951, October 26 41 00' N, 1240 30' W 0 Not reported felt. Mc6nitude 3 9

*1951, November 14 40 26' N, 124 03' W VI Large windows broken.
Magnitude 4.7.

*1952, March 23 40 25' N, 1240 08' W O Not reported felt. Magnitude 3 2.

*1952, . April 27 40 55' N, 1240 25' W O Not reported felt. Magnitude 3 0.

O*1952, september 22 40o 12' N,124 25' W- V Felt by most, disturbed objecto.0
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Epicentral Intensity

Date Rerion at Eureka Effect at Eureka

*1952, October 4 40 35' N, 1240 25' W 0 Not reported felt; Magnitude 3 7

*1952, November 16 410 00' N, 124 25' W O Not reported felt. Magnitude 4.1.
,

0 W 0 Not reported felt. Ma6nitude 2.8.*1952, Decenber 17 40.4 N, 124. 2

0 W 0 Not reported felt. Magnitude 3 6.*1953, January 3 40 70 N, 124.4

1953, April 10 40o 26' N, 124 18' W 0 Not reported felt. Magnitude 3 2.*

; *1953, May 25 40 35' N, 123 45' W 0 Not reported felt. Magnitude 2.8.

*1953, May 27 40.5 N, 124. 4 W 0 Not reported felt. Magnitude 3.0.*

2 *1953, May 30 40 28 ' N, 124 27' W 0 Not reported felt. Magnitude 3.6.

*1953, June 25 40.4 N, 124 3 W 0 Not reported felt. Magnitude 3 1.

*1953, July 1 40 5 N,123.60 W 0 Not reported felt. Magnitude . 2.4

*1953, July 7 40.6 N, 124 3 W 0 Not reported felt. Magnitude 3 1.

*1953, August 6 40.6 N, 124.0 w 0 Not reported felt. Magnitude 3 1.

*1953, August 7 40.7 n, 123.80 W 0 Not reported felt. ' Magnitude 3 5I

0 06' W 0 Not reported felt. Magnitude 3 0.*1953, August 14 40 ' 23 ' N, 124
r

!

*1953, October 25 40 36' L, 123 56' i 0 Not reported felt. Hagnitude 2 9

*1953, November 17 41.2o 1;, 124.1 W 0 Not reported felt. Magnitude 3 2.-

*1954, May 27 400 28 ' li, 124 30' W 0 Not reported felt. Magnitude 3.6.0

O Not rep orted felt. Magnt tude 2.0.*1954, July 1 40.8 N, 124 5 ..

*1954, July 5 40 26 ' ::, 124o 16 ' W III slicht rumbling earthquake.

Ma6nitude 3.6.

*1954, July 17 41 la' H, 123 34' W Ill Mild intencity.*

0 0 W 0 Not reported felt. Magnitude 2 5*1954, Cetober 20 40.4 N, 124.3

*1954, November 13 40.So a, 124.1 .i IV Felt by many.

I

*19 5 t., December 21 400 49' J, 1240 05' W VII Eq;nitude 0 5

The old City hcIl cnd old County Courthoune in uureka uere extencively |

cracned; nevercl old poorly conctructed brich valla bulged, and tnere wcs come |
,

. _ . . _ _ _ _ , _ _ _ _ _ _ _ _ _. _ _ _ __ _ . _ _ ,.,, _ ._,



parapet damage, but damage in the main was to chimneys, plaster, plate-glass
windows, and merchandise. In the poorly consolidated ground areas north and east
of Eureka there were some pipe line failures and L'ureka's main water reservoir
(constructed in two halves) was cracked in one half. Numerous breaks occurred in
Eureka's water distribution system, but none were serious. Two tall industrial

stacks, cracked in the 1932 earthquake, were again cracked. One elevated steel

tank (not earthcuake resistant) had broken rods. U.S. Highway 101 between Eureka
and Arcata was cracked and bulged to some extent, but no serious damage occurred
to roads or bridges. A press report stated, "A largqsection of the older down-
town area of Sureka settled from two to six inches. The area, bounded roughly
by S Street, Fourth Street, Broadway, and the Bay, at one time was n' tidal mud
flat and was filled to allow construction of buildings. This sector of the city

has been settling gradually for many years, but sank rapidly during the earth-
quake. . . . One man fell into Humboldt Bay and was drowned, and a number of
people were injured by falling objects." (From the United States Coast and
Geodetic Survey.)

Epicentral Intensity

Date Region at Eureka Effect at Eureka

*1954, December 22 400 47 ' N, 123 52' W 0 Not reported felt. Ma6nitude 3 5

*1954, December 24 40o 44' N, 1240 04' W V Frightened all, rattled dishes.
Magnitude 3 5

*1954, December 30 40 47' N,123 52' W VI Plaster cracked, windows broken,
chimneys down, and water trans-
mission lines broken.
Magnitude 5k.

