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APPENDICES

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

Data from geophysical investigations by Earth Sciences Associates,
1972.

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

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

Logs of Wells.

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

Consultants Reports from previous investigations of geologic and
seismic conditions pertaining to the Humboldt Bay Power Plant Site.



Data from field and laboratory investigations
by Earth Sciences Associates, 197Z.

1. Description of field investigations.

2. Logs of Earth Sciences Associales
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 Formation claystone.



A-1. Description of field investigations.



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
gravit. surveying; and 3) subsurface exploration, chiefly by drilling, with some back-
hoe trenching.

The reconnaissance and reconnaissance mapping phase was initiated when Dr,

G. Y. Curtis spent four days mapping outcrops in the southern Humboldt Eay area in
1969. Thnis 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
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
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 surveyving 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 toothed

cutting barrel around a 3 inch I,D. steel Shelby tube, Samples are recovered as 3 inch
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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 fect 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 r: .. lhes
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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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 clayc.cne.



RESULTS OF LABORATORY TESTING
OF REPRESENTATIVE SAMPLES
OF CARLOTTA FORMATION CLAYSTONE

Sample H-1, J17
Depth:

Description:

Natural Water Content:

Unit Weight:

Unconfined Compressive Strength:

Sample H-1, J25
Depth:

Description:

Natural Water Conten*:
Unit Weight:

I'mcorfined Compressive Strength:

Estimated Mmaximum Past
Pressure:

Sample H-2, J3
Depth:

D =r.iption:
Natural Water Content:
Unit Weight:

Unconfined Compressive Strength:

119 ft,

Dark greerish gray silty clays*one.
23.9%

122.8 lbs/cu. ft.

2.5 - 4.2 tons/sq. ft.

243 ft.

Dark gray silty claystone.
27.2%

124.1 lbs/cu. ft.

3.5 - 5.7 tons/sq. ft.

Estimated from consolidation tes.
on undisturbed sample at less than
12 tsf; materia' may be normally
consolidated at this depth,

18 ft.

Bluish gray silty clay
23.5%

128.1 Ibs/cu.it.

1.6 - 3.5 tons/sq. ft.



Data from geophnysical investigations by
Earth 3ciences Associates, 1972,

1. Description of Magnetic survey.

Magnetometer profiles.

Description of Gravity su:rvey.

Bouguer gravity value profiles.







B-1. Description of Magnetometer Survey.

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.ace 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 2cross 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 several localities 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.

Rosulte 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, the objectives of the survey were most satisfactorily fulfilled by the
results of the over-water traverses. The over-land iraverses mostly vielded confused
patterns of data which were further complicated by numerous anomalies associated with
cultural features.

It was found that significant magnetic anomalies were asscciated with the Table
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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.

B1-2.
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B-3. DLescription of Gravity survey.




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 numerous 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
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-
tained from bench mark and spot elevation data on U.S.G.S. 74 minute topographic maps.
Control for measurement stations along the detailed profiles was obtained by leveling
and distance measuring wheel surveys.

Values read at the gravity measurement stations were reduced on an IBM model
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-
mitted to the computer., Tidal, latitude, elevation,and Bouguer corrections, and theo-
reticai 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 statién spacing were plotted

as profiles at scales of 2000 and 600 feet per inch. The regional contour map was
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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 or 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 krown 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 larsge 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); 21so
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 purpoves of this investigation to use the gravity data qualitatively in conjunction




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
unlikel;l that any significant structures cross the detailed profile lines other than the

ones shown on the geologic maps presented with this report.
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B-4. Bouguer Gravity Value Profiles.



Data from Seismic Reflection Surveys,
Humboldt Bay and Offshore area.

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

2. Profile from the Wildcat offshore
survey made from the R/V Oconostota,
1967, by Eli Silver.



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



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 6btained
at a few other jints in 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 the Bay entrance and
over the recently ¢roded Buhne Spit shoal north of Buhne Point.

The traverse lines and survey points froin 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 eight seconds to four times per second.

The broad-band seismic signal is received at the pressure sensitive hydrophone
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array, amplified by Alpine's "505" pre-amplifier, filtex:ed with active 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 i

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 ¢ :rvey 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
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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At the conclusion of the field work, a meeting was held in San Francisco on
Tuesday, September 21, to discuss the survey results.

Record Quality

Record guality ranged from poor to fair. The better data were obtained using a
relatively broad pass-bznd, from 200 Hz to 2000 Hz, with high power on the energy
source and a 3 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
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.

Results and Interpretation

The results of the survey may be summarized as follows:

- 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
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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
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 Formation
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
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
strata probably represent the Hookton Formation, which is exposed in the low bluff back
of the Eureka waterfront.

- Only a few scattered returns from the sub-bottom section were obtained from
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. Geclogic summary, Standard Oil Company
bia mer No. 1 Well.



Paleontologic determinations of samples
from the vicinity of Buhne Point and
Fields Landing. Locations of samples
are shown on Drawing No. 7.



Qe Standard Oil Company of California,
L Western Operations, Inc.

rA OAYTYY
LA I8 |

320 Market Street, San Francisce

Exploration Department

Hamilton
Geologist
Associates
lch Rot
Palo Alto, C

Ne (Y

Dear Mr. Hamilton:

I am sorry that analyzin he samples you left with us has
long, but as you may rec , we were, and still are, in

Paleontology ij hence, the time delay.

rmined the following from the samples that

claystone carries:

Very common Rotalia beccarri :

Very common Elphidiella hannei Composite sample from

Abundant Elphidium hughesi outcrops at Buhne Point ( { BP)
Mollusk frags and at the Freeway roadcut
Radiolarie spp 1500 ft. N. of Fields Landing ( f FL)

Diatoms
viromment: Very shallow water marine
ong ranging but in West Coast

ocene (generally assigned to

1€ :ha‘low marine nature of the samples suggest that
i.] Carlotte formation. Such an assigmment
mappiﬁ: of B. A. Ogle.

has advised th re has passed these data on to you when you
lier this week.

of any further help, please advise.

Very truly yours,

L8
":/(;1 )




Exploration Department

Standard Oil Company of California,

Western Operations, Inc.
320 Market Street, San Francisco, CA 94111

July 13, 1972

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

Mr. Douglas H. Hamilton
Engineering Geologist

Barth Sciences Associates

701 Welch Road

Palo Alto, California 94304

Dear Mr. Hamilton:

Attached is @ summary of the paleontology from the samples you
recently left with us.

The Pleistocene to Recent material is prcbably representative

of the Carlotte rormation in the area. Outcrop samples No. 2
and possibly No. 4 are interpreted as being deep water sediments
end, “hus, may be from the Rio Dell formation.

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

I hope these determinations will prove useful to you.

Very truly yours,

o L./mem glas

Attachment



MEMORANDUM

San Francisco, CA
July 6, 1972

PALEONTOLOGIC SUMMAIY

CORES AND OUTCROP SAMPLES (S.0. 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 Elpnidim hughesi, E. granuiosum



Mr. D. L. Zieglar July 6, 1972

Page 2
H=9-J-7 (Depth 118 feet)
Barren
H=10-J=7 (Depth 142 feet)
Common Mollusk frags.
Outcrop #1  (Sample f -1)
One Radiolarian (reworked?)
Qutcrop #2  (Sample f -2)
Rare Cassidulina cushmani
Scarce Frondicularia advena
Common Urigerina hollicki
Rare Urigerina peregrina
Common Pulvinulinella pacifica
Rare Eponides frigidus callidus
Common Globigerina spp.
Scarce Bolivina subadvena serrata
Scarce Nonionella miocenica var.
Rare Radiolaria spp.
Quterop #3  (Sample f -3)
Barren

Qutcrop #4  (Sample f -4)

One Pulvinulinella pacifica
Very Rare Radiolaria spp.

Depositional environment: All fossiliferous samples in "H" sequence are from

coallow water marine or brackish deposits. Outcrop samples #2 and (probably)
4, are from moderately deep marine waters, probably Upper Bathyal.

Age:

"H" sequence: Pleistocene or Recent
Qutcrop #2 and #4: Probably Upper Pliocene

G. E. MOLANDER
GEM/jmh



D-2. Geologic Summary, Standard Oil Company
Brauner No. 1 Well.



GEOLOGIC SUMMARY - S. O. CO. "BRAUNER" #1

Location: 1050'N, 1050'W of SE corner, Sec. 20
Elevation (D.F.):  510' UN/1w HBM
Total Depth: Tio®

Lithologic Summary:

0 - 200" multicolored coarse sand and conglomerate

200 - 260' predominantly sand

260 - 1780' gray-gray green claystone becoming sandy below 1650'

1780-3450' 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.

64L0-T152" gray claystone and siltstone with gray-white, fine-medium
grained, calcite cemented sands.

Paleo Summary:
230-1780 Barly Pliocene - Repettian stage
1780-2620 Possibly non-marine to brackish water; first
megafossils noted at 2520
2620-4800 lLate Pliocene - Upper and Middle Pico
4800-5130 . . - Zover Picc and/or Repetto
5100-6200 Early Pliocene - Repettian stage

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



Logs of Wells.

Locations of wells are indicated by name,
on Drawing No. 7. Well logs are placed

in order of their location, going from north
to south,




3‘ﬁav 3

~

: : _T\&\r—} s bt
t\\“ .

L

e .y.-J

Sanp d |
e - ,I
i 54 Tk
~.-\——- e — ‘.' ..
l ll"l'.
Ve : ..un &Q.’
ate ' AT
i .’ i
i _-""no

!
i
Syoos i
Gravés

TLLAN

/37

o T o

» _NL AR LI
i

i |
i Yo
e
4y
.
";!":0
LMy
M i
" l.ll
NTHLLE
RIRALL
R L

188 3N\ Pas-Paee.

i

¢ ciay

‘t.l-”'.
" had
AL LD
‘,a’ln.

i el
N e e ‘.

TR AL [ T

pithin
ML

grattini
gty
-ol'"'l‘

PR SN SRR >, S RS

Cemanred’
Gravde |

ZJO : w'ibin

ety
oty
RALTTErTY
AWy
' f

- ————— . -

56
. 4 AR (e
e x> 8 3
Pog - Perer

‘/‘:.. /7‘. PECrogaTriong
el 4 /’/8"/[:1.‘7.
Perr.

’ " "
Ocson Mites Awes
8 tn g BrLecnegd ro /L”

Sevns € 2 cenrens

Wece No./
(Carerwron s \A/eu,>

Hymaoror C S D.
vo# 26499
/-4-88




sLeVv 45 WELL N». 2 WELL Ne. 4 eLsY &0
Ll S QK:'.?'Q r --“ T8 3N
GLUE SAND af-: A ! Los
‘l J BRCNM LANMD I CLAY
'l-'- - 2\ CONO”CYOQ p'ce_ P _— :"” ' ‘.a BiUE “Lav
BLUE CLAY l J BROUWN SAND
e L L
{ ALVE SANDY CLAY
& ¢y Vfo=43 sanD
X ¢
3 - y te BMUFE CANDY CLAY
STER ! BB CLAY - S ™ a A il . T ¢ SHELLS
' L
i P LIS ANy craY ¢ CaEas
BL TANDY CLAY 2wl b
- - CANDY avy
TANT "0*;" . a1 . oY BLU€ CL
14 . " "e : T BLOE SAN
SANTDY C.LbY o ‘f.'_ Peat oeaTIONS PeREORATIONS e T . Lvu: ‘M:o'(. D
LoaieL i L PERE 1;, r L
13) e ¥ [} =
A s 1 Tt o : BLUC SANUY CLAY
’ £ ' :
3‘::,? S2AVE “;""-"; 1.9 e | 0
~“Y o - |‘:,“ ::0 150 (oAar%E BLUE SAND
E&:Jf;t_ o LSO prat SeCE bi 48 - Tes Coatia SAND
~ =g SEC E dia JANDY CLAvY
HARS) TALLY 2 LAY e i £ e ¢
e a g’ LOARSE SAND
saNT (87 Jomatt | -t__4,.. LAY
! : 1,09 125 : LIGHT SAND
i - 187 renE [ i v8
SArLY LAY ‘ I o peae u% L i ’LA'_:.";'W"WW
’“_’-- - [~ 1 S A I ] B l. COARLE - AmMP
e - e - 5 _“' LAY b INTEVBFLYFD
LIGHT SANT € wonr | 1 227 EEQE 232 A T i
AL
Mo -4 [ 22 PEQE 4+ '
{* - | g:s DleLb i @ “ LIGHT SAND
L} & "
SANDV Ciav | : i 4 e e Lon b ¢ INTEPRELPED SHALE
SANGY CoAY 3:: L= 24" PLATE i
L o s "
| H Ticu® ¢ FEig
LABHT Baib a7 .8 INTERBLDODFD %D
ke —— CEQE Py "
HARD SANDY LAy 5 A e
T o et 17 ! . TIGNT SAND
@ ;‘:c MJL - ] A (a1 '——'__—;J,;: amaif
it ! 325 RS CrMENTED ¢ 1 D1 E
) 17~ ITEPBEDDFD GPAVEL
L.V 7'y S— -4t -TP. e d gt
A R SANDY CLAY
—ees 1" SONEG i el ! (INTERREDQUNU SAND
F ', ClAv ¢ GRAVEL
‘b-_-J .
{Te-1 sanp
5 LT
beos ‘7"" HASD SANDY LA
Ead SAET TANDY (LAY § wonD
I Pt e 40 )
P_._ ey MARY SanD
} WARU SHALK
& 2 re
[
|
|
e JJ HUMBOLDT COMMUNITY SERVICES DISTRICT
DATE 9- /0.5 DEAN S KINGMAN
groves . WELL Nes 2 5 4 CONBULTING ENGINEER
L_,g. ORI 2 LITHOLOGIC AL Lo G PALO ALTO. CALIFORNIA
- e e

e




Humboldt Community Servicee District

4135 Willieme Ave.
Eureks,

11-23-54 Sterted

From

0
2

8
26
32
50
125
135
140
160
220
240
258
300

Callf.

T..

-

2
8
26
32
50
12¢
135
140
160
220
240
258
300
408

LOG OF TEST WELL No. 3

11-26-54 Completed
Formation

Top soil

Brown clay

Brown eend & etreeks of Clay
Brown cl.y

Blue cley

Blue cley & shell

Light blue clay

Coeree blue sand end grevel
Light blue clsay

Cemmented blue gravel

Blue clay

Cemmented blue gravel

Light blue clay

Light blue clay

Oleen Implement Co. Inc.

Drilled by W. A. Younger
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UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

WELL LOG

9-067
(December 1948)

No. hﬂ[lﬂ-bﬂ

ORI WO o ccsnniimmippasiannintn

L

State California . County . Humboldt ____ Subarea
Owner _ Dr-_Stone

=

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

Location .. SRENYE 2N - o
Drilled by Dougherty . Address a’d'mnf

Date Casing diam. Land-surf. alt. .
Source of data B. A. Ogle
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366 e
UHva-2
I -8/ ,
pr, Stone well (ne}set sec. 8, 4N1W, near Bucksport School)
S 5 ¢ = of (19501)
e
\_"l 1 soil
- 1‘. ”110' .m 010 T T R R R R Qh
’1‘ p.y “ﬂ ............0..l........C... u
14-25 yellow sandy ClaY ......ccoesseesese QR
86-129 Dlue s& QY ClRY ...cccosssscccnssnces Qh or QTe
1829-1355 sand with water

\ 1356-145
145-148
148-1583
1583-156
156~-£30
230-£38
235-2706
77 6-283

blus sandy clay
coarse gravel
blue clay
coarse grevel
blus elay
sandstone
hard stone?
coarse gravel

probably QTo~Tsd

Pell produced some water from upper part but there has been
trouble with "sanding up.®

SHzw- 32N/ sl
}* _ Oemnick well #2 (swiset sec. 32, 3W2W, drilled 1980)

~ - -
v . -t

':GE L, 10=14 bheavy blue 6la&y ........... pre-Carlotta material,
. 9/ some appears to De very young;
<3 | part may be Hookten.
\4 ‘\/ao-u water carrying sand
35~40 gray sandy clay

IT w-e3

§+ (80-80
88-142
142-202

gravel (salt water)

gray sand

p".l "EEEEEEREREE R EEEE BN

gray sand

blus sandy mud-like clay... slaystone-siltstone, one
large Schiszothaerus fragment

gray sand

cemeated gravel, frosh water artesien to the surface
at the rate of approximately . gal, g
this gravel. On pump produced 800-700 gal./min.
Prem this well and others in the viocinity it has been showmn
that the upper 100 feet of sediments contain some salt water-
bearing strata. Tois apparently encroachss from the see to
the west. The lowsr gravels or oconglomerates are part of the
Carlotta bDeds whieh dip porth iato the Rel River syneline.
Being interbedded with claystones thay are confined aquifers
are a great potential source of water for the valley. It
{s imperative that the upper strata be shut off ia all wells
mﬂ:rntu? this artesian aguifer in order %to prevent contam~
ton., (A few oyster fragzemts were found in the cuttings
the upper part of the hole;

top QTe

202-238
230-265
n

position not certain.)
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T.M.Hortcn, Geologist, P,0.Box 9423, Eureka, Calif, 7

WALTZS EIQY No.l FEE Humboldt County, v

fection 16, Ted4i=- R 1 W
Location ; Approx 600' B and 176' K of Bouthwest ocorner of section,
®levation; Approx 230' (UEOS Topog) Drilled with rotary eq'pt mede by
Total Depthy 779 D and A operator,

Drilled 34 hole, took 1" cores,
fpudded June 1, 1836,

LOG ARD REICORD , oopied from Mr, Elch's original log book by R.M.H 0/2/44.

