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FOREWORD

The Literature Survey of Grays Harbora Washington" has been

completed by the Department of Oceanography of the University of rlash=

ington as authorized by the U(\ So Navy Hydrographic Office Contract No t1

N62306s=303o The Department of Oceanography has provided a listing and

~nalysis of published and unpublished literature o

The form of the paper is essentially that of an abstract ot the

current knowledge on each subject atudiedo These abstracts are not

~Ul~orted to be finished articles and should only be considered un­

published records subject to revisioDo Time allowed for preparation

precluded re£inemento Following each subject is an annotated biblio....

graph.Y of relevant publications and unpublished reports and data~

whether used in the abstract or noto

Thirty-rive copies of this report, including the annotated biblioa

I. .
~rapl\v9 were sublltitted to the Uo So Navy Hydrographic Ofriceo A limited

:number of additional copies have been made 0 Only two reports~ complete

With all enclosures (drawings and original data), were assembled o One

~omplete report was submit ted to the U0 So Navy Hydrographic Office; the

Qther is on file at the University of Washingtono
I
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PHYSICAL GEOGRAP'tlY

LOCATION

Grays Harbor is a large estU8r"J an the southwest coast of the State
of Washington, 60 nautical miles north of tho Columbia River Lightship,
17 miles north ot Willapa Harbor and 118 nautical miles south of Cape
Flattery at the entrance to the Strait of Juan d\3 FuooQ

DESCRIPTION OF THE AREA

Grays Harbor is generally charaoterized by numerous mud flats, bare
at low tide, Vli'th intervening ohannels formed by the disoharge of tribu­
tary rivers. Tho most important of these channels ere the North and
South Channels extending from the deep water at '~he entrance to the Che­
halls River. The North Channel, used by deep draft vessels, is main­
tained ·to a denth of 30 feet at mean lower low wa·ter over a width of
350 feet 0 Principal tributaries to the harbor o'l;her than the Chehalis
River are the Humptulips, Hoquiam, Wiehkah, Johns, end Elk Rivers.
Except for the Chehalis River and the lower reaches or the Hoquiam River,
these tributar-les are unimportant f'l·an the stand~Joint of nevigation
(u. So Army Corps of Engineers 1948).

The harbor diverges. tram the Chehalis River at Aberdeen, Washington,
into a broad, shallow bay which further expands :!.llto North Bay and South
Bay to a total width of 13 miles 0 I'ts length, fj,"om the entrance easterl1'
to Aberdeen, 16 about 1; miles. The harbor is separated from the Pacific
Ocean by two narrow I sandy peninsulaso

The harbor entrance is about 9,000 fee·t wide and lies between Point
Brown on the north and Point Chehalis on the sou·tho Point Brown is about
seven miles long and Point Chehalis is four miles long. Both peninsulas
vary in width from about one-hall' mile ·to nearly two miles, and both are
covered with a dense growth of 'timber and o·ther ·legetation to within EJ
mile ot their ends p except for a stl"ip of sand dimes and 'beaches, aver­
aging about onaeohali' mile in wIdth on the seaward side 0 The last mile
of each is composed mainly of loose sand and grevelo Two convergent
rubble-mound breakiJaters extend sesuard trc.n the points, constricting
the entrance width to 6,500 feet. Beyond the je'tties, an ocean bar com­
posed of fine, gJ!sy sand lies convex to the sea. A survey made in Sept­
ember 1946 showed a minimum depth of 18 teet .ove:~ the bar at mean lower
low water. A navigation cha1mel extends across '~e bar in e. north­
easterly c1i1'ecJ\iion from deep water "GO the en'lirani:f) charmel immediately
west of the south jetty. It is maintained partJ.:.r by tidal currents and
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partly by dredging under a Federal project. 1"!ithin the entrance the chaIh'1el
extends .along ·~he south ;ietty for about -(;tvo miles, then veers nor"lih-east­
liard to bypass Point Chehalis and join the north ane: South Channels leading
t,o the Chehalis fu.ver at Aberdeel1 g The 1946 survey sho~jed depths of at
least 30 feet prevailing over a width of about 800 feet in the bar channel
and depths from 31 to 89 feet over a width of about 1" 200 feet in "the
entrance channel 0

CULTURAL GEOGRAPHY

DISCOV~Y OF GRAYS HARBOR

Grays Harbor lias discovered on ¥my 17, 1792, by Captain Robert Gray0

The harbor lIas originally named Bulfinch Harbor 0 This J "Iith the disoovery
of the Columbia River on May 11, 1792, later pl"o~ved to t e of prime imporl;»
tance in subsecluerr~ negotiations over possession of the northwest coast
of 14ilerica (Neany 1946).

INDUSTRIES BORDERING GRAYS HARBOR

lumbering is the chief industry of the area. The vast stands of
Douglas fir and cedar, nmch of it still virgL~ timber, provides the source
of supply for the sUvJmills, tIood product factories, &,d allied industries
tha"t dominate the region. Dairying is the major agricultural land-use
and of lesser but significant ~~ortance are the fisheries and shellfish
industries (Peterson 1951).

HARBOR MODIFICATION PROJECTS

The U0 S. Army Corps of Engineers projec·t provides for an entrance
channel across the barJ 600 fee'l:; 't'lide and 30 fee-:j deep, to be secured by
a south jetty 13,734 feet long and a north jetty 16,000 feet long, both
at an elevation of 16 feet c\)ove mean lo~ter 10\'J water, and by dredging.
The project also provides for maintenance of a channel 30 feet deep and
35d feet; l1ide from deep liater ii'1 Grays Ha.rbor to the Port of Grays Harbor
Commission Terrndlla1 3 a distance of l3t miles; thp~ce 26 feet deep and
20Q 'lio 350 feet 'tvide "to "che Union Pacific Railroad bridge at Aberdeen
(2t miles) J thence 18 feet deep a nd 200 feet wido to CosIilopolis (3 miles),
thence 16 feet deep and 1.50 fee't wide to Montesano (10 3/4 miles).
In addition, the project provides for a channel ~4 feet deep and 100
fe~t wide in South BaY to Bay City, for a rubble·..mound breakwater, 1,000
feet long" at l:Jesthaven Cove, and for a. rocki'ill levee approximately
7,500 feet long, extending from shore end of the south jetty north-east...
ward along the beach at Point Chehalis o All dep~hs refer to the plane
of mean lower low t-Tater (U 0 So Arntv Corps of Engineers 1951). A plan

2



to construct an intercoastal system of canals arld la.cks to connect the
Columbia River~ Willapa Bay, Grays Harbor, and Puget Sound has been
proposed r~om time to time o See Enclosure 1-1 0

Bridges

There are eleven highwayI six railway and two pipeling bridges
across tidal waters of Grays Harbor and tributaries, the plans for all
of which have been formally approved by the l-lar Department 0 Five of the
bridges are on the Chehalis River j.n the portion from the mouth to an
including Montesano" five over the Wishkah River at Aberdeen" three over
EJ.liott Slough at Aberdeen, five over the Hoquiam River at Hoquiam and
one across SolJoth Bay in the harbor (ll. So Jrrmy Corps of Engineers 15>48) 0

STATUS OF POLLl.TION IN GRAYS HJ\RBOR

The condition in the river estuaries of Grays Harbor l<thich 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 communities
in concentrations many times that considered to be hazardous to the people
living in the area, and that hi's sewage and other municipal wastes adver­
sely affect their use for recreation, fisheries, shellfish culture" log
rafting and booming (Peterson 1953). .

Erfec'& of Polluted Waters on Ships and Material in the 1rlater

The deposition of organic waste materials on river and harbor bot~

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 IT.:.etal. paroGs l.,hich may be S'J.bmerged o Industrial 'Hastes, such
as sulfite tJaste liquor J which are in themselves acidic, may have a
similar effect if present in sufficient concentrat,iono Organic materials
promote the grot-7th of slimes which may foul fishing gear and attach theme;,
selves to boats and underwater parts 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)0
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NUMBER OF SMALL BOATS OPERATING III HARBOR
1
iI During 1950, approximately 48 gill-net boats l>lara. working inside

t~e harboro Trollers, crab-boats and drag .boats, at. times to-(jaling
a}?pronmately 450 craft, operated in and out of the harbor, raost of
tl1.em working in the oceano

i A total of 22 tow boats of various sizes operate within the harbor,
t~n of these boats be~ used by commercial. tl.lgboat oompainies" four
bY:" general cont:ractors, six by industrial pla.nts, one by-the Port ·of
Gltays Harbor and one by the log patro1 (Orlob, Jones" and Peterson 1951)0

I
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CLIMATOLOGY

INTRODUCTION

Grays Harbor is similar to other coastal harbora of the Northwest
in .,that the cl:lrnate is generally mildo The marine influence produces
cool summers, 1i1ild 'ti"lnters" and considerable moistureo Local recorda
shdt~ that there is an appreciable variation in wind dirac'tion and pra­
ci~itation at various locations in the vicinity of Grays. Ha.rbor e

I

I

PRECIPITATION

I The rainfall in the Grays ·Harbor area i6 typical for the Pacific
N0~lthlvest coast o November" December, and Januar'Y are the wettest months
in jAberdean and' at, Lone Tree; an average of 12.9 inches falls during each
of !these montheo July and August are the dries'jj months v1ith an average
of :1 0 1 inohes of ra.in per mon·tho The heaviest rains occur during the
winter months l'lith about 64% of ·the days having 0 0 01 inch of rain or
mOJ:;e; during July 8.J.id August only' 16% of the days have 0 0 01 inch or
morieo The maximum recorded 24-hour rains occur between November and
Marcho At"'l isohye'cal map encompassing the Grays Harbor area is inclu-
ded as Enclosure 2-1 0

The following tabula"liion from ,0 years of reoord kep"li by the U0 So
Department of' Commerce iieather Bureau (1952 ) gives the maximum 24-hour
precipitation for the city of Aberdeen, Washington:

Jan 1935 .. 50 25"
Feb 1932 - 3076n

Mar 1932 - 4.50"
Apr 1938 - 31),9"
May 1941 - 20 3611

Jun 1933 ... 2c.OOn

Jul 1932 - 1 0 82"
Aug 1912 - 20 03"
Sap 1920 - 20 3111

Oct 1942 - 40 87 11

Nov 1911 - 40 07 11

Dec 1943 - >e07"

Table 2-1 presents precipitation data from Aberdeen and Lone Tree,
Washing'lionca Table 2....2 compares· the average monthly precipitation for
Ab~rdeen:J Lone Tree, South Bend" and North Head, "\ATashington o

i
i
I

TEMPERATURE

The yearly temperatures are mild, with ex"breme highs or lows being
uncommone In the period from 1892 to 1930 the lowest recorded tempera.ture
'toJas 60 F., the highest was 10,,0 F G (U.o SQ Department of Agriculture
Weather Bureau 1936) 0 In generalAthe temper'atiure ranges from an average
of !about 39° J!r... in January, to 60 F 0 in August at Aberdeen, and 410 to
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590 Fo at Lone Trec~ The North Head weather racords show that on the
average the teraperature f aIls to 320 or less only 1 da:y" in January and
less than 1 day in November, December, February~ and March~ The summer
temperatures seldom reach 90° Fo

Table 2-1 presents temperature da'c,a from Aberdeen a nd Lone Tree,
vlashington o Table 2-2 compares the average monthly temperatm"es from
Aberdeen, Lone Tree, South Bend, and North Head, Washington~

VISIBILI'l'Y AND FOG

The records (U. So Department of Commerce Coast and Geodetic Survey
1951) indicate that the maximum fog or loVT Visibility occurs during the
late summer, au·l.iumn" and early l'1inter o 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 mont,h (U 0 SQ Depart,ment of Commerce Coast and Geodetic
Survey 1951) 0 Table 2-3 gives the fog summary a'l.i the Grays Harbor
Light Stat,ion o Information concerning 'tvind direc·l.iion and. force, ba­
rometer readings, dry temperature, amount and'type of clouds, visi­
bility as well as direct.ion and hcigh"li of sea, is available from the
log of the U0 So Coas·l.i Guard Light St,a"tiion, tJestportJ \lTashingtono

WIND AND WEATHER

The prevaillllg winds in Aberdeen, Washington, .during the spring,
summer" and fall are generally from the 't~est.; during the 'tdnt.el" the
winds are from the east o At Lone Tree, on Point Brown, the spring,
summer, and fall winds are prevailingly nor'l.ih'Y18sterlies; the winter
l.zinds are primarily easterly and scut,heast,erly; The velocity seldom
exceeds 40 mph.

The U. S. Coast Guard Lifeboat Station at Westport, records wind,
weather, sea, and visibility data. For wllld data from Lone Tree and
North Head, Was}ungton, see Tables 2-4 and 2~5. A comparison of the
prevailing uinds from Aberdeen" Lone Tree, South Bend, and North Head
is given in Table 2-6 0 &1closur0 2-2 consists of Wind Roses, indicating
velocity and average duration of wind in day:::; per year and a graphic
presentation of ~r.ind velocity and dt~ation.

Storms

The following quotation from the Uo 51 Army Corps of Engineers
(1948) discusses the storms ~hich affect the are~:
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Average No. of
Days l"lith OoOlu

or more

TABLE 2-1 0 Precipitat,ion and Temperature Data, Aberdeen and J.JO!le Tl~ee, ~Jash:i.ng"l:,onCi

Average Average Average
SnO'~-rl'a1l l·~axo iJiino - Highest Lowes·t
(inches) Telnp 0 Temp c# TenqJ. Temp (... - I . -, ~ __-4-__f-.--

I Aber. L. T. Aber. L. T.lAber. L. T. lAbel'.
----.f----~---_ll'-- I
l-Le-n-g-t-h-toI-----4-----iI;...-----+---!---~I-·--1

of' I 38 12 36 i 12 38 12 I 38

(;~~~:) I J L I .. ~-_-_~

~:~ i~ 1 i~ t:~ ~:~ II i~~:~ I~:1 I ~~:~ ~~:g l'-~-~-·I:--~-~--1--1~-~-~
l~r 18 20 O~8 0 0 3 52.9' 50 9 4 3505 l 3~~9 I 82 • 10 18 27
Apr 15 17 0.3 Trace 57 oL~ I ~.3~O 38 0 1 1 l~joO 88 73 25 32
r~iay 12 13 0 0 61 0 9 57 ~2 b2!a5 ·L!:?3 92 86 29 38
Jun 9 10 0 0 65G7 60,,6 1~6C19 50~5 100 82 32 W~

Jul 5 8 0 0 69,,7 6304 ~.906 53,,2 105 It 85 'I' 34 ~.6
Aug 5 7 0 0 '70~5 64.2 50.5 53.h 98 • 83 36 47
Sep I 10 1J.. 0 0 67 09 68 0 2 46~9 52~3 93 80 30 L!.1.r.

N
oocv·ti I 11~. -21.7

2
0 0 ! 61 0 1 56~9 J.!.3 u O L~? u9 85 r!l I 2).~ .33

~., 0»7 Oo!~ 5107 51\'0 381~5 4207 73 69 18 31
Dec 20 23 2 6 1 0 0 2 46 0 0 1.!.6 0 6 i 1)-J.~8 38 .. 8 63 60 6 1'7

~ l\nnUa~ 164 _~_1_~--1J._-~o-9--J.--5o_3._L_5_8_._2-t1,_5_1_~Qo_8_~lo2_~_~ 186r- _17 _ .1

Table compiled from the U0 So Depa.rt,mel1t of Agriculture l"Jeather Btu"eau (1936) 0



TABLE 2....2 0 Comparison of Average l\1ol1thly Precip:i.tatiol1 Hnd Temperature
from Various S'liations About, Grays Harbor o

Aberdeen Lone Tree Sou,ltjh Bend North Head

Precip. Temp 40 P1"0cipo Tempo preciP·ITernp. Precipo Temp"
(Inches) (0 F) (Inches) (0 F) (Inches) (0 F) (Inches) (0 F)

Length
of 40 38 13 12 36 33 29 44

record
<rears)

«Tan 12 0 08 39 0 0 13 0 25 L!.Oo8 12 0 71 40~2 ,'1l62 1~06

Feb 9~45 41fJ~ 8~01 ~.2 o!~ 9015 42 0 4 S075 43 G O
Mar 8010 l.t.4<12 70 04 h5 0 2 8u 8l Lrl~o8 4074 4500
Apr 5«;93 47 0 8 h~~3 48.5 6.32 48 0 4 30 16 47 0 8
r.fay 40 03 52 02 30 00 52.2 40 22 530lt r) .36 51 0 3~o

Jun 2 0 89 56 0 3 2.31 55 0 6 2 0 91 57 0 2 1 0 92 549 8
Jul 0 0 95 590 6 1 0 13 58 0 3 0.97 6104 0 0 62 5704
Aug 1.26 60 0 5 1 0 01 58 0 8 1 0 55 610 6 0 0 96 58 0 1
Sep l~~oo 57 oL~ 3000 57.6 3072 5900 2 0 43 56 0 7
Oct 6 0 88 52~0 6~93 52~4 6~77 53 0 2 h012 5304
Nov 13 0 18 t~501 12 0 11 !!.6 0 8 12 01~2 460)5 7.26 48 0 3
Dec 12 0 83 40 0 4 100.57 42 Q 7 13020 41 a8 7090 43co9

J'ull1ual 81 0 58 4907 73 0 85 50 0 1 83035 5008 48 0 84 500 1

Table compiled from the Uo So Department of Agriculture \rJeather Bureau
(1936) 0
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TABLE 2-30 Fog and Use of Fog Signal» Grays Harbor~ vlashington u

Jan Feb Mar Apr Jun Jul Aug Sep Oct I~ov Dec Total

Hours of Fog Summary at Grays Harbor Light Station1

1951~52 454075 161 0 50 ~82025 121~OO 60 0 75 11~O~OO 54050 125075 310 0 25 1760 15 1$0 0 25 161 0 25 2165000
1952-53 44l G25 168 0 00 115 0 00 1300 00 42 0 50 84 0 25 269 0 25 252 0 75 275015 446 0 25 252 0 50 2430$0 2712~OO
1953-54 209 0 00-146 uOO 64050 73000 900 00 72 0 00 111 0 75 250 0 25 195Q50 259075 216~oo 213 0 00 1900 0 75

Hours of Operation I of Fog Signals2 i
~-----------------I'

69 52 57 25 25 40 83 138 92 81 82 56 800
'------------------------------------------,)

1 Uo So Treasury Department Coast Guard (no do a)o .
2 Ua So Department of- Commerce Coast and Geodetic Survey (195~)0



The doastal area is subjec'~ to sevc:~r'e :;tclrms ~ particularly
during winter months o \'1inter storm winds C'!o'f/ember to February,
inciusive) generall~ origine:.te in the east or southeast, then
svTing to the south and southwest where the~r raach their greatest
intensity0 In summer the prevailing winds ar~l northweaterlyo
Velocities up to 9.5 miles ar!. hoUr have beer., recorded at the mouth
of the Col~ia River and 8L. miles an hour at Iratoosh Island~ off
Cape Flattery 0 Data collect.ed from varj.ous souroes by the Shore
Protectio11 Board in connection with beach e:~'o8ion studies at
Point Chehalis indicated tha.t \-lave heights exceeding 40 feet oc­
curred along the coast!l and that 75 percent of' ocean swells
(classified generally aa of low or mediu.m ol"der) approach Grays
Harbor in such direction as to permit their pe.ssage between the
jetties into the harbor entrance 0 Fog may OC(~ur at any time of
the yearlJ but is most frequent during ~ugust (In the coaat o

59 Conditions

The usual sky condition for ·t;he region is cJ.o\.1dy to partly cloudy;
tl.lere is an average of only 505 clear da~ pet" :nontho The maximum cloud­
iness oocurs during the months of NovemberJ DecEl1lber~ and January 0 Table
2g7 summarizes the monthly sky cc·nditiona at North Heads Washingtono
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TABLE 2....40 Wind Data, Lone Tree, \~ashingtono

-- ------ --~--~-- - -~ ~- --~

Point from Which Average Velocity YEAR Average
Wind Blows (Miles per hour) 1909...10 1915 1916 1919 Total Days (Days per Year)

North 5-10 1 1 2 0 4 1
10=20 4 0 1 0 5 1 0 25
20-30 0 0 0 0 0 0
30,-40 0 0 0 0 0 0

Over 40 0 0 0 0 0 0

Northeast 5....10 6 1 2 8 17 40 25
10~20 6 1 '2 22 31 1015
20.,.,.30 0 0 2 11 13 30 25
30....40 0 0 0 0 0 0

Over 40 0 0 0 0 0 0

East 5<=>10 1 4 6 3 14 305
10=20 31 28 28 9 96 24

I
20...30 II 21 24 1 I 57 14u 25 I30"'40 0 2 2 4 8 2

01,61.... 40 -- _.- ,.......
-~ " .-=-'- & __.. 1

i ! I
Sr"~' .'.' '-.: ~.~- ! ~ ~;"'\ . , r:, !