*1955, January 1 40 57' N,12d 00' W IV some plaster cracked.
Ma6nitude 4.o.

*1955, January 1 41 11' N, 124 11''W 7 Included above. Magnitude 3 0.

*1955, January 8 40.9 N, 124.4 W o Not reported felt. Magnitude 3.o.

*1955, J anuary 9 40 9o U,124 4 W 0 Not reported felt. Magnitude 2.6.

*1955, January 12 41.1 N,123 9 w o Not reported felt. Magnitude 3 3. -

IV Felt by many.1955, January 30 -

IV Light jolt.1955, January 31 --

*1955, March 5 41.0 N, 124.0 W III Light earthquake. Magnitude 31.

*1955, March 7 40 39' N, 124 15' W o Not reported felt. Magnitude 3 5

III Two light shocks.1955, March 15 -

*1955, June 7 40.8 N, 124.40 W ? Felt.
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Epicentral Intensity
Date Region at Eureka Effect at Eureka

0**1955, August 26 400 23' N, 124 30' W III A minor earthquake. Magnitude 4 5

*1755, August 29 40 25' N, 1240 11' W V Floor lamps swayed, disturbed
objects. Ma6nitude 4.1.

~

III Slight rattles.1955, October 11 - i

*1955, November 4 40.80 N, 124 30 W IV Felt by all in home.
Magnitude 3.0.

*1955, November 15 40.7 N, 123.6o W IV Felt by all in home.

McEnitude 3 2.

*1955, November 18 40o 25 ' N,124 05' W 0 Not reported felt. Magnitude 3.6.0
.

**1956, March 9 400 18' N, 1240 14' W IV Felt by several, awakened few.

0 W III Very light. MaEnitude 2 5*1956, May 28 41.1 N, 124.0

1956, May 31 - III Felt on first floor.

III Sir light shocks.1956, June 1 -

*1956, July 12 40.80 N,123.60 W O Not reported felt. Magnitude 3 5

0 18' W 0 Not reported felt. Magnitude 3 2.*1956, July . 26 400 27' N, 124

*1956, October 6 40 25' N, 124 058 W 0 Not reported felt. Magnitude 3 0.

0*1956, October 6 40 25' N, 124 00' W 0 Not reported felt. Magnitude 3.3.

1956, October 11 40o 40' N, 125 46' W V A few dishes broken.

IV caused garage to tremble.1956, October 13 -

0 48' W V Rattled windows and awakened'* 1956, November 10 400 13' N,123
sleep ers.

*1957, Januan 26 40 24' N, 1240 Ol' W 0 Not reported felt. Magnitude 3 3

*1957, February 18 41.0 N, 124. 2 W III Light jolting earthquake.
Magnitude 2 7.

*1957, March 13 40 7 N, 123 9 ' W III Small shock. Ma6nitude 3 0.

*1957, March 14 400 16' N, 123o 50' W IV Disturbod objects.



Epicentral Intensity

Date Recian at Eureka Effect at Eureka

*1957, April 9 40.h*U, 12h.2*W 0 Not reported felt . Magnitude 3 3

+1957, June 5 ho* 30'n, 124* 00'W 0 Not reported felt . Magnitude 3.h

*1957, September 2 40 7"H, 123 9*W 0 Not reported felt . Magnitude 3 0

*1957, July 28 40* 29'E, 123' 58'W o not reported felt . Fagnitude 3 2

*+1958, Fhren 14 LO* 16'n, 123' 58'W IV Felt by cany; awakened few.*

1958, Farch 21 40*.98N, 123*.60W -- not reportea felt . Magnitude 3 6

1958, May 2h h0*.33D, 12h".2W -- VI at Ferndale; V et Fields Landing,

Alt on, Fortuna, Loleta.
Magnitude h.8

1956, June 11 40*.651., 123*.98W III Magnitude 3 6

V in Briceland, Ferndale, Fields1958, Decedber 2' kO*.25, 12k".7W --

Landing, Loleta. Magnitude k.3

1959, January 21 h0*.885, 123*.95W II Magnitude 3 2

1959, July 23 L1*.15, 125*.3W IV Magnitude 5.8

V at Rio Dell. Pagnitude k .21950, August 19 40*.3D, 12h*.hW --

1959, December 5 h0*.3U, 125*.LW -- V at Alton, Ferndale, Fields
Landing. Fagnitude 5 1

V at Ferndale, Fields Landing, Lolet1959, Decenter 21 ho* . 3:;, 12h * .5W --

IV at F.G.& E. Humboldt Bay Fover
House. Magnitude h.7

Magnitude 2.01563, F.sy 20 40".63H, 123*.60W --

d es, June 5 ho* .7%, 12h* .91 VI VI at Eureka, Ferndale.
V at Alton, Fields Landing. Fortuna
Loleta. Magnitude 5 7

