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FOREWORD

The Literature Survey of Humboldt Baey, California, has bsen
completed by the Department of Oceznography of the University of Wash-
ington as authorized by the U, S. Navy Hydrographic Office Contract No.
N623068-203, The Department of Oceanography hes provided a listing and
analysis of published’and unpublished literature.

The form of the paper is essentially that of an abstract of the
current knowledge on each subject studied, These abstracts are not
purported to bs finished articles and should only be considered un-
published records subject to revision. Time allowed for preparation
precluded refinement. Following ecach subject i1s an ammotated bibli-
ography of relevant publications and unpublished reports and data,
whether used in the abstract or not.

Thirty-five coples of this report, including the ammotated bibli.
ography, were submitted to the U. S. Navy Hydrographic Office. A limited
number of additional coples have been made. Only two reports, complete
with all enclosures (drawings and original data)., were assembled. One
complete report was submitted to the U. S. Navy Hydrographic Office; the
other i on file at the University of Washington.
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SECTION I

GEOGRAPHY



GEOGRAPHY _

PHYSICAL GEOGRAPHY

LOCATION

Humboldt Bay, a harbor on the coast of northern California, is 216
nautical miles north of the San Francisco Lightship and about 180 nautical
miles south of Coos Bay, Oregon,

ég;acent Harbors

Humboldt Bay is the only existing harbor of any commercial importance,
or of value for refuge, to large vessels between San Francisco and Coos
Bay, Oregon. The nearest improved harbors useful to small craft are at
Nayo River, 95 nautical miles to the south, and at Crescent City, 64 naut-
ical miles to the north,

DESCRIPTION OF THE AREA

The width of the bay varies from one<half to about four miles, and
the length is 1l miles., The high and low water areas are 24,5 and 7.8
square miles, respectively. The entrance is protected by two rubble=mound
jetties, which are about one<half mile apart, and extend from the ends of
two long, narrow sand spits separating the bay from the ocean,

The southern portion of Humboldt Bay extends about four miles south
from the entrance, widening gradually from one-half mile to two and one=
quarter miles, A dredged channel extends for some two miles from the
entrance to Flelds Landing, which lies about mldway along the east side
of the South Bay.

North of the entrance, a fairly deep natural channel closely follows
the north spit for about four miles to the junction of the Samoa and Eureka
Channels., The latter channecl, following Eureka Slough, is dredged for
almost two miles along the JaverLront of the city of Eureka, The northern
or Samoa Channel is dredged across Indian Island Shoal for about one mile
to Samoa on the north spit. A natural channel extends in a northeasterly
direction from Samoa, through the shoal waters of Arcata Bay to a channel
about one mile long originally dredged to serve the city of Arcata (U. S,
Army Corps of Engineers 1951).

The Surrounding Area

Humboldt Bay is in a generally mountainous region forested with red-
wood, fir, pine, and other species. In the immediate viecinity of the bay
are plains and low hills partially devoted to farming.



CULTURAL GECGRAPHY

DISCOVERY OF HUMBOLDT BAY

Humboldt Bay was discovered by Captain Jonathan Winship in 1806,
when temporarily in the service of the Russian American Company. The Bay
was first named the Bay of Rezanof after the Russian Chamberlain whose
agents had engaged him to make the voyage. The Indian name for the Bay
was Qual=a-wa-loo (Davidscn 1891; Lewis 1943),

INDUSTRY BORDERING HUMBOLDT BAY

The bay serves as an outlet for the timber resources of Humboldt
and Del Norte Counties and adjacent areas. These two counties have a pop=
ulation of 61,500 including 21,380 at Bureka, the largest city, They contain
nearly 70 percent of the worldfs stand of redwocod timber, Processing of
forest products is the most important industry in the trlbutary area (U, S,
Army Corps of Engineers 1951).

Pollution in Humboldt Bay

The California State Department of Public Works Division of Water
Resources (1952) completed a survey of industrial waters entering the Bay
and an investigation of waste discharges from the whaling station and
community sewers at Fields Landing,

Field work consisted of sampling and flow measurements at hourly ine
tervals for eight consecutive hours. Dissolved oxygen testis were made of
all samples, following which they were composited in proportion to the
rate of discharge, All samples were analyzed for suspended and volatile
solids, five-day 20° C, biochemical oxygen demand, and mineral constitu=-
ents, Waste from the plywood manufacturing plants was analyzed for phenol,
while the tallow works effluent and the Fields Landing sewage were tested
for ether-soluble matter and organic nitrogen. The following paragraphs
are reproduced from the above mentlioned reference:

Samples of industrial waste from the plywood factories displayed
values of BOD ranging from 170 to 5,600 parts per million, suspended
solids from 330 to 10,500 parts per million and phenol concentrations
from 0.15 to 20 parts per million., It is evident that such wastes
could be very troublesome if discharged in large amounts. Fortunately,
the discharges are small (2 to LO gallons per minute) and their capac-
ity for harm is correspondingly limited., The following tabulation
shows the population equivalents of the plywood and tallow plant
wastes based on biochemical oxygen demand:



Mutual Plywood Company 165
Humboldt Plywood Corporation 235

Eureka Plywood Company 670
Eureka Tallow Company a0
Potal 1,190

Waste discharges of the Evureka Tallow Company, Hunter and
Foland'fs Fish Reduction Works and the village of Fields Landing
were all weak and (except for the tellow plant) very small in volums,
However, they are capable of causing localized pollution and nuisance
due to odors, grease, discoloration, and unsightly floating and sus-
pended matter, Such conditions were, in fact, observed near the
outfall of Mutual Plywood, where a flocculent precipitate was seenj
at Bureka Plywood where a black waste discolored the water within
50 feet of the point of discharge; and at Fields Landing, where
odorsy floating solidsg and grease were found on the beach,

In generaly, good house keeping is observed by riparian lumber
firms on Humboldbt and Arcata Bays with respect to disposal of wood
chips and bark, It is the prevailing practice to skim the log ponds
regularly one or more times a week and to burn the material so re-
moved in the plant sawdust burner,

HARBOR MODIFICATION PROJECTS

The following paragraph from the U, S. Army Corps of Engineers (1951)
summarizes work done in the harbor:

The first Corps of Engineers' project for the improvement of
Humboldt Bay was adopted by the River and Harbor Act of March 3,
1881, Work was begun under contract in 1881 and a channel dredged
10 feet deep, 240 feet wide, and 4,100 feet long in front of Eureka,
Dredging of the Samoa and Arcata Channels as well as a channel to
Hookton began shortly thereafter. The River and Harbor Act of July
5, 188Ly, provided for a single rybble=mound jebty along the south
side of the Entrance Channel, This project was modified in 1888 and
again in 1891 to provide for two parallel rubble-mound jetties, in=
cluding shore protection enrockmenv., Construction of the scuth jetity
began in 1889 and the north -jetty in 1891. The original jetties have
.8lnce been entirely rebuilt. The existing project provides for two
rubble-mound jetties at the entrance, the north jetty about L,500
feet in length and the south jetty 5,100 feet long, not including
shore revetments; for an entrance channel 30 feet deep and 500 feet
wide; for a channel 26 feet deep and LOO feet wide from deep water

in Humboldt Bay to the foot of N Street, Eureka; a channel 26 feet
deep and 300 feet wide across Indian Island Shoal to Samoa; a
channel- 18 feet deep and 150 fecet wide to Arcata wharf; and a channel
26 feet deep and 300 feet wide to Fields Landing; with a turning basin



26 feet deep, 600 feet wide, and 800 feect long off the Fields

Landing wharf, The project was completed in 1939,
Navigation

No navigation improvemenis othern than those of the Corps of Engin.
eers! project have been made (U, S. Army Corps of Engineers 1951},
Bridges

No bridges exist across any portion of Humboldi Bay proper (U, So
Army Corps of Engineers 1951).
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1934,

1936.

1950,

1951,

1953,

195k,

Quantity of Material Dredged from Humboldt Bay. On file in
Operations Division, San Francisco District, San Francisco,
Cazlifornia. (Unpublished).

(Dredge quantities areavailable from 1931 %o date. Method

of evaluation has been revised such that older estimates of
material dredged are too large. Comparison of dabta not practe

‘ iGalo)

Entrance to Humboldt Harborg California, House Document No,
950, 60th Congress, lst Session, 12 pages.

Humboldt Harbor and Bay, Calif. House Document no., 755, 69th
Congress, 2d Session, LO pages, 1 mep.

Humboldi Harbor and Bay, Calif. House of Representaiives,
Committee on Rivers and Harbors, Document no, 1ll; 7hth Congress,
1st Session, 32 pages; 3 maps,

Humboldt Bay and Harbor, Calif, House of Hepresentatives,
Coumitiee on Rivers and Harbors, Document no. 11, 75th Congress,
lst Session, 21 pages, 1 mape

Shore-Line Changes; Appendix I to Survey Report on lumboldt Zay,
jalifornia, Pebruary 10, 1950, San Francisco Districty San
Francisco, California, 73 pages, maps, diagrams (processed),
{Comprehensive study of shore=line changes including depth
changesy waves, littoral drift, geology, siream flow; soil
samples, and dredging.)

Humboldt Bay, Calif. House Locument no. 143, 82d Congress,
lst Session, 38 pages, 1 map,

Project Report on Mad River at Blue lake, California for
Flood Control, San Francisco Listriect; San Francisco, Cali-
fornia, 36 pages plus 7 figures (mimeogrephed),

(Project is located northeasi: of Humboldt Bsy, the Had River
skirts Humboldt Bay. Includes geography, topogirée hy, climatic
conditiaons, rainfall, storms,; run-off and stream-floy data,
and flood frequeacyas

Project and Index Maps., San Francisco District, San Francisco,
California (processed).

(For use by the Corps of Engineers. Reprcduced te accompany
the Annual Report of the Chief of Engineers presenting projects
and their locations on reference maps, Pcth active and inactiwe
River and Harbor and Flood Control projects are shoun. Includes
the Humboldt Bay area.)



U, S. Department of Commerce Coast and Gecdetic Survey
1951, - United States Coast Pilot, Pacific Coast, California, Oregorn,
and Washington, Seventh (1951) Edition. Serial nc. 750, U. S,
Governement Printing Office, Washington, 578 pages.
(Comprehensive descriptions of harbor facilities and approaches),
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CLIMATOLOGY

PRECIPITATION

The rainfall in the Humboldt Bay arsa is typical for the coastal
region of northern California, The well-known wet and dry season of
the western slope of the Pacific Coast prevails., The winter months of
December, January, and February, are the wettest with about 6.5 inches
per month., The summer, June, July, and August, are dry with only about
0.3 inch per month. The spring and fall average 3.ii and 2,7 inches per
month respectively., The heaviest rains occur in the winter with 52% of
the days having precipitation of 0,01 inch or more per day. In the
summer only about 10% of the days have 0,01l inch or more of rain. The
spring and fall are intermediate.

The following tabulation from the U, S. Department of Commefce
Weather Burezu (1952) concerns the maximum 2L-hour precipitation for the
town of Bureka, California, from 1888 to 1952:

Jan 1903 « 5,10" Jul 1916 - 1,18"
Feb 1890 = L, 91" Aug 1907 -~ 2,63"
Mar 1907 - 3,940 Sep 1895 . 2,77"
Apr 1896 - 2,87 Oct 1908 ~ 3,61
May 1895 - 2,24 Nov 1926 = L, 55"
Jun 1888 - 1,99" Dec 1939 = l17"

The average monthly precipitation for Burecka, including snowfall,
is tabulated in Table 2-1,

TEMPERATURE

The yearly temperature is mild, with extreme highs or lows being
uncommon, The temperature ranges from a monthly average of 47° F. in
January vo 56° F. in July, August, and September. The lowest tempera-
ture recorded at Eureka, California, by the U, S. Department of Agri-
culture Weather Bureauw (1.93L) was 20° F. in January 1888. The usual
low for January is between 30° and 35° F. On the average, the tempera-
ture falls to +32° F. or below, only 3 days per year., The summer
temperature seldom, if ever, reaches 90° F,

The average temperature data from 1887 to 1930 at EBureka, California,
is tabulated in Table 2-2,
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TABLE 2.1,

rrecipitation, Fureka, California.

[In inches]

No., of Deys! Total Amt. | Total Amt. | Smowlall 2L hours
» with 0.01" for for Greatest
Month | Average, or more Driest ¥r, | Wettest Yr.| Average | Amount
Length
of re=| 53 i 53 Ll Ly Ll
cord
(Years)
Jan 7.0 7 ho3 5.2 0.2 3.0
Feb 6.3 15 2,1 16,1 Ood 1.5
Mar 5.1 15 2.3 19,0 Cot 1.8
Apr 3.k 12 2.6 5ol Trace 0.1
May 1.7 9 0.1 1.0 0 0
Jun 007 . 5 zoh 006 C 4]
Jul 0.1 2 Trace 0,8 C 0
Aug 0.2 2 Trace Trace c 0
Sep 1.0 5 0 Lok C 0
Oct 2.3 9 0.2 2.7 0 0
Nov 5.0 13 Trace Lok C 0
Dec 6,2 16 7.1 8.2 Trace Trace
Annual | 39,0 120 2l.1 6l.5 0.l 3,0

Table compiled from U, 8. Department of Agriculture Weather Bureau (193L).

o
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TABLE 2-2,

Fureka, Californie,

Honthly and Annval Averages and Extrenes of Temperatures,

Average Average i Highest | Lowest
of Absolute of Absolute | Menthly | ¥onthly
Month | Average| Maxima | Maximmum Minima | Minimum | Average | Average
length
of re-| Ll Ly Lh Ll Ll bk b
cord
(Year)
Jan L7 53 77 L 20 51 L2
Feb L8 54 85 k2 el 52 .
Mar L8 sk 78 42 29 53 Lk
Apr 50 56 79 Ll 33 55 L6
Yay 52 57 78 L7 35 55 L9
Jun 5L 59 85 50 L0 59 52
Jul. 56 60 73 52 L3 58 52
Aug 56 60 79 52 15 50 53
Sep 56 61 82 50 36 58 53
Oct sk 60 8L L8 35 57 50
Nov 51 58 81 LS 27 56 L8
Dec 48 5y 70 L2 2y 52 I3
Anrinal 52 57 85 L6 20 - -

Table compiled from U, S. Department of Agriculiture Weather Bureau {193l).



VISIBILITY AND FOG

The records of the U. 3. Department of Commerce Cocasl and Gecdetic
Survey (1951) show that the fog or low visibility meximum occurs during
the summer and early autumn. The months of July tiarough October average

about 159 hours of fog signal operation at the Coast CGuard Light Station.

During the moirths of November through June the fog signal is uvsed about
52 hours per month.

Table 2-3 gives the monthly hours of operation of the fog signal,
the average occurrence of low visibilities, and the average cccurrence
of dense fog, as listed by the U, S. Deparbmenc of Commerce Coast and
Geodetic Survey (1951) Information concerning wind, direction and
force, barometer readings, dry temperature, zmount and type of clouds,
visibility as well as direction and height of sea, is available from
the log of the U, S. Coast Guard Lighthouse Station, Samoa, California.

The U, S. Army Corps of Engineers (1927) make the following state-
ment concerning fog:

Fogs are liable to occur here at any time, but are more
frequent from July to Cctober, High fogs of long duration ave
frequent in the sunmer, These summer fogs are very persistent
over the zpproaches to Humboldt Bay, sometimes continuing for
weeks at a time, with an occasional ligiteningz up in the middle
of the day., The annual average number ¢f hours of fog at the
Humboldt Bay fog signal, which is located at the enirance, on
the southern extremity o? the north spit, based on records of
the past 17 years, is 965 hours,

The recent records of the number of hours of foghorn operations, as
taken directly from the log of Humboldt Bay Light Station, Samoa, Calif-
- ornia, is tabulated belowi, The visibility must be less than & miles

before the foghorn will be put into operation,

Nov 1953 « 202 hOLrs Aug 195 = 300 houfu
Dec 1953 - 188 Sep 195L - 153

Jan 1954 = 112 n Oct 195L = 327 "
Feb 195l « 269 % Ncv 195Y - 265 ©
Mar 1954 « 33 it Dec 1954 = 135  ©
Apr 1954 - 79 Jen 1955 . 182 ©
May 195l «~ 18 " Feb 1955 - 131 ¢
Jun 1954 - 131 Mar 1955 - 107 "
Jul 1954 - 212 ¢ Apr 1955 - 58

According to the data compiled by the Landing Aids jixperiment
Station at Arcata Airport (Gardner and Halloway 1948), the highest
incidence of fog is in fugust; September, and Octover, with each fog

~



TABLE 2-3, Fog and Use of Fog Signal, Humboldt Bay; California,

Jan Feb Mar Apr May Jun Jul ~ Aug Sep Oct Nov Dec Annual
Average Occurence of Low Visibilities (% hrs) |
0~1/L mi 1.9 O 0.9 06 0.1 2.0 3.1 4.8 6.2 1.8 6.8 6.0 3.8
0-1/2 mi 2,2 0.4 1,2 0.6 0,1 2,3 3.8 6.1 To3 13.1 T 7.2 Lok
0=2 mi 3.1 1.4 3.2 1.4 3.0 L6 10.0 15,1 12,3 21,7 12,7 12,2 8.5
Average Occurence of Dense Fog (% hrs) _

1.9 "0l 0.9 06 0. 1.9 3.3 L8 6,1 11.8 6.8 5.9 3.7
Hours of Operation of Fog Signal (Mean)

42 61 81 28 Ly, 81 A48 160 209 190 92 35 1,171

Table from U, S. Department of Commerce Coast and Geodetic Survey (1951), Elevation 60 feet, re-

cord of 2 years.




averaging 7 hours in duration. During vhe vrest of the year the iogs
dast on an average of 3 hours, the month of March having “he lowest
fog incidence. The foggiest part of the day is beiween 0600 and 0800;
the least foggy between 1300 and 1600, About 70% of the Tog is zccome
panied by a S., SW., W., ¥W,, or calm wind; the remairing 30% occurs
during N., NE,, E., or SE., winds, At the Arcata Airfield in 19L%,
13L fogs occurred in 110 days for a total of 810 hours of fog, In
1947, 1LO fogs occurred in 105 days for a2 total of 50L hours,

The reports and information concerning the meteorological and fog
dispersal data for the Landing Aids Experiment Stebtion; at Arcate,
California are held by:

Mr, Amos L., Lewis

Acting Chief~~Visual Lz=nding Aids
Burean of Aeronauitics. Code AE-10
Navy Department

Washington, D. C.

WIND AND WEATHER

, The prevailing winds during the summer are generalliy from the
north and northwest and during the winter from the socutheast =nd southe-
west with the southeasterly direction being nuest common., The winds in
the immediate region seldom exceed O miles per hour.

The Humboldt Bay lifeboat Station at Samoa, California, logs whie
wind, weather, sea and visibility data. An approximate average of the
above information for the 6 watches on the first, seventh, fourtecenth,
twenty-first and twenty-eighth day of each month during 1954-55 is tab-
ulated in Table 2-l,

The wind data tabulated by the U, S. Department of Agriculture
Weather Bureau (193L), shows that the prevailing winter winds are from
the southeast, and the spring winds from the north. The summer and fall
have prevailing northwest and north winds respectively (sce Table 2-5),

The University of California Waves Research Laboratory cbtained
wind direction and velocity information in commection with surf siudies
made at Humboldt Bay in 1944 and 1945. This data is tabulated in Along-
shore Transportation, Section 6, in Table 6-5, A Wind Hose for the year
1925, compiled by the U, S, Army Corps of Engineers, is shown: on
Enclosure 2-1,

Stormg

The following quotation from the U, S. Army Corps of Ingineers



TABLE 2-li, Humbeldt Bay Lifeboat Station, Wind., Weather, and Sez Data,
Date Wind Weather— Sea?  Visibility3

1 May 1954  E-NW 2 B, EC M 7

7 Variable 1 F, CF M 5
1 Variable 3 B, I ¥ 5
21 W 5 BC M T
28 N 2 BC M 5
1 Jun N3 B,BC L 7

7 N2 BC, 0, C M 6
1 W2 Fy, C M 5
21, NE, NW 3 BC M 6
28 SW-NE 3 B L=} 7
1Jul Wl L5 B; BC M 7
T NW-Calin 2-3 0,0 M 6
1 NeNW 2 0 L 6
21 -Nw h"“s BCSB M 7
28 SYHW 3 B, F M-8 b
1 Aug N-lW-W 2 OF M 5

7 SW-N 2 F M L
1l E-ll<lf 12 OF, BC L 7
21 Wel] 12 F L I
28 SE-NE-N 2 BC L~ 7

1 Sep MF 2 FO L 5

7 N 2 BC L 7.
1L S-SE-E RC L-¥ é
21 calm-N-NW 2 0,0 M 56
28 SE-N-NW 3 BZ s 6
1 Oct NW-NE 2 F, B M 3

7 - SE-N-SW 3 B, C, F R-S 55
1 Variable 2-3 BC S-H &
21 N~E~S L BC M 5
28 E-2 BF 5 5
1 Nov NE-S-SE 2 B, Fy Q M 6
7 E-SE 5 D, Q M 7
1k SE 5 cQ, Cu, Op o 7
21 Calm-SW 2 F M 3
28 NW-SE~NE 3 B, C H 8

6



TABLE 2L,

Hurboldt Bay Lifeboat Station.

Wind, Weather, and Sea Data,

(continued).
Date Wind Weather! Sea?  Visibility"
1 Dec 195k E6 R it 8
7 E 3 By, C M 8
ik SE 1 By, C M 6
21 NE=W-S~E 1 C, F M L
28 S-E-SE U C L 7
1 Jan 1955  SE-N 6 B, R; G S 6
7 E-N 2 BC, B M 6
1k NE-E-S 2 B, 0, C M 7
21 SE-E 3 C, R, F M L
28 E-NE-N 1 F L b
1 Feb SE-NW-E 1 BC, D, O # 6
7 E-NW 2 F, BC M 6
i NE-N 2 F, OF, O M 6
21 E~-NW~N 2 B, BC M 7
28 SW-SE 5 C, Q M 7
1 Mar SE~E-S 2 Q, 0G, CF, C R 7
7 SE=SW 2/ B, BL, BC, OF ML 8
14 NE=NW 2 BC M-S g
21 WeE-NW 2 B, Cy BC S-H 8
28 SE 4 Q, BC, D L 8
1 Ape W3 R, RBC, P M 7
7 SE-N 2 B, F, BC L 8
1k E-SE-IW 3 BC, D, C M 8
21 SE-MW 1 0, Cu, R, T LM 3=7
28 E-SE-SW 3 c,Q L 6

1 Symbols used in recording the weather in tabulated form:
b = Blue sky, cloudless,
be

O 3 HiIMR H® QO

WoX 8 & % % 4 K

= Blue sky with detached clouds,
Sky mainly cloudy.

Drizzling, or light rain,

Wet air, without rain,

Fog, or foggy weather,

Gloomy, or dark, stormy-looking weather.

b1

Hail,

Overcast.

Lightning.
Misty weather..

,
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TABLE 2,

Fumboldt Bay Lifeboat Station.

(continued) .

Windg; Weather, and Sea Data.

1 Symbols used in recording the weather in tabuleated form {continued):

2

L = light,

Thunder,

wEdpadcnnod

T ®» X * B X X K

S = strong, above 12 feet,

= Pagsing showers of rain,
Squally weather,.
Rainy weathery; or continuous rain.

Snow, snowy weather, or snow falling.

Ugly appearance, or threatening weather.
Variable weather,
Wet, or heavy dew.
Hazy weather,

0-4 feet; M = medium, L8 feebt; R =~ rough, 8-12 feet;

3 Numerals used in recording visibility in tabuleted form:

0 = Prominent
1 = Prominent
2 = Prominent
3 = Prominent
= Prominent
= Prominent
» Prominent
= Prominent
» Prominent
9 = Prominent

=3 O\

Table compiled from U, S.

objects
objects
objects
objects
cbjects
objects
objects
objects
objects
objects

Treasury Department

not visible
not visible
not visible
not visible
not visible
not visible
not visible
not visible
not visible
not visible

at
auv
at
at
ab
at
ag
at
at

5 { yar ds o
200 yards.
500 yards.
mile,
mile,
miles.
miles,
miles,
20 miles,

=3 57 A0l

abeve 20 miles,

Coast Guard (n. d. a)e

i8



TABLE 25,

Wind Data; Fureka, California,

Average hourly Maximum Wind Velocity
Prevailing | wind velocity -

Month Direction (mph) Direction | Velocity | Date

Length

of ree- Ly 43 L3 L3 L3

cord

(Years)
Jan SE 7.3 sW L6 191l
Feb SE i sW L0 1918
Mar SE 8. SE 3 190L
Apr N 8.7 N L6 1915
May N 8.7 NW 37 1896
Jun K 8.2 N 38 1892
Jul i 765 N 38 1908
Aug W 6.3 N 32 1909
Sep N 6.2 N 37 1903
Oct N 6.2 N 34 1906
Nov SE 6,5 S 36 1926
Dec SE 6.8 Sw L0 1892

Annual N 7.3 SW 16 1914

Table compiled from U, S. Depariment of Agriculture Weather Bureau

(193L).
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(1927) concerns the freguency of storms and the condition of the
inner harbor dvring such storms:

Storms are frequent in this locality from October to ¥arch,
The period of greatest frequency is usually from the middle of
December to the middle of February, when they are usually accom-
panied by heavy rains,

As noted above, violent storms are of rare occurrsnce and
are from the southeast, south, and southwest, The south and
southeast storms are generally of longer duration and the south-
west storms are the most violent,

In the spring northerly storms with little rain are often
axperienced. These, however,.usually last not more than three
days and are seldom experienced more than two or three times in
one season, whereas the southerly winter storms are often of long
duration and one storm after another may be experienced over a
period of several weeks, accompanied by heavy rains.

Very severe seas occur at the entrance to the bay, the worst
seas occurring frequently as the result of offshore storms at
times when conditions are calm locally,

Except for an entrance about 2,000 feet wide, the bay is a
land-locked harbor with its major axes nearly north and south.
During southerly and southwesterly stormsg; there is little to
obstruct the wind, as the sand spits to the west are low except
at the northerly end of the bay., The channel in front of Eureka,
however, is nearly east and west and lies in the lee of the high-
er land on which the town is situated. Waves from onshore storms
are broken up by the bar and the sand spits, and wave action
within the bay, except near the entrance, is comparatively small,
Hence, moderate and large-size vessels find good shelter in the
bay, but the smaller craft must seek shelter usually in the near-
by sloughs or in the channel in front of Bureka, the wharves of
which lie under the lee of the shore during the worst storms,.

|

The entrance channel is obstructed by a sand bar, The main
channel through this bar is now 25 feet deep, which depth has
been obtained by parallel jetties which have been recently re-
built, The bar is subject to changes and in time of storm is a
menace to navigators, due to heavy breakers. This condition has
been greatly improved by the jetties and the channel has become
deeper and more fixed. Nevertheless, few vessels now attempt
to cross the entrance bar in time of storm.
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Sicy Conditions

Tn generel the sky condivions ere slightly more faverable duwing
the summer monbhs. e greatest amount of possible suushine cceours
between £pril aund J- 1y, Toble 2-6 summarizes thoe moothly sky condi-
tions for Eureka, { .”.u.mn.;.aq

sk
Ty

l-,-] C’

SPECIAL FHENCHEIA

The occurrence of solid moving masses has Leen r.?‘{,oatedly noted
on the Growd--Conitrol-fpproach Radar at frcata -...L.\fr-.)O.Lb-, Arcatay Cali-
fornie. These unidentified radar echoes, which have been called
YAngels," occur on all AN/GPN-2 sets in the arez. The following
lists some of tne characiteristics of these echoes:

(1) %ravel about 3D moh.

(2) no relztion %o surface winds.

(3) under 3000 fect in elevation.,

(L) not peculiar $o the instrument since more then one was used.

(5) magnetic heading of object 3.200 < 180°,

(6) aivcraft have been sent into region but nothing was ever spotied.
(7) the reflectors on screen looked like "planes.®

All information concerning this matter has heen turned over to
Me. Lewis Alverez at the University of California 2% Rerkeley, Califorania.



TABLE 2-6,

Average Monthly Sky Conditions.

Jarl Febj Mar| Apr| May| Jun| Jul|Aug|Seg| Oct|Nov|Dec| Anrual
Clear days |6 (6 |7 |8 |8 |9 [7 |6 (9 |9 |7 |7 |89
Partly
Cloudy days {8 |7 |9 |10 (12 |11 {13 [22 {10 |9 |8 |8 |116
Cloudy days | 17 | 15 {15 |12 {12 |10 {11 {13 {11 |13 (13 |16 |160
Average )
Cloudiness 6,7 6.7/6.5[6.0(5:9|5.5{5.9160315.6[5.816.516.6(6.2
(0-10)
Averageif
hours of 17| 129{ 176} 216|242 | 253|230 [187 |186| 16L 120)119{2139
sunshine
% possible
sunshine 39 | L2 |48 |52 |54 |55 [50 |uh |b9 {48 2 |L1 L7

Table compiled from U, S. Department of Commerce Weather Bureau (1951),
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California, Depar’o\nmu of Engineering; Berkeley, Report no.
HE-116-140, 3 pages (mimeograrhed).