Q=42 Red brown sand and bushgho$ gravel

=51 Sandstone

«53 yellow clay

«75 ¥ine brown sand

«78 Yallow Clay

«32 Rock and yellow shale; 1" gas pocket

=04 Nocke and gravel

-02 Rrown sand

«04 Rock , zravel and flint

~163 Candstone

=106 Pock snd gravel

=111 Yellow chale and fiue gravel

=121 Candstone

-122 Rock and gravel

«130 Yellow shale

«143 Sandy brown shale

=146 Rock, boulders ( shot hole to move)

«153 Yellow brown shale

-171 " L] L

= 177 Dark blue shale, greasy looking ; slight ealor with ether.
-178 CORE: 3rawn buckehot sand , wet with oil
-185 Tliard Coarse sand and yellow clay

=196 Hard brewn sandy chale with small gravel
«216 Brown egend and shele with fine gand
«<25 Fine sand shale, e-sy drilling

«2c47 lLard £§,f , brown in color, hard drilling. ( Aug.25, '36 )
-e3B Hn.l'd 8.8.

«2(9 Rock and s

ec?] Yery hard se

.78 Hera ss. Hit big bdoulder -shot hole
«230

-2i6 Gravel and rock, soft

wez56 Small gravel and brown shale, foam of gas ( shot hole at 296)
-329 Fine nrown send
«37°1 QORED; Blue shale

«238 Plue ~Hrown sand and shale
158 Erown sand
-365 ss and bouldars

«276 "ard brown ss. HEit blue shale at 376"
«278 Ehale turned to dark brown, with some sand , cut oil

Page -1



(Cont

-283
-3
-J00
-]
el
704
-367
-29%
«403
-408
-411
~412
=423
«471)
" to
-43%
-448
-463
=470
606

[ By
-

«547
-0
-605
-G19
- (33
-649

-571
«573
-694
silts
«718
=727
-787

immed) Page 2 Log of Walter rioh $#1 Tee, 16 T 45-R1VW H.M.Horson

Eard brown

shale, heavy cut of oil

can and Shale, brown-gray

Nl eend

{ntarbedded layers of sand and alale
CrarD ¢ 021 ennd BA.E gravity

Travn gray

chale

041 srnd , goe (31 foet)
Very hard dlue rhele, 1light out of oil
Tine rock and brown chale

Grzy shrle

Aray shale, light cut of oil

Dark ehale,

black or dlus tn gray

Gray shr'e, soft. fas and oll on sump
435 COR™: rray shalej; henvy cut of oil
gor<py Shale,darls blue and gray, writh wvhito spots
QURED; Gray Shale ; heavy out of oil 12% cut
BElue = Blagk slale
Brown shale, greenish, haavy cut of oil

. { out of oil, 37.5 degroes gravity
" ;] " % " _ At 626~ 46 (1) hoavy gas.

DPrown , dark shale. 041 37.5 gravity
Dark brown shale, some fine rocks. Heavy out of oil

Black saale, 041 47.3 gravity

Vory durk stheccy ehale. 45,2 gravity oil

par-brown-gray shele. Teet chowed kerosene content, Plack paraffin chunke
floating, sise of aprle sesds,

Black- blue
Gray shale,
tone tearing
Gray shale,
sray shale(
fray shale,
Gray- black
rluish-gray

thale

1ight out of oil. Ruxkam ( H.M.T, saw bit capple from G679 grey

puserouns scattered large sand grains or small pedble -zranules )

light cut of oil

gilt , becomes fine sand) , extra heavy out of blaci oil

1i5ht gut of oil

shale, with silt

eilt , very light cut of oil. Micaceoms siltstons at end of hole.

strong sas odor in formation.

At 735, on®7; ( IDE exanined sample:; Gray eompact marine siltston:, mostly
coarne=-grainad , some fins-grajmod , with nunerous hyaline F LANS, well pree
garved definits BDIATONS) M got sample...((Wote that K.l .Horton made his own
obaarvations,)

Tatal Septly 779

rhese showinge, with percentases and gravities, licted on tho above logs , are
breed on the memxmximgz,detarmination and analysis of Robert Duffy, then chemist for
fkinner =Duprey Drug Co., Fureka, mow balieved %o be in Ean Joee. (1v44)

wr. Bloh drilled & total of four wells. However, he doent have tho rocordc of the
other welle at hand,

H. M.

EORTOR

PAOR -8,



(Continied) Paze 3 Loz of .»lter :ich No. 1 Fee, 16, T4Ii=R1W ILI

Yumber 2 Fee: Located risht hehind his house, aboit 200' west of #1.
wstim~ted ~levation is 3256', and total denth about 500', junk-d.
Yunber & Fea: This well, on vhich A small d-rrick is still stondin~,
is ir Scction 21, 4K-1d, aboat 300'E and 150'S of “th¢ XKW cor of tr.
section, but only n few hundred feet i1rom thc others he drilled. It's
elevotion is estimat-d to be about 260', nnd he status it *o8  rille
ed £o ubout 1430' tot.l depth. He states ti.st this well aid nolL cor-
relate .ith t' - ot'.ers in t} 't, at 400' this one encounter:d blue
shile and continued in it, without a break, to its total d:pth.
lumber 4 Fee: Located pproximately between #l and #<, it .as carried
only to nbout 463'. Its clevation would be ~bout 27b', estimated.

l'o lozs c'n now be found by Kr. Bich on any of the wells e¢xca)t on
umber 1, as given above.

He M. Horton Pa~e 3 Walter Hich llo. 1 Fee
Sec. 16, T4N=-R1W

’



WATER WELL DRILLERS k ’ORT

(Sectiens 7879, 7080,

Do Not Fill In

N? 18954

ORI, 7001, Waser Cade

THE RESOURCES AGENCY OF CA'' ORNIA

DEPARTMENT OF

State Well No.
Other Well No

WATER RESC CES

(1) OWNER:

(11) WELL : OG:

Name Pep pasiamls e V492 Cer N | Ted deseh ~ & 1 Depth of comphered weil 'Lx)'f fr
Address L‘ i <5 ot Ve ‘5 Formation Descr by coler, chavacter, 1ine of matersel, and itvaciurs

. .. ~ e

m d $ .1 W M, u w - fr

(2) LOCATION OF WELL: | luie v 2 o 4
Cowaty ) 5 haed 8 ﬂl ot Owaer's suwmber if any i luv‘ & L('
Towninip Ronge and Seciion 2 lﬂ\ 2ty J:.JJ. ﬁ' l; % E.
Dustance from civm rouds, railronds ecc 17 | P N dI74 7% ST lﬂi__(_ ¥ r ﬁr
i . o 3l T aba o 1la G ‘hew D o
(3) TYPE OF WORK (check): ooyl g -
New Wl @  Deepening ]  Reconditioning (]  Destroying [ 23a €1 L (Pcy 720 « il
1 destrmction, deiiribe matevial and procedure im liem || v ! 1 02 r .4 ‘?'E ~
(4) PROPOSED USE (check): (s) EQUPMENT: | . lug .. ¢ 29%

Domestic ] Industrial [ Munucipal [ | Rotary ¥ &l Cuw g G 530
Irnigation ] Test Well ) Other [ Cable 0 v 'v 10 -~
Other D « UPOVe _""r &
(6) CASING INSTALLED: 5110 cend W10 wrs—

STEEL OTHER lf sf.'el P‘Ck’d

sinaLe () oousie (|

R EE b 4 3%
~1ne C.

Tlue %’01

- i < &
Gage Diameter “75
F fo r of F T
;?m ft Duam '?all Bore ;? f: E! ue . a ‘i FB i [l‘o&..-’ '
%[ Lke B 1% T_ne 575

;. "-'- % t?u‘m—

Ti9e L~ ¥ 7 2lue a2

£

Sue of show or well rins Sute of grave

L

- -
-

Dwnecribe soin 1 '," ﬁ 7 ygs

aPC LV 2 GCriant Lrovel

(7) PERFORATIONS OR SCREEN:

kb At

Type of perforscion or neme of screen ‘;‘ ":' S CRITM 3(. '( » - s' ‘Q anf
- — ;F.f’
Peri Rows a ”
From To per per Sze —
ft ft row fr . X an
" 4
1
(¥) CONSTRUCTION: »
$u o curteer sanitics wal provided’ Yo O No To what depth ' r
Sere any virara wen ed apnirv pollotion Yoo T No 1f yes rnove depth of sireta |
) -
From ! fr ' ;. - T W
vive Work turied ) i ] Compleced e
Mett d ot sesiing ) WFELL DRILILR'S STATEMENT
g | Fhoo well was Jedled wnder my jurndiction and thy report v trwe to the best
¥ WATER LEVELS: [ of my bnowledge and belie!
Aepeh ar which water wor frst found | hnowe

“

‘ - -
Standing ieve before perforsing | kngwn 1 | NAME
S—— —+
SEda il gien achoras Sub Sann ] ] ;um frm a.v :unu-w ] ‘-1 ed -.- !..-.ud -
— e - o “ .
(10) WELL TESTS: | Address e - £ }
[ ks ’ T L] -

s pump tort made’ Yoy No v By whomt -
o e < |
feid > gs' mun wath . [ doswdawn sirer L | L(\&HIDI
Tompersture of waier Was s chemics) aitiviy made’ Yo Ne = ‘T » P ! (o oy ~r ( ﬁ

- {4 A b O ;.( * v
Woreioir log mede ot wei b Yoo O Ny (¥ I wes ariaeh oo Lcense Noooooooo oo Datede L -

SKETCH LOCATION OF

WELL ON REVERSE SIDE
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WINZLER & KELLY
CONSULTING ENGINKERS

WELL LOG - KZDWOOD JUNIOR COLLZCE
By Pialorsi - August 64

360 feet deep - O' - 43' = 10"
0' e “3' - 360! = 8"

0 - 9 Yellow Clay

9 =19 GCrey Clay

19-20 Surface water

2C-41 Sandy Crey Clay

41343 Gravel & Lolders ’
43-300 Some water - clue Clay

D



N - 3 '\“ “ ‘

Do Not Fill In

N? 67533

WATER WELL DRILLERS REPORT

QUINTUPLICATE

I
|
RETAIN THIS (OPY o S 078 Wate Lode
STATE OF CALIFORNIA state Well No
‘ trnser Well No N
(1) OWNER. (11} WELL LOG:
-\— m WML&L— R‘-‘J- k‘lo B il ﬂ’ﬁ o Yeprh of compir el wel o

.‘\-...) .ﬁ,‘ B&-&——‘L LY. e »

! __Q_. _._._Li.’_ O;Iﬁu

e 2 .Lb_u.in,__Q_d_‘-#-_,_,___-_A__z I Pyl Y~ S | -
(21 TOCATION OF WELL. g /.:f_. . 41.2{5 Cezcj /

) ey C e |&’-e » . .

SRR TPTWT, S e | ) |
S ..zl-lunw_&-.&.ﬁ_h IS S—- /zzé:,‘ '%f.i_ —

'\ TYPF OF WORK (check): 4‘2& EAQ wa‘—!

e V Dheeve ng L) Recontit ning — Abandon
< b imdnmment dr: vibe maicrsel and procedure in ltrm ! o B _ =
(4) PROPOSED USE (check): ‘ (5) EQUIPMENT: | _ ~ -
Domestic ) Industial T Munipal — Rotary O ' " &
irngation - Test Well Other — I(i:;k"el] EI - - -
(6) CASING INSTALLED: | 1t gravel packed
snoeE (U Ooull..t E -
Poameter fom to
"fnf‘x 6 5 !1 zs‘) '. t Bore " " - . RIS
Ay T—.—."_._*"" qu 7 T | Sre of gravet e o
Lhesctibe mant
(7) PERFORATIONS:
Type of periovate: weed - C /1
SIu of perorstian 4 18 leagth by i'/‘( .
Fm ' Perf w1 v ® *oweper it
4RAY  d4yl
(8) CONSTRUCTION:
W o & suriace swanary el gravdedt D Yo ) Ne To what depth i

Woce sny scrans seaied sgunet poilvien’ ) Yo No It yes, wore deprh of strats

From . ,.

Mcthod of Seahine Vor vt F OP s T U7 Camviont M ]7- "

WELL DRILLER'S STATEMENT

(9) WATER LEVELS:
That well was dvidied wnder my ywrndiction end th report u trae te the bont .
Tiepik ot which warer war hee found . .96 e wy kmowledgr and briwf
Sens Ag eve DRIGTE PEriursting " NAME " 3
Standing level ater pariorsting / f " Lormmn, Rrm, of R Tamed o pronind |
Address g

(10) WELL TESTS:

e pump vent made’ [ o Ne If ves. by whom' . .
tr 4w down sl bes " 5 "

Yine

Tomperacare of oo o s chemica annive made’ ) Yo Y Ne License No. \:,1. l . OV SRS W v | ¥ Y




Golden State Well (1950, in Golden State Creamery ysrd,
— Loleta, sec. 18, 3¥lW)

*his well was being drilled in the suumer of 1950. Be-
ssuse of the presence of breckish water in come esrlier wells
arilled ir the yard area, Golden Stete had sent Mr. Flumer
*rens, Chemist, to sample the water found., Kr. Trone kindly
fursished information on the chsmical ocntent of the water ia
various strata in the well. . Larson, svperintendent for
Golden State, allowel the writer %o examine loge ~f former
wells.

Ca, and Mg are axpressed as CaCOy and ¥gCOs in parts per
millien (ppm). Cl 1s given in ppm; M, Trone noted that the
sreamery bas used up to 380 ppe Cl for waahing but that sbove
300 u.goor for boilers., 350-330 ppm (1 begins to taste
brackiash.

0-16 ysllcw ClAF ....i.ecienvene e

16-21 yellow clay and fine sand

£l-28 Dblue slay

26~358 sand and gravel

38-42 yellow clay

45-50 Dblue clay

59=-87 Ltrown clay and gravel (bard)

87-108 yellow aand

108=177 blue clay

177-182 sard and fine gravel

188-198 cosrse gravel

198-224 blue clay, hard .......... QTec vop?

224272 (eaamined by the writer) .... gray, compect, Diuve=
gray siltstons, few carbonseacus “ragments.

£78-296 sobbles to 4", mostly sub-angular rly scrted,
rarge % L/E" pedbles. v

96~ 323 medium-gray sandstons (compact when fresh).

323-3737? small pebbles to 1/2" ranging to medium sand,
shell fragments {incomplete data) (see ABB73)

iy .
in foet) Ca N cl
0

cesvees -]

fresh water

%0 7000
180 24 b ) L]
280 220 vy 473
270 1120 2980 3550
278 334 68 650
£00 338 818 680
£94 310 [ 780
3ls 530 1090 1314
32 48C 10860 1180
3368 30 840 900
358 470 1180

900
s i utblwoon«llwﬂ .n:“‘-‘l .



>
oF

City of Portune Well (located adjacent to the KWPRR depot

AR v o
U/(L/ /c:/flx . P /' \<}7

364

J

3U/AJ' T

in Portuna, see Plate I) drilled in

19501
Botes
O=4 soil
3% yellow sendy clay (water at 20')
80=90 fine grevel and sand (54-86 hard rock)
90-104 gray coarse gravel, hard ....ccccevvance QTec top ?
104-115 ¢ " - .
115154  * . . 9
154-182 Dlue ClAY ...vvcverrrenssrsssrrrcssnnne slaystone?
182-192 gray hard send .....cceereennans *hard® some-
" times used when gralis are hard

192-197 gray sand
197-208 blus clay
208~214 gray coarse sand
214226 coarse-fins gravel
£26-227 blus clay
RL7-2Y7 coarse gravel
237-250 blue clay
£80-265 clean fine gravel
g6s6-281 * " .
281-285 blue olay
2856-288 clean gravel
£286~-325 fine gravsl-coarse sand
325-328 grey rock snd gravel cemented .......... pebbles

bonded by elayey matrix
mw » v o ' L3
346-351 blue slay
351=-356 gray hard sand
356~38] ocoarse sand or fins gravel
361-365 clean gravel
345 500 eclay, contains fragments of dense,

md wod LR B B B B B COE B B I A N B N N mi“l.‘r
bonised wood fragments

of the QT¢ in elaystons

L B B

The lower part of this well was perforated iz order %o
produce from the lower gravels. A oconsiderabls smount of
water could be nrodussd bat it was found to have a hish
menganese and irom sontent. The well has not beem used for
the oity water system, as yet, althowsh produetios might
be as much as 500=-600 gelisns/minute.
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F. Logs of test borings at the Humboldt Bay
Power Plant Site by Dames and Moore.



APPENDIX VI

BORINGS FOR SITE FOUNDATION
INVESTIGATION



LIST OF PLATES

Plot Plan

Key to
Log of
Log of
Log of
Log of
Log of
Log of
Log of
Log of

Field Pumping Test Data

Test Data
Boring lA
Boring 2A
Boring 3A
Boring 4A
Borings D8 & D9
Boring D10
Boring D12
Boring D13
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e —————————— e

— v
: wa_ 0B DiviSIDNS [LETTER | SvMBOL | ~AmE
r it
‘ o i T - A ol | weli~greces gravels or
! = °. = - :u,: tr;:g;t v mirtyres, 1ittie 0 Mno
ol (L e e
-ce i s
S rines) 5# B0 pooriyegracco gravels or gravel-sand
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Consultants Reports from previous investigations
of geologic and seismic conditions pertaining to
the fiimboldt Bay Power Plant Site.