,
1. ~ ! ~ -. -'

I
: ;t. :

I I I
_..~ -- .,,,. I10,,·20 16 14 15 21 6h 16,5

20-30 4 14 10 18 46 1105
30-40 1 2 0 8 11 2075

Over 40 0 0 0 1 1 025

-

I'



TABLE 2~o Wind Data, Lone Treea Washington (continued) 0

Point from Which Average Velocity YEAR Average
-Wind Blows (Miles per hour) l'909c:oJ1O 1915 1916 1919 Total Days (Days per Year)

South 5-10 S 9 7 6 27 6075
10=20 23 15 28 21 81 21 0 7.5
20~30 7 1 13 8 29 1 0 2$
30~40 0 1 8 5 14 305

Over 40 1 1 1 0 3 075

Southwest 5-10 24 13 17 24 78 1905
lO~20 34 3S 19 31 12$ 31 0 25
20~30 6 13 9 7 35 8 0 15
30...40 2 O· 2 2 6 1 0 5

Over ~.O 0 0 0 0 0 0

West 5G01O 16 29 31 5 81 20 0 25
10....20 14 23 18 3 58 14n5
20..,30 5 5 0 0 10 2 0 5
30Q 40 1 0 0 0 1 0 25

("..-er hO 0 0 0 0 0 0

Nt-:··~··' ..... ~-:.:: .~._

,
~ ~~. 32 .j~

t 24. :1.1;
,

r,t"-' ,-; •.I j) : 1.. :... ...... ":"'--'" r;;:
10-20 93 65 71 BS 320 80
20oD)O 9 7 6 10 32 8
30~40 0 1 0 0 1 0 25

Over 40 0 0 0 0 0 0

Table rearranged from Uo So Army Corps of Engineers Seattle District (no do a)o



TABLE 2·..50 Wind Data~ North Head, Washington o [True velocities]

Average
Hourly Prevailing MAXIMUM
Velocity Directions Velocity (mph) Direction Date

-
Length

of 44 years 44 years c._ 34 years ClOQO

Record

Jan lS 0 9 E 1121 SE 1921
Feb 1406 BE 69 5 1904
Mar 140 1 BE 13 S 18912Apr 130 8 HW 65 BE 1907
May 130 2 NW 60 BE 1911
Jun 12 0 8 NW 57 SE 1906
Jul 12 0 0 N 49 SE 1904
Aug llo2 N 51 SE 1920
Sap 110 1 N 10 SE 1914
Oct 12 0 8 SE 69 B 1893
Nov 1505 SE 10 s 1925
Dec 16 0 2 E 19 E 1884

Annual 130 6 NW 1121 BE Jan
1921

1 Estimated 0

2 Also other dates

Table compiled from Uo So Department of Agriculture Weather Bureau (19)6)0
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Tkm 2""60 COmparison of Prevailing winds from Stations About
I Grays Harbar o

Aberdeen Lone Tree South Bend North Head.

E
SE
BE
NW
NW
NW'
N
N
N
BE
SE
E

44 years

E
E
W
W
W
W
W
W
W
E
E
W

SE
E
NW
NW
1M
NW
NW
NW
NW
NW
E
E

12 years 21 years

_-.::;;:=..;:.:::--.--= -=..:=-====:.=;===1=======1

-----===::=*=====:..====1=======1:
E
E
W
Ttl
W
ill
W
W
W
W
E
E

38 years
Wngth

lot
r~cord

~an
:Feb
J1ar
Apr
l1ay
tljun
Jul
~ug
~ep
Oct

I

~ov

Dec

-1~L W -L_ NW ----'- w 4-__

NW
_

Table obtained trom U0 S «) Department ot Agriculture Weather Bureau
(]936) 0

I
:
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TABLE 2.....10 Sky Conditions at Nor-th Head.11 Washingtono

I
I
I
S~ cover 3/10 or leas,: clear$ 4/10 to 1/10 is partly cloudy$ 8/10 or
111f>re ~ cloudyQ

I

T~ble obtained from U0 So Department of Commerce Weather Bureau (19,1) 0

Average Hra 0 Average

Iof Sunshine %Possible Cloudiness .JJJJ}1B~i.L¥.F DAYS
(Days) Sunshine (0=10) Clear Partly Clouqy Cloudy

I

Length
60of 42 42 54 60 60

record
(tears)

Jan 78 'Zl 709 4 5 22
Feb 110 37 703 5 6 11
Mar 1.5, 42 701 5 8 18
Apr 197 . 49 709 5 9 16
May 223 48 609 5 10 16
aun 228 48 60 8 5 9 16
Jul 240 So 60 4 7 10 14
A 202 46 605 7 9 1$, ug
Sap 180 48 60 2 8 8 14
Oct 137 40 6a8 7 8 16
~ov 89 31 1 0 6 $ S 20
bee 74 27 701 4 ;) 22
I
I

Annual 1913 41 1oJ O 67 92 206
! t------'"-,
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HYDPOLOGY

RELATIONSHIP OF RIVERS TO BASIN ~'OFOGRAPHY

rThe Chehalis River is the principal str:;am. .:mtering Grays Harboro
It rises in the Hilla-pa Hills» about l;.O mi1e~) ea 3t of the Paci.f'ic Ocean
and flows in a northerly and westerly direc'tLon~or 110 miles to Grays
Harbor at Aberdeen. Its basin r~ges in alt5.tuci,;} from sea level to a
maximum of about 4,000 feet:. The river is consi.iered navigable to
Chehalis, about 76 miles above the mouth of ·~·.he Hoquiam F:iver 0 Present
navigation is limited to the tidal portion ""hich extends to EL'IlB.,
31 miles above the mouth -' although little COl!mi.er\~e is carried abo·"e
Hontesano 0 The existing project for navigation :l.mprovement extends from
Grays Harbor to ~1on"(,esano, 16 miles above the jU:lction of the North and
South uhannels in the Harboro S'crveys made :Ln 1 f)!"3 and 194.5 showed
controlling depths of 26 feet at mean lo~Jer :Lew ~'/ater belo~l the Union
Pacific Railroad bridge at Aberdeen, 2141 feet. bu10w Cosmopolis, and 809
feet below Mont.esano.over widths ranging from 150 to 200 feet.

The Hoquiam River joins the North Channel a~~ Hoquiam, Washingtono
Although the river is considered navigable for su·;eral miles up each of
two main forks, only 3~ mUes from the forks to 'L~he mouth have been
improved under a Federal project to a contro::.linG d.epth of 17 feet at
mea...'l lower low water (U. So Army t,;orps of Engins13ra 1948) 0

DRAINAGE AREA

The total drainage area of G'l"aye Harbor is about 2,605 square miles,
of which about 2,063 square miles are drained. by the Chehalis River and
its tributaries (Uo S. Army l;orps of Engineers 1948).

Effect of Drainage Basin on River Flow

The entiI'e Chehalis StJstem lies ",~thin .Bn a)'eD. noted for its tre­
mendous stands of virgin Douglas fir. In recent decades, much of this
timber has been cut 1:uth the resultant loss cf t.! 'e natural fOl"est cover,
'which normally diminishes and delays the natt:ral runoff. Loss runoff
data is shown in Table 3-10 See n:tlclosure 3···1.) irhis deforestation of
an area which receives a considerable amount. of : 'ainfall but lit.tle
snowfall because of its low altitude has res1.11t€i. in the rapid runoffs,
and the extended periods of low river flow Wiiich are characteristic of
rainfall rivers. Gaging station ctata a-re shown :.n Table 3-2", See En­
closure 3=2. The mean annual flow ;::or 1942, a Yl.:ar of near average
precipitation, was approximately 5,500 crs, :fhilu peak flows were re­
corded at 21,700 crs (December 2, 1942) with a mjnimum of 806 era
(October 25 J 1942) 0 Maximum discharge in 1950, a very wet year ~ was
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47,400 cis (December 24, 1950), while the stream now dropped to "157 era
in August of that year. considerable correlation between rainfall and
stream now is apparent in comparison of £10'"1 and precipitation data.
(Orlob, Jones, and Peterson 1951). Range in suspended sediment loads tor
streams entering Grays Harbor is shown on Table 6-6 It Enclosure 6-40 shows
concentration of suspended sediment for the t;hehaL-i..s River drainage. Thia
sub,ject is discussed further in Section 6, Recent Sediments.

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

GROUND WATER IN THE GRAYS HARBOR AREA

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

Aquifers in the Grays Harbor area are of ~WG general types.
(1) consolidated. sedimentary rocks and volcanic rocks J 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 surrounding
valley areas 0 The consolidated and voluanic rocks also form the
surrounding hills. The unconsolidated and semi-consolidated rocks,
consisting mostly of sand, silt, clay, and some gravel occur chiefb'
as valley fill deposits. The North and South Bays are also composed
of unconsolidated materials.

The consolidated a.nd volcanic rocks, in general, ha.ve 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 bull' of the ground water that is
discharged directly into Grays Harbor. Moreover, a large component
ot the stream-flow, especially during the late summer and autunm
periods of low stream-flow, is derived from ground-water discharge
into these streams. The ground-water component or stream-flow prob­
ably is larger than the quantity of ground water that is discharged
direotly into Grays Harbor.

Ground Water Gonditions in the South B!Y District

Two principal aquifers are present in the Quaternary sediments of
the South Bq district.. Th~ are (1) a little known sequence of sand and
gravels in the Pleistocene (Satsop-type) strata of the Ocosta-Bay \;ity
Dlstrict, and (2) a fresh-water body floating on salt water in the pexmeable
sands of Recent age which comprise the southern bay-mouth bar of Grays Har­
bor and the contiguous barrie~ bars to the southo 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, drillL'tlg
would be necessar:r to clarify th:i.s point.

The extent, recharge, possible yield, and quality of the i'rash
ground-water body in the sand of the Westport.--Grayland area is more
readily discernible a This body appears to be capable of sustaining
a ¥ithdrawal of several hundred million gallons a year by properly
constructed ~nd dispersed pumping plants (Newcomb 1947).
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TABLE 3-1.. N9~ Seasonal Precipitation Loss-Runoff Data for the
Grqa Harbor Area 0

Drainage Runoff Precip- Loss
Area itation

IChehalis River ~;;:;-Grand Mound 897 4409 6505 2006

11608 2209Satsop River near Satsop 315 9309

WYnoochee River at O.xbow 65 16409 17809 1400

Wynoochee River near Montesano 105 l4O~8 15706 1608

Table modified from U0 So Engineer data (U u So Arr:rv Corps ot Engineers
Seattle District 1946)0
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TABLE 3-20 Gaging station Data for the Grays Harbor Area.

DRAINAGE PERIOD EXTREMES 'AVERAGri )ISCHARGE
GAGING AREA of REGUL- maximum minimum ~t I "dseco i 1per10
STATION (sqo mio) RECORD DIVERSION ATION seco ito Date sec o ito Date I '¥rso

I

10/24/43 16 9/17-24
·r----·-

Johns River 1809 1942-43 None None 450 ~ I --!
near Markham 1942 ;

I

l-iewskah Creek SfOO 1945-49 None

I

None 570 2/17/49 1D6 9/9-12, -- --it'';:

neB.r Aberdeen I 28,1946 f

charles Creek 507 1945-49 None None 436 2/2/47 003 9/11/46 - i --
near Aberdeen

i

.-

Many minor I None

:

Chehalis River 11)420 1942-44- 38,400 2/11/51 202 9/12/44 5,0;'7 ~ l:, ~

at South Elma t 1946 diveraions'l I
I

domestic an !

irrigation
~

.
Satsop River 290 1929 None None 52,500 1/22/35 166 9/21/38 1,927

;
22

~

near Satsop
;

Wynoochee 179 1942-49 City or Ab- None 16,600 2/8/45 51 9/11/44
River near erdeen di-
t-tontesano b~ verts 56 !
low Black sec~rtocon-

Creek tinuous~ :

r

Humptulips 125 1933-35 None None 3.3~OOO 1/22/35 82 9/ll/44 1,313 lC
River near 1942 f

Humptulips i
•,

~ Table from Wa.ter Supply Papers (Uo S~ Department of the Interior Geological SUrvey .Annual).



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

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

Adjusted Drainage Altitude Area of
mean annual area mean lakes Geographical

GA~1NG STATION flood (era) (sqQmi~) (fta) (%) factor

Uhehalis River at 28,600 1,420 700 0014 120
South ElIDa

Sat~op River near 21:1400 315 500 0025 230
Sat~op

I

~pochee River 15J 200 179 900 0001 230
below Black Creek
near Montesano

I

DATA FOR H01IDGENITY TEST FOR GAGING STATIONS
IN WES~ WASHINGTON g

Q2033 RoI., tor Effective
QIO x Q2033 x length of

Q10 Q2033 ratio ratio record
GAGiING STATION (efa) (eta) Q2033 (ers) (yr) (yr)

i
I

28,600 47,500 21 22't Chehalis River 41,,;00 1.,45
I
I

Sat~op River 32,700 21,400 lc53 35,500 15 31
:

Wynpocbee River 21,000 1511200 1.>38 25,200 32 24
.i

33



TABLE 3-3. Peak Flood Data. from Three Gaging Stations in the Grs\ys Harbor Area (continued).

ANNUAL FLOOD PEAKS

CHEHALIS RIVER AT SOUTH ELr-1A

pla.ter. Year Date Discharge (ors)

1947 26 Jan 1947 28,000
1948 5 Jan 1948 24,400
1949 21... Feb 1949 35,600
1950 27 Feb 1950 34.,500
1951 11 Feb 1951 38,000

WYNOOCHEE RIVER BELOW BLACK CREEK
NEAR MONTESANO

vIater Year Date Discharge (era)

1942 3 Dec 1941 16,100
1943 2 Apr 1943 10,000
1944 3 Dec 1943 15,100
1945 8 Feb 1945 16,600
1946 11 Apr 1946 11,000
1947 14 Feb 19/{1 15,800
1948 19 Oct 1947 13,400
1949 22 Feb 1949 16,200
-- -- --

1951 9 Feb 1951 22,600

SA'fSOP RIVER NEAR SATSOP

lvate~ Year Date Discharge (cts)

1930 23 Dec 1929 1l,300
1931 23 Jan 1931 19,200
1932 26 Feb 1932 27,000
1933 B Jan 1933 15,300
1934 21 Dec 1933 24,500
1935 22 Jan 1935 ;2,500
1936 4 Jan 1936 16,600
1937 14 Apr 1937 15,200
1938 28 Dec 1937 ,30,100
1939 1 Jan 1939 25,600
1940 15 Dec 1939 18,700
1941 .'" . -18 Jan 1941 25,200
1942 ~ 19 Dec 1941 1.3,200
1943 1 Apr 1943 13~lOO

19M. 3 Dec 1943 19,900
1945 7 Feb 1945 28:,000
1946 11 Apr 1946 17;200
1947 25 Jan 1947 24,000
1948 19 Oct 1947 17,300
1949 22 Feb 1949 27,,000
1950 28 Dec 1949 26,,600
1951 9 Feb 1951 36,500

Table from Floods in Western Washington (Bodhaine and Robinson 1952).
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Gotlachalk, L.
1942.. Notes on Reservoir Silting and Suspended-Load Measurements in

Washington. U. S. Department of Agriculture, Soil Conserva­
tion Service, Special Report no. 2, Sedimentation Section,
Ofrice or Research, 15 pages, map, tables (mimeographed).
(Some data tor lihehalis River.)

Grover J Nathan (; 0 and Glenn L. Parker
1940. Summary or Records of Surface \1laters of Washington, 1919-35.

U. S. Geological Survey, Water Supply Paper 870, 456 pages.

Isaacs, J. D. and W. No Bascom
1949. Water-Table Elevations in Some Pacific Ocaat Beaches.

Transactions of the American Geophysical Union, volo 30, no 0 2,
pp. 293-294.
(Pacific Coast beaches surveyed for '>later-table profiles:
Grenville, Ocean City, Leadbettar" OrJsterville, Clatsop Spit"
Sand Lake, Seabright, Seacliff state Park, Del 1-1onte Creek,
and Carmel.)

Jacobs, Joseph
19:350 Inventory of the Water Resources of the North Pa.cific Drainage

Area'll Water Resources Section, Natural Resources Board,
Washington, D. C., 117 pages.
(Review or data: physiography: climatology, surface waters,
ground water" quality of water. Utilization: public water sup­
ply, power, irrigation, navigation, flood control, C1rainage,
recreation, waste disposal, conservation by storage.)
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Jacobs; Joseph
19368 Some Random Notes on Rainfall, c'.L"1Q Runoff in the State of 1'tfash­

ington. vJashil'lgton State Planning tiounc:il, vlat.er- Rasources
Division, 12 pages (dittoed).

Jannsen, N. C.
19.37. Ground 1~ater Conditions in the State of Washington. N. Co Jannssn

Drilling Compav, Seattle, 76 pages.
(Includes a discussion of ground "-later in the Grays Harbor area.)

cJohnson,
1942.

Arthur
Summary' of Investigations on Olympic Peninsula streams, Wa.shing­
ton. U. So Geological Survey, on file U. S. Arm:! Corps of
Engineers, Seattle Distr:Lct, Seattle, Washington, 15 pages
(mimeographed) •
(Includes stre£u"llS tributary to Grays Harbor.)

Landes ~ Henr:r
1905. Preliminary Report on the Underground l'laters of \vashington.

U. S. Geological Survey, '"Tater Supply Paper lll, B5 pges.
(General statement of rainfall, topogra.phy, geology:J soil,
municipal water systems and deep ,'rells of each county; also
includes tables of deep \'lells, municipal supplies and springs.)

Langbein, Walter B. and others
1949. Annual Runoff in the United. states. U. S. Geological Survey,

Circular 52, 14 pages.
(Includes the surv~ areas L~ ~ comprehensive an~sis of runoff,
stream flow, and water yield. Effects of' climate, geologyJ

topography, drainage area., and vegetation are discussed.)

Lawrence,
1942.

Lohr, E.
1954.

Fred F.
Summar.y of Investigations on Uhehalis River and Tributaries,
Washington. U. s. Geological Survey, on file U. s. ArrIr:! lJorps
of Engineers; Seattle District, Sea.ttle, Washington, 7 pages
(mimeographed.) .

Wit and S. Ko Love
The Industrial Utility or Public Nater Supplies in the United
States, 1952-Part 2. States 'alest of the lfi.ssissippi River.
u. s. Geological Survey, Water-Supply Paper 1300.
(Ghemical ~ses of waters entering harbors.)

McDonald,
1948.

Co C. and H. Go Riggs
Annual Ru.'loff in Columbia River Basin in Percent of the Mean,
1928-45.. U. S. Geological Survey, Circular 36" 2 pages~
20 plates.
(Grays Harbor area is included in all maps of the Basin which
show measured runoff at gaging stations in percentage of 18
year avera.ge period 1928-45.)
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National Resources Planning Board
19410 Water Regimen Data Pa.cific Northwest Drainage Basins.

Pacific Northwest Drainage Basins Committee, Subcormnittee
on Water Regimen, Federal Courthouse, Portland, Oregon
(mimeographed) 0 ,

(Lists and describes activities of U. S. Engineers,
Geological Survey, Weather Bureau" etc., contains special
reports, review of reports, tables, plates and bibliography;
a type of literature survey.)

Newcomb, R. Co
19470 Ground Water ot the South-Bar Area, Grays Harbor, Washington.

Released for ottice use and lim!ted distributiCSii onq, U. So
Department ot the Interior, Geological SUrvey, Ground Water
Branch, Portland, Oregon; ).2 pages (typewritten).
(Unpublished.)
(An investigation ot the occurrence of ground water at West­
port near the mouth of Grays Harbor 0 )

Orlob, Gerald To, Kenneth R. Jones, and 'Donald Ro Peterson
1951. An Investigation of Domestic and Industrial Waste Pollution

in the Lower Chehalis River and Grays Harbor 0 Washington
state Pollution \.iontrol Commission, 52 pages (mimeographed) 0

(t4astes of the area were examined trom the standpoint of
physical, chemical, and bacteriological quality. Area de­
scription, fisheries , river runoff, and original data are
given 0 )

Roberts" Evelyn H.
19360 The Quality ot Washington Waters. Washington Agricultural

Experiment Station Bulletin, Pullman, Washington" 35 pages
(mimeographed) •
(Tables:I analysis" and bibliography 0 )

Stillman, Ao K.
19480 Report on the Design or a Water System for Westport, ~'lash­

ingtono Olympia, Washington, 19 pages (mimeographed) plus
9 pages appendix.
(Describes system or wells in use, aquifers, water table,
and salt intrusion.)