(Reports bzcaker height, number of lines of breakers, clatance
between treakers, period, directicn, litioral current direction
and force, wave characteristics, tide, and wind).



Stump, Robert
19h5a, Comparison of Forecast and Observed Surf Conditions, California
Cotst from October 194l through March 19LS, University of Cal=
ifornia, College of Enginecering, Berkeley, Repcrt ilo, HE=116-95,
191 pages, tables, air phetos, maps, diagrams (typewritten),
(Includes data obtained from three locations at Humboldt Bay).

19L5b, Forecast and Observed Surf Characteristics for Three Localities
on the Northern California Coast for July, August, September
19bly,  University of California, College of Engineering, Berkeley,
Report No, HE-116-52, 53 pages plus tables, photos, and diagrams
{(typeuritten).
(Includes data obtained at Humboldt Fay. Analysis of wind
systems and effect of local wind),

Stump, R,, W, Bascom, D, Foight, §- M. Schorr

1947. Beach and Surf Observations at Table Bluff, and a Compariscn
with Hindcasts: December 1945-February 1946. University of
California, Department of Enginsering, 'luid Mechanics Labe
orztory, Berkeley, Laboratory Msmorandum ¥e, HE-116.205, 83
pages, tebles, photos, disgrams, maps (ty»ewritten).
(Humboldt Bay arvea, Deseribes operations of field party and
preseiats data obtained, also analysis of oblique daily obser-
vational photos of the surf zone and show: comparison of this
data with hindcasts. Beach profiles; sieve analysis, and tire
impressions, shown in tables, diagrams and photos),

Stump, R. and R, T, Hermanson
1945, Comparison of Forecast and Observed Waves from Two Pacific
Storms, University of California, Colleg: of Iingineering,
Berkeley, Report No, HE=-116-12L, 10 pages plus 12 tables, 9
weather maps and 2 photos (typewritten),
(Weather maps cover entire Pacific Coast, Two Cbservation
stations at Humboldt Bay, the others in California only).

Todd, D, K, and R. L. Wiegel
1951, Local Storms of the Pacific Coast and Their Effects on Wave

and Beach Conditions., University of Caliiornia, Institute of.
Engineering Resear:ch, Wave Investigation Technical Report
Hi-116-32)y, 15 pages (processad), 8 platie:s,
(The meteorological situations causing local storms in neare
coastal areas are investigated because of the erosive action
on beaches of high, short-period waves generated. Two local
storms at Oceanside, California, are examined in detail),



TOdd, Do Ku and Ro Lc ‘Jiegel

1952,

University
1916,

U, S. Army'
19276

1933,

1953a,

1953b,

Near-~Coastal Storms and Associated Waves. Transactions of
the Aimerican CGeophysical Union, vol, 33, ao. 2, pp. 217225,
(Data from 3-year study of daily weather naps, Ferecasting
problems and limitations of resulting wavass are discussed.
Examplies from Ocearside, Calif. présented).,

of California ,

Summary of Surf Observaticns and Forecests for Selected

Storms in the North Pacific, August 19LL--August 1945. Depart-
ment of Engineering, Fluid Mechanics Laboratory, Berkeley,
Technical Report No, HE-116~203, 61 pages (mimeographed),
‘(Observations made only along the California Coast. Humboldt
Bay stations were used. Conclusions drawn were that the pro-

‘cedures given in Wind, Waves, and Swell, H. O, Misc. 11,275,

wers in error),

Corps of Engineers
Humbcldt Harbor and Bay, Calif. House Dccument no. 755, 69th
Congress, 2d Sessicn, 40 pages, 1 mar,

Entrance Channels of Humbcldt Bay, Celif. San Francisco Dis-
trict, San Francisco, California, Map File No, 5-2-68,
{Includes wind rose).

Froject Report on Mad River at Blue lLake, California for Flood
Control. San Francisco District, Sar Francisco, California,
35 pages plus 7 figures (mimeographec).

{Project is located. northeast of Humboldit Day, the Mad River

‘skirts Humboldt Bay, Includes geography, topography, climatic

conditions, rainfall, storms, run-off and stream-flow data,
and flood frequency),

Report on Floods of 18 January 1953 in tke Northern California
Coast Streams, San Francisco District, fan Francisco, Califor-
nia, 39 pages plus 10 figures (mimeograpled).

(Surveys damage by streams north and scuth of Kumboldt Bay,
Flood characterisuics; weather conditions; and river surveys
are included),

U. S, Departmenv of sagriculture

1936,

Atlas of American Agriculiure, Governmeni Frinting Cffice,
Washington, D, Co

(Physical basis including land reliei’, climate, soils, and
natural vegetation of the United States., Section on climate
is comprehensive),
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U, S, Department of Agriculture

9Ll

Climate and Man,; Yearbook of Agriculturs. House Document No.
27, 77th Congress, lst Session, Government Printing Officeg
Washington, D. G,

(Summary offered for areas of report),

Uo S, Department of Agriculture Weather Burean

193k,

Climatic Summary of the United States, Section 15, Northwest-
ern CGalifornia, Government Printing Office; Washington, D. C.,
2y pages,

(Tables include Eureka).

Us S. Department of Commerce Coast and Geocdetic Survey

1952

United States Coast Pilot; Pacific Coast, Californiag, Oregon,
and Washington, Seventh (1951) Edition. Serial no. 750, U. S.
Covernment Frinting Office, Washingten, 578 pages.

(Includes meteorological data on harbors).

U. S. Department of Commerce National Bureau of Standards

no da

Operators of Transmissometers and other continuous Recording
Optical Devices in Humboldt Bay Area, Data on file at the
Visual Landing Aids Field Laboratory; Arcata, California,
(Unpublished, )

(Operation of transmisscmeters, slant range visibilities,
modified solometer, luminosity and brightness studies of
various types).

U. S. Department of Commerce Weather Bureau

I\.nnue.la

Annualb

Ahnualc

Monthly

Climatological Data=-California. Government Printing Office;
nos, l-12, Monthly; no. 13; Annuwal Summary; vol, 54 for the
year 1950,

(This is the complete report for the state including Eureka).

Climatological Data~-National Summary. Government Printing
Office, nos., 1-12, Monthly: no, 13, Anmmals vol. 1 for the
year 1950,

{Bureka area included).

Local Climatological Data With Comparative Data, Eureka,
Galifornia, Government Printing Office,
(Complete meteorological data, means, extremes, end averages).

Local Climatological Data, Eureka, California, Government
Printing Office,
(Daily record of meteorolegical data presanted).

Y
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U. S. Department of Commerce Weather Bureau

U

1947,

1948,

1949.

1951,

1952,

1954a,

195Lb,

Maximum Recorded Unitasd States Point Rairfall for 5 minutes
to 24 hours at 207 First-Order Stations. Weather Bureau
Technical Paper no. 2, Government Printing Office, Washington,
D, C., 36 pages.

(Bureka area ineluded).

Highest Persisting Dewpoints in Western United States. Weather
Bureau Technical Paper no. 5, Government Printing Cffice,
Washington, D, C., 27 pages.

(Bureka area inecluded)

Temperatures at Selected Stations in the United States, Alaska,
Hawaii, and Puerto Rico. Weather Bureau Technical Paper no, 9,
Government Printing Office, Washington, Ii. C.y, 20 pages.
(Bureka area included)

Sunshine and Cloudiness at Selected Stations in the United
States, Alaska, Hawaii, and Puerto Rico, Weather Bureau Tech-
nical Faper no. 12, Government Printing Cffice, Washington,

D. C., 16 pages.

(Bureka area included)

Maxirum 2L=hour Precipitation in the United States, Weather
Bureau Technical Paper no. 16, Government Printing Office,
Washington, D. C.; 28L pages.

(Survev arsas included)

Local Climatological Data with Comparative Data, 1953, Eureka,
California, Government Printing Office

Terminal Forecasting Reference Manual, Arcata Airpori, Arcata,
California, 3 pages, :
(Includes visibility, precipitation, surface winds, thunderstorms).

S. Treasury Depariment Coast Guard

e dga

" Ne dob

Log of the U, 5, Coast Guard Humboldt Bay Lifetoat Station,
Samoa, California., Recent copies on file at the station,
(Unpublished. )

(Contains the following meteorological data recorded every L
hours: dry bulb temperature; wind direction and force,
weather description by symbols; cloud form and amount, sea
conditions, visibility).

Log of the U, S. Coast Guard Humboldit Bay Light Attendant
Station, Samoa, Caiifornia, Recent copies on file at the station.
(Unpublished).

(Contains data on wind, direction and force; barometer; dry
temperature; visibility; and hours of operation of fog signals
per day).
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Ward, Robert De (. and Charles F, Brooks

1936,

Way; Dave
1947,

The Climates of North America, Part I, Mextico, United States,

Maska. Handbuch der Klimatologie, Edited by W. Koppen and
R. Geiger, Band II, Teil J, Verlag von Gebruder Borntraeger,
Berlin, 325 pages.

(Text in English. Data for survey areas given).

Fog Dispelling Program, Landing Aids Station, The Humboldt
Times; Bureka, California; Thursday, May 1, 1947,
(Descriptive story, no data given).

Yarnell, David L,

1935,

Rainfall Intensity=-Frequency Data., U, S. Department of
Agriculture, Miscellaneous Publication no. 20k, Washingion,
D. C., 67 pages,

(Consists of methods of investigation, tables and maps of
data, and explanation for use. FEureka area included).
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HYDROLOGY

SURFACE WATER

The drainage area tributary to Humboldt Bay comprises 223 square
miles, The principal streams are Jacoby Creek, Med River slough, and
Burcka slouga to the north and northeast, Elk River to the easty; and
Hookton slouzh to the south. Except for log rafting and the boating
engaged in by sportsmen, the tributary streams are seldom used for
navigation (V. S. Army Corps of Engineers 1951).

WATER SUPPLY RECORDS

Water Supply Papers published by the Geological Survey contain
records for daily discharge of the Eel River at Scotia, Van Duzen River
at and near Bridgeville, Mad River near Arcata, ard Yager Creek near
Carlotta. DMiscellaneous measurements made on Jaccby Creek are avail-
able in thefiles of the U, 5. Geological Survey in San Francisco,
During 1955 a recording gage was placed on Jacoby Creek for the city
of Eureka for which daily discharge records will te available,

In addition; the Bureka office of the U, S, Bureau of Reclamation
has resulis of miscellaneous measurements on other small streams drain-
ing into Humboldt Bay (U, S. Department of the Inierior Geological
Survey 1955b).

‘CHEMICAL ANALYSES OF STREAM WATER

In addition to information published by the U, S, Geological
Survey (Iohr and Love 195)) on chemical analyses of river waters, the
Division of VWater Resources of the State of California has obtained
certain data., This Division has collected samples for water composi-
tion analysis at various points on the Mad River, between 1950 and
1953 as well as other streams tributary to Humboldt Bay (California
State Department of Public Works 1955). This information, together
with a sample location map; is provided as Enclosure 3-l,

‘GROUND WATER

The following information was provided by the U. S. Department of
the Interior Geological Survey (1955a) concerning ground waters:

in general, some ground water moves :.nto Humboldt Bay

from alluvial deposits along streams draining into the Bay., The
principal ones are Salmon, Jacoby, and Freshwater Creeks and Elk
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River, OSome ground water also is discharged into the Bay .from
the alluvial plain north of the Bay, and a small amount may
enter from the consolidated rocks bordering the Bay in the
vicinity of Fureka, Information ie not ava:ilable to iadicate
the amount contributed by the various sources or the total,
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REGIONAL GEOLOGY
PHYSTOGRAFHY

The Humboldt Bay region as well as the Eel and Mad River basins
represent partially submerged fossil land surfaces., The oceans for -
merly penetrated far inland at least into the upper reaches of the Elk,
Eel, and Mad Rivers, as well as Freshwater Creek. The land was rejuv-
enated and in fairly recent times was slightly submerged. This is in
evidence by the drowned mouths of the Elk and Eel Rivers. The mouths
of Freshwater, Jacoby, and Salmon Creeks, are also partially submerged.
Arcata Bay and Mad River Slough represent the drowned mouth of the Mad
River which formerly entered Humboldt Bay. Very recent local warping
has isolated this from the present day Mad River (Ogle 1951, 1953).

Past land uplift due to warping is shown by the abundance of well
developed river terraces on the Eel, Van Duzen, and Yager Rivers., The
region from Grizzly Bluff to Rio Dell on the Eel River has numerous
well developed gravel capped terraces (Ogle 1951, 1953),

From the Mad River south to Centerville Beach, a distance of about
25 miles, most of the coastal area is generally under 50 feet in ele-
vations, Humboldt Bay, including mud flats, varies in width from about
3/4 of a mile to more than L miles and is approximately 1L miles long.
The northern portion, Arcata Bay, is the widest and rests in a flat
plain about 6 miles wide. Here hills begin to rise about 13 miles in
from the bay shore. South Bay is approximately 2% miles wide, Humboldt
Hill, on the east shore of South Bay, rises more than 500 feet above sea
level; it is the west end of the Humboldt Anticline. The Bay region is
separated from the Eel River by the Table Bluff Anticline, which has an
elevation of about 350 feet and may be considered as -a spur of the foot-
hills,

The Eel River flats are less than 50 feet above sea level., This is
largely a low flood plain approximately 9 miles wide at the coast and 2%
miles wide at Fortuna, 8 miles inland,

South of Centerville Beach elevations of 250 feet and higher are
found barely 500 feet from the shore. The alluvium of the Eel River
disappears and outcrops of Tertiary sandstones and siltstones make up
the shore cliffs, Farther to the south, by False Cape, harder sedimen-
tary and igneous shear zone rocks form the shore cliffs, Here elevations
of 1,000 feet are found about 1 to 1% miles inland, Marine terraces are
present in this region.

To the north, near Trinidad Head, the coast is again abrupt with a
gradual increase in elevation to about 1,000 feet at points approximately
L miles inland, The Coast Range which bounds the Humboldt Bay region on



the east is in excess of };,000 feet, Landslides and slumping have had
important effects on the geomorphic features and are effective as erosion
agents (Ogle 1953). On the coast there are numerous rock slides along the
dip planes of the interbedded sandstones. Undercutting by the waves causes
large blocks, including vegetation, to slip along the bedding planes and
plunge into the ocean.

The shore from Centerville Beach north to the mouth of the Mad River
consists of extensive sand beaches. The north and south spit form the
west side of Humboldt Bay., The north spit is about 1/2 mile wide and 10
miles long, It is flat and barren near the south end and rises gradually
to the north where heavily wooded dunes are present., The south spit ex-
tends southward to Table Bluff, the headland marking the southern end of
Humboldt Bay., This spit varies in width from 300 to 3,000 feet, being
low and barren in its entirety. For further discussion of the beaches
see Section 6, RECENT SEDIMENTATION, The physiography of the region
has been well considered by Lawson (189L), Watson, Cosby, and Smith

STRATIGRAPHY

The immediate area of Humboldt Bay is blanketed with recent alluvium
and upper FPleistocene gravels, sands, and clays., Older and more resistant
sediments are found to the south, east, and north. The principal strati-
graphic studies of the region have been made by Manning (1947), Manning
and Ogle (1950), and Ogle (1947, 1951, 1953).

Pre-Tertiary Stratigraphy

The upper Jurassic and possibly lower Cretaceous Franciscan and
Yager formations surround Humboldt Bay. These rocks are exposed at the
higher elevations, At False Cape; south of the Eel River, the shear zone
rocks are primarily Franciscan. The Jurassic Franciscan consists of
graywacke, shale, chert, basalt, and shist., The Yager is composed of
graywacke, shale, and conglomerate,

Tertiary Stratigraphy

An unconformity separates the Cretaceous and Tertiary strata; the
lower Tertiary (Eocene and Oligocene) is missing, The Miocene Pullen
formation, a mudstone with some basal sands, is exposed in a narrow strip
near False Cape and theuce to theeast., The upper Fliocene contains three
formations; the Eel River, Rio Dell, and Scotia Bluffs, The Eel River
sediments are mudstones and sandstones; the Rio Dell contains mudstone,
siltstone and thin sandstone while the Scotia Bluffs formatidn is a
massive sandstone., The most extensive exposures of these differentiated



Tertiary sediments extend eastward from the area between False Cape and
Centerville Beach, The undifferentiated Wildcat group consists of the
entire Tertiary colurm and the lower Pleistocene Carlotta formation.
This group is immediately inland from Humboldt Bay and makes up the
foothills of the Coast Range,

Quarternary Stratigraphy

The lower Pleistocene Carlotta formation has small exposures at
Table Bluff, Fields Landing, along the Elk River, and in other scattered
locations near the shore of the bay. An unconformity separates the lower
and upper Pleistocene, The upper Pleistocene deposits are the Hookton and
Rohnerville formations composed of gravel, sand, and clay., Terrace depos-
its were also laid down during the upper Pleistocene, The Hookton and
recent alluvium constitute the most common deposit along the shores of
the bay. Presumably the recent bottom sediments in the bay rest on the
Carlotta formation aswell as the Tertiary Rio Dell and Scotia Bluffs
formations,

GEOLOGIC HISTORY

Following the deposition of the Yager formation of the lower
Cretaceous and upper Jurassic, the region was subjected to extensive
erosion with the development of a peneplane, Marine deposition in the
Tertiary basin began in the Miocene. This basin probably extended as
"far south as False Cape and up the present day Eel Valley for at least
20 to 25 miles. Around Humboldt Bay the basin was approximately 12 miles
wide, narrowing to the north along an extension of Freshwater Creek. The
Pullen, Bel River, Rio Dell, and Scotia Bluffs formations were deposited
in this basin, Volcanism accompanied the deposition as is shown by the
deposits of ash and basalt,

At the close of the Pliocene and into the Pleistocene, local warping
and uplift was accompanied by the deposition of the predominantly non-
marine Carlotta formation which also contains volcanic ash,

The mid-Pleistocene was a time of strong orogeny; folding and
faulting occurred causing uplift and erosion. The Hookton sediments of
upper Pleistocene were deposited in the broad valleys formed during this
erosional period., Wave-cut marine terraces and stream terraces also de-
veloped, Regional uplift and warping occurred at the close of the
Pleistocene (or early Recent); this initiated the formation of new
valley plains., The present condition of Humboldt Bay began to de-~
velop, The drowned mouths of the rivers indicate that reemergence is
not complete or that local sagging exists.
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GEOLOGIC STRUCTURE

The most striking structural feature of the region is the eastward
trend of the Tertiary sediments. A major structure 1s the Eel River
syncline, which runs east-west and has its axis in the Eel River Valley.
The Tomkins Hill, Table Bluff, Fowler, Humboldt, end Pine Hill anticlines
all lie north of the Eel River and are all minor features having a west-

erly plunge.

The pre-Tertiary structure includes the Russ Fault, south of the Eel
River, and Freshwater Fault, east of Freshwater Creek. These may well have
defined the Tertiary sedimentation basin, Faulting also occurred in
Tertlary times. In general, regional folding occurred after the deposition
of the Carlotta formation and warping has continued to recent times,

ECONGMIC GEOLOGY

There are many oil seeps in the region, especially to the south of
Humboldt Bay. Oil interesis have put down exploratory wells. Some of
these are located on Table Bluff and Humboldt Hi1ll, both of which flank
South Bay., A producing, commercial gas field is located on the Tompkins
Hill Anticline (Table Bluff), two miles north of Fortuna,

Sand, gravel, clay, and possiblylignite, are also of some economic
value,
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joining Eel River Valley Area).

©

O'Brien; M. P,
n, d. [Oceanography of Coastal Harbors.] On file U, S. Army, Corps
of Engineers, Beach Erosion Board, Washington, D. C. (Unpublished).
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1951, Geology of the Eel River Valley Area, Humboldt County, Calif-
' ornia. Thesis, University of California, Berkeley, California,
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(Comprehensive geologic study of area which includes Humboldt
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igation of ground and surface water with accompanying well
logs and estimated river outflows. Discussion of climate,
especially rainfall, vegetation, and topography. Geologic
history, including landsliding and mud flows),



Ogle, Burdette A.

1953,
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California State Division of Mines, Bulletin 16k, 128 pages,
6 plates,
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Rice, Salem J,.
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Reconnaissance Geology of the California Coastal Area North
of Eureka. American Association of Petroleum Geologists,
Program of the Pacific Coast Section. (Abstract.)

Shepard, Francis P, and K. O. Emery

3,
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Tectonic Interpretation. Geological Society of America, .
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(Comprehensive study of offshore submarine topography. De-
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University of California

19%0

Notes on Reconnaissance of Mjscellaneous Pacific Beaches May
21-September 29, 1945, Department of Engineering, Fluid Mech-
anics Laboratory, Berkeley, Laboratory Memorandum No, HE-116-223,
51 pages, maps, photos (typewritten).

- (Captions accompanying the photos constitute the report. Photos

show surf conditions, beaches, and sand dunes in the various
areas studied). -

U. S, Army Corps of Engineers

1950,

1951,

Shore=Line Changes, Appendix I to Survey Report on Humboldt

Bay, California, February 10, 1950, San Francisco District,

San Francisco, California, 73 pages, maps, diagrams (processed).
(Comprehensive study of shore-line changes including depth.
changes, waves, littoral drift, geology, stream flow, soil
samples, and dredging).

Humboldt Bay, Calif, House Document no. 143, 82d Congress,
1lst Session, 38 pages, 1 map.

Watson, E. B., Stanley W. Cosby, and Alfred Smith

1926,

Soll Survey of the Eureka Area, California. U. S. Department
of Agriculture, Field Operations of the Bureau of Soils, 1921,
[printed 1926), pp. 851-881.

(Includes sections on climate, flora, physiography, and geol-
ogy in Eureka area. Soils map included),
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GEOPHYSICS

SEISMOLOGY

The coastal region of northern California is an extiremely active
earthquake area, San Francisco Bay and Humboldt Bay are two of the most
seismic areas on the West coast., The San Andreas Fault zone apparently
reaches the border of the continental mass near 142° N., 126° W, (Byerly
1940). Most of the epicenters affecting the Humboldt Bay region fall on
or near this fault zone,

Seismic Activitz

From 1769 to 1952 there have been 255 recorded shocks in the region,
35 of which have been offshore. The force for 117 of these quakes has
been scaled on the Rossi-Forel scale; a summzation of this follows:

Force Occurrence Force Occurrence
I 0 Vi 21
IT 6 VI 8
111 29 VIIX 9
v 18 X b
v 22 X 0

This data and the listing of the recorded earthquakes in Table 5-1
can be found in Holden (1898), McAdie (1907), Townley and Allen (1939),
Clark (194)), and Wood and Heck (1951).

The following discriptions of the quakes of March 1, 1895, April 18,
1906, August 20, 1927, and June 6, 1932, are included to illustrate the
severity of the shocks:

1895, March 1; at sea, off the Mendocino (Cal,) coast;
longitude 125° 20'; latitude LO°.

The recent earthquake which was reported as having disturbed
the inhabitants of Mendocino proved to be a veritable terror at
sea, according to the stories told by the crew of the schooners
Volant and C, T. Hill, which have just arrived from that section
of the coast.

The Volant was about 52 miles off the Mendocino coast, in the

vicinity of Shelter Cove, when she encountered the shake-up, It
took place a few minutes before 1 o'clock on the morning of March 1,
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TABLE 5-1, Earthquake shocks,; Humboldt Bay, 1853-~1952, [Rossi-Forel Scale]

Date Intensityl Date Intensit;y1
2l Apr 1853 111 22 Nov 1873 VIII
23 Oct 1853 VIII 27 Aug 1877
2L Oct 1853 I1I 3 Jan 1883 light
20 Aug 1854 27 Jan 188L VII
17 Sep 1854 . 6 Apr 188, III
26 Sep 185k 8 Apr 188L III
2 Oct 1854 11 Apr 188L CIIT
9 Mar 185)4 VI 12 Jun 188l
20 Mar 1855 L4 Nov 188l
2l Apr 1853 I1I 3 Jan 1887
23 Oct 1853 VIII : 9 Jun 1887 light
25 Oct 1853 III 2L Jun 1887 VI
20 Aug 185k 2 Jun 1889 light
17 Sep 1854 12 Aug 1889 sharp
26 Sep 1854 20 Dec 1889 light
2 Oct 1854 25 Apr 1890
19 Mar 1855 Vi L Jul 1890
20 Mar 1855 27 Jul 1890 moderate
S Dec 1855 11 Aug 1891
21 Dec 1855 22 Jan 1892
12 Nov 1856 v 30 Jan 1892
1} Jun 1857 VI 9 Jan 1893 sharp
12 Nov 1860 v 22 Feb 1893 light
26 Oct 1861 23 Feb 1893 light
1 Oct 1865 13 Apr 1893 light
3 Oct 1865 v 12 Jul 1893
8 Oct 1865 VIIX 22 Jul 1893
26 Nov 1865 30 Sep 1894
12 Jun 1869 8 Jan 1895 heavy
6 Oct 1869+ 1 Mar 1895%
L Dec 1870 1 Mar 1895
2 Mar 1871 1 Apr 1895
12 Dec 1871 v S Oct 1895 light
26 Mar 1872 severe 15 Oct 1895 light
22 Nov 1873 18 Nov 1895 light

i



TABLE 5-1.,

|

i Date

6 Dec 1895
22 Apr 1896
9 Jun 1896
6 Mar 1897
17 Sep 1897

28 Oct 1897

25 Nov 1897

27 Nov 1897

29 Jan 1898

1L Apr 1898
x

9 Sep 1898
19 Oct 1898
25 Nov 1898
16 Apr 1899
18 Apr 1899

25 Dec 1899
21 Jan 1900
1) Apr 1900
16 Apr 1900
1 Oct 1900

25 Feb 1903
9 Dec 1903
13 Jan 190k
26 Mar 1904
Iy Dec 1904

6 Jul 1904
1l Sep 19504
18 Apr 1906
19 Apr 1906
20 Apr 1906

23 Apr 1906

27 Apr 1906

30 Apr 1906

9 May 1906

10 May 1906
|

i
!

Intensityl

heavy

severe

slight
slight
slight
light

gentle

severe
light
light
severe
light

light
light
light
light

slight
severe
light
heavy
severe

light
light

slight
slight

gevere
slight

slight
slight

Date

" 7 Jun 1906

13 Jun 1906
9 Jul 1906
30 Jul 1906
1 Aug 1906

7 Nov 1906
25 Dec 1906
1L Jan 1907
25 Feb 1907
8 Aug 1907

1l Aug 1907
12 Aug 1907
23 Aug 1907
26 Aug 1907
7 Oct 1907

1L Oct 1907
23 Oct 1907
28 Oct 1907
22 Nov 1907
3 Jan 1908

10 Jul 1908
18 Aug 1908
8 Dec 1908
17 May 1909
28 Jun 1909

28 Oct 1909
1 Nov 1909
18 Mar 1910
18 Mar 1910%
L Aug 1910

26 Aug 1910
12 Dec 1910
11 Mar 1911
2 TFeb 1914
24 Nov 1913

Earthquake shocks, Humboldt Bay, 1853-1952 (continued).
[Rossi~Forel Scale]

Intensityl

heavy
very light

light
light

light
light

heavy
light
light
slight
heavy

light
light
light
light
heavy

light
VIiT

light
light
light

heavy-IX

light
heavy

sharp
light



TABLE 5-1. Earthquake shocks, Humboldt Bay, 1853-1952 (continued).
[Rossi--Forel Scalel

Date Intensityl Date Intensityl
10 Apr 1914 I11,IV 31 Jan 1922#
1l Aug 1914 Iv 3 Jan 1922 VI
10 Dec 1914 L Feb 1922 I11
12 Dec 1914 17 Aug 1922 111
6 May 1915 v 18 Sep 1922 III
6 May 1915 II 3 Nov 1922 111
22 Jul 1915 I1I 7 Nov 1922 III
31 Dec 1915% destructive 22 Jan 19233 IX
31 Dec 1915 II1 22 Jan 1923 VII
6 May 1916 11 9 Feb 1923 II
L Jul 1916 v 28 Mar 1923 III
23 Aug 1916 Vor VI 3 Sep 1923 v
26 Jun 1917 Iv 17 Sep 1923 Iv
12 Sep 1917 v 9 Jan 192} IV
26 Oct 1917 II 19 Jun 1924 II
23 Feb 1918 Iv 17 Jul 1924 iv
2 Mar 1918 IIT 7 Sep 1924 IiI
16 Apr 1918 v 25 Jan 1925 II
16 Apr 1918+ 2 Mar 1925 Iv
1y Jul 1918 3 Mar 1925 II1
1 Jul 1918 Vi 26 Jul 1925 III
21 Jul 1918 I11 21 Sep 1926 Iv
20 Aug 1918 Iv 13 Oct 1926 slight
29 Nov 1918 v 27 Dec 1926 I11
13 Jun 1919 v 3 Jan 1927 v
12 Sep 1919 v 12 Feb 1927 Iv
15 Sep 1919 Vit 16 May 1927 Iv
L4 Oct 1919 111 10 Aug 1927 v
20 Mar 1920 Iv 20 Aug 1927 VIII
19 Apr 1920 IIT 6 Sep 1927 I1I
L4 Oct 1920 A 16 Sep 1927 v
22 Mar 1921 III 8 Dec 1927 v
2l Apr 1921 IV 22 Sep '30(Eureka) VIII
28 Aug 1921 I1I 27 Sep '30(Arcata)
29 Nov 1921 11 15 Dec '30(Bureka) III



TABLE 5-1.