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

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

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

4. Report on carthquake hazard at the Humboldt
Bay plant, by Perry Byerly, 1969.
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RUPORT ON EARTHQUAKE HAZARD AT THE HUMBOLL. BAY PLANT
By Perry Byerly and William 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
seismocraphs.

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

Niscussions below will be based on this classification.

Summary of Conclusions

Study of the hazards leads to:

1) No faults pass throurh the proposed site.

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

3) The repion is one of many fairly large ecar*hcuakes. Construce
tion should be such as to resist an earthquake of intensity 8,
Yodified l'ercalli Scale, which corresponds to an acceleration

of about one quarter of gravity accompanying periocds of 0.l
second to O, second and repeated several times.

Earthquake History

The area of Humboldt Bay is quite seismic. Prom reflerences cited
at the end of this report, Table 1 nas been compiled. The intensity of
an earthquake descrives the damape done and the effects on people. The
intensity of a niven shock is different at different localities., It
depends on distance from the center of the shock, on peologic foundation,
and on the type of construction of buildings.

Table 2 lists the criteria for rating the intensity. These intensie
ties are rziven for the town of Eureka since it {s from it that most
reports are on record., Only in the later years is the location of e¢pi-
centers available, Oseismometry is a comparatively younpg aul'ect and
peneral locatica of epicenters in the area, except for very large shoc's,
awaited the establishment of seismopraphic stations at FPermdale -rnl
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 eartnhquake of April 18, 1506. The report of the Earthquake
Investisation Commission indicates that as well as the great fault break
to the south, a fracture occurred wnich began at Upper Mattole (35 miles
south of Bureka) and disappeared beneath the sea at Shelter Cove.

Yany 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 {rom 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 probadbly 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 may well
be an exagrmeration, as no recent earthquake has exceeded Intensity VIII.

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

Intensity TIII, according to Hershberger, is to be #ssociated with

an acceleration of 0.25 gravity. It would accompany waveu of period U.l
to 0.3 secends which would be repeated several times.

The Distribution of Epicenters

In Table 1 certain earthquakes are marked wit! asterisks. For these
epicentral coordinates are given. These epicenters are plotted on Figure
1. The shocks marked with one asterisik had epicenters within 3O miles of
EZureka. They are nlotted as solid circles on the map. The shocks
marked with crosses in circles centered more than 30 miles from Eureka
but were felt in the city.

The "marnitude” is given for these shocks. The masnitude of an
earthquake is determined from the record of a seismorraph. A given shock
has only one magnitude, It aims to measure the energy in the earthquake.
A formula connecting enersy and magnitude is

log E =11 ¢ 1€ X
where £ is in ergs.

Most of the epicenters were located from the records of the University
of California seismographic stations of which there are now twelve, range
ing {rom Corvallis, Oregon on the north through Reno, Nevada on the east
and Fresno, California on the south. For the larger shocks records of
dietant stations were also available.
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Geolggx and Faulting

The theory that earthcuakes rassult from breaks along faults is
well substantiated. locatior of faults, therefrre, is one method of
determining the possibility of damage from earthquake activity.

In this investigation the geology was mapped with emphasis on
fault location. Mield surveys were conducted as far north as Trinidad
Head, 23 miles north of the proposed site, as far south as retrclia,
22 miles distant, and inland as far as the 12L degree meridian, 15
miles away at the closest point. The area in the immediate vicinity
of Suhne Point was studied in greater detail than were more distant
recions.

Discussion g{ Faults

Nine major faults were mapped in the area investigcated (Plate 2).
These include, north to south, the Korbel, Crawford, Blue lLake, Falor,
Freshwater, Little Salmon-Yager, Russ, Bear River, and Lattole Faults.
In addition to these, breakage which occurred in the 1906 movement
alons the San Andreas Fault is shown. A more northerly trace of this
fault has not yet been located.

None of the uavpcd faults pass through the proposed site. The
nearest, the Little Salmon Fault, is four miles distant at its closest
approach. 3Secause of its proximity, this fault will be considered
first, Subsequent discussior will concerm faults at succeedingly
greater distances from the site.

little Salmon and Yager Faults

A detailed map of the trace of the Little Salmon and Yager Faults
is shown in Plate 1. These faults form a northwest trendinc system
northeast of Fortuna. Movement appears to have taken place at widely
spaced times in the past. JSoutheast of Fortuna, rocks of the Yager
formation of Jurassice-Cretaceous age have been thrust over rocks of
the Ris Dell formation of Pliocene age. The exact amount of movement
here can not be determinec, but displacements on the order of 10,000
feet along the fault surface are likely. [he fault surface here dips
steeply to the northeast.

To the wtst, this fault can not be differentiated from the lLittle
Salmon Fault., In this area, beds of Wildeat irour of Upper Pliocene
age have been thrust over rocks of the Hookton formation of middl

Pleistocene age. There is no exact measure as to the amount of dise
nlacement on the Little Salmon Fault, but due north of Fortuna, in
Section 23, R1v, .31, (Plate 1), a borehole drilled by the Texas
Compary started in Upper Pliocene rocks of the Wildcat Group and
pewetrated the Little Salmon Fault surface at 395 feet, passing into
Fleistocene pravels of the Hookton formation. These data taken to-
Tether with field information show that the fault surface dips at
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approximately LU degrees to the northeast and that movement of the
northeast tlock over the soutawest tlock 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, TUN (Plate 1), the fault dies out.

The most recent movemeat on this fault was after deposition of
the liookton beds ol liddle Pleistocene are, bu* bLefore Tormation of
some low terraces of Upper rleistocene are in the 3eatrice rerion.
There appears to have been no nmore recent activiiy on this fault
systen.

Treshwater Fault

The Fresiwater Fault has Leen mapped at the abrupt contact
between roclis of the Yager and Franciscan Jormations from the heade
vaters of the Zlk RUver nortiwestarly to arcata 3ay. The trace of
the fault is concealed throijhiout most of its extent by deposits of
the Jiookton formation, “ub occasisnal exposures permit its aporoximate
location. This is an old fault waich was active mainly before dise
nosition of the 'iookton beds. Some late movements alons the old fault
line are indicated, nowever, Southwest of Bayside on old Hirchway 101
(Plate 2) rocks of the Franciscan formation have been faulted acainst
rocks of the Hookton formation, indicatinz activity since the liddle
Fleistocene. lovenents may be taking place alons this fault at the
present tine,

2lue lake, gglor, Crawford, and Korbel Fanlts

These four faults are discussed tocether becaise of their siszie
larity. All occur north of Arcata and are northwert trendine, near
vertical faults which bound olocks of Pliocene seiimentes which have
zeen faulted arainst rocks of the Franciscan Formation. All have
lar~e bt inexactly determined displacements, probahly measurins in
the thoutands of feet, Three of thesc faults are rnown to have Leen
active since Liddle Zleistocene time, for ther have faulted ranciscan
rocks avainst Hookton rocks. Lovement on the horbel fault, the mcs®
northerly of the four, has Leen preater than on *he aAtaeprs in more
recent tines, [or Pranciscan rociks stand hi- . alove 'lookton bed
azainst which they have been faulted,

Tiw Zis5-Talse Lane Snear loneslear Aiver Tault svslem

"

the fault showm in rlate 2 as the sz “ault 15 actually a line of
contact between hiphly broken rocke of the False Cape hear Zone and
maltered rocks of the Taper formation. The False Cape Shear Zone Lo
a weaterly tren.inr zonc of intensely sheared ant crumrls! roc. s several



Appendix W

Ti2%4

miles wide. lovenment alon~ faults within the zone must have taken
nlace over a lons period of time. rrouinent sucnarine structural
features extend ~reat distances offshore {rom thi:z zone and from
ther similar zones to the south. Numerous epicenters have been
located alons these offshore zones of weakness, indicating that
present day movenents are contimuing.
The southern 1limit of tne Talse Cape Zone is also bounded by
a near vertical fault, tormed the Near River Fault in this report.
?.is fault branches in the vicinity of Capetown, one branch trending
thwest and the other noriiwest. The black between the two tranches
15 a dowmedropped black of sediments of l'iocene and Fliocene age. The
amount of movernent is larre, rrobably measuring thousands of feet,
Wut exact measurements are not nossitle. The fault has been mapped
inland for 12 mile:s, Heyond that point the trace of the fault has
not been located, not secause it 4ies out, but because mapping control
is poor there. Location of epicenters reported in the section on
Seismalomy indicate tne probable eastwars extension of this fault as
well az continued faulting activity.

“attole “ault

south of Lape .enlocino another wedre of Fliocene sediments is
vounded to tne nortn and sosth by vertical faults. The fault pattern
is mach the zam> as that of the 3ear River Fault, and movementis are
of the same orier of marnitude. The name Mattole Fault is used in
this report to deseribe this feature. It can be mapned with cere
sainty only a few miles inland, but its extension up the Lattole
7allay is indicated by the presence of numerous epicenters.

120¢ Jreaka~e

¥novm treal:are alons the San Andreas Fault in 1906 is confined
in this arna; te a small recion near Shelter Cove (Plate 2). The
=ore -3r,u rly trace of the san Andreas is not known. The fault mapped
as the . a%tole in this report could be this more northerly extension,
it a :r,ee alons the trend of the King Mountain Ranpge reaching the
seean so1ta o7 the mouth of the Nattsle Hiver is a much more likely

-

énlariec Conclisions

vine majcr faults or fault zones were mapped in the general vicine
ity of Lureka [Plate 2). All these faults have larre but inexactly
dnternined disrlacements. Displacements of several thousunds of feet
are the rules All of these faults have besn active over considerable
lenrths of peclorie time, and activity has continued into the recent

" -e ey

Al e
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North of the site, the Korbel, Blue lake, Falor, and reshwater
Faults have been active since Middle Fleistocene time. The greatest
amount of recent movement in this northern area has been on the
Korbel Fault.

The Little Salmon-Yager Fault System is closest to the proposed
site. It is a northwest trending tiorust fault with large displacements
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
System has been active over a long period of time, with the most
recent activity having been after deposition of the Middle Pleistocene
Hookton formation but before formation of some low-lyingz Upper
Pleistocene terraces in the neighoorhood of Jeatrice.

South of the site, immediately north and south of Cape Kendocino,
faults are numerous and of large displacement. All these faults have
a westerly trend and are related to structures which form the Gorda
and Lendocino Iscarpments, submarine features of extreme magnitude
extending 1000 miles or more offshore. Fault activity here started
long azo, but has extended up to the present time, as indicated by
geoclovical and seismological evidence.

The proposed site is unfaulted. Fresent 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 muistones, siltstones, sandstones, and conglom=
erates. Surroundine the site on all sides is recent, unconsclidated
B&?"fillo
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Table 1
EARTHQUAKES IN THE VICINITY OF EUREKA, CALIFORNIA
Epicentral Intensity

Date Region at Fureka Effect at kureka

1353, October 23 Humboldt Bay (VIII) Houses rolled like ships at sea, and
the whar{ sank four feet.

1355, March 19 Humboldt County (V1) 7Tlow of streams affected and milk
thrown out of pans.

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

1365, October 3 Humboldt County v Heavy shocke.

1869, June 12 Humboldt County v Sharp shocke

1871, Yareh 2 Humboldt County (VviI) Shook cornices off some buildings.

1373, November 22 At sea nortn of - Yuch damage to property.

Cape ¥endocino

1877, August 27 Zureka - -

1883, January 3 Sureka 111 Light, no damage.

188L, January 27 Humboldt County (VII) Other reports give intensity IV.

1884, April 6 2ureka IIT Very light.

1384, April 8 Zureka IT? Very light shock(s).

1839, August 12 Tureka - Sharp shock.

1839, Decempber 20 Zureka -- Light shock.

1850, April 25 Zureka -- T™wo shocks, the first light and the
second sharp.

1390, July L 2ureia - Quite a sharp shock.

1390, July 26 Petrolia Vi Clocks stopped.

1890, July 27 Tureka - LYoderate aftershock.

1591, June 20 Zurexa - Several light shocks.

1392, January 22 Sureka -- Light shock.

1833, January 9 Eureka - Sharp shock.



1898,
1898,

139€,

February 22
February 23
April 13
September 30
Jamuary 8
April 1
August 6
October 5
Ortober 15
November 18
December 6
February 13
April 22
June 9
March 6
September 17
October 23
November 25

Yovember 27

January 23
April 1L

April 1L

Septemoer 9
October 19

November 25

Epicentral
Region

Eureka
Eureka
Hydesville
Eureka
Zureka
Bureka
Zureka
Eureka
Eureka
Eureka
Eureka
Weaverville
Eureka
Zureka
Bulaica
EZureka
Zureka
Bureka

Bureka

Eureka

Cureka

Intensity
at Eureka

Humboldt County and

Kendocino County

Enreka
Fureka

Fureka

Appendix il

Effect at Eureka

Light shock.

Light shock.

Light shock.

Two heavy earthquakes, but no damage.
Heavy shock.

Sharp shock.

No damage reported.

Light shock.

Two very light shocks.

Light shock.

Quite a heavy shock.

A sharp earthquake.

Doors, windows, and movable objects rattled.
Light shock.

Five distinct shocks.

A severe shock.

A slight earthquake.

Slight--windows and doors rattled.

Buildings swayed and windows and doors
rattled loudly.

Windows and doors rattled.

Clocks were stopped.
A severe earthquake.
A light earthQuake.

A light shock.
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Spicentral Intensity

Date Region at Eureka iffect at Eureka

1599, April 16 Bureka VI The iron flue connecting the boilers and

smokestack of lumber mill was loosened.

1899, Aoril 18 Sureka - Light shock.

1900, Jamary 21 Eureka -~ Light earthquake.

1900, April 1L Zureka - Lizht earthquake.

1500, April 16 Sureka - Very light shock.

1500, October 1 Eureka - Very light earthquake.

1903, February 25 Sureka - Slight earthguake.

1903, Deceamber §$ Eureka VI Two successive jolts stopped clocks.

1504, January 11 Zureka - Very light earthquake,

190L, March 26 Zureka - wuite a heavy earthquake.

1904, July 6 - - A light earthquake.

1904, September 1L Zureka - Light shock.

1904, December L Bureka - Quite a severe earthquake.

1906, Aoril 18 S3an Francisco VI

In Zureka several frame buildings were twistcd, many chimneys toppled, several
panes of plass were broken, and pendulum clocks stopped. At Field's lLanding--"the
shoclk opened a fissure over 100 feet long in the middle of the road, which six teams
spent one day in filling. relican Island, as it is commonly called, opposite Field's
landin- dropt 3 leet at the point where the United States pile beacon stands." (From
the Aeport of the 3tate Earthquake Investigation Commission, on the California earth-
quake of April 15, 1%06.)

1906, april 18 Sureka(?) III -= (05:22 am F.S.T.)
1906, April 18 Bureka(?) - Slight. (12:25 pm P.5.T.)
1906, April 19 Zureka - Slight. (03:00 am P.S.T.)
1906, April 19 Bureka - Slight. (05:22 am P.5.7.)
1906, April 19 Eureka - Slight. (10:30 am ?.5.T.)
1906, April 19 Zureka -- - (11:10 pm P.5.T.)
1306, April 20 Eareka - Slight.

190, April 23 Eureka V to V1 Stopped clocks.



Date
1906,
1506,
1906,
1906,
1906,
1506,
1306,
1506,
1906,
1506,
1506,
1506,
1906,
1906,
1907,
1907,

1507,

Tided

April 23
April 27
April 30
Yay 9

May 10
June 7
June 10
June 13
July 9
July ©

July 30
August 1
November 7
December 25
Jamuary 14
February 25

August 8

Auzust 11l

Aupgust 12
Ausust 23
August 26
October 7
October 1L
October 23
October 28
liovember 22

Jamary 3

Spicentral
Region

Burcka
Eureka
Eureka
Eureka
Eureka
Zureka
Eureka
Sureka
Eurexa
Eurela
Bureka
tureka
Fureka
Eurexa
Eureka
Zureka

Fureka
Humboldt County

Zureka
zureka
sureka
Eureka
onreka
Bureka
zurexa
zureka

Pureka

Intensity
at Eureka

Appendix i

Effect at Fureka

Slight.

Sharp.

Shoox windows,

Slight sudden jolt.

Shook buildings, most severe since April 10.

Very light.

== (10:00 pm P.5.T.)
== (11337 pm P.S.T.)
Light.

Very light.

Upset vases.

Light.

Very light steady shaking of the earth
for six seconds.

VI or higher at Fortuna, but Eureka
lists only "gquite heavy".

Very lizht earthquake shocks.

Light.

Slight.

Quite a heavy shock.

The jolt shook buildings.

Quite a perceptible earthguace shock.
Very light.

Slight.

Heavy earthquake, distinct jolt,



1908,
1909,
1909,
1909,

1909 3
1510,
1510,

1910,

1910,

1910,
1510,
1911,
1912,
191k,
191L,,
1914,
1914,

[
O
n

(=]
O

Date
1908,
1908,
1908,

n

April 18
July 10
July 18

Dececber &
Nay 17
June 25

October 28

November 1
January 29
February 1l

Yarch 18

August L

August 26
December 12
March 11
February 2
April 10
August 1L
December 10
December 12
February 18

Vay €

Epicentral
Rcﬂm
Eureka
Eureka

Humboldt Bay

Dureka
Upper lattole
Bureka

Humboldt County
(Portuna)

Tureka
Rohnerville
Rohnerville

Hucboldt County

Bureka
e 3w, 127° W

Humboldt County
Sureka

Eureka

Eureka

Eureka

Eureka

Eureka

Eureka
Rohnerville

Yendocino Coast

Intensity

at Euareka

VIl

VIII

IIZto IV
v
1n

II to IIl

II
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Effect at Eureka

Light earthquake.

