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FOREWORD

The Literature Survey of Orays Harbor, Washington, has been
completed by the Dspartment of Oceanograph& of the University of Wash-
ington as authorized by the U, S, Navy Hydrographic Office Contract No.
M623068=363° The Department of Oceanography has provided a listing and
analysis of published and unpublished literature,

‘ The form of the paper is essentially that of an abstract of the
éurrent knowledge on each subject studied, These abstracts are not
ﬁurported to be finished articles and should only be considered un-
published records subject to revision. Time allowed for preparation
precluded refinement. Following each subject is an annotated biblio-
éraphy of relevant publications and unpublished reports and data,
whether used in the abstract or not.

Thirty-five copies of this report; including the annotated biblio=-

graphy, were submitted to the U, S. Navy Hydrographic Office. A limited

number of additional copies have been made, Only two reports; complete

with all enclosures (drawings and original data), were assembled. One

#omplete report was submitted to the U, S, Navy Hydrographic Office; the

éther is on file at the University of washingtono
|
|
\
|
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SECTION 1

GLOGRAPHY



GEQGRAPHY

PAYSICAL GEOGRAPHY

LOCATION

Grays Barbor is a large estuary on the southwest coast of the State
of Washington, 60 nautical miles north of the Columbia River Lightship,
17 miles north of Willapa Harbor and 118 nautical miles south of Cape
Flattery at the entrance to the Strait of Juan do Fuca.

DESCRIPTION OF THE AREA

Grays Harbor is generally characterized by numerous mud flats, bare
at low tide, with intervening channels formed by the discharge of tribu-
tsry rivers. The most important of these channels are the North and
South Channels extending from the deep weter at “he entrance to the Che-
halls River. The North Chamnel, used by deep draft vessels, is main-
tained 4o a depth of 30 feet at mesn lower low water over e width of
350 feeto, Principal tributaries 4o the harbor other than the Chehslis
Rlver are the Humptulips, Hoquliam, Wishkeh, Johns, end Elk Rivers.
Except for the Chehalls River and the lower reaches of ‘the Hecquiam River,
these trilbutaries are unimportant frem the standpoint of navigation
(V. S. Army Corps of Engineers 1948).

- The harbor diverges from the Chehalls River at Aberdeen, Washingtonm,
into a broad, shallow bay which further expands :nto North Bey and South
Bay to a total width of 13 miles, Its length, firom the enitrance easterly
%o Aberdecn, is about 15 miles, The harbor is ssparated from the Pacific
Ocean by two nerrow, sandy peninsulas.

The harbor entrance is about 9,000 feet wide and lies between Point
Brown on the north and Point Chehalls on the south., Point Browa is about
geven mlles long and Point Chehalis ig four miles lung, Both peninsulas
vary in width frem about cne~half mile 4o nearly two miles, and both are
covered with a denge growth of timber and other vegetation to within a
mile of thelr ends, except for a strlp of sand dmes and beaches, aver-
aging about one-half mile in width on the seaward side. The last mile
of esach is composed mainly of loose sand and grevel., Two convergent
rubble~mound breakwaters extend seaward from the points, constricting
the entrance width to 6,500 feet. Beyond ths jeities, an ocean bar com=-
posed of fine, gray sand lies convex to the sea, A survey mede in Sept-
ember 1946 showed a minimum depth of 18 feet ove:r the bar at mean lower
low water. A navigatlion channel extends across the bar in e north-
eagtorly diveciion from deep waler o the entrance channel immediately
west of the south jetty. It 1s maintained partly by tidal currents and



partly by dredging under a Federal project. Within the entrance the chamnel
extends along the south jetty for about two miles, then veers north-ecasi-
ward to bypass Point Chehalis and join the North ancd South Channels leading
to the Chehalis River at Aberdeen. The 1946 survey showed depths of at
least 30 feet prevailing over a widith of about 800 feet in the bar channel
and depths from 37 to 89 feet over a width of about 1,200 feet in the
entrance channel,

CULTURAL GEOGRAPHY

DISCOVERY OF GRAYS HARBOR

Grays Harbor was discovered on May 17, 1792, by Captain Robert Gray.
The harbor was originally named Bulfinch Harbor, This, with the discovery
of the Columbia River on May 11, 1792, later proved to te of prime impore
tance in subsequent negotiations over possession of the northwest coast
of America (lMeany 19L06).

INDUSTRIES BORDERING GRAYS HARBOR

Iumbering is the chief industry of the srea. The vast stands of
Douglas fir and cedar, much of it still virgin timber, provides the source
of supply for the sawmills, wood product factories, and allied industries
thal dominate the region. Dairying is the major agricultural land-use
and of lesser but significant importance are the fisheries and shellfish
industries (Peterson 1951),

HARBOR MODIFICATION PROJECTS

The U, S. Army Corps of Engineers project provides for an entrance
channel across the bar, 600 feet wide and 30 fee’ deep, to be secured by
a south jetty 13,73k feet long and a north jetty 16,000 feet long, both
at an elevation of 16 feet sove mean lower low water, and by dredging.

The project also provides for maintenance of a channel 30 feet deep and
350 feet wide from deep water in Grays Harbor to the Port of Grays Harbor
Commission Terminal, a distance of 13% miles; thence 26 feet deep and

200 to 350 feet w1dc to the Union Pacific Rallroud bridge at Aberdeen

(2% miles), thence 18 fest deep and 200 feet widc to Cosmopolis (3 miles),
thence 16 feet deep and 150 feet wide to Montesano (10 3/L miles).

In addition, the project provides for a channel 1) feet deep and 100

feet wide in South Bay to Bay City, for a rubble-mound breakwater, 1,000
feet long, at Westhaven Cove, and for a rockfill levee approximately
7,500 feet long, extending from shore end of the south jetty north-east-
ward along the beach at Point Chehalis. All dep=hs refer to the plane

of mean lower low water (U, S, Army Corps of Engineers 1951). A plan



to construct an intercoastal system of canals and locks to connect the
Columbia River, Willapa Bay, Grays Harbor, and Fuget Sound has been
proposed from time to time., OSee Enclosure 1-1,

Bridges

There are eleven highway, six railway and two pipeling bridges
across tidal waters of Grays Harbor and tributaries, the plans for all
of which have been f crmally approved by the War Department., Five of the
bridges are on the Chehalis River in the portion from the mouth to an
including Montesano, five over the Wishkah River at Aberdeen, three over
Elliott Slough at Aberdeen, five over the Hoquizm River at Hoquiam and
one across South Bay in the harbor (U, S. Army Corps of Engineers 1948).

STATUS OF POLLLTION IN GRAYS HAREOR

The condition in the river estuaries of Grays Harbor which results
from the discharge of raw sewage from the cities of Aberdeen, Hoquiam,
and Cosmopolis has been determined.

The results of the survey have shown that sewage and the accompanying
bacterial contamination exists in the waters adjacent to these commnities
in concentrations many times that considered to be hazardous to the people
living in the area, and that his sewage and other municipal wastes adver-
sely affect their use for recreation, fisheries, shellfish culture, log
rafting and booming (Peterson 1953).

Effect of Polluted Waters on Ships and Material in the Water

The deposition of organic wastie materials on river and harbor bote
toms causing the formation of sludge banks, often results in the creation
of compounds which are harmful to the paint on marine craft and cause
corrosion of metal parts which may be submerged, Industrial wastes, such
as sulfite waste liquor, which are in themselves acidic, may have a
similar effect if present in sufficient concentration. Organic materials
promote the growth of slimes which may foul fishing gear and attach them-
selves to boats and underwater paris causing frequent and expensive
maintenance. The removal of such materials from the harbor and rivers
will no doubt appreciably reduce maintenance costs for fishermen and
operators of other commercial and pleasure craft (Orlob, Jones, and
Peterson 1951),



quBER OF SMALL BOATS OPERATING IN HARBOR

i During 1950, approximately 48 gillenet boats were working inside
the harbor. Trollers, crab-boats and drag boats, at times tovaling
approximately 450 craft, operated in and out of the harbor, most of
‘them working in the ocean.

| A total of 22 tow boats of various sizes operate within the harbor,
ten of these boats being used by commercial tug boat compainies, four
by general contractors, six by industrial plants, one by the Port of
Grays Harbor and one by the log patrol (Orlob, Jones, and Peterson 1951),
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(Approach is from the oceanographic viewpoint in consideration
of tides and currents, etc., Grays Harbor included.)



' U. S, Army Corps of Engineers

Annual e

1882,

150k.
19068. °

)

1906b.
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2d Session, 31 pages,
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24 Session, U6 pages, 2 maps.

Project and Index Maps., Seattle District, Seattle Washington.
(Processed. )
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the Annual Report of the Chief of Engineers presenting projects
and their locations on reference maps. Both active and inactive
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Grays Harbor and Chehalis River, Wash, House Document no. 412,
83d Congress, 2d Session, 35 pages, 1 map.
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House Document 06, 30, 8hth Congress, lst Session) 30 pages,
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S. Army Corps of Engineers, Seattle District, Seattle, Washington
[Grays Harbor, Washington == Maps (Unpubllshed)i

1931.

1941,
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Ports of Everett, Bellingham, and CGrays Harbor, Washington,
Port Series No, 28, Revised 1938, CGovernment Printing Office,
Washington, 255 pages, maps, aer1a1 photos.
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1932,

The Ports of Seattle, Tacoma, Bellingham, Everett, and Grays
Harbor, VWashington. Forit Series No. 74 Government Frinting
Office, Washington, L70 pages, maps, aerial photcs.

Ports of Evereuvt, Bellingham, and Grays Harbor, Vashington,
Port Series No., 7, Part 3, Revised 1931, Government Printing
Office, Washington, 21} pages, maps, aerial photos,

U, S. Department of Commerce Ccast and Geodetic Survey

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.)

U, S, Department of the Interior Bonneville Power Administration

19k2,

Economic Atlas of the Pacific Northwest With Descriptive Text.
Edited and Published by the Nortlmest Regional Council, Port-
land, Oregon, in cooperation with the Pacific Northwest Regional
Planning Commission. ‘
(Includes a discussion of climate, annual precipitation, warm
season, forest types, soil areas, erosion, and population.

Grays Harbor area included.)

Washington State Canal Commission

1933,

Report on Proposed Canals connecting Puget Sound - Grays
Harbor, Grays Harbor - Willapa Bay, and Willapa Bay - Columbia
River, Submitted to Governor Clarence D. Martin, Clympia, 167
pages; illustr., folded maps, folded plans, Available at Of-
fice of Canal Commission, Olympia; U. S. Engineers Office,
Seatile,

Washington State Harbor line Commission

1893a.,

1893,

Second and Final Report of the Harbor Line Commission of the
State of Washington, with Appendix containing First Biennial
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Washington State Pollution Control Commission
n, d.a. ?%ean Water and You. U7 pages.

oncerns the state of pollution in Washington waters. Fisheries
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ne dob. Report Manuscripts and File Data. On file at Olympia, Wash-
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CLIMATOLOGY

INTRODUCTION

Grays Harbor is similar to other coastal harbors of the Northwest
in ‘that the climate is generally mild. The marine influence produces
cool summers, mild winters, and considerable moisture. Local records
show that there is an appreciable variation in wind direction and pre-
clpltatlon at various locations in the vicinity of Grays Harbor,

1
PRECIPITATION

The rainfall in the Grays ‘Harbor area is typical for the Pacific
Northwest coast, November, December, and Jamuary are the wettest months
in Aberdeen and at Lone Tree; an average of 12,9 inches falls during each
of ithese monthe. July and August are the driest months with an average
of 1.1 inches of rain per month., The heaviest rains occur during the
winter months with about 6L4¥ of +the days having 0,01 inch of rain or
more; during July and August only 163 of the days have 0,01l inch or

more, The maximum recorded 2h-hour rains occur between November and
March, An isohyetal map encompassing the Grays Harbor area is inclu-

ded as Enclosure 2-1,

The following tabulatlon from 50 years of record kept by the U. S,
Department of Commerce Weather Bureau (1952) gives the maximum 2L-hour
precipitation for the city of Aberdeen, Washington:

| Jan 1935 - 5,250

Feb 1932 - 3,76"
Mal" 3-932 - L!»OSO"
Apr 1938 - 3,59"
May 1941 - 2,36"
dJun 1933 « 2,007

Jul 1932 - 1,.82"
Aug 1912 - 2.03%
Sep 1920 - 231"
Oct 19L2 = L, 87"
Nov 1911 - L,07"
Dec 1943 - 5,07"

|
Teble 2-1 presents precipitation data from Aberdeen and Lone Tree,

waéhlngbon° Table 2-2 compares the average monthly precipitation for
Abqrdeen, Lone Tree, South Bend, and North Head, Washington,

TEMPERATURE

The yearly temperatures are mild, with extreme highs or lows being
uncommon, In the period from 1892 to 1930 the lowest recorded temperature
was 60 ¥,, the highest was 105° I, (U, S. Department of Agriculture
Weather Bureau 1936). In general6 the temperature ranges from an average
of ‘about 39° F. in January, to 60° F. in August at Aberdeen, and 41° to

i
|
|
{
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590 1*, at Lone Tree, The North Head weather records show that on the
average the temperatwre falls to 320 or less only 1 day in January and
less than 1 day in November, December, February, and March. The summer
‘temperatures seldom reach 90° F,

Table 2-1 presents temperature data from Aberdeen and Lone Tree,
Washington, Table 2-2 compares the average monthly temperatures from
Aberdeen, Lone Tree, South Bend, and North Head, Washington.

VISIBILITY AND FOG

The records (U. S. Department of Commerce Coast and Geodetic Survey
1951) indicate that the maxirmm fog or low visibility occurs during the
late summer, autumn, and early winter, The months of July through No=-
vember average about,95 hours of fog signal operations at the Coast
Guard Light Station; the remainder of the year averages 46 hours of
operation per month (U. S. Department of Commerce Coast and Geodetic
Survey 1951). Table 2-3 gives the fog summary at the Grays Harbor
Light Station. Information concerning wind direction and force, ba-
rometer readings, dry uvemperaturc, amount and type of clouds, visi-
bility as well as direction and height of sea, is available from the
log of the U. S. Coast Guard Light Station, Westport, Washingion.

WIND AND WEATHER

The prevailing winds in Aberdecen, Washington, during the spring,
summer, and fall are generally from the wesit; during the winter the
winds are from the east., At Lonec Trece, on Point Brown, the spring,
summer, and fall winds are prevailingly northwesterlies; the winter
winds are primarily easterly and scutheasterly. The velocity seldom
exceeds 4O mph,

The U. S, Coast Guard Lifeboat Station at Westport, records wind,
weather, sea, and visibility data, For wind data from Lone Tree and
North Head, Washington, sece Tables 2-L and 2~5, A comparison of the
prevailing winds from Aberdeen, Lone Tree, South Bend, and Norih Head
is given in Table 2-6, Inclosurz 2-2 consisis of Wind Roses, indicating
velocity and average duration of wind in days per year and a graphic
presentation of wind velocity and duration.

Storms

The following quotation from the U, S, Army Corps of Engineers
(1948) discusses the storms which affect the area:

13



TABLE 2-1,

Precipitation and

Average No., of Average Lverage
Days with 0,01  Sncowfall Max. Min, - Highest
or more Temp, Temp. Temp.,
fber.| L. T. Aber, (L. T. |Aber. L. T, |Aber. L, T,
Length
of 38 12 5 30 12 38 11 38 12
record
(Years)
Jan 20 2L 6.8 | L b6 | lilo7 33.3 | 37.0 | 61 8 2%
Feb 17 19 L2 0 Lh8.5 | L6.9 3.3 | 38.01 73 13 28
Mar 18 20 0.8 | 0. 2.9 1 50.L 35.5 1 39.9 | 82 18 27
Apr 15 17 0.3 |Tr 7ol | b3.0 | 38,1 | L3.0| 88 25 32
May 12 13 0 0 61.9 | 57,2 42,5 [ h7.3 ] 92 29 36
Jun 9 10 0 0 65.7 | 60.6 | 6.9 | 50.5 [100 32 lily
Jul S 8 0 0 62.7 | 63.4 | h9.6 | 53.2 |105 34 L6
Aug 5 7 0 ) 70,5 | 6h,2 50,5 | 53.4 | 98 L7
Sep 10 1) 0 0 67.9 | 68.2 6.9 | 52,31 93 ishy
Oct 1 a7 0 0 61,1 | 56.9 13,0 | k7.5 85 33
Nov 19 22 0.7 0.4 1.7 | 51.0 38.5 | L2.7 | 73 31
Dec 20 23 20l 0.2 h6,0 | LB.6 3ho6 | 36.8 | 63 17
Almual 16}4 191 5 ° 3 58 » 2 Sll-o 8 I.!lo 2 115 ° 3 105 17

'i',:'[

Table compiled from the U, S, Deparitment of Agriculture Weather Bureau (1936),




TABLE 2-2, Comparison of Average Monthly Precipitation and Temneratur
from Various Stations Pbout Grays Harbor,

Aberdeen Lone Tree South Bend North Head

Precip. | Temp,| Precip. Temp, Precip, | Temp. | Precip. Tempo
(Inches)! (° )| (Inches)| (° F)| (Inches)! (° F) | (inches)| (° F)

Length;
of Lo 38 13 12 36 33 29 hly

record

(lears)

Jan | 12,08 | 39.0 | 13.25|L40.8| 12,72 (k0.2 | 7.62 |L1.6
F@b 95,-!-5 ).ngl,l, 8001 z—!2 oI-!- 9075 )-3-2 o’-l- 5075 )-"350
Mar 8.10 | Lh.2 7.0k | 45.2 8,81 | Lk.8 LeTL | L5.0

 Apr 593 | L7.8 4,83 | 1B.5 6.32 | L8.L 3,16 | 7.8
May 4,03 52,2 3,00 | 52,2 Le22 |53k 2,36 | 51,3
JU.n 2089 5603 203]- 5506 2991 5792 3—&92 Shos
Jul 0,95 | 596 1,13 | 56.3 0,97 | 61.L 0.62 | 57.L
Aug 1,26 60.5 1,07 | 58,8 1.55 | 61.6 0,96 |58.1
Sep ll-ooo 57 9)-’- 3000 57 06 3072 5960 20113 56 07
Oct 6,88 52.0 6,93 | 52,1 6,77 153.2 Le12 | 53.h
Nov | 13,18 | 5.1 | 12,71 |16.8| 12,42 {465 | 7.26 |L8.3
Dec 12,83 LO.L 10,57 | 42,7 13,20 | 41.8 7090 | 139

Annual| 81,58 | L9.7 | 73.85|50.1| 83.35 [50.8 | LB.8L |50.1

Téble)compiled from the U, S, Department of Agriculture Vieather Bureau
(1936),
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TABLE 2-3, Fog and Use of Fog Signaly Grays Harbor, Washington.

Jan Feb Mar Apr May Jun Jul Aug

Sep

Oct

Hov

Dec

Tovald

Hours of Fog Summary at Grays Harbor Light Stationl

1951-82 L54,75 161,50 182,25 127,00 60,75 110,00 54.50 125,75 370,25 176,75 150,25 161.25 2165.00
195253 Lhi.25 168,00 115,00 130,00 L2.50 84.25 269,25 252,75 275.75 LLH.25 252.50 243,50 2712.00
1953.8; 209,00 146.00 64,50 73,00 90,00 72,00 111,75 250.25 195,50 259,75 216,00 213,00 1900.75

Hours of Operation of Fog Signals®

69 52 57 25 25 bo 83 138

92

81

82

56

800

SO S

; U. S, Treasury Deparitment Coast Guard (n. d. a).
U. S, Department of Commerce Coast and Geodetic Survey (1951)o



The Jbastal area is subject to severe storms, particularly
during winter months. Winter storm winds (Jovember to February,
inclusive) generally originete in the east or southeast, then
swing to the south and southwest where they rsach their greatest

- intensity, In summer the prevailing winds ara northwesterly.

'~ Velocities up to 95 miles ar: hour have been recorded at the mouth
. of the Columbia River and Bl miles an hour at Tatoosh Island, off
. Cape Flattery. Data collected from various scurces by the Shore
Protection Board in connection with beach erosion studies at
Point Chehalis indicated thet wave heights exceeding LO feet oc=
curred along the coast, and that 75 percent of ocean swells
(classified generally as of low or medium crder) approach Grays
Harbor in such direction as to permit thelr pzssage between the

I Jetties into the harbor entrance. Fog may occur at any time of

- the yeary but is most frequent during Augusi on the coast,.

Sky Conditions

- The usual sky condition for the region is clioudy to partly cloudy;
there is an average of only 5.5 clear daysper month. The maximum cloud=-
iness occurs during the months of November, Deceuber, and January. Table
2-7 summarizes the monthly sky ccnditions at Norivh Head; Washington.
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TABLE 2-l, Wind Data, Lone Tree, Washington.