Date

23 Dec 1930(Eureka)
25 Apr 1931(Eureka)
20 May 1931(Eureka)
8 Aug 1931(Bureka)
21 Aug 1931

23 Aug 1931
6 Jun 1932 (Eureka)
L Mar 1933
20 Jun 1933
10 Nov 1933

17 Nov 1934(Eureka)
2 Jan 1935(Bureka)*
3 Mar 1935(Bureka)#*
29 Jul 1935(Eureka)
27 Oct 1935(Rureka)

3 Jun 1936(Bureka)
23 Aug 1936(Arcata)
25 Sep 1936 (Eureka)
6 Feb 1937(Eureka)
30 Aug 1938(Samoa)

L4 Sep 1938(Eureka)
9 Nov 1938(Eureka)
9 May 1939(Eureka)
31 Dec 1939(Eureka)
13 Feb l9h0(Eureka)

5 Mar 1930(Eureka)
19 Nov 19L0(Bureka)
20 Dec 1940(FEureka)
23 Jan 1941

9 Feb 1941

Farthquake shocks, Humboldt Bay, 1853-1952 (continued).

[Rossi=Forel Scalel

Intensityl

I

III
VIII
Iv

588

Date Intensityl

13 May 19L1#(Eureka)
3 Oct 1941 (Eureka)
5 Oct 1941 (Fureka)
11 Nov 1943%#(Eureka)
12 dan 19L)y¢

15 Jan 194k
21 Sep 194k (Euceka)
2 May 1945 (Eureka)
19 May 1945%
2 Aug 1946 (Eureka)

23 Nov 1946 (Eureka)
18 Dec 1946 (Eureka)
29 Mar 1947

27 May 1947+

23 Sep 1947 (Eureka)s

19 Feb 1948 (Bureka)
27 Mar 1948%(Eureka)
18 Aug 1948+ (Eureka)
18 Aug 1948 (Eureka)
19 Aug 1948%

27 Oct 1949 (Fureka)
1L Jan 1950 (Eureka)
10 Feb 1950 (Eureka)
13 May 1950 (Eureka)
2 Jun 1950 (Rureka)

9 Jun 1950%(Eureka)
13 Jan 1951 (Eureka)
7 Oct 1951 (Eureka)
7 Oct 1951%(Eureka)
14 Nov 1951 (Eureka)

22 Sep 1952 (Eureka)
16 Nov 1952 (Eureka)

<

11

agd <

S84

<<sg<

<3

V=VI

1 It was not always possible to distinguish the scale used., The Bulletin

of the Seismological Society of America adopted the Modified Mercalli

Scale in 1937 for Earthquake Notes from which a few recent listings
were obtained, but the values were low and correlated with those of
the Rossi-Forel Scale.
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TABLE 5-1, Barthquake shocks, Humboldt Bay, 18531952 (continued).
L [Rossi~Forel Scale]
|
# Sea quakes.
TablL compiled from Holden (1898), McAdie (1907), Townley and Allen

(1939)9 Wood and Heck (1951); and Earthquake Notes (Bulletin of the
Selsmologlcal Society of America n. do).
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The sea had been qulte calm &ll night, but the breeze kept up well,
The first warning of the earthquake came in the form of a deafening
roar which gosmed to rlse out of the sea, In an instant the ocean
vas lashed 1nto 2 mass.of foam, and in spots it rose in great geyer~
ilke colunns, The schooner stopped with a crash and then shook for
fully twxo ninutes. Every timber and bolt groaned and cresked, end
it was thoughtu for a moment that she was going down, Those on deck
were knocked dovm., The schooner pounded up and down frightfully for
a few minutes, just as if she were aground, and then all became still,
We had scarcely reccvered our senses when a second shock came, but

it was pot nearly so secvers as the first. WFhen this one was over the
sea becane a3 otill a3 a mill pond; the wind died oui, and everything
wes &8 qulet as death. The schooner C. T, Hill, which was carrying
Jumber, was aleo ‘paosed eabout by the tremblor. She was only a few
niles astern of the Volant at the time. Captaln Forest's story of
tha experience ls similar to thet told by the crew of the Volant,

(Holden 1898, n. 237)

[ Effect of Earthquake on Ships in Bureka Harbor, ]

¥r. Buhuns stetes that all ships in the harbor at Euveka felt
the quake [A»ril 18, 1906), but in South Bay it was heaviest., One
vessel #as hurled against the wharf time end time again, thrcowing
dovn pilles of lumber and shingles.

(Lawson 1908, p. 372)

1927 August 20, 11:30 a.m., 12:05 p.m. III and VIII. Humboldt Bay.

The first shock was reporied only at Capetown, the second from
Fort Seward on the south to the Oregon border on the north,

The second shock was very simlilaer to other shocks in the Humboldt
Bay reglion, which reach intensity VIII in the Eureka~Arcata district
but are unfelt ot distences of eighty or one hundred miles, A%t Arcata
chimneys were dzsiroyed, windows shattered, and the intensity was
fully VIII; reporied as more severe but of shorter duration that
the 1906 earthquaie, The same description applied well to the shoeck
et Eureita, 4t Fortuna, the intensity was lower, VII to VIII; at
Perndale and Scotiz about VII and south of Scotia no damage was
reported.

At Westport, eighty-five miles south, the intensity was II, as
it wae at Cruscent City, sixty-five miles north.

The shock recorded at & number of selsmographic stetions.
Selemogirams seemoed to place the orlgin at sea some thirty miles from
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Eureka, but the rapid decline of energy with distance manifested by
this shock, taken with the high intensity at Arcata and Eureka, in-
dicates that the origin was much nearer Humboldt Bay, very possibly
inside of the coast line rather than offshore. Many strong but lo-
calized shocks at Eureka and Arcata point to the existence of a
source at Humboldt Bay which characteristically generates shocks of
intensity VI to VIII from some shallow focus very near Eureka. Refer
to shocks of August 18, 1908; September 12 and 15, 1919; and later
shock of September 22, 1930, which with this shock formsa remarkable
group.

(Townley and Allen 1939, p. 2L9)

On the morning of June 6, 1932; about Ll minutes past midnight,
the region about Humboldi Bay was severely shaken by an earthquake
which attained a maximum intensity of VIII on the Rossi-Forel Scale.
It was felt as far north as Coos Bay; as far south as San Jose; and
as far east as Sierra County. It was the most severe shock felt in
that region since 1922,

The most marked disturbance of the surface of the ground o6&«
curred on Ccck Robin Island in the mouth of the Eel River where the
soil on the island is marshy., A fissure . . . was twenty-eight inches
wide, and extended for several hundred feet approximately parallel to
the coast line. The center section in the foreground dropped 18
inches. There were many smell cracks running in the same direction
and a few at right angles. Several "mud craters™ from a few inches
to several feet in diameter, were developed in the bottom of the
slough, which was near the fissure, The material in them was similar
to quicksand. Prior to the earthquake there had been about three
feet of water in this slough., It was apparently drained by the
shock.,

The occurrance of luminous phenomena was reported by Mr,
Metzler, of Eurcka, "During the earthquake," he said, "several of
my friends and I saw to the east what appeared to ke bolts of light-
ning travel from the ground toward the sky. The night was clear and
a gentle wind was blowing." The possibility that these flashes were
the arcing of electric lines is not excluded since there are power
lines four miles outheast of Eureka.

No disturbance of the surface of the sea level accompanying
this earthquake was noted on the tide guages at Fort Point, San
Francisco Bay, by the United States Coast and Geodetic Survey.  The
absence of a sea wave has been previously noted in the study of
other eartiiquakes centering off the coast of northern California,

(Sparks 1936, pp. 13, 14, 15)
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Unpublished data concerning the location of epicenters, force of
quake, and some information on the tectonics invclved in the region
about Humboldt Bay is available., These data cover approximately the
ten year period 1945 to 1955 and are in the possession of Dr. Donald
Tocher, Seismographic Station, University of California, Berkeleyy Calif,

Seismograph Stations

There are six active seismograph stations within 125 miles of the
Humboldt Bay area, The Teleseismic stations are located at Humboldt
State College, Arcata, Ferndale (private station); U. S. Coast and
Geodetic Survey Latitude Observatory, Ukiah, and the Bureau of Re~
clamation Station at Shasta. The Strong Motion Seismographs are in
the Federal Building at Eureka, and the City Hall in Ferndale, California,

VOLCANOLOGY

In general the volcanic history of this region is similar to that
of the Coastal portion of Oregon. Volcanic glass is found in the sed-
imentary deposits of the Pliocene and Pleistocene. Mt. Shasta blew out
ash in 1786; Cinder Cone, near Lassen Peak, discharged a basaltic lava
in 1851 and Mt. Lassen, our most active volcano, erupted ash and lava
from 191 to 1917. There were about 220 eruptions of Mt. Lassen Peak
between June 191l and December 1915,
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; RECENT SEDIMENTATION

BEACHES

Beach Characteristics

The north and south spits separate Humboldt Bay from the Pacific

Ocean, The south spit is the narrowest of the two; along most of its
4 mile length it is under 1,000 feet wide. At the northern end it widens
to approximately 35000 feet, It is narrow, low, and characteristically
devold of much vegetation., The north spit is about 5,000 feet wide over
most of its 10 mile length, The southern end is low and barren with only
small sand dunes; the northern portion is higher with wooded dunes exceed-
1ng heights of 50 feet, A sand beach backed by low lands, extends south-
ward past the mouth of the Eel River and its associated spit to approximately
Centerv1lle Beach, about 1l miles south of the bay entrance, Here the beach
becomes narrower, and is bordered by high bluffs. Northward from Humboldt
Bay, a wide beach extends to the spit of the Little River, about 193 miles
from the bay entrance, Farther north it is backed by bluffs and at Trinidad
Hea?, rock headlands interrupt the cortinuity of the beach,

. A beach area is located just inside the entrance on the east side of
the bay., This sandy beach extends from the Elk River Spit to Buhne Spit.
Point Humboldt, a 100-foot high knoll lies between these two spits.

i The Fluid Mechanics Laboratory, University of California, Berkeley;
set|up 15 ranges at the Table Bluff beach area during the period of 17
December 1945 and 26 March 19L5. One purpose of this study was to deter-
mine the beach profiles, A profile at each range was taken at least twice
during the period of study. The location of the beach profiles is shown
in Enclosure 6<1, The profiles for each range are in Enclosure 6-2, For
the4complete information concerning this study see Stump, Bascom, Foight,
and! Schorr (1947). The profiles indicate that in the vicinity of Table
Bluff there may be a sand bar (at least during some seasons) located about
1,600 to 2,000 feet from the MLIW line. It is approximately 500 to 600
feet wide and 10 to 15 feet high and is covered by about 15 feet of water.
' The U, S. Army Corps of Engineers in conjunction with their work on
the| improvement and maintenance of harbor facilities have investigated
shoreline changes, erosion, and other aspects of the beach areas both on
the  ocean front and inside the bay.

Beach Sands

In conjunction with an investigation concerning a proposed canal
between Southport Channel and McNulty's Sloughy, in the Eel River Valley,

the(U° S. Army Corps of Engineers (1909) made 60 borings along possible
\
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canal routes, These samples include 5L beach samples located along the
Pacific Ocean beach by Table Bluff, in Scuth Bay, and in the northern
coastal Eel River areas. The remaining six samples are of botiom sed-
iments in South Bay. These six will be discussed under Boitcm Sediments,
The characteristics of the 5l beach and soil borings are given in Table 6-1,
The 6 bottom samples are included in Table 6<). The locations for all 60
test holes are on Enclosure 6-1,

In 1946 the U, S. Army Corps of Engineers collected 25 beach samples
from the Elk River Spit to Buhne Spit., Samples from the top to the base
of Point Humboldt located on the eastern bay shore just inside the entrance
were included. Eight samples were also taken along the bay shore at the
northern end of South Spit., The locationsof these samples are in Enclosure 6<1
and the description of the beach samples in Table 6=2,

The Elk River Spit is composed primarily of a cohesionless gray sand;
some locations have traces of shell and small gravel. They are essentially
medium to fine, well sorted, sands of type 1 (see Enclosure 6-3)., From the
south end of Elk River Spit to the hase of Point Humboldt the beach is com-
posed of a cohesionless gray sand with some gravel. The sands are medium
to fine, bimodal, of type 3 (Enclosure 6-3) and not as well sorted as on
the spit, The samples on Point Humboldt and its immediate vicinity consist
of sand, silt; clay, and some shale, The cumulative size distributions are
types 1, L, 5, 6, and 7 (see Enclosure 6~3), Buhne Spit and South Spit are
primarily constructed of cohesionless gray sands of type 1.

The Fluid Mechanics Laboratory, Berkeley, California (Stump, Bascom,
Foight, and Schorr 1947), studied 21 sediment samples from 2 ranges on the
beach in the vicinity of Table Bluff. There, sediments are predominantly
well sorted, medium, sands. The mechanical analysis data are given in
Table 6-3; their approximate locations are shown on Enclosure 6-1; cumula-
tive curves for the sand samples are in Enclosure 6-k.

SHORELINE CHANGES

Pacific Ocean Shoreline

A sandy shoal area known as "breaker flats" extended across the sea~-
ward side of the entrance to Humboldt Bay prior to the construction of the
first jetties in 1888. The channel over the bar varied markedly from year
to year (see Enclosure 6-5). "Breaker flats" disappeared when the original
jetty was completed in 1889. The depth contours by the entrance also shift-
ed seaward as a result of the jetty construction. Since its original con-
struction the jetty has been maintained and lengthened, At present, the
crest of the entrance bar lies 2,500 to 4,000 feet seaward of the end of
the jetty. By comparing the 1886 edition of the U, S. Coast and Geodetic
Survey chart No. 5832 and the present edition of the same chart it may be
observed that the seaward movement of the 60 foot depth contour from 1886



TABLE 6-1, BoringsBetween Southport Channel, McNulty's Slough, 1909.

Sample Nos

Description of Material

Route No, 1
31+00
36+00
L1+00

L6+C0

51+00

56+00

59+00

62+00

66+00

66+00 (20¢ Left)

66+00 (4O Left)

66+00 (60! Left)

66+00 (80! Left)

66+00 (100t Left)
66+00 (120! Left)
66+00 (1LO' Left)
66+00 (160! Left)

66400 (80¢ Left)

66+00 (20! Right)
66+00 (Lot Right)
66+00 (60! Right)
66+00 (80* Right)
66+00 (100! Right)
66+00 (120! Right)
66+00 (140! Right)
66+00 (160" Right)
72+00
77+G0
82+00
87+00

92+00
97+00

|
107+é0

112+060
117+00

Brown Dirt 1 ft., Marsh Mud 14.5 ft., Sand & Mud 1 ft.
Brown Dirt 1 ft., Marsh Mud 13.0 ft., Sand &Mud L ft.

. Brown Dirt 1.5 ft., Marsh Mud 10.5 ft., Sand & Mud 2 ft.,

Quick Sand 5 ft,

Marsh Mud 6 ft., Quick Sand 20 ft,

Sand 12 f%.y Quick Sand 6 ft., Marsh Mud 8 ft.

Sand 9 ft., Quick Sand 9 ft.,, HardPan

Sand 10 ft,; Quick Sand 2 ft,, Hard Pan

Sand 11 ft,, Sand & Mud 7 ft., Quick Sand 6 ft.

Sand 19 ft., Quick Sand 3 ft., Hard Pan

Sand 12 ft., Quick Sand 6 ft., Hard Pan

Sand 12 ft,, Quick Sand with Mud 10 £t., Hard Pan

Sand 12 ft., Quick Sand 6 ft., Sand & Mud 5 f%. Hard Pan

Sand 16 ft., Quick Sand 6 ft., Hard Pan

Sand 15 f%., Quick Sand 7 ft., Hard Pan

Sand 1l ft., Quick Sand 6 ft., Hard Pan

Sand 12 ft., Quick Sand L4 ft., Hard Pan

Black Soil 1 ft., Yellow Soil 9 ft., Blue Clay 1k ft.,
Hard Pan

Black Soil 1 ft., Yellow Soil 10 ft., Blue Clay 7 ft.,
Hard Pan

Sand 1L ft., Quick Sand 6 ft., Hard Pan

Sand 14 ft., Quick Sand 6 ft., Hard Pan

Sand 14 fi., Quick Sand 6 ft., Hard Pan

Sand 1L ft., Quick Sand 6 ft., Hard Pan

Sand 12 ft., Quick Sand 8 ft,, Hard Pan

Sand 10 ft,, Quick Sand 12 ft,, Hard Pan

Sand 8 ft.,, Quick Sand 12 ft., Hard Pan

Sand 12 ft., Quick Sand 6 ft., Hard Pan

Sand 19 ft., Quick Sand 4 ft., Hard Pan

Sand 6 ft., Quick Sand 16 ft., Hard Pan

Sand 6 ft,, Quick Sand 22 ft., Hard Pan '

Sand g ft., Quick Sand 6 ft., Sand & Mud 2 ft.; Quicksand

fb,

Sand 5 f%., Sand & Mud 1 f£t., Quick Sand 22 ft.

Marsh Mud 1.5 ft., Sand 2.5 ft., Sediment 22 ft., Gravel
1 ft., Sediment '

Marsh Mud 2 ft., Sand 10 ft., Quick Sand 8 ft., Marsh
Mud 2 ft., Quick Sand 4 ft.

Sand 6 ft., Quick Sand 17 ft., Marsh Mud 1 ft.

Sand 6 ft., Quick Sand 12 ft,, Marsh Mud 7 ft.
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TABLE 6.1,
|

Borings Between Southport Channel, McNulty®s Slougzh, 1909.

(continmed)

Sample No. Description of Material
122+00 Marsh Mud L ft., Quick Sand 8 ft., Marsh Mud 6 ft.,
‘ Quick Sand 6 ft.
127+00 Sand 6 ft., Quick Sand 10 ft., Marsh Mud 2 ft.,
| Quick Sand 6 ft. ,
132400 Marsh Mud 6 ft., Quick Sand 6 ft., Marsh Mud 6 ft.,
] Quick Sand 7 fto : .
137+00 Marsh Mud 6 ft., Quick Sand 6 ft., Marsh Mud 12 ft.
60+00 (LO! Left) |Sand 8 ft., Quick Sand 14 ft., Hard Pan
(60! Left) |Sand 6 ft., Marsh Mud 3 ft., Quick Sand 11 ft.,
i Marsh Mud & Land 2 ft.; Hard Fan
- - (120! Left)|Sand & Yellow Clay 6 ft., Yellow Clay 6 ft., Blue
; Clay 12 ft., Hard Pan
} (LO* Right)|Sand 12 ft.; Quick Saend 6 ft., Hard Pan
LinE-B
0+00 Sand 6 ft., Quick Sand 18 ft., Marsh Mud 2 ft,
5+00 Sand 6 ft., Quick Sand 16 ft., Gravel
10+00 Gravel & Clay 8 ft., Yellow Clay L ft.
15+00 Yellow Clay 10 ft., Blue Clay 4 ft., Yellow Clay 6 ft.
20+00 Black Loan 1 ft., Yellow Clay 6 ft., Yellow Clay and
1 Sand 13 ft.
25+00 Marsh Mud 8 ft., Yellow Clay 9 ft.
30+00 Marsh Mud 18 ft,
35+00 Marsh Mud 2l ft,
LO+00 Marsh Mud 18 ft.
u5+po Marsh Mud 22 £+,
50+00 Blaek lLoan 1 ft., Yellow Clay 10,5 ft., Hard Yellow

Clay & Land 6 ft.

|
This table was compiled from data on U, S. Army Corps of Engineers, San

Francisco (1909) map.

|
|
|
|

See Enclosure 6-19.
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TABLE 6=2,

Deseription of Bzach Sands:

Sample Laboratory
No. Description Datal
S=1 Coheelonless gray sand Mat. Type 1
S-2 Cohesionless grey sand Hat. Type 1
Se3 Cohesionless gray sand; irace of shell liat. Type 1

S<4, Coheclicnlegs gray sand with little rcunded
gravel; trace of shell ilat. Type 3
S=5 Cohesionless grey sand Mat. Type 1
S«6 Cohesionless grey sand liat. Type 1
S=7 Cohegionless grey sand with little small
grsvel Mat, Type 3
S-8 Coheglionless grey sand with little small
gravel Mato. Type 3
S=9 Sof't, wet, cohesive, gray clayey silt and
cecomposing gray brown shale lMat., Type 4
W = 51.0%
Sp. gr. 2.69
S=-10 Soft, moist, cohesive, dark gray clayey
silt vith plant roots Mat. Type 4
W e 67,5%
S=-11 Compect, dry, cohesive; brown clayey silt
with plant roots Hat. Type 5
Um 4,9%
S-12 Slightly compacted, dry cohesive, light
brown clayey silt with plant roots Mat, Type 5
o 6.4%
Sp. gr. 2.62
S=13 Compect, ¢ry, cohesive, light and dark
brown clay silt Mat., Type 5
Vo= 6,09
S<14 Cohesionless gray sand with little shell Yet, Type 1
Epo Gro 2.69
S=-15 Cokeelonless groy sand with trace of shell | Biat. Type 1
s-16 Cohesionless grey and bleck sand Hat. Type 1
S=17 Cohegionlcss gray sand wlth some black send| HMait, Type 1
S-18 Cohesionless gray sand lat. Type 1
5=-19 Cohesionless gray sand with some black sard| Kat., Type 1
S-20 Cohesionless gray sand with some black sand
and clay with roots Vat. Type 1
S=21 Coheslonless black sand with some gray sard| Vat. Type 1
S=22 Sof't, moist, coheeive, bluish gray clayey
silt and gray brown silty sand Wixed
S=23 Cohesionless gray sand with bluish gray
clay pockets

i Mat., Tyrpe 1
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|
TABLE 6-2,

Descripition of Beach Sends (continued).

Sample Laboratory
0, Description Datal
S~£4 Mediur compact, moist, bluish gray clayey
silt Mat. Type 6
T e 20,48
Sp. gre 2.71
§=25 Cohegionless gray and bleck sand Vat, Type 1
S=26 Dry, cohesionless, brown sand with gray
and blue clay chunks Fat. Typse 7
Sp. gr. 2,68
5-27 Slightly compact, molst,; cohesive, bluish
gray clayey silt with some brown sand | Mixed
W= 43.1%
S=28 Soft, moist, cohesive, bluish gray clayey
silt and organic matter Mat. Type 4
K om 94-06%
S=29 Very loose, cohesionless, bluish gray silty
- sand with pileces of brown shale Nat. Type 6
S=30 Coheglonless, bluish gray eilty sand with _
little shell Insufficient
sample
S-21 Cohesionless, gray sand with some black
" send and trace of shell Vat. Type 1
S=32 Cohesionless gray sand with some black
sand and trace of shell Nat. Type 1
S=-33 Coheslonless black sand with trace of shell| Fat. Type 1

1 Vat., see Enclosure 6-3 for cumulative curves of each type.

content

expressed as % dry weight of sample.

Table from U. S. Army Corps of Engineers (1946).

W= Water
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Analysis of Beach Sand in the Vicinity of Table Bluff,

TABLE 6“'30

T ML Station | Range®
| Sample No.

i 308 A 0+00
' 309 B "
310 | ¢ z
p 3 |1 "

. 312 1A "

i 313 1B "
i 31L 1C "
;315 2 n
36 24 "
L 317 1 5+00N
. 318 1B "
319 | 1c n
: 320 2 "
| 320 2 n

| 320 2 "
P 321 2B "
| 321 2B "
| 321 2B "
EE :

i 373 210 0+00
{ 37 | crest® |0+00

R ke

Sieve Analysi5w0umu1ative % Retained on Sieve Number

[ c o o [ (-] < 0 (-] © [-] -] 2 (-} (-] [.] o [ (o] Ly

Hi=WNMNO0OO0OH~NO D00 C OO OC

°

Lot Lale L@ W 28 L8 100 200
9 - - - - 2 53 99 i00
7 - « e e e e 3 99 100
3 - - = - - = 52 99 100
9 = - = = ~ = 55 99 100
8 - - . = - = 59 99 100
7 - = = = - 3 84 100 -
6 - - e oa 1 10 88 100 =
6 - - = - 1 16 90 100 -
1 - - e e ~ 10 88 100 =
7 - S < 1 b 98 100
9 - - - ” kd 8 76 100 -
3 - - = - 2 12 86 100 -
6 - = - = L 22 93 100 -
6 - - 3 100 = = - - -
6 - . e 2 6 22 93 100 -
N - - = = 7 17 81 100 -
)-l» 5 19 59 lo'o Al -~ - = <«
L 1 5 5 26 31 38 86 100 -
2 - R ~ = k9 99 100
L - - = - ~ L 63 100 -
9 - s e e 1 2 )0 97 100

1.F1uid Mechanics Laboratory Number,

The exact locations cai be obtained from Fluid Mechanics Laboratory, Berkeley, California,
3 Hole 120 feet west of hub line.
Iy go1e 210 feet west of hub line,

5 Erest of outer bar,
Table from Stump, Bascom, Foight, and Schorr (1947).




PAD bine oeen sbout 2,500 feet,

& higsory of the shoreline changés between the Eel and Mad Rivers
“xr. ¢.ondiled by the U, S. Army Corps of Engineers (1950). This

Goere o wists of a comparative study of the highwater shorelines.

swey. of 1854, 1870, and 1929 were made by the U, 3. Coast and

etle Srrvey, those of H911 1919, and 1940, are Corps of Engineers

¢ys L e Enclosure 66, In addition a comparative study of the
2ic wrveys of the bar end entrance to the bay was also made.

t in Gae cntrance channel and configuration of the spits may be
1. inc losures 6=7 tnrough 6-12, A brief history of the shoreline
sated Ly the Uc So Army Corps of Engineers (1950) follows:

“atween 1854 and 1870, the period prior to jetty construction,
there wis no significant change in the position of the highwater
shcraliaco Alternate accretion and eroslon is indiczted on the
acxvh s2it for a distsnce of about five miles northerly of the
p't?’vt north jetiy. Erosion occurred at the northerly tip of
the scuth spit.

Uonperison of the 1870 and 1911 surveys shows a seeward shift
of ‘i adgh-water shoreline from the north jetty to & point about
4,200 Tset north of the north jetty, the meximum seaward movement
belny 1bout 1,200 feet, North from this area of accretion to the
ACL Ny 1im*ts of the 1911 survey, a 4,600-foot length of shore
shows 2rosion, with a maximun shoreward movement of approximetely
400 Msi.  South of the south jetty to the limits of the 1911
sixve, , & total distance of about 5,600 feet, accretion occurred.
The ;|vtmum seaward movement of the shoreline occurred cn the south

sice o the gouth jetty where the shift amounted to approximately
2. 400 feet. From the south jetty the movement tapered gradually
se 600 feet at the southerly limit.

“ay 1912 surve; delinea%ted the shoreline for only about

2,000 foet on eech side of the jetties, The portion of the shore-
iire vhown by this survey is ferther seaward of the 1911 position.

Y 0? the north jetty the seaward movement tapered from a max-
fnum o 3 200 feet at the jeitty to 500 feet at the northerly limit.
Scuth o7 uhe south jetty the seaward shift veried from & maximum
of nhns 500 feet along the south side of the jetty to 200 feet at
ke uoriherly limit,

“e 1929 position of the high-water shoreline immediately
acruiy 2 the north jetty wes about 500 feet farther seaward of the
151% uositlon, South from the south jetty there was a 100-foot
ucvencinn shoreward along a 1,200=7cot length of shore, beyond
walcr Shere was no apparent change between 1919 and 1929,



During the period 1929 to 1940, the shoreline north of the
north Jetty moved shoreward; tapering from about 325 feet immedi-
ately north of the jetty to zero at a point about 2,300 feet north
of the jetty. North from this point for g distance of 12,000 feet,
accretion is indicated, the maximum seaward movement amounting to
2C0 feet. Beyond thls area of accretion for a distance of about
14,000 feet there was no significant difference in the 1929 and
1940 positions of the shoreline; except along a 3,500=foot length
where the 1940 position is shown 200 feet shoreward of the 1929
position., From the south jetty to a shore point about four miles
south of the jetty, the 1940 position of the shoreline 1s shoreward
of the 1929 position by varying emounts, A maximum shoreward move-
ment of sbout 400 feet occurred sdjacent to the jetty.

.The 1870 and 1929 surveye are the only two which completely
delineate the shoreline from the mouth of the Mad River to that of
the Eel River. Comparison of these two surveys shows that the 1929
position of the shoreline is farther seaward than the 1870 position
for 10.5 miles of the approximately 15 miles between the north jetty
and the Mad River by amounts varying from 50 to 35,800 feet. The
maximum seaward movement has occurred immedlately north of, and
adjacent to, the north jetty. The only erosion, or shoreward
movement of the high-water shoreline north of the north jetty
indicated during this 50-year period begins at & point about 3
miles north of the north jetty and extends for a distance of
approximately 2.5 miles, the maximum shoreward movement smounting
to 200 feet.