Light earthquake.

3everal plate glass winaows were cracked,
a few chimneys tumbled, and statues on the
roof of the courthouse were danaged.

A light earthquake.

Very perceptible.

A light earthquake.

Very heavy earthquake, a number of chim-
neys tumbled down, stores goods were
throwmn from the shelves, clocks stopped,

and telephone and telegraph lines were
put out of commission.

Very light.

Very light.

Very light.

Quite a heavy earthquake, continued with-
out cessation for about L9 seconds, the
longest earthquake ever felt in the city,
but no damage.

A sharp earthquake stopped office clocks.
(Magnitude 6.8)

A light earthquake.
A very slight shock.
Light.

Very perceptible,
Rattled windows.

Atrupt jolt.

One sudden jolt,
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Epicentral Intensity
Date Region at _Fureka Effect at Eureka
1515, July 22 Bureka ITT Chandeliers shaken.
1515, December 31 Off Humboldt Coast  III Yagnitude 63.
L1° N, 126° W.
1916, May 16 Eureka I Two shocks,
1516, July L Humboldt County v Three distinct shocks.
(Ferndale)
1916, August 23 Sureka V to VI Felt by practically everyone.
1917, June 26 Sureka Iv One bump.
1517, September 12 Eureka v Rattled windows.
1917, October 26 Eureka I Houses creaked.
1518, Jamuary 1 Eureka - -
1518, February 23 Eureka v Felt by many.
1918, March 2 Sureka I Felt by several.
1518, April 16 Zureka v Distinct bump.
1918, July U 0ff Humboldt Coast VI Buildings swayed alarmingly.
L1° N, 125° W Magnitude 6%.
1518, July 21 Sureka I1I Felt by many.
1518, August 20 Eureka v Awakened most.
1513, November 29  Eureka v -
1919, June 13 Zureka v Felt by several.
1319, September 12 Eureka v A series of at least five shocks, the
largest giving intensity V.
1919, September 15 CEureka Y1il+ Four shocks. The first, and most severe,
demolished some chimneys and broke windows.
1519, October 4 Zureka II1 Felt by several.
1920, Mareh 20 Bureka v Felt by many.
1920, April 19 Zureka ITI+ Felt by many.
1520, Octcber L Zureka III A bump. (053131 am °.5.T.)
1920, October L Eureka IV to V Some alarm. (OB8:46 pm P.S.T.)

1921, March 22 Bureka II to IIT Bump felt by several.
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oy
@

April 2L
Aurust 28
November 29

January 31

February u
August S
Aurust 5
Aupust 5
Aurust 17
Septerber 18
November 3

January 22

Fetruary 9
Yarch 28

September 3

June 19

July 17
September 7
January 25
March 2
Yarch 3

July 26
September 21
October 13

Tecember 27

Eﬁicentrll
Rezion

M
Sureka
“ureka

Eureka

Intensity
at Eureka

v
I11
II

Coff Cape Mendocino v

L1° v, 125%° @

Eureka
Zureka
Sureka
Bureka
Eureka
Eureka

Zureka

Off{ Cape Mendocino VI to VII
LO%o ¥, 12Lso W

EBureka
Eureka
Sureka
Eureka
Eureka
Upper Mattole
Sureka
Eureka
Eureka
EBureka
Eureka
Eureka
Zureka

Zureka

IZI+
111

-
-

R
-

I1I
II1?

11

Y
II to III
11
Iv
IlI+
IT1+

I11

Appendix It

Effect at Eureka
Bump felt by many.

Bump felt by many.
Abrupt trembling.

Felt over an extremely large area of
northern California. Magnitude 7.3.

Rattled windows.

o= (7230 pm P.5.Ts)

Rocking moticn felt by many.
= (9:LS pm P.5.T.)

Rocking felt by many.

Felt by several.

Rocking felt by several.

Only minor damage. Magnitude 7.2.

Felt by several.
Abrupt bumping.
Awakened nearly all sleepers.

Abrupt rocking.

Awakened all but the soundest sleepers.

Felt.

Abrupt tumping.

Rocking felt by several.
Felt by several.

Felt by many.

Felt by many.

Abrupt bumping.
Awakened many.

Awakened many.

Abrupt bumpinge.



Date

1927, January 3
1527, February 12
Yay 16

[
O
ro
-J
-

bt
0O
o
-3

s August 10

e |

7, August 20

b

?

o

Epicentral Intensity
Region at Bureka
Eureka v
Bureka v
Humboldt County v
Zureka V+
Humboldt Bay VIII
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Effect at Eureka
Alarmed some.
Abrupt rocking.

Felt by mamny.
Awakened nearly all, and alarmed many.

In Eureka considerable damage was done in the way of cracking of walls, fall of
plaster, cracking and fall of chimneys, and damage to goods which were thrown fram the
The County Courthouse and the Federal Building suffered extensive
hater pipes were broken in the latter build-

shelves in stores.

damage in cracking of plaster and walls.
ing. (From Perry RByerly, The Eureka (California) Zarthquake of August 20, 1927.)

» September 6

1527, September 16

1927, December 8
1327, December 8
1529, December L
1930, March 27

1930, September 22

1930, December 11

1930, December 11

N

1330, December

1931, November 28

1332, January 5

Humboldt County

ureka

Zureka
Zureka
Garberville

Bureka

Lo® N, 125° W IT
Lodo w, 12l° W

to

I11
v

<t

4

"4
v
[

3
(8

<1

III

I

9

111

II1

Felt by several.

Light fixtures swayed. Awakened all but
the soundest sleepers.

Felt by many. (2:25 pm F.S5.7.)
Felt by nearly all at rest. (10:12 pm r.S.T.)

Major earthquake. Two shocks which caused
considerable local damage, but little
information available.

No damage, (12:59 am F.3.T.)

(Ls29 am 2.8.T.)

(12:15 pm P.S.T.)

No damage, Between December 11 and December
23 there were eight shocks felt in Eureka.

VMagnitude 5.8,



Appendix Il

128
Epicentral Intensity
Date Region at Eureka Effect at Eureka
1522, June S - II to II] ==
%1932, June 6 LO® L5' N, 124° 30' W VIII
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 higuway
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 extencded farther than the edge of the concrete
pavement. One person was killed and another severely injured in Bureka. ZIlectric power
was interrupted for only a few minutes, and the water system in Bureka remained intact.
No fires followed the earthquake. (From Neil R. Sparks, The Eureka Earthquake of June 6,
1532.)
1533, November 10 == IV  Felt by many.
193k, April 20 - IV  Bumping motion following by trembling.
Awakened many.
*#193L, July 6 L1 26" N, 125° 2L' W VY Hanging objects swung, clocks stopped.
153L, November 15 == II ‘valls creaked.
193L, November 17 - III Gentle rocking.
1935, January 2 LORL %, 125.7° W IV Windows rattled, walls creaked, and
chandeliers swung.
1935, February - II Felt.
1335, October 27 - (I1I) ==
1336, June 3 L0.,2° N, 126.,0° W IV Slow rocking and rolling motion.
1536, August 23 -- (I1I) PFelt by many.
1336, September 25 == (I1I) A single surge, felt by many.
1337, February 6 - Vv  Pendulum clocks stopped, bushes shook,
and hanging objects swung.
“#1538, September 11 4LO® N, 12i° ¥ V Felt by all; hanging objects swung.
“%1533, october 17 We ¥, 12k°w (II) Felt by few.
1938, Nevember 9 -- (ITT) Mild earth tremor, felt by many.
%1739, Yay 1 Lo° N, 12l° w IV Rattled windows; nanging objects swuny.
1939, June 22 - I1 Felt by few,
1540, hugust 25 - III One vertical bump; subterranean sounds
17L0, September 27 == IV Moderately loud subterranean sounds,

lighting fixtures swung, some alarm.
2



Date
1540,
15L0,
1540,

1540,

1541,
w1941,

w*19kl,

1941,

19L1,
15L1,
1943,

19LL,

**19u7,

-3

w1517,

October 22
November 16

November 19

Decenmber 20

Jamuary 23
February 9

Xay 13

October 3

October L
Yovember L

November 11

January 12

June §
September 21
May 2

Yay 12
October 22
August 1
Novenmber 23

December 13

December 20
arch 29
May 27

September 23

LO.7° N, 125.4° W

LO.3° N, 125.0° w

LO.2° N, 126.,8° W
hOQ?o l‘", 12ho7° w

LOJL® N, 12L.T° W
LO.L® N, 125.2° W

VI

II1
VIiI

I11
II1

II1

v

II1

A ndix i
ppe x| 10

Effect at Eureka

Rattled windows and doors.
Objects swung, trees and bushes shook.

Mdjects swung, dithes rattled, walls
creaked, and bushes were disturbad,

Clocks stopped, objects swung, felt
by nearly all.

Felt by many, awakened few,

Overturned small objects, and shook
trees and bushes.

Felt by few.

Plaster cracked and fell, chimneys
cracked and twisted; was felt by and
frightened all.

Slight.

Felt.

Rattled loose objects, buildinzs
creaked, awakened few.

Hanging objects swung, small objects
disturbed.

Felt by few.

Rattled windows,

Fixtures swung, disturbed objects.
Rattled windows,
Not re. o ted felt. Lkagnitude L.3.
Swayed Jight fixtures.

Zarthquake sounds, objects disturbed.

EZarthquake sounds, objects disturbed;
sharpest since 1%32.

Felt by several.
Floor lamps swayed, objects disturbed.

Avakened all, frigshtened many, hanging
objects swunge.



"1952 ’

#1752,

February 15
April 3
August 8

August 8

3, August 18

Auzust 19
September 7
November 12
Yay 3

Vay 12
September &
October 27
December 21
January 1L
February 10

June 2
June §
January 13
October 7
October 26
November 1L
March 23
April 27
September 22
tober 4
November 15

Decemver 17

%1753, January 3

Zpicentral
Region

L1° N, 12L.9° W
Loe 25 N, 12L°
Lo° 25 N; 12i°
L0.5° N, 124.7°
Lo® 15" N, 124°
Lo® 2L N, 124°
LO.L® N, 124L.3°
LO.T° N, 12L.7°

U0e9° N, 12L.2° V

bO.Lx" N’ 121403°
LOo° 13" N, 124°
L1.2° N, 124.3°

k0.8° N, 12L.L°
Lo.8° N, 123.,7°
Ll.2° N, 124.3°
124°
e

LO® 17* N,
Ll° 00°
Loe 26 1240
1240
12l

2y°

Loe 25 N,
Lo® 55+ N,
Loe 12!
Lo® 35' N, 12L°

L1° ou 124°
LO.4® N, 12L.2°

LO.7° N, 12L.L°

Intensity
at fureka
I
v
07 w 0
o' m 0
v v
v
16'w  III
9w 0
¥ II1
3 0
?
W v
w 0
25' W v
w v
W ?
w 0
W v
3B W v
30'w 0
03' W VI
08' w 0
25' W 0
25' W v
25' W 0
25" W 0
w 0
W 0
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Effect at Bureka

Felt by several.

Felt by many, loose objects rattled,
Not reported felt. Magnitude 3.0.
Not reported felt. Magnitude 3,3.
Disturbed objects.
Awakened many.
Felt by several,
Not reported felt. Magnitude L.S.
Hanging objects swung. Magnitude L.l.
Not reported felt. Magnitude L.3.
Felt.

Magnitude L.S.

u‘mt“d@ 3 Pe

Disturbed objects.
Not reported felt.
Shifted small objects, rattled windows.

Hanging objects swayed, small objects
displaced. Magnitude L0,

lilcnit.ude LeDe
Kagnitude 3.0,

Sharp at Eureka.
Not reported felt.

felt by many.
Disturbed objects, many frightened,

Not reported felt. Magnitude 3.9.

large windows broken. Magnitude L.7.

Not reported felt. Magnitude 3.2,

Not reported felt. Magnitude 3.0.

Felt by most, disturbed oo jects.

Not reported felt. Magnitude 3.7.

Not reported felt. Mapnitude L.1.

Not reported Uagnitude 2.3,

Not reported Magnitude 3.6,

1
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Epicentral Intensity

Date Region at Eureka Effect at Eureka

#1953, April 10 L0° 26' N, 124° 18' W 0 Not reported felt. Marmitude 3.2,
21953, May 25 L4o° 35' N, 123° LS' W 0 Not reported felt. Magnitude 2.5,
#1953, May 27 LOJ5° N, 12L.k° W 0 Net reported felt. Magnitude 3.0,
#1953, May 30 Loe 23* N, 12L° 27' W 0 Not reported felt. Magnitude 3.€.
#1953, June 25 LOJL® N, 12L.3° W 0 DNot reported felt. Magnitude 3.l.
%1953, July 1 LO.5° N, 123.6° W 0 Not reported felt. Magnitude 2.L.
#1953, July 7 LO.A° Ny 12L.3° W 0 Not reported felt. Magnitude 3.l.
%1953, Aucust 6 L0.6° N, 12L.0° W 0 Not reported felt. Magnitude 3.l.
#1953, Auzust 7 LO.7° N, 123.8° W 0 Not reported felt. Magnitude 3.5.

#1953, Aupust 1  LO® 28' N, 124° 06' W 0 Not reported felt. Kagnitude 3.0.
%1753, October 25 LO° 36' N, 123° S56' W C Not reported felt. MNagnitude 2.9.
#1353, November 17 Ll.2° N, 124.,1° W C Not reported felt. Magnitude 3.2.
#1954, lay 27 Lo® 28" N, 124° 30' W 0 Not reported felt. Magnitude 3,0.
#1954, July 1 LOeB® N, 12L.5° W 0 Not reported felt. Magnitude 2.0.
#1354, July 5 Lo® 26* N, 124° 16' W III §1éght rumbling earthonake. lMapgnitud:
w1954, July 17 Ll° 13* N, 123° 34' W ITIT Mild intensity.

#1954, October 20 LO.L®° W, 12L.3° W 0 Not reported felt. Magnitude 2.5.
#1954, November 18 L0.5° N, 12L.1° W TV Felt by many.

195L, December 21 LD°® L5' N, 124° OS' W VII Magnitude 6.5.

The old City Hall and old County Courthouse in Zureka 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--lass windows, and merchandise. In the

poorly consolidated pround areas north and east of -ureka there were some pipe line failure
and Dureka's main water reservoir (constructed in two halves) was crac<ed in one nalf.
Jumersus breaxs occurred in Eureka's water distribution system, but none were serious. Tw.
tall industrial stacks, cracked in the 1932 earthquake, were again cracked, One elevated
steel tank (not earthqui‘:e resistant) had broken rods. U.S. Highway 101 between Eureka a::
Arcata was cracked and '.ulged to some extent but no serious damage occurred to roads or
oriiges. A press repor. stated, "A large section of the older downtown area of Iureka
settled from two to six inches. The area, bounded rouzhly by E Street, Fourth Street,
roadway 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 bul sank
ranidly durins the earthquake. .... One man fell into Humboldt Bay and was drowned and a
nunber of people were injured by falling objects. (From the United States Coast and
eodetic Survey).
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Epicentral Intensity
Date Region at Eureka Effect at Zureka
#1954, December 22 LO® L7' N, 123° 52' W 0 Not reported felt. Magnitude 3.5.
}195-'—, December Zh h0° hh' S, RhO OG‘J' v v anht.ened all, rattled dishes.
u‘gmtud' 3.50
%1754, December 30 LO® L7' N, 123° 52' W VI Plaster cracked windows broken,
chimneys down, and water transmission
lines broken. Magnitude 53.
%1955, Jamary 1 LO® S7' N, 124° %0' W IV  Some plaster cracked. Magnitude L.O.
%1955, Jamary 1 L1° 11' N, 24° 11' W ? Included above. Magnitude 3.0,
#1955, January 8 L0.9° N, 12L.k° W 0 Not reported felt. Magnitude 3.0.
#1355, January 9 L0.9° N, 12L.L° W 0  Not reported felt. Magnitude 2.6.
"195,:) Ja.’tuax',',' 12 L’lolo :\,) 123.9° w 0 Not Nported felt. l.gnit“d. 3.3.
1965, January 30 - IV  Felt by many.
1955, January 31 -~ IV Light jolt.
#1955, March 5 L1.0° N, 12L.0° W IIT lLight earthquake. Magnitude 3.1l.
1
%1755, March 7 a0°/§2 124° 15" W 0 Not reported felt. Lagnitude 3.S.
1355, Yarch 15 -- III Two light shocks.
“’1;:5) June 7 w.s" N, 12L.h° b | ? Felt.

»41955, August 26 LO® 23" N, 124° 30' W IIT A minor earthquake. lagnitude L.5.

%1755, Auzust 29 LO® 25*' N, 124° 11' W v loor lamps swayed, disturbed objects.
¥Yagnitude L.l.

1955, Netober 11 == IIT Slight rattles.
#1955, November L L0.8° N, 12L.3° W IV PFelt by all in home. Lagnitude 3.0.
#1955, November 15 LOU.T72 N, 123.6° W IV  Felt by all in home. Magnitude 3.2.
21955, November 18 LO° 25' N, 124° 05' W 0 DNot reported felt. larnitude 3.6,
%1956, March 9 40° 18' N, 12L° W' W IV  Felt by several, awaxened few,
#1956, vay 28 L1.1° N, 124.0° W ITI Very light. Magnitude 2.5,

1556, tay 31 -- III Felt on first floor.