Point from Which | Average Velocity | YEAR Average
Wind Blows (Miles per hour) | 1909-10 | 1915 } 1916 }1919 Total Days (Days per Year)
North 520 1 1 2 0 L 1

10=20 L 0 3 0 5 1.25
20-30 0 0 0 0 0 0
3040 0 0 0 0 0 o)
Over 40 0 0 0 0 0 0
Northeast 510 6 1 2 8 17 4,25
10-20 6 1 2 22 31 7,75
20-30 0 0 2 11 13 3.25
3040 0] 0 0 0 0 0
Over LO 0 - 0 0] 0 o} 0
Bast 5=10 1 4 6 3 1h 3.5
10=20 31 28 28 9 96 2L
20-30 11 21 2L 1 57 14,25
30«40 0 2 2 L 8 2
Over L0 -— — - — — —
S o RS 5 o 13 S 11, T
10-20 1 1l 15 21 66 14 .8
20-30 L ih 10 18 L6 11.5
30-40 1 2 0 8 11 2,75
Over LO 0 0 0 1 1 025




6t

TABLE 2=}, Wind Data, Lone Tree, Washington (continued),

Point from Which | Average Velocity | YEAR Average
Wind Blows (Miles per hour) | 1909=10 | 1915 | 1916 | 1919 Total Days (Days per Year)
South 5-10 5 9 7 6 27 6.75

10=20 23 15 28 21 87 21,75
20=30 7 1 13 8 29 7.25
30=40 0 1 8 5 b 3.5
QOver 40 1 1 1 0 3 .75
Southwest 5-10 2L 13 17 2l 78 19.5
10-20 34 35 19 37 125 31.25
20-30 6 13 9 7 35 8.75
30-40 2 o 2 2 6 1.5
Over LO 0 0 0 0 0 0
West 5-10 16 29 31 5 81 20,25
10-20 1l 23 18 3 58 1h.5
20-30 5 5 0 0 10 2.5
30=40 1 0 0 0 1 .25
Over IO 0 0 0 0 0 0
Moo el £oon Jz 55 2< 2k 11 oL iy
10-20 93 65 17 85 320 80
20-30 9 7 6 10 32 8
30-40 0 i 0 0 1 025
Over 4O 0 0 0 0 0 0

Table rearranged from U. S. Army Corps of Engineers Seattle District (n. d. a).




TABLE 2.5, Wind Data, North Head, Washington.

[True velocities]

Average
Hourly Prevailing | MAXIMUM
Velocity | Directions | Velocity (mph) Direction | Date
Length
of Ll years LYy years we 3l years wo
Record
Jan 15.9 E 112t SE 1921
Feb 14.6 SE 69 S 1504
Mar 4.1 SB 73 S 1897
Apr 13,8 N 65 SE 19072
May 13,2 NW 60 SE 1911
Jun 12.8 NW 57 SE 1906
Jul 12,0 N L9 SE 1904
Aug 1.2 N 57 SE 1920
Sep 11,7 N 70 SE 191,
Oct 12,8 SE 69 S 1893
Nov 15,5 SE 70 S 1925
Dec 16,2 E 79 E 188
Anmual| 13.6 N 1121 SE Jan
1921

1 Bstimated.
2 Also other dates

Table compiled from U. S. Department of Agriculture Weather Bureau (1936).
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Grays Harbor.
1 .

Aberdesn

Lone Tree

South Bend

TABLE 2-6. Comparison of Prevailing winds from Stations About

North Head

Le'ngth
’|o:£‘ 38 years
record

12 years

2l years

Ll years

Jan
Feb
Mar
Apr
May
Jun

Aug
Sep
Qct
Nov
Dec

E
T mMEEZEEsSsESEpPw

An%nual

g WUEEEEEEZETD

E SMEEREXNEZEA@RP

Z "EE===3EELE”

Table obtained from U, S, Department of Agriculture Weather Bureau

(1936).
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TABIE 2.7, Sky Conditions at North Head, Washington.

Average Hrs, Averagesl
: of Sunshine | % Possible | Cloudiness| NUMBEE CF DAYS
| (Days) Sunshine (0=10) | Clear | Partly Cloudy | Cloudy
Length
of L2 L2 5k 60 60 60
record
({ ears)
Jan 78 27 7.9 b S 22
Feb 110 14 7.3 5 6 17
Mar 155 ) 112 701 5 8 18
Apr 197 h9 709 5 9 16
May 223 L8 6.9 5 10 16
Jun 228 L8 6.8 5 9 16
Jul 20 50 6.l 7 10 1l
Aug 202 ué 6.5 7 9 15
Sep 180 48 6.2 8 8 11
Oct 137 40 6.8 7 8 16
Nov 89 3 To6 5 5 20
Dec (N 27 7.7 b 5 22
Annual| 1913 T 7.0 67 92 206

J
Sky cover 3/10 or less = clear, 4/10 to 7/10 & partly cloudy, 8/10 or

more =z cloudy.

Table obtained from U, S. Department of Commerce Weather Bureau {1951).
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of Engineers, Beach Erosion Board; Washington, D, C. (Unpub-
liSMdo)

(Sections on Grays Harbor, Coos Bay,; and Humboldi Bay include
description, tides, tidal current, waves, windy, sand samples
and profiles, sand movements, and structures.)

Salisbury, George N.

1906 °

Climatology of the United States, Washington. U, S. Department
of Agriculture, Weather Bureauy, Bulletin Q, W, B. no. 361,
Government Printing Officey, Washingtony pp. 925-9L5.

(General and specific data given for Grays Harbor area.)

Stoney, Robert G,

1936,

Fog in the United States and Adjacent Regions, Geographical
Review, VOlo 263 N0o 13 ppo 111913)40

(A study of periods of maximum occurrence, types; and causes of
fog. Survey areas included but no station data specifically
applicable,)

Stumpy; R. and R, T, Hermanson

19L5.

Comparison of Forecast aud Observed Waves from Two Pacific Storms.
University of California; College of Engineering, Berkeley, Report
No, HE-116-12};;, 10 pages plus 12 tables, 9 weather maps and 2
photos (typewritten).

(Wegther maps cover entire Pacific Coast. Two observation stations
at “umboldt Bay, the others in California only,)
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Todd, D. Ko and R, L. Wiegel

1951,

1952,

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

(The m teorological situations causing local storms in near-coas-
tal areas are investigated because of the erosive action on
beaches of high, shori-period waves generated., Two local storms
at Oceansidey Californiay, are examined in detail.)

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., Forcasting prob-
lems and limitations of resulting waves are discussed, Exam-
ples from Oceanside, Calif. presented.)

U, S. Army Corps of Engineers

1948,

1951,

Grays Harbor, Wash, House Document no, 635, 80th Congress, 2d
Sessiong U6 pages; 2 maps. ,

Grays Harbor and Chehalis River, Washington, Basis of Design
for Protection of Point Chehalis and South Jetty, Appendix Ay -
Beach Erosion Studies. Seattle District, Seattle, Washington,
7 pages plus L9 figures and 22 plates.

(Geomorphology, composition of beach and offshore zones, tides,
local and offshore winds, waves and swellsy; storms and their
effecty; shore-line changes, offshore depth changes shown in
tables, figures, and plates.) '

U, So Army Corps of Engineers, Seattle District, Seattle, Washington
[Grays Harbor, Washington--Maps (Unpublished)]
n. d.a, Average Velocities, Duration and Direction of Winds at Lone Tree.

No dobo

1946,

1947,

Map File No, E-5-6-49,
(The years 1909,-10,-15,-16,-19 shown in tabular form.)

[Wind Chart at Lone Tree Point.] Map File No, E-5-~6-51,
(Average daily velocity and average duration in days per year
of wind for the years 1910,-15,-16,-19,)

Normal Seasonal Precipitation Loss-Runoff Map, Map File No,
D"‘ll ‘='13"l6 °

(Provides data for rivers entering the Grays Harbor area,)

Normal Annual Isohyetal Map., Map File No, D-11-13-16.1.
(Covering Olympic and Cascade drainage basins.)
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Uo So Department of Agriculture ]
1936, Atlas of American Agriculture, Government Printing Office,
Washington, D. C.
(Physical basis including land relief, climate, soils, and natural
vegetation of the United States, Section on climate is compre=
hensive,)

i9hlo Climate and Many; Yearbook of Agriculture, House Document No, 27,

T77th Congress, lst Sessiony; Government Printing (ffice; Washing-
ton, D. C,

(Summary offered for areas of report,)

U;S° Department of Agriculiture Weather Bureau
1936, Climatic Summary of the United States, Section l-=Western
; Washington. Government Printing Office, Washington, D, C, 38
% pages.
(Tables include Grays Harbor area.)

Uo1So Department of Commerce Coast and Geodetic Survey
19510 United States Coast Pilot, Pgcific Coasty Califormia, Oregon9
| and Washington, Seventh (1951) Edition. Serial no. 750, U, S.
! Government Printing Office, Washington, 578 pages,
(Includes meteorological data on harbors.)

U, S, Department of Commerce Weather Bureau
Annudh Climatological Data - Washington. Government Printing Office,
nos. 1l=12, Monthly; no, 13, Annual Summary; vol. 5L for the
: year 1950°
! (This is a complete report for the state including Grays Harbor,)

1951, Sunshine and Cloudiness at Selected Stations in the United States,
Alaska, Hawaii, and Puerto Rico, Weather Bureau Technical Paper

no. 12, Government Printing Office, Washington, D. C., 16 pages.
} (Grays Harbor area included,)

1952, Maximum 2l-hour Precipitation in the United States. Weather
| Bureau Technical Paper no, 16, Government Printing Office,
'Washington, 28l pages.,
(Survey areas included.)

U. S, Treasury Department Coast CGuard
ne d.a, Hours of Fog Summary, 13th CG District. On file at the 13th.
! Coast Guard District, Seatile, Washington. (Unpublished.)
‘ (Hours of operation of fog signals per month for the years 1942-
1945, 1947~1949, 1951195k, Data from Grays Harbor Lightstation.)
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Us So Treasury Department Coast Guard
n, d.b. Log of the U, S, Coast Guard Grays Harbor Lifeboat Station., On

file at the 13th Coast Guard District, Seattley Washington.
(Unpublished, )

1 (Contains the following meteorological data recorded every L

1 hours: dry bulb temperature, wind duration and force, weather
\ description by symbolsy; cloud form and amount, sea conditions,
| visibility, within the period July 1951 to July 195L.

Wadd, Robert De C. and Charles F. Brooks
1936, The Climates of North America, Part I, Mexico, United States,
Alaska, Handbuch der Klimatologie, Edited by W. Koppen and

R, Geiger, Band II; Teil Jy Verlag von Gebruder Borntraeger,
Berling 325 pages.

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

Western Forestry and Conservation Association
1929, Co-Operative Forest Study of the Grays Harbor Arsa, Published by
} Western Forestry and Conservation Association with the assis-
tance of Charles Lathrop Pack, Portland, Oregong, 79 pages.
(Data and summary on climatic conditions in Grays Harbor,)
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HYDLOLOGY

RELATIONSHIP OF RIVERS TC BASIN TOFOGRAPHY

The Chehalis River is the principal str:am sntering Grays Harbor.
It rises in the Willapa Hills, about 10 miles east of the Pacific Ocean
and flows in a northerly and westerly direction ‘or 110 miles to Grays
Harbor at Aberdeen. Its basin renges in altitud:s from sea level to a
maximum of about 4,00C feet. The river is considered navigable to
Chehalis; about 76 miles above tke mouth of the Hoquiam Fiver. Fresent
navigation is limited to the tidal portion wirich extends to LElma,
31 miles above the mouth, although little commer.:e is carried above
Montesano. The existing project for navigation :mprovement extends from
Grays Harbor to Montesano, 16 miles above the jwiction of the North and
South Channels in the Harbor. Surveys made :in 1943 and 1945 showed
controlling depths of 26 feet at mean lower licw water below the Union
Pacific Railroad bridge at Aberdeen, 21.1 feet buolow Cosmopolis, and 8.9
feet below Montesano over widths ranging from 150 to 200 feet.

The Hoquiam River joins the North Channel a®. Hoquiam, Washington.
Although the river is considered navigable fcr scveral miles up each of
two mein forks, only 34 miles frcm the forks to the mouth have been
improved under a Federal project to a controllin; depth of 17 feet at
mean lower low water (U. S. Army Corps of Enginsurs 1948).

DRAINAGE AREA
The total drainage area of Grays Harbor is about 2,605 square miles,

of which about 2,063 square miles are drainec by the Chehalis River and
its tributaries (U. S. Army Corps of Engineers 1948).

TifTect of Drainage Basin on River Flow

The entire Chehalis system lies within =n area noted for its tre-
mendous stands of virgin Douglas fir. In receat decades, mch of this
timber has been cut with the resultarnt loss ¢f tie natural forest cover,
which normally diminishes and delsys the natural runoff. Loss runoff
data is shown in Table 3-1. See [Enclosure 3-1, This deforestation of
an ares which receives a considerable amount of :-ainfall but little
snowfall because of its low altitude has resulte:. in the rapid runoffs,
and the extended periods of low river flow which are characteristic of
rainfall rivers. Gaging station data are shown :n Table 3-2. See En-
closure 3=2. The mean annuel flow for 1942, a y:ar of near average
precipitation, was approximately 5,500 cfs, whil.: peak flows were re-~
corded at 21,700 cfs (December 2, 1942) with a mininum of 806 cfs
{October 25, 1942). Maximum discharge in 1950, a very wet year, was



47,400 cfs (December 24, 1950), while the stieam flow dropped to 757 cfs
in August of that year. Considerable correliation between rainfall and
atream flow is apparent in comparison of flow and precipitation data
(Orlob, Jones, and Peterson 1951). Range in suspended sadiment loads for
streams entering Grays Harbor is shown on Table 6~-6. Enclosure 6-40 shows
concentration of suspended sediment for the Chehalis River drainage. This
subject is discussed further in Section 6, Recent Sediments.

A comprehensive study was made on flood problems in western Washing-
ton. Data from the Grays Harbor area is summarized in Table 3-3.

GROUND WATER IN THE GRAYS HARBCR AREA

Material provided by the U. S. Department of the Interior Geological
Survey (1954) is reproduced as follows:

Aquifers in the Grays Harbor area are of .w¢ general types.
(1) consolidated sedimentary rocks and volcanic rocks, and (2)
unconsolidated and semi-consolidated sedimentary rocks. The con-
solidated and volcanic rocks form the bedrock beneath the unconsol-
idated materials that underlie the Harbor, and the surrocunding
valley areas., The consolidated and volcanic rocks also form the
surrounding hills. The unconsolidated and semi-consolidated rocks,
consisting mostly of sand, silt, clay, and some gravel occur chiefly
as valley fill deposits. The North and South Bays are also composed
of unconsolidated materials.

The consolidated and volcanic rocks, in general, have low per-
meability, and discharge relatively small amounts of ground water
into Grays Harbor. The unconsolidated and semi-consolidated rocks
are more permeable, and furnish the bulk of the ground wazter that is
discharged directly into Grays Harbor. WMoreover, a large component
of the stream-flow, especially during the late summer and autumn
periods of low stream-flow, is derived f{rom ground-water discharge
into these streams. The ground-water component of stream-flow prob-
ably is larger than the quantity of ground water that is discharged
directly into Grays Harbor.

Ground Water Conditions in the Socuth Bay District

Two principal aquifers are present in the Quaternary sediments of
the South Bay district. They are (1) a little known sequence of sand and
gravels in the Pleistocene (Satsop-type) strata of the Ocosta-Bay Uity
District, and (2) a fresh-water body floating on salt water in the permeable
sands of Recent age which comprise the southern bay-mouth bar of Grays Har-
bor and the contiguous barrier bars to the south. The extent, recharge,
and possible yield of the aquifer in the Ocosta-Bay City District are not
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readily discernible; a more detailed study involving test drilling
would be necessary to clarify this point.

The extent; recharge, possible yield, and quality of the frash
ground-water body in the sand of the Westpori~-Grayland area is more
readily discernible. This body appears to be capable of sustaining
a withdrawal of several hundred million gallons a year by properly
constructed and dispersed pumping plants (Newcomb 1947).
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TABLE 3-1. Normal Seasonal Precipitation Loss~Runoff Data for the
Grgys Harbor Area.

Drainage Runoff Precip~ Loss

Area itation
Chehalis River near Grand Mound 897 L4.9 65.5  20.6
Satsop River near Satsop 315 93.9 116.8 22.9
Wynoochee River at Oxbow 65 164.9 178.9 14.0
‘Wynoochee River near Montesano 105 140.8 157.6 16.8

Table modified from U. S. Engineer data (U. S. Army Corps of Engineers
Seattle District 1946).
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TABLE 3=2.

Gaging Station Data for the Grays Harbor Area.

DRAINAGE { PERIOD EXTREMES AVERAGE )JISCHARGE |
GAGING AREA of REGUL~ | masximuam minimm sec. it{ period |
STATION (sq. mi.)|RECORD [DIVERSION ATION | sec. ft. Date sec, ft.{ Date lyrs. !
? !
Johns River 18.9 | 1942-43 [None None 450 |10/24/43 | 16 |9/7-a| — | - i
near Markham 1942 ; i
HMewskah Creek 8.0 | 1945-49 [None None 570 | 2/17/49 1.6 |9/9-12,] -- | - |
near Aberdeen 28,1946 ’ :
Charles Creek 5.7 | 1945-49 |None None 136 | 2/2/L7 0.3 |ommel — | - |
near Aberdeen : !
Chehalis River 1.420 | 1942-4) [Many minor | None 38,400 | 2/11/51 | 202 9/12/14) 5,057 | 5 :
at South Elma 1946 |diversions, : '
domestic and : ]
irrigation |
: l
Satsop River | 290 1929  |None None 52,500 | 1/22/35 | 166  |9/21/38| 1,927 | 22 i
near Satsop ' : i
Wynoochee 179 1942-49{City ot Ab-| None 16,600 2/8/15 51 9/11/44 '
River near erdeen di- ;
Montesano be= verts 56 |
low Black sec.ft.con-
Creek tinuously :
Humptulips 125 1933-35 [None None 33,000 1/22/35 82 9/11/44} 1,313 S ac
River near 1942 f
Humptulips i

Table from Water Supply Papers (U. S. Department of the Interior Geological Survey Anmual).



TABLE 3-=3. Peak Fiocd Data from Three Gaging Stations in the
Grays Harbor Area.

f

FACTORS USED IN THE MULTIPLE CORRELATION OF MEAN
ANNUAL FLOOD TO BASIN CHARACTERISTICS.

Adjusted Drainage Altitude Area of

! mean annual area mean lakes Geographical
GAGING STATION flood {cfs) (sq.mi.)  (ft.) (%) factor
Chehalis River at 28,600 1,420 1700 0.1k 120
South Elma '

Satsop River near 21,400 315 500 0.25 230
Satsop
Wynbochee River

below Black Creek
near Montesano

15,200 179 900 0.01 230

|

|
\
i
|

DATA FOR HOMOGENITY TEST FOR GAGING STATIONS
IN WESTERN WASHINGTON.

Q2,33 R.I, for TEffective

Q10 x  92.33x  length of
L Q10 Q2.33 ratio ratio record
GAGING STATION (cfs)  (efs) Q2.33 (cfs) (yr) . (yr)
Chehalis River 11,500 28,600 1.45 47,500 21 22
|
Satsop River 32,700 21,400 1.53 35,500 15 31
21,000 15,200 1.38 25,200 32 21,

Wynoochee River

o

\
|
|
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TABLE 3-3. Peak Flood Data from Three Caging Stations in the Grays Harbor Area (continued).