Thompson, M0 Roy
19360 Water Resources, State ot Washington, Bibliography of

Publications 1869-193b, Part VII, Introduction, Indexes and
Appendix. Washington State Planning Council, Olympia,
Washington, ppo 701-751 (mimeographed).
(Lists rivers and streams; has fully annotated bibliography
in appendixo)



Thompson, 1-1 v Roy
1937. 'l;later ReSOUl'ces, State of Washington, Hisce11aneous Stream­

Flow Measurements. \\ashinc.~on state Planning Council, Olympia,
\vashington.
(Values for the Chehalis River given.)

Tyler, Richard G.
1938. Water Resources of Washington.. Engineering Experiment Station

Series, Report n0 9 4, University of Washington, Seattle, 61 pages.
(A complete geographic analysis including Geology, Land Cover,
Climate" Navigation, Drainage, Pollution, etco)

u. S. Army Corps of Engineers
1948.. Grays Harbor, Wash.. House Doc,-ument no. 635,. BOth Congress"

2d Session, 46 pages, 2 maps.

U. s. Army (;orps of Engineers, Seattle District, Seattle, t'lashington
[Grays Harbor, l'lashington-Maps (Unpublished)]

1946. Normal Seasonal Precipitation Loss-Runof! Map.
Map File r~o. D-11-l3-16.
(Provides data for rivers entering the Grays Harbor area.)

1948. Index of Stream Ga.ging Stations. Map File No. D-11-13-2l.
(Existing and discontinued gaging stations are shown on this
base map for "~he Chehalis River and tributaries.)

u. S. Department ot Agriculture Weather Bureau
1936. Climatic Summary of the United states. Section' l-Western Wash­

ington. Government Printing Office, Washington, D. (;., 38 pages.
(Tables include Grays Harbor area. Snowfall, wind, frost, tem-
perature, and precipitation included.) .

u. S. Department of the Interior Geological Survey
Annual. Surface Water Supply' or the United States. Part 12, Pacific

Slope Basins in Washington and Upper Columbia River Basin.
Water Supp~ Papers, Government Printing Ofrice •
(Sta.tions along the Chehalis River listed.)

1940. Summary of Yearly Discharge at Gaging Stations in Pacific Slope
Basins in Washington and Upper Columbia River Basin. Reprinted
trom Geological Survey Wa.ter-Supply Paper 882, Surface Water
Supply of the United states, 1939, Part 12" pages 191-241.
(Tributary rivers to Grays Harbor inclUded.)
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Uo S. Department of the Interior Geologica.l Survey
1949Q Index of Surface-Water Records. Part 12, Pacific Slope Basins

in ~la.shington e.nd Upper Columbia River Basin, to September 30,
19380 Geological Survey Circular 60, 17 pages.
(Streams, canals, and reservoirs are listed \dth the drainage
area in square miles above the gage station and the period of
operation of the station.)

19510 Index of Surface-Hater Records o Part 12, Pacific Slope Basins
in Washington and Upper Columbia River Basin, to September ,30,
1950" Geological Survey ~ircu1ar 102, 19 pages.

1954. Personal Comnnmication on Ground Water Uonditions in the Grays
Harbor area. Letter from Jack Eo Sceva, Geologist, Ground Water
Branch, Tacoma, tlashington, to Peter M. l-IcLellan, dated November
10, 1954.
{Concerned with aquifers in the Gt'a~rs Harbor area which are or
t\'lO general types, (1) consolidated sedimentary rocks and vol­
canic rocks" and (2) unconsolidated and semi-consolidated
sedimentary rocks.

Van Winkle" vlalton
1914. Quality of the Surface Wa.ters of Washington. U. s. Geological

Survey ~ Water Supply Paper 339" 105 pages.
(Describes the qUality of surface waters of Washington, 1910­
19110 Geochemical classification or water. Description of the
basin, locality of sampling" and suspended loads. The effects
of precipitation, wind-borne material, foresta.tion, etc.)

Washington State Department or Fisheries
1951-54. Progress Repor"ca on Coastal Investigations. (Mimeographed,

unpublished. )
(Summa~ of research undertaken by the Aberdeen Office of the
state Fishery Department. Includes stream studies, data on
water characteristics, and biological studies. Number, location,
and time of occurrence of fishing boats included.)
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REGIONAL GEOLOOY

iPHYSIOGRAPHY

Grays Harbor is situated in the northern :.imi·lis of the physiogra.phic
province of the Willapa Hills 0 The Willapa H:L .ls t.rend north and south
through the area from Gra:y,s Harbor to the Colr: !bia Rivero Most of the
province is under 23 °00 feet in elevationo Ir:: the vicini·ty of Grays
IHarbor elevations cu"'e seldom in excess of 600 ;'eet",

The Olympic l10untains physiographic proviii.ce lies imlllediately
north of Grays Harbor 0 The topography of thi~ prol.rince is extremely
~ged() Elevations of the ridges and peaks Cl.:.:"'.minate with 14:t Q OlynpU5
(7,954 .fto) (Campbell 19,3)0 This area forms :. region of high relief
availa.ble to'the southward flowing Bubparallel rivers which empty into
Grays Harbor o

The Grays Harbor."Chehalis River system ir uniquely situated in a
long narrow corridor of contrastingly low reli.: f which extends eastc:>
wardly into thePuget....l'Iillarnette Trougho The ··hehalis Hiver occupies
this valley as far east as the vicinity of Gra; ,d Mound 0 In this area
the valley broadens considerably northeasterlji and sout.heasterly into
the Puget..Willamette Trougho Upstream from tJ::.,:'.s region, the Chehalis
River arcs rapidly south and l-Jest and heads i11 the l-lillapa Hills where
some elevations are in excess of 2,000 feet o

i Trending sou'bh't'lesterly from the mouth of 'j he Chehalis Hi.ver to
rJillapa Bay is a divide .formed by hills which ~ ttain 600 feet inele.".
yationo This divide considerably. limits the d~ainage system of the
south shore of Grays Harboro The maximum diat~nce for these north~

westerly flowing streams from their source to '; he Bay is a bout 10
miles, the Elk River which empties into South. ay being the longest o

, Terraces are reported at levels up to 300 feet in '\'lestern Orays
Harbor and also along 'hhe major streams (Newco;: b 1947) 0 No infor...
mation is available as to their originQ

Aggradat;l.on at the mouths of the major st':"eams and rivers is
apparent from a cursory inspection of the topo;raphic mapso Such ag­
~adation,maybe due to the raising of the coa;t locally~ to a decrease
in water available upstream, or possibly to s u', sidenoe of upstream
regions 0 The various agencies can work indepe:'::dently for each streamo

The p~siographic interpretation of' the area w:Lll require considerable
field work and study and cannot be made on the basis of present evidenceo



STRATIGRAPHY

Pre~Tertiary

There are no mown pre-Tertiary rocks in tL~ Grays Harbor area ..

Tertiary

A thick sequence of marine Tertiary rocks l.as been mapped in the
area 0 Four formations of Tertiary strata are n',~ogn1zedo

Early Eocene Metchosin volcanics are expos(ll in the low hills between
southwestern Grays Harbor and Willapa Bayo 'rhef:.J rocks are basaltic lavas
with intercalated shales, and tuffaceous acdimer.',jso The exposed portion
of this fonnation is estimated to be between $OC: and 3,,00 feet thicko

Undifferentiated Oligocene sedimentary forr::ations are located to
the north" and east of Grays Harboro These lie l.~.'lconf'ormably upon the
Metchosin volcanics 0 Exposures of the middle OJ .Lgocene Lincoln for­
mation are mapped in the eastern portion of the 'frays Harbor areao A
thiclmess to 5.,,000 feet is recorded for the Oli[Jcene stratao These
rocks are all marine deposited" massive to stra1:.:".fied shaly sandstones o

The middle' Miocene Astoria sandstones rest.;.nconf'ormably upon the
Oligocene rockso Thiclmesses up to 2,,500 feet t.:"·e recorded for the local
Astoria sandstoneso The Astoria is a massive, f'.ne to intermediate grained
brownish sandstone; with intercalated sandy ahalds o

The lower Pliocene 11ontesano formation is r.::tpped within two wes·terly
plunging synclines in the eastern Grays Harbor c .. 'eao The Montesano is
a cross-bedded, medium~coarse grained sandstone "lith minor shales and
some intercalated conglomerates o It is entirel~r a marine deposited
f'ormation o Its thickness varies from 1,700 feet on the south side to
2,200 feet on the north side of Grays Harbor lJ I 'Jssibly this formation
is upper Miocene-lower Pliocene, as it rests Wit.l noted unconformity
upon the eroded surface of the strongly folded IiO-'e-upper }\tLocene strata
(\veaver 1931) 0

Pleistocene

Pre-glacial Pleistocene Satsop sediment OC(;" :.rrencea are mapped along
the Chehalis River, inland from Grays Harbor o 'II: 1e Satsop is also mapped
in an area on the western side of the Wishkah Hi":1er just north of Aber­
deen; in this area tlie Satsop clays, sandsJ and t:;ravels, are over 200
feet thicko



The '~er!'acGs of' t.he outer area.s of Grays Harbor ure underlain by
accumulation{; of Saanich (Recent) murine scu1ds e The materials u-11der....
lying the upland 'tel"x'aces are Stl't::Jop.~like clays:; sands, and gravels 0

Both the Saanich sands and the older Sa'Gsop-like sands of the bars a..Y1d
beaches wAy total 800 to 900 feet in depth (Newcomb 1947)0

GEOLOGIC HISTORY

Pre-Tertiary

As Grays Hax'Do:r& has .110 !<l1mffi e:i:-posures of p:"e-~rertia.ry rocks) the
interpret,at,ioll of the geologic history of "'lihe area is :tnferred from the
pl"e-Tert,iary baS0lnent exposed elae111here in ~tiashil1gto1l9 Paleozoic and
early r~lGso~oic volcanj,c, pluton.i.e" and sedimel1'{jary rocks a.re Immm in
'r1estern hTashington, but, their' ·tectonic history is only partially knolmo

Gretaceous sllules~ sandstones, and conglomerates form the deeply buried
basement upon uhich the thick rl'cl"tiar·y doposj. ts repose 0

The visible geologic h:i.stOIY of Grays Harbor beg:L.is with the
NetchOsin volcanics of 'the ecS,rl;y' Eoc0nse. Some 33 300 feet of' Ne·bchosin
basalt,:i,(~ lavas, t.uff's, a nd .agglomel"D. tes rlel'c:;"] deposited on ·the flopr of
'the early Eocene eli1bayment~ Evidence fex' later gocene history in 'hhe
im.-nedia'he a.rea is lacking G

Minor occurences of Oligocene rocks are found on the northeastern
flanks of the anti.clinal zone of r~ot/chosin volcanics along J!~k and Johns
Rivers!) I-furs extensive wlits of Oligocene rocks occur at some dis'hance
from the harbor II The Oligocene rocks presen-ij indicate the deposition of
marine eedimen-ts upon a subsiding Eocene surface, the subsidence con­
tinui..llg '~hrough Oligocene timE) Q

Early H:1.ocene strata are tU'llcnOlVIl in ·tihe area.., Deposition :ill mode­
rately shalloll ",-rater is sugges·tied by the chal'actel" of the middle j\1iocene
marine sandstones of the Astoria formation~ During Astoria time igneous
activi'ty lrlas progressively greater to the southeast of' Grays Barbor o In
the Grays Hal"bor area a basal'c flo't'l 50 'to 15 feet thick is intercalat,ed
in the l011er 500 feet of' the Astoria sandstonco This basalt has been
quarried at a location about seven miles south of Aberdeen. No basalts
within the Astoria are known north of the Chehalis River (Weaver 1931)0

In western vlashington and Oregon a sel":i.es of diastrophic events
produced numerous major' northwest-sout,heasti trending folds involvil1g all
pre-upper Miocene rocks o Deformation followed by extensive erosion oc­
cupied ·the remaining l'liocene and early Pliooene o Regionally, Pliocene
time closed with almost complete emergence of the Washington and



Oregon coasto A few minor marine embayments persisted through the late
Miocene and early Pliocene 0 These occurred along the Olympic Peninsula
coaatJ at Grays Harbor and Coos Bay, Oregono The sediment,s of the
Grays Harbor area accumulated during this time are mapped now as the
Montesano formation of marine sandstones and conglomerateso

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 1937; Eardley 19,1)0 Table 4-1
summarizes the formations of the Grays Harbor area o

GEOLOGIC STRUCTURE

Eastern Grays Harbor is located in a region of westerly plunging
synclines 0 These synclines disappear beneath the Quaternary sediments of
the western Grays Harbor area o Numerous subsidiary folds within the
major structures provide the structural control for the present day
topograpqyo A northwest-aou~heast anticlinal zone of Eocene volcanics
lies in the Johmand Elk Rivers region of western Grays Harbor o

The folds present are the product or two phases of defor.mationo
~dence suggests a late Miocene-early Pliocene phase of low to medium­
intensity folding. Faults in these folds are not numerous and it present
would be of the normal type 0

Late Tertiar,y and early Pleistocene compressional movements pro­
duced broad north-south arching and sagging of the crust regionally 0

This folding was superposed on the Miocene westerly trending structures o

Minor flexures have locally modified the major westerly trending folds
ot the Miocene o .

Differential orustal movement of the Pleistocene and Recent has
detennined the present coast line and in places has elevated it from
20 to over 200 feet (Eardley 1951)0

ECONOMIC GFDLOOY

Nonmetallic Minerals

The oommercially worked nonmetallic minerals are the silica sanda
of the Montesano Quarry~ the crushed stone operations ot the Arctic, New­
skab (Qu1ggs Broso Construction Coo) J and Hoquiam Quarries, and numerous
sand and gravel p1ts9 Minor occurrences of coal" limestone" clay and
peat &1'8 1D the ana (Va1eDt1De 19~J lautfIDaD 19S2).

Exploratory measures are being taken tor oil and natural gas. No
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TABLE 4-10 Formations of the Grays Harbor Area o

I PERIOD EPOCH FORMATION

Recent Saanich
Quaternary

Pleistocene Satsop

Pliooene MOntesano (lower Pliocene and
Tertiary possibly upper Miooene)

Miocene Astoria (middle Miocene)

Oligocene Lincoln (middle Oligocene)

Eocene Metchosin (lower Eocene)

Pre-Tertiary none present

Table compi.led from Weaver (1937)0
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natural gas discoveries are reportedo One well with a strong showing of
oil is reported at Ocean City {Valentine 1949)0 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 Oil Company 19.55 j Richfield Oil Company 195,J Shell
Oil Company 19,.5)0 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 examinationo

Metallic Minerals

The occurrence of metallic minerals for commercial use is in·
significant 0
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19,50
(No specifio oceanographic data on file 0 )
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chanics Laboratory, Berkeley, Laboratory Memorandwn No o HE­
116-223, $1 pages, maps, photos (typewritteno)
(Captions e.ccompanying the photos constitute the reporto
Photo. shoW surf oondit1oD8, beaohes, and sand clunes 1Jl the
v~~oua ~as atudied~)
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Weaver,
19370

Charles Eo
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Oregon. University of Washington Publications in Geology', volo
41 seattle, Washington, 266 pages, sketch maps, bibliog o

(Detailed report on area including maps, diagrams, and sectionso)

19450

Weaver,
19440

Geology of Washington and Oregonmd Its Relation to Occurrence
of Oil and Gas o Bulletin ot the American Association or Pet­
roleum Geologists, vol 0 29" no 0 10, PP 0 1371-14150

Charles Eo (chairman)
Correlation of the Mariue Cenozoic Formations of \tlestern North
America 0 Bulletin of the Geological Society of America, volo

55, noo 5, PPo 569....598 0

(Grays Harbor County described on page 592 0 )

Western Gulf OU Company
19550 Personal communication concerning geological and geophysical

work in the Grays Harbor areao Letter from F 0 Lo Johnson"
District Geologist, Olympia, WashingtonJ to Peter Mo McLellan"
dated March 3, 19S50
(No work done by this company in the Grays Harbor areao )

Williams, Howe1
19$30 The Ancient Volcanoes of Oregono Oregon State System of

Higher Education" Eugene, Oregon" 68 pages o

(Describes the origin of the area 0 )
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GEOPHYSICS

SEISMOLOGY

In general, the "state of Washington is not nearly as seismic1y
active as Cali£ornia Q However, Washing'bon does exceed Oregon in both
number and severity of earthquakeso Most of the offshore and Coast
Range epicenters cease north of 42 No and then begin again off the
coast of Canada (Byerly 1940, 19S2)o

Seismic Act!vity

From 1769 to 1953 there were 6 recorded land shocks and one offshore
shocko These are listed from Holden (1898), McAdie (1907), Townley and
Allen (1939)s and Bulletin of the Seismological Society of America (no do)o
The Rossi-Forel scale of intensity is usedo The 1939 shock had its
epicenter offshore o

16 Mar 1904 - VIII to X (?)
12 Nov 1939 .... V
6 Dec 1944 - VI

14 Feb 1946 Q V to VI
23 Jun 1946 .... V to VI
13 Apr 1949 - VII

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

1904 March 16 0 8:18 pomo VIII to Xo Western part of Olympic
Penn1nsula?

This shock was felt in the region from Seattle to Victoriat Bo Co,
as of about intensity VI o A report dated Maroh 21, from Tacoma, ap­
peared overdrawn, but indioated that possibly a very strong shock
had taken place on the western shore of the Olympic Peninsula o 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 0 They declare
that last Wednesday night t 5 shocks threw several rivera out of their
channels forming several large lakes on the adjacent lowlands~

"The beds of the Queets, Quinault, Wi.shkah, and Hoh Rivera,
according to the Indians, were raised twenty to thirty feet, throw­
ing a flood ot water into the valleys lying between the Olympic
mountain range and the Pacii'ic Ooeano tt

Clocks were stopped in Victoria~ Bo Co 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 feeto The
intensity was at least VI in Seattle o --Reid's Scrapbook, 2, 300

Seismograph Stations

There are three Strong-Motion Seismograph stations within a lOO~

mile radius of Grays Harbor Q These are located in the Federal Building
in Seattle, at the College of Puget Sound" Tacoma and in the Highway
Testing Laboratory, Olympiao Two Teleseismic stations are located within
125 miles of the harbor o The University of Washington at Seattle houses
one instrument; the other is at Victoria, Bo Co, Canada, in the Dominion
Astrop~sical Observato~o

VOLCANOLOGY

Volcanic activity is an important aspect in the geologic histo~

of western Waahingtono The exposed volcanic rocks about the Grays Harbor
area are early Eocene Metchosino The Astoria formation deposited during
the Miocene contains basalts 0 The s Meld volcanoes of the Cascade Moun­
tains had their beginning during the Pliocene-Pleistocene epochso

In investigating the Pleistocene and Recent peat bogs ot the region$
Rigg (1954) failed to find volcanic ash in the immediate vicinity of
Grays Harbor0 However, within a radial distance of 100 miles of Graye
Harbor~ numerous deposits of ash are found o These deposits, perfectly
preserved witbiri the peat bogsJ otfer a potentially valuable source ot
dating mater1al~

Fargher Lake, a drained lake in Clark COWlty to the southeast of
Grays Harbor, shows four well separated layers of a sho One layer con­
tains particles of pumice 0 Thirty miles to the east of Grays Harbor~
Hicks Lake and Belmore Bog, both near Olympia, show one well-defined
layer of asho To the northeast the Chimacum Creek Peat area, shows
volcanic ash in various locations and depths with one well-defined band
close to the surfaceo

The bogs of the coastal area which contain no volcanic ash are in
the sand dunes 0 i'hese bogs are considerably more recent than the inter­
ior bogs and are subject to being destroyed by waveElld wind action which
constantly reworks the sando
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REGEN'l' SEDIMENTATION

BEACHES

Beach Characteristics

From the mo~th of the Columbia River nort~Jard to Point Grenville
the shoreline is composed of sand beaches broken only by Copalis Head
and the entrances to ~Jillapa Bay and Grays Harbor 0 The ent.rance to
Grays Harbor is formed by a north and south spit o The north spit is
about 8 miles long and slightly more than 2 mile 5 wide at the 't-!idest
point 0 It narrows to approximately 3/4 mile in width at the northern
end~ ~tending north~south dOwn the center of the spit is.a marsh which
separates the ea.st and west dune strip 0 14:ost of the dW1es east, of the
marsh are well stabilized by forests o The south spit is approximately
5 miles long and 1-1/2 miles wide at the northern end a It narrO'VlS to
slightly less than 3/4 mile wide at the southern portiono Most of the
spit is well stabilized by vegetation o