The 1929 position of the ocean shoreline of the south spit
is seaward of the 1870 position from the south jetty, where a 3,000~
foot seaward movement is indicated; to a point on the shore seaward
of Table Bluff, or about 4.5 miles southerly of the jetty, at which
point the 1929 and 1870 positions intersect. South of this point
to the mouth of the Eel River alternate stretches of erosion end
-aceretion are shown. The maximum shoreward movement, of apirox-
imately 320 feet, occurred in the vicinity of the mouth of the
Eel River and consisted of a shoreward migration of the Eel River
Spit.

The net change in the position of the high-water shoreline
in the vicinity of the jettied entrance to Humboldt Bay durling the
period 1870 to 1940 is en advance seeward both north of the north
Jjetty and south of the south jetty. This seaward movement occurred
along an approximate 3-mile reach of the north spit measured from
the north jetty, and varied from a maximum of 3,400 feet adjacent
to the jetty to zero, 3 miles north of the jetty. South of the
south jetty the seaward movement extended along a 3.5-mile reach
as measured from the jetty. The maximum seaward advance of 2,600
feet occurred adjecent to the south jetty.
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Point Humboldt Shoreline

The Point Humboldt area is typical of the entire bay region in that
alluvium is a common deposit. The ridges are composed of FPliocene marine
deposits. The sédiments of Point Humboldt are reldtively soft sahdstone
and nmudstones. They are easily eroded by the ocean waves which enter the
bay through the entrance between the North and South Spits and impinge on
the puint. A4Aerial photographs taken by the Corps of Engineers, San Fren-
clsco, Celifornia, show that the wave action probably causes sand move-
ment both north and south of Point Humboldt.

The U. S. Army Corps of Engineers (1950) studied the erosion of
Point Humboldt by comparing the U, S. Coast and Geodetic Survey charts
of 1854, 1870, and 1903, and the Corps of Engineers surveys of 1891,
1911, 1926, 1929, 1931, 1939=4 and 1946 (see Enclosures 6-13 through
6~165° In conjunction with this erosion study it is well to consider
the shoaling of Fields Landing Channel. A part of the material respon-
sible for this shoaling may have its origin at Point Humboldt and the
Elk River (see Enclosures 6-17 and 6-18). The following guotation
from the U. S. Army Corps of Engineers (1950) briefly discusses the
history and erosion of Point Humboldt by comparing the MHHW lines:

The position of the high-water lines shown on figure 2
indicates that during the 92-year period, 185/ to 1946, the
ghoreline at Point Humboldt and points northeasterly and south-
westerly thereof, has receded shoreward by emounts varying from
1,000 to 1,350 feet. The rate of thls erosion hae not been regular
during equivalent lntervals of time, but, except for the position
of the 1903 high-water line, successive positions of the shoreline
at Point Humboldt are generslly shown as having moved farther shore=-
ward. The 1911 survey indicates that Buhne Spit disappeared entirely
except for a small islet at the southwestern tip of the spit. The
1926 survey shows the spit to have reformed 600 to 800 feet farther
shoreward than its position in 1903. During the period 1926 to 1946,
Buhne Spit, beginning at a point about 900 feet southwest of the
bluff, advanced bayward as much as 400 feet. It is also to be noted
that during the perliod 1928 to 1946 the erosion of the shoreline
Just to the northeast of the knoll, or bluff, has been much greater
than during the period 1854 to 1926; e recession of 1,000 feet
having occurred during the lagt 20 years compared with about 150
feet during the 72 years from 1854 to 1926, During the periocd
from 1939 to 1946, it 1s estimated that 866,000 cubic yarda of
material were eroded from Point Humboldt.,

Successive surveys made since 1911 show the formation and advance
of a spit springing from shore at a point just south of the mouth of
the Elk River. In the 35 years from 1911 to 1946, the spit has advanced
a distance of about 6,200 feet in a northerly direction parallel to the
shoreline. The 1946 survey shows the bayward tip of the spit to be

&



about 1,400 feet wide and that i.ts beyward edge is from 300 %o 1.,100
feet farther out in the Bay than it was in 1939. It is estimated
thet the net aceretion at Elk River Spit between 1939 and 1946
amounted to 461,000 cubic yards.

BOTTOM SEDIKENTS

Bay Sediments

From 1906 to 1948 the Corps of Engineers have collected and anlayzed
sediment samples from 109 locations in the bay. These are all borings
which range from 1 foot to 32 feet long. The sediments comprieing the
surface materials on the bottom range from gravels to muds. About 40%
of the samples are sand, another 40% are combinations of sand, clay,
end mud. Mud comprises 15% of the samples and all other combinations
of gravel, mud, sand, and shells about 5%. These sediment types are
concentreted in definite areas. Table 6-4 presents the data for the
zurface sediments. The location of these samples is given in Enclosure

"lo '

The shallower flats adjacent to the Eureka channel from Dahy Island
to the west end of Indian Island, consist of mud, sand, and some gravel
as well as combinations of mud, gravel, and sand. The surface of the
outer edge of the Eureka channel between the same two islands is com-
posed principally of sandy mud. From Indien Island to the junction of
the Samoa and Eureka channels; the sediments are primarily sand with
some mud and clay. The surface veneer in Samoa Channel, west of Indian
Island, is primarily a sandy material.

The bore samples taken in 1938 are from South Bay. From the Bay
entrance to south of Buhne Spit the channel sedimentis are essentially
sands and sandy muds. For 2,000 feet south of Buhne Spit the channel
sediments are sands. For the next 2,500 feet hard sand, clay, and shell
predominates. At Fields Landing, cross channel samples indicete mud
deposits.

In 1946, 18 bore samples were collected by the Corps of Engineers
in Southport and Hookton channels from the Bay entrance to Fields Landing
(see Table 6-5). The Southport Chennel surface semples are principally
cohesionless gray sand of type 1 (see Enclosure 6-3). The sides of the
channel are ccmposed primerily of sllty cley with sand and sandy clay.
The Hookton Chennel samples are mixtures of clay and silt of type 2
(see Enclosure 6-3).

The vertical distribution of sediment types as shown by all borings

taken by the U, S. Army Corps of Engineers from 1906 to 1946 is illus-
trated in Enclosures 6-19 through 6-23.
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TABLE 6<4. Description of Bottom Surface Sediments.

Location Sedimentl Location Sedimentl Location Sedimentl
Number Typse Fumber Type Number Type
1906 1938 15 SC 1938 55 M
2+20 S 16 ] 56 sC
6470 S 17 sC 57 SCSh
11470 S 18 s 58 S
16+20 S 19 s 59 s
20470 M 20 S 60 s
24+70 M 21 S 61 s
22 sc 62 HSS
1926 1 M 23 sC 63 HSCSh
2 HM 24 M 64 HSCSh
3 HSM 25 SCM_ 65 BSCSh
. M 26 SM 66 M
5 K 27 sM 67 HSM
é M 28 SM 68 M
7 HSM 29 SM é9 ¥
8 M 30 M 70 M
9 M 31 SM 71 M
10 M 32 SM 72 SM
11 HMG 33 GSSh
12 G 34 SC
13 MG 35 GS
14 HM 36 M
15 s 37 SM
16 S 38 SM
39 sM
1938 2 sC 40 SM
3 sC 41 SM
L SCSh 42 M
5 SC 43 GS
6 SCSh 4 SM
7 SCSh 47 S
8 SCSh 48 S
9 S 49 S
10 g 50 S
11 S 51 S
12 8 52 SC
13 S 53 S
14 S 54 S

1 S= send, C = clay, Sh = shell; M = mud, G = gravel, H = hard,
Table from U. S. Army Corps of Engineers Draw 5=1=2 (1909), 5-14=23

(1926) , and 5-1-32 (1) (1938), 5-1-32 (2) (1938). (Enclosures 6-19,
6-20, 6-21, 6-22),
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TABLE 6"50

Description of Semples from Borings (1946).

Semple No. |Hole No. |Elevation below MLLW (ft) | Sediment Type!
1-1 H-1 | <179 to -35.9 S
2-1 H-2 g -24,,7 s
2-2 H-2 ( -29,7 s
2-3 H-2 £ -39.7 S
3-1 H-3 -19,5 S
- H-3 <19.5 to -24.5 Sst
3"3 H“‘B “'320 5 S
4=1 H-4 =19.5 S
4=2 E=/ <245 S
4L=3 H-4 ~29.5 S
- He5 =20,0 to -22,0 cs
5"'2 H"5 -3800 S
6-1 H-6 =229 S
6-2 H-6 ~27,9 s
6"3 H"6 "3709 S
7-1 H-7 =23,1 5
7-2 H-7 -28,1 S
7"’3 H“? "33 ° 1 S
8-1 H-8 «32.4, cST
8"2 H"B °42 04 S
9-1 H-9 =25.2 S
9"2 H"g "30 02 S
9=3 H-9 =35.2 S
om H-10 =26.3 t0 =29,3 StC
-n H-10 =29.3 to =41.3 StS
badnd H"ll + l 02 'hO "O -3 8 S

11-1 H=11 -23.8 StC
12-1 He12 =7.0 st
12-2 H-12 -14.0 S
12-3 H-12 =30.4 S
13-1 H-13 =3,.8 S
13-2 He13 -8,8 S
13-3 H=13 -13.8 S
-2 H-14 -11.0 to -16.,0 cst
15-2 H-15 -10.8 StS
- H“ls "15 ° 8 to “21 ° 8 CSt
16-1 H-16 : =3.9 CSst
- H"l6 = 3 9 to -8 a9 StC
- H-17 - 0.1 to =5,1 StC
17-2 H=17 -10.1 CcSt
18-1 H-18 “5.5 cst
18-2 H-18 -10.5 S
18-3 H-18 -15.5 s

15 = sand, St = silt, C = Clay
Table from U. S. Army Corps of Engineers (1955), Enclosures 6-3 and 623,
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In 1954 the Corps of Engineers dollected and analyzed 10 samples
taken during their Hopper Dredge Oberations in Humboldt Harbor. The
locatlon of these samples is not given (see En¢losure 6~24),

Off shore_Sedimentsg

The ocean sediments in the vicinity of Humboldt Bay have not been
studied; however;, the U. S. Coast and Geodetic Survey have described
some offshore sediment semples (see Enclosure 6-1). Apparently sand,
gimilar to the beach sands which make up the North and South Spits, ex-
tends out to about depths of 60 to 70 feet. Gray sands are present to
at least depths of 180 feet.

ALONGSHORE TRANSPORT

The movement of sediment along a beach is dependent upon the waves
and currents which carry, deposit; and erode the avallable sediments
according to the competancy of the water movement. According to the
U, S. army Corps of Engineers (1950) the direction of alongshore trans-
port is southerly. They base this conclusion on a study of the survey
taken previous to Jetty constructlon and on the greater seaward advance
of the shore of North Spit relative to that of the South Spit (see
Enclosures 6-7 through 6-12), In 1921 the Corps of Engineers compiled
informetion concerned with the shifting of sends at the bar and entrance
to Humboldt Bay (see Enclosures 6-25, 6-26, and 6-27).

The following statement summarizes the opinion of the U. S. Army
Corps of Engineers (1950) as to the prevailing direction of littoral
transport:

Surveys of Humboldt Bay Intrance Channel in its natural
state (1851 to 1883) show that it was a typlcal migrating bar
channel, shifting radislly through a regular cyclicel period
from the north to the south, end upon reaching the southern
extremity of the bar, reopening suddenly at the north end to
repeat the cycle., Surveys of 1851, 1858, 1870, and 1875 show
the position of the channel in various phases of the cycle, Surveys
of 1881, 1882, and 1883 show the rate of annual chenge. Study of all
the surveys over this 32-year period indicates a usual cycle of about
5 years for channel migration at this inlet. This phenomenon is a
clear indication that the predominant direction of littoral drift
is from north to south., A comparison of periodic surveys of the
Bumboldt Bar and Entrence is shown on figure 5 of thls eppendix.

With the inaygiration of jetty construction in 1890, there began
a series of interruptions in normel littoral transport, With each
increment in length of the jetties the bar was pushed seaward.



Conseguent decresse in offshore depths caused the shore to advance
on each side of the inlet, Interspersed with progressive lengthening
of the jetties was their pericdic partial destruction by storms. The
periods during which the jetties functioned as important littoral
barriers were relatively short and in each case ended when littoral
transport was resumed in normal volume either through or around the
jetties, Greater advance of the north shore as compared with the
south illustrates the effect of dominsnce of downcoast drift during
these periode when the jettles were frnctioning as littoral barriers.
In 1917 the north jetiy was rebuilt to within 500 feet of its ulti-
mate scaward end. Based on surveys mede since that time it is es-
timated that the annual rate of downcoast littoral drift is at

least 500,000 cubic yards.

. In 1934, a channel 35 feet deep and 500 feet wide was dredged
across the bar. A study of the shoaling of this channel from October
1934 to May 1945 indicates that the average annual rate of shoaling
was approximately 29,000 cubic yerds during the 103-year period.

The maximum and minimun annual rates of shoaling in the channel

were 113,000 cubic yards and 16,000 cubic yards, respectively.

Therc are other data which may bes used in considering tie direction
of alongshore transport on the Pacific coast. The prevailing wind direc-~
tion, the direction of wave approach, and the actual littoral current;
heve been considered in this reglon.

During the winter months, November through March, the prevailing
winds are southerly (see Climatology, Section 2). The waves strike the
coast from the southwest and logically a predominantly northerly littoral
current should be set up. In the summer months the winds come essentlally
from a northerly direction and if Humboldt Bay may be compared to the
Oregon coastline, then the wave action on the coast should be at a min-
inum (Twenhofel 1946). The summer littoral direction and force should
thus be predominantly southerly and weaker than the northerly winter
direction. Under such circumstances one would expect the primary
alongshore transportation to be to the north. The development of the
South Spit which trends northward from Table Bluff seems to indicate
this. The North Spit, however, requires further explenstion, Accor-
ding to Twenhofel (1946) the southerly trending spits of Oregon ere
due principally to wind transportation during the dryer summer months.

Personnel from the Fluid Mechanics Laboratory at Berkeley, California
tebulated the littoral currents during the months of August through Feb-
ruary 1944-45 (see Table 6-6)., There is no readily available information
for the months of Merch through July. From August 1944 through February
1945, 158 littoral current observations were made on the Pacific coast
nesr the Humboldt Bay Life Boat Station, The littoral currents moved in
a southerly direction during 154 days and toward the north for only 4
days. A comparison of 38 observations taken in December 1945 and January

~
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1946 at Table Bluff shows 25 days of northerly littoral currents and 13
days of southerly currents, This information indicates one of two things:
(1) local variation of the littoral current direction or (2) a yeasr by
year variation in the seasonal direction, In order %o evaluate this
information and the transportation capebilities of these currents

further studies must be made.
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TABLE 6-6.

Data on Littoral Current, Swell, and Wind, for the Humbold:

Y23 Seap 1944

NG

“Neld

Bay Area.
N o~
—~
. 3P o~ Q0
D pef g ~ S & <y
1 5 o ol 5
Date £ Ha8 4 Date E A3 4
Humboldt Bay Humboldt Bay (continued)
6 Aug 1944 TWNW  S-W VW7 22 Sep 1944 WNW  S-M  NN®-2
7 Avg 1944 NW S-% WWW=5 2 Sep 1944  WNWx SRl N=5
8 Aug 1944 NW S-W Ki-8 25 Sep 1944 WNW#  S-M  NNW-5
9 Aug 1944 NW S-W N6 27 Sep 1944  WNW S=} =6
10 Aug 1944  WNE*  S-W ¥-3 28 Sep 1944  BRW S~ WNh=6
11 Aug 1944 BN S-M  WSk~5 - 29 Sep 1944  WNw* S
12 Aug 1944  WNR S-M NNH-6 30 Sep 1944  UNW S=M  NNW=5
13 Aug 1944 MW S Nh=5
14 Aug 1944 KW S-M  WNK-6
15 Avg 1944 NW S-M  HN&-6 Humboldt Bay Life Boat Station
16 Aug 1944 WNW*  S-W  WNW~5
17 Aug 1944  WNE*  S-M N¥i-9 1 Oct 1944 WNW S=M Calm
18 Aug 1944 WNWe S-M  NNW=0 2 Oct 1944 WNW S-N  WNW-3
19 Aug 1944 WN@* S Calm 3 Oct 1944  WNw¢  S-N NW=7
20 Aug 1944  WNGEE  S-M  WNVi~7 4 Oct 1944  WNW*  S=N E-5
21 Aug 1944 Wit S-%  WNW-7 5 Oct 1944 VWNW¥ S-S Calm
2 Aug 1944  WNW S-H N¥-8 6 Oct 1944 TWNW  S-M E=3
23 Mg 1944 WNW &M BENE-Q 7 Oct 1944  ®NW 8=l SK =3
24 bdug 1344 ENN S-%  WEN-8 8 Oct 1944  WHNE S-l  Celm
29 Aug 1944 WKW S=3  hSli=5 @ Oct 1944  WNW S-4  NNW-5
30 Aug 1844  ERW S-3 SE-5 10 Oct 194,  WNW a=3  ENE-T7
31 Aung 1944  WHW S~ N¥=5 11 Cct 1044  WN@ S=p NE~5
12 Oct 1944 WU S=i] (=6
2 Sep 1944 WNh S-S  WNW-8 13 Oct 1944  WIW S-M Nii=5
3 Sep 1944  UNW S-S Sh-7 i Oct 1944  WRW S-S Nv-8
5 Sep 1944  WINW S-ii  NNW-8
7 Sep 1944  WNW*  S-M NW-6 18 Nov 1944 W S-S WNW-3
8 Sep 1944 WNW#  S-M =6 19 Nov 1944 W S-S Nhi=3
10 Sep 1944  UNW*  N-M NKi-6 20 Nov 1944 W S-M  WNW-3
11 Sep 1944 WNu*  NeM  KNW-9 21 Nov 1944 W S~ N-1
12 Sep 1944 UMW S-M  NNW-3 22 Nov 1944 W S=M N-1
13 Sep 1944  WNW N-M NW=5 23 Nov 1944 W S-i -
114 Sep 1944, WNW* S-S HNW-16 || 24 Nov 1944 W S-S Celm
15 Bop 1944 WNW* 5e5 N8 || 2B Nov 1944 W% G 63
16 Bep 1944 MW BB HWWe5 || 29 Nov 1944 W S<li BSEe8
18 Bep 1944 WU S=8 B=3 30 Nov 1944 W Seitt Se=1l
20 SQP 1944 Wi S«S E~l
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TADLE 6-6, Data on Littoral Current, Swell, and Wind, for the Humboldt
Bay Area {(continved).

...JN "":N
~ Te - EE
"jt het & o ﬁ jg jg o]
| N 2 & & = H é 5
| Date A 38 ig Date % - =
i Samce Beach Humboldt Bay Life Boat Station
(continted)
18 Nov 1944 W 8= B=2 10 Dec 1944 W S=4  Calm
19 Hov 1844 W ti=S NE=2 20 Dec 1944 W S-%  Calm
20 Nov 1944 W Sl NWod, 21 Dec 1944 % S~  Se~
21 Hov 1944 W Sk H-1 22 Dec 1944 W S=¥ Calm
22 YWov 1944 W S-M N-1 23 Dec 1944 W S=1 Calm
23 Hov 1944 W S-¥ - 24 Dec 1944 W S~¥ Calm
2/, Jov 1944 W $~S  Calm 25 Dec 1944 © S«  Calm
28 Nov 1944 U SeM 5-3 26 Dec 1944, W S-3 Calm
290 E\EOV 194 W Sl ESE-7 27 Dec 1944 W Se~3 E=S
30 Hov 1944 W S-H SE-10 28 Dee 1944 W S=3 SE-10
| 29 Dec 1944 % S-5 Sh-3d
30 Dec 1944 W S=3 Calm
' 31 Dec 1944 W s Calm
Hunboldt Bay Litfe Boat Station
: Samoa Besch
1l Dec 1944 W S=-} SE=-10
2 Dec 1944 W S-M  SE-5 1 Dec 1944 W Seif  SE=10
3 Dec 1944 W Sali SE-2 2 Dec 1944 W 8-l SE-3
4L Dec 1944 W S-il  Calm 3 Dec 1944 W Seifi SE-1
5 Dec 1944 V¥ Sl W5 4 Dec 1944 W S«lfi Celu
6 Dec 1944 W S~M  Calm 5Dec 1944 ® S-i1  Calm
7 Dec 1944 W® S=M  NW-5 6 Dec 1944 W+ S-i  GCalnm
8 Déc 1944 W S-if Caln 7 Dec 1944 W 8-l Calm
9 Deec 1944 W S Calm 8 Dec 1944 W Sl Calm
10 Dec 1944 E S« Calm 9 Dee 1944 W S-l1  Calm
11 Dec 1944 W 8- Calm 10 Dec 1944 W S~ Calm
12 Dee 1944 W St GCalu 11 Dec 1944 ® S~i1  Calm
13 Dec 1944 ¥ S-i#t Calm 12 Dec 1944 W S=il Calm
14 De"c 1944 W S=}¥ Calm 13 Dec 1944 W S-if Calm
15 Dec 1944 ¥ S Calm 14 Dec 1944 W = S-M Calm
15 Dec 1944 W S« B, 15 Dec 1944 W S-if Calm
17 Dec 1944 W S-M Calm 16 Dec 1944 W S« E=/
18 Dec 1944 W S-¥ Calm 17 Dec 1844 @ S~ Calm
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Pata or Littoral Current ) Swell, and Wind, for the Humboldt
Bay Area (continued).

c-iN ,-:N
S SR £
- 3® ™ ] Q9
i iE % S -
Date A - = Date % eis =
Samoa Ieach (continued) Humboldt Bay Life Boat Station
(continued)
18 Dec 1944 @ S-d Caln 22 Jan 1945 ® S-ifi Calm
19 Dec 1944 W S=-M Calm 23 Jen 1945 ® S=3 Calm
20 Dec 1944 W S-¥ Calm 24 Jan 1945 W S-S5 Calm
21 Dec 1944 S-M Caln 25 Jan 1945 W Self Calm
22 Dec 1944 W S-M Calm 26 Jan 1945 W S Calm
23 Dec 1944 W S-M Calm 27 Jan 1945 W S-it Calm
2/ Dec 1944 W S=il Calm 28 Jan 1945 W S-if Calm
25 Dec 1944, W S-M Calm 20 Jan 1945 W Sei1 Calm
26 Dec 1944 W £-8 Calm 30 Jan 1945 W Seii  SSE-5
27 Dec 1944 W S5  E-5 31 Jen 1945 W S=M  SSE-6
28 Dee 1944 W S-S  SE-10
2¢ Lec 1944 R £-.5 Sk-8 Samoa Besach
30 Dec 1944 ¥ S-8 Calm
31 Dec 1944 W S-¥  Calm ] Jan 1945 W S-if  Calm
t 2 Jan 1945 W S-li Calm
Humboldt Bay Life Boat Ststion 3 Jan 1945 W S-l1 Calm
| 4 Jen 1945 W S-i Calm
1 den 1945 W S-M Calm 5 dan 1945 W Seif Calm
2 Jan 1945 W S« Calm 6 Jan 1945 W S=il Calm
3 Jan 1945 ¥ S-M Caln 7 Jan 1945 W SeM Calm
4 Jan 1945 W S-M Calm 8 Jan 1945 W S-i Calm
5 Jen 1945 W S-M  Calm 9 Jan 1945 W S=M Calm
6 Jen 1945 9 S<M  Calm 10 Jan 1945 W Self Calm
7 Jen 1945 W S-¥  Calm 11 Jen 1945 W S-il Celm
& Jen 1945 W S-#  Calm 12 Jan 1945 W® S-M  Calm
© den 1945 W S-M  Calm 13 Jan 1945 W Sl Calm
10 Jen 1945 W S-4  Calm 1/ Jan 1945 @ S=5 SSE=15
11 -léan 1945 W S-S  SSE<4 15 Jan 1945 W 8-S ViSW=7
12 Jen 1945 W S=M  Calm 16 Jen 1945 W S-M Calm
13 Jen 1945 W S-i  Calm 17 Jan 1945 ® S-Ml  NW-l
14 jen 1945 W S=8 SSE-15 18 Jen 1945 W S-S Calm
15 Jen 1945 W S8-8  SW-l2|| 19 Jan 1945 W SeM N-5
16 Jan 1945 W S~ Calm 20 Jen 1945 W S« Calm
17 Jan 1945 W S-S  NNW-7 21 Jan 1945 W S-M Calm
1§ Jen 1945 W S-S5 Cslm 22 Jan 1945 W S- Calm
19 Jan 1945 W S-M  Calm 23 Jan 1945 W S=S Calm
20 Jan 1945 W S-=M Calm 24 Jan 1945 W S=S8 Calm
2] Jen 1945 W S-M Calm 25 Jan 1945 W S-M Calm
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TABLE 6~6., Data on Littoral Current, Swell, and Wind, for tie Humbcldt
Pay Area (continued)

*

HN [aV]
| ~ ge ., SR -
'{-i‘ S8 © = 3 h g
N 2 EEOQ g EhH 3
Date 4 ] = Date 0 = =
' Samoa Beach (ccntinued) Semoa Beach (contirmed)
26 %a:n 1945 W S=M Calm 3Teb 1945 W S=}t SE=5
27 Jen 1945 W S-M  Calm 4 Feb 1945 W*  S-3  SE-20
28 Jen 1945 W S-#f Calm 5 Feb 1945 ® S=l1 Cslm
2% Jen 1945 W S=M Calnm 6 Feb 1945 W S« SE=5
30 Jen 1945 W S-M SSE-5 7 Feb 1945 W S=lIf Calm
31 Jen 1945 W S-S 8SE-6 8 Feb 1945 W S=l1i Calm
l Q Feb 1945 W S=i4 Calm
Hurboldt fay Life Boat Statlon 10 Feb 1945 W Seli Calm
; 11 Feb 1945 W S-lii  Calm
1 Feb 1945 W S-S SSE=-25 12 Feb 1945 W Seif Calm
2 Peb 1945 wx 8-S SSE-4 13 Feb 1945 W Seld  Calm
3 Feb 195 T* S-S  SE-b 14 Feb 1945 NW NW-5  N®-25
L Feb 1945 T S-S  SE=35 || 15 Peb 1945 W  JW=3  NW-5
5 Feh 1945 W S~ Calm 16 Feb 1945 W S-ii Calm
6 lf‘eb 195 ¥ Sl SE=6 18 Feb 1945 W S} NE=/,
7 Feb 1945 W S-M Calm 19 Feb 1945 ¥ Se=ll NWd,
& Feb 1945 W S~ Calm 20 Feb 1945 W S=li NE=2
O Feb 1945 W =M Calm 21 Feb 1945 W S<ii Calm
10 Feb 1945. W S« Calm 22 Feb 1945 W S=l1 Calm
1z Feb 1945 W S-¥  Calm 23 Feb 1945 W S-5  NW=3
13 Feb 1945 W S-il  Calm 24 Feb 1945 W Sel  Ned
14 Feb 1945 W Ni=S N3
15 Feb 1945 (e W-S Ni-5 Table Bluff
16 Feb 1945 W S-M Calm
17 Eeb 1945 W* S-M NE-2 3 Dec 1945 15-5 N SE =1
1€ Teb 1945 W SN NE-2 4 Dec 1945 20-S N S-1.8
19 Feb 1945 W Seil Mif-2 5 Dec 1945 0-S N S=0=1
20 Eeb 1945 W S<M = NWe2 6 Dec 1945 15-8 N SHe2=3
2l Feb 1945 W% S<L Celm 7 Dec 1945 == S NE=0=-1
RE lﬂleb 1945 ¥ S-M F=1 8 Dec 1945 . S S=1
22 Peb 1945 ® S-S N¥i=3 9O Dec 1945 == S ESE-1
24 Feb 1945 W S-M N=3 10 Dec 1945 == s ENE~1
| 11 Dec 1945 -- S,  SSE-1-2
! Samoe. Feach 12 Dec 1945 0-SN S NE=l=2
: 13 Dec 1945 15-Ww S S-1
1 Feb 1945 % S=8  S55E-20 1} Dec 1945 == s SSW=,5
2 Feb 1945 L% S-M  SSE~4 15 Dec 1945 == N SE=5=1




Bay fLrea (continued).

