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. - o anit 2 miles o, From the west
joined, and the whole {”1‘“1‘3:‘1 2 hf”‘ :p&t ulplil-({-\. ]:;:Iﬁ first sonthwest 2
i«.sand spit the great Middle Sands extended HEsL & .
e.n'(ll Off{lil;;bflll 1\':1'1*10‘0 width of five-eighths of a mile, and then south-
&8, With an avelrdazso ) : ey R sarlv 5 miles
ﬁuﬁﬁeaat 91 miles, the south point 1"‘?“'11".'41-“}‘MA' .})'\i I‘:;‘m”: ‘I‘.:_(I;‘m’“"’:lfh:
from Cape Disappointment, i}§1i1 5‘-}‘.“!{“ "“: f'; “\' t“:‘]lllﬁ"l west one-fourth
ern extremity of Point Adams. (_-L:i\(m_:),;]%n $1. il e
north from Point Adams to a dlsm‘nce of .“_;”Iii.ll:".\. di];!,(.\.\“'-i;]p e 1-1 ﬂurt'l;-
several spits bare at low-water; the spit .\.,1.\!.‘_‘.:;1:” iL“-nm “('»i'm ‘\d-mm-
east and southwest direction at a distance of 13 “il' '(1;\1]!. o . i\"v\:u'rl'\{
from its northwest point to the east end ni the Mi¢ S “'l}i"f-\l'lll‘f e
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[ B (1 Ae ~ . 1. . WMo
Sogilllu(a})]%ng;}t ran 5} miles west half north from ( 111..1m1;§\-11|]|n‘1 .,”1?1?]@
extreme end of the shoal was about half a llllﬂl’- o:z._~'t t.m-v- :;-uml‘hlf e A
from Cape Disappointment; at this pomt the n_m-i_h F‘h:lll]l}) “nt{h‘] 1.(1‘11 ]\
400 yards wide between 3-fathom curves. Midw ay 'I?L’I\:( :-;11“.‘1111.](10}
Point and Cape Disappointment, the shoal was bare for 1 pI \1 ‘-%~““d—
water, forming an island lying in very much the samu-l}an‘m}] ur »1‘(111.1
Island. Three distinet channels were noticed after passimg _h_\‘..n.n .'\.‘1.|.“ £
all of which unite at Tongue Point only to break again with diver gvn’i
branches in crossing the shoal areas immediately at the ent rance YL}_tll‘L.
river ; the North Channel hugs the north shore <:I{'!S£91}'1‘11: -:ﬂmut .;)nl_l.ﬁn,
and then breaks across the Great Middle Bank direct to Tongue Point;
the South Channel skirts the south shore for a distanee of 7 111‘1luls 110
Tanzy Point, thence across the mouth of Young’s Bz.i};'g close t‘olbr.mth 8
Point, and after passing Astoria turns northeast to Tongue Point; the
Middle Channel oceupies aline midway between the two former channels,
and runs with slight eurvature straight to Tongue Point. : i
During all these changes, exhibited by the several surveys since 1792,
it will be observed that the North Channel has maintained itself better
than the South Channel (the latter being closed in 1792, from 1841 to
1850, and from 1857 to 1868), and is less subject to change either in depth
or direction, owing to the firm and enduring character of the north shore-
line. The outer harbor to-day is very much in the same condition it was
in the early part of 1857, just before the South Channel was closed by the
union of the westward and southward extensions of the Middle Sands
with the beach southwest of Point Adams, with this difference, that the
spine of the Middle Sands, midway between their western extremity and
Sand Island, has been much reduced in height, leading us to anticipate
that the waters of the river will again cut throngh these shoals, as was
done in 1850, though in a more northerly direction, or more in the direct
extension of the inner reach of the South Channel, and elosely approxi-
mating to the direction assumed by the single entrance noticed in 1841.
‘With these facts before me, I am of the opinion at the present time
that any improvement designed to be of a permanent nature should be
applied in the North Channel. In the event that the new channel across
the Middle Sands is, contrary to my expectations, not opened at an early
day, it is believed that the proper improvements for the North Channel,
in connection with an easy and navigable channel to be subsequently
made through the interior Grand Middle Banks to the “Three Trees”
Point, will consist of a training-wall rising only a few feet above low-
water, starting at the outer end of Point Adams, and running north by
west (skirting the east side of Clatsop Spit at the inner end), so as to
direct the ebb toward the North Channel at the point where the shoal
now exists east of Sand Island. This wall may extend 14 miles to hard
bottom at the 4-fathom curve; but its dimensions, exact direction, and
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adjudged proper and ad.
limited time I have had for