1556, June 1 - TII Six lirnt shocks.

#1956, July 12 LOB° N, 123.6° W 0 ot reported felt. !aznitude Jj.5.
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Epicentral Intensity
Date Region at Eureka Effect at Zureka
#1956, July 26 Lo® 27' N, 124° 18' W 0 Not reported felt. Magnitude 3.2,
#1956, August 1 LO® 25" N, 12° 0S' W 0 Not reported felt. Xagnitude 3.0.
#1956, October 6 Lo® 25t N, 124° 00' W 0 Not reported felt. MKagnitude 3.3.
1956, October 11 LO® LO' N, 125° L&' W V A few dishes broken.
1956, October 13 == IV  Caused garage to tremble.
=% 1056, November 10 L0° 13' N, 123° L3' W V  Rattled windows and awakened sleepers.
#1557, January 26 LO® 2L' N, 124° O1' W 0 Not reported felt. Magnitude 3.3.
#1957, Pedbruary 18 Ll.0° N, 12L.2° W III %1¥ht jolting earthquake. NKagnitude
#1957, March 13 LO.T° N, 123.9° W II Small shock. Magnitude 3.0,
%1957, ¥arch 1L Lu® 16' N, 123° 50" W IV  Disturbed cbjects.
#1557, April 9 LOJL® N, 124.2° W 0 Not reported felt. Magnitude 3.3,
#1957, June 5 LO® 30' ¥, 124° 00' W 0 Not reported felt. Magnitude 3.L.
#1557, September 2 L0.7° N, 123.5° W 0 Not reported felt. Lagnitude 2,0,
#1957, July 28 LO® 29" N, 123° 56" W 0 Not reported felt. LKagnitude 3,2.
*% 1958, March 1L LO® 16' N, 123° 55' W IV Felt by many, awakened few.

* Zpicenter locatel on map within 50 miles of 3ureka,

¥

<
!
[
o

11-21-58

ent2r located on map, beyond 30 miles, but

felt in Sureka,
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Table 2 13

MODIFTED MERCALLI INTENSITY SCALE OF 1331

Not felt except by & very few under especially favorable circumstances.

Felt only by & few persons at rest, especially on upper floors of
buildings. Delicately suspended objects may swing.

Felt guite noticeably indoors, especially on upper floors of build-
ings, but many pecple do not recognize it as an earthquake. Standing
motor cars may rock slightly. Vibration like passing of truck.
Duration estimated.

During the day felt indoors by many, outdoors by few. At night some
awvakened. Dishes, windows, doors disturved; walls made cracking sound.
Sensation like heavy truck striking building. Standing motor cars
rocked noticeably.

Felt by nearly everyone; many awakened., OSome dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbance o” trees, poles and other tall objects some-
times noticed. Pendulum clocks may stop.

Felt by all many frightened and run outdoors. Some heavy furniture
moved; & few instances of fallen plaster or damaged chimneys. Damage
slight.

Everybody runs outdoors. Damage negligitle in buildings of good
design and construction; slight to moder: te in well-built ordinary
structures; copsiderable in poorly built or badly designed structures;
some chimneys btroken. lNoticed by persons driving motor Cars.

Damage slight in specially designed structures; considerable in ordi-
nary substantial tuildings with partial collapse; great in poorly
built structures. Panel walls thrown ocut of frame structures. Fall
of chimneys, factory stacks, colummns, monuments, walls. Heavy furni-
ture overturned. s3and and mud ejected in small amountis. Changes in
well water. Disturbed persons driving motor cars.

Damage considerable in specially designed structures; well designed
frame strustures thrown out of plumb; great in substantia. ™

with partial collapse. Buildings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundaticns; ground vadly cracked. Rails
bent. landslides considerable from river banisand steep slopes.
Shifted sand and mud. Water splashed (slopped) over banks.

Pew, if any (masonry), structures remain standing. Bridges destroyed
Broad fissures in ground. Underground pipe lines completely out of
gservice. Earth slumps and land slips in soft ground Rails bent

greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and
level distorted. Objects thrown upward into the air.
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Appendix II

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, 1900.

Included in this appendix are Mr. Marliave ¢ letter of December 27,
1960. and his original report.
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December 27, 1900

Mr. John F. Bouaner

Vice President & Chief Engineer
Pacific Gas & Electric Company
245 Market Street

San Francisco, California

Subject: Unit No. 3, Eureka Plant

Attention: Mr. J. D. Worthington
Chief Civil Engineer
Dear Mr. Boanner:
t ransm rral letter for TAE
In vaoriginal report dated October 28, 1958, above
subject, 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 witn this idea seven holes
were drilled during the Fall of 1900, and measurements have
been taken on them allowing an approximate determination of the
position and slope of water table in various parts of the
adjacent area.

The location of these holes are plotted on the
accompanying map which is a porcion of the U.S.G.S. Fortuna
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

This profile irends northwesterly down Elk River valley
through test holes 7, o, and 5, and shows a water-level slope
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from elevation 29+ feet in hole no. 7 to elevation &+ feet in
hole no. 5 in tne Fall of 1900. This is a slope of !5 feet in
about two and one-fifth miles, or an average slope of about 1!
feet per mile. It should be noted that this slope occurs at
what is generally considered to be the low-water period of the
year prior to any appreciable rainfall and recharge.

It will also be noted in vour tabulation of elevations
on the drawing entitled 'Cround-water Test Holes, Humboldt Bay,
Scale 1' = 400'," that in the last weex of November there was
a rise in water-level elevations, probably due to rainfall and
recharge. The slopes remain approximately the same but tne
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 trendinz profile, between holes &4
and 5, indicates a water-table slope to the norrheast. Hole
no. & 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. &
indicating it probably does not receive nuch 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 ol 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 ¢ 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 & to
5 to the northeast, and from 4 to 2 to the west, suggests that
a hydrologic divide exists in the vicinity of nole 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 > 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
adiacent 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 tizht sediments. This water-table
slope is about 25 feet per mile.

Profile 5

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

A landward gradient exists between holes no. 1 and 3
on the order of 2.7 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 1.5 feet in 2,200 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. "ole no. 1 is at a slightly
higher elevation and may be drilled largelv in tighter materials
underlying a verv thin skin of Recent alluvium. “ence, these
measurements mayv 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 vicinty
of the plant site and are generally away from the main ground-
water body of Elix River vallev and are separated from this valley
by what appears to he hoth a surface and piound-water divide.
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From study of the logs of the seven tesi icics drilled,
there is little can be said other than that the material appears
to be clay and sandv clay and should have a very .ow per cability

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 Slou.h cr the
plant wasteway, 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 anc would have
low percolation rates, the addition of an asphalt cr .i:er type
pavement in the plant area would further reduce the opportunity
for liquids on the surface to penetrate to water ta le.

1t might be well at this time to indicate tnat the
quantity of waste, which might be accidentally discharzed, would
be relativelv 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 transmissibllity 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 195% and
is entitled 'Geology and Ground-Water Features of the Eurexa Area,
Humboldt County, California.’

Similar conditions of ground-water movement are believed
to exist in the Elk River and Buhne Point area.

sile 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 discharzed naturally by subsurface
flow. The following paragraphs quote the particular reference
regarding discharge of ground water.

‘Discharge of Ground Jater
'Ground water in the Eureka area is discharged by

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 coas-al plain, by evaporation and transpiration,
and by flow through spring orifices. As previously
discussed 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
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.

2. Regardless of the effect of tides in Elk River
valley the sediments or ground water-bearing materials will be
flushed aut each year during the rainy season.

3. Both a ground water and slight topographic divide
appear to exist between the plant site aad 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 vallev 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 tc be within the
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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 woulcd 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 wicinity
of the plant area.

0. The pump test conducted by Dames & Moore in the
vicinity of the plant indicates, as previously estimated, a very
low permcability of the underlying sediments, and since this is
probably largely a horizontal permeability, it should be remembered
that the vertical permeability is man times less.

Recommendation

The test holes should be measured at least twice
annually, for a period of several vears. 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,

-
/

E. C. Marliave
Consulting Geologist

EQM:jh
Enclosures
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Appendix II

Geoloric Recounaissance of Ground Jater Conditions
RBuhne Point’, Eurkea, Calif.

Purpose

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 NJ 1/4
of the S.) 1/4 of Section 8, T. 4 N., R. 1 ..., H.B.M. This
location is zbout 3 miles south and two and one-half miles
west of the town of Eureka.

The plant is located on Buhne Point, between the
northwestern Pacific Railroad tracks and the recedinz north
shoreline of Buhne Pecint. The plant area is slightly higher
in elevation than the surrounding flcod plain and marshy
areas, as Buhne Point represents the seawvard extension of a
northwest southeast trending range of hills that extend from
Buhne Point to the southeast.

The aujacent area of importance to this stucdy 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 Y., 4.B.M.
fuch of this area is primarily the portion of Elk River Valley
and the bordering contiguous hills that extend from the
southeast tu the northwest toward Buhne Point.

Topography and drainage

The topography in the vicinity of this site i=
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 maturc stage of development, with broad wide valleys
containing the flood plains meandering streams and sloughs.
The low lyinz flood plain and slough areas are affected for
several miles inland by tidal action, particularly at low
water stages. The {loud plaindeposits originate from high
winter and spring stream flow. The flood plain and [lats are
pocrly drained and there is little relief in the bottom of the
valievs., The hills and mountainous areas to the northeast and
gsotith~sa-¢ are reasonabhly well drained by a dendritic stream

patt.ern.
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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 exemp.ified 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.

Geology

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 Quatermary
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 underlyin; 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 are
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 the 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 cownward percolation of water and prevent
surface liquids from reaching the confined water-bearing
strata in the Hookton formation.

The areal geology, taken from U.S.G.S. open file
report, 'Reconnaissance of the Geology and Ground .later Features

of the Euifka Area, Humboldt County, California,’ is indicated
on the following péaeS- Indicated on this map are the location
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of two geologic sections A-A' and B-B' drawn through 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 and 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 limited periocds 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 reasornable to assume low suriace 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 transparred te 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., =xates
of movement 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



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. Vhen
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.

Wwhile data are not available to draw ground water
contours in Elk River Valley and vicinity, a Water Level
Profile, Eel River Valley, August 1952, has been prepared
from the U.S5.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 will
be needed. The vertical permeability through these materials
should be very low though the horizontal permeability should
be much greater.
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Test drilling at Buhne Point 2nd other well logs
available indicate a thickness of several to 35 feet of tight
clayey material at and near ground surfice. According to
Dames and Moore 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 conf/ning layers.

Although topography is not detailed enough, there
appears to be a surface drainaje 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, tre ¢ iin 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 ar¢ no data from
water table elevations to support such a hypothesis. The
block diagram indicaces geologic conditicns near the plant
site at Buhne Point.

Jhile a seaward hydraulic gradient ~xists or is
believed to exist at the present time, heavy pumping in an
area inland might reverse the hydraulic jradient either in
the free ground water body near the surface or in the confined
aquifers at depth and possibly allow for sea wvater intrusion
or a change in direction of ground-waLer 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 reachin; 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. wWater-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
1. 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.

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 drainaje, as the
rate of downward percolation in the surface clays and soils
would be very slow.
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The Geclogy in the Vicinity of the Pacific Gas and Electric Plant

at buhne Point on Humboldt Bay, California

by
G. H. Curtis
Summary

The atomic reactor plant of the Pacific Gas and Electric Company at
“uhne Point on numboldt Pay is in a tectonically active region but is located
on unfractured rock no closer than 75 miles to any visible trace of a major
fawlt or 33 miles to any possible extension of a visible fault (the Little Sale
mon Fault). The Freshwater Fault, the nearest fault on which earthquakes have
occurred in historic times, is 94 miles away at its closest point to the plant,
The plant appears geologically safe.

Introduction

Four days, May 15, 16, 17 and 18, 1968, were spent in the field study.
ing the fawlts in the vicinity of the P. G. and E. plant on Humboldt Bay, Calie
‘ornia, The publisned geologic map of the Fortuna and Ferndale Quadrangles, by
B. A, Ugle (1953), was used as a base, additional field data being plotted on
the Fields Landing Quadrangle on a scale of 1:24,000 (F1.1).

Ffarticular attention was paid to the possibility that the Little Sale.
men Fault, or a branch of it, might extend northward toc the plant site from its
last occurrence shown on CUgle's map approximately four miles to the south near
Willow Erock, Sect., 33, T, L N. B, 1 W., H., B, M. As can be seen on his map,
the Little Salmon Fault turns abruptly north about & mile south of the Junecticn
of Salmon Creek and Little Salmon Creek. Although Ogle ¢ tended the fault only
Lo the vicinity of Willow Srook, he indicates a possible bi. 'rcation of the fault
8%t that point, with the eastern most branch heading northward, .. .ae general
direction of Fields lLanding and Buhne Point. Since fissures were reported having
developed in the highway at Fields Landing at the time of the great 1906 sarthe
quake on the San Andreas Fault and again during the Sureka 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
~anding, 1# miles south of the plant, and that it might still be an active fault,
A8 will be shown below, however, no such extension of the fault occurs, ard the
fissures at Fields Landing are probably due to slump of unconsolidated landslide
debris,

Jeneral Jeology
The two formations exposed at the surface within five miles of tne

plant in any direction are the Pliocene-age marine Wildcat and the Pleistocensc=
&ge nonemarine Hooktcn, Within this radius of five miles, the Wildcat is compesad



dominantly of blueegray silty to sandy mudstone. Thin gravel lenses are rare,
constituting less than three percent of all observed exposures, Fossils cf
invertebrates are sparse and of marine types. Further south along the Eel River,
Ogle 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 Buhne Peint, Cgle 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 contrasts marke
edly with the Wildcat formation, being composed of 200 to 400 feet of yellows
orange sandstone, sandy gravel, siltstone, and claystone in approximately that
order of relative abundance. Most of these lithologic types are almost as well-
consclidated 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 composing
the Wildcat formation, can be seen interbedded with yellow-orange sandstone and
gravel typical of the Hookton formation along the freeway both north and scuth
of Fields Landing. Ogle quite understandably mapped these as Wildcat formation,
liow, however, owing to the excellent exposures afforded by the new freeway-cufs
at these localities, the interbedded relationship can be clearly seen,

In the few good exposures of the contact between the Hookton and Wilde
cat formations within five miles of the plant the contact is unconformable; but,
as descrived by (Ogle, the unconformity is not great and the Hookton folds Ifollow
the underlying folds of the Wildcat fommation closely but have somewhat less
steep .imbs, The near conformity of the two formations is well illustrated in
the Pine Hill Anticline area east of the plant (Pl. 1), where the two formaticns
almost lie parallel to each cther for distances of two miles or more. In a few
places the unconformity between the two formations is profound, and it appears
that between depositicn of the Wildcat and the Hookton there was local uplift
and deep erosion of the Wildcat formation.

Subsequent tc deposition of the Hookton formation, in probably mide
Fleistocene time, there was & general but sporadic uplift which allowed the Elk
Kiver and the Salmon and Little Salmon Creeks to cut terraces along their courses
intc the Hookton and Wildcat formations on which were deposited patches of coarse
gravel, Ogle's map overe-emphasizes the abundance and thickness of these terrace
deposits, owing tc 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

tted them from my map, but their presence on several prominent benches along
these streams at an elevation of about 75 to 90 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 immediately adjacent to the plant, probably represents eustatic rise of
the sea consequent upon ending of the last great glaciation and melting of ice
approximately 12,700 years ago.

Detailed Geology
The plant rests on the Hookten formation., Owing to cut and {41l ime

mediately arcund the plant itself, no rocks are presently visible in contact
with the bullding. Drillehole data obtained by Dames and Mcore previocus to plant



construction, howevar, 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-
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
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
gravels are also exposed along the cliff mentioned above, west of the sandy silte
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 »f the plant, marks the contact between the Hookton and Wild-
cat formations. This interpretation is probably correct and places the contact
of these two formati-ns a little under 90 feet below sea-level at the plant site,
or just below the deepest testehcle put down. Confirmmation of this is afforded
by a test well, put down about 600 feet mutheast of the plant by Becntel Corpore
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 formation had been
reached, (Marliave, 1959 & 1960; and Bechtel Corporation, 1954),

Although the cliffesection of strata north of the plant is not perfectly
exposed, owing to debris having been dumped there locally during construction of
the plant, most of the section is well-exposed, and nowhere are there indications
of even minor faulting.

Faulting

In their 1958 report of earthquake hazard at the Humboldt Bay Power
Plant of Pacific Sas and Electric Company, Byerly and Quaide dealt with the nine
known faults in the Zureka Fortuna area., With the exception of the Little Sal.
mon Fault, which 1 discuss below, all of these are more than 93 miles from the
plant at Humboldt Fay. As I have nothing more to add tc the known geology of
these cther faults than was given by Byerly and Quaide, I have simply reproduced
their comments about these faults, verbatim, in Appendix I.