; 6-6, Data on Littoral Current, Sweil, and Wind, for the Humboldt

| [a\§
‘ o
| . TR . I
3 2H = -t 55 ™
Date % - é .-5. Date [ =y ?3
RS B 5 A3 =
Table Bluff (ccntinued) Table Bluff (continued)
16 [Dec 1945 12-2C-S SSW 8 Jan 1946 NE
17 Dec 1945 S ssu 9 Jan 1946 15-3 N SSE-NE-1-15
18 Dec 1945 10-Sk S SSE-1-2 |10 Jan 1946 Varied  SE-1
19 Dec 1945 S S-1 11 Jan 1946 ' NE
20 Dee 1945  10-S N S-SSE-0-3 |12 Jan 1946 S NE=F-1-3
21 Dec 1945 N  SE-0-1 (13 Jan 1946 4-8 N SeEel-3
22 Dee 1945 N  SSHe2-3 |14 Jan 1946 4=S N  SSE-NNW-2
23 Dec 1945 10-St N  SWe2-3 [15 Jan 1946 3-S SSW-WSH
24 Dee 1945 N E-2 16 Jan 1946 N Sw
25 Dec 1945 S N SW-WSW-3-4 |17 Jan 1946 7-N SSW
26 Dec 1945 N  SSE-1-2 |18 Jan 1946 N SWelo5-2
27 Dec 1945 N SeSE-2=3 [19 Jan 1946 3-8 N SW-NE-1
28 Dec 1945 N S-1 20 Jan 1946 N SEE-2-3
29 Dec 1945 W 21 Jan 1946 8-S N  SSE-SSHe2-3
30 Dec 1945 O=4-S N  SSK-W-,5-i22 Jan 1946 8-S © 8B
31 Dec 1945 S N  8SE-2-4 |23 Jan 1946 N S-SSE~4=5
L 24 Jan 1946 2-N N SSW=E-R-5
1 Jan 1946 2.8 N S-2-3 [25 Jan 1946 5-20-NW S E=NE=,25
2 Jen 1946  5-i N  SW-1-2 [26 Jan 1946 15-25-N N  SSR-EfE-l-3
3 Jan 1946 3=5 N SE-0-1,5 [27 Jan 1946 3-N N Nl=1-2
4 Jan 1946 N = S-2-3 [28 Jan 1946 N NE=2-3
5 Isn 1946 N NE-.5 29 Jan 1946
6 Jan 1946 . . N WSW-S-1 30 Jan 1946
7 Jen 1946  10-S N NE-NNE-1-2 |31 Jan 1946

1 Those with asterisk (*) are classified as "Chop."

2 L

=

3 %iné given in ¢irection and velocity (knots).

L ttoral currert given in direction of travel and relative veloclty:
= woak, ¥ = moderate, S5 = strong.

TabI;Le compiled from Stump, Bascom, Foight, and Schorr (1947) and Stump (1945).
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Sz table profiles. Deta for Humboldt Bay, Coos
‘;-z.:c-’oov HPSRES. Large nunber of photos obtained in
»3 not inciuded in thse report.)

Tim veomgm | AT
SEIOCH

(C/‘/“

.—.,‘

Porzcast and Obgerved Surf Conditlons., Californie
ar l‘,l.tl,.:',. through Harch 1945, Uni.‘vmrsity of

.Lsg f Bngincering, Berkeley. Reporh Noo
ageb, sables; air photos, meps, diagrams {type-

obtaluned from three locations st Humboldt Bay.)

S, Ro. 9 Bescom, D, Polght und . M. Schorr
247, Bzach and ued Usservaslons at Table Bluff, and & Comparison

Decomber 1945-Februasry 1946, University of
nt of fngineering,; Fluld Mechanlces Laboratory,
ory Momorendum Ne. HE=116-205, 83 pages, tan’*es,
maps (Lypewritien).
_m.ag Dagcribes cperations of field party and
alned, also enalysls of oblique dally observate
bne gurf zone and shows comparison of thls data
Heacn profiles, sleve analysis, and tire lmpress=
4ibles, Qiogerzs and photos,)

Igerkofel, ¥. M.
1046, Hinsrelegizel end Paysicel Composition of the sands of the
Crazor. Coaat froan Coos Buy to the Mouth of the Columbla River.

Dragor. Stote Hepertment of Geology and Kineral Indusiries,
‘oa.-.l, wly, e 301 64 pages (precessed) .

{ihewe pbysiograciyy, character and composition of the beaches,
and mineral anaiysis.)
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University of California :
1945. Index for Ground Photographs for Various Pacific Coast Beaches.

College of Enginheering, Berkeley, Report No, HE-116-172, 3 pages.
(Humboldt Bay area included.) :

1946, Notes on Recomnaissance of Miscellaneous Pacific Beaches May 21-
September 29, 1945. Department of Engineering, Fluid Mechanics
Laboratory, Berkeley, Laboratory Memorandum No, HE-116-223,

51 pages, maps, photos (typewritten).

(Captions accompenying the photos constitute the report.
Photos show surf conditions, beaches, and sand dunes in the
various sreas studied,)

Uo S, Army Corps of Engineers
n, d. Quantity of Material Dredged from Humboldt Bay. On file in
Operations Division, San Franelsco District, San Franeisco,
California, (Unpublished.)
(Dredge quantitiés are available from 1931 to date. Method of
evaluation has been revised such that older estimates of material
dredged are too large. Comparison of data not practical.)

1946, Soil Exploration in Humboldt Bay Made in October 1946. On file
San Francisco District, San Fremclsco; Caelifornia, 11 pesges.
(Unpublished,)

(Contains (1) chart locating borings and semples; (2) log of
borings; (3) description of beach semples, 2 sheets; (4)mech-
anical analysis diagrams, 7 sheets.)

1950, Shore-Line Changes; Appendix I to Survey Report on Humboldt Bay
California, February 10, 1950. San Francisco District, Sen
Francisco, California, 73 pages, maps, diagrams (processed).
(Comprehensive study of shore-line changes including depth
changes, waves; littoral drift,; geology, stream flow, soil
semples, and dredging.)

1951, Humboldt Bay, Calif. House Document No. 143, 824 Congrees,
lst Session, 38 pages; 1 map.

1954, Report of Soil Tests, Hopper Dredge Operations, Humboldt Harbor.
South Pacific Division Laboratory, Sausalito, California, 2 pages,
3 plates (processed).
(The samples analyzed were taken in the various channels of
Humboldt Bay and serve only as a superficial index to the material
involved in the dredging operations. HWMechanical analysis of
sediments included in graphic form.)

Us S, Army Corps of Engineers, San Franclsco District, Sen Francisco,
California [Humboldt Bay--Maps (Unpublished)) '
n. d,a. Humboldt Bar and Entrance; Shift of Sand Above 30 Foot Depth.
Map File No, 5-8-5,
(Includes changes in cubic yards, 1916 to 1917.)
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U, S, Army Corps of Engineers; San Francisco District; San Francisco,
California [Humboldt Baye--Maps (Unpublished) )

n, d.b.

Humboldt Bar and Entrance, Shift of Sand Above 30 Foot Depth.
Map File No, 5-8-7.
(Includes changes in cubic yards, 1917 to 1920.)

n. d. c. Humboldt Bar and Entrance; Shift of Sand Above 30 Foot Depth,

n. d. d

1909

1926

1929

1930
1938a.

1938b.

1939a.

19390,

1939¢.

19394,

Map File No. 5-8-9,
(Includes changes in cubic yards, 1920 to 1921.)

Surveys of Bar and Entrance, 1851, 1858, 1870, 1875, 1881, 1882,
1883 ° Map File No ° 5'270 °

Topographical Map of Land Between Southport; Humboldt Bay,
Cal. and McNulty's Slough, Eel River Valley, Cal., Showing
Several Routes for Cansl. Map File No, 5-2=-1.

(Includes table of borings.)

Bureka Channel of Samoa Shoal. Map File No. 5=14-23,
(Includes log of borings in channel in front of Eureka.)

Point Humboldt, Humboldt Bay, Celif., Relative Positions of
High ¥eter Line at Varlous Periods, 1854 to 1929. Mep File
NO ° 5"1'24 Q

(Slu‘veys Of 18545 ’70 9“91 9 1903 9‘119 ‘”26’ "29 shOWno )

Erosion at Point Humboldt, 1851-1930. Map File No. 5-20-31.

Dredging in Fields Landing Channel. Map File No. 5-1-32/2,
(Includes log of borings.

Dredging in Semoa and Bureka Channels. Map File No. 5-1=32/1,
(Includes log of borings.)

Comparison of Perlodic Surveys of Bar and Entrance. Map File
No. 5"2"78/10
(Surveys of 1851,-58,-70,-75,-81,-82,-83,-91 shown.)

Comparison of Periodic Surveys of Bar and Entrance. HMap File
NOo 5'2‘“73’2 ]
(Surveys of 1894,+-96,-97,-98,-99, 1903,-05,-07 shown.)

Comparison of Periodic Surveys of Bar and Entrance. Map File
Noc 5‘2“’78/3 e
(Surveys of 1911,-12,-13,=14,-15,-16,-17,-19 shown.)

Comparison of Perlodic Surveys of Bar and Entrance. Map File

No ° 5"2-78/4 °
(Surveys of 1920,=21,=22,-23,=24 ;=25 ,=26,=27 shown.)
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U, So Army Corps of Engineers, San Francisco District, Sen Frencisco,
California [Humboldt Bay--Maps (Unpublished))

1939e.

1950a,

19 50b -]

195000

19504 .

Comparison of Periodic Surveys of Bar and Entrance. Map File
No. 5“2‘78/50

(Smeya Of 1917’-27,-31’-35’-37g“39 and Uo So Goast and
Geodetic Survey of 1851,-58,-70,-82 shown.)

Changes in High Water Shore Line. Mep File No, 5-51-1/2.
(The years 1854,-70, 1911,-19,=29,-40 shown.)

Comparison of Periodic Surveys of Bar and Entrance. Map File
No, 5"’2"78Ao
(Surveys of 1929,=31,~35,-37,<40,-42 ;=44 included.)

Relative Positions of MHHW at Various Periods 1854-1926.
Map File No, 5-51-1/10,

Relative Positions of MHHW at Various Periods 1926-1946,
Map File No. 5-51-1/11.

U, S. &rmy Corps of Engineers
Personal communication on location of bottom samples. Letter

1955

from G. P. Rellly, Acting chief, Engineering Division, San
Francisco District, to Peter M, Mclellan, dated 7 July 1955.
(Concerns samples from drill holes obtained during soils
exploration in October 1946.)
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HYDROGRAPHY

BATHYMETRY

Humboldt Bay is typical of most of the northwestern coastal bays
in that it is a shallow waterway, most of it less than 20 feet deep.
In its original condition the entrance channel was about 600 feet wide
with an average minimum usable depth at MLIW of about 12 to 15 feet,
A continuous shifting of the entrance channel from north to south
coupled with a changing configuration made passage difficult., The
original channel at Eureka was about 10 feet deep at MLIW and averaged
150 feet in width. The construction of the jetties and their subsequ.-
ent improvement has helped in stabilizing the channel entrance. Dredg-
ing of the inner channels has provided the necessary depths for ocean
going vessels, The first dredging project, in 1881, was for imprcving
the channel in front of Eureka to a depth of 12 feet and width of 200
feet as well as dredging the channel to Samoa and Eureka (U. S, Army
Corps of Engineers 1951), Since that time the Eureka, Arcata, and
Fields Landing channels have been improved and maintained. The followe
ing list is a tabulation of House Documents and Annual Reports of the
Chief of Engineers, not included in the bibliography, which contain
information on surveys and projects concerned with the improvement of
Humboldt Bay:

Annual Report; Chief of Engineers, 1871, (pp. 920-921).
Annual Report, Chief of Engineers, 1877, (p. 1052),
House Document No. 22; L5th Congress, 3d session, 1877,
House Document No. 59, 46th Congress, 3d session, 1878,
Annual Report, Chief of Engineers, 1881 (p. 2481).
Annual Report, Chief of Engineers, 1883 (p. 1986).
Annual Report, Chief of Engineers, 1891 (p. 3120).
House Document No. 528, 55th Congress, 2d sessiong 1898,
Annual Report, Chief of Engineers, 1898 (p. 2949).
House Document No. 228, 59th Congress, lst session, 1905,
House Document No. 950, 60th Congress, lst session, 1908,
House Document No. 20L, 61th Congress, 2d session, 1909 (a).
House Document No. 326, 61th Congress, 2d session, 1909 (b).
House Document No. 226, 63th Congress, lst session, 1913,
Annual Report, Chief of Engineers, 1915 (pp. 1982-1984).
House Document No. 1008, 65th Congress,; 2d session, 1917,
House Document No, 106k, 65th Congress, 2d session, 1918,
House Documsent No. 755, 69th Congress, 2d session, 1926.
House Documsnt No. 1k, 7hth Congress, lst session, 1933.
House Document No. 11, 75th Congress, 1lst session, 1936,
House Document No. 143, 82th Congress, lst session, 1951.
(Also Appendix I to Survey Report 1950)



Channel Characteristics

Portions of the chanhel are continuously changing in depth and
configuration due to alongshore transportation and the shifting of sand
at the entrance (see Enclosures 6-17, 6-18, and 6~2l through 6-26), the
erosion of Point Humboldt (see Enclosures 6-13 through 6-16), and sedi-
mentation from the rivers., Shoaling;in Eureka, Samoa, Arcata, and Fields
Landing channels are discussed by the U, S. Army Corps of Engineers (1927)
as follows:

A comparison of surveys up to 1884 and of surveys up to
1919 shows but little change in the bay in general. There has
been some shifting of the contours in places but no marked shoal-
ing is noticeable in any portion of the bay. A narrowing of the
channels in the south arm, particularly in the Fields Landing
Channel, has taken place, but this narrowing in the channels in
the northern section is not noticeable, A decided shifting of
the shoals has occurred in the vicinity of the entrance, but this
shifting is no doubt due to jetty and shore revetment work carried
on between these dates. The changes in this vicinity, however,
have for the greater part been for the goocd of the harbor and have
caused the development of deeper and wider channels, the exception
being the forming of a shoal at the mouth of the Fields Landing
Channel, with a controlling depth of 17 feet as compared to 2l
feet in 188,

The various channelsy, which from time to time have been
dredged show but little shoaling and in some cases show better
depths than when last dredged. This condition is probably due
partly to the drag of vessels in shallow water and in narrow
channels. A statement as to the shoaling in each of the channels
under discussion in this report follows:

Eureka Channel. This is the largest of the channels which
have been dredged and shoaling is more rapid than noted in the other
channels, Shoaling between the periods of dredging of 1920 and 1926
is estimated to be 84,000 cubic yards, or 14,000 cubic yards annually.

Samoa Channel. This channel was dredged 19 feet deep and 200
feet wide in 191l and these dimensions still prevail.

Arcata Channel., This channel was dredged to 1l feet deep and
80 feet wide in 1915 and was dredged to 12 feet in 1920. The pre-
sent channel has a controlling depth of 1l feet, and for the greater
part, is wider and deeper than previously dredged.
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Fields Landing Channel. This channel was dredged to 20 feet
deep and 200 feet wide in 1915, was redredged to 17 feet in 1920,
and still has a usable depth of 17 feet, but it is very narrow for
a short distance near Buhne‘s Point, The section of channel near
the south spit has greater depth and width than when last dredged,
but a new bar has formed at the mouth,

The effect of shore line changes on the Pacific Ocean coast and at
- Point Humboldt in reference to the bar and channel entrance and shoaling
in Fields Landing Channel are considered in the following statement by
the U, S. Army Corps of Engineers (1951):

Effect of bar and entrance channel: The Humboldt Bar is
characteristic of those which form at tidal inlets. The bar,
created and fed by littoral material, serves as the path by which
littoral material makes lts way around the jettied inlet and con-
tinues its passage along the coast., The directions of littoral
movement, in the vicinity of Humboldt Bay, is predominently down=
coast (north to south). The relative stability of the bar in
recent years indicates that substantially all littoral drift is
passing the entrance to Humboldt Bay and is maintaining the south
spit and down coast shores, If the bar and entrance channel is
enlarged as proposed; it is believed that littoral drift will
encroach on the chammel and will require the dredging of about
400,000 cubic yards amnually as maintenance. If the littoral
material dredged from the proposed charmel is deposited south of
the south jetty in a depth not greater than 30 feet, it will
probably resume normal travel with no detriment to the shore., If
deposited in deeper water it will remain, and the south spit will
erode a corresponding amount,

The controlling depths at the entrance and in the inner channels
is also considdred by the U. S. Army Corps of Engineers (1954):

Controlling depths are 31 feet in Entrance Channel and channel
between jetties, 26.5 feet in North Bay Channel, Eureka Channel, 20
feet to "D" Street; 12.5 feet to "N" Street, Eureka, 27 feet in
Samoa Channel, 20 feet in Fields Landing Channel (June 195k), 18
feet in Arcata Channel (May 1937).

Sounggggs

The U, S. Army Corps of Engineers have periodically surveyed the
bay in conjunction with the numerous projects of improvement and main-
tenance. Soundings for the entire bay and specific portions thereof are
available from about 1881 to 1954, All charts pertinent to the bathymetry



"of the bay and offshore areas are included as enclosures and are listed

in Table 7-l. Additional charts concerned with apecific projects and

3;undinge can be obtained from the U, S. Army Corps of Engineems at Portland,
(=7:40) ¢ T

SHIFWRECKS

Complete records of shipwrecks from about 18R are available from
the Records of Assistance Files kept by the U, S. Goast Guard Lifeboat
Service and from the Record of Shipwrecks formerly maintained by the
U. S. Coast Guard Light House Service. The following is a list of shipe
wrecks that occurred on or near the Humboldt Bar bar between the years
1850 and 1880 as taken from Elljott (2881):

1850 Eclipse, Brig Sar Jacinto, schooner Sarah Fardwell

1851 Bark, Jane, steamer Commodore Preble

1852 Steemer Ses Gull, bark Home, bark Cornwallis, brig John Clifford

1853 Schooner Mexicam

1855 Schooner Pledmont, schooner Sierra Nevada

1858 Schooner Toronto

1859 Schooner J. ®. Ryerson

1860 Bark Success, steamer Northermer (30 lives lost near Centerville)

1862 Schooner T. H. Allen (1 life lost), brig Eolus

1863 Stea? tug Merrimac (13 lives lost, schooner Dashaway (14 lives
lost

1864 Bark Hartford

1876 Schooner Albert and Edward (5 lives lost, 1 saved)

1877 Schooner Marrietta (all saved)

1878 Schooner Laura Pike (7 lives lost)

1879 Scow Sara, (lost at sea off Crescent City)

1880 Schooner Edward Parker (2 lost, 4 saved)



TABLE 7~1, Idisting of Enclosures

or. Bathymetric Information.

Subject

Enclosure ! U. S, Army Corps

! _Noo of Eng;neer§“No° Date
7-1 523 1907
7-2a=J | 6-2-17(10sheets) | 191l
7-3 5248 1931
T-ha-J 15-2-69 (10 sheets) | 1931
7-5a-H §5~1~3h(8 sheets)| 1940
7 Ha=C 5w2~9h{3 sheets)| 1954
1~7 5.51-1(Sheet 1) | 1950
6-20 5-14-23 1926

P 6=21 5.1-32{Sheet 1) | 1938

L 622 5.1-32(Sheet 2) | 1938

i 6T 5.2.78(Shset 1) | 1939

P58 5-2.78(Sheet 2) | 1939
6-9 5-2-78(Sheet 3) | 1939
6-10 5-2-78(Sheet 4) | 1939
6-11 5-2-=78(Sheet 5) | 1939
6<12 5.2-784 1939
6-13 5-1-24 1929
615 5-51-1(Sheet 10) | 1950
6-16 5-51.1(Sheet 11) | 1950
6-17 5.51.1(Sheet 8) | 1950
6.18 5~51-1(Sheet 9) | 1950
6-24 5.8-5 1921
6-25 587 1921
6~26 5-8~9 1921

Lo
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Bucksport; Eureka, Samoa Channel
soundings.

Channel soundings of entire

Entrance channel soundings.

Channel soundings of entire Bay.

Channel soundings of entire Bay,

Channel soundings of entire Bay,

Depth contours to 1CO feet.,

Samoa and Eureka channel soundings.

Samoa and Fureka channel soundings.

i Fields Landing channel soundings.

Comparison of Periodic Surveys at
Bar and Entrance,

| Comparison of Periodic Surveys at

{ Bar and Entrance.

Comparison of Periodic Surveys at
Bar and Entrance.

iComparison of Periodic Surveys at
Bar and Entrance.

Comparison of Periodic Surveys at
Bar and Entrance,

Comparison of Periodic Surveys at
Bar and Entrance,

Point Humboldt relative positions
of High Water line 1854-1929,

| Relative positions of MHHW, 1854-1926, |

Relative positions of MHHW, 1926=19h6°’|

Depth changes Flelds Landing Channel
19391946,

Shoaling in Fields Landing Channel
1935-37, 1943=hk.

Shift of sand above 30 feet.

Shift of sand above 30 feet.

Shift of sand above 30 feet,

Bay.

Wt e comme e

A I i
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(Briefly describes submarine topography off Cape,)

Humbcldt State College Library
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briefly discussed,) '

Mason, W. A,
1952, Strandings and Wrecks of Vessels on the Coasts of California,
Oregon, and Washington [Map). San Pedro Blueprint Co., San Pedro,
California,
(Certain wrecks and strandings are plotted with respect to general
area of incidence. Not accurate as to location. Revised frequently.)
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1945,

O'Brien,
n. do

Shepard,
1941.

Jack and Jerry MacMullen 4

Ships of the Redwood Coast. Stanford University Press, Stanford
University, California, 156 pages.

(Operation of vessels and some shipwreck data, 4 higtory.)

M. P,
[ Oceanography of Coastal Harbors.] On file U, S. Army, Corps
of Engineers, Beach Erosion Board, Washington, D. C. (Unpublished.)
(Sections on Grays Harbor, Coos Bay, and Humboldt Bay include
description, tides, tidal current, waves, wind, sand samples and
profiles, send movement, and structures.)

Francis P. and K. 0., Emery
Submarine Topography off the California Coast: Canyons and Tect-
onic Interpretation. Geological Soclety of America, Specisl Papers,
no. 31, 171 pages rlus 4 charts of land and sea=floor contours.
(Comprehensive study of offshore topography. Describes sutmarine

canyons in Humboldt Bay area. Features found in area are unique
in world.)

U. S. Army Corpe of Engineers

1927.

1936,

1950,

1951,

19540

Humboldt Harbor and Bay, Calif. House Document no. 755, 69th
Congress, 2d Session, 40 pages, 1 map.

Humboldt Bay and Herbor, Calif. House of Respresentetives,
Committee on Rivers and Harbors, Document no. 11, 75th Congress,
1st Session, 21 pages, 1 map.

Shore-1ine Changes, Appendix I to Survey Report on Fumboldt Bay,
California, February 10, 1950, San Francisco District, San Francisco.
Califernia, 73 pages, maps, diagrams (processed).

(Comprehensive study of shore-line changes including depth changes,
waves, littoral drift, geology, stream flow, soll ssmples, and
dredging.) :

Humboldt Bay, Calif. House Document no 143, 82d Congress, lst
Session; 38 pages, 1 map.

Project and Index Maps. San Franclsco District, San Francisco;

Californis. (Processed.)

(For use by the Corps of Engineers. Reproduced to sccompary the
dnnual Report of the Chief of Engineers presenting projects ard

their locations on reference maps.)

U. S. Army Corps of Engineers, San Francisco District, San Frencisco,
California Humboldt Bay--Maps (Unpublished)

n.d.a. Humboldt Bar and Entrance, Shift of Sand Above 30 Foo’ Depth.

Map File NOa 5“8"50
(Includes changes in cubic yards, 1916 to 1917.
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U, So Army Corps of Engineers, San Franclsco District, Sen Francisco,
California [Humboldt Bay--Maps (Unpublished)]

n. do be

No do co -

n. d. do

1907.

1909.

1911,

1926,

1929,

1930,
1931 a.

1931 b,

1936,

1938 a.

1938 bo

Humboldt Bar and Entrsnce; Shift of Sand Above 30 Foot

.Depth., Map File No., 5-8-7.

(Includes changes in cubic yards, 1917 to 1920.)

Humboldt Bar and Entrance, Shift of Sand Above 30 Foot Depth.
Map File No. 5-8-9,
(Includes changes in cubic yards, 1920 to 1921,

Surveys of Bar and Entrance, 1851, 1858, 1870, 1875, 1881,
1882, 1883, Map File No. 5-2-70,

Hydrographic Survey of Humboldt Bey, Cal. from Bucksport to
Eureka. Map File No. 5-2-3,

Topographical Maps of Land Between Southport, Humboldt Bsy, Cal.
and McMulty's Slough, Eel River Valley, Cal. Showing Several
Routes for Cansl. Map File No. 5-2<l1.

(Includes table of borings.)

[Hydrographic Survey of 1911.) Mep File Nos, 5-2-17/index,
1 through 9,
(Showing bathymetry on a scale of 1 inch = 500 feet.)

Bureka Channel and Samoa Shoal. Map File No., 5-14=23,
(Includes log of borings in channel in front of Bureka.)

Point Humboldt, Humboldt Bay, California, Relative Positions of
High UWater Line at Various Periods, 1854 to 1929. Map File

NOo 5‘1"240

(Surveys of 1854,=70,-91, 1903,=11,-26,-29 showm.)

Erosion at Point Humboldt, 1851-1930. Map File No., 5=20-31.

Entrance Channels of Humboldt Bay, Cal. Map File No., 5=-2=68,
(Includes wind rose.)

(Hydrographic Survey of 1931.] Map File Nos. 5-2-69/index,
1 through 9.

(Showing bathymetry on a scale of 1 inch = 500 feet.)
Dredging in Flelds Landing Channel. Map File No., 5-1-30A.

Dredging in Fields Landing Chennel., Map File No. 5-1-32/2.
(Includes log of borings.

Dredging in Samoas and Bureka Channels. Map File No. 5-1=32/1.
(Includes log of borings.)
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U, S. Army Corps of Engineers, San Franclsco District, Ssn Francisco,

Celifornisa
1939 a.

1939 b.

1939 e,

1939 d.

1939 e,

1940.

1950 a.

1950 b.

1350 c.

1950 d.

1950 8,
1950 £,

1950 go

[ Humboldt Bay=--Maps (Unpublished)]

Comparison of Periodic Surveys of Ber and Entrance. Map File
NOO 5’2"78/10

(Surveys of 1851,-58,=70,=75,-81,-82,-83,~91 shown.)

Comparison of Periodic Surveys of Bar and Entrance. PMap File
No. 5-2-78/2,
(Surveys of 1894,-96,<97,-98,-99, 1903,-05,-07 shown.)

Compariscn of Periodic Surveys of Bar and Entrance. Map File
NOQ 5"2“78/30
Surveys of 1911,-12,=13,-14,-15,-16,-17,-19 ghowm.)

Comparison of Periodic Surveys of Bar and Entrance. bMep File
No. 5-2-78/4.
(Surveys of 1920,<21;-22,=23,=24,=25,-26,=27 shoxn.)

Comparison of Periodic Surveys of Bar and Entrence. Map File
No. 5-2-78/5.

(Surveys of 1917,-27,-31,=35,=37,-39 and U, S. Coast and
Geodetic Survey of 1851,-58 J0,-82 ghowm.)

[Hydrographic Survey of 1940.) Map File No. 5-1-3//index, 1
through 7.
(Showing bathymetry on a scale of 1 inch = 500 feet.

Bave Refraction Diagram. Map File No. 5-51-1/1.
(Off Shore bathymetry to 100 fathoms shown.)

Changes in High Water Shore Line., Map File No. 5-51-1/2.
(The Years 1854,-70, 1911,-19,-29,-40 shown.)

Comparison of Periodic Surveys of Bar and Entrance., BHap
File No. 5-2-784.

(Surveys of 1929,-31;=35,=37,=40,=42 3=l includedc)

Depth Changes Between Fields Landing Channel and Elk River,
1939 and 1946, Map File No. 5-51-1/8.

(MBHW, 6, 12, 18, 24, 30 foot depths shown.)

Flan of Improvement., Mep File No. 5-51-1/4.

Relative Positions of MHLW at Various Periods 1854-1926,
Map File No. 5-51-1/10,

Shoaling in Fields Landing Channel 1935 to 1937--1943 to 1944.
Map File No, 5-51-~1/9.
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U Sc Army Corps of Engineers, San Francisco District, San Francisco,
California [Humboldt Bay~-Maps (unpublished)]

3950 h. Relative Pogitions of MHHW at Various Periods 1926<1946.
; Map File No. 5-51-1/11.

l
1954, Condition Survey of 10 to 23 June 1954. Map File Noo 5-2-94/1
’bhrough 3.

(Showing bathymetry on a scale of 1 inch = 500 feet.

fa Sl° Department of Commerce Coast and Geodetic Survey

n,. do Index to Hydrographlic Surveys, West Coast, United States.
Washington, D. C.

(Loose leaf pages showing location and bounderies of surveys.
Surveys from 1851 to 1940 for Humboldt Bay area shown.)

U,

Vi

. Treasury Department Bureau of Customs

nnual. Merchant Vegsels of the United States. Govermment Printing
Office, Washington.

(Presents a complete listing of all vessels registered. M"Vessels

Lost" 1s of interest for ship wreck data. First volume
published in 1906.)

Worl Projects Administration
1041, Ship Registries and Enrollments, Port of Eureka; California,
1859-1920, Division of Community Programs; Survey of Fedsral

Archives, San Francisco, California, 167 pages (mimeographed).
(Includes some ship wreck data.)
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PHYSICAL OCEANQGRAPHY



PHYSICAL QCEANOGRAPHY

TIDFS

-
The tide in Humboldt Bay is of the mixed type with inequality in
both the high and low waters but somewhat larger in the low. The mean
and diurnal ranges increase, respectively, for 4.3 and 6.2 feet at the
Bay entrance to a maximum to South Bay of 4.8 and 6.6 feet at Hookton
Slcugh, and in Arcats Bay of 5.0 and 7.0 feet at Arcata Wharf. The time
of tide becomes progressively later on passing inward from the entrance;
at Hookton Slough and Arcata Gherf it is 20 minutes and 50 minutes later,
respectively, than at the entrance. In the Bay, high tide occurs on the
averesge during the hour preceding the upper and lower transits of the
moon.