ANNUAL FIOOD PEAKS

CHEHALIS RIVER AT SOUTH ELMA

SATSOP RIVER NEAR SATSOP

Water Year Date

Discharge (cfs)

1947
19,8
1949
1950
1951

26 Jan 1947
5 Jan 1948
2l Feb 1949
27 Feb 1950
11 Feb 1951

28,000
24,400
35,600
34,500
38,800

Discharge (cfs)

WYNCOCHEE, RIVER BELOW BLACK CREEK
NEAR MONTESANO

Vater Year Date

Discharge (cfs)

1942
1943
1944,
1945
1946
1947
1948
1949

1951

3 Dec 1941
2 Apr 1943
3 Dec 1943
8 Feb 1945
11 Apr 1946
14 Feb 1947
19 Oct 1947
22 Feb 1949

9 Feb 1951

16,100
10,000
15,100
16,600
11,000
15,800
13,400
16,200

22,600

Water Year |Date

1930 23 Dec 1929
1931 23 Jan 1931
1932 26 Feb 1932
1933 8 Jan 1933
1934 21 Dec 1933
1935 22 Jan 1935
1936 4 Jan 1936
1937 14 Apr 1937
1938 28 Dec 1937
1939 1 Jan 1939
1940 15 Dec 1939
1941 .-}18 Jan 1941
1942 ~— |19 Dec 1941
1943 1 Apr 1943
1942, 3 Dec 1943
1945 7 Feb 1945
1946 11 Apr 1946
1947 25 Jan 1947
1948 1S Oct 1947
1949 22 Feb 1949
1950 28 Dec 1949
1951 9 TFeb 1951

11,300
19,200
27,000
15,300
24,500
52,500
16,600
155200
.30,100
25,600
18,700
25,200
13,200
13,100
19,900
28,000
17,200
2,000
17,300
27,000
26,600
36,500

Table from Floods in Western Washington (Bodhaine and Robinson 1952).
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REGIONAL GEOLOGY

 PHYSTOGRAPHY

Grays Barbor is situated in the northern .imits of the physiographic
province of the Willapa Hills, The Willapa Hi'ls trend north and south
through the arsa from Grays Harbor to the Colv:ibia River. Most of the
province is under 2,000 feet in elevatlon., Ir the vicinity of Grays
Harbor elevations are seldom in excess of 600 :‘eet,

The Olympic Mountains physiographic provi:ice lies immediately
north of Grays Harbor. The topography of this province is extremely
rugged, Elevations of the ridges and peaks cuv minate with Mt. Olympus
(7,954 ft.) (Oampbell 1953), This area forms :. region of high relief
avazlable to the southward flowing subparallel rivers which empty into
Grays Harbor,

The Grays Harbor-Chehalis River system is uniquely situated in a
long narrow corridor of contrastingly low reli:f which extends east-
wardly into the Puget-Willamette Trough. The  hehaliz River occupies
this valley as far east as the vicinity of Gres.d Mound. In this area
‘the valley broadens considerably northeasterly and southeasterly into
the Puget-Willamette Trough, Upstream from th:'s region; the Chehalis
River arcs rapidly south and west and heads in the Willapa Hills where
some elevations are in excess of 2,000 feet,

1 Trending southwesterly from the mouth of ihe Chechalis River to
Willapa Bay is a divide formed by hills which : ttain 600 feet in ele~
va‘b:.on° This divide considerably. limits the d,ainage system of the
sauth shore of Grays Harbor, The maximum dist:nce for these north-
westerly flowing streams from their source to i‘he Bay is about 10
miles, the Elk River which empties into South . a3y being the longest.

Terrades are reported at levels up to 300 feet in western Grays
Harbor and also along ‘the major streams (Newco:b 1947)s. No infore
mation is available as to their origin,

Aggradation at the mouths of the major st:eams and rivers is
gpparent from a cursory inspection of the topo raphic maps, Such ag=
gradationAmay be due to the raising of the coa:t locally, to a decrease
in water available upstream, or possibly to su sidence of upstream
regions, The various agencies can work indeperdently for each streamo
The physiographic interpretation of the area will require considerable
field work and study and cannot be made on the basis of present evidence.
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STRATIGRAPHY

Pre~Tertiary

There are no known pre-Tertiary rocks in tl.: Grays Harbor area,

Tertiggx

A thick sequence of marine Tertiary rocks l'is been mapped in the
area, Four formations of Tertiary strata are re:ognized,

Early Eocene Metchosin volcanics are expose'l in the low hills between
southwestern Grays Harbor and Willapa Bay. The:r: rocks are basaltic lavas
with intercalated shales, and tuffaceous sedimer..s, The exposed portion
of this formation is estimated to be between 50( and 3,500 feet thick,

Undifferentiated Oligocene sedimentary forr:ations are located to
the north and east of Grays Harbor, These lie i.iconformably upon the
Metchosin volcanics. Exposures of the middle Ol ‘gocene Lincoln for-
mation are mapped in the eastern portion of the 'trays Harbor area, A
thickness to 5,000 feet is recorded for the Olig icene strata. These
rocks are all marine deposited, massive to strat.fied shaly sandstones,

The middle Miocene Astoria sandstones rest :nconformably upon the
Oligocene rocks, Thicknesses up to 2,500 feet e recorded for the local
Astoria sandstones. The Astoria is a massive, f ne to intermediate grained
brownish sandstone, with intercalated sandy shal.:s,

The lower Pliocene Montesano formation is r.apped within two westerly
plunging synclines in the eastern Grays Harbor ¢ '‘ea, The Montesano is
a cross~bedded; medium-coarse grained sandstone -rith minor shales and
some intercalated conglomerates, It is entirely a marine deposited
formation, Its thickness varies from 1,700 feet on the south side to
2,200 feet on the north side of Grays Harbor, I :ssibly this formation
is upper Miocene-lower Pliocene, as it rests wit.. noted unconformity
upon the eroded surface of the strongly folded p.e-upper Miocene strata
(Weaver 1937).

Pleistocene

Pre-glacial Pleistocene Satsop sediment occ :rrences are mapped along
the Chehalis River, inland from Grays Harbor. T.ie Satsop is also mapped
in an area on the western side of the Wishkah River just north of Aber-
deen; in this area the Satsop clays, sands, and . ravels, are over 200
feet thick.
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The terraces of the outer areas of Grays Harbor ars underlain by
accumulations of Saanich (Recent) marine sands. The materials under-
lying the upland tervaces are Satsop-like clays; sands,; and gravels.
Both the Saenich sands and the older Satsop-like sands of the bars and
beaches may total 800 to 900 feet in depth (Newcomb 1947).

GEOLOGIC HISTORY

Pre-Tertiary

As Grays Harbor has no known exposures of pre-Tertiary rocks, the
interpretation of the geologic lhistory of the arez is inferred from the
pre~Tertiary basement exposed elsewhere in Washington, Paleozecic and
early lMesozoic volcanic, plutonic, and sedimentary rocks are known in
western Washington, but their tectonic history is only partially known,
Cretaceous shales; sandstones, and conglemerates form the deeply burled
basement upon uhich the thick Tertiary deposits repose,

Tertiqu

The visible geologic history of Grays Harbor begins with the
Metchosin volcanics of the early Eocene, Some 3,300 feet of Metchosin
basaltic lavas, tuffs, a nd agglomerates were deposited on the floor of
the early Focene embayment. BEvidence for later Focene history in the
immediate area is lacling.

Minor occurences of Oligocene rocks are found on the northeastern
flanks of the anticlinal zone of Metchosin volcanics along HElk and Johns
Rivers. More extensive units of Oligocene rocks cccur at some distance
from the harbor, The Oligocene rocks present indicate the deposition of
marine sediments upon a subsiding Eocene surface, the subsidence con-
tinuing through Oligccene tine.

Barly Miccene strata are wimown in the area. Deposition in mode-
rately shallou water i3 suggested by the chioracter of the middle Miocene
marine sandsiones of the Astoria formation., During Astoria time igneous
activity was progressively greater to the southeast of Grays Harbor. In
the Grays Harbor area a basalt flow 50 to 75 feet thick is intercalated
in the lower 500 feet of the Astoria sandstone., This basalt has been
quarried at a location about seven miles south of Aberdeen., No basalis
within the Astoria are known north of the Chehalis River (Weaver 1937).

In western Washington and Oregon a series of diastrophic events
produced numerous major northwest-southeast trending folds involving all
pre-upper Miocene rocks. Deformation followed by extensive erosion oc-
cupied the remaining Miocene and early Pliocene. Regionally, Pliocene
time closed with almost complete emergence of the Washington and
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Oregon coast. A few minor marine embayments persisted through the late
Miocene and early Pliocene. These occurred along the Olympic Peninsula
coast, at Orays Harbor and Coos Bay, Oregon. The sediments of the
Grays Harbor area accumulated during this time are mapped now as the
Montesano fermation of marine sandstones and conglomerates.

Thick terrace deposits of unconsolidated Pleistocene sediments
conceal the Tertiary formations in parts of the area, as along the
major rivers emptying into (Grays Harbor and a rather wide area
adjacent to the Pacific Ocean (Weaver 19373 Eardley 1951). Table L-1
summarizes the formations of the Grays Harbor area.

GEOLOGIC STRUCTURE

Eastern Grays Harbor is located in & region of westerly plunging
synclines. These synclines disappear beneath the Quaternary sediments of
the western Grays Harbor area. Numerous subsidiary folds within the
major structures provide the structural control for the present day
topography. A northwest-southeast anticlinal zone of Eocene volcanics
lies in the Johmsand Elk Rivers region of western Grays Harbor.

The folds present are the product of two phases of deformation.
Evidence suggests a late Miocene~early Pliocene phase of low to mediume-
intensity folding, Faults in these folds are not numerous and if present
would be of the normal type.

Late Tertiary and early Pleistocene compressional movements pro-
duced broad north-south arching and sagging of the crust regionally.
This folding was superposed on the Miocene westerly trending structures.
Minor flexures have locally modified the major westerly trending folds
of the Miocene. '

Differential crustal movement of the Pleistocene and Recent has
determined the present coast line and in places has elevated it from
20 to over 200 feet (Eardley 1951).

ECONOMIC GEOLOGY

Nommetallic Minerals

The commercially worked nonmetallic minerals are the silica sands
of the Montesano Quarry, the crushed stone operations of the Arctic, New-
skah (Quiggs Bros. Construction Co,), and Hoquiam Quarries, and numerous
sand and gravel pits, Minor occurrences of coal, limestone, clay and
peat are in the area (Valentins 1549; Keuffman 1952).

Exploratory measures are being taken for oil and natural gas. No



TABLE h"l 0

Formations of the CGrays Harbor Area,

PERICD EPCCH FORMATION
Recent Saanich
Quaternary
Pleistocene Satsop
Pliocene Montesano (lower Pliocene and
Tertiary possibly upper Miocene)
Miocene Astoria (middle Miocene)
Oligocene Lincoln (middle Oligocene)
Eocene Metchosin (lower Eocene)
none present

Pre=Tertiary

Table compiled from Weaver (1937).
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natural gas discoveries are reported. One well with a strong showing of
oil is reported at Ocean City (Valentine 1949). Several oil companies
have conducted mapping programs and have, in some cases, considerable
file data concerning the subsurface and surface geology of the Grays
Harbor area (The Ohio 0il Company 1955; Richfield 0il Company 19553 Shell
0il Company 1955). Over 10 oil companies have had field parties in the
area, but in general, all information is held within the companies' files
and is not available for examination.

Metallic Minerals

The occurrence of metallic minerals for commercial use is in-
significant.
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GEOPHYSICS

SEISMOLOGY

In general, the ‘state of Washington is not nearly as seismicly
active as California, However, Washington does exceed Oregon in both
number and severity of earthquakes, Most of the offshore and Coast
Range epicenters cease north of 42~ N. and then begin again off the
coast of Canada (Byerly 1940, 1952),

Seismic Activity

From 1769 to 1953 there were 6 recorded land shocks and one offshore
shock. These are listed from Holden (1898), McAdie (1907), Townley and
Allen (1939); and Bulletin of the Seismological Society of America (n. d.).
The Rossi-Forel scale of intensity is used, The 1939 shock had its
epicenter offshore.

16 Mar 1904 - VIII to X (?) 1l Feb 1946 = V to VI
12 Nov 1939 - V 23 Jun 1946 = V to VI
6 Dec 194l - VI 13 Apr 1949 - VII

The following is a description of the 1904 earthquake as given by
Townley and Allen (1939):

1904 March 16. 8:18 p.m. VIII to X. Western part of Olympic
Penninsula?

This shock was felt in the region from Seattle to Victoria, B. C.,
as of about intensity VI. A report dated March 21, from Tacoma, ap-
peared overdrawn, but indicated that possibly a very strong shock
had taken place on the western shore of the Olympic Peninsula, It
said: "Indians arriving today at Hoquiam on Grays Harbor bring
news of strange happenings along the shore of the Pacific Ocean
north of Quinault Indian Reservation from earthquake. They declare
that last Wednesday night's shocks threw several rivers out of their
channels forming several large lakes on the adjacent lowlands,

"The beds of the Queets, Quinault, Wishkah, and Hoh Rivers,
according to the Indians, were raised twenty to thirty feet, throw-
ing a flood of water into the valleys lying between the Olympic
mountain range and the Pacific Ocean."

Clocks were stopped in Victoria, B, C, The shock was not
felt in Portland, Oregon, In Seattle bottles were thrown from
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shelves, chairs were moved, and people thrown from their feet. The
intensity was at least VI in Seattle. ~-Reid's Scrapbook, 2, 30.

Seismograph Stations

There are three Strong-Motion Seismograph stations within a 100=
mile radius of Grays Harbor, These are located in the Federal Building
in Seattle,; at the College of Puget Sound; Tacoma and in the Highway
Testing Laboratory, Olympia, Two Teleseismic stations are located within
125 miles of the harbor. The University of Washington at Seattle houses
one instrument; the other is at Victoria, B, C., Canada, in the Dominion
Astrophysical Observatory.

VOLCANOLOGY

Volcanic activity is an important aspect in the geologic history
of western Weshington. The exposed volcanic rocks about the Grays Harbor
area are sarly Eocene Metchosin, The Astoria formation deposited during
the Miocene contains basalts. The shield volcanoes of the Cascade Moun-
tains had their beginning during the Pliocene-Pleistocene epochs.

In investigating the Fleistocene and Recent peat bogs of the region,
Rigg (1954) failed to find volcanic ash in the immediate vicinity of
Grays Harbor, However, within a radial distance of 100 miles of Grays
Harbor, numerous deposits of ash are found, These deposits; perfectly
pregerved within the peat bogs, offer a potentially valuable source of
dating material.

Fargher Lakey, a drained lake in Clark County to the southeast of
Grays Harbor, shows four well separated layers of ash, One layer con-
tains particles of pumice, Thirty miles to the east of Grays Harbor,
Hicks Lake and Belmore Bog, both near Olympia, show one well-defined
layer of ash, To the northeast the Chimacum Creek Peat area; shows
volcanic ash in various locations and depths with one well-defined band
close to the surface.

The bogs of the coastal area which contain no volcanic ash are in
the sand dunes, These bogs are considerably more recent than the inter-
ior bogs and are subject to being destroyed by waveand wind action which
constantly reworks the sand,
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of Commerce Coast and CGeocdetic Survey, Special Publication no.
282, Revised (1953) Edition, LO pages.

(Lists all active teleseismic stations in U. S., describes U,

S. C. & G, S, program.)
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Nuttli, O, W,

1952, The Western Washington Earthquake of April 13; 1949. Bulletin
of the Seismological Society of America; vol., U2, no. 1, pp.
21“280
(The earthquake intensity is given as VIII on the modified Mer-
calli scale, the focal depth was 70 km., and the epicenter was
located in Puget Sound; just east of Ketron Island, 10 miles
southwest of Tacoma, QGrays Harbor area was affected.)

O‘Briens M, P,

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

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

Roop; R, G,

194ba, 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,
Berkele¥, Laboratory Memorandum No. HE-116~212, 9 pages (type-
written).
(Coos Bay and other locations along Pacific Coast listed for time
of arrival and other analysis of earthquake data,)

1946b. A study Relating Data from the Seismic Sea Wave of April 1; 1946
to the Theory of its Propagation. University of Californiay, De-
partment 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.)

Townle y, Sidney D,

1919, Earthquakes on the Pacific Coast of North America. Bulletin of
the Seismological Society of America, vol. 9, no. 3, pp. 72=85.
(Concerned primarily with examples from California., The ssence
of mention of earthquakes in Oregonand Washington is to be noted.)

Townley; Sidney D, and Maxwell W, Allen
1939, Descriptive Catalogue of Earthquakes of the Pacific Coast of
the United States 1769 to 1928, Bulletin of the Seismological
Society of America, vol. 29, no, 1, pp. 1=279.
(Catalogue showing the time; location, duration; and descript=
ion of each recorded earthquake, Washington covered on pages
259 to 2680)



Ulrich; Franklin P,

1941, Progress Report for 1939 of the Seismological Field Survey of
the United States Coast and Geodetic Survey, Bulletin of the
Seismological Society of America; vol. 31, no. 2, pp. 107119,
(Map showing felt area for earthquake of November 12, 1939, in
Western Washington, page 111,)

1948, Progress Report of Seismological Work by the United States
Coest and Geodetic Survey in the Western United States During
1916, Bulletin of the Seismological Society of America, vol,
38, N0. ly ppo 55‘67a )
(Isoseismal maps of the earthquakes of February 1L, 19465 (p. 59)
and June 23, 1946 (p. 61).)

U, S, Department of Commerce Coast and Geodetic Survey
1954. Strong-Motion Stations--Instrumental Data, Seismological
Field Survey, 7 pages (mimeographed), (Unpublished.)
(Lists location and operational data of all stations operated.)

Vesanen, E. E. and J., W. Jones
No do On Seismicity in the State of Washington., To be published in
the Transactions of the International Geodetic and Geophysics
Uniom, presented at the Belgium meeting, 1951, (Unpublished.)
(Discussion of earthquakes of Washington, with general con-
clusions.,)

Wood, Harry O,
1942, A Chronologic Conspectus of Seismologic Stations, Bulletin of
the Seismological Society of America; vol. 32, no. 2, pp. 97-159.)
(Data for all seismological stations presented in tabular form
with location maps.)

VOLCANOLOGY

Diller, d, S,
1899, Latsst Volcanic Eruptions of the Pacific Coast., Science, new
series, vol. 9, pp. 639-640,
(Discussion of evidence of a recent eruption of Mount St,
Helens and other Pacific Coast volcanoes.)

Hague,; Arnold and Joseph P. Iddings
1883, Notes on the Volcanoces of Northern California, Oregon, and
Washington Territory. American Journal of Science,; 3d series,
vol, 26, no, 152, ppo 222-235.
(Relationship of volcances including those adjacent to the
coastal area,)
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Hanson, Henry P.
1947. Postglacial Forest Succession, Climate, and Chronology in the
Pacific Northwest. Transactions of the American Philosophical
Society, vol, 37, part 1, pp. 1=130,
(Occurrence of volcanic ash layers in peat bogs may possibly
be usgd for chronology. Data presented includes Grays Harbor
ar'eao

Holden, Edward S.

1898, A Catalogue of Recorded Earthquakes on the Pacific Coasty, 1769
to 1897, Smithsonian Miscellaneous Collections; no. 1087, 253
pages,

(Includes reports of volcanic eruptions and seismic sea waves.)

Plummer, Frederick G.
1896, Reported Volcanic Eruptions, Publications of the Astronomical
Society of the Pacific, vol., 8; no, 50, pp. 176-178.
(Alaska,; Washington, Oregon, and California from the year 1690
to 1895, Definitely stated that many eruptions would be con-
tradicted if examination had been possible.)

Rigg, George B,
1954, Pemm:' communication on volcanic ash layers in peat bogs.
Verbal communication and inspection of manuscript notes on
15 December 195k, Seattle, Washington.

Rigg, George B, and Carl T, Richardson
1938, Profiles of Some Sphagnum Bogs of the Pacific Coast of North
America., Ecology, vol. 19, no. 3, pp. L0B=L43L.
(No volcanic ash layers identified in Coos Bay area while ash
is found near Grays Harbor,)

Verhoogen, Jean '
1937, Mount St. Helens, A Recent Cascade Volcano. University of Cal-
ifornia Publications, Bulletin of the Department of Geological
Sciences; vol. 2l, no. 9; pp. 2563-302.
(Comprehensive description.)

Williams, Howel
1942, The Geology of Crater Lake National Perk, Oregon, With a
Reconnaissance of the Cascade Range Southward to Mount Shasta.
Carnegie Institution of Washington, Publication no. 5L0, 162
Pages.
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GEODESY

Bowie, William

1917,

192l

1926,

Duerksen,
1949,

Investigations of Gravity and Isostasy. U, S. Department of

- Commerce Coast and Geodetic Survey, Special Publication 4O,

196 pages, Government Printing Office, Washingtony D. C.
(Contains gravity measurements made near t he areas of murveys
California, Oregon and Washington,)

Isostatic Investigations and Data for Gravity Stations in the
United States Established simce 1915, U, S. Coast and Geodetic
Survey; Serial no., 246, Special Publication No., 99, Government
Printing Office, Washington, D. C., 91 pages,

(Survey areas are includedd

Isostatic Condition of ‘the United States as Indicated by Groups
of Gravity Stations, U. S, Coast and Geodetic Survey, Serial
no, 366, Government Printing Office, Washington, D. C., 11 pages,
(Discusses the data presented in Special Publication 99 in the
light of a regrouping of the gravity stations. Report areas are
included.)

Jo A,

Pendulum Gravity Data in the United States, U. S, Coast and
Geodetlc Survey, Special Publication no. 2Lk, Government Print-
ing Office, Washington, D, C,, 218 pages,

(Two tables of pendulum gravity data are given. One contains
theadopted pendulum gravity data together with the gravity ae-
nomalies, The other contains the observed gravity data when=
ever more than one pendulum gravity determination has been
made. Survey areas are included.)