A series of profile ranges on the ocean front beaches was set up
in August and September of 1945 by personnel from the Fluid Mechanics
Laborato~, Berkeley, California (Isaacs 1941)0 The beaches studied
in the vicinity of Grays Harbor were from Point Grenville southward to
the Columbia Rivero The north and south spits a.t Grays Harbor were
not investigatedo' The beaches showed marked variations in slopes over
the total investigated distance of about 43 mi1es o The type of sedi=
ments of the beach face varied as did the general smoothness and firm~

ness of the beaches o Table 6-1 gives the average slopes and general
characteristics for some of the beaches in this :egion o Enclosure 6-1
gives the location for some of the beaches s·t,udied and Enclosure 6-2,
the profiles or these beaches o

The Uo So Army Corps of Engineers have made beach profile studies
on the south spit in the vicinity of the sou.th ;j etty0 A periodic survey
of 17 ranges has been made from 1936 to 19490 These profilesJ 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 Q By compal·ing the various profiles
it can b e seen that for identical locations sou"t,h of the jetty the ele­
vations have incl~ased appreciably between 1936 and 1949w The gre~test

elevation increase is in the region immediately south of the jetty. The
greater the dis·tance from the je"t"ty the less the elevation increases o

North of the jetty sediments have been removed and there has been a
degradation of the shorelineo

The U0 So Army Corps of Engineers Seattle District (1939) have also
con~ared two beach profiles from 1900 to 1933 which continue offshore for
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TABLE 6-1 g Characteristics of Beach Profi1es o

Location Slope Remarks

Point Grenvil~e Overall 1:100 Beach regular 0

Beach face 1:,50
-6 to -17 ft. 1:170

Point Grenville Beach face 1:20 Beach face composed of grave1 0

South Station High water reaches a clay banko
(2 miQ south of No berm presento

Cape) Breaker zone irregular but otfcro
shore smooth and of gentle
slops 0

ICopalis Beach Beach face 1:80 A numter of distinct bars and
Beyond 12 ftCl' berms presento

I
extremely flat

Ocean City Beach Similar to Copalis Beach but
ve~ irregular from 0 to 10
ft u

Leadbetter Point Beach face 1:90 2 wel1~defined offshore bars o

Solando Beach Beach face 1:60 Offshore profile more irregular0'
Severel offshore bars evident!)
,Bar at 3,200 ft~ offshore a bout

12 ftQ highCl

Ocean Park Beach Offshore profile increasingly
irregula.r"

3 pwellc·<iefined bars exist 0

aar at 2,500 ft o offshore about
12 ft tl high 0

Long Beach Overall 1:60 One well·-defined bal'" exists

Table oompiled from Isaacs (1947)0
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depths of over 50 feet (see Enclosure 6-16).; A l"a..'1ge on the north and
south spit is compared on profiles from 1900 to 1939 (see Enclosures
7-6 and 7...7);,

Personnel at the Washington State Shellfish Laboratories have made
a study of the ocean beaches ill the vicinity of Grays Harbor in conjunction
with their shellfish investigations (Washington State Depar~~nt of
Fisheries no d.)Q They have constructed beach profiles at various lo­
cations on Cl)palis Beach, 'firin Harbors Beach, and Long Beach (see En­
closure 6-1)~ These profiles, shown in Enclosures 6-17 through 6-30
indicate con·~inua1 changes in the beach condit,iono

In a general study of beaches, Bascom (1951) shows that sand size
and intensit~r of Have action are the factors controlling the slope of
the beach face 0 All a erial photographs taken by personnel from the
Fuild Mechan:LGs Laboratory, Berkeley, Californic:., are listed in Isaacs
(1941) and Bascom and Mc.4.dam (1947)0 Dr o No PQ OIBrien, Department of
Engineering, University of California I has information on file con­
cerning the beach region of Grays Harbor, Washington o

Beach Sands

In conjunction ,'lith the beach profile s tuclj-, the Fluid Mechanics
Laboratory personnel (Isaacs 1941)' collected !a sediment samples from
the beaches of Copalis, Ocean City, and Leadbetter Point 0 Most of
these samples were collected above mean lower low water; however, a few
were taken in sllallow depths of'fshore o All of the samples were well
sorted, fine sands, with median diameters ranging frolll 0 0 14 to 0.23 rom
(Bee Table 6..·2) 0 The 10eation of the profiles along which samples
were collected is shown on Enclosure 6-1;, the cumulative curves for
the size ana1ysis in Enclosure 6-31 0

The U~ So ArmY Corps of Engineers (195lb) in conjunction with beach
erosion studi_es presen"{j the size analysis fer 44 samples taken at 40 loca­
tions; four locations are bore holes with a sediment sanlple e acho All the
sediments tiere collected on the south spit in the vicinity of Point Che'"
halis o The median diameters ranged from about 30 0 nun (gravel) to 0\)19
DU'1l (fine sand)o The sorting varied from good to poor (see Table 6-3)0
The cwnulativa curves for the mechanical analysis are given in E.'1closure
6-32 0 The location of the samples is sho~~ on Enclosures 6-1 and 6-330

SHORELINE CHANGES

In 1862 the first Grays Harbor entrance survey showed the southern
end of the north spit to be in part an island o By 1881 this island was
connected to the spit and the channel had shifted from a north\',est to a



TABLE 6-2 0 l'.fedian Diameters of' Beach Sediments at Copalis Beach, Ocean
City"and Leadbetter Point, Washington"

Median
Sample Diameter

Location No o (rom)

Copalis Beach 1 0 0 15
lA 0 017

Range 0+00 2 0 0 18
2A 0 0 18

I 2B 0 018
20 00 19
2D 0 0 18

1 2E 00 16
J

2F 0 0 19
Bar seaward
of 2Go 0 0 18
Depressiono 0016(?)
10' ot water,,! 0 0 15

Median
Sample Diameter

Location Noo (mm)

Ocean City 1 0015
lA 0 0 17

Range 0+00 2 00 17
!

. 2A 00 17
2B 0 0 11
20 0 0 11
2D 0~17

20 t of water 0 0 16

"-

Median
Sample Diameter

Location No o (rom)

Leadbc:rttt;r Point 1A Oco185
lB 0 0 115

Range 2Ot-OOS 10 OQ19
ID 00175
1E 0 0 20
2 0 0 175
2A 0 0 18
2B 0 0 19
20 0020
2D Oc22
2E 0020
2F 0 0 20
20 00 21

Range 0+00 1 0.,19
]A 00 19
lB 00 18$
10 0 0 '19
lD OQ18
2 0 0 18
2A 00 19
2B 0\)19
2C 0(121
2D 0 0 23
2~ 0018
2F 0 0 23
2G 0 0 21

Data from Isaacs (1941)0
I,
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TABLE 6o=t3~ Median Diameter of Beach Sediments in the Vicinity of' Point Chehalis, Washington ..

Median
Diameter

Sample No o (nun) Classification

S35-1 0 0 20 Fine sand
,35a 2 0.25 It 11

535-3 0 0 27 Mediwn sand
I 535c.4 O~27 It 11

I 535-5 0 0 26 n II

535-6 0 0 50 It 1t

13B 1 0 2 Vel"y coarse sand
14B 0 0 44 Mediwn sand
15B 0 0 20 Fine sand
16B 1~9 Very coarse sand

I
17K 0 0 40 Medium sand
.l7N 3 0 00 Gravel

t N25A 0 0 29 Medium sandI

I N25B 0 0 30 11 It

N20A 0,,29 II n

N20B 0 0 30 n n

Nl.5A Oc30 n 11

r~15u
... """'-", !t !t
".·~;"v

»IlOA OQ36 It It

N1OB. 0 0 40 11 n

N5A 0 0 30 It n

N.5B 1 0 4 Very coarse sand
.

Sample No o

NOA
I~OB

S25A
s25B
S20A
S20B
S15A
SlSB
SlOA
SlOB
S5A
SSB
SOA
SOB
Iiole 1 elev -305'
Hole 1 elev ~7cOi

Hole 6 elev Soor
TT ~. , 0 ., _. ""l '" ~.....,.~'o,;i u ,... "",. .... ....

Hole 1 elev 305'
Hole 7 elev OoOf
Hole 9 elev ~4e8t

Hole 9 slav -2 0 3'

Median
Diameter

(mm)

0 0 32
Oq)2
20 0
3 0 0
1 0 6
0 0 42
50'
0 0 26
0 0 45
0 0 23
0 0 19
0 0 28
0 0 23
O~19

Oc;29
0 0 27
0 0 30

0 0 23
0 0 26
0 0 28
0 0 23

Claasificatio11

Medium sand
It II

It U

Gravel
Very Coarse sand
Medium sand
Gravel
Mediwn sand

It n
Fine sand

It u

Medium sand
Fine sand

II It

Medium sand
II n
11 n

u "

Fine salld
ltledium sand

n 1t

Fine sand

Data from Uo So Army Corps of Fllgineers (19S1b)"



soutIn-rest trendo Breakers and heavy surf li.ne the channel 0 All the
changes in entrance channel and shoreline from 1862 to 1953 for the
north and south spit are shown in Enclosures 6-34 and 6-350 Between
1862 and 1891 the high water line of the west shore of the north spit reG::>
treated to the east by some 3,000 feeto This shore remained relatively
stable until about 1906 0 After the construction of the north jetty there
was a noticeable westward advance of both the high and low water lines o

The mean lower low water line moved liestward, due to sediment deposition,
by about 2,000 feet between 1906 and 19090 The high water line showed a
westerly advance of approximately 1,800 feet o Ey 1921 the high water and
low water lilies had moved seaward an additional 3,000 feet or more o

Between 1921 and 1948 a seaward advance of approximately 1,000 feet was
notedo 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 jettyQ The advance slowed to approximately 250
feet per year be"(jttleen 1909 and 19210 From 1921 to 1948 the average has
decreased to about 37 feet per yearo

There was no noticeable southern advance of ·the north spit until
about 19110 Between then and 1921 the seaward e.dge of the high water
line of the north spit had grown to the south by" approximately 1,000
feet o From 1921 to 1948 the growth has been approximately only 1,000
feet o

The south jetty construction was begun in 1898; between then and
1909 a seaward movement of the high ",ater line cf about 2,800 feet
occurredo A slow eastward retreat of the beach occurred between 1924
and 1936; since then the beach has moved slowly seaward o Nor'l:;h of the
jetty, Point Chehalis has been progressively retreating eastward and
southwards since a bout 1935 (see Enclosures 6-36 and 6...37) 0

The erosion on Point Chehalis at Grays Hartor south jetty is dis­
cussed by the Uo So Army Corps of Engineers (no do b) as follows:

1 0 A stuqy of the various maps sho~dng the shoreline of the
spit north of the South Jetty at Grays Hartor from 1900 to 1941 dia­
closes t.hat in 1900 the spit extended north from the jetty only
1800 feet at its widest part, whereas ill 1940 it, extended 4000 fee"t o

In 1900 the area in the vicinity of the existing Port \'1harf was
water 0 Between 1940 and 1941 the point or the spit retreated about
400 feet o

2 0 The South Jetty was completed j.n 1902 0 It was supposed to
be a high-tide jetty but the section was light, and in consequence
the enroclanent soon settledo By 1906 the cuter end had settled to
below low water o By 1913 nearly all of the enrockment was below
midtide level o The report for 1916 states that the enrockment re­
mains at or below extrema low water throughout practically ita en­
tire lengtho
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30 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 tot'lards the east until
the reconstruction ot the jetty was started in 1936 ~ when the move­
ment was reversed and t he beach again moved to the west 0

40 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 vesto

50 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 I;)

This might indicate that the jetty section was so light that sure>
ficient sand passed over and through it to maintain the beach north
of' the jettY6

60 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
jettyo This would indicate that the balance between accretion ot
material brought in by the littoral currents and the erosion by'
wave action had bean upset and that erosion was the predominant
torce o The eastward movement of the beach is erratic o At times
it is fast" at other times it is slow, depending on tidal currents
and wave action 0 At times portions of the beach have moved to the
westo

1 0 The erosion is generally greater during storms 0 During
westerly winds the waves race along parallel to the jetty and break
on the beach north o£ the jetty, causing erosion o

80 The shape of the spit clearly indicates a movement of mate­
rial from the base of the jetty north and eastwardo

90 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 jettyo The north and south dimension has decreased but little,
probably because the material eroded is .being transported along the
beach to the north and eastllard and deposited on the north end of
the apito This action cannot continue indefinitely as the material
cOlJq)osing the spit is limited and the former supply has been cut
oft by the jetty enrockmento

10. Unless present conditions are modified in some way, either
by' Nature C?r the action of man, it is believed the greater portion
of the spit tnll be eroded with the loss of Port llharf and the Coast
Guard boathouse 0 As previously indicated, the shore connee.tioD of
these structures was in 1900 to 1916 covered by water0
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11 0 The foregoing stuqy has been made to determine, if possible
the reason for the erosion ot the beach north of the jetty and to
develop a means of preventing the loss ot the spit and structures
on ito

12 0 It appears that the loss of material from the spit is
caused by- the destruction ot the balance of forces that existed
before the je ttY' was reconstructedo Since the littoral movement
of material was stopped, the equilibrium between the littoral dr~t
and erosion no longer obtains--erosion is the predominant forceo

BOTTOM SEDIMENTS

!!f Sediments

The Uo So Army Corps of Engineers (l9$lb) list 48 analyses of bay
sediments exclusive of the beach aandso Most of the samples were collected
by means of a grab sampler or during dredging operationso In the vicinity
of Point Chehalis 9 borings lWere made 0 In general the interior of' the
bay 1s poorly sampled; most oltha sediments analyzed have been obtained
in the vicinity of Point Cheha11so 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 occuro Table 6-4
gives the median diameter and classification of these sediments o The
oWllUlat1va curves are in Enclosure 6u38 0 The location of samples is
show on Enclosure 6-1 and 6-33~ and the log of the borings on Enclosure
6-390

In conjunction wi.th a pollution study of the waters li>out Hoquiam
and Aberdeen the Washington State Pollution Control Commission (no do)
collected and described 43 sediment samples in the Chehalis, Hoquiam,
and Wishkah Rivers o UnfortunatelY' mechanical analyses of the samples
are not available; only field descriptions were recorded o The river
sedi.men.ts are primarily composed of soft muds and silts; sand is commonly
round in the channels (see Table 6-5 and Enclosure 6-1)0

In this 8UrV81' no direct studies concerning the supply of river
sediment to Grays Harbor have been toundo It is possible to deduce,
however, that most of the sediments derived from the headwaters of the
rivera emptying into the harbor would not reach the Bea 0 This is
especially true of the coarser seclimentso The beach sanda are pre\»
dominantly in the tine to medium size range (see Tables 6-2 and 6co3)o
this is also true 01' the bottom sediments at the entrance and those
at S8Dd Island Shoal and North Channel Shoal (see Table 6-4)0 By
considering the work ot 'l'wnhofel (19116) 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 currentso



TABLE 6-40 MediaD Diameter ot Bottom Sediments ot Grays Harbor, Washingtono

Mecl18D Median
Diameter Diameter

5ample Roo (mm) Classification 5ample Hoo (mm) Classiticat10n _

1 0 0 16 Sand 1221 0 0 28 Medium sand
2 2oSO Sandy gravel 1222 0 0 28 II ..
3 00 >1 Gravelly sand 1 Bolo Shoal 0 0 28 n It

4 4040 Sandy gravel 3-21-S0 50 10 Shoal 0 0 2 Fine sand
5 3Q10 " It 38 28CD$O It " 0 0 2 l' "6 12 0 0 n It 3-29-$0 n 1t 0 0 2 t' II

7 )00 " It ) ..)0-$0 " n • 0 0 2 n II

8 loS " " .3-31-S0 f. n 0 0 3 Medium sand
9 DoS Medium sand 4-3-$0 11 11 0 0 2 Fine sand

I 10 0 0 33 Gravelly sand 4..4~SO .. " 0 0 35 Medium sand
11 60 0 Sandy gravel 4-S~SO n " 0 0 2 Fine sand
12 12 0 0 Gravel 4~6-So n It 0 0 2 It n

13 lS 0 0 Gravel 4-1tp$O It " 004 Medium sand
1119 0 0 2 Fine sand 2 No Co~Shoal 0 0 20 Fine sand
1120 0 0 2 " n Hole 2
1121 002 tI " elav -10 0 7' to ~2100t ? Sand

I 1122 00 19 " II Hole 3
1123 0 0 18 n n elev -1106' 0 0 22 Fine sand

f 1121 0 0 19 It It Hole 4I 1128 00 19 II It elev -9S' to -160$' ? Silty sand
1129 0 0 19 It II Hole S
1130 0 0 19 n II elev -160 61 0 0 15 Fine sand
1131 0 0 15 .1 n elev -1906' to ~20011 ? Gravelly sand
11)2 0 0 20 elev below -20 0 1' 00 19 Fine sand
1218 00 24 Medium sand Bole 8
1219 0 0 29 It It elev ~4oS' to 80 01 ? Sand
1220 0 0 27 n 1t

--oJ
.... Data trom Uo So Army Corps of F.ng:lneera (19S1b)o
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TABLE 6-, co Bottom Sediments Taken in the Vicinity of Aberdeen and
Hoquiam, Washington.

HO 1

HO la

HO Ib

802

HO 2a

~ ~b

HO 2c

liD)

H03a

HO 3b

BO 4

WIl

WI2

WI)

\011 4

WIS

WI6

Location

Mouth of Hoquiam River

Mouth ot Hoquiam River
(1/3.the way from east bank)
H~u1am River
(1/3 the way from west bank)'
Hoquiam River (ohannel)

Hoquiam River (midstream)

Hoquiam River
(50 ito from west shore)
Hoquiam River
(30 fto from east shore)
Hoquiam River,

Hoquiam River (mid~tream)

Hoquiam River
(30 ito from east bank)
Hoquiam River (midstream)

Wishkah River (midstream

Wisbkah River (midstream)

Wishkah River (midstream)

Wishkah River (east side)

Wishkah River (channel)

Wishkah River

Description2

Soft, muck ooze J sludge

Mud over sand

Sludge, silt
Sand (sides or channel
mud With some sand)
Muck, sludge

Muck, sludge

Sludge, clay
Silt, sludgeJ blue~

black mud
Some rock, mud" sUt

Hard bottom, blue clay
Mud, silt

Sand

Clay, silts sand

511t:J sandJ some clay

Sludge, muck ooze, mud"
silt
Rock bottom with silt
and sand
Muck ooze, ailt.. sand

Depth
(it)

3S

28

25

30

20

20-25

\

Aber 1

Aber 2

Aber 3

Abar 4

Chehalis River, Division Sto
(North side ot channel)
Chehalis River, Division St.
(midchannel)
Chehalis River, Lincoln Sto
.(North side of channel)
Chebal1s River$) Park Sto
(North aide or channel)

Sludge" muck ooze, mud 4

&md 30

Sludge, muck ooze, mud 12

Sludge~ MUck ooze" heav;,
mud IS

12
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TA~ 6-So Bottom Sediments Taken in the Vicinity of Aberdeen and
Hoquiam, Washington (continued) 0

Sample
Description2

Depth
Nool Location (ft)

Aber S Chehalis RiverD Union Stat o

(North side of channel) Sludge, muck ooze, mud 25
Aber6 Chehalis River, Union stato

(midchannel) Fine sand 2$
Aber 7 Chehalis River~ "I" Sto

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

(East s ide of river) ~k ooze, sludge 7
Aber 8a Wiebkah RiverJ Heron Bridge

(MidcD.e of river) Clean sand ~

Aber 81: Wishkah River, Heron Bridge
(West side of river) Clean sand ...

Aber 9 Wisbkah River, Wishkah Bridge
(East side of r1ver) SludgeJ clay 14

Aber le WiBhkah RiverJ Wishkah Bridge
(Center ot river) Hard bottom 24

CRa Chehalis River at mouth of
Wishkah River (channel) Sand 32

eBb Chehalis River at mouth of Wish-
leah River (South side of channel: Muck ooze, sUt co

CHC Chehalis River at mouth ot Wish-
leah River(North side of channel) Muck oo~eD sludge CD

(7a) Chehalis River, toot of ttln Sto Hard bottom 30

(ba) Chehalis River» foot ot Alder
(North side ot channel) Mud II:;>

(4b) Chehalis River" toot of Alder
(midchannel) Sand, gravel -

(40) Chehalis River, toot or Alder
(South side of channel) Mud (?) ..