The Little Salmon Fsult, as menticned earlier, appears from study of
“gle's geologic map to have a probable northward extension that might bring it
into the vicinity of the Pacific Gas and Electric Company Plant. An effort was
therefore made tc trace it carefully {rom where it deviates sharply from its
NASW trend to its NZ20°W trend, near the west central edge of Sect. 15, T. 3N.,
Re I¥., Ho %, M, Jouth of this deviation in strike there are dboth surface and
subsurface dats (Appendix I), indicating thet the Little Salmon Fault and its
branch (the Yager Fault) are higheangle reverse or thrust faults with their fault
planes dipping northeastward, lorth bayond the deviation in strike, however, it
vecomes apparent that the contact between the lookton formation and the Wildcat
formatisn, which Ugle evidently believed was a fault contact, dips southwest at
angles varying between 20 and 35 degrees, UJuch a change in attitude implies that
the fault suddenly changed from reverse movement to normal movement where it
changed strike. This is highly unlikely.

There appears %o me to be only two possible interpretations to this
sudden marked change in dip of the northern part of the Little Jalmon Fault:
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l. The north-trending section of the Little Salmon Fault is not the Little
Salmon Fault but is a completely separate normal fault that has been
intersected by the Little Salmon Fault.

2. The north-trending contact between the Hookton formation and the Wilde
cat formation is not a fault contact at all but is a depositicnal
contact along a steep slope cut into the Wildcat formation after its
deposition and before deposition of the Hookton formation.

. In either of the above cases, the Little Salmon Fault probably contirues
its N65°W trend out through the southern part of Humboldt Bay, or dies out quickly
in that direction.

The field evidence supports the second interpretation. In most places
exposures of the HooktoneWildcat contact are pocr, owing to heavy vegetation cover;
however, sufficient good exposures can be found in several gulches toc show that
the contact is depositional and unsheared. Furthermore, Hookton formation overe
lying Wildcat formation extends up ridgecrests for several hundred yards to the
east of where Cgle shows the "fault,” and in adjacent gulches the Wildcat forma.
tion can be found several hundred yards to the west of the "fault” lying beneath
a cover of Hookton (P1, 1).

If the Little Salmon Fault does not die out as it approaches Humboldt
Bay, its most reasocnable extension northwestward would place it along the southern.
most end of the bay no closer than 3% miles from the Pacific Gas and Electric
Company Plant., It should be noted that nc epicenters occur anywhere in the southe
ern part of Humbcoldt Say 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 formation., It was here that Ogle (1953, p. 65)
found several faults of small displacement. FProbably some of these were removed
or obscured by quarrying operations, because at the time of my visit only & haire.
line cracks could be observed, twc of which showed virtuslly no displacement and
two showed a maximum of about 12 inches of normal movement which seemed tc die out
along strike, The "faults' vary in dip from 47° to vertical and in strike from
aout N15°E to N75°E, being markedly at odds with the prevailing northwesterly
trend of all major faults in this region and showing no consistent pattern of
their own, The dips of the Hookton formation on the western edge of the quarry
sre much steeper (35°) than on the eastern edge (510°) 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 eastewest strike of bedding both north and south of

the quarry.

The leccation of this quarry, with its anomalous structural features,
is along the crest of a small unnamed anticline shown on Ugle's geologic map
running through Humboldt Hill., It appeared to me that all of the anomalous
features ¢f the quarry can be explained in terms of its position on the plunging
anticline, together with westward slumping along a bedding plane down the plunge
of the anticline, [efore the highway was located immedintely west of wiere the
quarry now is, there is evidence that there was a waveecut cliff fecing the town
of Fields Landing, which was modified somewhat when the highway was placed at its
base, The quarrye-area seems to have slumped somewhat along this old cliff face;



and doubtless when the first road was constructed it was laid over the uncone
solidated debr s at the toe of the slide. Almost certainly the ruptures in
the highway observed in 1906 and sgain in 1932 occurred at this point as &
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 Ugle's
geologic mep will 2cotest.

Conclusions

The exposed rocks of the Hookton formation near the power plant of
the Pacific Gas and Electric Company at Buhne Point on Humboldt Bay, California,
ere firm and welleconsolidated and without visible faulte-fractures. They appear
to be & stable foundation for the plant,

There are no visible major faults within 74 miles of the plant and
there are no reasons to suspect that any major fault in the entire area comes
closer than 34 miles to the plant-site. There appears to be no geologic threat
to the safety of the P. i, and E. power plant,
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Report on Earthquake Hazard at the Huxboldt Bay
Plant, Pacific Gas and Electric Company =---=---- Pages 1-14

Table A; Earthquakes of Intensity MM VI or
Greater, in the Period before
Instrumental Epicenters were
Available =eccccccccncrcncccncmnnccnnen=s . DAEES

Table B; Earthguakes with Instrumental
cpicenters -- Magnitude 5 or Greater -
or Intensity VI or Greater ~eceececee=--=- 5 pages

Table 1. Earthquakes in the Vicinity of kureka,
California, to June 25, 1968,

Enclosed in folder, at back of report:
Figure 1 (Map) = Epicenters of All Shocks.

Figure 2 (Fap B) - Epicenters of Larger Shocks.

By Perry Byerly

April B, 1969,



April &, 1969

eport _on thquak at the dt Ba t

Pacific Gas and Electric Company.
By Perry Byerly.

An earlier report was submitted in 1%58. This report pre-

sents additional data and conclusion.

lhe investigation of the earthquake hazard consists of these parts:
1) Thne hnistory 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
in the region (see report of Ur. Garniss Curtis):
a) To see \f 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.

1) No faults pass throuzh the site, and the geolosgy of
the site is sultable,

2) Thne region is one of frequent moderately large
earthquakes,

3) For design basis an acceleration of &0f & 1is
recommended,

4) For operational basis I recommend 258 & which was the

single acceleration recommended in my earlier report,.



<a

Re 0 a o es and F ing.

A fault is a surface in the earth's crust where breakage
has occurred in the past., It 1s recognized by a field geologlst
beth by discordancies in the rock types across the fault trace
at the earth's surface and by physlographic evidence such as
displacement of streams and ridges, indicating horizontal move-
ment, and linear scarps, indicating vertical motion. It takes
a trained geologzist to recognize all but the most obvious recent
faults.

The continued program of locating epicenters of Callifornia
earthquakes confirms the earlier conclusions of Harry wood (Hef,
‘) and Perry Byerly (Ref, 2) that many of the epicenters of
smaller shocks do not lie on recognized faults although those
of the larser shocks do.

Here we are speaking of "instrumental epicenters”, those
located by use of a group of seismographli: stations. Such epl~-
centers are supposed to indicate the point on the surface of the
eartn above the point where the earthquuse cisturbance started--
if a fault is the source it is the place wnere the fault began
to break. ln contradistinction, there i: the "fleld eplcenter”,
the place where the earthquake had the greatest intensity--did
the most damage., 7This 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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North wWest
Date M Latitude Longitude
Jan. 22, 1923 7.2 40°.5 124°,5
June 6, 1932 6.4 40°,7 1240,5
Feb. 9, 1941 6.0 40°.7 125°%.4
Nay 13, 1941 6.0 40°,3 1259.0
Oct. 3, 1941 6ol 40° .4 124°,8
Dez. 21, 1954 6.5 40°.8 124°,1
Oct. 11, 1956 6.0 40°.7 125°.8
Aug. 8, 1960 6.2 40°.3 127°.1

It seems reasonable to conclude that no earthquake of

magnitude over 7.5 need be feared off Cape Mendocinc.

Earthguake history.
(See Ref. 5 to 13)

The Humboldt Bay area is subject to frequent moderately
large earthquakes, Tables 1, A, and E present the history.
Table 1 is essentially that presented in my first report except for
some changes from Hossi-Forel intensities to Modifled Mercalll
intensities. Tne intensity is given most frequently for Eureka,
wnicn is only a few miles (about 8), from the site, because it
nas tne most complete record. Map 1 plots the data from Table
1. kap 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 eplcenter 1s plotted

even though the magnitude was less than 5.



Takle F lists the date con which Map E 1is based,

Table A lists the earthquakes c¢f intensities VI or
greater which occurred before instrumental eplicenters were
availatle.

There is only one earthqrake historically recorded in the
Sureka zrea with an observed surface fault break. This was the
great earthquake of April 18, 1900, The report of that earth-
quske indicates that as well as the great fault break to the south,
a fracture occurred which began at Upper Mattcle, =5 miles scuth
5f Eureka, and disappeared beneath the sea at Shelter Cove,

Meny of the earthquake reports indicate fissures in the
area., These were nct fault breaks but cracks due to differential
settling of poorly consolidated fill, This car occur at some
distance from the egicenter of the shock, and does not indicate

an active fault at the place,

The Distribution of Eplcenters

On Maz 1 is plottec &ll the instrumental epicenters

svailzble, ac listed in Table 1, The large circle on the

We now look to see if any of these epicenters tend to

indicate that any of the faults shown on the map included in the

resort of field geclogist Dr. Garniss Curtis are active, In view
~f the discussion in the above paragrephs we are nnt surorlised at

the scztter of epicenters of the smaller earthquakes, plotted ac



open circles. we conclude that the False Cape shear zone near
the Humboldt Base Line is active, and probably the Freshwater
Fault, 1he 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 often vaguely referred to as the
Sarp &r ireas Fault Zone,

Design Sasis Earthguake * (BE)

Inspection of the history indicates that a Modified MNer-
calli intensity of hign VII in the site area (zureka) describes
all of them except perhaps that of October 1, 1865. lhe fullest
report of this shock is from a Petaluma paper and is given in
Table A. The description of the effects on structures would
place it in the VII category. IZut we have the statement of
“many a majestic tree uprooted" which seems irconsistent with no
reports of ccllapse of masonry walls and the like. Cracks in
the bayshore fill have been commonly reported, but here it 1s
said to be "two miles wide"! (Hef. 5 and 6) 1 feel that a high
VII or low VIIT should be used to describe thls earthquake 1in
the vicinity of the site,

I suggest that a strong VIII with an acceleration ef LO% g
pe used for design basis =-- safe shutdown.

gersnberger's Correlation:

segarding tne use of Hersnberger's correlation of

* [EE, the earthauake (larger than any on record) for which
class I structures should not lose their functional capabil-
ities, includ ing safe shutdown.



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-Hichter 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, Gutenbergz and Hichter'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.
Eis formula is overshooting his observations.

4) Note that intensity X which has been assigned to the

El Centro earthquake of 1540 would be correlated with 70% of g
by Gutenberg-Richter, wnile 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.

It is clear that when we get to high intensities we have
to give up the straight line relation.

If we grant that correlation of accelerations and
intensity as given by Hershberger or Gutenberg-hichter 1s7fa1r

approximation in the lower ranges, we seem tO be forced to the

conclusion that once the structures of man begin to fall the
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R
Hershberger, John "A Comparison of sarthquake Acoeleratione

with Intensity Ratinge", Bulletin of the Seismological Society
of Amcrica, Vol. 46, No. 4, October, 1956,

COMPARISON OF EARTHQUAKE 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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Fig. 2.

Finally, eurve D shows an analysis of the same ratings as those in eurve C, and
on the same scale, except that deletions have been made so as to include only one
rating from each locality, Evidently these deletions have not had any important
effect on the shape of the curve

These analyses and curves may not prove that my method of selecting the data

wus absolutely foolproof

but, in any event, I do not know of a better method

Getting back to the main subje

t)

i

1at of comparing aceelerations with intensi

tiss, the comparisons made are shown in figure 2. Each dot in the figure. excent

7! LA o B A ]'-1! OHes

rerey

represeitts one eomparison; that is, it represents an aceelevation
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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 rFault has been presumed to be active (see
geological report) because several epicenters have been located
very near it, as shown on the maps. It i 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
hed a magnitude of 6.5 and its intensity in the site area was Vil.
The maximumr scceleration for this shock was 0.23 g at Eureka and
0.16 g at Ferndale, Let us assume an earthquake of magnitude 7
orn this fault. At its nearest point the fault 1s 15 km. from
the site. From Gutenberg and Benioff (Ref. 14) we find they
advise an intensity VIII at distances between 10 km. and 25 km.
from & source of magnitude 7. Therefore & falrly high VIII may

be taken and correlated with 40% g as design basis.

QOperational Basis Earthquake (OBE)

For the operational basis earthquake I recommend 25% g,
as I did in my 1958 report. In getting this single value 1 had
put in my own factor of safety, and I do not feel that it should
be doutled for the design basis earthquake (DBE), for which I

think the value 40% g is ample.



Spectra
As a starting base for drawing the spectre, I advise the

use of the Ferndale acceleraticn spectirum curresponding to maxirun

T ~ g 9 - 4 4 . e 3 A 3 o - o] 3 - . R 4
ground scceleration 0,10 g) ¢l the September 11, 1J3T earthque ke
sresented ty Alford, Housner and Martel in "spectrum Analyses T

strong-Hotlon Earthquakes", Caltech Report, August 1951, Revised,
August 1964, Figure o4,

We select this because Ferndale 1is near the site (about 10
miles) and the geologic underground foundation on record for it 1s
the same as for the site (both taken from ogle).

This spectrum should be smoothed allowing the numerous splkes
to 1ie or either side of it, The maximum ground acceleration for
this record was 0.16 g, according to Housner, Bull. Sels. 3oc.
America, 43, pg. 101, 1353.

The accelerations read from these smoothed spectra should be
normalized by multiplying each acceleration by 0.25/0.16 for the
operational base, and 0.40/0.16 for the design basis spectra,

Plot these on & tripartite graph.

Since the earthquake on which these spectrz are based had &
magnituce of only 5.5, and shocks we fear will be larger and there-
fore contain more long period motli.n, adjust for this on the tripartite
graph by not allowing the velocity to decrease for longer periods
following its maximum value, This is a customary procedure, It
results in 2 higher acceleration for longer periods than would the
directly normalized spectra. (It alsc requires a continued increase
in displacement which may be questioned, but which seems unimportant
in this connection.)

The response spectrum for OBE is given on Fig. 3.

we may safely assume that the vertical component of the ground

acceleration will be two-thirds the horizontal.
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Conclusion.

The adoption of 40% of gravity for "design basis", or

greatest piausible earthquake, 1s conservative,
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Table A.

Earthquakes of Intensity MM VI or Greater, in thne

Eeriod before Instrumental Epicenters were Available,

Intensity
Date at Eureka Effects at rureka
1853, Oct. 23 VII ? Houses rolled like ships at sea, and the
wharf sank four feet,
1855, Mar. 19 Yl 7 Flow of streams affected and milk tnrown

out of pans.

1865, Oct. 1 VIII ? The Petaluma Journal and Ar 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 lst 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 iow
miles south of Eureka, the soldiers had a "crevice of about two miles
in width . . (open) beneath their feet."”

1871, Mar, 2 Vil Shook cornices off some buildings.

1899, Apr. 16 VIi? The iron flue connecting the bollers and
smokestack of lumber mill was loosened.

1906, Apr. 18 ViI In Eureka several frame bulldings were

twisted, many chimneys toppled, several
panes of glass were broken, and pendulum clocks stopped. At Fileld's
Landing=--"the shock opened a fissure over 100 feet long in the middle
of the road, which six teams spent one day in filling. Pelican
Island, as it 1s coomonly called, opposite Field's Landing dropt 3
feet at the point where the United States pile beacon stands." (From
the Report of tne State tarthquake Investigation Commission, on the
California Earthquake of April 18, 1906.)

1907, Aug. 11 Vi VI at Fortuna, but £ureka lists only
“quite heavy",

1508 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 neavy eartnquake, 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)



Table A, Page 2.

Intensity
Date at Eureka Effects at Eureka
1918, July 14 VI Buildings swayed alarmingly. Magnitude 6.5.
1916, Sep. 15 V11 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 tnrown from the shelves in stores. The

County Courthouse and the Federal Bullding suffered extensive danmage

in the cracking of plaster and walls, Water pipes were broken in the

latter building. (From Perry Byerly, "The Eureka, California, Earth-
sjuake of August 20, 1927.") V1l at Ferndale.

1930, Sep. 22 VII Chimneys down, dishes thrown from shelves,
Field's Landing: chimneys cracked and
dishes thrown from shelves.



Table B.

barthguakes with ;nstrumental Epicenters --
Magnitude S or Greater -- or Intensity VI or Greater.

-=-=Epicenters=-- ntensities; Faximum

Degrees Degrees cceleration at Ferndale
Date M N, Lat, w.long, n when availlable

1922, Jan. 31 7.3 L1 125 V in Eureka. Felt over an
extremely large area of
northern California.

1923, Jan 22 - 4O 124% V1l at Eureka. Only minor
damage.
Vil at Ferndale, Fetrolia.

1931, Sep, 9 5,8 LO# 124 VIl at Ferndale.
IV at Eureka.

1932, June 6 6.4  40°%5'  124%30' VII in Eureka. Two large brick
stacks (both 150 feet nigh)
were damaged, almost all brick

chimneys around Humboldt Bay were damaged, and
most of them completely demolished. On the high-
way at Fleld'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 edgze of the concrete pavement. One person
was killed and another severely injured in cureka.
Electric power was interrupted for only a few



Table B, rage 2

-=-=Epicenters--- Intensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in when
Date N, Lat, W.Long. available.

minutes, and the water system in Eureka remained
intact. No fires followed the earthquake. (From
Neil K. Sparks, The Eureka Earthquake of June 6,

1932.)
IV at Eureksa,
1935, Jan, 2 5.8  L0%% 125.7 Windows rattled, walls creaked,
and chandellers swung.
V at Alderpoint.

=

1936, June 3 5 40,2 126.4 IV at Eureka., Slow rocking
and rolling motion.
V at Ferndale.