Hayford, John F, and William Bowie

1912,

The Effect of Topography and Isostatic Compensation Upon the
Intensity of Gravity. U. S. Department of Commerce, Coast and
Geodetic Survey, Special Publication 10, 132 pages,; Government
Printing Office; Washington, D. C.

(Contains gravity measuremtns made near the areas of survey, north-
ern California, Oregon, and Washington,)

Heiskanen, W,

1951,

On Seattle Earthquakes and Gravity Anomalies, Bulletin of the
Seismological Society of America, vol, 41, no., L, pp. 303-305.
(Reviews the work of Bowle (192l in the light of the Seattle
earthquake. Grays Harbor area affected.)
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Marshally R, Be
1918, Spirit Leveling in the State of Washington 1896 to 1917,
Inclusive. U. S. Geological Survey, Bulletin 6TL, 204 pages.
(Precise and primary leveling.)

U. S. Department of Commerce Ccast and Geodetic Survey
n. d.' Index to Topographic Surveys; West Coast, United States.
Washingtony, D, C,
(Loose leaf pages showing location and boundaries of surveys.
Surveys from 1850 to 1937 for Grays Harbor araea shovmn, )

1952, Triangulation Diagram, Showing Triangulation Stations, Adjusted
on North American 1927 Datum, March 1952, Chart 6195, Grays
Harbor, Wash,

1954a. Index Map, Conirol Leveling, State of Washington.

1954b, Triangulation Diagram, State of Washington.

U, S. Navy Hydrographic Office
1951, Radio Navigation Aids. H. O, Pub. No. 205, Government Printing
Office, Washington, 422 pages.
(Direction finder stations, radiobeacons, time signal navigat-
ional warnings, distress signals, medical advice and quarantine,
long range navigational aids, and radio regulations for terri-
torial waters.)

U. S, Treasury Department Coast Guard
1952, Complete List of Lights and Other Marine Aids, Pacific Coast
of the United States. Volumes I-V, CG-162, Government Printing
Office, Washington, 288 pages.
(This listing is intended to furnish more complete information
concern;ng aids to navigation than canbte conveniently shown on
charts,

Wagner, Henry R.
1937. The Cartography of the Northwest Coast of America to the Year
1800, University of California Press, Berkeley, vol. I, pp.
1-270, vol, II, 271=5L3.
(A comprehensive presentation of the early charts and history

of early mapping and e xploration. Place names still in use
and obsolete place names.)
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GEOMAGNETISM

Deely Samuel A,

1946,

Magnetic Declination in the United States, 1945. U. S. Soast
and Geodetic Survey, Serial 66l, Washington, D. C., 67 pages.
(Intended for use in making compass surveys. Contains the

distribution of the magnetic declination in the United States

and its annual rate of change for the beginning of 1945,
Report areas included.)

Deel, Sumel A, and H, Herbert Howe

1948,

United States Magnetic Tables and Magnetic Charts for 1945,

U, S. Coast and Geodetic Survey, Serial 667, Washington, D, C.,
137 pages.

(Contains observed values and 1945 values of declination, dip,
and horizontal intensity for all repeat stations and similar
data for other observations from 1937 to 1947; secular-change
tables and magnetic charts, Report areas included.)

Henderson; J. R.

1952,

Preliminary Total Intensity Aeromagnetic Maps of Part of
Grays Harbor, Pacific, Thurston, and lewis Counties; Wash,
Two maps of the U, S. Geological Survey released only in the
open files, locally available at the Division of Mines and
Geology, State Department of Conservation and Development,
Lol Transportation Bldg., Olympia, Wash, (Unpublished.)

Howe, H. Herbert, and David G, Knapp

1938,

United States Magnetic Tables and Magnetic Charts for 1935,

U, S, Coast and Geodetic Survey, Serial 602, Washington, D. C.
163 pages,

(Contains observed values and 1935 values of the magnetic de-
clination, dip, and horizontal intensity for all stations oce
cupied about 1937; secular-change tables and magnetic charis,
Data for report areas.)
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RECENT SEDIMENTATION

BEACHES

Beach Characteristics

From the mouth of the Columbia River northward to Foint Grenville
the shoreline is composed of sand beaches broken only by Copalis Head
and the entrances to Willapa Bay and Grays Earbor. The entrance to
Grays Harbor is formed by a north and south spit. The north spit is
about 8 miles long and slightly more than 2 miles wide at the widest
point, It narrows to approximately 3/4 mile in width at the ncrthern
end. Extending north-south down the center of the spit is.a marsh which
separates the eastand west dune strip. Most of the dunes east of the
marsh are well stabilized by forests. The south spit is approximately
S miles long and 1-1/2 miles wide at the northern end. It narrows to
slightly less than 3/l mile wide at the southern portion, Most of the
spit is well stabilized by vegetation.

A series of profile ranges on the ocean front beaches was set up
in August and September of 1945 by perscnnel from the Fluid Mechanics
Laboratory, Berkeley, California (Isaacs 1947). The beaches studied
in the vicinity of Grays Harbor were from Point Grenville southward to
the Columbia River, The north and south spits at Grays Harbor were
not investigated.  The beaches showed marked variations in slopes over
the total investigated distance of about 43 miles, The type of sedi-
ments of the beach face varied as did the general smoothness and firm-
ness of the beaches, Table 6-1 gives the average slopes and general
characteristics for some of the beaches in thisegion, Enclosure 6-1
gives the location for some of the beaches studied and Enclosure 6-2,
the profiles of these beaches,

The U, S, Army Corps of Engineers have made beach profile studies
on the south spit in the vicinity of the scuth /etty. A periodic survey
of 17 ranges has been made from 1936 to 1949, These prefiles, located
along the shore from about 1 mile to 3-1/4 miles south of the jetty, are
shown in Enclosures 6-3 {through 6-15, By compaiing the various profiles
it canbe seen that for identical locations soutih of the jetty the ele-
vations have increased appreciably between 1936 and 1949, The greatest
elevation increase is in the region immediately south of the jetty. The
greater the distance from the jetty the less the elevation increases,
North of the jetty sediments have been removed and there has teen a
degradation of the shoreline,

The U, S, Army Corps of Engineers Seattle District (1939) have dlso
compared two beach profiles from 1900 to 1933 which continue offshore for
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TABLE 6-1, Characieristics of Beach Profiles.,

Location Slope

kemarks

Point Grenville Overall 1:100
Beach face 1:50
-6 to =17 ft. 1:170

Point Grenville Beach face 1:20
South Station

(2 mi, south of
Cape)

Copalis Beach Beach face 1:80
Beyond 12 ft.,
extremely flat

Ocean City Beach

Leadbetter Point| Beach face 1:90

Solando Beach Beach face 1:60

Ocean Park Beach

Long Beach Overall 1:60

Beach regular,

Beach face composed of gravel.

High vater reaches a clay bank,

No berm present.

Breaker zone irregular but offe
shore smooth and of gentle
slope,

A numbter of distinct bars and
berms present,

Similar to Copalis Beach but
very irregular from O to 10
ft’o

2 well-defined offshore bars,

Offshcre profile more irregular,

Severel offshore bars evident,

Bar at 3,200 ft, offshore a bout
12 £t. high.

Offshore profile increasingly
irregular,

3 well-defined bars exist,

Bar at 2,500 ft. offshore about
12 ft. high,

One well-defined bar exists

Table compiled from Isaacs (1947).
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depths of over 50 feet (see Enclosure 6~16). A range on the north and
south spit 13 compared on profiles from 1900 to 1939 (sece Enclosures
76 and 7~7),

Personnel at the Washington State Shellfish Laboratories have made
a study of the ocean beaches in the vicinity of Grays Harbor in conjunction
with their shellfish investigations (Washington State Department of
Fisheries n. d.). They have constructed beach profiles at various lo-
cations on Copalis Beach, Twin Harbors Beach, and Long Beach (see En-
closure 6-1), These profiles, shown in Enclosures 6-~17 through 6-30
indicate coninual changes in the beach condition,

In a general study of beaches, Bascom (1951) shows that sand size
and intensity of wave action are the factors controlling the slope of
the beach face, A&ll aerial photographs taken by personnel from the
Fuild Mechanics Laboratory, Rerkeley, Californiz, are listed in Isaacs
(1947) and Bascom ancd McAdam (1947). Dr. M. P. O!'Brien, Department of
Engineering, University of California, has information on file con-
cerning the beach region of Grays Harbor, Washington,

Beach Sands

In conjunction with the beach profile study, the Fluid Mechanics
Laboratory personnel (Isaacs 1947) collected 47 sediment samples from
the beaches of Copalis, Ccean City, and Leadbetter Point, Most of
these samples were collected above mean lower low water; however, a few
were taken in shallow depths offshore. All of the samples were well
sorted, fine sands, with median diameters ranging from 0.1k to 0.23 mm
(see Table 6-2), The location of the profiles along which samples
were collected is shown on Enclosure 6-1; the cumulative curves for
the size analysis in Enclosure 6~31 ,

The U, S. Army Corps of Engineers (1951b) in ccnjunction with beach
erosion studies present the size analysis fer Ll samples taken at 4O loca-
tions; four locations are bore holes with a sediment sample each, All the
sediments were collected on the south spit in the vicinity of Point Che-
halis, The median diameters ranged from about 3.0 rm (gravel)to 0,19
mm (fine sand). The sorting varied from good to poor (see Table 6-3),

The cumulative curves for the mechanical analysis are given in Enclosure
6-32., The location of the samples is shown on Enclosures 6-1 and 6-33,

SHORELINE CHANGES

In 1862 the first Grays Harbor entrance survey showed the southern
end of the north spit to be in part an island, By 1881 this island was
connected to the spit and the channel had shifted from a nortnwest to a
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TABLE 6-2, Median Diameters of Beach Sediments at Copalis Beach, Ocean
City, and Leadbetter Point, Washington,

Median Median
Sample Diameter Sample [Diameter
Location Noo (rom) Location No, (rm)
Copalis Beach| 1 0.15 Leadbetter Pointl 14 0.18%
14 0,17 1B 0,175
Range 0+CO 2 0,18 Range 20+00S 1C 0.19
2A 0,18 1D 0,175
2B 0.18 15 0.20
2C 0,19 2 0,175
2D 0,18 2A 0,18
2k 0,16 2B 0.19
2F 0.19 2C 0.20
Bar seaward 2D 0.22
of 2G. 0.18 2% 0,20
Depression. 0,16(?) 2F 0,20
10! of water,! 0,15 2G 0.21
Range 0400 1 0,19
Median 1A 0.19
Sample Diameter 1B 0,185
Location No. (mm ) 1c 0,19
‘ 1D 0,18
Ocean City 1 0.15 2 0.18
1A 0.17 2A 0,19
Range 0+00 2 0.17 2B 0,19
oo 2A 0,17 2C 0.21
2B 0,17 2D 0.23
20 0,17 28 0.18
2D 0,17 2P 0.23
20! of water | 0,16 2G 0,21

Data from Isaacs (1947).
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TABLE 6-3, Median Diameter of Beach Sediments in the Vicinity of Point Chehalis, Washington.

Median Median

- | Diameter Diameter
Sample Noo[ {mm) Classification Sample No. (mm) Classification
535<1 0.20 Fine sand NOA 0,32 Medium sand
535«2 0.25 " n BOB 0,32 w "
5353 0,27 Medium sand S25A 2,0 " u
535=l 0.27 " " S258 3.0 Gravel
535-5 0.26 " i S20A 1.6 Very Coarse sand
£35.6 0.50 n " S20B 0.2 Medium sand
13B 1.2 Very coarse sand S15A 5.5 Gravel
14B O. Lk Mediun sand S15B 0.26 Medium sand
158 0,20 Fine sand S10A 0.L45 " n
16B 1.9 Very coarse sand S10B 0.23 Fine sand
17E 0,40 Medium sand S5A 0,19 " u
17N 3,00 Gravel S5B 0.28 Medium sand
N25A 0,29 Medium sand SOA 0.23 Fine sand
N25B 0,30 n " SOB 0,19 " "
N20A 0.29 n n Hole 1 elev =3.5! 0.29 Medium sand
N20B .30 n n Hole 1 clev -7.0? 0,27 it ®
N15A 0.30 n L Hole 6 elev 5,0! 0,30 " "
Ni55 il t " Mo & olor 2.0 n,20 o n
N10A 0.36 " " Hole 7 elev 3,57 0,23 Fine sand
N1OB. 0.L40 n " Hole 7 elev 0,0! 0,26 Medium sand
N5A 0.30 n n Hole 9 elev =4 B¢ 0.28 f "
NSB 1k Very coarse sand Hole 9 elev ~2,3' 0,23 Fine sand

Data from U, S, Army Corps of Engineers (1951b).
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southwest trend, Breakers and heavy surf line the channel, 4ll the
changes in entrance channel and shoreline from 1862 to 1953 for the

north and south spit are shown in Enclosures 6-3l4 and 6-35. Between

1862 and 1891 the high water line of the west shore of the north spit re-
treated to the east by some 3,000 feet. This shore remained relatively
stable until about 1906, After the construction of the north jetiy there
was a noticeable westward advance of both the high and low water lines,
The mean lower low water line moved westward, due to sediment deposition,
by about 2,000 feet between 1906 and 1909. The high water line showed a
westerly advance of approximately 1,800 feet, Ey 1921 the high water and
low water lines had moved seaward an additional 3,000 feet or more.
Between 1921 and 1948 a seaward advance of approximately 1,000 feet was
noted. On the average, the north spit advanced seaward at the rate of
about 600 feet per year between 1906 and 1909, immediately after the
construction of the jetty. The advance slowed to approximately 250

feet per year between 1909 and 1921, From 1921 to 1948 the average has
decreased to about 37 feel per year,

There was no noticeable southern advance of the north spit until
about 1917, Between then and 1921 the seaward edge of the high water
line of the north spit had grown to the south by approximately 7,000
feet, From 1921 to 1948 the growth has been aprroximately only 1,000
feet,

The south jetty construction was begun in 1898; between then and
1909 a seaward movement of the high water line cf about 2,800 feet
occurred. A slow eastward retreat of the beach occurred between 1924
and 19363 since then the beach has moved slowly seaward. North of the
Jettys Point Chehalis has been progressively retreating eastward and
southwards since about 1935 (see Enclosures 6-36 and 6-37).

The erosion on Point Chehalis at Grays Hartor south jetty is dis-
cussed by the U, S, Army Corps of Engineers (n. d. b) as follows:

1. A study of the various maps showing the shoreline of the
spit north of the South Jetty at Grays Hartor from 1900 to 1941 dis-
closes that in 1900 the spit extended north from the jetty only
1800 feet at its widest part, whereas in 1S40 it extended LOCO feet.
In 1900 the area in the vicinity of the existing Port Wharf was
water, Between 1940 and 1941 the point of the spit retreated about
LOO feet,

2. The South Jetty was completed in 1902, It was supposed to
be a high-tide jetty but the section was light, and in consequence
the enrockment soon settled, By 1906 the cuter end had settled to
below low water. By 1913 nearly all of the enrockment was below
midtide level, The report for 1916 states that the enrockment re~
mains at or below extrems low water throughout practically its en-
tire length.
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3. The beach south of the base of the South Jetty moved out
(westward) between 1900 and 1909, remained at about the same loca-
lity until 1924 and then retreated slowly towards the east until
the reconstruction of the jetty was started in 1936, when the move-
ment was reversed and the beach again moved to the west,

Lo The above indicates that when the littoral drift from the
‘'south is stopped by jetty construction the shore south of the jetty
builds out to the west,

5. Between 1900 and 1935 when reconstruction of the jetty was
started, the shoreline north of the jetty was in prolongation of
the shoreline south of the jetty; there was no effect at t he jetty,
This might indicate that the jetty section was so light that sufe
ficient sand passed over and through it to maintain the beach north
of the jetty.

6. Since 1935 the beach north of the jetty has moved to the
east and there is a decided offset in the beach at the base of the
Jetty. This would indicate that the balance between accretion of
material brought in by the littoral currents and the erosion by
wave action had been upset and that erosion was the predominant
force., The eastward movement of the beach is erratic. At times
it is fast, at other times it is slow, depending on tidal c urrents
and wave action. At times portions of the beach have moved to the
west,

To The erosion is generally greater during storms, During
westerly winds the waves race along parallel to the jetty and break
on the beach north of the jetty, causing erosion.

8. The shape of the spit clearly indicates a movement of mate~
rial from the base of the jetty north and eastward,

9. The base of the spit measured parallel to the trace of the
jetty is being decreased in width by the erosion of the beach near
the jetty. The north and south dimension has decreased but little,
probably because the material eroded is .being transported along the
beach to the north and eastward and deposited on the north end of
the spit, This action cannot continue indefinitely as the material
composing the spit is limited and the former supply has been cut
off by the jetty enrockment.,

10. Unless present conditions are modified in some way, either
by Nature or the action of man, it is believed the greater portion
of the spit will be eroded with the loss of Port wharf and the Coast
Guard boathouse. As previously indicated, the shore connection of
these structures was in 1900 to 1916 covered by water,
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11, The fore’going study has been made to determine, if possible
the reason for the erosion of the beach north of the jetty and to
develop a means of preventing the loss of the spit and structures
on it.

12, It appears that the loss of material from the spit is
caused by the destruction of the balance of forces that existed
before the Jetty was reconstructed. Since the littoral movement
of material was stopped, the equilibrium between the littoral drift
and erosion no longer obtains--erosion is the predominant force.

BOTTOM SEDIMENTS

Bay Sediments

The U, S. Army Corps of Engineers (1951b) list 48 analyses of bay
sediments exclusive of the beach sands. Most of the samples were collected
by means of a grab sampler or during dredging operations., In the vicinity
of Point Chehalis 9 borings were made. In general the interior of the
bay is poorly sampled; most of the sediments analyzed have been obtained
in the vicinity of Point Chehalis, The sediments range from fine sands
to gravels near the entrance to the bay and in the region of Sand Island
Shoal and North Channel shoal well sorted, fine sands occur. Table 6-l4
gives the median diameter and clagsification of these sediments. The
cumalative curves are in Enclosure 6-38., The location of samples is
gfmm on Enclosure 6-1 and 6-33; and the log of the borings on Enclosure

39,

In conjunction with a pollution study of the waterséebout Hoquiam
and Aberdeen the Washington State Pollution Control Commission (n. d.)
collected and described 43 sediment samples in the Chehalis, Hoquiam,
and Wishkah Rivers, Unfortunately mechanical analyses of the samples
are not available; only field descriptions were recorded. The river
sediments are primarily composed of soft muds and silts; sand is commonly
found in the channels (see Table 6~5 and Enclosure 6-1).

In this survey no direct studies concerning the supply of river
sediment to Grays Harbor bhave been found., It is possible to deduce,
however, that most of the sediments derived from the headwaters of the
rivers emptying into the harbor would not reach the sea. This is
especially true of the coarser sediments, The beach sands are pre-
dominantly in the fine to medium size range (see Tables 6-2 and 6-3),
This is also true of the bottom sediments at the entrance and those
at Sand Island Shoal and North Channel Shoal (see Table 6-4). By
considering the work of Twenhofel (1946) it is possible to conclude
that these sediments may well originate from the eroding rocks of
the shoreline and be transported by the waves and littoral currents,
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TABIB 6"h °

Median Diameter of Bottom Sediments of Urays Harbor, Washington.

Median Median

Diamster ’ Diamster
Sample No, (mm) Classification Sample No. (mm) Classification
2 0.5 Sand 1221 0.28 Medium sand
2 2.50 Sandy gravel 1222 0.28 " "
3 0.51 Gravelly sand 1 8.1I. Shoal 0.28 " "
L 4. Lo Sandy gravel 3-27-50 S. 1. Shoal 0.2 Fine sand
5 3010 n ® 3,28‘,50 0 n 002 n n
6 12 .0 " 1] 3_2 9_50 o n 0, 2 " n
7 3.0 " n 3-30-50 " n 0.2 " n
8 3.5 i 9 3-31-50 " n 0.3 Medium sand
9 0.5 Medium sand h-3-50 " 0.2 Fine sand
10 0.33 Gravelly sand hel=50 ® " 0,35 Medium sand
n 6.0 Sandy gravel Lh~S=50 " " 0.2 Fine sand
12 12,0 Gravel L4-6-50 " n 0.2 n "
13 15,0 Gravel L=7=50 " " 0.L Medium sand
1119 0,2 Fine sand 2 N. C.. Shoal 0.20 Fine sand
1120 0,2 " n Hole 2
il21 0.2 " " elev ~10,7' to -21,0? ? Sand
1122 0,19 " n Hole 3
1123 0.18 N " elev -17.6¢ 0.22 Fine sand
1127 0.19 " " Hole L4
1128 0,19 n " elev =95!' to <16,5" ? Silty sand
1129 0,19 " n Hole S
1130 0,19 n n elev =16.67 0.15 Fine sand
13 0,15 " " elev ~19.6' to <20,1¢ ? Gravelly sand
1132 0,20 elev below -20,1! 0019 Fine sand
1218 0.2l Medium sand Hole 8
1219 0,29 " n elev =}4.5' to 8,0°¢ ? Sand
1220 0.27 n "

Data from U, S. Army Corps of Engineers (1951b).