(FeI) Chehalis R1ver~ Fry Creek
estU817
(300 I trom bridge at head of
eatua!7) Mud lS

(FC2) Chehalis RiverJ Fr7 Creek
8stU817
(400 r from lridge at head of
estUBr7) Muck ooze, mud 21

(al) Chehalis River, 200 fto trom
upper end of HaYOJl1c:." PW.p
Hill (not in chaDl19l) Blef;k muok ooze 0

-
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TABLE 6"'$ci Bottom Sediments Taken in the Vicinity or Aberdeen and
HoquiamJ Washington (continued) 0

Sanple
Description2

Depth
Nool Location (rt)

(R2) Chehalis Hiver, 200 fto from
upper end of RaY9n1er Pulp
NUl (in channel) Sand, silt 0

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

(B2) Chehalis River) Blassen Mill
(close to Mill Muck 20

(B3) Chehalis River, Blassen Hi.ll
(North side) Sludge, IlD1d, clay 12

- Chehalis River, above Hoquiam
Pulp Mill Sand~ silts some clay 33

COlO Chehalis Hiver, dJove Hoquiam
Pulp Mill .Muck ooze, mudJ slutige 8

--
1 8ample Numbers in parentheses are not the official numbersJ but merely

used to locate samples on charts (I

2 Huck and muck ooze are apparently descriptions for very soft, watery
mud.so Sludge consists of industrial and sewage wasteso

Data trom Washington State Pollution Control Commission (Do do) 0
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The sediments ot the Chehalis~ Hoquiam~ and Wishkah Rivers are
primarily silts and muds (see Table 6-5) 0 Though there are no direct
studies concerned with the sediment transporting capacity ot these
rivers beY traction~ saltation or suspension, and its relationship to
particle size and stream velocity, some deductions can be made 0 It is
quite possible that the tine river sediments have been d epasited by
gravity settlemento Gravity settlement is aided by the prospects ot
flocculation due to salt water intrusion (see Water Characteristics,
Section 8)0

Barton (1951) reports on the concentration ot suspended sediments
of the Chehalis and tributary rivers (see Enclosure 6<»40) 0 This studT
is primarily concerned with the amount of suspended sediment; though
it considers the factors which probably account tor the variation ot river
load, it does not tactually relate and evaluate each ot themo Table
6-6 gives the range in suspended s,.diment load, based on about lS
suplee at each of 7 stationso

According to the Uo So Amy Corps ot Engineers (1933) the 6~562,760
cubic 7~S ot sediment were dredged trom the inner Harbor a nd Chehalis
River trom 1923 to 1931 in order to maintain a channel 26 teet deep
(see Table 6-7)0 Anaverage of 729,,195 cubic yards of sediment bad to
be removed each year to ke~p the inner harbor at the desired project
dimensions 0 Though this gives some idea as to the magnitude ot sedi....
ment deposition it does not necessarily imply that these sediments
were supplied directly by the rivers to the channel during the nine
years 0 Sediments JI1a1' be added to the channel by transportation and
redeposition of material previously deposited outside the channel area o

Offshore Sediments

This literature survey has not uncovered a.IV' investigations on
the offshore sediments in the vicinity of Grays Harbor other t han that
shown by the Uo So Coast and Geodetic Survey on Chart 6195 and previous
smooth sheets. Apparelltly the bottom sediment out to a least 100 teet
is gray sandso

ALONGSHORE TRiumPORT

The south jetty was built in 1896 and the north ~tty in 19070
These original jetties were about 13,000 and 17 sOOO feet long respec-
tively and were intended to secure the entrance channelo The Shifting
of sands and division of the channel continued after j£tty constructiono
In general, the history of the entrance bar shows a cycle of changeso
The channel was deflected slowly northward until a sudden break across
the bar to the south oceurredo ' This sudden break was claimed as due to
shoaling of the north channel md to an increasing distance to deep water
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rABLE 6-6 0 Range in Suspended Sediment Loads for Streams Entering
Grays Harbor j 19510 [In parts per million}

STREAM MAXIMUM MINIMUM AVERAGE1

Chehalis 164 3 50

Skookumchuck (Bucoda) 98 2 41

Skookumchuck (Tenino) 88 1 37

SI) Fko Newaukum (Forest) 195 13 60

So Fk~ Newaukum (Alpha) 11 Trace 33

No 'ko Newaukum (Water Intake) 65 Trace 30

No Fko Newaukum (li'orest) 304 1/2 65

....~-_. ---,-- --
1 The averages ilere based on approximately 15 samples per stationo

Data trom A Progress Report on Suspended Sediment Sampling in Several
t'.1estern Oregon and Western Washington Streams (Barton 1951) 0
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TABLE 6rno7 _ Sediments dredged for Maintainance of Inner Harbor, 1923~31o

I Channel Turning Basins Port Slips Chehalis River
Year (cuo ydso) (cuo ydso) (auo· ydso) (auo yciso)

192) 54,5h6 ..... 120,000 -
1924 444,232 2$8,424 229,061 ...
192, 236,68, ... 167,524 3,8,112
1926 796,219 70,400 249,026 131,139
1927 230~49S ... 150,431 337,780
1928 - - 259,3.52 212,744
1929 601,711 16,160 163,920 180,564
1930 .., 22,794 204,411 -
1931 312,041 co 91,014 531,889

Total 2,735,995 427,178 1,640,739 1,758,248

Data trom Uo So A~ Corps ot Engineers (1933)0
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(U o So Army Corps ot Engineers 1916)0 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 o So Army Corps of Engineers 1916)0

A comparison of soundings may be used to exemplify the magnitude
of sediment transport at the harbor entranceo 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 feeto ~ October 1925 the channel was dredged
to a depth of 36 feet; in May 1926 it was only 25 feet deep (Uo So Army
Corps ot Engineers Seattle District 1926)0 The soundings of October
1949 and October 19,0 indicate that approximately 1,100,000 cubic yards
ot sediment was deposited near the north end of Point Chehalis and
about 200 j OOO cubic yards were removed above mean lower low water along
the west shoreo Approximately 1,000,000 cubic yards of sediments were
transported out of the region between the south jetty and Point Che­
halis (U 0 So Arll\Y Corps ot Engineers 1951b) 0 The variations in SOUD­

dings and elevations taken periodically at the entrance from April 1950
to March 1951 are shown in Enclosure 6-41 0 Changes in the high water
lines 1862 to 1951, and 30-toot contour of the entrance bar from 1930
to 1951 are shown in Enclosure 6-42 0 A tabulation of dredging records
at the entrance channel from 1900 to 1933 is given in Table 6....8 Q

The transportation and deposition of sands along any coast line
is dependent upon the direction and competanoy of the water movement,
the avaUability of sediment" and the ",indo Below the water 1ine j trans­
portation is oonducted by the waves and associated littoral currents o

Above the water line sand transportation and deposition depend upon
wind and also the dryness and size of the sediment o The wind must be
considered an important factor in the deposition of subaqueous coastal
sediments 0

Acoording to the Uo So Army Corps of EngiJieers (1934) it appears
that during the winter months a northerly moving littoral current pre­
domiJUlteBJ in the swnmer there is an occasional and weaker littoral
current to the southo This data was obtained by the Army Engineers
from the observations of survey parties and from the logs of coastal
steamers and sailing vessels 0 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 northo

The etfect of storms on sediment transport is an important con­
sideratioDo Though storm occurrence may be relatively low,
ability to transport and rework sediments is higho During the winter
months swells of 20 feet in height with periods of 16 to 18 seconds
strike the shoreline about 2% ot the time o These waves come from
the west and northWest o From JanuaI7 through March heavy swells in
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excess of 12 feet strike the coast fram the southwest, west, and
northwest (Uo So Army Corps of Engineers 1951b}o From this it is
possible to consider that the effective sediment transportation by
water may occur during the winter months o

During the months of May through September the precipitation is
about 2 0 2 inches per montho For the rest of the year it is 900 inches
a Montho The' percent of possible sunshine and the hours of s W'lshine
is also higher during the summer months 0 The winds during these
dryer periods are predominantly from the northwest (see Climatology,
Section 2)0 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 southo
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-fABLE 6-8 0 Dreclg1ns on Gr&)'S Harbor Bar, and Condition of Ohannelo

..

CDo

DREDGING CONDITION OF BAR
-

Date Width or ohannel or depth indicated
Cubio of

Period yards Survey 20 22 24 28 30 32 36

Fiscal year 1916 56,939 Jun 1916 3,100 300
Jan 1917 lJ300

Fiscal year 1917 , 22,512
Fiscal year 1920 SS,234 Jun 1920 2 Joool
Fiscal year 1921 39,923 Jul 1921 4,200
Fiscal year 1922 891 295 Jun 1922 1~700
Fiscal year 192) 92,222 dun 1923 1,000

Nov 1923 1$000
lc~scal year 1924 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 1924 2$000 900 500
IS Jan 1925 750
12 Mar 192$ 2 2

Fiscal year 1926 696,700 Jun 1925 6,300 S,OOO 100 400
22 Jul 192$ 1,200 lJOOO 900 SOQ 350
4 Aug 192$ 1$000 600 ,00

27 Aug 192.5 1,000 700 $00
9 Sap 1925 700 500

30 Sep 192$ 100 400 200
26 Oct 1925 .

lJ300 100 600
26 Feb 1926 2,900 2,100 1,200 $00
21 Mar 1926 1,100 1,000 300
29 Apr 1926 lt700 800 300

Jun 1926 2,000 1,300 Soo 200
Fiscal year 1927 748,759 4 Aug 1926 1 9 oo0 SOO



'", .'t/

TABLE 6-8 0 Dredging on Grays Harbor Bar) and Cond1tion otChannel (oontinued) 0

DREDGING CONDITION OF BAR

Date Width of channel of depth indicated
Cubic of

Period yarde Survey 20 22 24 28 30 32 36

Fiscal year 1927 Oct 1926 100 300
11 Jan 1921 1~400 700

Jun 1927 2,200 700 400
Jul 1927 186,794 13 Jul 1927 600 400
Aug 1927 266,,548

14 Sap 1927Sep 1927 129,588 400 350 300
Oct 1927 98,,433
Nov 1927 71.9561 Nov 1921 1»300 900 700 400 3.50 300
Dec 1927 2,932 ..
Jan 1928 9,324 27 Jan 1928 300
}i'eb 1928 64,046
Mar 1928 87,,020 2 Mar 1928 500
Apr 1928 44,880 13 Apr 1928 800 300
May 1928 121,51.5
Jun 1928 264,238
Jul 1928 209,198 Jul 1928 6,500 6,400 23 300 1,050 1,000 300 150
Aug 1928 221,414 1 aug 1928 450 400 200
Sep 1928 102;028 6 Sap 1928 2,100 800 700 650 600
Oct 1928 115,368
Nov 1928 50,397
Dec 1928 S4,438
Jan 1929 5,697
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 4 Jun 1929 600 500 300-_. ....-



TABLE 6a8 o Dredging on Grays Harbor Bar, and Condition of Channel (continued)o

DREDGING CONDITION OF BAR

Date Width of channel of depth indicated
Cubio ot

Period yards Survey 20 22 24 26 30 32 36
.-

i Jul 1929 189,641 4 Jun 1929I Aug 1929 197,2,6 Aug 1929 4,800 1,400 1,0$0 1,000 400 200
I Sep 1929 111,832

Oct 1929 85,653
I Ilov 1929 74,174
1 Jan 1930 135,611 Jan 1930 800 700 500
t Feb 1930 6,723
I Mar 1930 41;,389IApr 1930 227,1&62

Ma71930 194,233I Jun 1930 176,073
Jul 1930 260,872 Jul 1930 2,400 1,500 1,000 900 200I Aug 1930 269,274
Sep 19.30 100,832

1 Oct 1930 102,438
I Nov 1930 104,940

Dec 1930 1$,808
31 Jan 1931 700 600

Apr 1931 159.,867 17 Apr 1931 1.9000
May 1931 125,942
Jun 1931 239,033 Jun 1931 800
Jul 1931 61,1$8 Jul 1931

.
2j lOO 1,300 700 400

28 Aug 1931 800
Sep 1931 181,148
Oct 19.31 134,633
Nov 1931 21,412
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TABLE 6...8 0 Dredging on Grays Harbor Bar, and Condition of Channel (continued)g

DREDGING CONDITION OF BAR

Date Width or channel of depth indicated
Cubic of ........- --

Period yards Survey 20 22 24 28 30 32 36 I-----*-"-.......... ~.....-, -
Dec 1931 14 Jl:lc 1931 600 300
Feb 1932 4,485
Mar 1932 11,271

I Apr 1932 85,382
May 1932 56,301 ,
Jun 1932 156,314 10 Jun 1932 750
Jul 1932 297 ,7$1 18 Jul 1932 2,,000 2,50
Aug 1932 300~248 9 Aug 1932 2~500 250 100

, 13 Aug 1932 300 200

I
23 Aug 1932 500 200

Sap 1932 221$138 9 Sap 1932 100 350 250

I
23 Sep 1932

I

350 300 200 100
Oct 1932 171,386 t

l 10 Dec 1932 700 500 400
Mar 1933 34,400
Apr 1933. 41,912 10 Apr 1933 200 100
Jun 1933 317,560 26 Jun 1933 3,500 500 2$0
Jul 1933 336,,511
Aug 1933 301,034 4 Aug 1933 600 SOD 350 100

30 Aug 1933 500 400 300 200
Sep 1933 116,101 2$ Sap 1933 600 ,00 350 250

3 Oct 1933 400
lo.-__ •. ______~~ •• _ .... 1.-.___.... ... ~

118 teet deepo
2eontrolling deptll.) 23 feet o

D~ta from Uo So Army- Corps ot Engineers (1951b)o



Barton,
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nics Laboratory, Berkeley, Laboratory Memorandum No o HE-1l6g229~
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of Engineers, Beach Erosion Board, Washington, Do Co (Unpub­
lished o )

(Sections on Grays HarborJ Coos Bay., and Humboldt Bay include _
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(Unpublishedo )
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.36 pageso
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tables, figures, and plates 0 )

19,10 Q Grays Harbor and Chehalis River, vJashington, Basis of Design
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tables and plates also includedo)
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District, SeattleJ Washington, 14 pages plus 6 plates and
6 figureso (Unpublishedo)
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[Grays HarborJ Washington--Maps (Unpublished)]
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E-5-6-880

no doco South Beach Profiles, Cross Sections of Beacho Map File Nos o

E-5-6-140 2/1 thru 3Q

1926 0 Comparative Sections at Entrance from 1900 to 19290 Map
File No o E-5.-··1 ..·48/1o .

19330 Comparattve Sections at Entrance from 1930 to 1950" Map
File No o Er"-7 ...48!2 o

1938 0 South Beach Profiles 0 }/.ap File Nos 0 E...5-6""74/1 thru 50

19390 Comparative Sections from 1900 ·~o 1933" Map File No" &-5-6..79"
(Adjacent to the Coast Guard Lookout Station on the south
spit~)

19430 UvPoR.R. Bridge at Aberdeen to Cosmopolis~ Condition August,
1943" Map File No o E-5-2-65/1 and 2 0

{Condition surveYQ'>

1944ao South Beach Profile8~ Plan of Beach Cross Sections" Hap File
Nou ~5-6-7401/1o

1944b.

1944co

South Beach Profiles, SouihJetty Profiles and Cross Sections o

Map File No o E-5-6-74 0 1/2o

South Beach Profiles, CroSs Sections of Beacho ~~p File Nos o

E-5-6-7401/3 thru 50

19490 Bar and Entrance Condition, October 19490 Plate A-IO, ref o

U0 So Army Corps of Engineers (1951b) 0

1950 0 Bar a nd Entrance 00001tion, November 1950 0 Plate AtDll, ref 0

Uo So Army Corps of Engineers (1951b)

1951a g Foundation and Embankment Exploration~ Nov" 19h9o Map Fils
NoCl E.-5-12....86o

1951bo Harbor Entrance Hydrography Shc't-Jing Location of Samples" Map
File No 0 E-50;;01.,440
(Samples described in text of reference Uo So Army Corps of
Engineers {1951b)o
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Uo So Ar~ Corps of Engineers, Seattle District, Seattle, Washington
(Grays Harbo~, Washington--Maps (Unpublished»)

1951c 0 Po:i.nt Chehalis Soundings ~ Condition Mar 0 4-5, 1950 Q ~iap

File No o E-5-l2-93o

1951do Point Chehalis Soundings, Conciition 12-14 April 1950 ~ Map
File No o Ea5-12-94o

1951eo Point Chehalis Soundings, Condition June 12, 1950u Map
File Nco E-'-12....102 o

1951t (I Point Chehalis Soundings, Condition Jano 1951 0 Map File
No o E-5-J2-110/1 o

1951go Point Chehalis Soundings, Condition Jan o 1951 0 Map File
No o E-5-12-110/2o

1951ho Point Chehalis SoundingsJ Condition March 1951 CI l'1ap File
No o E-5-12-111/10

19511 0 Point Chehalis Soundings, Condition March 1951 0 Map File
No o F,e.5-12-111/2 o

1951jo Soundings and Elevations, August 10, 16, and 11 ~ 1950"
Map File NoD E-5"",12...103/10

1951ko Soundings and Elevations, August 10, 16, and 17:1 1950 0 Map
File No o E-5-12-103/2 0

19,110 Soundings and Elevations, Octo 12 and 13, 1950 0 Map File
No 0 E-5-12~l01/1 Q

1951mo Soundings and Elevations, Octo 31 and Novo 1" 1950 0 Map
File No o &-5-12-107/2 0

1952 0 Entrance, Shoreline and Bar Changes o 1-1ap File No o E-5-7-122u
(Entrance bar changes 1930,-40,~42,-44,-46,-48,~50,~51o High
water line changes 1862,-83,-98, 1902,-09,~16,o20,-24,-30,-42J­
46,-$1 0 )

19S4o Bar and Entrance, Condition August, 19540 l'Jap File 1'10 0

E-$-7-12$o
(Condition survey 0 )

19S5a0 Cross Over ChannelJ ConditioD 18 May 19550 Map File lJo c;

Ecu5-13-920
(Condition surveyo)
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Uo So Army Corps of Engineers, Seattle Districts Seattle~ Washington
[Grays Harbor:) Washillgton--r1aps .(Unpublished) ]

19S5bo Grays Harbor, Inner Portion and Chehalis River, Washington$
Condition Jan 25, 19550 Map File Nov E~5-2~131Q

(Condition surveyo)

195500 Grays Harbor:; Inner Portion and Chehalis River, Washington,
Condition April 4:J 19550 Map File No o E-5on2...133/1o
(Condition surveyo)

1955d 0 Grays HarborJ) Inner Portion and Chehalis Rive:ra Hashington,
Condition June 1955n Map File No o &=.,-2...134/1 thru 50
(Condition surveyo)

1955e<> North Channel$ Condition 3 Febo 19550 Map File No\) E-5-2 c·.130o
(Condition survey~) , .

1955£ Cl S~'1d Island Shoal, Condition 16 May 1955c. Map File Noo &--5.".12-2090
(Condition surveyo)

Washington S·tate Department of Fisheries
no do Report Manuscripts and File Datao On file at "the Shellfish

Laboratorys Aberdeen j Washingtonl) (Unpublished 0 )

(Data and charts on beach movemerri:,s9 plankton" shellfish
population and distribution» and temperature and salinity of
the water o Permanent stations visited were four at Copalis
Beach/) four at Twin HarbOl"S Beach, and £iva a t Long Beacho)

Washington State Pollution Control Commission
,no do Report Manuscripts and File Data p On file at Olympia9 Washingtono

(Ul1publishedu ) , .

(Location and description of sediment samples3 biological studies
and water analyses o )

90



SECTION?

HYDROGRAPHY



BATHYMEl'RY

HY:DROGRAPHY

I
Grays Harbor is a shallow coastal estua~ predominantly less than

20 feet in deptho The channel depths range from approximately 80 feet,
just inside the entrance to about 18 feet at Cosmopolis" Most of the bay
is occupied by Itidal mud flats Cl In order to keep the channel open to
oceanic shippi~ the Uo So A~ Corpso! Engineers has conducted projects
for maintenance and improvement since 1896 0

I
I
I

Original Condition of Baz
I

The origiIial condition of Grays Harbor is briefly described by the
U0 S(\ Army CorPs of Engineers (1926):

I

The 6uter end of the channel connecting the bay wit,h the
Pacific 06ean was obstructed by a bar convex to the sea over which
several s ¥p..rting channels having in general minimum depths of 12
to 13 feet at mean lower low }1atero The average l-1idth of the bar
between the 18~foot curves was about 2~SOO feet ~id between the
24~foot ctirves about 4,500 feet o

[ .
The south channel of the inner harbor was shoal and little

used o ~ nortih channel was obstiructed by the two shoals, one
below HoqUiam and one between Hoquiam and Aberdeen, which limited
the draft to about 8 feet at mean low water o

Channel Characteristics
I

The characteristics of the channel have been changed from the original
condition due to the continuing program of itnprovement1o The construction
of the south j~tty in 1896 and the north jetty in 1907 has not resulted in
the stabilization of an entrance channel (Uo So Army Corps of Engineers
1916) 0 The ch_l continued to shift and divide and navigable depths
varied between 112 and 26 feet. Dredging of tl!e entrance was begun in 1916.