Tide Stations

Complete tidal predictions for Humboldt Bay at the South Jetty
Landing are obtained and published annuslly as times a&nd heights of high
and| low watexs for each day of the yeer (U. S. Department of Commerce
Coast and Gecdetic Survey 1954). Tidal harmonic constents are published
for| this station (U, S. Department of Commerce Coast and Geodetic Survey
1942; International Hydrographic Bureau 1933).

Tidal data for the following stetions:

1, BEntrance

2. Fields Landing
3. Hookton Slough
L. Bucksport

5. Bureka

6. Arcate Wharf

congist of: the time of tide, helght of high water, height of low water
(1955) , end ratio of ranges (prior to 1955) compared to the tide at the
South Jetty Landing; the high water interval (prior to 19£5), and mean
range of tide and the diurnal range of tide (U. S. Department of Commerce
Coabt and Geodetic Survey 1954). Additional tidal data fcr tlie follow=-
ing! stations:

1. South Jetiy

2. Pields Landing
3. Nerth Jetty

t.« Eureka

congist of the elevetions referred to mean lower low water of the following
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planes: highest tide.(eztimated), mean higher high water, mean high
water 3 haly 4ide level, mean low water, mean lower low water, and lowest
tide \estimsted) (U, S. Department of Commerce Coast and Geodetic Survey
1976)

Pﬁo;}-,! thly Tidal Variaiions

The tide in Hunboldt Bay, as typified by that at the South Jetty
Larfui"xg, follows the monthly lunar cycles in response to the Moon s
charging phase; disusnce; and declination as follows:

Measure of Lag of Meximum
Luner Cyele Tidal Effects Batie Effect in Fours
Phase Spring to neap range 1.5 19.7
reraliax Perigesn to apogean range 1,5 47,8
Declinatior: Tropiec to mean diurnal inequelity 1.5 15.5

This depencence on all three factors indicates a complicated monthly
vastiation in tidal 1ange. However, these varlations are not large
compared to the daily differences in range.

in addition, the time of iide relative to the moon's transit under-
yoes monthly change. 4 maximum deviation of about 2 hours from the mean
can be expectied.

Tidal Datum Planeg

Mesn Jower low water, based on 19 months of autcmatic gage recc:ds,
s the datvm for the charts of the Humboldt Bay area (Uo S. Departmnt of
Sommerce Coast and Geodetic Survey 1946) .

[ @] l-"

" Sea level will undergo variations over periods of a day, mont:,
year, ané longer. The long=-term trends of ses level can be expecied to
..ol‘l.ow those for Seettle and Sen Frenelsco (Mermer 1949, 1951, 1¢52).
’l‘he; ,'early veriatior. will be somewhat simllar to those at Cresceit City
and San Frencisco {Marmer 1951) but will also depend on the loerd fresh
water runolf. Shorter period fluctuations are generally uapreo.ctable.

TIDAL CURRENTS
The tidel currents in Humboldt Bay follow the general d'.rection of

the channels. In tke main channel, the average velocity at strength is
less than 2 knots, snd the maximum doss not exceed 3 knots., Between the
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j%tties, the average velocity a¢ strength is ebout 2 kmots,; with a max-
imm of about 4 kncts (U. S. Department of Commerce Coast and Geodetic
Suwevey 1944 .

| On the avarage, the current changes direction within 4 hour after
the times of high end low waters at the South Jetty Landing. Throughout

the main retvigation chennels the times of current are within 15 minutes
of| ore ancther.,

Cuprent Stations

Current. tables list the time differences and velocity ratics for
t‘i1|r~e stat?ons in Humboldt Bay which makes it possible to derive their
meximm fiocd and ebb current velocities and their times of maximum ebt, .

oo, and slack weters from the reference stations predictions. A4lso
lipted for each sietion are the intervals of time between maximum flood
.and moon's transit, the flood directions, and the average and tropic
current veiccities (U. S. Department of Commerce Coast and Geodetic
Survey 19532},

Surfsece Currents

Drift s%udies of the flood and ebb surface tidal currents at the
Buline properuy near the entrance to Humboldt Bay were macde by the U. So
Army Corps of Engineers, FPortland District (1930) 5 in Jarwary 1930, Ebb
currente to 5 mots anc flood currents to 1y knots were obtained. The
drift patks ere shown in Enclosure 8-1.

Offshore Tical Currenis

Tidal curcent measurements have been made from five light vess.is
along the Paelfic Coast of the United States in depths renging fro. 20
10|30 fathoms (Masrmer 1926). At some locations the messured curr.nts
are strongly inflvenced by adjacent entrances %o large irland be.ies of
wzber while st others ‘rhare is no such effect. In all cases th. currents
were rotary. ‘The maximum troric velocities ranged from ebout (.l to L.l
uénso It is estimatec that at a depth of 20 to 30 fathoms o'f the
en%rence 4o tae Humbolét Bay, the tropic velocity would be avout 0.4 to
0.5 knot. 4t imes of high weter the set was generally in ‘he northeast
quadrent. The direction of meximum current followed the graeral trend
of [the local shorelive although the effesct of onshore tidri flow was evid-
ent in some casas.




RAVES

Short-period waves occuring in Humboldt Bay may be generated either
by the local wind or result from waves and swell entering from the Pacific
Ocean. Since the Bey has limited fetches and is well protected from
the Ocean, its waves, in general, can be expected to be moderate in
size.

Off the adjacent coast in winter, seas greater than 8 fect and swells
greater than 12 feet occur from the westerly directiomns about 20 and 30
percent of the time, respectively (U. S. Navy Hydrographic Office 1944).

Very severe seas occur at the entrance to the Bay, the worst seas
occuring frequently as the result of offshore storms at times when con-
ditions are calm locally (U. S. Army Corps of Engineers 1927).

Rave conditione in the Bay can be derived from wind observations in
the surrounding ares.

The following are quoted from U, S. Army Corps of Engineers (1927):

The winds are gemerally moderate, seldom exceeding 30 to 4O
miles per hour, the maximum velocity recorded in the last 36 years
being 59 miles per hour as compared with 120 miles at Point Reyes,
about 190 miles south of Humboldt Bay. The prevailing winds during
the summer are from the north and northwest, and during the winter
from the southesst and southwest.

See paragraph on Stormg in Section 2, CLIMATOLOGY, for additional wind
data. Wind roses are given in U, S. Army Corps of Engineers (1927, 1951).
Off lave ell d Su

Data on the distribution of waves in the open ocean off the Califor-
nia coast, are available as follows:

1, Percentages of high and low seas and swell in winter and summer
(Bigelow and Edmondson 1947).

2. The relative annual freguency of waves of different heights in
the North Pacific (Bigelow and Edmondson 1947).

3. Percentages of high, medium, and low seas and swell from each dir-
ectign for each month of the year (U, S. Navy Hydrographic Office
1944) -
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Lo Percentage of total days from each of the westerly direction
during 1936-1938 for which wave heights are less than 2, 4, 6,
8, 10, 15 and 20 feet and greater than 20 feet is shown in
Enclosure 8-2, (U. S. Army Corps of Engineers 1950).

5. Percentages of waves in the approximate height ranges O to 3
feet; 3 to 8 feet, 8 to 20 feet, and over 20 feet for each month
of the year (Maritime Safety Agemcy 1951; U. S. Navy Hydrographic
Office 1943).

The U. S. Army Corpe of Engineers (1950) have made a study of Wave
action in the vicinity of the Humboldt Jetties by means of refraction
diagrams (see Enclosure 8=3, 8<4, and 8-5). The following is quoted:

The characteristics of the weves vsed for the diagrams are for
waves occurring most frequently as shown in the Seripps Institution
of Oceanography, "Wave Report No. 68." The diagrams were constructed
for present conditions of the bar seaward of the jetties and for
an assumed condition in which the depths over the bar and areas ad-
jacent thereto were increased to 40 feet. The refraction diagrams
indicate that for present conditons waves are affected by the sea-
ward submarine slope of the bar so that scme wave convergence occurs
before waves reach or pass over the bar crest. The crest of the bar
produces additional convergence so that waves either break on the
bar or advance toward the jettied entrance considerably higher then
waves in comparable depths elsewhere. Waves with a height of 10
feet or greater; occurring most frequently in the Pacific Ocean area
in the vieinity of Humboldt Bay, have an average period of 9 seconds.
For the period the depth over the bar, assumed as 20 feet, has little
effect on the wave height so that the effect of refraction determines
the height of waves seaward of the jettles. Waves having a perlod
of from 12 seconds to 16 seconds are increased in height from
15 percent to 30 percent, respectively, by the bar. This increase
is in addition to the effect of refraction.

Present depths over the bar cause 9-second northwest waves and
vest waves to break when the deep-water wave height is about 12 feet
and 15 feet, respectively. A l2-second wave from the northwest
breaks on the bar when the deep-water wave height is about 9 feet or
greater.

In 1925 the Corps of Engineers tabulated the sea conditions as
either light, moderate, strong, rough, or rougher at the North Jetty,
daily from January 1, 1885 to December 31, 192/ (see BEnclosure 8-6).
These data have been summarized to give the percentage of smooth,
moderate, and rough seas throughout an averasge year and the extremes
for each month (see Enclosure 8-7). In December, the seas are on the average



18 percent smooth, 46 percent moderate and 36 percent rough. In
July, the seas are ¢n the average 65 percent smooth, 31 pesrcent
modérate and 4 percent rough.

Surf observations have been made at selected times on the beaches
adjacent to Humboldt Bay during 1944 and 1945. The following data have
been tabulateds breaker height, period, number of lines of breakers,
direction of wave approach, distance to breakers (University of Celif-
ornia, Depariment of Englneering, Fluid Mechanics Laboratory Memoranda
Nos, HE=116-40, HE-116-52, HE-116-95, HE=116-124, HE-116-133, HE-116-152,
HE<116-160, HE-116-161, HE-116-162, HE-116-168, HBE-116-160). A sumery
of the above deta and an analyels of its accuracy appears im Unlversity -
of California (1946b), HE-116-203, Visual and rhotographic observations
have also been obtained for the period December 1945 to February 1946
(Stump, Bascom, Foight and Schorr 1947, HE=116<205).

Zsupamig

Sea waveg occur along the Pacific coast of the United States from
selsmic activity around the perirhery of the North Pacifiec Ocean. Data
are available on the tsunami of April 1, 1946 which resulted from an
earthquake on the north face of the Aleutien Trench; south of Unimak
Island, at 534° N, between 163° and 164° B, (Bascom 19465 O'Brien 1946;
Roop 1946a, 1946b; Bulletin of the Seiemological Society of America
1946; Transactions of the American Geophysical Union 1946) . The times
of arrival along the United States coast were within 2} hours of each
other and can be explained by shallow water wave theory. The heights
recorded ranged from 1 to 17 feet. There was no comsistent veriation
of helight along the coast; evidently the local bathymetry of the shelf
is eriticel in this regerd. In the tsunami of April 1, 1946, the largest
helights were reached in those bays which had a southerly exposure.

Data on the tsunami of November 4, 1952, compared to the one in 1946,
indicate a roughly similar distribution and megnitude in heights
recorded at tide staetlons. These heights, however, are generally less
then the meximum observed in the surrounding area (U. S. Department of
Commerce Coast and Geodetic Survey 1953b),

Listings of other tsunamis are available in U. S. Department of

Commerce Coast and Geodetic Survey (1953b), Heck (1947) and Holden (1898).
See also section aon Seiemology.
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WATER CHARACTERISTICS

Humboldt Bay is an estuasry of the positive type where precipitation
and runoff exceed evaporation. The sourc¢e of fresh water is from several
small streams entering at varlous points in the Bay. No date are available
at present on the runoff pattern of these streams;, but some measurements
are now being made. The runoff patterm probably follows the local
precipitation because the drainage basin is small (223 square miles) and
very little snow falls in this region. Access to the ocean is through a
narrow dredged chamnel flanked by jetties. No obstructions occur near
the entrance.

Very little data exists on the water characteristics of Humboldt Bay.
Temperatures and salinities were messured by Bonnot in the spring and summer
months of 1935 and 1936 in connection with oyster raising experimente
(Bmot 19369 1937) °

Offshore data has been collected by the Scripps Institution of
Oceanography at various times from 1930 to 1952 (University of California,
Scripps Institution of Oceanography 1949-51; Sverdrup 1943) and one
ocean section was obteined by the University of Washington off Humboldt
Bay in August 1939 (Thompson n. d.) see Table 1, These data include
salinity, temperature, dissolved oxygen, dissolved inorgsinc phosphate
and other minor constituents.

Salinity Disizibution

The section made by the University of Washington in August 1939 indi-
cated rather uniform conditions in the upper 50 meters with an average
galinity of about 33.2°/0o., Observations by the Scripps Institution of
Oceanography at a station about 50 miles off Humboldt Bay indicated that
only small changes occurred in the water from March through October of
1949. From April until July extensive upwelling occure along the Calif-
ornia coast as a result of northerly winds and then decreases with the
diminishing winds of August and September. From November to February,

a coastal counter current; the Davidson Current, sets north. Bscause
of the upwelling in summer and northerly flow in winter, the water char-
acteristics immediately offshore from Humboldt Bay are fairly umiform
throughout the entire year. At Blunts Reef Lightship, 23 miles south of
the Bay, the average annuel variation in surface salinity from 1922 to
1941 was 0.9%/co and the average salinity was 33.4°/0o (Department of
Cozmerce, U. S. Coast and Geodetic Survey 1952a, 1952b).

Aveilable dote fop Minheldt Yoy (Bornod 1936, 1937) indicated a
lower salinity in May which reflected the snd ~f the rainy season. In
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June and Julyg the salinity increased and remalned fairly steady between
33=5°/oo and 35°/00 until the end of September (Enclosures 8-8, 8-9, 8-10).
The higher values are reported in Mad River Slough which is rather 1so-
lated from the main bey. It can be assumed that the salinity will re-
main fairly high until about the middle of October when the raim Yy &eason
begins. Then the salinity will decrease; remaln low during the winter
monthe and will fluctuate with the changes in local precipitation.

Temperature Distribuition

Offshore surface temperatures are also fairly vniform over the entire
year. The Scripps Institution of Oceanography data indlecated the surfece
t peratures about 50 miles offghore to vary from 10,3°C. in March 1949
$0/12.9° C. in September 1949. The surface temperatures observed by the
University of Waahington in August 1939 varied from 12.7° C. five miles
Off Humboldt Bay to 14.8° C, 28 miles offshore. The upwelling along the
ccast tends to keep the summer temperatures lower than would be expscted
fram seasonal warming. Because of summer upwelling and the winter David-
som current, the average annusl surface tempercture range in the area is
smallo At Blunts Reef Lightship, it was oaly 1.3° C. with an average
surface tempersture of 10.9°-C,

Observed temperstures within the Bay will vary considerably from the

ic temperatures because of local heating and cooling of the relatively
ieolated body of water. The observed surface temperatures increased from
April to a summer meximum in early August and then decreased. The maximum
temperature reported wes 30° C, but the average summer surfacz maximum was
2196, (Bonmot 1936, 1937). See Enclosures 8-9 and 8-10. The observed
au{face temperature patteran is similar to the alr temperature pattern at
Bureke and in general the water temperatureeg will tend to follow the
air temperstures at Eureka.,
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TABLE 84, Oceanographic Data off Humboldt Bay.

Stat 1 Lat  40°47° Stat 3 (continued)
Date 3 August 1939 Long %§°21’ 0 P SiL r0
Time 14320 Depth fm. EPTH /A

(m) (°c) (%o0)(mg-at/1.)(/ug.at./1.)
DEPTH TEMP SAL 02 POy,
(m) (°%¢) (%°/o0)(mg-at/1.)(/ug.at./1,)|] 100 8.19 33.80 0.312 1.86

200 7.09 33.98 0.223 2,12
0 12.65 33.03 0.559 0.7 300 6.35 34,07 0,133 2024
100 11.39 33.33 0.557 0.8 400  5.86 34.14 0,087 2,52
20 10.92 33.48 0,554 0.8
30 10,19 33.57 0.472 0.9 500 5.52 34.18 0,067 2,68
50 9.40 33,68 0.393 1.2 600 5.26 34.20 0.051 2.70

700  4.95 34.29 0.036 2.76
Stat 2 Lat  40947° 800 443 34.33 0,033 2.64
Date 3 August 1939 Long 124°35° 900 3,98 34.36 0.026 2.80
Tims 1610 Depth 350 fm.

1000 3,67 34042 0.030 2,50
DEPTH TEMP SAL 0a PO, 1200 3,16 34049 0,042 2,68
(m) (%) (°/oo)(mg-at/1. )(/ugoat /1)

Stat 4 Lat  40947¢
0 13,76 32.90 0,549 0.20 Date 3 August 1939 Long 125°05°
10 12030 32090 06575 0025 Time 2210 Dep‘bh 1520 e
20 10,25 32.92 0.541 0050
30 9,16 33.15 0,467 0.90 DEPTH TEMP SAL  Op PO,
50 9.66 33.62 0,427 1.25 (m) (%) (O/oo)(mg-at/lo)(/ugoat /1)
75 8.91 33.78 0.355 1,66 0 13.40 33.31 0,564 0.5
100 8,32 33,98 0.292 1.64 10 12.49 33.31 0,573 0.5
200  7.65 34,00 0.229 1.70 20 12.35 33.37 0.575 0.7
300  6.94 34.05 0,181 1.88 30 11.83 33.40 00537 0.8
400  6.17 34.09 0.122 2.00 50 9.48 33.46 0,441 1,20
500 5.71 34.14 0,082 2,02 75 8.64 33,73 00346 1.98
600  5.08 34.23 0,050 2,60 100  7.69 33.84 0.261 2.1

200 6065 34.02 0.202 2.2,
Stat 3 Lat 4097 300 5089 34,09 0.120 2.30
Date 3 August 1939 Long 124950° 400 5074 34014 0,081 2:44,
Time 1825 Depth 726 fm,

500 - 5,38 34.22 00057 2,56
DEPTH TEMP SAL 02 600 1)090 34027 00036 2088
(m) (%) (O/oo)(mgnat/lo)(/ugoat /1.) 700 4062 34.34 0,028 2.86

800 4001 34.34 0.025 3,70
0 14.85 32,81 0.534 0.3 900 4,06 34.42 0,027 3,75
10 12,52 32,94 0.57 0.7
20 11.98 32,97 0,565 0.8 1000 3.64 34.43 0,030 3.75
30  10.64 33,10 0,520 0,98 1200 3,08 34.49 0,040 3,00
50 9,11 33.21 0.456 1,18 1500 2064 34.54 0.082 3,10
75 8044 33.51 0.374 1,70 2000 290 34,61 0.131 2.90

Table compiled from original data on file at the University of Washington

(Thompson n. do)
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Geodetic Survey, Special Publication no. 135 [Revised 1951
Edition]» lhz pages.

(I1lustrations include Crescunt City, a harbor tc the north
of Humboldt Bay).

Changes in Sea Level Determiied from Tide Observations, Pro-
ceedings of Second Conferenc: on Coastal Engineering, Houston,
Texas, November 1951, Edited by J. W. Johnson, The Engineering
Foundation Council on Wave R:search; pp. 62-67.

(Values for San Francisco, Aistoria, and Seattle given which
braclret the survey area),

P.
[Oceanography of Coastal Harbors,] On file U, S. Army Corps

of Engineers, Beach Erosion Board, Washington, D. C. (Unpublished).
(Sections on Grays Harbor, Coos Bay, and Humboldt Bay include
description; tides, tidal currents, waves, wind, sand samples

and profiles, sand movements, and structures),

Preliminary Report on Seismic Sea Waves from Aleutian Earthe
quake of April 1, 1946, University of California, Department
of Engineering, Fluid Mechanics lLaboratory, Berkeley, Technical
Report No. HE=116-207, 10 pages {mimeographed).

(Discussion of effects on Pacific Coast, listing arrival time
for harbors along the coast).

A Study Relating Data from the Seismic Sea Wave of April 1,
1946, to the Theory of its Propagation. University of Calif-
ornia, Department of Engineering, Fluid Mechanics Laboratory,

Berkeley, Laboratory Memorandum No. HE-116=212; 9 pages (type-
written¥o
(Coos Bay and other locations along Pacific Coast listed for

time of arrival and other analysis of earthquake data).



Roop., R. Co
19L6b., A Study Relating Data from the Seismic Sea Wave of April 1,
1946 to the Theory of its Propagation. Universi:y of Calif-
ornia, Department of Engineering, Fluid Mechanics Laboratory,
Berkeley, Laboratory Memorandum No. HE-116-215, 71 pages,
maps, graphs (typewritten).
(Data and wave front diagrams present for the Pacific Coast).

Saville, Thorndike, Jr,

1947, Comparison of Recorded and Forecast Waves on Cal:ifornia and

: Oregon Coast from June to September. University cf California,
Department of Engineering, Fluid Mechanics Laboratory, Berkeley,
Technical Report No, HE-116<268, 3 pages plus 18 diagrams
(mimeographed),
(Data for instrument locations at Point Sur, California and
Heceta Head; Oregon shown diagramatically).

Stump, Robert
9Lk, Summary of Observed Data from Humboldt Bay. University of
California; Department of Engineering, Berkeley, Report no.
HE-116-40; 3 pages (mimecgraphed).
(Reports brea?er height, number of lines of breakers, distance
between breakers, period, direction, littoral current direction
and force, wave characteristics, tide, and wind).

1945a. Biweekly Comparison of Observed and Forecast Sur:® Conditions
for the California Coast-~Number III, June 1 to 15, 1945,
University of California, College of Engineering, Berkeley,
Report No. HE-116-133, 26 pages (mimsographed).
(Data for Humboldt Bay).

19L45b, Biweekly Comparison of Observed and Forecast Sur: Conditions
for the California Coast--Number IV, June 16-31, 1945. Uni-
versity of California, Department of Engineering, Fluid Mechanics
Laboratory, Berkeley, Technical Report No. HE-116-160, 2l pages
(mimeographed).
(Humboldt Bay data includes breaker height, period; direction,
tide, and breaker type).

1945¢, Biweekly Comparison of Observed and Forecast Surf Conditions
for the California Coast-<Number V, July 1-15, 1945. University
of California, College of Engineering, Berkeley, Report No.
HE-116-161, 12 pages (typewritten).
(Includes data for Humboldt Bay).
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Stump, Robert

19L5d,

1945e,

19U55,

1946,

Comparison of Forecast and Observed Surf Conditions, Calif~
ornia Coast from October 19LL through March 1945, University
of California, College of Engineering, Berkeley, Report No.
HE-116=95, 191 pages, tables, air photos, maps, diagrams
(typewritten).

(Includes data obtained from three locations at Humboldt Bay).

Forecast and Observed Surf, California Coast, April 1945,
University of California, College of Engineering, Berkeley,
Report No. HE<116-152, 22 pages (typewritten).

(Data for Humboldt Bay including tables and graphs showing
observed breaker height),

Forecast and Observed Surf Characteristics for Three Localities
on the Northern California Coast for July, August, September
19bh. University of California, College of Engineering,
Berkeley, Report No. HE-116-52, 53 pages plus tables, photos,
and diagrams (typewritten),

(Includes data obtained at Humboldt Bay. Analysis of wind
systems and effect of local wind),

Surf Hindcasts for Humboldt Bay, Table Bluff Station; December
194S=January 1946, University of California, Department of
Engineering, Fluid Mechanics Laboratory, Berkeley, Laboratory
Memorandum No, HE-=116-199, 5 pages (typewritten).

(Pre?icted wave and breaker characteristics based on weather
maps o

Stump, R. and R, T. Hermanson

l9h5ao

19L5b,

19h500

Biweekly Comparison of Observed and Forecast Surf conditions
for the California Coast~--Number I, May 1-14, 1945. Univer-
sity of California, College of Engineering, Berkeley, Report
No. HE~116-121, 9 pages (typewritten).

(Table Bluff at Humboldt Bay observed with sighting bar,
Humboldt Bay data are not presented).

Biweekly Comparisons of Observed and Forecast Surf Conditions
for the California Coaste-Number II, May 15-31, 1945, Univer-
sity of California, College of Engineering, Berkeley, Report
No. HE=116-122, 8 pages (typewritten).

(Humboldt Bay data not presented).

Biweekly Comparison of Observed and Forecast Surf Conditions
for the California Coast-<Number VII, August 1-15, 1945.
University of California, College of Fngineering, Berkelev,
fleport No. HE=116-168, 11 pages plus 5 diagrams ftypewritten)a
{Includes data for Humboldt Bay).
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Stump, R. and R. T, Hermanson

19k5d.

1945e,

Biweekly Comparison of Observed and Forecast Sury Conditions
for the California Coast-~Number VIII, Augst 16=31, 1945,
University of California, College of Engineering, Berkeley,
Report No, HE-116-169, 11 pages (typewritten),

(Includes data for Humboldt Bay).

Comparison of Forecast and Observed Waves from Two Pacific
Storms. University of California, College of Engineering,
Berkeley; Report No. HE-116-12l;, 10 pages plus 12 tables,
9 weather maps and 2 photos (typewritten), :
(Weather maps cover entire Pacific Coast, Two Observation
stations at Humboldt Bay, the others in California only).

Stump, R., W, Bascom, D. Foight, S. M. Schorr

19L7,

Sverdrup, H.
1943,

Beach and Surf Observations at Table Bluff, and a Comparison
with Hindcasts: December 19L5-February 19&6° University of
Calif., Department of Engineering, Fluid Mechanics Laboratory,
Berkeley, Laboratory Memorandum No, HE=116-205, 83 pages,
tables, photos, diagrams, maps (typewritten).

(Humboldt Bay area., Describes operations of field party and
presents data obtained, also analysis of oblique daily obser-
vational photos of the surf zone and shows comparison of this
data with hindcasts. Beach profiles, sieve analysis, and tire
impressions, shown in tables, diagrams and photos).

Ua

Oceanic Observations of the Scripps Institution in 1939. Re-
cords of Observations, Scripps Institution of Oceanography,
vol. 1, no, 2, pp. 65-160,

(Contains physical and chemical data off the Oregon and Calif-
ornia coasts),

Thompson, Thomas G.

n. 4,

Physical and Chemical Data Obtained from the M. V. CATALYST
cff the Coast of Washington, Oregon, and Califorr.ia, On file
at the University of Washington, Department of Oceanography,
Seattle. (Unpublished.) ‘

(Data obtained in the period 1939 to 194l1).

Todd, D. K. and R, L. Wiegel

1951,

Local Storms of the Pacific Coast and Their Effects on Wave
and Beach Conditions. University of California; Institute
of Engineering Research, Wave Investigation Technical Report
HE-116-32L, 15 pages (processed), 8 plates.

{The meteorological situations causing local storms in near-
coastal areas are investigated because of the ernsive action
on beaches of high, short-period waves generated. Two local
storms at Oceanside, California, are examined in detail).
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Todd; D. K. and R. L. Wiegel
1952, Near-Coastal Storms and Associated Waves, Transactions of
the American Geophysical Union, vol, 33, no. 2, pp. 217-~225.
(Data from 3=year study of daily weather maps, Forecasting
problems and limitations of resulting waves are discussed,
Examples from Oceanside, California presented).

Transactions of the American Geophysical Union
1946, Seismic Sea Wave of April 1, 1946. Vol. 27, no. 3, p. LS3.
. (Includes data for Pacific Coast where effects vere recorded
; on tide gages).
University of California
1945, Index for Ground Photographs for Various Pacific Coast Beaches,
' College of Engineering, Berkeley, Report No, HE=116-172, 3 pages.
(Humboldt Bay area included),

19Lba, Notes on Reconnaissance of Miscellaneous Pacific Beaches May

! 21-September 29, 1945. Department of Engineering, Fluid Mech~-

| anics Laboratory, Berkeley, Laboratory Memorandum Nc, HE=116-223,

: 51 papgss, maps, photos (typewritten).

; (Captions accompanying the photos constitute the report. Photos

% show surf conditions, beaches, and sand dunesin the various
areas studied).

1946b, Summary of Surf Observations and Forecasts for Selected Storms
g in the North Pacific, August 194li-August 1945, Tepartment of
| Engineering, Fluid Mechanics Laboratory, Berikeley, Technical
1 Report No. HE-116-203, 61 pages (mimeographed).
! (Observations made only aleng the California Coist. Humboldt
t Bay stations were used. Conclusions drawn were that the pro-
1 cedures given in Wind, Waves, and Swell, H. O. lMise. 11,275,
! were in error). ,

|

University of California Scripps Institution of Oceanographj
1949-51, Physical and Chemical Data. Marine Life Rescarch Program,
L Division III, Physical Oceanography, Division of Chemical
; Oceanography, 13 volumes,
(Each volume reports data from a separate cruise off the coast
of Washington, Oregon, and California).

i

U, $o Ariny Corps of Engineers
1927, Humboldt Harbor and Bay, Calif., House Document no. 7555 69th
; Congress, 2d Session, LO pages. 1 map.