TABLE 6"5 3

Hoquiam, Washington,

Bottom Sediments Taken in the Vicinity of Aberdeen and

Sample Depth
No,l Location Description? (ft)
HO 1 Mouth of Hoquiam River Soft, muck oozey; sludge| 35
HO 1a Mouth of Hoquiam River
‘ (1/3 the way from east bank)| Mud over sand 28
HO 1b Hoquiam River |
(;}3 the way from west bank)| Sludge, silt -
HO 2 Hoquiam River (channel) Sand (sides of channel
‘ T mud with some sand) 25
HO 2a Hoquiam River (midstream) Muck, sludge -
HO 2b Hoquiam River
’ (50 ft, from west shore) Muck, sludge -
HO 2¢ Hoquiam River
' (30 ft. from east shore) Sludge, clay -
HO 3 Hoquiam River Silt, sludge, blue-~
' ' black md 30
HO 3a Hoquiam River (midstream) Some rock, mud, silt . | =
HO 3b Hoquiam River
(30 ft. from east bank) Hard bottom, blue clay | -
HO iy Hoquiam River(midstream) Mud, silt 20
WIl Wishkah River (midstream Sand -
WIZ2 Wishkah River (midstream) Clay, silt, sand -
WIl3 Wishkah River (midstream) Silty; sand; some clay | =
Vilh Wishkah River (east side) Sludge, muck ooze, mud,
silt -
WVis Wishkah River (channel) Rock bottom with silt
and sand 20-25
WIeé Wishkah River Muck oozey; silt; sand | ~
dber 1 Chehalis River, Division St.
(North side of channel) Sludge, muck coze, mud | 4
Aber 2 Chebalis River, Division St.
(midchannel ) Sand 30
Aver 3 Chehalis River, lincoln St.
(North side of channel) Sludge, muck ooze, mud | 12
Abvsr )y | Chehalis River, Park St.

(North side of channel)

Sludge; muck ooze, heavy

mud

15
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TABLE 6"’5 °

Hoquiam, Washington (continued).

Bottom Sediments Taken in the Vicinity of Aberdeen and

Sample Depth
No.1 Location Description? (£t)
Aber S | Chehalis River, Union Stat,

(North side of channel) Sludge, muck ooze, mud| 25
Aber 6 | Chehalis River, Union Stat,

(midchannel) Fine sand 25
Aber 7 | Chehalis River, "I" St,

(North side of channel) Sludge, muck ooze, mud| 22
Aber 8 | Wishkah River, Heron Bridge

(East side of river) Muck ooze, sludge 7
Aber Bﬂ Wishkah River, Heron Bridge

(Middle of river) Clean sand -
Aber 8Y Wishkah River, Heron Bridge

(West side of river) Clean sand -
Absr 9 | Wishkah River, Wishkah Bridge

(East side of river) Sludge, clay 1l
Aber 10 Wishkah River, Wishkah Bridge

(Center of river) Hard bottom 2
CHa Chehalis River at mouth of

Wishkah River (channel) Sand 32
CHb Chehalis River at mouth of Wish-

kah River (South side of channel) Muck ooze, silt -
CHC Chehalis River at mouth of Wish-

kah River(North side of channel)| Muck coze, sludge -
(7a) Chehalis River, foot of "I" St. |Hard bottom 30
(ha) Chehalis River, foot of Alder

(North side of channel) Mud -
(Lb) Chehalis Rivery foot of Alder

(midchannel) Sand, gravel -
(4c) | Chehalis River, foot of Alder

(South side of channel) Mud (?) -
(FCI) | Chehalis River, Fry Creek

estuary

(300" from bridge at head of

estuary) Mud 15
(FC2) | Chehalis River, Fry Creek

estuary

(4oO' fromtridge at head of

estuary) Muck ooze, mud 27
(R1) | Chehalis River, 200 ft. from

upper end of Rayoniey Pulp -

Mill (not in chamnel) Biack muck ooze -
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TABLE 6~5. Bottom Sediments Taken in the Vicinity of Aberdeen and
Hoquiam, Washington (continued),

Sample Depth
No. Location Description? (£¢)
(R2) | Chehalis River, 200 ft. from

upper end of Rayonier Pulp

Mill (in channel) Sand, silt -
(B1) Chehalis River, Blassen Mill

(midchannel) Fine sand 30
(B2) Chehalis River, Blassen Mill

(close to Mill) Muck 20
(B3) Chehalis River, Blassen Mill

(North side) Sludge, mud, clay 12
- Chehalis Rivery above Hoquiam

Pulp Mill Sandy, silt, some clay 33
- Chehalis River, dbove Hoquiam

Pulp Mill Muck ooze, mud,; sludge 8

1 Sample Numbers in parentheses are not the official numbers, but merely
used to locate samples on charts.

2 Muck and muck ooze are apparently descriptions for very soft, watery
muds. Sludge consists of industrial and sewage wastes.

Data from Washington State Pollution Control Commission (n. d.).
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The sediments of the Chehalis, Hoquiam, and Wishkah Rivers are
primarily silts and muds (see Table 6-5). Though there are no direct
studies concerned with the sediment transporting capacity of these
rivers by traction, saltation or suspension, and its relationship to
particle size and stream velocity, some deductions can be made. It is
quite possible that the fine river sediments have been d eposited by
gravity settlement. Gravity settlement is aided by the prospects of
flocculation due to salt water intrusion (see Water Characteristics,
Section 8).

Barton (1951) reports on the concentration of suspended sediments
of the Chehalis and tributary rivers (see Enclosure 6-40), This study
is primarily concerned with the amount of suspended sediment; though
it considers the factors which probably account for the variation of river
load, it does not factually relate and evaluate each of them. Table
6-6 gives the range in suspended s«diment load, based on about 15
samples at each of 7 stations,

According to the U, S. Army Corps of Engineers (1933) the 6,562,760
cubic yards of sediment were dredged from the inner Harbor and Chehalis
River from 1923 to 1931 in order to maintain a channel 26 feet deep
(see Table 6-7). Anaverage of 729,195 cubic yards of sediment had to
be removed each year to kegp the inner harbor at t he desired project
dimensions. Though this gives some idea as to the magnitude of sedi-
ment deposition it does not necessarily imply that these sediments
were supplied directly by the rivers to the channel during the nine
years, Sediments may be added to the chamnel by transportation and
redeposition of material previously deposited ouiside the channel area,

Offshore Sediments

This literature survey has not uncovered any investigations on
the offshore sediments in the vicinity of Grays Harbor other t han that
shown by the U. S. Coast and Geodetic Survey on Chart 6195 and previous
smooth sheets., Appareatly the bottom sediment out to a least 100 feet
is gray sands.

ALONGSHORE TRANSPORT

The south jetty was built in 1896 and the north jtty in 1907,
These original jetties were about 13,000 and 17,000 feet long respec-
tively and were intended to secure the entrance channel. The shifting
of sands and division of the channel continued after jetty construction.
In general; the history of the entrance bar shows a cycle of changes.
The channel was deflected slowly northward until a suddenbreak across
the bar to the south occurred. ' This sudden break was claimed as due to
shoaling of the north channel and to an increasing distance to deep water

75



TABLE 6-6, Range in Suspended Sediment Loads for Streams Entering
Grays Harbor; 1951. [In parts per millicn]

STREAM MAXIMUM | MINIMUM | AVERAGE!
Chehalis 164 3 50
Skookumchuck (Bucoda) 98 2 L
Skookumchuck (Tenino) 88 1 37
S. Fk, Newaukum (Forest) 195 13 60
S. Fk. Newaukum (Alpha) 71 Trace 33
N. Fkx. Newaukum (Water Intake) 65 Trace 30
N. Fx. Newaukum (iorest) 304 1/2 65

1 The averages were based on approximately 15 samples per station.

Data from A Progress Report on Suspended Sediment Sampling in Several
Western Oregon and Western Washington Streams (Barton 1951). -
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TABLE 6-7. Sediments dredged for Maintainance of Inner Harbor, 1923<3l.

Channel Turning Basins Port, Slips Chehalis River

Year (cu, yds.) (cu. yds.) (cu. yds.) (cu. yas.)
1923 Sh,5u6 - 120,000 -

192} Ll 232 258,42} 229,061 -

1925 236,685 - 167,524 358,112
1926 796,279 70,400 249,026 137,139
1927 230,495 . 150,431 337,780
1928 - « 259,352 212,74l
1929 601,711 765160 163,920 180,58L
1930 - 22,794 20h,111 «

1931 372,047 - 97,014 531,889
Total 2,735,995 427,778 1,640,739 1,758,248

Data from U, S. Army Corps of Engineers (1933).
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(Us S, Army Corps of Engineers 1916). Jetty extensions were considered
necessary since sediment transport at the entrance was of such a mag-
nitude that a single storm could obliterate the results of any dredging
operation (U, S, Army Corps of Engineers 1916).

A comparison of soundings may be used to exemplify the magnitude
of sediment transport at the harbor entrance. In October 1924 a bar
channel 32 feet deep was secured at the end of the year's dredging
operations; when dredging was resumed in April 1925 this channel had
shoaled to about 22-1/2 feet., By October 1925 the channel was dredged
to a depth of 36 feet; in May 1926 it was only 25 feet deep (U. S. Army
Corps of Engineers Seattle District 1926)., The soundings of October
1949 and October 1950 indicate that approximately 1,100,000 cubic yards
of sediment was deposited near the north end of Point Chehalis and
about 200,000 cubic yards were removed above mean lower low water along
the west shore., Approximately 1,000,000 cubic yards of sediments were
transported out of the region between the south jetty and Point Che-
halis (U. S. Army Corps of Engineers 1951b). The variations in soun-
dings and elevations taken periodically at the entrance from April 1950
to March 1951 are shown in Enclosure 6-41. Changes in the high water
line; 1862 to 1951, and 30-foot contour of the entrance bar from 1930
to 1951 are shown in Enclosure 6-42. A tabulation of dredging records
at the entrance channel from 1900 to 1933 is given in Table 6-8.

The transportation and deposition of sands along any coast line
is dependent upon the direction and competancy of the water movement,
the availability of sediment, and the wind, Below the water line, trans-
portation is conducted by the waves and associated littoral currents.
Above the water line sand transportation and deposition depend upon
wind and also the dryness and size of the sediment., The wind must be
considered an important factor in the deposition of subaqueous coastal
sediments,

According to the U, S. Army Corps of Engineers (193}) it appears
that during the winter months a northerly moving littoral current pre-
dominates; in the summer there is an occasional and weaker littoral
current to the south., This data was obtained by the Army Engineers
from the observations of survey parties and from the logs of coastal
steamers and sailing vessels., This in conjunction with the reported
cyclical movement of the entrance channel to the north, leads them to
believe that the effective alongshore transport is to the north.

The effect of storms on sediment transport is an important con-
sideration, Though storm occurrence may be relatively low,
ability to transport and rework sediments is high. During the winter
months swells of 20 feet in height with periods of 16 to 18 seconds
strike the shoreline about 2% of the time. These waves come from
the west and northwest. From January through March heavy swells in
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excess of 12 feet strike the coast from the southwest, west, and
northwest (U, S. Army Corps of Engineers 1951b), From this it is
possible to consider that the effective sediment transportation by
water may occur during the winter months,

During the months of May through September the precipitation is
about 2.2 inches per month., For the rest of the year it is 9.0 inches
a month., The percent of possible sunshine and the hours of sunshine
is also higher during the summer months, The winds during these
dryer periods are predominantly from the northwest (see Climatology,
Section 2), Under such conditions it might be expected that the
transportation of sediments above the high water line should occur
during the summer months and the sediments be moved primarily to
the south.
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TABLE 6-8. Dredging on Grays Harbor Bar, and Condition of Channel.

- OREDGING CONDITION OF BAR
Date Width of channel of depth indicated
) Cubic of
" Period yards Survey 20 22 24 28 30 32 36
Fiscal year 1916 56,939 Jun 1926 || 3,100 300
Jan 1917 {} 1,300
Fiscal year 1917 22,512
Fiscal year 1920 55,234 Jun 1920 |} 2,0001
Fiscal year 1921 395923 Jul 1921 || k,200
Fiscal year 1922 89,295 Jun 1922 || 1,700
Fiscal year 1923 92,222 Jun 1923 1,000
Nov 1923 1,000
¥Fiscal year 192l 107,893 May 1924 |} 1,200 600
30 Jul 1924 500
Fiscal year 1925 927,281 6 Oct 1924 |} 1,300 | 1,000 700 350 300
17 Nov 192 {| 2,000 900 500
15 Jan 1925 750
12 Mar 1925 2 2
Fiscal year 1926 696,700 Jun 1925 {{ 6,300 | 5,000 700 { 400
22 Jul 1925 {| 1,200 |{ 1,000 900 | 500 350
4 Aug 1925 1,000 | 600 500
27 Aug 1925 1,000 | 700 500
9 Sep 1925 700 500
30 Sep 1925 700 Loo 200
26 Oct 1925 ’ 1,300 | 700 600
26 Feb 1926 2,900 | 2,100 |1,200 500
27 Mar 1926 1,700 | 1,000 | 300
29 Apr 1926 1,700 | 800 300
A Jun 1926 {| 2,000 { 1,300 500 | 200
. Fiscal year 1927 748,759 4 Aug 1926 1,000 500




TABLE 6-8, Dredging on Grays Harbor Bar, and Condition of Channel (continued).
DREDGING CONDITION OF BAR
Date Width of channel of depth indicated
Cubic of
Period yards Survey 20 22 2y 28 30 32 36
Fiscal year 1927 Oct 1926 700| 300
11 Jan 1927 1,400 700
Jun 1927 2,200 700 koo
Jul 1927 186,794 | 13 Jul 1927 600 Loo
Sep 1927 129,588 | 1L Sep 1927 Loo 350 300
Oct 1927 98,433
Nov 1927 71,561 Nov 1927 || 1,300 900 700| 40O 350 300
Dec 1927 2,932 .
Jan 1928 9,324 | 27 Jan 1928 300
Feb 1928 6l,0L46
Mar 1928 87,020 2 Mar 1928 500
Apr 1928 bl ,880 13 Apr 1928 800 300
May 1928 121,575
Jun 1928 264,238
Jul 1928 209,198 Jul 1928 6,500 | 6,400 | 2,300/ 1,050 1,000 300 150
Aug 1928 227,41l 1 aug 1928 Ls0 1400 200
Sep 1928 102,028 6 Sep 1928 2,100| 800 700 650 600
Oct 1928 115,368 .
Nov 1928 50,397
Dec 1928 5,438
Jan 1929 5 9697
Feb 1929 65,819
Mar 1929 34,461 | 14 Mar 1929 1,500 600 200
Apr 1929 73,525
May 1929 169,434
Jun 1929 238,882 L Jun 1929 600 500 300
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TABLE 6-8, Dredging on Grays Harbor Bar, and Condition of Channel (continued),
DREDGING CONDITION OF BAR
Date ¥Width of channel of depth indicated
Cubio of

Period yards Survey 20 22 2l 28 30 32 36
Jul 1929 189,641 L Jun 1929 »
Aug 1929 197,256 Aug 1929 4,800 {1,400 1,050 |1,000 400 200
Sep 1929 111,832
Oct 1929 85,653
Nov 1929 N
Jan 1930 135,611 Jan 1930 800 700 500
Feb 1930 6,723
Mar 1930 L1,389
Apr 1930 227,462
May 1930 194,233
Jun 1930 176,073
Jul 1930 260,872 Jul 1930 2,400 (1,500 |1,000 900 200
Aug 1930 269,27h
Sep 1930 100,832
Oct 1930 102,438
Nov 1930 104,940
Dec 1930 15,808

' 31 Jan 1931 700 600
Apr 1931 159,867 | 17 Apr 1931 1,000
May 1931 125,942
Jun 1931 239,033 Jun 1931 800
Jul 1931 61,158 Jul 1931 2,100 |1,300 700 1400

28 Aug 1931 800

Sep 1931 181,148
Oct 1931 134,633
Nov 1931 21,412
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TABLE 6.8, Dredging on Grays Harbor Bar, and Condition of Channel (continued).

DREDGING CONDITION OF BAR
Date Width of channel of depth indicated
Cubic of

Period yards Survey 20 22 2k 28 30 32
Dec 1931 1k Dec 1931 600 300
Feb 1932 L L85
Mar 1932 77,271
Apr 1932 85,382
May 1932 56,301
Jun 1932 156,314 | 10 Jun 1932 750
Jul 1932 297,751 18 Jul 1932 2,000 250
Aug 1932 300,248 9 Aug 1932 2,500 250 100

13 Aug 1932 300 200

23 Aug 1932 500 200
Sep 1932 221,138 9 Sep 1932 700 350 250

23 Sep 1932 350 300 200 100
Oct 1932 171,386

10 Dec 1932 700 500 100
Mar 1933 34,400
Apr 1933 L7,912 10 Apr 1933 200 100
Jun 1933 317,560 26 Jun 1933 3,500 500 250
Jul 1933 336,571
Aug 1933 301,034 i Aug 1933 600 500 350 100

30 Aug 1933 500 400 300 200
Sep 1933 176,101 25 Sep 1933 600 500 350 250

3 Oct 1933 Loo

118 feet deep,

2Controll:‘mg depth; 23 feet,

Data from U, S, Army Corps of Engineers (1951b),
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1951m, Soundings and Elevations, Oct, 31 and Nov, 1, 1950. Map
File No, E~5-12-107/2, :

1952, [Intrance, Shoreline and Bar Changes, Map File No, E-5-7-122,
(Entrance bar changes 1930,-40,«42,~ki;,=}6,=48,-50,=51, High
zgteg l%ne changes 1862,-83,-98, 1902,-09,-16,-20,~2ly,=30,-42,~

51
’ °

1954, Bar and Entrance, Condition Augusty 1954, Map File Wo,
E"S "7 “125 L)
(Condition survey.,)

19553, Cross Over Channel, Condition 18 May 1955, Map File MNo.
E=5-13-92, ‘
(Condition survey.)
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U. S, Army Corps of Engineers, Seattle Districty Seattle, Washington
[Grays Harbor, Washington--Maps (Unpublished)]

1955 b °

1955¢,

1955d.

1955e.

1955%,

Grays Harbor, Inner Portion and Chehalis River, Washington,
Condition Jan 25, 1955, Map File No. E-5-2-131.
(Condition survey.)

Grays Harbor; Inner Portion and Chehalis River, Washingtong
Condition April L, 1955, Map File Noo E-5~2-133/1,
(Condition survey.)

Grays Harbor, Inner Portion and Chehalis River, Washington,
Condition June 1955, Map File No, E=5-2-13L/2 thru 5,
(Condition survey.)

North Channel, Condition 3 Feb, 1955, Map File No. E-5-2-130,
(Condition survey.) . '

Sand Island Shoal, Condition 16 May 1955. Map File No. E-5-12-209,
(Condition survey.)

Washington State Department of Fisheries

n. d,

Report Manuscripts and File Data., On file at the Shellfish
Laboratory, Aberdeen, Washington, (Unpublished.)

(Data and charts on beach movemenis, plankton, shellfish
population and distribution, and temperature and salinity of
the water. Permanent stations visited were four at Copalis
Beach, four at Twin Harbors Beach, and five at Long Beach.)