The Uo So Army Corps of Engineers (1934) described the entrance con­
ditiona to the bay as folloilS ~

'., The entrance throat is constricted at low tide to a width of
6,500 fee~ at the sea ends of two jetties that extend convergingly
into the Facific from the points namedo An ocean bar composed of
fi.neg gr-ai sand lies beyond the jetties.5l convex to the seas and ex,,,·
t.ends ea,~l1 't,Jay' f,o tttA sand spits on each side of th~ ha r'bor thrn~.t.n

I
I
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In the vicinity of the buoyed channel., the h3.r has a breadth
of about 4,000 feet be~veen th~ uepth ccntou~s of 30 feet in the
ocean and in the harbor, but becomes broader with the distllnce
northward of that channela Depths upon the Jar varied rron~ 18
feet to 27 feet at mean lower low water in June 1933 except in the
dredged channel \llhere on October 3, 1933, there was a chBJ"1nel 30
feet deep by 400 feet wide 0 As shown b~- the survey of June 1933
depths over the southerly segment of the bar vary from 18 feet to
2.3 feet, while depths northward of the dredged cut are from 25 to
27 feet Q 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 aide into the end ot a deep trough or gorge that .fol­
lows close to south jetty and Point Hansen for about 4~ miles
ea.stwaro. ,> 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
e>:ceed 90 teet off Point Hansen.. Opposite tlle easterly end of the
gorge, the harbor expands to a breadth of ab.)ut 13 miles into t\l.'O

bays named "North Bay and South Bay" II These bays comprise exten­
sive tide flats bare at low tide except wer-,! coursed by crooked
channels from river mouths and sloughs.. Eas't,ward from North and
South BaJrs the harbor narrows to the mouth ol Chehalis Riv€r at
Aberdeen) its total extent east and west be~lg about 12 miles.
Chehalis River enters the E)i)t'ge by two channl~ls across the tide
flats.

The present condition of the channel is desc:~ibed by the Uto s.
A~ ~orps of Engineers (1954) as follows:

Grays Harbor is a large pear-shaped estuary on the coast of
Washington 45 miles north of the mouth of the L:olumbia lli'ler.
Fr'om the Chehalis River at Aberdeen, it. 6:ict.ends 15 miles t.o the
coastline where it is separated from the ocean by 2 narrOll, sandy
peninsulas.. The harbor entrance is about 9,000 feet wide betN'een
Points Brown and Ghehalis. Point l;hehalis ia at the north end of
the southerly peninsula and. Hesthaven Cc,ve 5.a in the bight formed
by the eastward curvature of the poi.nt. Tho[; existing Fed.eral
project 1.'01'" the improvement of the harber p:rovides for an erri:,rance
channel across the bar 600 feet wide and ~O /eet deep, to be se­
cured. by a south jetty, 13,734 feet long End a north jettJr 16,000
feet long, both at an elevation of 16 feet 2!)OVe mean lower low
water 1 and by dredging; for maintenance of 3 channel 30 fee°t; deep
at mean lower low t'later and 350 feet \I.-ide frl)m deep water 1..11 Grays
Harbor to the Port of Grays Harbor Gommi.SSlOll terminal, a distance
of 13.25 miles; thence 26 feet deep and 200 -~o 350 teet wide for
2025 miles to the Union Pacific Railroad bridge at Aberdeen; thence
18 feet deep and 200 teet wide for 3 miles to L:osmopolisj thence
16 feet d'3ep and 150 feet wide for 10.,75 miles to Montesano, with
a tlu'Tlin~ b~~5"'l Si~. P!tonteRc1.TlO or t.he same d~pt.h, 1 t500 fe('t lonp' ~r(
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200 "~o 50Q feet "....ide; for. a channel 14 .::eet deep at mean lower low
w.?4ter and 1100 teet wide in South Bay to· Eay ~j.ty; for a. braakwater
1,000 feet long at vTesthaven Cove and f:>r ui·.inten,ance of the entrance
c:.1at\nel tq the cove; and for a rock-filLed _evee about 7,500 feet
l:)ng for the protection of Point Ghehal:i.s. The diurnal range of tide
i3 9 teet in the vicinity of Point Cheh;:~lis I The improvements are
completed except the 16-foot channel be·l~t\Tee':. Cosmopolis and Montesano,
~'1d the protective work,s on the west share ~..f Point lihehalis.

The controlling depths in Grays Harbor :Lre ':.150 discussed. by the
Do 5Q ArII\V corps ot Engineers (1951b) 0 Over a l'.= _dth of 2,000 i'eet the bar
channel is 31 feet deepo The lower harbor to tt.: Port Terminal has a con­
trolling depth ·of 29 feet and a width of 175 tee ,', 0 From the Port Terminal
to the Union Pacific Railroad bridge at Aberdeen and on to ~osmopolis the
channel is 200 teet wide for depths of 2206 .reet,

Depth and Uross Sections

The U0 So Army Corps f.)f Engineers and t"le U So lioast and Geodetic
Survey have periodically S JI'veyed the Harbor and offshore areas aince about
18620 In conjunction with an entrance bar st.udy.' the Arrq Engi..Tleers have
investigated and compared changes in several ent 'anee bar cross sections
from 1900 to 19390 Variations in the 30 foo~ de.Jth line have also been re­
corded for the period between 1930 and 1951c Se::. Enclosure 6-420 All
included charts, cross sections, etc 0' pert~'!ent to the bathymetry of Gr~s

Harbor are listed in Table 7-10 Additional' 'Jhal"'.s concerned with specific
project.s and area soundings can be obtained .tram the U0 S.. A~ Corps of
Engine'3rs; Seattle District, Seattle, \"la8hin:~ton, Table 7-2 lists U0 So
Coast and Geodetic Survey smooth sheet,s cove:';'ing Grays Harbor and entrance
area O'lt to a depth of 25 fathoms.

SHIPWRi~CKS

, A lis'J:,ing of shipwrecks may be obtainGcl fro.· .. the Records of Assist­
ance maintained by the U0 S" tioast Guard l..if ~ Bo~t Service and Record of
Shipwrecks formerly rnaintaii~ed b"J the UQ So : -oas Guard Light House Serviceo
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TABLE 7",,1 0 Listing of Enclosures on Eathyn:e"~ric Information~

U" So Army
Encles- Corps of En­
ure No 0 gineers No 0 Date Subject

6~33

7-1
7··2
7-3
7 4

1 5
6-16
6-34
6...35
7-6

1-7
6-42
7-8
7-9
7-10

1-14
7-15

E-5-1·~44
E-5.o2-65/1
E-5-2·-.65/2
E-5...>2~,130
E-5~·2-131

:&-5...2,...133/1
E-S-6-79
&-.5...7·-16/1 thru 53
E-S-7r:-16/54
E-5....7g,48/1

E-5..7-·48/2
E-5-1~122

F,.·'-7·,,125
~S~2-134/1
E.., ...2....134/2

E'P·S-2 CD134/3
E-S..,,2 134!4
E~·5-2 134/5

('- ::
E-5-12-93
E-5~12""94
~5=124.102

) E-5~12 ...103/1
E"'5<u12~103/2

E-S-12-107/1
E-5....12-101/2

J E-5u12-110/1
E-5·~12~110/2

E-5-12-111/l

", E-5~12-11l/2
1&·..5-12-209
Ec.5"",13·"92

1951
1943
1943
1955
1955

1955
1939
n. do
1953
1926

1933
1952
1954
1955
1955

1955
1955
1955
1949
1950

1951
1951
1951
1951
1951

1951
1951
1951
1951
1951

1951
1955
1955

Entrance
Condition survey, Aberdeen to Cosmopo1is Q

Condition survey, Averdeen to Cosmop01is o

Harbor condition survey~

Harbor condition surveyo

Harbor condition surveyo
Coroparative sections on south spit o

Changes at, entranceo
Changes at entranceo
Comparative sections at entranceQ

Comparative sections at entranceo
Entrance, shoreline and bar changeso
Bar and entrance conditiono
Harbor conditioD survey..
Harbor condition surveyo

Harbor condition surveyu
Harbor condition surveyo
Harbor condition survey 0

Bar and Entrance 0

Bar and Entrance 0

Point Chehalis condition surveyQ
Point Chehalis condition survey~

Point Chehalis condition surveyu
Soundings and Elevations~

Soundin€; s ar.d Elevations 0

Soundings and Elevations o

Soundings ar~d ElevE.tions 0

Point Chehalis condition surveyo
Point Chehalis condition surveyo
Point Chehalis condition surveyo

Point ChehcL~is condition surveyo
Harbor cond::.tion surveyo
Cross Over Channel conditicno
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TABLE 7-2 0 Listing of Uo So Coast arid Geodetic Survey Smooth Sheets
Containing B.:athymetJric Informati.on for the Grays Harbor
..\rea 0

I Number Date Area of Survey

H..,flO9 1862 Entranoe SoundLJgs 0

H-1589A 1883 Entrance Soundings 0 .

B-15&9B 1883 Upper part of Harbor, Soundings 0

H....2085 1891 . Entrance Soundings (>

H....2311 1898 Entrance Soundings 0

H.,.,3228 1911 South Channel Soundings 0

H~3229 1911 South Channel Soundingso
H...·3230 1911 South Bay Soundings 0

H~621 1926 Offshore Sounciingso
He·~4710 1927 Offshore Soundingso

H-...4716 1927 Offshore SOl1ndings Q

H..·4728 1927 Offshore Soundingso
H~729 1921 Offshore Soundingso
H..-4735 1927 Offshore Soundingso
*-6646 1940 South Bay Soundingso

H·-6665 1940...,41 Markham to Hoquiam~ Soundingso
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PfITSICAL OCEANOGRAPHY

TIDES

'rhe tid0 in Grays Harbor is of the mi..1C€ d t:rpe ~Ji':tih i!lequalities in
both the high and low waters which are somewhat larger in the lattero
The mean and diurnal ranges increase~ respect:Lvoly.S' from 609 to 9Q O feet
at the harbor entrance (Point Chehalis) to a lllaximUIil of 1 0 8 and 909 feet
at the Chehalis River mouth (Aberdeen) and then decrease up the river
with 607 and 8 0 1 feet at Montesano Ci The time o:~ tide becomes progres­
sively later on passing inward from the entx'allCCj at Aberdeen and Mont­
esano it is ~~O minutes and 2 hours and 10 mi.nutes later, respectively,
than at Point Chehalis o In the harbor" high -~ide occurs on the average
within 4.5 minutes after the upper and lower transits of the moone

'l'he volume of the harbor at mean lo\ver low Hater is about 16 bil­
lion cubic fcet j while the volume of the harbor at a IOafoot. tide at the
Port Dock in Aberdeen (equivalent. to a 9....foct tide in North and South
Bays end the lower basin of the harbor) is "bout 34 billj.on cubic feet
(Eriksen and Townsend 1940)"

Tide Stations

Complet'3 tidal predict:i.ons for Aberdeer: clr0 obtained and published
annually as times and heights of high and lew wa:terfj for each day of the
year (Uo So Departmont of Commerce Coast and Geodetic Survey 1954b) c
Tidal harmonic cons"(iants are published fori th:i.s station (U;) S ~ Department
of Commerc~ Coast a nd Geodetic Survey 19L2; Intcrna"liional Hydrogrephic
Bureau 1933)"

Additional tidal data for t.he follO\~:Lng :3t~,tion8:

1 Q Point Chehalis
2 0 Bay City
30 Narkham
4p North Cha~~el

50 Montesano

consists of: the t:tJne of tide J height, of hifh '.~:I.ter~ height of low water
(1955) i and ratio of ranges (prior to 1955) cor.1>arod to tho Aberdeen tide
(U o So Department of Commerce Coast and Geoceti\~ Survey 1954b); the high
water interval (prior to 195,) s the mean rang(~ uf "tide and the diurnal
range of tide (Uo So Department of CommercE: Coa~t and Geodetic Survey
(19Shb) ~ and th~ elevat.i.>ns X'eferrarl t.o mea···. 1 (o)V~'")~ Im.r wat.p.r ()f tlh.~ fo·!.~"
............... )'-: 1',"'\ ""\ ~ "; -;.~ \ ...+ .t" .') { ·C!:t -"fj .~"" • I ~~. ~,-; -r l .... ," I.:';~ ,.i, ·c 'c ~"" '.'- :"-0.
-.o.·~·.~.t, !_jo'C_'.!i?:::>" .,l' •. l·tH~:Sl/ .1.·.u., ,e .., ,_,.;I'.'-.("·~' ~'1.':.tL ',J..",'.tJ. 1__.. """ ......' .• - •. ~ •• ,r....,\

l~i{~ri. water j hal.1' tide level» mean low wCit-er t ntean lower low wiater, aud
lowest 'tide (e&1iima'ted) (U 0 So Department of Commeroe Coast and Geodetio
Survey 19S4b)o



Mont/hly Tidal Variati.ons

The tidl3 in Grays HarborJ as typified lly that at Aberdeen, follows
the monthly lunar cycles in response to the moor! J s changing phase., dis­
tance and declination as follows:

Lunar Cycle

Phase
Parallax
Declination

Measure of
Tidal Effects

. Spring to neap range
Perigean to apogean range
Tropic to mean diurnal inequalit,y

Ratj.o
Lag of Ma."dmum
Effect in Hours

~.

. This depende:'1ce on all three factors indicates n complicated monthly
variation in tidal range o However9 these variations are not large com­
pared to the daily differences in range 0

In addi'~ion$ "lihe time of tide relative to -'c.he moon IS transi·t under­
goes monthly change., A maximum deviation from t.he mean of about 2 hours
can be expec'liedo

Tidal Datum Planes

Mean lOHer low water, b?sed on 4 months of automatic gage records,
is the datum for the charts of the Grays Harbor area (Uo So Department
of Commerce Coast and Geodetic Survey 1954b)0

Sea level will undergo variations over peri.ods of a day, month~ year,
and longero The long~term trends of sea level can be expected to follow
those for Seattle and ·Astorj.a (Marmer 1949,1952) 0 The yearly variation
will be somewhat similar to those at Seattle and Astoria, but will also
depend on the local fresh water runoff and oceallogr~hic conditiona 0

Shorter period fluctuations are generally ur1predictable"

The max:i.mum probable high water at Absx'deen on a 50-year frequency
is about 15 CIS feet above mec:n lo't'1er low 1'1ater 01' 5,,6 feet a bove mean
higher high 11ater (U 0 So Army Corps of Engi.neers 19.51) 0 The tidal datum
planes are shown for five stations in Enclosure 8=1 0

TIDAL CURRENTS

In Grays Harbor entrance, the average v'elocity of t he flood or
ebb tidal current is about 2i Imots, but veloci·;jies up to more than S
kno~s may occuro In the channels through the bays the velocittes seldom
~x~l;:ed ~ k;nl)tfl (U n S.. U.~partrrl8nt '.)f Co:rnrnercE. Cr"'aat and O~od~t1.G SU;~'1'-:":;;

1951) 0 The currents do not change appreciably wj.th depth but may change
considerably over Bmal~ hor:i.zontal distances 0 In general,9 in the main
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channel$ the ebb current is stronger than th'3 flood 0

Under normal conditionEl$ the current a:t i.~h€.) bar changes at a.bout
the time of high and lew water (lio So Departmen'b of Commerce Coast
and Geodetic Survey 19.51)" In the harbor, thfJ "~:i.me's of current are
within about 1 hour of that at the bar" In '~he Chehalis Rivers the
times of slack water will depend on the dischargep but maximum flood
~nd ebb occur on the average about 50 minutes earlier than at the bar o

Current Stations

Ct'.rrent tables furnish predictions for Gra:ys Harbor entrance for
eaoh day of the :}rear for times of slack water and times and velocities
of maJcimum flood and ebb currents (Uo So Department of Connnerce Coast
and Geodetic Survey 1953a) 0 Time differences and velocity ratios are
listed for seven other s't,at,ions in the harbor and entrance which make
it possible to derive their maximum flood and ebb current velocities
and their tirnes of maximum ebb~ flood$! and slaok 't!1aters from the reference
statiol1 predictionso In addition, the time difference for maximum flood
or ebb is given for the Chehalis River at Abel"deeno

The current tables giye the intervals of time between maximum
flood and moonvs transit, the flood directions, the average and tropic
current velocities for the harbor and entran.ce stationso

Additional current information has been obtained at one depth for
16 and at se"leral d eptha fOl· 10 current stations (Ue So Arnw Corps of
Engineers 1951)0 Tabulated for moat stati.ons and depths are~ the averQ

age times of alack and maximum currents referl'ted to HlrJ and LW at Aber­
deen; and 'average direction, velocity, a nd duration of the flood and
ebb currents I' Average and maximum currentcu::,veB for the Current Table
reference station are given~ Time differences and velocity ratios
with respect to this sta'~ion are listed for '~he other stations 0 A
tidal current chart shows the magnitude and direction of the average
flood and ebb currents at 1,5 ree'~ (or half (epth) for each stati.on o

Maximum calculated spring tide and observed velocities are indicated
also. See&1closure 8-2 0

Tidal Excursion

Some float studies of'tidalexcursion }w.ve been made in the main
ohannel(Eriksen and TOlmsend 1940)0 The dis·tances that floats travo»
eled ~during an ebb ranged from 8 0 59 to 9072 miles while the distances
on a flood ranged from 7 0 26 to 90 02 miles o
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Offshore Tid3J. Currents- ...-

Tidal current m.easuremen't,s have been ITlfld'3 from £1ve light vessels
along 'the Pacific COf:.S't of the Ullited Statef3 in depths ranging from 20
to 30 fathoms (Marmer 1926L, At some locatto:n.s the measured currents
are strongly influenced by adjaoent entranceo -to large inland bodies of
water while at others there is no suoh effec'c lJ In all cases the cur...
rents were rotaryg At times of high water the :3et 101a8 generally in the
northeast quadrant Q The dil"eotion of' maximum current f 011owed the gen...
eral trend of the local ahoreliof.; although t,he effect of onshore tidal
flow was evident in some cases 0 The maximwn tropic tidal veloaities
ranged from about 0 0 1 to 1 0 1 knots o It is t,s·timated that at a depth
or 20 to 30 fathoms off the Grays Harbor ent,rance, the 'tropic velocity
would be about 0 0 4 to 0 0 5 lmot o

Current meaSUl"ementa have been made at 4 depths at eaoh of 3
stations over the offshore bar (U 0 So Army Cm:rps of Engineers Seattle
District 1909) 0 The results are shown in Er~closures 8~3, 8...4, and
8=.50 The nood and ebb currents are in a gen(~rr.l1 onshore-offshore
direction II The maximum observed currents were a bo~t 2 0 5 mots at
the surface and somewhat less at depth o

WAVES

Wind waves oocurring in Grays Harbor mE-Y be either generated by
the local Wllld or be the result of waves ane. swell entering from the
Pacific Oceano ltJinds from the morth$ east, and southeast can te expec­
ted to produce maximum waves in the harbor, with a significant height
and period of about 6 feet and 4 seconds, Te·spe(:tively j once in about
15 years (Uo 50 Army Corps of Engineers 19.51) ~ However, waves from
the 'tre~t occur lvith ocean ~lel1 from the soutlIW(3st~ lo1esta or northwest
direct.ions 0 During the uinter months these Buell have heights greater
than 12 feet about 30 percent of the time and gree:tel" than 20 feet
with 16 to 18 second period about 2 percent of the time according to
U" SII Army Corps of Engineers (1951) 0 It is believed that this last
ext:i.m&te is ~jOO lovT and that these waves grea.·;~e::." than 20 feet occur
oloserto 10 perc61t of the time (Bigelow ~~d Ec~nondson 1947; u~ So
Navy Hydrogr~phic Office 1943) (I After these ua-··es have brokenecross
the bar and reached the harbor entrance, theiJ~ height will have
decreased to about 7 .feet (U0 SfoI Army Corps o.r '!~ngineers 1951) 0

Local Wind Waves

Wave conditions in the harbor can be der:Lved from wind observations
in the surrolUlding areao The following wind :Lni'ormation is summarized
in the Un 5 ~ Army Corps of Engineers (19.51) g
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IG 'ilind rose at Lone Trees Washington, on Point Brc:wn o

2 (I A suw.mary of the prevailing and InaXLllum uinds observed at
North Heacl o A ",·,ind diagram for NOl"'th Head, \~ashingtono

30 A veloci"t,~"=duration curve for direct:Lons north, east and south­
east for North Head, Washingtono It is estimated that the
graph represents the maximum l'linds t~1at might be expected
once in about 15 years Q

Some of this l-1ind information is summar:Lzed in the Climatology
section of this reporto

Offshore Waves, Swell, and Surf

Data on '~he dist,ribution of '-laves in tho open ocean off the Wash...
ington coast, are available as follows:

1 0 Percentages of high and low seas and Brlel1 in winter and summer
(Bigelow and Edmondson 1941)0

20 The relative annual frequency of waves of different heights in
the North Pacific (BigelolJl and. Edmonll.son 1947) 0

30 Percentages of high" medium and low ~.leas and st'lel1 f rom each
direction for each month of the year (Uo So Navy ~drographic

Office 1944)0
40 Percentages of waves in the approximELte height ranges 0-3

feet, 3-8 feet, 8-20 feet,.and over 20 feet for each month
of the year (Maritime Safety Agency J.951; Uo So Navy
~drographic Office 1943)0

The 51-lel1 expected at the entrance to the harbor and along the ad­
jacent shore can. be computed from that offshore by means of suitable
wave refrac'liion diagrams o Refraction diagrams for waves with IS-second
periods (approximately maximum storm conditirns) and IO-second periods
(more normal swell conditiona) are given in V 0) So Arm:! Corps of &lgineers
(1951) (Enclosure 8-6) 0 A photograph of stol'm naves breaking over the
bar is enclosed as Enclosure 8u 1o

Some photographs tal<en of surf along the iNashing"ton coast and a
fel~ hei.ghts and periods of the associated brE:a~{ers, are given in Isaacs
(1947) and Bascom and McAdam (1941) 0

Sea observationa are recorded at the U0 So Coas·t Guard Light
and Lifeboat Stations at approximate 4...hour intervals o

Tsunamis

Sea waves occur along the Pacific Coast of the United States from
6€i.smi.c act;ivi ty arour.d the periphery of the North Paciflc Ol~ean" Data
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are available on the tsunami of April l~ 1946 which resulted from an ea1'th<Q
quake on the north face of the Aleutian Trenchs south of Unimak Island, at
53*0 No between 1630 and 1640 Wo (Bascom 1946; O'Brien 1946; Hoop 1946t~~
1946bj Bulletin of the Seismological Society of America 1946; and Transac...
tiona ot the American Geophysical Union 1946) 0 The times of arrival luOng
the United States coast were within 2t hours of each other and can be ex...
plained by shallow water wave theor'J0 The heights recorded ranged f'rom 1
to 11 feet o There was no consistent variation of height along the (;oast;
evidently the local batlvmetry of the shelf is critioal in this re(l,ardo
In t he tsunami. of April 1, 1946» the largest heights were reached '.in
those bays which had a southerly eJCPosureo

Data on the tsunami of Novemer 4~ 1952 compared to the one tn
1946, indica'te a roughly similar distribution and magnitude in heights
recorded at tide StatioDo These heights, however g are generally lese
than the maximum observed in the surrounding area (Uo So Depa~{'tment of
Commerce Coast and Geodetio Survey 1953b)o

Listing of other tsunamis are available in Uo So Department of
Comerae Coast and Geodetic Survey (l9S3b), Heck (1947) 9 and Holden
(1898) 0 See also Section on Seismology0

WATER CHARACTERISTICS

Grays Harbor is an estruay of the positive type where precipitation
and runoff exceed evaporationo Fresh water comes fram four rivers of
which the Chehalis River, the largest, enters the harbor from the east
and the Hoquiam, Wishkahs and Humptulips Rivers trom the Dortho The
annual runoff pattern for these rivers is discussed in Section 3$ Hyd­
rology, of this reporto Access to the Pacific Ocean is through a narrow
dredged channel flanked by partially submerged jettiesu A small sub....
merged bar lies on the ocean side of the entrance and has a depth of
31 feet comparable to the channel depths within the harbor o Inside the
harbor several different channels exist, one ot which is dredgedo The
others occur naturally and tend to shift from time to timeo

Eriksen and Townsend made a comprehensive stuqy of water ~barac­

teristics in Grays Harbor measuring the salLl:i..ty~ temperature, dissolved
oxygen, biological oxygen demand, and pH of the water at numerous stat­
ions from summer 1938 until fall 1939 (Eriksen and Towsend 1940)0 The
Washington Pollution Control Commission surve:red. the Lower Chehalis Riv­
er and Grays Harbor measuring temperature!J sa~_L"1ity, disGolved oxygen,
pH and sulfite waste liquor' in the summer and fall of 19$0 (Orlobr, Jonea,
and Peterson 1951)0 The Universit,y of Washington measured temperatures
salinity, dissolved oxygen, dissolved inorgail"'1C phosphate, pH, and
other minor constituents during the summers of 1938 and 1939 (Thompson
no do)o See Enclosure 8~8~ Also~ the Coast and Geodetic Survey mea­
suren temperature density at a tide gage i.~t.a t"lon, atJ Abe~deen (46°t;8 00 9 Nt! 9
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123°51 0 2 rw ~) in 1934 and 1935 (U'l S" Department of Connnerce Coast and
Geodetic Survey no do~ 1952aJ 1952b)~ See Enclosure 8-90

Temperature, salinity, dissolved oxygen, and other minor consti­
tuents outside the entrance to the harbor and seaward have been measured
qy the University of Washington during several summer cruises from 1938
to 1953 {Thompson no do; Paquette, Col1ias, and Love 1954)0 Temperat­
ures and densities have been measured during a few summers along the
ocean beaches on either side of Grays Harbor by the \rlashington State De­
partment of Fisheries (Washington State Department of Fisheries, n" doa)o

Salinity Distribution

The salinity immediately off' the entrance to Grays Harbor is af­
fected by the runoff from land and the circulation patterns of tl~ 00­

eanic tiater o During the 8UII11'ner months higher B8.1inities exist near the
Coast than a short distance offshore s probably due to upwelling 0 Alao
water from the Columbia River may affect the surface salinity during
periods of high runoff o University of Washington data indicate that the
surface salinities during the 8 ummer months varied from 31 c. 90 /00 to
32 0 5%0 within 15 miles of the shore and the water at 50 metera was
over 33050 /00g Dur·ing the winter "months the surface salinities may
be lower than 30cO% o because of increased precipitation and river
runoff 0

The inflow of fresh water, entering principally through the eastern
end of the harbor, tends to produce salinity gradients in the harbor
both laterally and verticallyo The water ranges from fresh at t he east...
ern end of the harbor to Pacific Ocean water of 300/00 to 310/00 at the
western end o The position and s·teepness of this gradient are regulated
by the stage of the tide and the rate of discharge of the rivers (Enclo­
sures 8...10 and 8call ) ~ Incomillg tides push the salt watar farther east~

ward into tho harbor and into the Chehalis$ '~l:i_shl{ah~ Hoquiam, and
Hwnptulips R5..vers, the magnitude of the movemen~j varying with the height
of t he tide~ On the other hand~ increased ri"rer discharge tends to mow
this gradient seaward at all stages of the tide" During the SllTllner months j

the salinity ill "liho upper hE~rbor nearest the BOli.rce of the greatest
industrial pollution ranged from 160 /00 to 2)% 00 In t-~inter the water
in this region l'laS almost completely fresh a·~ a J.1 depthso The largest
gradient l~th depth existed just west of Hoquiatl and became very small
off the mouth of t he Chehalis River as shown :~n Enclosure 8-12 0

According to ~~iksen and To~nsend, the volume of water in Grays
Harbor indicates that there is considerable interchange of harbor water
with each cycle of the tideo However, ve~ little of this water is
available for dilution of industrial wastes discharged into the upper
part of .the harbor as is shown by s alinity data taken during the low
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l'later s"tages of the r:l.vera from July through September in 1938 and 1939 r:

During this period only about 1 0 2 percent of the upper harbor water was
removed loTith each tidal cycle g ~~his indicatec. tha"b the average 'liime of
detention was about 80 tidal cycles or about 42 days~ With L~creased

river runoff during winter, the amount of fresh water available for di=
1ution in the upper harbor is about five to ten times as great as in
sununer o

Tempera.ture Dis'bribution

The surface temperature of the ocean off Grays Harbor was found
to vary from 13° to 15° Co during the summer months (Thompson no do;
Paquette, Collias3 and Love 1954)~ The SWTooel' temperatures are oolder
than would be expected from seasonal warming o In the winter of 1935,
t-wo sections 'tIera ~de .33 miles north of Grayf', Harbor to determine '~he

temperatura 0 The surface temperature in January 1935~ during a period
of local cooling: was 7 0 20 Co six wiles offshore and increased to 9~lo

Co 26 miles offshore o In February 1935;; the surfaoe temperature was
90 1 0 Co from about 6 to 45 miles off the coasto

vlithin the harbor most ot the year, a temperature gradient was
associated'with the salinity gradient of the water (Eriksen and Town­
send 1940) Q During the spring and summer mon'lihs, the fresh water tempQ
eratures were found to be higher than those of the sea water and dUring
the lvinter and spring months the fresh water was colder than the sea
water o Occasionally in the summer, the bracldsh l-latera were £ound to be
warmer than either the river water or sea wate~e

The maximum and minimum water temperatures observed by Eriksen and
'lovmsend were 21040 and 2 0 90 Oc. respec"liively; but the greatest, varia.tion
in water temperature in the harbor on any one day was about 60 Co The
tm~ratures observed by the Coaqt Survey at the tide gage station were
from 2.30 to 0 0 40 00 Both the annual and short period variations in
water temperatures followed rather closely the air telnperatures at Aber=
deen (Enclosure 8",,13)0 During the spring and summer, water temperatures
were often found to be higher than the air t8n~eratures at Aberdeen~

These elevated temperatures w.ay be the consequence of insolation where
.e.xtensive shoal areas f1re Bubjected to int.ense solar radiation~

u:srgen JJis'C,ributiion

, ~ikaen and Townsend found the oxygen concentration in Grays Harbor
to be dependent upon the tide height~ river stagea and the salinity and
temperature o:f the water 0 As the river s tags approached rninimum~ a
marked deficiency in oxygen lias observed off the t owns of Aberdeen and
Hoquiam (Enclosure 80>14).:J The amount of oxygen in the area of oxygen
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deficienc,y was often less than 2 ppmo Five parts per million is considered
th~ minimum amount of 0x¥gen necessary ·t,o st1s1jain most fish life (Orlob,
Jone6~ and Peterson 19,1) 0 As t he tide changed" the location of the
oxygen minimum moved up or downstream; on the f100d, lO~l oxygen water
en·bared the various rivers f eading Grays Harborl:> The salinit-tJ of the
water containing the mininuull oxygen was betl\feOn 1405 and 2l~,oI 00 (En­
closure 8og15) 0 As the river runoff increased.. -r.he oxygen minimum disap­
peared until it was almost absent at maximum rivel:' runoff g The oxygen
minimum was definitely correlated wIth the oporation of the paper pulp
mill located in Aberdeeno On either side of the oxygen ~un zone~

the oxygen increased to almost 100 percent saturationo

Pollution

The major sou.rce of pollution in Grays Harbor is the pulp mill of

~.
he Grays Harbor Division of Rayonier (Eriksen and Townsend 1940; Or1ob j

ones., and Fe·lierson 1951) 0 Domestic pollution is a minor B ouree even
hough raw sewage is dwnped into all the ri,Ters entering Grays Harbor and

amounts to less than 10 percent of the total pollution loado The waste
sul1'ite liquor is t he cause of the oxygen def'j.ciency at low river stage
and the cause of high oxygen demando Ita principle effect is upon the
fish that are migrating ai'tiher up or downs'tream through th1.a regiono The
reduction of the oxygen content of the water to below 5 part per lnillion
often kills the fish before t~ can pass through this region o It haa been
shown that if the discharge of wast su.l.fite liquor can be prevented or
reduced during periods of low river stages Sl the oxygen minimum will not
become lower. than that which fish oan tolerateo
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MARINE BIOLOGY

BIOLOOICAL FOULING

Report from William F.. Clapp Laboratories i.ndice.t0s the following
tor the Grays Harbor area (Clapp 1950) c

AberdU;

Uo S. Coast Guard has advised that there is some evidence of marine
borer activity as far up Grays Harbor as the Hoquiam Fish Fleet moor1ngB~

1105 miles from the eea, but that this appeared only in 1947 at-tar fishiJlg
vessels started using the moorings 0 They believe tP..at -iiliel"e is very little
borer activity above this POUlt) as consideraolc1 frEJsh \"Jater reaches down
that taro However they state that some fir pilings in the lower harbor
where there is no fresh water have been eatell 8':Jay in as short E period
as eight mon'l;hs~

A regular Test Board operated by the Uo .9" Coast Guard at the City
Fish Fleet mooring in the Chehalis River near where it empties into
Gr8J's Harbor, frem May 1948 through 1949, has sl:cmn no activity ot
marine borerso Since the salinity at this looat.ion appears to range
from 00/00 to 100/00 there appears to be no likEJ..ihood of their oe­
curreno9o

Westport

A regular Teet Board operated at the U" S" Coast. Guard from June 14,
1948 through 1949 has shown a set ot Teredin.idae in 1948, the attack
rating but a traceo :{4mnoria occurred both yeaJ:-a~ the attack ratings
were s11ghto Chelur8 was reoorded in 1949"

PLANKTON
•

Studies made by :the Washington State Pollution Conuniss5.on are sum""
marized below from a oomprehensive report (E11ikoen and Townsend 1940) 0

Phytoplankton samples were taken only at .the surf'ace i.n the harboro
Even tor the quantitative 88D1pl6s taken from wa-~er of high chlorini"ty,
there was 11ttle slgniflcence 8S regards pollution effects end the authors
did not find it possible to correlate the resul";fJ of numerous tow samples
with any known tactol"oo The ~toplsnkton as a 1111c11a based on cell counts ~

was always low when contrasted with that found in Puget Sound in the
vicinity of the Pollution Laboratoryo It was not possibles however,p to
definitely attribute this scaroity to either the pollution in the area
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or advection effects due to tidal exchangeo Eriksen and Townsend found
what they believed to be a strong positive correlation between the tot~

81 number of diatom cells per liter and the chlorinity or the water as
well as between the number of dietom cells per liter and the peroent
saturation with dissolved oxygeno However So they noted that the dissolved
oxygen CODcentration elsewhere (in the North Channel) was so definitely
essociated with chlorinity that they deemed it probable that the chlor­
inity wes the most important factor controlling the development of
planktonic diatoms in the areao other tactors of possible control such
8S Dutrient$ lights etco were not consideredo

Periodic plankton tows were taken in the surf' and in a lagoon in
clearer water at three ocean beaches: Copaliss Twin Harbors, and Long
Beach in June, July, August~ and October 1954 and January 1955 by
Tege1berg (Washington state Department of Fishe:t'ies no do b ) to
determine the composition of the plankton Q

Results indicate that the noticeable brown water and frequent
depoe!t of brown ecum on the beaches are mainly composed of' two genera
ot diatoms, Asterionella and Chaetocerass Another diatom genus$
Biddulphia, conatituted the bulk of the material in early August~ It
is presumed by the investigator that this material is razor clam food
and its 8 bundance accounts for the rapid growth of these clams e.long
Washington ocean beaches 0 The depos!t of the scum on beaches is heav<;D
lest during winter and early spring months corresponding to rough ocean
conditions which playa part in the deposition~ The plankton oomposition
appears to be the same at each beach though in lesser quantity at Long
Beach0

KELP

The Uo So Department of AgricultureJ) Bureau of Soils has made the
only known study or the kelp groves of the Pacific Coasto Hov]eveI'~ map
numbers 13 and 16 covering the Grays Harbor Area uere not published
(Cameron 1914)0 .

FISHERIES

Second to the forests in commercial importance are the fishing
grounds ot Grays Harbor and the Pacific cOElotal area extending from
Willapa Harbor on the south to the vicinity ot Destruotion Island on
the north., Commercial fishing and fish processing have been important
industries since the turn of the oentury, but the greatest development
has taken place since about 19400 Prior to 19.34, the fishing indUStry
depended primaril1 on salmon trapso In tha't year, fish traps were
abolished b¥ atate law and the salmon t1sb817 has since been dependent
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on gill netting in Grays Harbor waters and trolling in off'shoj.'0 \Jaters o

The annual catch has fluctuated with the rune of salmon~ Since abolish­
ment of salmon ti:'SPS, the Grays Harbor fish:J.ng industry hae shown in...
creasing develoJ;l3ent in the catohilllJ and processing of other types or
fish, fish products, and shellfish (Uo So Army Corps of' Engineers 1948) 0

SHELL FISHERIES

Much ot Grays Harbor is composed ot tidal flats, partially exposed
at low tide and somewhat protected from excessive winds and tidal actiono
SUch lands are well suited to oyster culture and a rather large Pacific
oyster industry has tbr1ved in the Harbor area tor many years, as .~cially
in the North and South &Y80 However~ approximately .34 percent ot the
total tide lands are restricted from oyster culture because of the prox""
1m1ty to domestio sewage discharge tram Aberdeen and Hoquiamo The bound­
aries of this restricted zone were established by the state Health
DepBrtment in accordance with the "Manual of Recommended Practioe for
Sanitary Control ot the Shellfish Indust17,U Uo So p~ Eo S~, 19460

An estimated 439 ,,000 pounds ot oyster meat was harvested from Grays
Harbor beds in 19520 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 1952Q The crab and razor clam
fishery 1s largely confined to areas outsido Grays Harbor proper
(Peterson 1953) 0

EFFEtTS OF GRAYS HARBOR WATER ON AQUATIC ORGANISMS

Extensive fish kills were observed in 1937 i 1938, and 19.390 Reports
of tish kills in years prior to 1937 appear to be well authenticated
(Eriksen end Townsend 1940)"
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GRAYS HARBORI' WASHINGTON

PROTEC'i'I01t OF POINT CHEHALIS AND SOUTH JET'!'!

APPENDIX A

BEACH EROSION STUDIES

1p Introduct100o - Pertinent dsta available tor studies and basis
ot design are summarized in this appendix following the outline given in
the Engineering Manual for Civil Viorks p Part CXXXIII J April 1947, "Beaoh
Erosion Studies," chapter 20

20 Geomorpho12€tY" CD There 1s no knowledge of any report or study
having been made ot the geology of the area 8S related to the problems
or shore protection along Point Chahallso

30 Composition of Beach end OUshore Zon§f} 0 c:. No detailed study
is known to have been made at petrograpb1 or stream detrituso In con­
nection with the present studies D and tor the design ot the Westhaven
Breakwatar I bottom samples have been taken and analyzed 0 The analysis
ot these samples mostlY indicates medium sand with some coarser sands
and gravelso Locations ot these samples are shown on Plates A-l and
A-2 and the mechanioal analyses are shown on figures A-l through A-3So

40 Tideso- The u~ So Coast end Geodetic Survey has established
bench marks and determined the tidal datum planes at the following
etationa in G"'!ays Harbor:

a 0 westport
b o Bey City
Co Markham
do West Aberdeen
eo Aberdeen
f 0 North Hoquiam
g (I West Hoquiam
h o Point Brown

Int'ormatioD furnished by the Uo So Coast and Geodetic Survey indicates
the maxium probable high water at Aberdeen on a 50-year frequency is
about 1505 feet ebove MLLVi or 506 teet above MHHW:s However» it appears
that the estimated highest tide or 12 0 00 teet above MLLW will seldom be
exceeded at Westport or at the entrance to Grays Harbor 0 This value was
therefore used in the design of proposed protective works o A graphical
comparison of the various datum planes 1s shown on Plate Ao3~
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5,,; As part of the inveetigat10ns to obtain basic data for the
design end verification or the hydraulic modal, arrangements were
made with the Uo So CP8St and Geodetic Survey to make an extensive
current surveyo This survey was accomplished during March and April
19500 The locations of 16 current stations, numbered 10 16, where
observations were made with radio current buoys~ are shown on Plate
A-4~ Stations numbered l7a 26 indicate current observations at
several depthso Stations 9 and 10 were observed simultaneously for
8 continuous period of 15 dayso All other stations were each
observed tor a lOO-hour continuous period 0 Current observations
were made with the radio current meter and buoy at a uniform depth
of 15 feet at stations l-16~ with the exception of 7 and 130 The
meter was set at one-half the depth at these two stations o At
stations 17-26 the ourrent observations were made at three depths,
002, Oo5~ and O~8 ot the depth ot water at A~LWo The results of
this survey are summarized in figures A-39 through A-44o The aver­
age and maximum velocities determined tor the observation stations
ere shown graphically on Plate 1.-40 Copies of the plotted current
curves as actually observed and the tabulation and reduction com­
putations on Form 451, Department ot Commerce, Uo So Coast and
Geodetic Survey, are available in the Seattle District tilesc;

60 LOcal and ortshore \Iindsoo A wind rose was prepared from
the records at Lone Tree, Washington, on Point Brown, for the years
1910, 19159 1916, and 1919, and is shown on figure A-45o