1337, Feb. 6 5.8 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;

nanging objects swung.
VIl 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. O 6 40,7 125.4 Overturned small objects, and
shook trees and bushes.
V at Field's Landing. VI at Eureka.
Maximum acceleration at rern-
dale in g: 0.05

1941, May 13 6 40.3 125.0 II1 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
frightened all.

Maximum acceleration at Fern-
dale in g: 0.12

1944, Jan, 12 5.1 40.3 124.9 V at Eureka., Hanging objects
swung, szall objects disturbed,

1944, Jan. 16 5.1 40.3 125.1 IV at Ferndale.



Table B, Page 3

---gpicenters--- ntensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in g, when

ate M N, Lat, W.Long, available.
1945, May 2 5.0 41.2 123.5 V at Eureka, Fixtures swung,

disturbed objects.
(Acceleration 0.004 g at
Eureka.)

1947 May 27 5.2 L4O.4 124,7 V at Eureka.
V1 at Upper Mattole.
Maximum acceleration at Fern-
dale: 0.03.

1947 Sep. 23 5.3 40.4 125.1 V at Eureka. Awakened all,
frightened many, hanging
objects swung. Maximum accel-
eration at Ferndale: 0.02 =.

1948 Aug. 18 5.0 40,5 1264.7 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 5.8 40°17' 124938' V at Eureka. Disturbed objects.
many frightaned.
V at Ferndale and Field's Land-
ing. Maximum acceleration at
Ferndale in g: 0.02

1951 Nov, 14 4.7 L0026 124603' VI at Eureka, Large windows
broken. VI at Ferndale. Max-
imum acceleration, Ferndale,
in g: 0.02.

1952 Sep. 22 5.2 4o°12¢ 1249251 V at Eureka., Felt by most,
disturbed cobjects. Maxlimum
acceleration at Ferndale: 0.05 &

1954 Dec, 21 6.5 40°49! 124%05? VII at Eureka. VII at Field's
Landing. Maximum acceleration
at Eureka 0.23 g. kFaximum ac-
celeration at Ferndale, 0,16 g

The old City Hall and old County Courthouse 1in
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
mercnandise. In the poorly consolidated ground
areas north and east of Eureka there were some



Date

1954 Dec. 21
(continued)

1954 Dec. 30

1956 Oct, 11

1955 May 24

1959 July 23
1959 Dec. 5

1960 June 5

N
6.5

6.0

4.8

58
51

N
B
~J

Table 5, Page &4

---Epicenters--- Intensities; and Maximum Accel-
Degrees Degrees eration at Ferndale in g, when

N. Lat, W.Long, avallable,

pipe line failures and Eureka's main water reser-
volr (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 stecks, cracked in the 1932
earthquake, were again cracked. One elevated
steel tank (not earthcuake resistant) had broken
rods. U.S5. Highway 101 between Eureka and Arcata
was cracked and tulged 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 sectcer of the city
has been settling gradusally 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 and Geodetic Survey,)
Maximum acceleration at Eureka 0,23 g.

Maximum acceleration at Ferndale 0,16 g.

40,8 123,9 VIl at Eureka., Plaster cracked,
windows broken, chimneys down,
and water transmission lines
broken, Maximum acceleration
at Ferndale in g: 0,02.

40,7 125.8 YV at Eureka, A few dishes
broken, Maximum acceleration
at Ferndale, 0,02 g.

40,3 124,1 VIl at Ferndale, V at Fileld's
Landing, Alton, Fortuna,
Loleta, Maximum acceleration
at Ferndale, 0.02 g.

41.1 125.) IV at Eureka.

40,3 125.4 V at Alton, Ferndale, Fileld's
Landing,

40,7 124,9 VIl at Eureka, Ferndale,

V at Alton, Fleld's Landing,
Fortuna, Loleta, Maximum
acceleration at Ferndale,
0,07 g



ate

1960

1960

1961

1962

1962

1962

1965

1967

1968

Aug.

Dec.

Apr.

July

Aug.

Sep.

Sep.

Dec.

June

27

20

14

23

15

10

25

5.0

5.6

5.8

5.8

-==Epicenterg~-=-
Degrees Degrees
N, lat. W.long.
40.3 127.1
41.5 125.0
40.1 124.8
40,3 124.7
41.9 124,.6
41.0 124, 4
40. 4 125.7
40.5 124,.6
40 .4 124,5

Table B, Page 5

Intensities; and Maximum Accel-
eration at Ferndale in g, when
available.

V at Ferndale, Fortuna. 1V at
Fileld's Landing, Eureka. Max-
1muz acceleration at Ferndale,
0.06.,

V at Ferndale. heported not
felt at Fileld's Landing.

V at Eureka, Ferndale, Fileld's
Landing, Loleta.

V at Field's Landing, Fortuna.
IV at Loleta, Ferndale, Alton.
Maximum acceleration at Ferndale
C.02 g.

V at Ferndale. IV at Field's
Landing, Eureka, Loleta,Fortuna.

VI at Eureka.
V at Ferndale and Field's
Landing.

IV at Eureka, Ferndale.
III at Fortuna.

VI at Ferndale. V at Field's
Landing and Scotia.

V at Eureka, Ferndale, Fleld's
Landing, Loleta.
IV at Humboldt i'ay Power Plant.



Table 1.

Earthouakes in the Vicinity of Bureka, Califormia,
to June 25, 1968

Epicentral Intensity
Date Region at Bureka Effect at Sureka
1853, October 23 Humboldt Bay Yz ¢ Houses rolled like ships at sea,
and the wharf sank four feet.
1855, March 19 Humboldt County Vit Flow of gtreams affected and
milk thrown out of pans.
1855, October 1 Bureka Viil

The Petaluma Journal and AX for October 12, 1865, reports scarcely a
house in town kEurcka5 escaped fracture in its brickwork. Most of this seems

to have been chimneys down. "The steeple of ihe lst Cong. Church swayed to and

fro .

. . and in the foreste of redwood whick lie adjacent to the town many a

mazjestic tree was uprooted™. At Fort Huaboldt, a few miles south of Bureka,
the soldiers had & "crevice of about two miles in width . . (open) beneath
their feet."

18065,
1829,

1871,

1373,

October 3 Humboldt County v Heavy shock.

June 12 Humboldt County v Sharp shock.

March 2 lumboldt County VIl Shook cornices off some
buildings.

Hovember 2¢ At sea north of Vil duch damage to property.

Cape Mendocino

August 27 Bureka — -

January 3 Bureka II1 Light, no damage.

January 27 Bumboldt County v Mocerate.

April 6 Bureka 3213 Very light.

April 8 Bureka 111 Very light shock(s).

August 12 sureka - Sharp shock.

Lecember 20 wureka - Ligat shock.

April 25 Lureka - Two shocks, tne first light

and the gecond sharp.



Epicentral Intensity

Date Region at Bureka Effect at Bureka

1890, July 4 Bureka - Quite a sharp shock.

1890, July 26 Petrolia Vi Clocks stopped.

1890, July 27 Bureka - Moderate aftershock.

1891, June 20 Bureksa - Several light suocks.

1852, January 22 Dureka — Light shock.

1893, January 9 Bureka - Sharp shock.

1893, February 22 Bureka — Light shock.

1893, February 23 Bureka — light shoak.

1893, April 13 Hydesville - Light shock.

1894, September 30 Bureka — Two heavy earthquakes, no
damage.

1895, January 8 Bureka - Heavy shock.

1895, April 1 Eureka - Sharp shock.

1895, August © Bureka - No damage reported.

1895, October 5 Bureka -— Light shock.

1895, October 15 Bureka - Two very light shocks.

1895, November 10  Eureka - Light shock.

1895, December & Bureka - Quite a heavy shock.

1896, February 13 Weaverville — A sharp earthquake.

1896, April 22 Bureka - Doore, windows, and movable
objects rattled.

1896, June 9 Bureka — Light shock.

1897, March 6 Bureka - Five distinct shocks.

1897, September 17 Bureka — A severe shock.

1897, October 28 Bureka - A slight earthquake.



NN w—,

Date

1897,

1897,

1899,
1500,
1900,
1900,
1500,
1503,

1303,

November 25

lovember 27

January 29
April 14
April 14

September 9
October 15

lovember 25

april 16

April 18
January 21
April 14
April 15
October 1
February 29

December 9

January 11
Wareh 26
July 6

September 14

Lecember 4

Epicentral
Region

Bureka

Bureka

Zureka

Bureka

Humboldt County

and Mendoecino
County

sureke
Buresa
sureka

3urexs

sureka
Sureka
Bureke
Zureka
sureka
zureka

Burexa

Dureka

reka

Jureia

Bureka

Intensity

at Zureka

vT

Effect at Bureka

Slight=--windowes and doors
rattled.

Buildings swayed and windows and
doors rettled loudly.

Windows and doors rattled.

Clocks were stopped.

A severe earthguake.

A light earthquake.

A light shock.

The iron flue connecting the
boilers and emokestack of
lumber mill was loosened.
Light shock.

Light earthquaxe.

Light earthquake.

Very light shock.

Very light earthguake.

Slight earthquaxe.

Two guccessive jolts stopped
clocks.

Very light eartiguake.
Qiite a hecvy eartaguake.
A light eartnjuake.
Light shock.

Qiite a revere earthguake.
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Epicentral Intensity
Date Regi at Bureka Effect at Eureka
1906, April 18 San Francisco Vil

In Eureka several frame buildings were twisted, many chimneys toppled,
several panes of glass were btroken, and pendulum clocke stopped. At field's
Lending=-"the shock opened a fissure over 100 feet long in the middle of the
road, which six teams spent one day in filling. Pelican Island, as it is com~
monly called, cpposite Field's Llanding dropt 3 feet 2t the point where the
United States pile beacon stands." (From the Report of the State Zartiguake
Investigation Commission, on the Califomia Larthguake of April 18, 1906.)

1006, April 18 sureks (?) I1I - (05822 a.m. P.S.T.)
1505, April 18 Burexa (7) — Slight. (12125 p.a. F.5.7.)
1506, April 19 Sureka - Slight. (03300 z.a. P.S.T.)
1906, April 19 Zureka - Slight. (05322 a.z. F.S.T.)
1506, April 19 Sureks - Slight. (10830 s.m. P.S.T.)
1506, April 19 Burexsa - - (11810 p.a. F.3.7.)
1506, April 20 Sureksz -~ Slight.

1906, April 23 Bureks vV to V1 Stopped clocks.

1905, 4pril 23 Zurexz — Slight.

150z, april 27 Eureksa - Sharp.

1905, april 30 burexke - -—

150¢, Kay 9 Bureka - Shook windows.

1305, May 10 Zureka - Slight sudden jolt.

1906, June 7 sureka - Shook buildings, most severe

since April 18.

1906, June 10 surexa - -

19045, June 13 Bureza -— Very light.

1506, July 9 bure<a - e (10300 pem. P.S.T.)
19506, July 9 Lureksa - ~- (11337 pems P.S.T.)
1905, July 30 Lureka -— Light.



Epicentral Intensity

Date _Region at Bureka Effect at Bureka

1906, August 1 Eureka - Very light.

1906, November 7 Bureka -- —

1505, December 25  Lurexa — Upset vases.

1907, Jamuary 14 Eureke - Light.

1507, February 25 Lureka - —_—

1907, August 3 Zureka - Very light steady shaking of
the earth for six seconds.

1507, August 11 Humboldt County vl VI at Fortuna, but zZureka
liste only "quite heavy".

1907, August 12 Jureke - Very light earthqueake shocks.

1607, August 23 Bureke - Light.

1907, August 28 Surexzs - Slight.

1907, October 7 Lurexa - Jiite a heavy shock.

1907, October 14 Burexa —_ The jolt shook buildings.

1907, October 23 Zureka - Qiite 2 perceptible ezrthguake
shock.

1907, October 28 aureks - Very lignt.

1907, Noveabar 2¢ 3ureia -— Siight.

1908, Janusry 3 Bureka - Heavy warthquake, distinet jolt.

1908, april 16 surexa - Lignt earthquake.

150%, July 10 Bureka - Light earthbquaxe.

1908, sugust 18 Humboldt Day ' Several plate glass windows were
cracked, a few chimneys tuzbled,
and statues on the roof of the
courthouse were damaged.

1908, December € Sureka — A light earthqueake.

1909, Hay 17 Upper Kattole -- Very perceptitle.

1909, June 28 Sureska - A light earthguake.



Date

1909,

1909,
1510,
1910,

1910,

October 28

Novenber 1
January 29
Fetruary 14

March 18

August 4

August 26
December 12
March 11
February 2
April 10
August 14
December 10
Decenber 12
February 18
May 6

July 2¢

December 31

May 16

Epicentral

Intengity

Region at Sureka
Humboldt County Vil
(Fortuna)

Bureka -
Rohnerville —
Rohnerville -—
Humboldt County —
Burska -

42° N, 127° W

Jumboldt County —
Bureka -
Bureka -
Bureka -_
sLureka I1I to IV
Burexa Iv
Bureka II
Zureka -
Rohnerville II to 111
Mendocino Coast 11
Lureka 111
0ff Humboldt Coast 111
41° N, 126° W

Eureza II1

Effect a2t Burexa

Very heavy earthquake, a number
of chimneys tumbled down, store
goods were thrown from the
shelves, clocks stopped, and
telephone and telegraph linee
were put out of commission.

Very light.

Very light.

Very light.

Qite a heavy earthquake, con-
tinued without cessation for
about 49 seconds, the longest
earthquake ever felt in the city,
but no damage.

A sharp earthquake stopped office
clocks. (Magnitude 5.8)

A light earthquake.
A very light shoek.
Light.

Very perceptible.
Rattled windows.
Abrupt jolt.

One sudden jolt.

Chandeliers shaken.

Magnitude 5%

Two shocks.



July 4

August 23
June 26

September 12

October 26
January 14
Pebruary 23
March 2
April 16
July 14

July 21
August 20
November 29
June 13

September 12

Septeaber 13

October 4

Karch 20

Epicentral
_Begion

Humboldt County

(Ferndale)
Bureka
Bureka
EBureka

Bureka

Bureka
Bureka

Bureka

Intensity
at Bureka

Of £ Humbolat Coast

41° N, 125° W

Bureka
Bureksz
Zureica
Bureka
Burexa

ureKa

| 2N

v

IV

II

Iv

111

"’I

111

Iv

v

Vil

121

Effe at rek

Three distince shocks.

Felt by practically everyone.
One bump.

Rattled windows.

Eouses creaked.

Felt by many.

Felt by several.

Distinct bump.

Buildings swayed alarmingly.
Magnitude 5%

Felt by many.
Avaxened most.
Felt bty several.

A ceries of at least five shocks,
the largest giving intensity V.

Four ghocks. The first, and
moct cevere demolished zome
chimneys and btroke windows.

Felt by several.

Felt by many.

i

felt by many.

A bump. (05831 a.zs PeS.T.)
Some alarm. (08s4¢ p.nm.

bump felt by several.



Epicentral Intensity at

Late —Region Bureka Effect at Bureka
1921, April 24 Bureka IV Bump felt by many.

1921, August 28 Bureka 111 Bump felt by many.

1921, November 29 Bureka I1 Abrupt trembling.

1922, January 31 Off Cape MNendocino VI Felt over an extremely .arge

41° N, 1254° W area of northern California.
Magni tude 7.3.

1522, February 4 Bureka Ille Rattled wirdows.

1522, August 5 Eureka 111 = (7830 p.m. P.S.T.)

1522, August 5 Bureka Iv Rocking motion felt by many.
1922, August 5 Bureka 111 — (9345 p.m. P.5.7.)

1922, Agust 17 Bureka II11 Rocking felt by many.

1922, September 18 Bureka I117? Felt by several.

1922, November 3 Bureka II1 Rocking felt by several.
#1923, January 22 0ff Cape Mendocino VI Only minor damage.

403° N, 1243° W Magnitude 7.2

1523, February 9 Bureka 11 Felt by several.

1923, March 28 Burexa I1I Abrupt bumping.

1923, September 3 Bureka Ive Avwakened nearly all sleepers.
1523, September 17 Bureka Iv? Abrupt rocking.

1324, January 9 Bureka IVe Auikened all but the soundest

sleepers.

1524, June 19 Upper Mattole - Pelt.

1924, July 17 Bureka Iv Abrupt bumping.

1924, September 7 3Burexka II to III Rocking felt by several.
1925, January 29 Dureka 11 Felt by several.

1525, Mareh 2 sureka IV Pelt by many.









Bpicentral Intensity

Date Region at Bureka Effect at Bureka
1935, October 27 - 1117 -— ;
1935, June 3 40.2° N, 126,0° W IV Slow rocking and rolling motion.
1935, August 23 - II1? Felt by many.
1935, September 25 == 1117 A single surge, felt by many.
1537, February 6 - v Pendulum clocks stopped, bushes
shook, and hanging objects swung.
#%1538, September 11 40° N, 124° W v Felt by all; hanging objects
swung.
#%1938, October 17  40° §, 124° & 112 Felt by few.
1538, November 9 - 1117 Mild earth tremor, felt by meny.
#%1539, Kay 1 40° N, 124° W Iv Rattled windows; hanging
objects swung.
15139, June 2c< — 11 Felt by few.
1540, au.ust 25 - 111 One verticazl bump; subterranean
sounds.
1540, Septenber 27 =— v hModerately louc subterranean

sounds, lighting fixtures swung,
some alarm.

1340, October 22 - Iv Rettled windows and doors.

1540, Novenber 1& == v Objects swung, trees and bushes
shook.

1340, kovenber 19 - Y Objects cwung, dishes rattled,
walls cresked, and bushes were
disturbed.