Washington State Pollution Control Commission

n. do

Report Manuscripts and File Data. On file at Olympia, Washington,
(Unpublished. ) '

{Location and description of sediment samples, biological studies
and water analyses.)
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HYDROGRAPHY

BATHYMETRY

Grays Harbor is a shallow coastal estuary predominantly less than
20 feet in depth° The channel depths range from approximately 80 feet,
Jjust inside the entrance to about 18 feet at Cosmopolis. Most of the bay
is occupied by‘tidal mud flats. In order to keep the channel open to
oceanic shlpplng the U, S. Army Corps of Engineers has conducted projects
for naintenanc? and improvement since 1896,

|

Original Condition of Bay

The origlnal condition of Grays Harbor is briefly described by the
U, S. Army Corps of Engineers (1926):

The outer end of the channel connecting the bay with the
Pacific Ocean was obstructed by a bar convex to the sea over which
several sh;ftlng channels having in general minimum depths of 12
to 13 fee? at mean lower low water. The average width of the bar
between the 18-foot curves was about 2,500 feet and between the

2h-foot curves about li,500 feet.,

The south channel of the inner harbor was s hoal and little
used. The north channel was obstructed by the two shoals, one
below Hoguiam and one between Hoguiam and Aberdeen, which limited
the draft |to about 8 feet at mean low water,

Channel Characéeristics

|
The characterlstlcs of the channel have been changed from the original
condition due to the continuing program of improvement. The construction
of the south Jetty in 1896 and the north jetty in 1907 has not resulted in
the stablllzatlon of an entrance channel (U, S, Army Corps of Engineers
1916). The channel continued to shift and divide and navigable depths
varied between (12 and 26 feet. Dredging of the entrance was begun in 1916,

The U. S, Army Corps of Engineers (193h)'described the entrance con-
ditions to the bay as follows:

The entrance throat is constricted at low tide to a width of
6,500 feet at the sea ends of two jetties that extend convergingly
into the Pacific from the points named. An ocean bar composed of
fine, gray sand lies heyond the jetties, convex to the sea; and ex-
tends easch way %o the sand spits on each side of %he harbor throat,
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Army

In the vicinity of the buoyed channel, the bar has a breadth

of about 4,000 feet between the depth ccniours of 30 feet in the
ocean and in the harbor, but becomes brcader with the distence
northward of that channel. Depths upon tie ocar varied from 18
feet to 27 feet at mean lower low water in June 1933 except in the
dredged channel where on October 3, 1933, thsre was a channel 30
feet deep by LOO feet wide. As shown by the survey of June 1933
depths over the southerly segment of the bar vary from 18 feet to
22 feet, while depths northward of the dredgsd cut are from 25 to
27 feet. The bar rises from the ocean floor at a fairly regular
slope of about 6 feet in a thousand to its crest and descends on
the harbor side into the end of a deep trough or gorge that fol-
lows close to south jetty and Point Hansen for sbout 43 miles
eastward. This gorge is about 3,000 feet wide near the bar and
about 2,000 feet wide near its easterly end, and has depths that
exceed 90 feet off Polnt Hansen. Opposite the easterly enc of the
gorge, the harbor expands to a breadth of about 13 miles into two
bays named "North Bay and South Bay." These bays comprise exten-
sive tide flats bare at low tide except wher: coursed by crooked
channels from river mouths and sloughs. Eastward from North and
South Bays the harvor narrows to the mouth of Chehalis River at
Aberdeen, its total extent east and west being about 12 miles.
Chehalis River enters the gsvge by two channels across the tide
flats.

The present condition of the channel is desc:»ibed by the U. S.
Corps of Engineers (195)) as follows:

Grays Harbor is a large pear-shaped astuary on the coast of
Weshington 45 miles north of the mouth of the Columbia River.
From the Chehalis River at Aberdeen, it extends 15 miles to the
coastline where it is separated from the ocean by 2 narrow, sandy
peninsulas., The harbor entrance is about 9,000 feet wide bestween
Points Ercwn and Chehalis. Point Chehalis is at the north end of
the southerly peninsula and Westhaven Cove is in the bight. formed
by the eastward curvature of the point. Thc existing Federal
project for the improvement of the harbor provides for an entrance
channel zcross the bar 600 feet wide and 30 :'eet deep, to be se-
cured by a south jetty, 13,734 feet long end a north jetty 16,000
feet long, both at an elevation of 16 feet =nove mean lower low
water, and by dredging; for maintenance of a channel 30 feet deep
at mean lower low water and 35C feet wide from deep water in Grays
Harbor to the Port of Grays Harbor Commisslon terminal, a distance
of 13.25 miles; thence 26 feet deep and 200 o 350 feet wids for
2.25 miles to the Union Pacific Railroad bricdge at Aberdeen; thence
18 feet deep and 200 feet wide for 3 miles to Cosmopolis; thence
16 feet deep and 150 feet wide for 10.75 miles to Montesano, with
A turning basin at Montesano of the same depth, 1.500 feot long anc
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200 to 500 feet wide; for a channel 14 leel
water and 100 feet wide in South Bay to Eay
1,000 feet long at Vesthaven Cove and for ui-
caannel td the cove; and for a rock~filled
long for the protection of Point Chehalis.
13 9 feet in the vicinity of Point Chehalis,

completed except the 16-foot channel betiwee:
£ Point Chehalis.

and the protective works on the west shore

The controlling depths in Grays Harbor aure
U. S. Army Corps of Engineers (1951b). Over a w
channel is 31 feet deep. The lower harbor to t.

trolling depth of 29 feet and a width of 175 fee-

to the Union Pacific Railroad bridge at Aberdeen
channel is 200 feet wide for depths of 22.6 feet.

Depth and Craoss Sections

The U, S. Army Corps of Engineers and tie U
Survey have periodically sirveyed the Harbor and
1862,
investigated and compared changes in several ent
from 1900 to 1939. Variations in the 30 fooi de
corded for the periocd between 1930 and 1951.
included charts, cross sections, etc., perti:ent
Harbor are listed in Table 7-1.
projects and area soundings can be obtained .{rom
Enginecrs, Seattle District; Seattle, Washinzton.
Coast and Geodetlc Survey smooth sheets cove:ring
area out to a depth of 25 fathoms.

SHIPWRIECKS

A listing of shipwrecks may be obtained fro.
ance maintained by the U. S. Uoast Guard Lif : Bo:
Shipwrecks formerly maintained by the U. S. :.cas

In conjunction with an entrance bar study .

Se: Enclosure 6~42.

deep at mean lower low
City; for & brzakwater
JAntenance of the entrance

evee sbout 7;500 feet

The diurnal range of tide
The improvemsnts are
. Cosmopolis and Montesano,

~1so discussed oy the
dth of 2,000 feet the bar
- Port Terminal has a con-

. From the Port Terminal
and on to Cosmopolis the

S. Loast and Geodetic
offshore areas since about
the Army Engineers have

-ance bar cross sections
ith line have also been re-
A1l

to the bathymetry of Grays

Additional :har s concerned with specific

the U. S. Arny Corps of
T&ble 7"‘2 liStS Uo So
Grays Harbor and entrance

. the Records of Assist-
t Service and Record of
Guard Light House Service.
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TABLE 7-1. Listing of Enclosures on Bathymeiric Information,

U. S. Army

Enclcs= { Corps of En-

ure No, | gineers No, Date Subject

6-33 E-5-1.-L4} 1951 | Entrance

7-1 E-5-2-65/1 1943 | Condition survey, Aberdeen to Cosmopolis,

7.2 E-5-2-65/2 1943 | Conditicn survey, Averdeen to Cosmopolis.

7-3 E~5-2-130 1955 | Harbor condition survey.

7-L E-5.2=131 1955 | Harbor condition survey.

7-5 E-5-2-133/1 1955 | Harbor condition survey.

6-16 E-5-6-79 1939 | Comparative sections on south spit.,

6-34 E-5-7-16/1 thru 53| n. d. | Changes a% entrance.

6-35 E-5<7-16/5} 1953 | Changes at entrance,

1-6 E~5-7-48/1 1926 | Comparative sections at entrance.

7-7 E-5.7-L8/2 1933 | Comparative s ections at entrance,

6-42 E-5-7=122 1952 | Entrance, shoreline and bar changes.

7-8 E-5~7.2125 195), | Bar and entrance condition.

7-9 E-5-2-134/1 1955 | Harbor condition survey.

7-10 E-5~2-13L/2 1955 | Harbor condition survey,

7~11 E-5-2=134/3 1955 | Harbor condition survey.

7-12 E-5-2-13L/L 1955 | Harbor condition survey.

7-13 E-5-2.134/5 1955 | Harbor condition survey.

: T e 1949 | Bar and Entrance,
. 1950 |Bar and Entrance.
E-5-12-93 1951 | Point Chehalis condition survey.
E~-5-12-9) 1951 | Point Chehalis condition survey.
E-5-12102 1951 | Point Chehalis condition survey,
E-5-12-103/1 1951 | Soundings and Elevations,

Wl E-5=12-103/2 1951 |Soundings ar.d Elevations,
E-5-12-107/1 1951 |{Soundings arnd Elevations,
E-5.12-107/2 1951 |Soundings anrd Elevetions.
E-5.12~110/1 1951 |Point Chehalis condition survey.
BE-5-12-110/2 1951 |Point Chehalis condition survey.
E-5-12-111/1 1951 |Point Chehalis condition survey.

JE-5-12-111/2 1951 [Point Chehalis condition survey.

T-1h Er-5=12-209 1955 {Harbor cond:tion survey.

7-15 E~5=13..92 1955 |Cross Over Channel conditicn.
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TABLE 7-2, XListing of U, S. Coast and Geodetic Survey Smooth Shects
Containing Bathymetric Information for the Grays Harbor

Area,
Number Date | Area of Survey
H-809 1862 Entrance Soundings.
H-1589A 1883 Entrance Soundings.
H-1589B 1883 Upper part of Harbor, Soundings.
H-2085 1891 . Entrance Soundings.
H-2371 1898 Entrance Soundings.
H-3228 1911 South Channel Soundings.
H-3229 1911 South Channel Soundings,
H-3230 1911 South Bay Soundings,
H-L621 1926 Offshore Sounaings.
H-}4710 1927 Offshore Soundings.
B-4716 1927 Offshore Soundings.
H-4728 1927 Offshore Soundings.
H4729 1927 Offshore Soundings,
H-4735 1927 Offshore Soundings.
H-66L6 19L0 South Bay Soundings.
H-6665 194043 Markham to Hoquiam, Soundings.
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PHYSICAL OCEANOGRAPHY

TIDES

The tide in Grays Harbor is of the mixed tpe with inequalities in
both the high and low waters which are somewhat larger in the latter,
The mean and diurnal ranges increase, respectively, from 6.9 to 9.0 feet
at the harbor entrance (Point Chehalis) to 2 maximum of 7.8 and 9.9 feet
at the Chehalis River mouth (Aberdeen) and then dscrease up the river
with 6.7 and 8.1 feet at Montesano. The time o tide becomes progres-
sively later on passing inward from the entrance; at Aberdeen and Mont-
esano it is 40 minutes and 2 hours and 10 minutes later, respectively,
than at Point Chehalis, In the harbor, high tide occurs on the average
within 45 minutes after the upper and lower irausits of the moon.

The volume of the harbor at mecan lower low water is about 16 bil-
lion cubic feet; while the volume of the harbor at a 10=foot tide at the
Port Dock in Aberdeen (equivalent to a 9-foct tide in North and South
Bays and the lower basin of the harber) is cbout 3L billion cubic feet
(Eriksen and Townsend 1940).

Tide Stations

Complets tidal predictions for Aberdeer arc obtained and published
annually as times and heights of high and lcw waters for each day of the
year (U, S. Department of Commerce Coast anc Geodetic Survey 195Lb).
Tidal harmonic constants are published for this station (U, S. Departmernt
of Commerce Coast and Geodetic Survey 19k2; Intcrmational Hydrogrephic
Bureav. 1933).

Additional tidal data for the following stotions:

1. Point Chehalis
2, Bay City

3. Markham

L. North Channel
5. Montesano

consists of: the time of tidey; height of high water, height of low water
(1955), and ratio of ranges (prior to 1955) corr:ared to the Aberdeen tide
(U, S. Department of Commerce Coast and Geoceti. Survey 195L4b); the high
water interval (prior to 1955); the mean range of %ide and the diurnal
range of tide (U. S. Department of Commerce Coaut and Geodetic Survey
(195Lb)s and the elevations referrad to mea: lover low water of Hthe ol
Lo lng paenesy gnest Lide ':Est}.:n‘.tt-'u,«‘:, wean, el Lol e lery aada
nigh watery; half tide level;, mean low water, mean lower low water, aud
lowest tide (estimated) (U, S. Department of Commerce Coast and Geodetic
Survey 195hb)o
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Monthly Tidal Variations

The tids in Grays Harbor, as typified Ly that at Aberdeen, follows
the monthly lunar cycles in response to the moon's changing phase, dis-
tance and declinaticn as follows:

Measure of Lag of Maximum
Lunar Cycle Tidal Effects Ratic Effect in Hours
Phase - Spring to neap range 1.7 35,5
Parallax Perigean to apogean range 1.5 Lok
Declination Tropic to mean diurnal inequality 1.4 12.8

- This dependence on a2ll three factors indicates a complicated monthly
variation in tidal range., However, these variations are not large con=
pared to the daily differences in range.

In additiony; the time of tide relative to the moon's transit under-

goes monthly change., A maxinum deviation from the mean of about 2 hours
can be expected.

Tidal Datum Planes

Mean lower low water, based on 4 months of automatic gage records,
is the datum for the charts of the Grays Harbor area (U. S. Department
of Commerce Coast and Gecdstic Survey 1954b).

Sea level will undergo variations over periods of a dayy month, year,
and longer. The long-term trends of sea level can be expected to follow
those for Seattle and Astoria (Marmer 1949;1952). The yearly variation
will be somewhat similar to those at Seattle and Astoria, but will also
depend on the local fresh water runofi and oceanogrsphic conditions.
Shorter period fluctuations are g enerally unpredictable.

The maximum probable high water at Aberdeer on a 50-year frequency
is about 15.5 feel above mezn lower low water o 5,6 feet a bove mean
higher high water (U. S. Army Corps of Enginsers 1951), The tidal datum
planes are shown for five stations in Enclosurs 8<l,

TIDAL CURRENTS

In Grays Harbor entrance; the average velocity of t he flood or
ebb tidal current is about 2% kmots, but velociiies up to more than S
knots may occur. In the channels through the bay, the velocities seldom
exoead 2 Jnots {U, S. lepariment of Commerce Orast and Teodetic Survey
1951)., The currents do not change appreciably with depth but may change
considerably over small horizontal distances. In general; in the main

102



channel, the ebb current is stronger than the flood.

Under nocmal conditions, the current &t the bar changes at about
the time of high and low water (U, S. Departuent of Commerce Coast
and Geodetic Survey 1951). In the harbor, the times of current are
within about 1 hour of that at the bar. In the Chehalis River; the
times of slack water will depend on the discharge, but maximum flood
and ebb occur on the average about 50 minutes earlier than at the bar.

Current Stations

Current tables furnish predictions for Grays Harbor entrance for
each day of the year for times of slack water and times and velociltiles
of maximum flood and ebb currents (U. S, Department of Commerce Coast
and Geodetic Survey 1953a), Time differences and velocity ratios are
listed for seven other stations in the harbor and entrance which make
it posgible {o derive their maximum flood ani ebb current velocitles
and their times of maximum ebb, flood, and slack waters from the reference
station predictions, In addition; the time difference for maximum flood
or ebb is given for the Chehalis River at Aterdeen.

v The current tables give the intervals cf time between maximum
flood and moon's transit, the flood directicns, the average and tropic
current velocities for the harbor and entrance stations.

Additional current information has been obtained at one depth for
16 and at several depths for 10 current stations (U. S. Army Corps of
Engineers 1951), Tabulated for most stations and depths are: the aver-
age times of slack and maximum currents referred to HW and IW at Aber-
deen; and ‘average direction, velocity, and duration of the flood and
ebb currents. Average and maximum current curves for the Current Table
reference station are given, Time differences and velocity ratios
with respect to this station are listed for the other stations. A
tidal current chart shows the magnitude and direction of the average
flood and ebb currents at 15 feet {or half cspti) for each station.
Maximum calculated spring tide and observed velociities are indicated
also, See Eaclosure 8-2, '

Tidal Excursion

Some float studies of tidal excursion heve been made in the main
channel (Eriksen and Townsend 1940). The distances that floats trave
eled during an ebb ranged from 8,59 to 9.72 miles while the distances
on a flood ranged from 7.26 to 9,02 miles, ’
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Offshore Tidal Currents

Tidal current measurements have been madz from filve light vessels
along the Pacific Cozst of the United States in depths ranging from 20
to 30 fathoms (Marmer 1926), At some locations the measured currents
are strongly influenced by adjacent entrances to large inland bodies of
water while at others there is no such effect. In all cases the cur-
rents were rotary., At times of high water the set was generally in the
northeast quadrant. The direction of maximum current followed the gen-
eral trend of the local shoreline although the =ffect of onshore tidal
flow was evident in some cases, The maximum tropic tidal velocities
ranged from about 0.1 to l.l knots, It is estimated that at a depth
of 20 to 30 fathoms off the Grays Harbor enirance, the tropic velocity
would be about 0.4 to 0.5 knot.

Current measurements have been made at ly depths at each of 3
stations over the offshore bar (U. S. Army Corps of Engineers Seattle
District 1909). The results are shown in Erclosures 8=3, 8-4, and
8=5, The flood and ebb currents are in a gencral onshore-offshore
direction. The maximum observed currents were about 2.5 knots at
the surface and somewhat less at depth,

WAVES

Wind waves occurring in Grays Harbor msy be either generated by
the local wind or be the result of waves anc swell entering from the
Pacific Ocean, Winds from the morth; east, and southeast canite expec-
ted to produce maximum waves in the harbor, with a significant height
and period of about 6 feet and L seconds; respectively,once in about
15 years (U. S. Army Corps of Ingineers 1951), However, waves from
the west occur with ocean swell from the southwest; west, or northwest
directions. During the winter months these swell have heights greater
than 12 feet about 30 percent of the time and greaver than 20 feet
with 16 to 18 second period about 2 percent o the time according to
U. S, Army Corps of Fngineers (1951), It is believed that this last
extimate is “oo low and that these waves greaiter than 20 feet occur
closer to 10 percent of the time (Bigelow and Ec:ondson 19473 U. S,
Navy Hydrographic Office 1943). After these wa-ss have brokenecross
the bar and reached the harbor entrance, theirr height will have
decreased to about 7 feet (U, S. Army Corps of ingineers 1951),

Local Wind Waves

Wave conditions in the harbor canbe derived from wind observations
in the surrounding area, The following wind .inlormation is summarized
in the U. S, Army Corps of Engineers (1951):
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1, Wind rose at Lone Tree, Washington, on Point Brain.

2. A summary of the prevailing and maxi:wm winds observed at
North Head., A wind diagram for Nortih Head, Washington.

3. A velocity=duration curve for directions north, east and south-
east for North Head, Washington. It is estimated that the
graph represents the maximum winds tiat might be expected
once in about 15 years.

Some of this wind information is summarized in the Climatology
section of this report,.

Offshore Waves, Swell, and Surf

Data on the distribution of waves in the open ocean off the Washe
ington 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 frequency of wavcs of different heights in
the North Pacific (Bigelow and. Edmondson 1947).

3. Percentages of high, medium and low seas and swell from each
direction for each month of the year (U, S. Navy Hydrographic
Office 194kL).

L. Percentages of waves in the approximste height ranges 0-3
feet, 3-8 feet, 8~20 feet, and over 20 feet for each month
of the year (Maritime Safety Agency 1951; U, S. Navy
Hydrographic Office 1943).

The suwell expected at the entrance to the harbor and along the ad-
Jacent shore can be computed from that offshore Ly means of suitable
wave refraction diagrams. Refraction diagrams for waves with l5-second
periods (approximately maximum storm conditicns) and 1lO-second periods
(more normal swell conditions) are given in U, S, Army Corps of Engineers
(1951) (Enclosure 8-6), A photograph of stoim waves breaking over the
bar is enclosed as Enclosure 8<7.

Some photogiaphs taken of surf along thc Weshington coast and a
few heights and periods of the associated breakers, are given in Isaacs
(1947) and Bascom and McAdam (1947).

Sea observations are recorded at the U, S. Coast Guard Light
and Lifeboat Stations at approximate L=hour intervals.

Tsunamis

Sea waves occur along the Pacific Coast of the United States from
geilamic activity arourd the periphery of the North Pacific Ocean. Data
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are available on the tsunami of April 1, 1946 which resulted from an easth-
quake on the north face of the Aleutian Trenchg; south of Unimak Island, at
534° N, between 163° and 164° W. (Bascom 1946; O'Brien 1946; Roop 19L6u,
1946b; Bulletin of the Seismological Society of America 1946; and Transac-
tions of the American Geophysical Union 1946). The times of arrival slong
the United States coast were within 2% hours of each other and can be ex-
plained by shallow water wave theory. The heights recorded ranged frrom 1
to 17 feet, There was no consistent variation of height along the roast;
evidently the local bathymetry of the shelf is critical in this regard.

In the tsunami of April 1, 1946, the largest heights were reached 'in

those bays which had a southerly exposure.

Data on the tsunami of Novemer L, 1952 compared to the one in
1946, indicate a roughly similar distribution and magnitude in heights
recorded at tide station. These heights; however, are generally less
than the maximum observed in the surrounding area (U, S. Department of
Commerce Coast and Geodetic Survey 1953b),.

Listing of other tsunamis are available in U, S. Department of
Commerce Coast and Geodetic Survey (1953b), Heck (1947), and Holden
(1898). See also Section on Seismology.