70 Local wind data are fragmentary and 1nadequate for 8

reliable determination of maximum velooities tor the critical
durations ot 1 to 3 hourso The nearest weather station tor which
oomplete wind data are available is North Head, Washington 0 This
station is about 45 miles south of Grays Harbor ~ but tor the purpose of
determining maximum probable wind conditions it is believed that the
observations are direotly applioable to the Grays Harbor areso A
summary ot the prevailing and maximum winds observed at North Head
is shown in Table A...1 0 Figure A-46 is a V1ind diagram for North Head,
l~8sh1ngtono

8~ Firgure A-47 ~ entitled, UNorth Hesd, Vlashington, Wind
Velocity Durst10n Curve for Directions North, East, and Southeast,"
Viae prepared on the following basiso The wind velocity duration
curves tor North Heed do not represent absolute maximum conditiona
since records were not available for a complete study 0 The data
available in this otrice were dai~ maximum recorded velocities
for the period 1931-1940 0 From these deta i the two highest veloci­
ites tor each of the directions, north, east, and southeast were
used to suggest storms for further stUdy in this connection 0

Hourly veloQities for the peak hours of these storms were furnished
by the weather bureau otfice at North Head, along with the highest
recorded velocities for 8 5-minute period from the east and southeast o
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Table .A-1 "" WIND DATA, NORTH HEl.D, ~~J1SHINGTON

~cn HIGHEST
HZ a~ ~o

~~ E-t HH H
o )04 10'" <~ H E-4

::r:: ~~g
:>0 8 ~fi1 PU;::1 ~

r:a~....J ~a:: ~ E-t
0 ;>O~ a...H ~ H 232: <~:> Q ;> Q

Reoord 46 n:ARS 62 YEARS 62 YEARS 62 YEARS 62 YEARS

January 160; E 95 SE 1921

February 1503 E 70 s 1937

March 1502 S 73 S 1897

April 1407 NVJ 77 S 1943

May 1409 Nfl 65 EE 1937

June 1404 NW 59 SE 193"t

July 140)0 N 50 s 1934

August 1205 N 57 SE 1920

September 1204 N 70 SE 1914

Ootober 1305 5 87 SE 1934

November 1597 SE 72 S 1937

December 1606 E 84 s 1940

Year 1407 N 95 SE 1921
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The peak velocity from the north is lower than the maximum trom the
southeast but complete data are not readily available in this orfioe~

From these data» the curves were eonstructedo Winds used were coh­
tinuous1Y trom the same direction during the duration periods with
the exception that 45 degrees variation either way was allowed for
one hour out of duration periods over 3 hours if it was thought that
the wind was from the direction being considered over a major portion
of the hour in quest1ono

9 I) .Although storms with grestar velocity dura tions than indi­
cated by the graph might occur g it 1s believed that they would not
greatly exoeea the values ehownCi It 1s estimated that the graph
represents the maximum winds that might be expected once in about
15 yearso The probability of a greater storm occurring at the time
of extreme high tide (in order to obtain the maximum wave effect)
is considered too remote for justification 8S a baels of design for
the proposed projecto The above graph has therefore been used in
the determination of maximum wave heights generatedo

100 The theoretical maximum deep wster waves for the govern­
ing conditions or fetch and the wind velocity durations shown in
figure A-47 were determinec by the use or graphs contained in "The
Bulletin of the Beach Erosion Board il Special Issue No o 1," dated
July 1, 1948, 8S follows:

SCI Easterly windso The effective fetch from an easterly
direction is about 10 nautleel mileso The maximum height of' wave
would be about 80 0 teet with a period of 401 seconds and would be
generated by a 43-knot (4803 statute miles per hour) wind continuing
tor 2 0 1 hourso

bo Northerly winds GO The effective fetch from 8 northerly
direction is about 8 nautical mileso The maximum height of wave
would be about,608 feet with 8 period of .308 seconds end would be
generated qy a 38-knot (4306 statute miles per hour) wind continuing
tor 2QO hoursll

110 As 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 teet o Waves generated in shsllower depths will
not be as high as determinea tor deep water ("Wind V/aves at Sea
Breakers and Surf~" Uo So Navy Department, Hydrographic Officeg
Pub 0 No o 6(2), but information is not available for determining
aocurately the reduced height of waves 8a generated in shallow watero
As there are tide flats to the east of the project area with an
average elevation approximately at MLLYi, and with some areas over
6 feet MLLW, waves in the order of 5 feet cannot reach the area
~:tth:Jut ·:j:r~~~k1n~ ~x~ept at tidal stI=JFOt:t above half t.ide... F:~'::'n 9t
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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 ~ feet from the theoretical
deep water wave and that the maximum possible wave tor any wirid is
between 5 and 6 teet higho

120 Offshore winds are shown in figure A-48 from data compiled
br the Beach Erosion BoardQ

130 Wayes ,p.g Swells" - As indicated above, storms from north,
east, end southeast will seldom produee waves higher than 50 0 feet
and it is not justitied to design for higher waves from these direc­
tionso However, the maximum waves from the we3t are the result ot
ocean swells coming from the southwest, westj) t)r northwest~ In
response to inqu1r,y tram this of't1ce 9 the Beach Erosion Board re­
ported as followsl

nExam1nation of sea and swell charts for the ocean area
contiguous to Grays Harbor leads to the conclusion that heavy swells
(greater than 12 teet high) oceur about .30 percent or the time from south­
west through west to north direotions during the period January through
March 0 Reference to publications of the Scipps Institution of
OoeaDogr8p~ indicates that swells of 20 teet height, and 16- to
l8-second period will oocur from the west and northwest during the
winter monthso So tar as available information is concerned, this
represents the maximum wave action to be expected and, in the opinion
of this otf1ee g is a reasonable definition of' maximum wave actinD
for design p:Irpose~o The frequency ot occurrence of such waves is
low, or the order of 2 percent or the time, yet sufficiently high
to justify their consideration as maxima 0 n

Although there may be occasion. tor difference of opinion regard­
ing the maximum wave height just1fable for consideration in design
or redesign of the South Jetty, it is believed that the effect on
Point Chebelis ot ocean swells greeter than 20 teet high need not be
considered, as greater swells will be at least partially broken up
in crossing the entrance baro

14~ To aid in the study of wave effect on Point Chehalis, wave
retraction diagrams have been prepared a~ shown on plates A-5 through
A-90 Plates A-5, A-6, A-7, and A..8 show the refraction diagrams tor
waves with 15a second period and rer~e8ent approximately the maximum
storm conditionso Plates A-S and A-9 show the retraction diagrams for
waves or lO"second period end represent more or lees normal swell
conditions 0 It is believed that these diagrams indicate quite
accurately the direction of approach of waves to the shore just be­
fore breakingo Attempts at the determination of the refraction 00­
efficients have not been very satisfactory even when using the direct
method or plotting orthogonalso It is apparen-t that the wave pattern
in the harbor is complicated qy intersecting wave fronts and secondary
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waves, In general, it is COnCl\lded that waves in the viciriity of
Point Chehalis will not be greater than about one-third the height
of the oceen Bwei.l from VJhlch the~' or1g1nateo It is therefore be­
lieved that the maximum waves in the vicinity of Point Chehalis
will be from the west and will seldom, if ever, exceed 7 f&et in
he1ghtQ

1S ~ Aerial photographs, figure A-49, are part of a flight of
photographs taken during the storm of October 12 , 19490 These
photographs are on a scale of epr~ox1mstely 1 inch =ItOOO feet
and were taken at 2:20 pomo when the tide was at about ·1-8 q 5 feet
MLLh datum and the swells were coming in from Bzimuth 2820 at
about 1S-second period o The deep water height of thefe waves is
estimated at about 21 feeto

160 S~orm§ 8M their gfecto- It is known in a general way
that quite extensive movements of material have occurred during a
single stormG However~ no effort has been made to obtain 8 complete
record or 8 particular storm end measure its effects G

17. G Shore-line Changes 0 - Condition surveys of bar and entrance
to Grays Harbor ere available on a scale of 1 inch Q 2,000 feet for
the yeers 1862, Sl ... 91, 94, 98, 1900-1904, inclusive, 1906, 1909-1917,
inclusive, end 1920-1950, inclusiveo A comparison between Plate A-lO,
"Condition - OC1iober 1949" and Plate A-1l, "Condition - November 1950"
shows only relatively small change.,

180 Soundings in the vicinity of Point Chehalis and South Jetty
are shown on Plates Ao 12 through AI022 0 The soundings. and elevations
shown on these plates were obtained qy means or 8 fathometer on the
Launoh MAMALA and surveys on the shore areaso The soundings obtained
are subject to some error because or wave actionc. This 1s especially
the case for the winter monthso Because of storm conditions, high
velocity tidal currents, and the 5-foot draft or the survey boat»
soundings near the shore and along the South Jetty are not o)tained
for distances nearer than 200 to 400 feet, as a rtue~

190 A comparison between soundings or October 1949 and October
1950 shows a deposition of about 1,100 ,000 cubic yard~' in the vicinity
of Point Chehalis, mostly on the north ~ndo At the same time there
was a removal of about 200,000 oubic yards of material above MLLfi
along the west shore, end about 1,000,000 cubic yards aas scoured out
north ot the South Jetty 1n an area 2,000 to 6,000 feet wast or the
west shore of ~oint Chebaliso' Since October 1950 there has been
some additional scour above the low-water line on the west aod north­
west side or Point Chehalis but it bas been more than balanced qy
depo£1tion below the low-water 1ineo
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?Oo Offshore Depth C~~g~§o- Condition surveys have been made in
connection with maintenance of navigation channels and therefore do not,
in generalg extend beyond depths of about 60 feet o For this reason,
offshore depth changes cannot be evaluatedo
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APPENDIX B

OCEANOGRAPHY Oli' COASTAL HARBORS

This appendix has been reproduced from the following
document:

O'Brienl) Mo Po
no do [Oceanography of Coastal Harborso]

On file Do So Ar~~ Corps of Engineerss
Beach Erosion Board, Washington~ Do Co
(Unpublishedo)



GRAYS HARBOR

Grays Harbor is a shallow bay extending approximately 17 miles east
and west and 14 miles north artd southo There are no 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 entranceC) Six small rivers enter the
bay 0

The 100 fathom line lies 3S miles and 10 fathom line 405 miles from
shoreQ The slope of the bottom averages 3 fathoms per mile but the sea­
ward slope of the bar is much steepero

WIND and PRECIPITATION-= The mean annual precipitation at Aberdeen on the
east shore of drays Harbor is 80 0 85 inches o

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

De~emberJ January~ February-----......E
~ch to November~ Inclusive------w
~ual~~~~--~---~--~-.~-~~~~~.---~w

The accompanying blue print gives the number of days per year for
different intensities and directions o 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 o

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 velocityo

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

LOCATION MEAN RANGE
---n'EET}

WESTPORT 6 a 9
ABERDEEN 705
MONTESANO (CHEHALIS RIVER) 709

DIURNAL RANGE
(FERf)

9 0 1
907

1001

;'-'

The tide exhibits a diurnal inequality with the long run-out following the
higher high water o

The area of the bay at high water is 94 square miles and at low water
it is 3607 square mj~eso The tidal prism is 518 square mile-feet between
MLLW and MHHW~ The average velocity between the ends of the jetties dur­
ing the "long run-out" is 2 0 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



but that the flood currents predominated near the North JettY9 which was
then only partially completed Q TIle ebb and flood currents were about
equal at the whistlin.g buoyo The ebb current near the South Jetty had a
velocity or 3Q 2 feet per second while the flood current near the North
Jetty attained only 2 0 9 feet per secondo

During June 19131 float measurements of the currents were made both
in the entrance channel and over the bar o Captain Ao Ro Ehrnbeck" who
was in charge of the harbor surve~r made the following statement:

"All 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 en~er the harbor even though they were released
well to the southw4rd of the opening between the jetties on the
fiood tideo"

The results of these are shown in Figure 3 Appendix VIIID

In 1896~ T. Wo Symons (Proco American Society of Civil Engineers~

volume 36) stated that "in the vicinity of Grays Harbor there is a littoral
current, the general re~ultant of which tends to the north o While the re­
sultant littoral current is north it ordinarily follows the direction or
the prevailing winds in the immediate vicinity of the land" moving to the
south in summer and to the north in winter o Its intensity is said to
reach as high as 2t miles per hour either way Q "

In answer to a questionnaire sent out by the board, the UQ So District
Engineer at seattle made the following statement regarding the littoral
currentG:

liThe general resultant of the littoral current is to the north"
In calm weather its velocity is about one mile per hour o The direction
and velocity are affected by the prevailing winds o In summer it
occasionally flows to the south, its maximum velocity in this direction
being about one and one-half miles per hour Q Its maximum velocity in
winter" when it flows to the northward almost constantly, is about
four miles per hour 0 It

'From notes taken from logs of vessels it is probable that the
increase in the velocity, of the current (between the jetties) since
the oonstruction of the jetties amounts to between one-half and three­
quarters of a mile per hour 0 "

Mro Eo Lo Carpenter, who has been in charge of construction and maina
tenance at Grays Har~or for many years made the current sketch shown in



Figure 3, Appendix VIII~ which represents averag~ conditions~ The ebb
current follows the South Jetty to the end and is then deflected north­
ward as if it has collided with a northward littoral currento The flood
currents come in from all directions~ over the jetties as well as through
the main channelo 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 Colwnb1a H1ver found off Grays

Harbor in summer months in spite of northwest windso
(b) Bodies of persons drowned in harbor found to north, if at

ali 0

(c) Wrecks and drift wood move north o

It has been found that the ",ater temperature in the channel gives
a sine curve which follows the t ide ~ The apparent explanatioD is that the
water covering the broad flats is 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 seao

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 o

The depth to whioh wave action is effective in moving material is
shown by the following circumstanceo 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 o The waves sharpened perceptible at thi~

point and hump moved shoreward to a depth of 60 feeto At this point~ it
had flattened out so much that its further progress could not be traced o

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

Beach north of North Jetty, N-l
Bar N-2
Bar
1000 feet south of South Jetty N~3

North of South Jetty (Channel side) N-9
Slatz Road N-10

LOCATION DESIGNATION MEDIAN DIAMETF.R
(INCHES)
0 0 00825
0 0 00800
0,0071
0 0 00734
0 0 00167
0 0 00648

SLOPE

The variation in size is not great but the variation is uniform and shows
that the diameter decreases with distance southward 4

At points in the harbor more than five miles from the throat, the bottom
is entirely of mud and yet!J in dredging on the bar, mud has been encolmtered
but once o



The beach is composed of gray sand which packs ve~ hard and makes an
excellent road when wet q The surface of the beach near the South Jetty is
covered with pea gravel and "the same material was found a foot be:Low the
surface 0 Gravel was not observed at a point one mile south of the jettyo

SAND MOVEMENT-- In a paper previously referred to Si To Wo Symons states
that lias 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 0 There is a constant gradual movement of
the channel from north to south 0 II The same writer also states that in
its natural condition there was a definite c.ycle of change at the end of
the north spite. An islandJ shown as Eld Island on the chart of l862~

appeared first in deep water and then gradually moved northward and en­
circled Point Brown, as shown on the chart of 18910 The island then grad­
ually wears away and a second island begins to form offshore <I Such an
island was said to be in process of formation in 1896 0

Mro carpenter stated that the evidence supporting this cyclic motion
of Eld Island is not conclusive o Old residents of the vicinity state that
trees grew on Eld Island J indicating that it once enjoyed considerable
permanency0

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 directiono From the sur­
veys for the years 1900 to 1906J it appears that several large masses of
sand traveled northward along the bar and attached themselves to the shoals
around Point Brown 0 The surveys were made at intervals of a year and the
apparently gradual movement may be merely a coincidence o

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

A summa~ of the changes shown by ·~he survey appears on the following
page 0 Figure 4, Appendix VIII, shows profUes along the lines radiating
from a point midway between the ends of the jettieso The quantity of materi­
al in the bar above elevation -30' has decreased since 1900 from 38 million
to 10 million cubic yards o Between 1894 and 19299 the crest of the bar was
pushed seaward approximately 3800 feet o

Following the construction of "the South Jetty, the shore line at Point
Hansen moved seaward approximate~ 2500 feet, attaining its maximum advance
in 1912 0 ~ubsequently, erosion oocurred and in 1928 the shore line was
1800 feet east of its most advanced positiono 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 0
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Dredging is usually done on the south side of the charmel as the fill
seems to occur most rapidly on this siden

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 oceano As these rivers cut through a sandy beachs the inference
is that their mouths are deflected in the direction towards which the sand
is movingo

The ~drographic charts show that the 30s 80 and 100 fathom contours
diverge from the shore line with distance north of the Columbia River3
which is 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
delta, which would normally form directly off the entrance to Grays l~rbor

has been pushed northward by a strong littoral currento

The data presented point very clearly to a northward sand movemento

This is in the sarne direction as the prevailing current but opposite to
the prevailing 'Wind 4 The aocumulation 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 o

STRUCTURESm~ 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 trapso The project depth is 24 feet below MLLWo At the sea ends~

the distance between the jetties is 7000 feeto

Principal data on the jetties are as follows:

SOUTH JETTY."... Date of construction$ 1897 - 19030
LengthJ 13,784 feeto
Original height of enrockment, +8 0 4 above MLLW o

Present condition - Jetty down mid-tide at shore
and to MLLW at outer end o

Total weight of stone originally placed~ 655,996 tons~

Increase in total weight over estimate, 275%0
Unit weight of stones 165 lbsoper CU~ fto (basalt)
Size delivered) 52% 4 tons to 14 tonso

30% 1000 Ibs o to 4 tonso
18% 50 Ib~ to 1000 Ibs 0

Original depth at outer end, 15 feet~

!I'or sections and profile see Appendix VIIIQ
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SUMNARY OF CHANGES AT ENTRAi'JCE TO GRAYS HARBOR

~

~

YEAR MONTH CONTROLLING DEP1H AT DIRECTION OF_ :uwc:.c=

DEPTH (It.", c; ) THROAT' BAR CHANNF:L' RW1ARKS-- -:.
1793 24 84 sw George Vancouver
1862 16 100 NW Eld Island has formed since 1795
1881 16 80 SW Eld Island has disappearado
1883 10 106 SW
1891 14 105 sw
1894 14 100 sw
1898 1, 112 W South Jetty atarted o

1900 J6- a5 w
1901 13 73 SW
1902 JULY 20 U,S SW Channel very tortuollSo
1903 14 109 SW South Jetty completedo
1904 17 117 SW Channel follows South Jettyo
1906 13 98 sw
1901 12 r

!
1908 17 North Jetty startedo
1909 18 104 w
1910 15 104 W Deeper channel runs N WO

..; 1911 ~18 95 w
~j, 1912 17 10, w, 1913 18 100+ Wn:-..

1914 18 85 w
~ 1915 JUNE 17 85 w

1916 24 100 W North Jetty completedc
Dredging startedo

1920 JUNE 19 102 sw
1923 JUNE 23 107 sw
1925 23 105 s w Bar dredged to 32 feet -

October 19240
1926 25 92 sw Bar dredged to 36 feet -

October 192511
1927 23 90 SW Bar dredged to 29 feet -

August 19264
1928 28 104 S ....1 Bar dredged to 36 feet -

October 19210
1929 AUGUST 34 96 .8 W
1930 JANUARY 33 S lv Channel follows South Jetty

to end and breaks S WQ

"l
oS;'

~



Sizes dalivered~

(original
construction)

Sizes delivered,
(maintenance)

.-~

NORTH JETTY-- Date of Construction j 1907 ~ 1913Q
Length9 17,000 reet~

Original height of enrockment$ mid-tide in 191311
Raised to ord~ H W L~ 19160

Present condition - Sea end down to MLLW in 19280
Major portion at +8 above MLLWo

Total weight of stone originally placed, 58,,902 tonse
Unit weieht of stone, 145 1bsojcuo feet (sandstone)

165 1bso/cuo i'eet (basalt)
170 - 175 Ibso/cuo feet (diorite)

4507% 4 tons to 13 tonsu
3008% 1000 Ibsa to 4 tons,
2305% 50 Ibs~ to 1000 Ibs o

4206% 6 to 17 tonso
705% 50 Ibs o to 1000 Ibsc

4909% 1000 Ibs a to 6 tons~

Diorite and basalt were used for maintenance o ~and­

stone was used below MLL\\J Q

Original depth at outer end1 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 SOo Maintenance, which is difficult and expensive wjth the present
lengths~ would have been almost impossible at a reasonable cost if the
jetties extended across the baro 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 obt,ainedo

From the curve showL~g the relation between the tidal prism and the
area of the entrance section below MSLJ the stable area for Grays Harbor
is about 280,000 square feeto 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 o

Interesting features of the construction were the use of brush ~at­

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
MLLW and basalt or diorite above that elevationo
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