1540, December 20 = iV Clocks stopred, objects swung,
felt by nearly all.

1941, January 23 -— Iy Felt by many, awakened few.

1541, Februrxy 9 40.7° by, 125.4° @ V1 Overturned small objects, end

shook trees and bushes.

»*1941, Nay 13 40.3° 4, 125.0° & 1II Pelt by few. MNagnitude 5.0



bpicentral Intensity

Date Region at Sureka Effect at Eureka
1941, October 3 40 3/4°W,125% Vi Plaster cracked and fell, chim-

neys cracked and twisted; was
felt by and frightened all.
Mzgnitude 6.4

1341, October 4 - 11k Slight
1541, Noveaber 24 - P Felt
1543, Noveater 1l == Iv Rattled looze objects, build-
ings creaked, awekened few.
1544, January 12 —_ v Hanging objects swung, small
objects disturbed.
1644, June 5 _ 111 Felt by few.
1944, Septeamber 21 =— IV Rattled windows.
1945, kay 2 - v Fixtures swung, disturbed objectis.
1945, Nay .} 40.2° K, 126.8° ¥ Iv Rattled windows.
#1945, Cetober 2¢ 40.7° H, 124.7° W 0 liot reported felt. Magnitude 4.3.
1942, August 1 — 1I1 Swayed light fixtures.
545, liovenber 23 = v sarthquake sounds, objects
disturbed.
1546, December 1& == v parthquake sounds, objects dis~
turbed; sharpest since 1932.
1946, Lecember 20 ~—= 33l Felt by aeveral.
1347, hHareh 29 - v Floor lamps swayed, objects
CI Stu !‘bed-
*»1947, hay 27 40,4° ¥, 124.7° W v -
#%1G47, September 23 40.4° I, 125.2° & vl Awalened all, frightened many,
hanging objecte swung.
Kagnitude 5.3.
*#1945, February 1% 419 I, 124.9° & 111 Felt by several.
1948, #&pril 3 - IV PFeit by many, loose objects

rattled.



Date

#1948,
*1548,
#1548,
1948,
%1548,
*1948,

*1349,

*1949,

*1949,
*1943,

*%1950,

*1350,
*#1950,
*1951,
**1951,
*1951,

#1951,

*1952,
*1952,

®1952,

August 8
august 8
August 18
August 15
September 7
November 12

Kay 3

May 12

September 5
October 27
December 21

January 14

February 10

June 2
June ©
January 13
October 7
October 26

November 14

April 27

Septeuber 22

Bpicentral
Region

40° 25 u, 124°
400 25' N, 124°
40.5° N, 124.7°
40° 15* N, 124°
40° 24' B, 124°

40,4° N, 124.3°

40.7° N, 124.7°
40.9° N, 124.2°
40.4° N, 124,3°

400 13' N, 124°

41.2° N, 124.3°

40.8° N, 124.4°
40.8° N, 123.7°
41.2° K, 124.3°
40° 17* N, 124°
41° 00' N, 124°

40° 26' N,

25' N, 124°
124°

124°

Intensity

at zureka
o7'w e
o7*' W O
W v
v

16* ¥ III
g* W 0

o III
" 0
?
W v
W 0
' WV
W v
W ?
W 0
W IV
BV
30w O
03w W1
o' w O
5'W 0
25' WV

uffect at Bureka

ot reported felt. liagnitude 3

Not reported felt. MKagnitude 3.2.
Disturbed objects.
Avakened many.
Felt by several.
Not reported felt. Magnitude 4.5.

Eanging objects swung.
Magnitude 4.1.

Not reported felt. Illagnitude
Felt.

Disturbed objects. Magnitude 4.5.
Not reported felt. Magnitude 3.6.

Shifted small objects, rattled
windows.

Hanging objects swayed, small

objects disgplaced. Kagnitude 4.0.
Sharp at Bureka. Magnitude 4.0.
Not reported felt. Magnitude 2.0.
Felt by many.

Disturbed objects, many f{rightened.
Not reported felt. Magnitude 3.9.

Large windows broken.
Magnitude 4.7.

Not reported felt. Magnitude 3.72.
Not reported felt. Magnitude 1.0.

Felt by most, disturbed objects.



Epicentral Intensity
Date Region at Bureka Effect at Eureka

#1952, October 4 40° 35' N, 124° 25' W O Not reported felt; Magnitude 3.7.

#1952, November 15 41° 00* N, 124° 25' ¥ O  Not reported felt. Magnitude 4.1.

#1552, December 17 40.4° N, 124.2° W 0 Not reported felt. Magnitude 2.3.
#1953, January 3 40.7° N, 124.4° & 0 Not reported felt. Magnitude 3.6.
#1953, April 10 40° 26" N, 124° 18' ¥ 0  Not reported felt. Magnitude 3.:.
#1953, Hay 25 40° 35' N, 123° 45' @ O  Not reported felt. Magnitude 2.3.
%1953, Kay 27 40.5° H, 124.4° ¥ 0  Not reported felt. Magnitude 1.0.
#1953, May 30 40° 28' K, 124° 27*' W O  Not reported felt. Magnitude 3.6.
%1953, June 25 40,4° K, 124,3° W 0  Not reported felt. Magnitude 3.1.
%1953, July 1 40.5° K, 123.6° ¥ O  Not reported felt. Magnitude Z.4.
#1953, July 7 40.6° N, 124.3° W 0  Not reported felt. Magnitude 3.l.
#1953, sugust 6 40.6° N, 124.0° W 0  Not reported felt. hagnitude 3.1.
#1953, Auguest 7 40.7° sy 123.,8° W 0 Not reported felt. Magnitude 3.5.
#1953, August 14 400 28" N, 124° 06* W O Kot reported felt. Magnitude 3.0.
%1953, Cctober 25 40° 36" i, 1239 5" s O Not reported felt. liangnitude 2.9.
#1953, November 17 41.2° L, 124.1°% 0 liot revorted felt. Magnitude 3.2.
#1954, May 27 40° 28% N, 124° 30*' W O Hot reported felt. Magnitude 3.53.
#1554, July 1 40.,8° N, 124.5° . 0 iot recorted felt. Magnitude 2.0.
#1554, July 5 40° 26% u, 124° 16'%  II1 Slight rumbling earth.uaxe.
Magnitude 3.0,
1554, July 17 41° 18* W, 123° 34* & 111 HKild intensity.
#1954, Cctober 20 40.4° i, 124,39 i 0 iiot reported felt. Magnitude 2.5.
#1554, iiovember 15  40.59 4, 1:4.1° IV  relt by many.
#1954, Lecember 21 40° 4% u, 1z:0 05' 4 VII agnitude .0

-~

The old Sity usll and old County Courtnouse 1n wureka uere extensively
a

cracized; severcl old poorly coustrucie brieclkk walles bulged, und tlere wts some



parapet damage, but damage in the nain was 10 chimneys, plaster, plate~glass
windows, and merchandise. In the poorly consolidated ground areas north and east
of Sureka there were some pipe line failures and Lureka's main water regervoir

{ constructed in two halves) was cracked in one half. Numerous breaks occurred in
Sureka's water distribution system, but none were serious. Two tall industrial
stacks, cracked in the 1532 earthguake, were again cracked. One elevated steel
tank (not earthauake resistant) nad broken rods. U.S. Highway 101 between Bureka
and Arcata was cracked and bulged to some extent, but no gerious damage occurred
to roads or bridges. 4 press Treport stateqd, "A largesection of the nlder down-
town 2rea of Bureka settled from itwo to six inches. The area, bounded roughly

by & Street, Fourth Street, broadway, and the Bay, at one time waes a tidal mud
£lat and wes filled to allow comstruction 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
pecple were injured by falling objects." (From the United States Coast anu
Geodetic Survey.)

Epicentral Intensity
Date Region at Bureka Effect at Bureka

#1954, December 22 40° 47' &, 1239 52 W 0 Not reported felt. Magnitude 3.5.

#1954, Deceamber 24 40° 44' N, 124° 04' W ¥V Frigaotened all, rattled dishes.
Magnitude 3.5.

#1954, December 30 40° 47' N, 123° 52' W VI  Plaster cracked, windows broken,
chimneys down, and water trane-
mission lines broken.

Magnitude 5.

#1955, January 1 40° 57% N, 124° 00* W IV  Some plaster cracked.
Magnitude 4.C.

#1555, January 1 41° 11* N, 124°11*' § 7 Included above. Magnitude 3.0.
#1955, January 8 0.9° K, 124.4° ¥ 0 Not reported felt. Magnitude 3.C.
#1955, January 9 40.9° N, 124.4° W 0 Not reported felt. Magnitude 2.6.
#1955, January 12 41,19 B, 123.9° W 0 Not reported felt. Magnitude 3.3.
1955, January 3C - IV  Felt by many.
1355, January 31 - IV - Light jolt.
#1555, Karch 5 41,0° N, l;4.0c W 111 Light earthjuake. Magnitude Ysd e
#1955, March 7 40° 9% N, 124° 15*' W O Not reported felt. Magnitude 3.5.
1955, March 15 - I1I Two light shocks.

#1955, June T 40.8° . 124.4° W ? Felt.



Epicentral Intensity
ate BRegion at Bureka Effect at Bureka
##1955  August 26 40° 23' N, 124° 30' W III A minor earthquake. Magnitude 4.5.
#1755, August 29 40° 25' N, 124° 11*' W V Floor lamps swayed, disturbed
objects. Magnitude 4.1.
1555, October 1l — II1 Slight rattles.
%1955, November 4 40,8° N, 124.3° ¥ IV Felt by all in home.
“agnl tude 3.0.
#1955, November 15 40,7° N, 123.6° W IV  Felt by all in home.

Magni tude 3.2.

#1955, November 18 40° 25* N, 124° 05' W O Not reported felt. Magnitude 3.6.

#1956, March 9 40° 18* N, 124° 14' W IV  PFelt by several, awakened few.
#1956, May 28 41.1° N, 124.0° W III Very light. Magnitude 2.5.

1956, May 31 - III Pelt on first floor.

1956, June 1 - I11 Six light shocks.

#1956, July 12 40.8° N, 123,69 W 0 Not reported felt. Magnitude 3.5.
#1956, July 26 40° 27' N, 124° 18* W © Not reported felt. Magnitude 3.2.
#1956, October 6 40° 25' N, 124° 05* ¥ O  Not reported felt. Magnitude 3.0.
#1956, October 6 40° 25' N, 124° 00* ¥ O  Not reported felt. Magnitude 3.3.

1956, October 11 40° 40' N, 125° 46* WV A few dishes broken.

1956, Octcber 13 - IV Caused garage to tremble.

** 1956, November 10 40° 13' N, 123° 48' W V Rattled windows and awakened
sleepers.

#1957, January 26 40° 24' N, 124° 01*' W O Not reported felt. Magnitude 3.3.

#1957, Pebruary 18 41.0° N, 124.2° W 111 Light jolting earthquake.
Magnitude 2.7.

#1957, March 13 40.7° K, 123.9' W 111 Small shock. Magnitude 3.0.

#1957, March 14 40° 16 N, 123° 50'* W IV  Disturbed cbjects.




1060,

April G

June ¢

Sertember 2

July 28
March 14
Mareh 21

vay 24

June 1l

December 2

January 2

Auzust 1%

Decemner

1

=
)

Decenber 21

in

June &

,.‘
o

n

Epicentral
Region

40.4°%K, 12k.2°W

LO® 30'NH, 124° 00'W

40.7°N, 123.9°

40° 29'K, 123° S8'W

LO® 1€'m, 123° SB'W

40°® 06N, 123°.60W

L0®.33nN, 124°.2W

LO*.€5n, 123°.98W

40® 2K, 12k°* .7V

k0*® .88, 123°.95W

L1®.15, 125°%.3w
Lo® .35, 124°.4W

40®.3H, 125° .4W

k .-)\. 34

o

124° .50

Lo* €/, 123°.604

LO®.TH, 124°.9W

Wt B .o
.

P e "
¢ Ly 2" ;225:

bC® 5T, 124°.koW

bt

n
"
°

Intensity
at_Eureka

0

0

-

VI

III

Effec t exa

Not reported felt. Magnituge 2.3
Kot reported felt. Magnitude 3.4
Not reported felt. Magnitude 2.0
liot reported felt. Magnitude 3.2
Felt by many; awakened few.

liot reported felt. Magnitude 3.C
VI at Ferndale; V et Fields Landing,
Alton, Fortuna, Loleta.

Magnitude 4.0

ragnitude 3.6

V in Briceland, PFerndale, Fields
Landing, Loleta. Magnitude 4.2

Magnitude 3.2
Macnitude 5.8

V &t Rio Dell. Magnitude 4.2
V at Alton, Ferndale, Fields
lLanding. Magnitude 5.1

V at Perndale, Fielde Landing, Lolet
IV at F.G.& E. Humboldt Bay Power
House. Magnitude &.7

Magr.itude 2.0

VI at Bureka, Ferndale.
V at Alton, Fields Landing, Fortuna
Loleta. Magnitude 5.7

Magritude 4.7

Lot reported felt. Magnitude 2.0
V at Ferndale, Fortura. |
IV at Fields landing, Eureka. i
Fagnitude €.2

-

Hagnitude 3.7

Reported not Jelt &
Marnitude .4

Vv at Ferrniale.
Pielés Landing



Epicentral Intensity

Date Region at_Eurexa Effect at Zureka
3
1961, March 1k LO® .5, 124°.0W -- “Sharp earthquaxe shook Lhe

\ Fortuna-Rio Dell srea.”
Magnitude 3.1

10€1, April 20 LO® 1N, 124°.8W v V at Bureha, Ferndale, Fields
Landing, Loleta. Magnitude S.

161, hovember ©  LO®.LN, 12L°.0W v V at Eureka, Ferndale, Fields
Lanéing, Fortuna, Loleta.
Magnitude 3.6

1962, March < LO®.3N, 125°.04 -- V at Fielids Landing.
IV at Ferndale.
Reported not felt at Fortuna.
Magnitude L.t

1062, Jure 10 0% LN, 124°.4W -- V at Alton, Ferndale, Fortuna.
Reported not felt at Fields Lancing
Magnitude 3.t

19€2, July 1k LO®. 3N, 124°%.7W -- V at Fields Landing, Fortuna.
IV at Loleta, Ferncale, Alton.
Magnitude 5.0

16€2, July 20 40® .25, 12L° LW .- V at Ferndale.
IV at Fortuna.
Reported not felt et Fields Landin;
Magnituge k.l

1C€2, August 22 Li®.0i, 124°.€W Iv V at Ferndale.
IV at Fields Leanding, Burelrea,
Loleta, Fortuna.
ragnitude £.€

1062, September 4 L1®.00K, 12L°.LoW Vi VI et Eureka.
V at Ferndale and Fielde Landing.
Magnitude £.0

1662, hovember 1t 40®.€00, 124°.00W .o liot reported felt. Wasnitude 7.

1003, Hay ¢ k0®.551, 12L°.11wW IV IV at Bureka. Magnitude L.0

1C€3, June & LO®.6N, 124°.3%W .- Slignt shock felt at !.G.& E.
Humboldt Bay Power Flant.
Magnitude L.:

1cEh, February 26 4L0°.3W, 124°%.4W -- V at Ferncdale.

IV at Fortura, lLoleta.
Reported nat felt at Fiells landir
bagrnitude L.€

1964, December ¢  L0° . E0L, 12L°.00W -- 1o felt reports. Magnitude 3.%
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1965, Marcn 1€
19€5, April 25
19€S, April 27
16€5, June 2¢
1965, July 19

1965, September 1°

196¢, January 10

10€€, March 23

[
L

&
-

April 26

.-—‘
&
(323
-
.y
ot
[
d
)

196€, October 15

.. =
\.‘)
™
-3
"
™
o
"
»]
n
wn

-~
i

1UET, Haren 1

14€E, June 25

Epicentral

fegion

Lo* .60, 123°.T04

LO®.STN, 12L®.24W

Lo*®.3N,
Lo*®.2L,
o

..
“C ':“l"

LO® Ly,

0% .3,
L0° LR,
ko*® .30,

L0°® .EN,

h"". e
\® o(ﬁ,

Lo

)
v

L

'y

kG* .30,

y ol >3
@ t“}l,

124° 6w
124° .2wW
125°%.5W

125°.TW

12L° .OW
12L°%.5W
124° . TW
123°.6W

124°.2W

123%.1W

124 .5w

12L° .59

Intensity
ureka

IV

Iv

v

v

Effect at tureka

IV at Eureka. Magnitude 2.2

Lot reported felt. Magnitude 3.1

IV at Eureka. Magnitude 2.€

liot reported felt. Magnitude 7.€

IV at Bureka. Magnitude L.°
IV at Eureka, Ferndale.
IIT at Fortuna. Magnitude 5.6

Lot reported felt. Magnitude 2.4

ot reported felt. Magnitude 4.0

liot reported felt. Magnitude 3.2

Felt at Rio Dell. Magnitude 3.6
V at Eureka, Ferndale, Forturna.
Magnitude L.O

feported not felt at Ferndale,
Fields Lending, Loleta.
Magnitude 4.0

Felt at Bureka, Ferndale, Fortuna.
Magnitude 3.€

Vv at Eureka, Ferndale, Fields
Landing, Loleta.

IV at Humboldt Eay Fower Flant.
Magnitude 5.8

* rpicenter located on Map 1 within 0 miles of Zureka.
*% cricenter located on Map 1, peyond 30 miles, tut felt in bureka.
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