WATER CHARACTERISTICS

Grays Harbor 1s an estruay of the positive type where precipitation
and runoff exceed evaporation. Fresh water comes from four rivers of
which the Chehalis River, the largest; enters the harbor from the east
and the Hoquiam, Wishkah, and Humptulips Rivers from the north. The
annual runoff pattern for these rivers is discussed in Section 3; Hyd-
rology, of this report. Access to the Pacific Ocean is through a narrow
dredged channel flanked by partially submerged jetties, A small sub-
merged bar lies on the ocean side of the entrance and has a depth of
37 feet comparable to the channel depths within the harbor. Inside the
harbor several different channels exist, one of which is dredged. The

others occur naturally and tend to shift from time to time.

Eriksen and Townsend mede a comprehensive study of water charac-
teristics in Grays Harbor measuring the salinity, temperature, dissolved
oxygen, biclogical oxygen demand, and pH of tle water at numerous stat-
jons from summer 1938 until f£all 1939 (Eriksen and Towsend 1940), The
Washington Pollution Control Commission surveyed the Lower Chehalls Riv-
er and Orays Harbor measuring temperature, sa.inity, dissolved oxygen,
pH, and sulfite waste liquor in the summer and fall of 1950 (Orlob, Jones,
and Peterson 1951)., The University of Washington measured temperature,
salinity, dissolved oxygen, dissolved inorgainc phosphate, pH, and
other minor constituents during the summers of 1938 and 1939 (Thompson
n. d.). See Enclosure 8-8. Also, the Coast and Geodetic Survey mea-
sured temperature density at a tide gage staulon at Averdeen (UBYG8.0'N. ¢
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123951,2W.) in 1934 and 1935 (U, S, Department of Commerce Coast and
Geodetic Survey n. d., 1952z, 1952b). See Enclosure 8-9,

Temperature, salinity; dissolved oxygen, and other minor consti~
tuents outside the entrance to the harbor and seaward have been measured
by the University of Washington during several summer cruises from 1938
to 1953 (Thompson n. d.; Paquette, Collias, and Love 195L), Temperat-
ures and densities have been measured during a few summers along the
ocean beaches on either side of Grays Harbor by the Washington State De=~
partment of Fisheries (Washington State Departiment of Fisheries, n. d.a),

Salinity Distribution

The salinity immediately off the entrance to Grays Harbor is af-
fected by the runoff from land and the circulation patterne of the oc=
eanic water, During the summer months higher salinities exist{ near the
Coast than a short distance offshors; probably cdue to upwelling. Also
water from the Columbia River may affect the surface salinity during
periods of high runoff., University of Washington data indicate that the
surface salinities during the summer months varied from 31.9°%/co to
32.5%/00 within 15 miles of the shore and the water at 50 meters was
over 33.59/co., During the winter months the surface salinities may
be lower than 30.0°/oo because of increased precipitation and river
runoff,

The inflow of fresh water; entering principally through the sastern
end of the harbor, tends to produce salinity gradients in the harbor
both laterally and vertically. The water ranges from fresh at the east-
ern end of the harbor to Pacific Ocean water of 30°/o0 to 31°/00 at the
western end. The position and steepness of this gradient are regulated
by the stage of the tide and the rate of discharge of the rivers (Enclo-
sures 8-10 and 8-11). Incoming tides push the salt water farther east-
ward into the harbor and into the Chehalisy; Wishkah; Hoquiam, and
Humptulips Rivers, the magnitude of the movemen® varying with the height
of the tide. On the other hand; increased river discharge tends to movs
this gradieni seaward at all stages of the tide. During the aummer months,
the salinity in the upper harbor nearecst the source of the greatest
industrial pollution ranged from 169/oo to 23°’%0., In winter the water
in this region was almost completely fresh at all depths, The largest
gradient with depth existed just west of Hoguiari and became very small
off the mouth of t he Cashalis River as shown in Enclosure 8-12,

According to Friksen and Townsend, the volume of water in Grays
Harbor indicates that there is considerable intcrchange of harbor water
with each cycle of the tide. However, very litile of this water is
available for dilution of industrial wastes discharged into the upper
part of the harbor as is shown by salinity data taken during the low

107



water stages of the rivers from July through September in 1938 and 1939.
During this period only about 1.2 percent of ‘the upper harbor water was
removed with each tidal cycle. This indicates that the average time of
detention was akout 80 tidal cycles or about L2 days. With increased
river runoff during winter, the amount of fresh water available for di-
lution in the upper harbor is about five to ten times as great as in
summer .,

Temperature Distribution

The surface temperature of the ocean off Grays Harbor was found
to vary from 13° to 159 C. during the summer months (Thompson n. d.j
Paquette, Collias, and Love 1954)., The summer temperatures are colder
than would be expected from seasonal W'arming° In the winter of 1935,
two sections were made 33 miles north of Grays Harbor to determine the
temperature, The surface temperature in January 1935, during a period
of local cooling, was 7.2° C. six miles offshore and increased to 9.1°
C. 26 miles offshore, In February 1935; the surface temperature was
9.1° C. from sbout 6 to L5 miles off the coast.

VWiithin the harbor most of the year, a temperature gradient was
associated with the salinity gradient of the water (Eriksen and Town-
send 1940). During the spring and summer months, the fresh water temp-
eratures were found to be higher than those of the sea water and during
the winter and spring months the fresh water was colder than the sea
water, Occasionally in the summer, the brackish waters were found to be
warmer than either the river water or sea water.

The maximum and mlnlmnm water temperatures observed by Eriksen and
Tovnsend were 21.4° and 2.9° C. respectively; but the greatest wvariation
in water temperature in the harbor on any one day was about 6° C, The
temperatures observed by the Coast Survey at the tide gage station were
from 23° to 0.4° C. Both the annual and short period variations in
water temperatures followed rather closely the air temperatures at Aber-
deen (Enclosure 8=13). During the spring and summer, water temperatures
were often found to be higher than the air temperatures at Aberdeen,
These elevated temperatures may be the conscouence of insolation where
‘extensive shocal areas are subjected to intense solar radiation.

uxygen uJistriobution

" Eriksen and Townsend found the oxygen concentration in Grays Harbor
to be dependent upon the tide height, river stage; and the salinity and
temperature of the water. As the river stage approached minimumg; a
marked deficiency in oxygen was observed off the towns of Aberdeen and
Hoquiam (Enclosure 8-1L). The amount of oxygen in the area of oxygen
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deficiency was often less than 2 ppm, Five parts per million is considered
the minimum amount of oXygen necessary to susitain most fish life (Orlob,
Jones, and Peterson 1951). As the tide changed; the location of the
oxygen minimum moved up or downstream; on the flood, low oxygen water
entered the varlous rivers f eeding Grays Harbor. The salinity of the
water containing the minimm oxygen was between 14.5 and 21.5%/00 (En-
closure 8~15). As the river runoff increased, the oxygen minimum disap-
peared until it was almost absent at maximum river runoff., The oxygen
minimum was definitely correlated with the operation of the paper pulp
mill located in Aberdeen, On either side of the oxygen minimum zone,
the oxygen increased to almost 100 percent saturation.

Pollution

The major source of pollution in CGrays Harbor isg the pulp mill of

he Grays Harbor Division of Rayonier (Eriksen and Townsend 1940; Orlob,
iones, and Peterson 1951), Domestic pollution is a minor source even

hough raw sewage is dumped into all the rivers entering Grays Harbor and
amounts to less than 10 percent of the total pollution load. The waste
sulfite liquor is the cause of the oxygen deficiency at low river stage
and the cause of high oxygen demand. Its principle effect is upon the
fish that are migrating either up or downstream through this region. The
reduction of the oxygen content of the water to below 5 part per million
often kills the fish before thy can pass through this region. It has been
shown that if the discharge of wast sulfite iiquor can be prevented or
reduced during pericds of low river stages, the oxygen minimum will not
become lower than that which fish can tolerate.
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Report Manuscripts and Field Data. Cn file at the Shellfish
Leboratory; Point Whitney, Quilce.ic, Washington. (Uapublished.)

Progress Reports on Coastal Invesiigetions. (Mimeographed, un-
published. )

(Summary of research undertaken bir ti2 Aberdeen Office of the
State Fishery Department. Includ»c rLiream studies; data on wa=
ter characteristics, and biologic:l ciudies, Number, location,
and time of occurrence of fishing bozis included.)

Washington State Pollution Control). Commissi x

n. d.

Report Manuseripts and File Data., Or file at Olympia, Wash-
ington. (Unpublished.)

(Location and description of sedivnen: samples, biological studies
and water analyses.)
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Wiegel; Ro L.

194%a,

19450,

1954,

An Analysis of Data From Wave Rec¢rders on the Pacific Coast
of the United States., Transactions o7 the American Geophysical
Uniony vol, 30, no. 53 pp. 700=70L,

(Wave measuring instruments located z Quillayute, Heceta Head;
Pt, Cgbrillo, Pt. Sur, and Pt, Arguello. Data from Pt. Sur
anrii‘aﬂticeta Head have been comparec fo:- the period from 1947 to
1948,

An Analysis of Data From Wave Reccrders on the Pacific Coast

of the United States, University of Jalifornia; Department of
Engineering, Fluid Mechanics Laboratorys; Technical Repart HE-
116-289, 5 pages (processed), plus aps; diagrams, and photos.
(The wave heights and periods fronm wavs recorders installed off
Pt, Sur, California, and Heceta Head, Jregon, have been com=
pared for the period from April 1547 %o June 1948. Wave
measuring instruments are also locatel at Pt, Cabrillo, Cali-
fornia, and Quillayute, Washington.)

Final Report, Wave Instrumentatiorn., Uaiversity of California,
Institute of Engineering Research, lav2 Research Laboratory,
Technical Report, Series 3, Issue 372. 19 pages (processegs
1 plate,

(Bibliography of Pacific Coast.)
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MARINE BIOLOGY

BIOLOGICAL FOULING

Report from Williem F. Clapp Laboretorles indicetes the Tollowing
for the Grays Harbor area (Clapp 1950).

Aberdeen

U, S. Coast Guard has advised that there is some evidence of marine
borer activity as far up Grays Harbor as the Hogquiam Fish Flect moorings,
11.5 miles from the sea, but that this appecred only in 1947 after fiching
veseels started using the moorings. They believe that there is very little
borer activity above this point, as considerable fresh water reaches down
that far. However they state that socme fir pilings in the lower harbor
where thers is no fresh water have been eaten asuay in as short e period
as eight menths,

A regular Test Board operated by the U. S. Coast Guard at the City
Fish Fleet mooring in the Chehalis River near whore 1t empities 1nto
Grays Harbor, from Mey 1948 through 1949, has shown no activity of
merine borers., Since the salinity at this locatlon appears tc range
from 0°/co to 10%/co there eppears to be no likelinhood of their oc-
currence.

Hegtport

A regulaer Test Board operated at the U. 5., Coast Guard from June 14,
1948 through 1949 has shown a set of Teredinidae in 1948, the attack
rating but a trace. [Limnoria occurred both years; the attack ratings
were slight. Chelurs was recorded in 1949.

PLANKTON

Studiés maede by the Washington State Pollution Commission are sume
marized below from a comprehensive report (E:riksen and Townsend 1940).

Phytoplankton samples were taken only at .the surface in the harbor.
Even for the quentitative semples teken from water of high chlorinity,
there was little significence as regards pollution effects and the authors
did not find it possible to correlate the resul’s of numerous tow samples
with any known factors. The phytoplankton as a vhols based on esll counts,
was always low when contrasted with that fouad in Puget Socund in the
vicinity of the Pollution Lsboratory. It was not possible; however, to
definitely attribute thls scarcity to either the pollution in the area
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or advection effects due to tidal exchange. Erikesen and Townszsnd found
what they believed 10 be a strong positive correlation between the tot-
gl number of dliatom cells per liter and the chlorinity of the water as
well as between the number of dlatom cells per liter and the percent
saturation with dissolved oxygen. However; they noted that the dlssolved
oxygen concentration elsewhere (in the North Channel) was so definitely
assoclated with chlorinity that they deemed it probable that the chlor-
inity was the most important factor controlling the development of
planktonic diatoms in the area. Other factors of possible control such
as nutrient; light, etc. were not considered.

Periodic plaenkton tows were taken in the surf and in a lagoon in
clearer water at three ocean beaches: Copalis, Twin Harbors; and Long
Beach in June, July, August, and October 1954 and January 1955 by
Tegelberg (Washington State Department of Fisheries n., do b ) %o
determine the composition of the plankton.

Results indicate that the noticeable brown water and frequent
deposlt of brown scum on the beaches are mainly composed of two genera
of diatoms, Asterlonellg and Chaetocersg, Another diatom genus;
Biddulphla, constituted the bulk of the material in early August. It
is presumed by the investigator that this material is razor clam food
end its abundance accounts for the rapid growth of these clems elong
Washington ocean beaches. The deposit of the scum on beaches is heave
iest during winter and early spring months corresponding to rough ocean
conditions which play a pert in the deposition. The plankton composition
appears to be the same at each beach though in lesser quantity at Long
Beach,

KELP

The U, S. Department of Agriculture, Bureau of Soils has made the
only known study of the kelp groves of the Pacific Coast. However, map
numbers 13 and 16 covering the Grays Harbor Area were nol published
(Cameron 1914). :

FISHERIES

Second to the forests in commercial importance are the fishing
grounds of Grays Harbor and the Pacific coactal area extending from
Fillapa Harbor on the south to the vicinity of Destruction Island on
the north. Commerclal fishing and fish processing have been important
industries since the turn of the century, but the greatest development
hes taken place since about 1940. Prior to 1934, the fishing industry
depended primarily on salmon traps. In that year, fish traps were
abolighed by state law and the salmon fishery has since been dependent
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on gill netting in Grays Harbor waters and trolling in offshore waters.
The annual catch has fluctusted with the runs of salmon. Since abolish-
ment of salmon traps, tha Grays Harbor fishing industry has chown in-
creasing develoruent in the catechling and processing of other types of
fish, fish prodncts, and shellfish (U, S. Army Corps of Engineers 1948).

SHELL FISHERIES

Much of Grays Harbor is composed of tidal flats, partially exposed
at low tide and somewhat protected from excessive winds and tidal actlon.
Such lands are well sulted to oyster culture and a rather large Pacifilc
oyster industry has thrived in the Harbor area for many years, esrecially
in the North and South Bays. However, approximately 34 percent of the
total tide lands are restricted from oyster culture because of the prou-
imity to domestlc sewage discharge from Aberdeen and Hoquiam. The bound-
aries of this restricted zome were establighed by the State Health
Department in accordance with the "Manual of Recommended Practice for
Sanitary Control of the Shellfish Industry,® U. S. P, H. S., 1946,

An estimated 439,000 pounds of oyster meat was harvested from Grays
Herbor beds in 1952. An additional 691,325 pounds of razor clams
and 1,373,708 pounds of crab meat were also marketed, bringing the total
poundage of shellfish to 2,504,288 for 1952. The crab and razor clam
fishery is largely confined to aress outside Grays Harbor proper
(Peteraon 1953) o

EFFECTS OF GRAYS HARBOR WATER ON AQUATIC ORGANISMS
Extensive fiech kills were observed in 1937, 1938,and 1939. Reports

of fish kills in years prior to 1937 appear o be well authenticated
(Eriksen and Townsend 1940).
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APPENDIX A
BEACH EROSION STUDIES

’

This appendix has becn reproduced from the text of the
following documents

U, 8, Army Corps of Engineers
1951 Grays Harbor and Chehalis River, Washington,
Basis of Design for Protection of Point
Chehalis and South Jetty, Appendix A, Beach
Erosion Studies, Seattle District, Seattle,
Washington; 7 pages plus 49 figures and
22 plates,
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GRAYS HARBOR, WASHINGTON
PROTECTION OF POINT CHEHALIS AND SOUTH JETTY

AEFENDIX 4
BEACH EROSION STUDIES

1. Introduction. - Pertinent dete available for studies and basis
of design are summarized in this appendix following the outline given in
the Engineering Manual for Civil Vorks, Part CXXXIII, April 1947, "Beach
Eroaion Studies;® chapter 2.

2. Geomorphology. - There 1s no knowledge of any report or study
having been made of the geology of the ares as related to the problems
of shore protection along Polnt Chehalls,

nposition ¢ X shore Zoneg.- No detailed study
is known to have been made of petrography or stream detritus. In con-
nection with the present studies, and for the design of the Westhaven
Breakwater, bottom samples have been teken and analyzed. The anslysis
of these gamples mostly indicates medium sand with some coarser sands
and gravels. Locations of these samples are shown on Flates A-1 and
A=2 and the mechanical analyses are shown on figures A-1l through 4-38.

4o Tides.- The U, S. Coast and Geodetic Survey has established
bench marks and determined the tidal datum planes at the following
statlons in Grays Harbor:

a. Westport
b. Bay City

Co Mﬂrkham

d. West Aberdeen
e. Aberdeen

f. North Hoquienm
g. West Hoquiam
h. Point Browa

Information furnished by the U, S. Coast and Geodetic Survey indicates
the maxium probable high water at Aberdeen on a 50-year frequency is
about 15.5 feet above MLLW or 5.6 feet above MHHW. However, it appears
that the estimated highest tide of 12,00 feet above MLLW will seldom be
exceeded at Westport or at the entrance to Grays Harbor. This value was
therafore used in the design of proposed protective works. A graphical
comparison of the various datum planes is shown on Flate A-3,
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5. 4s part of the investigatlons to obtain basic deta for the
design and verification of the hydraullc model, arrangements were
made with the U. S. Coast and Geodetie Survey to make an extensive
current survey. This survey was accomplished during March and April
1950, The locations of 16 current statlions, numbered 1-16, where
observations were made with radic current buoys, are shown on Plate
A-4. Stations numbered 17-26 indicate current observationes at
several depths, Stations 9 and 10 were observed simultaneously for
a continuous period of 15 days. All other stations were each
obgerved for a 100-hour contlnucus period. Current observations
were made with the radio current meter and buoy at a uniform depth
of 15 feet at stations 1-16, with the exception of 7 and 13. The
meter was set at one-half the depth at these two stations. At
stations 17-26 the current observations were made at three depths,
0.2, 0,5, and 0.8 of the depth of water at MLLW. The results of
this survey are summarized in figures A-39 through A-44. The aver=-
age and maximum velocities determined for the observation stations
are shown graphlcally on Plate 4-4. Copies of the plotted current
curves as actually observed and the tabulation and reduction com-
putations on Form 451, Department of Commerce, U. S, Coast and
Geodetic Survey, are available in the Seattie District files.

6. Local and Offshore Winds.- A wind rose was prepared from
the records at Lone Tree, Washington, on Point Brown, for the years
1910, 1915, 1916, and 1919, and is shown on figure A=45.

7. Local wind data are fragmentary and inadequate for a
reliable determination of maximum velocities for the critical
durations of 1 to 3 hours. The nearest weather station for which
complete wind data are available is North Head; Washington. This
station is about 45 miles south of Grays Harbor, but for the purpose of
determining maximum probable wind conditions it is believed that the
obgservations are directly applicable to the Grays Harbor area. A
summary of the prevalling end maximum winds observed at North Hesd
1s shown in Teble A-l, Figure A-46 i1s a wind diagram for North Head,
Washington.

8, Firgure A-47, entitled, "North Heed, Washington,; Wind
Veloclty Durstion Curve for Directions North, Eest, and Southeast,"
was prepared on the following basis. The wind velocity duration
curves for North Head do not represent absolute maximum conditions
since records were not available for a complete study. The date
avallable in this office were daily maximum recorded velocitles
for the period 1931-1940. From these data, the two highest veloci-
ites for each of the directions, north, east, and southeast were
used to suggest storms for further study in this connection.

Hourly velocitles for the peak hours of these storms were furnished
by the weather bureau office at North Head, along with the highest
recorded velocities for a 5-minute periocd from the east and southesst,
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Table A-1 - RIND DATA, NORTH HE.D, WASHINGTON

9, i HIGHEST
- 53 5

. x5 <8 E 3

& 2328 B @A e % =

& 2o ol 23 = >

= *®m> a > A =
Record 46 YEARS 62 YBARS 62 YEARS YEARS 62 YEARS
January 16.5 E 95 SE 1921
February 15.3 E 70 S 1937
March 15.2 S 73 S 1897
April 14.7 1w 77 5 1943
May 1.9 NW 65 €E 1937
June 1.4 NW 59 SE 1937
July 14.0 N 50 s 1934
August 12.5 N 57 SE 1920
September 12.4 N 70 SE 1914
October 13.5 s 87 SE 1934
November 15.7 SE 72 S 1937
December 16.6 E 84 g 1940
Year 14.7 N 95 Sk 1921
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The peak velocity from the north is lower than the maximum from the
southeast but complete data are not readlly availeble in this office.
From these data, the curves were constructed. Winds used were con-
tinuously from the same direction during the duration periods with
the exception that 45 degrees variestion either way was allowed for
one hour out of duration pericds over 3 hours if it was thought that
the wind was from the direction being ccnsidered over a major portion
of the hour in question.