1950, Shore-Line Changes, Appendix I to Survey Report on Humboldt
l Bay, California, February 10, 1950, San Francisco District,
| San Francisco, California, 73 pages, maps, diagrams (processed).
{ (Comprehensive study of shors-line changes including depth
| changes, waves; littoral drift; geology, stream flow; soil
! samples, and dredging).
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Uc S. Army Corpé of Engineers

1951,

Humboldt Bay, Calif, House Yocument no. 143, 824 Congress;
1st Session; 38 pages, 1 map.

Us So Army Corps of Engineers, San Francisco District,
San Francisco, California [Humboldt Bay--Maps (Unpublished)]

1925a,

1925b,

1930,

1950a.,

1950b,

1950c,

1950d.

Graph of Humboldt Bar Surf Conditions. Map File No., 5-20-27.
(Areas embraced in respective curves indicate proportion of
year sea is smooth; moderate, or rough. Percentages are
basec on rscords of LO years, compiled by the U. S. Engineers
from records of the U, S, Coast Guard),

Sea Conditions at North Jetty, Jan. lst., 1885 to Drc, 31,
1924, Map File No, 5-17-1,

(Years by days shown in tabular form as light, moderate,
strong, rough, rougher),

Surface Currents in Vicinity of Buhne Property [Entrance
Area}, Map File No, 5-17-2,

Swell Diagrams, Map File No., 5-51-1/3,
(Showing wave height and direction for the years 1936-37-38
and the swell diagram for the period 1932=42,.

Wave ijraction Diagram, Period 9 sec, From W, Map File No.
5“51‘“1 5 °

Wave Refraction Diagram, Period 9 sec. From N, W. Map File
No:; 5“51“1/60 )

Wave Refraction Diagram, Period 9 sec., From S. W, Map File
No. 5“’51“1/7 °

U, S. Department of Commerce Coast and Geodetic Survey

1942,

1946,

1949,

Tidal Harmonic Constants--Pacific and Indian Oceans. Publi-
cation TH-2, Washington, 133 pages.
(Covers the survey areas).

Indes: Map, Tidal Bench Marks, California; Part I, Northern
California,

Surfe.ce Water Temperatures at Coast and Geodetic Survey Tide
Stations, Pacific Ocean. Publication TW-2, [Revised 19L8
Edition}, L7 pages.

(Data for Crescent City, located to the north of Humboldt
Bay, included).
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U. S. Department of Commerce Coast and Geodetic Survey
1950, Density of Sea Water at Coast and Geodetic Survey Tide
Stations; Pacific Ocean., Special Publication No, 281,
[Revised 1950 Edition}, 37 pages.
(Crescent City, to the north of Humboldt Bay, listed).

1951, United States Coast Pilot, Pacific Coast, California,
Oregon, and Washington, Seventh (1951) Edition. Serial no.
750, U. S, Government Printing Office, Washington, 578 pages.
(Comprehensive descriptions of harbor facilities and approaches).

1952z, Density of Sea Water at Coast and Geodetic Survey Tide
Stations, Pacific Ocean, Publication DW-2, [Revised 1950
Edition), 37 pages.
(Crescent City listed, just north of Humboldt Bay).

1952b, Surface Water Temperatures at Tide Stations, Pacific Coast;
North and South America and Pacific Ocean Island3. Special
Publication no., 280, 59 pages.
(Contains ddta for Crescent City, a harbor tc ths north of
Humboldt Bay),

1953a, Current Tables, Pacific Coast, North America and Asia for the
Year 195). Serial no. 769,
(Current differences for Humboldt Bay referred to San Francis-
co Ertrance).

1953b, The Tsunami of November L, 1952 as Recorded &t Tide Stationso
Special Publication no. 300, 62 pages.
(Reccrds at Seattle, Nean Bay, Astoria; Crescent Gity, and
San Francisco).

295N, Tide Tables, West Coast, Nerth and South America (Invluding
the Fawaiian Islands), for the Year 1955, Seria. no. 77k
(Humboldt Bay listed).

U, S. Navy Hydrographic Office
1943, Waves in the North Pacific Ocean [charts], H. 0. Misc. No.
11,117l through =12,
(Monthly charts with small area symbols covering ocean area
showing classes of waves. Based on Japanese cha=ts),

19Ul Sea &nd Swell Charts, Northeastern Pacific Ocean. H. O, Misc.
No, 10,712=D=1 through =12,
(Monthly charts with small area symbols covering ocean area
showing conditions).
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U, S¢ “reasur Department Coast Guard

n. 4, -og of the U, S. Coast Guard Humboldt Bay Lifeboat Station,
sarpe, California. Recent copies on file at the station.
(tapublished. )

‘Sontains the following meteorological data recorded every
L hours: dry bulb temperature; wind direction aad force,
#2ather description by symbolsy, cloud form and amount, sea
¢>nditions, visibility).

Wizgel, R. i.
194h9a. A: Analysis of Data From Wave Recorders on the Pacific Coast

¢: the United States. Transactions of the American Geophysical
Uiion, vol., 30, no, 5, pp. 7T00-70L,
(have measuring instruments located at Quillayute, Heceta Head,
t. Cabrillo, Pt. Sury, and Pt, Arguello. Data from Pt. Sur
ni Hegﬁta Head heve been compared for the period from 1947
10 1948),

ighgb, 4n Analysis of Data From Wave Recorders on the Pacific Coast
of the United States., University of California; Department
07 Engineering, Fluid Mechanics Laboratory, Technical Report
11=116-289, 5 pages (processed), plus maps, diagrams, and
piotos,
{The wave heights and periods from wave recorders installed
2{f Pt., Sur, California, and Heceta Head; Oregon; have been
sompared for the period from April 1947 to June 1948, Wave
seasuring instruments are also located at Pt. Cabrilloy
(alifornia, and Quillayute, Washington).

1954, Iinal Report, Wave Instrumentation, University of California,
institute of Engineering Research, Wave Research Laboratory,
lechnical. Report, Series 3, Issue 372, 19 pages (processed),

} plate.
{3ibliography of Pacific Coast).
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¥ARINE BIOLOGY

BORING AND TFOULING

Testu toards installed in May 1948 at the U. S. Coast Guard Humboldt
Bey Uifebosi. Station showed attacks by Teredinicae each year, rating as
g trace in 1648, moderate in 1949, very heavy ir 1950 and 1951 (Brown
1954) . The etitacks proved so destructive in 1941 that the panels which
were submorged 8 months were completely riddled and in many instances
sectiong of ranels only 1" x 2" x 2" remained of an estimated original
glze of 1% = &% x 12", Therefore the period of submergence was reduced to
4 months i: June and even then the attack contirued to be very heavy
Gueing the remainder of the 1951 season.

In 19352 the continully of the tost was interrupted; however; a
bheavy attack was recorded. The attack in 1953 rated very heavy. Bankis
setsges %o 250 mm in length were observed. Limroria also occurred each
vear; but the a%ttacks have never exceeded traces.

Rscent examinetion of test panels submerge in Humboldt Bay by the
Filiiam F. Clepp Laboratories, Duxbury, Mass., has revealed the following
ez quoted from personal correspondenca (Clapp 1$55).

faredinidge - Our records show a very heavy attack by the large
and coasequently extremely destructive molluscan borer, Bapkia
getace:. Specimens attaining a length of 450 mm or 18 inches
in a /4 month submergence pericd have been recorded,

- Limneria « Trace attacks by Limnoria have bteen noted consistently.

- Favlinz - The test panels have been heavily fouled with Balanus
. arenssig ond Belanus gburnoug, with Algse,; Hydroid; Serpuls,
Uytilas and Tunicatee contributing factors.

Bomnes (1936) gives salinity data for Humbcldt Bay measured by
"Delicate =pecific gravity hydrometers,!" and reduced to parts per thousand
Yo three sietlons for the months May to October, 1935. Water temperatures
ere grapned for a fourth station from April thrcugh September 19245, The pH
content renged fren 7.6 to 8.6 which was congidered normal. Bomnot (1937)
gravthed the salinity and temperzture of Humboldt Bay water from May
thrsugh Sepseaber 1936 and also the tidal heights. These date are
sorvelatad wlth oyster propagation.

Papers of incldsntal interest include a survey of sonic fishes of
the Pacific by Fish (1948), This report contains a summary of families
of sound producing fishes of the North Pacific including the Eastern
Pacific inshore regions.
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A paper by Anderson and Peterson (1954) includes statistics on fish
and shellfish landings and summarizes the equipment and personnel which
vere employed, The report refers tothe California coast by districts.

PRESENT STUDIES

A study of the density and distribution of fish in Humboldt Bay is
being conducted by John W, DeWitt, Humboldt State College, Arcata.

An investigation to ascertain the present condition of eel grass and
to follow any relationships pertinent to oyster bed planting is now in
progress by Charles F. Yocom, Humboldt State College; Arcata,

The ecology of the north spit at Humboldt Bay i1s being investigated
by Raymond Dasmann, Humboldt State College, Arcata,

Fred Telenicher, Humboldt State College, Arcata, is studying the
clam Schizotherus (Horse Clam). This study is principally on speciation
and ecological factors such as location, positiony anddepth.

A personal communication from the California State Department of
Fish and Game (1954) indicates that biological surveys have been started
to guide the utilization of State owned water bottoms in Humtoldt Bay.
The preliminary work has been above the one fathom line. The natural
beds of shellfish and eel grass as well as observations of surface
sediment are being charted,
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APPENDIX A
SHORE=LINE CHANGES

This appendix has been reproduced from the text of
the following document:

U. So Army Corps of Engineers
1950 Shore-Line Changes, Appendix I to Survey Report
on Humboldt Bay, California, February 10, 1950,
San Francisco Yistrict, San Francisco, California,
73 pages, maps, diagrams (processed).
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APPENDIX I
SHORE-LINE CHANGES

PURPOSE AND SCOPE OF STUDY

1. Purpose of study. Section 5 of the River and Harbor Act,
Public Law No. 409, Seventy-fourth Congress, approved August 30, 1935,
is quoted as follows: "Every report submitted to Congress in pio«
suance of any provision of law for preliminary examination and mwvey
looking to the improvement of the entrance at the moutk of any civer
or at any inlet, in addition to other information whichk the Ccuiiess
has directed shall be given, shall contain information concer:irng the
configuration of the shore line and the probable effect therem that
msy be expected to result from the improvement having partic.lor re-
ference to erosion and/or accretion for a distance of not le:s then
ten miles on either side of the said entrance." In accords-.:e with
the law quoted above, a study has been made to determine ti» probable
effect upon the adjacent shore line of dredging a navigatin channel
acrogs a portion of the Humboldt bar and of widening ard (iopening the
existing navigation channel between the Humboldt Bay Jettses. In
addition; the erosion of Point Humboldt in Humboldt Bay iac been
studied with a view toward reducing the shoaling of the 1elds Landing
Channel even though no improvement of this channel is privosed at
the present time,

2. Ares gonsidered. The Pacific Ocean shore lin: from the
mouth of the Mad River to the mouth of the Eel River, a distance
of approximately 22 miles, and the interior chamnels -.n Humboldt
Bay have been considered within the scope of the stucy. Due to the
different nature of the areas considered, the study '~s been made
in two parts; the first part considei's the ocean shcre linej and
the second part, the erosion of Point Humboldt, Hum'0ldt Bay.

AN _SHORE LINE

PRIOR REPORTS

3. No prior reports on the effect of shore :tructures in the
immediate vicinity of the entrance to Humboldt Bay have been published.
However, reports of the studies of the Entrance Channel conditions
are contained in the Ammual Reports of the Chief of Engineers for
the fiscal years 1880 to 1899,
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DESCRIPTION

4o OSfghors depth chapges., Humboldt Bay ie separated from
the Pacific Ucean by two low sand spits known as the north epit and
the gouth aspit. The entrance channel, from the ocean to the Bay,
lies between the ends of these spits. The morth spit, whick is about
one~half mile wide and ten miles long, is flat end barren near the
goutherly end, but rises gradually to the north to heavily wooded
sand dunes. The south spit is narrow, low, and barrem, varying in
width from 300 to 3,000 feet, and extends south about four miles
to Table Bluff, a high ocean headland which marks the southern ex-
tremity of Humboldt Bay.

5, Prior to the construction of the original jetties in 1888
at Humboldt Bay, a sandy shoal area, kmown as the "breaker flats®,
extonded across the seaward side of the inlet between the spits.
The channel across this shoal, or bar, veried in depth and rosition
from year to year. An early edition of United States Coast and Geo-
detic Survey Chart 5832, published in 1886, and based on a hydrographic
survey made between 1870 and 1884, indicates that the bar was located
shorezard of the 18 foot depth contour. In the vicinity of the inlet,
the depth contours seaward of the 18-foot depth were farther seaward
than elsewhere, but the depth contours seaward ef the 30-foct depth
wara, in general; parallel to the shore line exterded.

6. During the period of jetty semstruction, 1888 to 1899, the

"oreaker flats®™ disappeared and the offshore ocean depth contours,

the vicinity of the jettied entrance to Humboldt Bay, shifted
geavard by varying amounts. The latest edition of Chart 5832, based
on surveys made in recent years by the United States Ccast and Geo-
detic Survey end the Corps of Engineers, shows that the crest of
the bar is from 2,500 to 4,000 feet seaward of the seaward ends of
the jetties, Comparison of the depth contours seaward of the entrance
to the Bay, shown on the 1886 edition of Chart 5832 and the latest
edision of the same chart, indicates a considersble seaward shift,
For uxample, it ie estimsted thet {kz maximum geavward movement of
the €0=foot depth contour during the pericd from about 1877 to 1948
wag 2,500 feet, In recent years, hcwever, the bar has bsen relatively
shable end; zxcent for alierncte ssaward end shoreward movements
of the bar crest, the positlon of the bar with relation to the jettied
entrance has remained about the same.

7. The original Jetties, which had & crest elevation of +10
to ¢12 (MLLW), doteriorated rapidly umtil they were almost obliterated,
end, coincidentally therewith, sand accumulated in the entrance.
In 1914, practically the entire length of the north jetty was below
mean lower low water, and the south jetty, which in 1911 had 2,400
feet of its seaward end below water, was belng rebuilt. The rebuild-
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ing of the south jetty was completed in 1916, and the north jetty
was rebuilt to within 500 feet of the ultimate seaward end in 1917,
Both jetties were rebuilt to a crest elevation of +18 (MLLH).

HISTORY OF SHORB-LINE CHANGES

8. A study of the changes in the shore line along the Pacific
Ocean between the Mad River and the Bel River has been made by come
paring the location of high-water shore line determined from surveys
made by the United States Coast and Geodetic Survey and the Corps
of Engineers, The surveys used in the comparison were mede in 1854,
1870, and 1929 by the United States Coast and Geodetic Survey, and in
1911, 1919, and 1940, by the Corps of Engineers. The changes are
shown on Figure l.

9, Between 1854 and 1870, the period prior to jetty construc-
tion, there was no significant change in the position of the high-
water shore line. Alternate accretion and erosion is indicated on
the north spit for a distance of about five miles northerly of the
present north jetty. Erosion occurred at the northerly tip of the
south spit,

10, Comparison of the 1870 and 1911 surveys shows a seaward
shift of the highowater shore line from the north jetty to a point
about 4,200 fest north of the north jetty, the maximum seaward mova-
ment being about 1,200 fest. North from this area of accretion to
the northerly limits of the 1911 swrvey, a 4;600-foot length of shore
shows erosion, with a maximum shoreward movement of approximately
400 feet. South of the south jetty to the limits of the 1911 survey,
a total distance of about 5,600 feet, accretion occurred. The maxi-~
- mum seaward movement of the shore line occurred on the south side

of the south jetty where the shift amounted to approximately 2,400
feet, From the south jetty the movement tapered gradually to éOO
feet at the southerly limit.

11. The 1919 suwrvey delineated the shore line for only about
3,000 feet on each side of the jettlies. The portion of the shore
line shown by this survey is farther seaward of the 1911 position.
North of the north jetty the seaward movement tapered from a maximum
of 3,000 feet at the jetty to 500 feet at the northerly limit. South
of the south jetty the seaward shift varled from a maximum of about
;oigi {eet along the south side of the jetty to 300 feet at the southerly

12. The 1929 position of the high-water shore line immediately
north of the north jetty was about 500 feet farther seaward of the
1919 position. South from the south jetty there was a 100=foot move-



ment shoreward along a 1,200-foot length of shore; bsyond which there
was no apparent change betwsen 1919 and 1929.

13, During the period 1929 to 1940, the shore 1line north of
the north jetty moved shoreward, tapering from about 325 feet immed-
iately north of the jetty to zero at a point about 2,300 fest north
of the jetty. North from this point for a distance of 12,000 feet,
accretion is indicated, the maximum seaward movement amounting to
200 feet. Beyond this arsa of accretion for a distance of about
14,000 feet there was no significant differemnce in the 1929 end 1940
positions of the shore line; except along a 3,500 foot length where
the 1940 position is shown 200 feet shoreward of the 1929 position.
From the south jetty to a shore point about four miles south of the
Jetty, the 1940 position of the shore line is shoreward of the 1929
position by varying amounts. A maximum ghorsward movement of about
400 feet occurred adjacent to the jetty.

14. The 1870 and 1929 surveys are the only two which completely
delinecate the shore line from the mouth of the Mad River to that of
the Eel River., Comparison of these two surveys shows that the 1929
position of the shore line is farther seaward than the 1870 positiomn
for 10,5 miles of the approximately 13 miles between the north jetty
and the Mad River by amounts varying from 50 to 3,800 feet. The maxi-
mun geaward movement has occurred immediately north of, and adjacent
to;, the north jetty. The only erosion;, or shoreward movement of ths
high-water shore line north of the north jetty indicated during this
50-year period begins at a point about 3 miles north of the north jetty
and extends for a distance of approximately 2.5 miles, the maximum
shoreward movement amounting to 200 feet,

15. The 1929 position of the ocean shore line of the south
spit is seaward of the 187 position from the south jetty, where a
3,000 foot seeward movement is indicated;, to a point on the shore
geaverd of Table Bluff; or about 4.5 miles southerly of the jetty,
at which point the 1929 and 1870 positions intersect. South of this
point to the mouth of the Eel River, alternate stretches of erosion
and accretion are shown, The maximum ghoreward movement, of approxi-
mately 320 feet, occurred in the vicinity of the mouth of the Esl
River and consisted of a shoreward migration of the Eel River Spit.

16, The net change in the position of the high-water share
line in the vicinity of the jettied entrance to Humboldt Bay during
the period 1870 to 1940 is an advance seaward both north of the north
Jetty and south of the south jetty. Thie seaward movement occurred
along an approximate 3-mile reach of the north spit measured from the
north jetty, and varied from a maximum of 3,400 feet adjacent to ths
Jetty to zero, 3 miles north of the jetty. South of the south jetty
the ssaward movewent extended along & 3.5-mile reach as measured from

the jetty. The meximum esewsrd adwnce of 2,600 feet occurres sdjacend
to the south jetty.
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WAVES

17, A study of wave action in the vicinity of the Humboldt
Bay jettles was made by means of refraction disgrams. The character~
istics of the waves used for the dlagrams are for waves occurring
most frequently as shown in the Scripps Institution of Oceanography
®Rave Report No, 68". The diagrams were constructed for present
conditions of the bar seaward of the jetties arnd for an assumed con-
dition in which the depths over the bar and areas adjacent thereto
were increased to 40 feet. The refraction diagrams indicate that
for present conditions waves are affected by the seaward submarine
slope of the bar so that some wave convergence occurs before waves
reach or pass over the bar crest. The crest of the bar produces
additional convergence so that waves either break on the bar or ad-
vance toward the jettled entrance considerably higher than waves in
comparable depths elsewhere, The refraction diagrams also indicate
that waves advancing from any direction south of west-northwest will
tend to produce upcoast littoral drift elong the south end north spits.

18, Waves with a height of 10 feet or greater, occurring most
frequently in the Pacific Ocean area in the vicinity of Humboldt
Bay, have an average pericd of 9 seconds. For this period the depth
over the bar; assumed as 20 feet; has little effect on the wave height
so that the effect of refraction determines the height of waves sea-
ward of the jetties. Waves having a period of from 12 seconds to
16 seconds are increased in height from 15 percent to 30 percent,
respsctively, by the bar. This increase is in addition to the effect
of refraction,

19, Comparison of the refraction diagrams constructed for present
conditions with those drawn for an assumed depth of 40 feet over
the bar indicates that no appreclable reduction in the height of
9=-gsecond waves would occur with an increesse in depth over the bar,
The reason for this is that the seaward slops of the bar, in depths
greater than 40 feet, causes wave convergence before the 40-=foot
depth is reached. However, tle increase in depth would permit prac-
tically all 9-gecond waves from the northwest and the west to pass
over the bar without breaking. Present depths over the bar cause
northwest waves and west waves to break when the deep=water wave
helght is about 12 feet and 15 feet, respectively. For waves with
periods of 12 seconds or greater, the comparison indicates that a
bar depth of 40 feet would result in e decrease in wave height in
the vicinity of the eatrance channel. For example, a l2-gecond wave
from the northwest now breaks on the ber when the deep-water wave
height is about 9 feet or greater. When the depth over the bar is
increased to 40 feet; 12-second northwest waves Go not break on the
bar. These waves are reduced in height about 12 percent at the bar
and about 7 percont near the jettied entrance.
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LITTORAL DRIFT

20, Surveys of Humbcldt Bay Entrance Chennel in 1ts natural state
(1851 to 1883) show that it was a typical migrating bar channel,
shifting radially through a regular cyclical pericd from the norih
to the south, and upon reaching the southern extremity of the bar,
reopening suddenly at the north end to repeat the cycle., Swrveys of
1851, 1858, 1870, and 1875 show the position of the chamnel in various
phases of the cycle. Surveys of 1881, 1882, and 1883 show the rate
of annual change. Study of all the surveys over this 32-year period
indicates a usual cycle of about 5 years for channel migration at this
inlet. This phenomenon is a clear indication that the predominant
direction of littoral drift is from north to south. A comparison
of perlodic surveys of the Humboldt Bar and Entrance is shown on
Figure 5 of this appendix.

21, With the inauguration of jetty comstruction in 1890, there
began a series of interruptions in normael littoral transport. With
each increment in length of the jettles the bar wes pushed seaward.
Consequent decrease in offshore depths caused the shore to advance
on each gide of the inlet. Interspersed with progressive lengthening
of the jetties was their periodic partial destruction by storms.

The periods during which the jettlies functioned as lmportaent littoral
barriers were relatively short and in each case ended when littoral
transport was resumed in normal volume elther through or around the
joetties, Greater advance of the north shore as compared with the
south illustrates the effect of dominance of downcoast drift during
these periods when the jetties were functioning as littoral barriers.
In 1917 the north jetty was rebuilt to within 500 feet of its ultimate
seaward end. Based on surveys made since that time it is estimated
that the annusl rate of downcoast littoral drift is at least 500,000
cubic yards.

22, In 1934, a channel 35 feet deep and 500 feet wide was dredged
across the bar., A study of the shoaling of this channel from October
1934 to Msy 1945 indicates that the average annual rate of shocaling
was approximately 29,000 cubic yards during the 103=year period.

The maximum and minimum annusl rates of shoaling in the channel were
113,000 cubic yards and 16,000 cubic yards, respectively.

IMPROVEMENTS PROPOSED

23. The improvements proposed for the entrance to Humboldt
Bay conelst of deepening and widening the Bar and Entrance Channel
to a depth of 40 feet and a width of 1,600 feet at the entrance,
tapsred to 500 feet between the jetties as shown on the plan of im-
yrovement msap, Enclosure 1.



DISCUSSION

24, BExcept for periodic migration of the ends of the morth spit
and of the south spit at the inlet to Humboldt Bay, the history of
shore-line changes prior to jetty construction indicates that the
ocean highowater shore line in the vicinity of Humboldt Bay was geo-
logically stable. The inlet channel varied in position and depth
across the bar which, for the most part, lay shoreward of the 18-foot
depth contour,

25. Since construction of the jettles in 1888, the Humboldt
bar has shifted and reformed seaward of its 1870 position, and the
ocean high-water shore line along the north spit has shifted seawerd.
The seaward advance of the north splt shore line was most pronounced
upon reconstruction of the north jJetty in 1917. The position of the
ocean shore adjacent to the entrance to Humboldt Bay indicates that
the predominant direction of littorel drift is from north to south,
or domncoast. A measurement of the accretion north of the north
Jetty shows that the annual rate of downcoast drift is approximately
500,000 cubic yards. The shore line south of the south jetty also
advanced seaward. However, it is believed that without the effects
of offshore shoaling and frequent resumption of normal transport,
serious erosion of the south spit would probably have occurred.

26, The Humboldt bar is believed to be characteristic of those
which form at tidel inlets, created end fed by littoral material,
and serving as the path by which the littoral materlal mskes its
way eround the inlet and continues its passage along the coast.

The position of the Humboldt bar relative to the seaward end of the
Humboldt jetties has been maintained in recent years, and this seems
to be indicetive of the fact that the bar has reached a state of
equilibrium,

27, 4s stated above; the bar is now beslieved to be approximately
stable, and the inlet beiween the end of the south jetty and the
goutheast end of the bar 1s stable except as the tidel range varies.
Substentially all littoral drift is passing the entrance and is main-
tairing the south spit and downcoast shores. If the inlet is enlarged
to the dimensions prorosed, littoral drift will encroach on the channel
and will be dredged as maintenance. Because of the very severe wave
action which prevails in this coastal area, it 1s believed that the
volume of material movement in depths more than 30 feet is much greater
than exists at less exposed coastal areas. Material deposited in
depths of 30 to 35 feet, at a location 3,000 to 5,000 feet south of the
south jetty would; it is believed, resums normal downcoasst littoral
transport. If littoral material dredged from the chammel is deposited
in water deeper than 30 to 35 feet the material will remain, and the
gouth gpit will erode a corresponding amount.
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28, 4lthough the crnual rate of downcoast littorel drift is
estimeted to bs in the order of 500,000 cublc yards, the meximum
annual shosling rate of record during a previous sttempt to dredge
a chamnnel through the bar was conslderably less than 500,000 cublc
yards. Depth and width of the earlier dredged chennel were somewhsat
less than those proposed in the improvement now belrg considered, and
it is probable that a substantial part of the littoral material moved
across the channel. Likewlse; a portion of the littoral drift may
be expected to move across the larger channel now belng considered.
On a coneervative basis the annusl rate of shoaling in the proposed
enlarged Bar and Entrance Channel is estimeted to be 400,000 cubic
yards.

CONCLUSIONS
29. It is concluded that:

a. The predominant direction of littoral drift in the
vieinity of Humboldt Basy is believed to be from north to south; or
downcoast. The average amnnusl rate of downcoast littoral drift is
estimated to be in the order of 500,000 cubic yards.

bo The Humboldt bar is at presemnt in equilibrium and serves
as a path by which the littoral drift makes its way around the jettied
inlet to maintain the south spit and downcoast shores.

c. The proposed Bar and Entrance Channel will requirs
maintenance dredging of spproximately 400,000 cubic yards annually.

d. The proposed improvement will have no harmful effect
on the adjacent shore line provided the littoral material dredged
as naintenance 1s deposited south of the entrance in a depth not
greater than 30 feet.

ART II -~ ERO

FRIOR REPORTS

30. There have been two reports on the erosion of Point Humboldt
(also knowm as Buhne Point), Humboldt Bay, Californis. One, dated
May 31, 1929, was written in response to a letter to the Chief of
Engineers from the Honorable Clarence F. Lea; Representative in Congress;
lst California District. The second report, dated March 7, 1930,
was submitted 1n compliance with a resolution of the Committee om
Commerce of the Senate, adopted December 24; 1929; which reads in
narys

128



Thet the Eoard of Engineers for Rivers snd Harbors

be ené is horsby recuested, to review the report on
Humboldt llarbor and Bay, Caelifornia, submitted in
House Document No. 755, Sixty-ninth Congrees, Second
Sesgion, with a view to determining the effect of the
jetties on the erosion of Point Humboldt, the effect
of such erosion on navigable channels and the best
method of shore protecticmn,

31, The first report discussed the changes in the shore line
at Point Humbcldt during the period 1854 to 1929 but mede no recom-
mendations. The review report on Humboldt Harbor and Bay concluded
that the construction of the jetties had accelerated the rate of ero-
sicn of Point Humboldt, but that erosion wes going on before the jettiles
were built and would have continued kad they not besen constructeds
that the erosion of Point Humboldi did not appear to have acversely
affected the chennels in the Bay to any great extent; that protec-
tive works nust ultimately be bullt to prevent further erosion of
the Point, but recommended thet no modificetion to authorize such
works be included in the project for Humboldt Harbor and Bay.

DESCRIPTION

32, Humboldt Bay and the entrance thereto are fully described
in the text of the maln report, in which there is also a map showing
the location of Poini Humboldt with reference to the entrance to
the Bay (enclosure 1), Point Humboldt is a kmoll on the eastern shore
of Humboldt Bay directly opposlte the Jettled entrance to ile Bay,
and 18 about five miles south of the town of Eureka. The present
height of the knoll is slightly greater thsn one hundred feet at
the highest point. The bayward slope of Point Humboldit is steep and
precipitous, its tco forming the high-water line. Shoreward of the
highest roint of the lmoll, the grownd slopes gently and graduelly
into & lew, flat area that has a height of about ten feet atove mean
lover low water. A sand spli, kmown locally as Buhme Spli; extends
southwesterly from Point Humboldt, the Spit verying in size and posi-
tion from year to year.