1960, June S 40".57;, 12h*.22U III Fagnitude 4 3 ;

|

Got reported felt . Fagnitude 3 0196 . July 2h h0 * . 571;, 12h* .h0U --

1900, Aucust S h0*.3:., 127".1% IV V at Ferndale, Fortuna.
IV at Fields Landing, Eure'.a .t

Fagnitude 6.2

1:00, Deberber 12 hi* . 5 51; . 12h * .qEU IV PaFnitude 3 7
1

V at Ferndsle. Reported not felt e |
liOJ, Decedber 27 hl*.51., 125*.12 --

Fields Landin, . Fagnitude 5.h

, _ .
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Epicentral Intensity

Date Rerion at Eureka Effect at Eurcha

1961, March 14 40* . 511, 12h * . 0W " Sharp earthquake shook the--

Fortuna-Rio Dell area."
FMgnitude 3 1

1961, April 20 40*,15, 12h*.8W V V at Eureha, Ferndale, Fields
Landing, Loleta. bbgnitude 5

1961, hove =ber 9 ho*.bli, 12h .0W V V at Eureka, Ferndale, Fields
Landing, Fortuna, Loleta.
tbgnitude 3 6

1962, March 5 h0*.3N, 125*.0W -- V at Fields Landing.
'

IV at Ferndale.
Reported not felt at Fortuna.
Fh nitude h.6E

1962, June 10 LO*.LU, 12h*.hW V at Alton, Ferndale, Fortuna.--

Reported not felt at Fields Landinr
Magnitude 3 8

1962, July lh ho*.3Ji, 12h*.Td V at Fields Landing, Fortuna.--

IV at Loleta, Ferndale, Alton.
FWgnitude 5 0

1962, July 20 uc'.3Ii, 12h*.hW V at Ferndale.--

IV at Fortuna.
Reported not felt at Fields Landinr
bhgnitude h.1

1962, August 23 bl*.pn, 12h*.6U IV V at Ferndale.
IV at Fields Landing, Eureka,
Loleta , Fortuna .

~

i.agnitude 5 6

1962, September h h1 * .001;, 12h * .L DU VI VI at Eureka.
V at Ferndale and Picids Landing.
Magnitude 5 0

1962, i;oveiber 16 ho* .60;I, 12h * .OOU -- 1;ot reported felt . bhgnitude 3 0

1963, May'9 40*.551;, 12h*.llW IV IV at Eureka. Magnitude L.0

lE63, June 6 ho* .6:;,124* 3W Slight shock felt at F.G.& E.--

IIumboldt Bay Power Plant .
Magnitude L.0

196h, February 26 LO*.3D, 124*.hW -- V at Ferndale.
IV at Fortuna, Loleta.
R" sported not felt at Fieldc Landir
Magnitude L.6

1964, Decedber 9 4 3* .80I;, 12L * .OOW :.o felt reporte. Imgnitude 1.'--

;
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Epicentral Intensity

Date Perion at Eureka Effect at Eureka

1965, March 16 h0*.805, 123*.70W IV IV at Eureka. Fhgnitude_3 2

1965, April 25 40*.57U, 12h'.2hW -- Uot reported felt . Magnitude 3 1

1965, April 27 ho*.3n, 12h*.6'd IV IV at Eureka. Magnitude 3 6

Hot reported felt . Magnitude 3 61965, June 29 ho*.2E, 12h*.2W -

1965, Jul;* 19 40*.95, 125*.5W IV IV at. Eureka. Fhgnitude k.5

1965, September 15 LO*.hn, 125*.7W IV IV at Eureka, Ferndale.
III at Fortuna. Fhgnitude 5 6

Hot reported felt. Fhgnitude 3.h1966, January 10 ho*.3;, 12h".OW --

not reported felt . Magnitude h.01966, March 23 40*.hn, 12h*.5W --

not reported felt . Magnitude 3 21966, April 29 40*.3%, 12h*.7W --

Felt at Rio Dell. thgnitude 3 6
19t6, July 3 ho*.6D, 123*.6W --

1966, ' October 15 h0*.75, 12h".2W V V at Eureka, Ferndale, Fortuna.
thgnitude k.O

Reported not felt at Ferndale,1967, February 25 ho*.3E, 123*.lW --

Fields Landing, Loleta.
Fhgnitude k.0

Felt at Eureka, Ferndale, Fortuna.1967, March I hG*.32, 12h'.5W --

Magnitude 3 6

1r66, June 25 ho*.hn, 12h*.5W V V at Eureka, Ferndale, Fields
j

Landing, Loleta.
IV at Humboldt Eny Power Plant .
Fbgnitude 5.8

6picenter located on bhp 1 vithin 30 miles of Iureka.+

dricenter located on Map 1, beyond 30 miles, t at felt in Eureka.++
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