9. Although storms with greater velocity durations than indi-
cated by the graph might occur, it is believed that they would not
greatly exceed the values shown. It is estimated that the graph
represents the maximum winds that might be expected once in about
15 years. The probability of & greater storm occurring at the time
of extreme high tide (in order to obtain the maximum wave effect)
is coneldered too remote for justification as a baels of design for
the proposed project. The above graph has therefore been used in
the determination of maximum wave heights generated.

10. The theoretical maximum deep water waves for the govern-
ing conditions of fetch and the wind welocity durations shown in
figure A~47 were determinec¢ by the use of graphs contained in "The
Bulletin of the Beach Erosion Board, Speclal Issue No, 1," dated
July 1, 1948, as follows:

a. Easterly winds. The effective fetch from an easterly
direction is about 10 nautical miles, The maximum height of wave
would be about 8.0 feet with a period of 4.1 seconds and would be
generated by a 43-knot (48.3 statute miles per hour) wind continuing
for 2.1 hours.

b. Northerly winds. The effectlve fetch from & northerly
direction is about 8 nauticel miles. The maximum height of wave
would be about 6.8 feet with s period of 3.8 seconds and would be
generated by a 38-knot (43.6 statute miles per hour) wind continuing
for 2,0 hours.

11. 4s noted, the heights of waves determined above are for
deep water, which for the maximum length of waves would require a
depth of at least 40 feet. Viaves generated in shallower depths will
not be as high as determined for deep water ("Wind Vaves at Sea
Breakers and Surf," U, S. Navy Department; Hydrographic Office,

Pub, No, 602), but information is not available for determining
accurately the reduced helght of waves as generated in shallow water.
As there are tide flats to the east of the project area with an
average elevation approximately at MLLW, and with some areas over

& feet MLLK, waves in the order of 5 feet cannot reach the ares
withont Dresking except at tidel steres above half +ide, Fven at
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extreme high tide the depths are so limited that it is estimated
that there would be a reduction of 2 to 2> feet from the theoretlcal
deep water wave and that the maximum possible wave for any wirnd is
between 5 and 6 feet high.

12, Offshore winds are shown in figure A-48 from data compiled
by the Beach Lrosion Board.

13. Meves and Swells. - As indicated above, storms from north,
east, and southeest will eeldom produce weves higher than 5.0 feet
and it is not Justified to design for higher waves from these direc-
tions. However, the maximum waves from the west are the result of
ocean swells coming from the southwest, west, or northwest. In
response to inquiry from this office, the Beach Erosion Board re-
ported as follows:

P"Examination of ses and swell charts for the ocean area
contiguous to Grays Harbor leads to the conclusion that heavy swells
(greater than 12 feet high) occur about 30 percent of the time from south-
west through west to north directions during the pericd January through
March. Reference to publications of the Scipps Institution of
Oceanography indicates that swells of 20 feet height, and 16~ to
18-gecond period willl occur from the west and northwest during the
winter months. So far as avallable information is concerned, this
rerresents the maximum wave action to be expected and, in the opinion
of this office; is a reasonable definition of meximum wave acticn
for design pirposes. The frequency of occurrence of such waves is
low, of the order of 2 percent of the time, yet sufficlently high
to Justify their consideration as maxima."

Although there may be occasion for difference of opinion regard-
ing the meximum wave height justifable for consideration in design
or redesign of the South Jetty, it is belisved that the effect on
Point Chehalis of ocean swells greater than 20 feet high need not be
considered, as greater swells will be at least pertislly broken up
in crossing the entrance bar.

14, To aid in the study of wave effect on Peint Chehalis, wave
refraction dlegrams have been prepared as shown on plates A-5 through
4-9. Plates A-5, A-6, A-7, and A-8 show the refraction diagrams for
waves with 15-gecond period and represent approximately the maximum
storm conditions. Pletes A-8 and A-9 show the refraction diagrems for
waves of l0-second period and represent more or less normal swell
conditions. It is believed that these dlagrams indicate quite
accurately the direction of approach of waves toc the shore just be-
fore breaking. Attempts at the determination of the refraction co-
efficlents have not been very satisfactory even when using the direct
method of plotting orthogonals. It is apparent that the wave pattern
in the harbor is complicated by lntersecting wave fronts and secondary
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waves:. In genersl, it 1s concluded that waves in the vicinity of
Point Chehalis will not be greater than about one-third the height
of the oceen sweil from which they originete. It is therefore be-
lieved that the maximum waves in the vicinity of Point Chehelis
will be from the west and wlll seldom, if ever, exceed 7 feet in
height.,

15, Aerial photographs, figure A-49, are part of a flight of
photographs tsken during the storm of October 12, 1949. These
photographs are on a scale of approximately 1 inch ¢ 1,000 feet
and wore taken at 2:20 p.m. when the tide was at about ~8.5 feet
MLL% datum and the swells were coming in from ezimuth 282° at
about l5«second period., The deep water height of these waves is
estimated at about 21 feet.

16. Storms and their Effect.- It is known in e genersl way
that quite extensive movements of materisl have occurred during a
single atorm. However, no effort has been made to obtain a complete
record of a perticular storm and measure lits effects.

17.. Shore-line Changes.- Conditlon surveys of bar and entrance
to Grays Harbor are available on a scale of 1 inch = 2,000 feet for
the years 1862, 81,91, 94, 98, 1900-1904, inclusive, 1906, 1909-1917,
inclusive, and 1920-1950, inclusive. A& comparison between Plate A-10,
fiCondition - Ocuober 1949" and Plete A-11l, "Condition ~ November 19507
shows only relatively small change.

18. Soundings in the vicinity of Point Chehalis and South Jetty
are shown on Plates A=-12 through A-22. The soundings.and elevations
shown on these plates were obtained by means of a fathometer on the
Launch MANALA and surveys on the shore aress. The soundings obtained
are subject to some error becsuse of wave action. This is especially
the case for the winter months. Because of storm conditlons, high
velocity tidal currents, and the 5-foot draft of the survey boat,
soundings neer the shore and along the South Jetty are not o™talned
for distances nearer than 200 to 400 feet, as a rule.

19, A comparison between soundings of October 1949 and October
1950 shows a deposition of about 1,10C ;000 cubic yards in the vieinity
of Point Chehalis, mostly on the north and, At the same time there
was a removal of about 200,000 cubic yards of maiterial above MLLV
along the west shore, and about 1,000,000 cubic yards mas scoured out
north of the South Jetty in an area 2,000 to 6,000 feet west of the
west shore of Yoint Chehalis.” Since October 1950 there has been
some additional scour above the low-water line on the west and north-
west elde of Point Chehalls but it has been more than balanced by
depoeition below the low-wmater line,
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20. Offshore Depth Chdnges.- Condition surveys have been made in
connectlon with mainienance of navigation channels and therefore do not,
in general, extend beyond depths of about 60 feet. For this reason,
offshore derth changes cannot be svaluated.
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APPENDIX B

OCEANOGRAPHY OF COASTAL HARBORS

This appendix has been reproduced from the following
document:

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



GRAYS HARBOR

Grays Harbor is a shallow bay extending approximately 17 miles east
and west and 14 miles north and south. There are nc headlands in the
vicinity and the entrance channel passes between two low, heavily-wooded
sand spits. The major portion of the tidal area lies north of a line
running east and west through the entrance. Six small rivers enter the
bay.

The 100 fathom line lies 35 miles and 10 fathom line 4.5 miles from
shore, The slope of the bottom averages 3 fathoms per mile but the sea-
ward slope of the bar is much steeper,

WIND and PRECIPITATION-- The mean annual precipitation at Aberdeen on the
east shore of Grays Harbor is 80.85 inches.,

The prevailing winds by months according to records of the Weather
Bureau are: :

December, January, February------ <E
March to November, Inclusive-—=w-~-W
ANRUAL <~ memmmemem mmemmmmm o W

The accompanying blue print gives the number of days per year for
different intensities and directions. It appears that moderate northwest
winds occur about one-third of the time and that the strongest winds blow
from the south, southeast, and east,

The winter storms begin usually in the east or southeast and swing
around to southwest where they reach their greatest intensity. The direc-
tion gradually changes to northwest with diminishing velocity.

TIDES and CURRENTS-~ The ranges of the tide at Grays Harbor are as follows:

LOCATION MEAN RANGE DIURNAL RANGE
. T (FEET) (FEET)
WESTPORT 6.9 901
ABERDEEN 7.5 9.7
MONTESANO (CHEHALIS RIVER) 7.9 10,1

The tide exhibits a diurnal inequality with the long run~out following the
higher high water,

The area of the bay at high water is 94 square miles and at low water
it is 36.7 square miles, The tidal prism is 518 square mile-feet between
MLIW and MHHW. The average velocity between the ends of the jetties dur-
ing the "long run-out" is 2.5 feet per second.

Measurements of currents shown on the survey of 1909 show that the
ebb currents were stronger than the flood currents near the South Jetty
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but that the flood currents preédominated near the North Jetty, which was
then only partially completed, The ebb and flood currents were about
equal at the whistling buoy. The ebb current near the South Jetty had a
velocity of 3.2 feet per second while the flood current near the North
Jetty attained only 2.9 feet per second.

During June 1913, float measurements of the currents were made both
in the entrance channel and over the bar. Captain A. R, Ehrnbeck, who
was in charge of the harbor survey made the following statement:

A1l through the survey when sounding outside of the channel
between the jetties and across the bar a very strong northward
current was found, which persisted during the fresh northwest winds
in both ebb and fldod stages of the tide. As shown by the float
experiments, this durrent was so strong that it was impossible to
make the floats enter the harbor even though they were released
well to the southwdqrd of the opening between the jetties on the
flood tide."

The results of these are shown in Figure , Appendix VIII,

In 1896, T. W, Symons (Proc. American Society of Civil Engineers,
volume 36) stated that "in the vicinity of Grays Harbor there is a littoral
current, the general resultant of which tends to the north. While the re-
sultant littoral current is north it ordinarily follows the direction of
the prevailing winds in the immediate vicinity of the land, moving to the
south in summer and to the north in winter. Its intensity is said to
reach as high as 2% miles per hour either way."

In answer to a questionnaire sent out by the board, the U. S. District
Lngineer at Seattle made the following statement regarding the littoral
currents:

"The general resultant of the littoral current is to the north.

In calm weather its velocity is about one mile per hour, The direction
and velocity are affected by the prevailing winds. In summer it
occasionally flows to the south, its maximum velocity in this direction
being about one and one~half miles per hour, Its maximum velocity in
winter, when it flows to the northward almost constantly, is about

four miles per hour,"

'From notes taken from logs of vessels it is probable that the
increase in the velocity, of the current (between the jetties) since
the construction of the jetties amounts to between one~half and three-
quarters of a mile per hour,"

Mr. E. L. Carpenter, who has been in charge of construction and main-
tenance at Grays Harbor for many years made the current sketch shown in
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Figure 3, Appendix VIII, which represents average conditions. The ebb
current follows the South Jetty 1o the end and is then deflected north-
ward as if it has collided with a northward littoral current. The flood
currents come in from all directions, over the jetties as well as through
the main channel. The ebb current continues along the North Jetty for
about an hour after the flood starts in along the South Jetty.

Additional circumstances pointing to a northerly current are:
(a) Muddy water presumable from Columbila River found off Grays
Harbor in summer months in spite of northwest winds.
(b) Bodies of persons drowned in harbor found to north, if at
alJ-o
(c) Wrecks and drift wood move north,

It has been found that the water temperature in the channel gives
a sine curve which follows the tide, The apparent explanation is that the
water covering the broad flats 1s heated and then ebbs, to be replaced by
colder ocean water but this would not apply if the measurements were made
when the air and land were colder than the sea,

The existence of aiprevailing northerly current running counter to
prevailing northwesterly winds is very difficult to explain and throws
some doubt on the possibility of correlation of wind and current data.

The depth to which wave action is effective in moving material is
shown by the following circumstance. During 1925 and 1926, 1,800,000
cubic yards of material were dumped about 2000 feet west of the whistling
buoy in 95 to 100 feet of water. The waves sharpened perceptible at this
point and hump moved shoreward to a depth of 60 feet. At this point, it
had flattened out so much that its further progress could not be traced.

SAND SAMPLES and PROFILES-- Analysis of the sand samples obtained in the
vicinity of Grays Harbor showed the following sizes:

LOCATION DESIGNATION MEDIAN DIAMETER  SLOPE
(INCHES)

Beach north of North Jetty. N-1 0.00825

Bar N-2 0.,00800

Bar 0,0071

1000 feet south of South Jetty N-3 0.0073L 1.59

North of South Jetty (Channel side) N-9 0.,00767 2,0

Slatz Road N=-10 0.00648

The variation in size is not great but the variation is uniform and shows
that the diameter decreases with distance southward.

At points in the harbor more than five miles from the throat, the bottom

is entirely of mud and yet, in dredging on the bar, mud has been enconntered
but once,
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The beach is composed of gray sand which packs very hard and makes an
excellent road when wet, The surface of the beach near the South Jetty is
covered with pea gravel and the same material was found a foot below the
surface, Gravel was not observed at a point one mile south of the jetty.

SAND MOVEMENT-~ In a paper previously referred to, T. W. Symons states
that Tas nearly as can be ascertained, there is a great cyclic change in
the bar channel occurring in about 35 to 40 years and a lesser one at
short and irregular intervals. There is a constant gradual movement of
the channel from north to south." The same writer also states that in
its natural condition there was a definite cycle of change at the end of
the north spit. An island; shown as Eld Island on the chart of 1862,
appeared first in deep water and then gradually moved northward and en-
circled Point Brown, as shown on the chart of 1891, The island then grad-
ually wears away and a second island begins to form offshore. Such an
island was said to be in process of formation in 1896,

Mr. Carpenter stated that the evidence supporting this cyclic motion
of Eld Island is not conclusive. O01d residents of the vicinity state that
trees grew on Eld Island, indicating that it once enjoyed considerable
permanency.

The charts of the entrance show that between 1881 and 1898, when the
South Jetty was started the main channel swung around very slowly in a
clockwise direction from its original southwest direction. From the sur-
veys for the years 1900 to 1906, it appears that several large masses of
sand traveled northward along the bar and attached themselves to the shoals
around Point Brown. The surveys were made at intervals of a year and the
apparently gradual movement may be merely a coincidence,

The survey of 1901 shows a fill south of the South Jetty estimated at
eleven million cubic yards most of which occurred during one storm., Fetween
the surveys of 1902 and 1903, the depth was reduced from 20 to 14 feet. The
South Jetty was unable to stabilize or deepen the channel but the addition
of the North Jetty, which provided a converging channel; effected a definite
improvement.

A summary of the changes shown by the survey appears on the following
page., Figure L, Appendix VIII, shows profiles along the lines radiating
from a point midway between the ends of the jetties. The quantity of materi-
al in the bar above elevation -30' has decreased since 1900 from 38 million
to 10 million cubic yards, Between 1894 and 1929, the crest of the bar was
pushed seaward approximately 3800 feset,

Following the construction of the South Jetty, the shore line at Point
Hansen moved seaward approximately 2500 feet, attaining its maximum advance
in 1912, Subsequently, erosion occurred and in 1928 the shore line was
1800 feet east of its most advanced position. Changes in Point Brown on the
north side of the entrance have been much greater, the extension of the
point amounting to 7500 feet between 1912 and 1928,
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Dredging is usually done on the south side of the channel as the fill
seems to0 occur most rapidly on this side,

Considering the charts and topographic maps of the shore north of the
entrance, we find that Cranberry Creek, Copalis River and Bear Creek are
deflected northward while the Moclips River follows the shore northward
for some distance but finally bends southward slightly before discharging
into the ocean., As these rivers cut through a sandy beachy, the inference
is that their mouths are deflected in the direction towards which the sand
is moving,

The hydrographic charts show that the 30, 80 and 100 fathom contours
diverge from the shore line with distance north of the Columbia River,
which 1s to be expected if the debris brought down by this river is moved
to the northward. The shape of the 100 fathom contour suggests that the
deltay; which would normally form directly off the entrance to Grays Harbor
has been pushed northward by a strong littoral current,

The data presented point very clearly to a northward sand movement,
This 1s in the same direction as the prevailing current but opposite to
the prevailing wind, The accumulation of sand north of the North Jetty
is probably due to a counter eddy generated by the northerly current and
to the protection from southwesterly storm waves afforded by the jetties.

STRUCTURES=- The entrance to Grays Harbor has been improved by means of
two random mound jetties intended to act both as training wall and as
sand traps. The project depth is 2, feet below MLIW., At the sea ends,
the distance between the jetties is 7000 feet.

Principal data on the jetties are as follows:

SOUTH JETTY=-- Date of constructiong; 1897 = 1903,
Length, 13,784 feet.
Original height of enrockment, +8.4 above MLLW,
Present condition -~ Jetty down mid-tide at shore
and to MLIW at outer end.

Total weight of stone originally placed, 655,996 tons.
Increase in total weight over estimate, 275%.
Unit weight of stone, 165 lbs.per cu. ft. (basalt)
Size delivered, 52% L tons to 14 tons.,

30% 1000 lbs. to L4 tons,

18% 50 1bs, to 1000 1lbs.
Original depth at outer end; 15 feet.
For sections and profile see Appendix VIII.
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SUMMARY OF CHANGES AT ENTRANCE TO GRAYS HARBOR

A S

YEAR MONTH CONTROLLING DEPTH AT DIRECTION OF

. DEPTH (FT.) ~THROAT  BAR CHANNEL REMARKS
T 1793 2l 8L SW George Vancouver
1862 16 100 NW Eld Island has formed since 1795
1881 16 80 SW Eld Island has disappeared.
1883 10 106 S W
1891 L 105 Sw
189 1k 100 SW :
1898 15 112 W South Jetty started,
1900 16. 85 W
1901 13 73 Sw
1%02 JULY 20 115 SWw Channel very tortuous.
1903 1l 109 S W South Jetty completed.
1504 17 117 S W Channel follows South Jetty.
1906 13 98 SW
1907 12 |
1908 17 » North Jetty started.
1909 18 104 W
1910 15 1oL W Deeper channel runs N ¥,
1911 “18 95 W
' 1912 17 105 W
1913 18 100+ L
191 18 85 W
1915 JUNE 17 8c W
1916 2L 100 W North Jetty completed.
Dredging started.
1920 JUNE 19 102 S W
1923 JUNE 23 107 sW
1925 23 105 S W Bar dredged to 32 feet -
October 192l,
1926 25 92 SW Bar dredged to 36 feet -
October 1925,
1927 23 g0 S W Bar dredged to 29 feet -
. August l926¢
1928 28 o4 Sw Bar dredged to 36 feet -
October 1927.
1929 AUGUST 3k 96 S W
1930 JANUARY 33 SW Channel follows South Jetty

to end and breaks S W,
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NORTH JETTY-- Date of Construction, 1907 =~ 1913,
Length, 17,000 feet,
Original height of enrockment; mid-tide in 1913.
Raised to ord. HW in 1916,
Present. condition - Sea end down to MLIW in 1928,
Major portion at +8 above MLIW.
Total weight of stonme originally placed, 585,902 tons.
Unit weight of stone, 145 lbs./cu. feet (sandstone)
165 1bs./cu. teet (basalt)
170 - 175 1bs./cu. feet (diorite)
Sizes delivered, L45.7% 4 tous to 13 tons.
(original 30.8% 1000 1bs. to L tons,
construction) 23.5% 50 lbs. to 1000 1lbs.
Sizes delivered, L42.6% 6 to 17 tons.
(maintenance) 7.5% 50 1lbs. to 1000 lbs.
L49.94 1000 1bs. to 6 tons.
Diorite and basalt were used for maintenance, Sand-
stone was used below MLLV,
Original depth at outer end, 22 feet.
For section, see Appendix VIII.

Neither of the jetties extended out to the bar or to the depth of
water desired and the writer is of the opinion that there was no necessity
to do so. Maintenance, which is difficult and expensive with the present
lengths, would have been almost impossible at a reasonable cost if the
jetties extended across the bar, The tidal prism is sufficient to main-
tain a satisfactory channel and the decrease in the yearly amount of dredg-
ing indicates that a stable condition is being obtained.

From the curve showing the reiation between the tidal prism and the
area of the entrance section below MSL, the stable area for Grays Harbor
is about 280,000 square feet. If the distance between the ends of the
Jetties had been less, the amount of dredging would probably have been
decreased by a further concentration of the currents,

Interesting features of the construction were the use of brush mat-
tresses where possible, the placing of an apron of stone ahead of the
completed enrockment to prevent scour and the use of light sandstone below
MLIW and basalt or diorite above that elevation,
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