GEOLOGY

33, The erea adjacent to Point Humboldt is comprised ¢f alluviume
filled valley floors between ridges of Pllccene marine deposits.
Ferther eastward; older rccka of the Franciscen formstion are present.
Point Humboldt is part of the Pliocene marine sediments and is made
up of inter<bedded layers of fine-grained; reddish to buff-colored
sandstone and blue mud rock, This formation is known to underlie
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the area 10 the east and south from the logs of wells put dewn im
gearch for oil and gas. The structure of the beds indicates that there
is a broad enticlinsl fold whose exis trends NW=SE and in general

lies between Elk River on the north and Salmon Creek on the south. A4
fault follows the trend of the Salmon Creek Valley.

34, Point Humboldt is probably the last remnant of a cnce-more-
extensive socrles of beds extending over the area. The flocod plains
adjacent to the knoll or bluff are made up of softer sedimentary
rocks which have already been eroded to the grade of the present
streams. The material comprising Point Humboldt l1s a relatively
soft materisl; easily ercded by wave action.

SHORE-LINE CHANGES AT POINT HGBOLDT AND VICINITI

35. A study of changes that have occurred in the shore 1line
in the vicinity of Point Humboidt has been made by comparing the
location of the high~water lines shown on United States Coast and
Geodotic Survey and San Francisco District, Corps of Engineers; maps.
Maps, from surveys made in 1854, 1870, and 1903 by the United States
Coast and Geodetic Survey and from surveys made in 1891, 1911, 1926,
1929, 1931, 1939=40, and 1946, by the San Francisco District, are
availeble, These surveys wore plotted to @ common scale and the
high-water lires are shom superposed on Figure 2.

COMPARISON OF HIGH-WATER LINES

36. The position of the high~water lines shown on Figure 2
indicetez thst during the 92-year period, 1854 to 1946, the shore
line at Point Humboldt and points northeasterly and southwesterly
thereof; has receded shoreward by smounts verying from 1,000 to 1,250
feet. The rate of this erosicn has not been regular during equiva-
lent intervals of time, but except for the position of the 1903 high-
water line, puccessive positicns of the shore lino at Point Humbolét
are genorally shown as having moved farther shorewiard. The 1911 sur-
voy Indicates that Bunne Spit dlsapicared entlrely except for & smell
islet at the southwestern tip of the spit., The 1926 survey shows
the spit to have reformed 600 to 800 feet farther shoreward than its
position in 1903. During the pericd 1926 to 1946, Buhne Spit, be-
ginning et a point about 900 feet southwest of the bluff, advanced
bayward as much as 400 feet. It 1ls also to be noted that during
the perled 1926 to 1946 the erosion of the shore line just o the
northeast of the knoll, or bluff, haes been much greater than during
the poriod 1854 to 1926; a recession of 1,000 feet having occurred
during the last 20 years compared with about 150 feet during the
72 years from 1854 to 1926, During the period from 1939 to 1946,
1t is estimated that 866,000 cubic yards of msterial were eroded
from Point Humboldt.
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ELK EIVER SPIT

37. Successlve surveys made since 1911 show the formatlon and
advance of a gpit springing from shore &t a point just south of the,
mouth of the Elk River, In the 35 years from 191) to 1946, the splt
has advanced a dictance of about 6,200 feet in a northerly cdirection
parallel to the shore line. The 1946 survey shows the bzywerd tip
cf the spit to be about 1,400 feet wide and that its baywarc edge
is from 300 to 1,100 feet farther out in the Bay than it was in 1939,
It 1s estimated that the net accretlon at Elk River Spit between
1939 and 1946 emounted to 461,000 cubic yards.

DEPTH CHARGES IN HUMBOLDT DAY

38. Depth chenges in Humboldt Bay in the vicinity of Point
Humboldt,; Buhme Spit, and Blk River Spit,; vere studied by ccmparing
hydrographic surveys made in 1670, 1239=19/40, and 1946, The net
change in the posltions of the 6=, 12~, enc¢ 18-foot depth ccntours
in the area east of the jetiied chammel between Point Hirmboldt and
Elk River Spit; between 1870 asnd 1929, are summarized in the follow-
ing subparagraphs:

a. 6=foot depth. The 6=Toot depth contour advanced shore=
mard along e line about 3,200 feet long extending northezsterly from
a point roughly 1,000 feet west and bayward of the present chors
line at Point Humboldt. The msximum shorevard movement occurred
o?f Point Humboldt and was sbout 500 feet. Erosicn occurred along
the east edge of the present deep-water channel connecting with the
Eurcka and Szmoa Channels. In the vicinity of the prescit tayward

tip of Elk River Spit, the 6-foot contour moved bayward ulong a 4,000~

foot section, the maximum movement emounting %o 6C0 feets. & deep
area; wiﬁh & maximum depth of 43 feel, east of the mein chsnnel end
lying betwecn Elk River Spli and Point Humboldt 1z showm by the 1939
SUrvey to be elmost entirely filled, the 6-foot ccmtour :aving moved
nurunerly about 7,000 feet.

. Ja-foot denth. IExcept for eromion; or sco:r, along
tie east edge of the deep-water chamnnel lesding to Eurela and Samoa
Channels, the 12-foot contour noved hayward, indlcating deposition,
in the area between Polint Humbcldt and Elk River.

c. 18-foot depth. Along the sast side of the deep-water
channel connecting with the Fureke and Samca Channels, he 18-foot
depth contour moved easterly. In the area bstween Point Humboldt
and the Elk River, the 18=foot depth contour moved bayward.

b

|
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d. Ths significant changecs in the water area betisen Point
Fumbeldt and she present pogition of Elk River Splt duriag the psried
frem 1870 %o 1940 were a widening of the deep~wator chernel connccting
the Bureka asnd Ssmoa Chsnnelg, brought sbout by scour along the east
edge of the chammel; the filling-in of a deep area located between
Point Humbold’ and the present tip of Elk River Splt; ard a bayward
movement of the 12- and 18-foot depth curves off Point Fumboldti.

39, Comparison of the 6, 12=, 18-, and 24-foot depth contours
for the 19351940 end 1946 surveys, as chown on Figure 2, indicates
thet in the area between Point Humboldt and Elk River Spit; approxi-
mately opposiie the entrance chamnel, the 6=foot to the 24-I’ocot depth
contour moved shoreward. The shoreward movement of the 6<foot depth
contour was the most extensive. In two arcas, one on the east side
of the deep-uwater channel north of the entrance to the Eay, the second
bayward of the northern end of Elk River Spit, the 6=foct to 24-foot
depth contoure have advanced baywsrd. In the first area, a shoal
less than 6 feet in depth 1s shown detached from {he 6-foot depth
curve, and the 12-foot depth contour has moved a maximum of 300 feet
along a 2,000-fcot length. The corresponding movements for the 18-
and 24~-foot curves were 100 feot and 12C feet; respectively. In the
socond ares. the greatest movements of the depth contours occurred
near the north end of Elk River Spit. 4t this point, the 6-foot
contour shifted 500 feet while the 12-foot and 18-foot contours moved
about 350 and 200 feet, respectively. The movement of the 24=foot
contcur was not as pronounced and only extended over a €00-foot length.
Betwoen these tvo areas, along a 2,000 foot length of the eust edge
of the deep-wziter chemnel, sccur occurred; and the 6~ to 24~foot
depth contours moved easterly toward the shors. The maximun movement
was 300 feet snd 150 feet for the 6-foot and 24-foot depth contours,
respectively. During the 6-year perlod, it is estimated that there
was a net lose of 543,000 cubic yards of material in this area.

FIELDS LANDING CHAKNEL

0. Fiolds Lencing Chepool dn the yeinity of Bubmg Spdde Cone
dition surveys of the Fields Lending Channel in the vicinity of Buhne
Spit were compared and studied to determine whether the spit was en-
croaching on the channel. The swrveys selected were mads af'ter the
channel was dredged and before subsequent redredging, Figure 4 1s
a comparison of surveys made in 1935 and 1937, and surveys made in
1943 and 1944. Both comperisons chow that shoaling, or movement of the
depth contours toward the chanrel; occurred in the vicinity of Bulme
Spit. Dredging records also irdicate that Ficlds Landing Clannel
has & tendency to shoal in this area from yeaxr toc year. This shoal
has earned the name of Buhne Spit Shoal.
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4%, Middie Gronad Shoal. Auother arca of recurvernt shosling
15 at the entrance to the Fielids Lending Channel. This area iz known
ag ¥Middle Gromd Sheal, Tho tondency here is for shoaling 4o gcecup
complesely across tie channel. This area is shown on the vicinity
rap on Figure 4.

TRIBUTARY STREAMS

42, Trree streams (Clark Slough, Elk River, and Salmon Creek)
enter that part of FHuuboldt Bay south of Gunther, or Indian, Island.
Clark Slough, & tidal slough, drains gn area of about one squars mile.
Elk River end Selmon CGreek drain arecas of about 54 and 17 square miles;
respectively. In so far es is kaown, nc measuremsnts have ever beem
made of the detrlius carried into Humboldi Bay, by either Zik River
or Salmon Creek, during flood periods. Al one time the area drained
by both strecams was oxtensively logged. At the present time, Elk
River dralns an arez comprised, for the most part, of ssccnd-growth
timbvr lands cn which selective logging is now practiced. ELven during
flood periocds; Elk River is scldom asble to break through Elk River Spilt,
&everal attempts have been made to provide a channel acress Elk River
Spit but ths River has not been competert to maintain such & channel.

- 43. Salmon Cresk, at preuent; also drains a heavily timbered
region so Lhat 1t would be reascnable to expect that the siream
greleg very little debrils. The ovmer of land adjacent to Salmon
Creck, at its mouth, has constructed catchment works in an attemp$
to collect the debris carvied Ly the Creek during floods in order
to build up his lend. The works, consisting of leovees and tide gates,
have bpen in operatlon for the past five years.

RAVE ACTIOK

L4 Tre eestern shere of Humboldt Bay, from Buhne Spis to Eik
River Spli, is exposed o ocesn waves., These weves enter Jumboldi
Bsy through the jetlisé entrance chsnnel. Aerisl photogranhe of
the Bey iA the vieinity of the entrance chammel show waves tnmungn
ing on Point Hunboldt in a menner likely to cause sand movement both
to the norith end to the south of the point., The faet that Point
Huamboldt is siill eroding lndlcates that the waves not caly under-
mine the clifis but, aided by 4idal currenis, also remove the material.

SOIL SAMPLES

| 45, Areas sampled. Mechanlcal analyses were made of soil samples
obtained from a number of areszs in Humboldt Bay. 4 description of

the semples obtained in each of the areas is given in the following
subparagraphs.
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& , wer Suil,  Samples were oL i the upper
swme inches of tre Blk River Soib along the lerz Spiu el the
£:51

ngen uide 71hee Five oi' the zoven pemples corsisied of coR1'se 0 Very
Tine cchesi.m Zray ‘CL Wh only & troce of shell. These pamples
had a medlen dismeter of 0,25 nillimeter. The remaining two ssmples
consisted of & mizlurs of cuh,umonleas urqs sand end roundec gravel.
The median disaeter of the miziure was 0.42 millimeter. The specific
»avify of ezch of the semples was 2.68.

b. Peint Hanbeldt, Senples werc taken from the face

f tae blufi ead from the top of Point Humbolét. These samples
consietad o{‘ 2 mixture of cohetionless gray ard Dblack sand, and

omaci, moiot, blulshe-gray coloyey silt with klulshegray cley pockets.
Tac median Jdiencters of theze cemples varied from 0,024 to 0.28
m.g.lj.im:bm:'c San vles ohlained irom the top of Point Humboldt con-
cloted of soft to compoot brown cleyey silty ard clay with plant roots.
The medlan cu.amctc:ws ot the top somples variled from 0.014 %o 0.035
m.fillme e

|

\ e Bukng Snli. The samples obieined from Buhne Splt were
takeon from the vpper two inches of the Spit at the meen tide line.
The samples ceacisted of coarszc o very fine sand, gray o black
in color, vwitk e trace of ghell, The medizn diemeicr of the samples
was 0,25 nilliseter,

d: 3¢ wldi.  The samples obtzioed from the meen tide
line 2lonyg the Scubth Spit consishcd of cosrse to fine gree sand with
gone black ssnds. The medien dismeter of the gamples was 0.25 millimetsr.

} @. Shoeip pnf, flaiy. Offshore eres semples were taken

naar Elk River Spivu, Bubne Spit, crd the Scuth Spit. Etespt for
TR0 samplse obtalnad in sheliou wster northwest of Euhne Spit, the
ateel al obieined was cohesionless grey send, renging fiom very fine
) zoarge, with o median digacter of from C.25 0 0.42 millimeter,

& trace ol & 1.L was ¥ cwd in ceveral ssmples. The samples obteoined
in ghzllo Shyzet of Dulme Splt consizted of i, shi=gray,

|
clayoy Hu £xd c-'z‘:vtxmz.c "J&G-Sef'; and blm.&hvu.z-a'r sllty sand with
k<]

picees of broun shale, Gradn cize of both samnlee ranged from very
fine sand to clay; wedisn dlanzters varied frca C.CL5 to 0.025 millineter.

-

L 46 Sunmary of pell S-mﬂimméu Fith the sxzception of the samples
obba;neﬂ at Foint fwaboldt and in skallom wate: baywerd of Euhne

Spit, the samplae congicted of sandy material aith a wrace cf shell.
In dddihlun the Eik River Spit ﬂﬁmklea contaiacd some gravel. The
topaoll of Point Dambolét is ocmpu ed of claye7 silt and organic
materisl. The bayvard face of Point Humboldi is composed of a mixe
turs of sand ex@ clay. On the basis of the soll semple analysis

it is estimated thet from 30 percent to 90 percent; or an averages,
sdy, of 50 percent, of the material composing Point Humboldt would

be sultable beach material.
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DREDGING IN HUMBOLDT BAY

47. The main channels to Eureks and Samoa, in the northerly
pert of Humboldt Bay, are relatively stable and, except for dradg-
ing to new project depths, have required wery llttle maintenance dredg-
ing since 1930 when compared with the maintenance dredging of the
Fields Landing Channel., During the period July 1940 through June
1947, a total of about 37,000 cubic yards were dredged from the
Eureka and Samoa Channels, while about 556,000 cubic yards were
removed from the Fields Landing Chamnel,

PRIOR PROTECTIVE ACTIOR

4B, Several attempts were made to protect the low area north-
east of Point Humboldt by timber bulkhesds. These attempts proved
unsuccessful as wave action undermined and washed out the structures.
No further attempt to rebuild these bulkheads has been made since
about 1935. The Northwestern Pacific Rallroed Company’s right-of-
way parallels the Humboldt Bay shore line, starting at a point north-
east of Point Humboldt and extending to the Elk River. By the plac-
ing of random riprap and the comstruction of bulkheads composed of
old railroad ties; this company hes been asble to masintain its right-
of~way against wave action. The maximum weight of stone used for
riprap is approximately 5 tons.

9. In 1948, Buhne Spit was subdivided and developed as a
small-boat anchorage. Since then, the local property owners have
been forced to protect the Bay side of the spit from wave action,
and have placed miscellaneous riprap along the Bay shore.

DISCUSSION

50, There are four possible sources of the material shoaling
Flelds Landing Channel. These are: (a) sediment brought into the
Bay by tributary streame; (b) readjustment of materiml within the
Bay by scouring of slopes and/or erosion of banks; {c¢) 1littoral
materiael deposited in the channels by waves and tidal currents or
by winds; and, (d) material eroded from Point Humboldt. Dus to the
nature of the areas drained by, and the size of the streams enter-
ing, Humboldt Bay, the amount of sediment carried by these streams
is congidered insignificant.

51, The most marked reedjustment within the Bay in recent years
occurred in the shallow-water area between Point Humboldt ard Elk
River Spit and at the Elk River Spit. The historical change in the
water area has been one of shoaling., However, during the period
1939 to 1946 there was a net less of approximately 543,000 cubic
yards of bottom material in the water area, or about 78,000 cubic

L
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vards annually. Elk River Spit has been sdvancing northerly since
1911, and in the pericd 1939 to 1946 there was an accretion of
461,000 cubic yards on the Spit, equivalent to about 66,000 cubic
yards annusily.

52, Littoral material may be deposited within the Bay by waves
and tidal currents or by winds. The relative stabllity of the Humboldt
bar and of the shore line of the South Spit, however, seems to in-
dicate & fairly constant supply from littoral sowrces; so that any
1littoral materials deposited in the vicinity of the jettled chamnel
ultimately are redeposited on the bar or move past the jettied entrancs.

53. Point Humboldt has a history of erosion. In 1930 it was
estimated that 2,500,000 cublc yards of material had been removed
from the Point since 1854. Between 1930 and 1946, an additional
1,474,000 cubic yerds were eroded. The average rate of erosion between
1939 and 1946 was approximately 124,000 cubic yards per year. Of
the total amount of material eroded, it is estimated that about
50 percent is coarse enough to settle out and cause shoaling in the
Bay. Therefore, Point Humboldt mey be considered to have contri-
buted about 62,000 cubic yards of shoaling material annually during
the periocd 1939 to 1946.

540 The average annual rate of shosling in Fields Landing
Channel during the reriod 1940 to 1947 was about 80,000 cubic yards.
The total measured losses and accretions in the viecinity of Point
Humboldt are 140,000 cubic yards and 146,000 cubic yards, respectively.
The close sgreement between the two sums would seem to indicate
that the shore line and offshore depth changes in the vicinity of
Point Humboldt are local in character. It would also seem taat
the material shoaling Fields Landing Chsmnel is derived eithsr from
Point Humboldt, from the water area between Point Humboldt and Elk
River Splt, or from both areas.

55, It is believed that the erosion of both ths offshore area
near Point Bumboldt znd the point, itself, is due %o wave action
aided by tidal currents. Waves entering Humboldt Bsy agitate the
bottom material and then continue on to undercut the bluff and ad-
jacent shore line, The coarser materisl ercded is transported by
waves and currents to both Buhne Spit and Elk River Spit. Buhlme
Spit is considered only a temporary reposltory, and waves and currents
eventually carry the materisl to the deeper waters of the Fields
Landing Channel.

56, If this analysis ie correct, the shoaling of Fields Lande
ing Channel could be materially reduced by either revetting the shore
line at Point Humboldt or by a barrier groin springing from a suitable
point om Buhne Splt, provided the work could be economically justified,
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The revetment would extend from the southerly end of the structures
' now protecting the railroad right-of-way to the southwest side of
Poiant Humboldt, a distance of approximately 5,200 feet.

57. The barrier groin, springing from Buhne Spit, would extend
bayward about 1,200 feet to the 12-~foot depth contour. Both the
revetment and the groiln would stsbilize the eroding shore. The
groin, in addition, would impoiund materlal carried by the last remnant
of the ebb flow from the north Bey which, considering the relative
sizes of the north and south Bays, would continue after the flood
had started both in the jettied entrance and in the Fields Landing
Channel.

58, Although it is bslisved that the barrier groin would reduce
the ghoaling considerably in Fields Landing Channel; such an effect
could not be expected immediately. In some respects the barrier
groin would be an experiment and, if a 1;200-foot length of groin
can be economically justified; it would be well to comstruct only
a 600=-foot length of groin initielly. Should the 600=foot section
prove succeesful; then the groin could be extended to its ultimate
length,

CONCLUSIONS
59. It is concluded thats

g The principal sources of the materisl shoaling Fields
Landing Channel are Point Eumboldt and the shallow-water area between
Point Humboldt and Elk River Spit.

bo The materisl eroded from these sources 1s deposited in
the Fields Landing Channel by wave and current action.

¢o The shoaling of Flelds Landing Channel could be mater-
ially reduced by either revetting a 5,200-foot length of the shore
line of Polnt Humboldt or by the construction of e 1,200~foot barrier
groin springing from Buime Spit.

do. Both the reveiment and the barrier groin would stabi-
lige the eroding shore at Point Humboldt, and the groin would, in
addition, impound material erocded from the shallow-water area between
Elk River Spit and Point Humboldt.

e, Subject to the economic justification of the full
1,200=foot length of the barrier groin, a 600-foot length of groin
should be constructed initially.

- fo If the initial length of groin proves successful, the
barrier groin should bs extended to its ultimate length.
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APPENDIX B
OCEANOGRAPHY OF COASTAL HARBORS

This eppendix has been reproduced from the following
document:

0'Brien, M,P,
n. do [Oceanography of Coastal Harbors.] On file
Uo S. Army, Corps of Engineers, Beach
Erosion Board, Washington, U, C. (Unpublished.)



HIMBOLDT BAY:

Humboldt Bay is formed of two tidal basins, of which the larger ome
is north of the entrance. On both sides of the entrance are low sand
spits, an unusual circumstance. The south spit is 4 miles and the north
spit is 7 miles in length. The entrance is approximately 22 miles north
of Cape Mendocino, where the aligmment of the coast chenges abrouptly and
where the most northerly of the submarine vclleys is located:

The fresh water run-off into Humboldt Bay is too small to have any
effect on the currents but the debris brought down by the smsll creeks
may be important in the effect on the tldal priem.

The mean annusl precipitation at Eureka is 21 inches.

The bottom slopes seaward at about 10 fathoms to the mile directly
west of the emtrance. At the submarine valley bestween the entrance and
Cape Mendocino, the slope is considerably greater. There are no reefs
offshore. The bottom is shown as sand out to 30 fathoms beyond which
fine grey sand and mud are shown,

HIND-=The prevailing direction of the wind at Bureka is as followss

MONTH DIRECTTON

DECEMBER

g
H
(GROR-R-B-NOR-_R--§ -

mHs = o

The average velocity is 5.3 miles per howr,

The wind "rose" on the chart of 1927 gives the following data on
the direction and intensity of the winds.

DIRECTION 1 - 10 {m.poh.) 10 = 20 (m.pohs) 20 = 30 (m.poh.)

FMBER OF DAYS EER IEAR

N 49 27 7
NE 18

E 18

S E 57 13 2
s 27 14 1
SH 34 10 1
L] 28 3

N® bd, 11
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TIDES and CURRENTS--The ranges of the tide at Humboldt Bay are as followas:

LOCATION MEAN BANGE DIURNAL RANGE
SOUTH JETTY 4e5 WA
BUCKSPORT 4o6 6.5
FIELDS LARDING 46 6.5

The tide exhi%hits a diurnal inequality with the "long run-out® following
the higher high water.

The tidal area of the bay at high water is 24.8 square miles. The
tidsl prism is approximately 120 square mile-feet between MHHW and MLLW.
The corresponding mean velocity on the long rum-out is 1.7 feet per second
between the ends of the jettiss.

The Coast Pilot contains no statement regarding littoral currents.
The chart showing the survey of Jume 1923 carries current arrows indi-
cating that the flood currents enter the channel between the jettles and
that the ebb cwrrents concentrate and flow westward from the end of the
South Jetty. Persons familiar with the entrance ststed that the fleecd
currents come in rather evenly over the entire width between the jetties
but that the ebb concentrates along the South Jetty. This current system
was observed by the writer. Local reosidents azlso state that the summer
littoral current is northward.
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REMARKD

Entrance at about same location as in 1937

Channel near south spit.

Jetties started 1892,

Distance between Jettles, 2000 feet.
Jetties run about N W,

South Jetty reconstructed. HKain chammel
follows South Jetty.

Channel follows South Jetty

Channel follows South Jetty

Erosion south of South Jetty. Shoals
formed between jettles, North Jetty
reconstruction started.

Channel follows South Jetty.

Best Channel runs north,



YEAR MONIH JIHROAT _ DIRECTION OF REMARKS

DEPTH WIDTH AT MLLE BAR CHANNEL
1921 JUNE 2/ 62 NR¥® Channel meanders between jetties.
1923 JUNE 25 59 4] Channel passes close to shore and

of North Jetty then cuts across

and follows South Jetty.

© 1926 JUNE 25 63 W Shore line north of North Jetty has
built out 2700 feet since 1917.
Slight accretion south of Soutk Jetty.

1927 JUBE 27 61 | Bar skewed to northward of jettiss.
Shoal between jetties holds main
channel against South Jetty.

1029 JUNE 27 67 " Hain channel follows shore end of
North Jetty and then outer half of
South Jetty.



SAND SAMPLES and PROFILES--Sand samples from the beach on each side of
the entrance but none were available from the bar. The sieve anaslysis
showed the following results:

LOCATION DESIGNATION MEDIAN DIAMETER SLOPE

%mcmas) ( DEGREES)
NORTH OF NORTH JETTY 264 0,0152 7
SOUTH OF SOUTH JETTY 27 0,00795

The sand has a much darker appearance than sand at any other location
included in this report. A petrographic examination might easily es-
tablish its origin,

SAND MOVEMENT--Although attempts have been made to determine the direc-
tion of sand movement at this entrance, little success has been achleved
whick may indicate elther no drift or & drift in each direction; depend-
ing on weather, of just sufficlent magnitude to leave the net movement
as zero. In the Proceedings of the American Soclety of Civil Engineers
for 1901, C. H, McKinstry states that "at Humboldt Bay, there is said
to be no well defined resultant drift, the movement to the south during
the summer about counter balancing that to the north in winter.®

Mr. E. D, Bughes, who was connected with the improvements at this
harbor for many years, states that the bar channel exhiblits a cyelic
motion breaking through towards the southwest and then worked around
to the northwest. The rate of drift of the bar channel was greatest
nesr the original bresk and decreased as the channel swmg northward.

In its final position, the channel often paralleled the shore and a

new break southwestward occasiorally occurred while the north channel
was st1ll open. The channel seemed to be most stable when in the north-
weet direction,

FINAL POSITION
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This cyclic motion seems tc have been established beyond a possi-
bility of doubt by data obtained from pilots and by direct obuervation.

Following the construction of the jettles, accretion occurred on
both sides of the entrance, the greater amount being on the north side.
As the accompanying sketch shows, the accretion north of the entrance
extended at least 6500 feet and had a maximum width of 2500 feet.

The jettles make an engle of about 70° with the general trend of the
shore line and it is to bs noted thet the greater fill occurred in

the acute engle on the north side. The acoretiom on the south side

had a meximum width of 200 to 300 feet. The writer is of the opinion
that the fill on the north side occurred because of the protsction of
the North Jetty. Waves approaching parallel to the shore, race in along
the south sides of both jetties while on the north side there is rela=
tively calm water. The accumulation occurs in the most sheltered area.

The deta presented indicate a northward sand movement bui; there
is considerable uncertainty on this point.

~ An interesting foature of the improvement is the erosion at Point
Humboldt; where the shoro line has receded a maximum of 1200 feet sincs
1854. This erosion has been accompanied by the development of the
Buhne Spit southward of the point. The vertical cliffs resulting from
the erosion are 100 feet in height. In the natural condition of the
entrance, Point Humboldt was partly protected from direct wave attack
by the south spit. Since the improvement of the entrance, this protec-
tion has been removed and in additicn the jettles seem to act as a
funnel which directs the waves itowards Point Humboldt, regardless of
what their original direction may have been. The waves running in
through the entrence not only grind away the base of the cliffs but aleo
transport the material away along the shore, so that the rate of erosion
does not decrease due to the accumulaticn of debris.

SIRUCTURES--The entrance has been improved by means of two random-mound
Jettiss, which are parallel over the greater portlon of their lemgth

and 2000 feet apart. The main axis of the jettiea makes an angle of about
70° with the general trend of the shore line.

The South Jetty was sterted in 1889 and completed in 189S. The
North Jetty was started in 1892 and finished in 1896. By 190>, the
outer third of each jetty had been teaton down by the gea to ¢r below
low water. In 1911, the condition vas as indicated in the plen (on
the following page) the section of each jetty seaward of the points
marked "Elev 0.0% being et or below low water.®” The South Jetty was
racanstructed bestween 1931 and 1915 and repaired in 1927, The Nortb
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Principal data on the Jetties sre:

SOUTH JETTY--Length 8000 feet
Height of crost +12? above MLLW,
Specifications for stone
Unit weight

NORTH JETTY-~Length 8300 feet.
Height of crest +12' above MILW,
Specifications for stone
Unit weight

The improvement of the entrance has been partially successful but the
ber is dangerous in bad weather and probably will always be so. The
distznce between the Jettlies is too great for the tidal prism with the
result that the channcl meanders between them and the chamnel over the
bar does not remein fixed In position.

The original height of the jettles at the completion of the last
ycongtruction wes sprroximately +12 feet above MILK. The lnmer portion
i1 held tcgether by a concrete cap poured in place and a pairapet was
wirided on the south side of each jetty. At the sea ends o both
481 les, pre~cast blocks of concrete woighing 800 tons each were used.

's the eccompenying photograephs show, the concrete blocks at the
sea-¢n’'g have not been completoly successful dve to the removal of gtone
from Ltieath the blocks, allowing them to slide off the enwockment.
Insicc o sea ends, the jetties appear to be stable but they have not
been ia lace sufficiently long to decide this queation.