cost, even if such an improvement should be
visable, I cannot now give by reason of the /
studying the question, : : :
_’l']u- artificial means necessary and fittino
1-,;‘!;1 a permanent channel across the bar ('h
after a ]nl'nh_m;;vcl and careful study of lIu‘
character of the harbor. A hasty decision on imperfect data is liak
to do more harm than good, and an injury once done m:i\-'t'-‘g d-_1§ .131}10
c'nrm-ii:m a vaster outlay of money than is ul:'l':linuhle ‘. ;i(';t '(t]m}c"ll]l*lts
l'h('_ embarrassments which eommerce might have m.%l;l'fc*‘.‘ : Uﬂh?u! £
while, and which cannot be estimated in dollars ;L-I'MI t";‘ilt"‘-.l ”'}_‘] ”J ‘]‘]‘}(:au
causes me, then, to ask permission to defer any i't"(‘(}rilliIlz‘;lili-li;(!):!llLﬁ;l(]]El
ing to : accompanied by plans and ostimateg)

to be constructed to main-
an only be determined upon.
5 conditions which affect the

L permanent improvement (

until such time as I shall have been enabled to study the proble :
1-;111‘.1'1;1]1‘\' ;mnl} become more familiar with the wants f}i’"f]hé ct(}.:zlllnii?ég
which seeks this port, rould ree ) 'Wever s
of $5.000 to ]n-m'EM..[ t'c.1'1;1“1‘;[\!1]1;!:-1[E (::[IJ]L-]\I'[(I-(\'“‘(}],il]]m-i\ e;\ €T, an aiilJin-ol-,rmtl_on
B ‘ Y and a continuous observation

It is nof believed that dredging on the bar will be of anv value. The
SEason 0L severe'storms covers a period of six months, and the I‘ﬂ.a{'(-‘l‘i‘ll
of the I!‘:ll’ is so light and shifting that we may :mti(:.i]]z,ite that a ch'ﬁ’m(el
(!mlg«-u n]m_':n_:‘ a short period of calm would be filled up thuin;-the
first succeeding storm. The place is so exposed, too, that the times at
which a dredge conld work would be rare and ?of “-O,l“.' limited cxf.(i]{t
and any dredging so done would not increase the confidence of fhé
pilots. The only remedial measure, it seems to me, is to aseertain the
best means of securing the full effect of the ebb t]ll)‘()lln'h snme.l‘-lected
channel, and then let nature undisturbedly work out itsnown course.

I.:vm.vn;ml Payson deserves great credit for the energy and _judg-
ment displayed in the discharge of the work assigned to him, and for
the zeal and devotion with which he labored against the difficulties con-
stantly attending him'in the prosecution of the survey. -

[ am, general, very respectfully, your nlsmlierlt.LS(ar\'atlt,
G. L. GILLESPIE,
Major of Engineers, Brevet Lieut. Col., U. 8. A.
The CurEr oF ENGINEERS, U. 8. A.

REPORT OF LIEUTENANT A. H. PAYSON, CORPS OF ENGINEERS,

PORTLAND, OREG., November 16, 1873,
[ have the honor to submit the following report of operations under my
arge for the survey of the mouth of the Columbia River, Oregon. Having, in com-
pliance with a te legraphic order from Washington, dated August 5, reported here on
the 10th, I proceeded to Astoria on the 13th, taking with me Mr. D. W, Taylor as an

assistant,

MAJOR:
chs

In view of the lateness of the season when the work began it was desirable to use
all possible haste, and, having secured the services of Messrs. Woods and Wilson in
Astoria as additional sextant observers, together with the necessary recorders, leads-
men, &c., two ties were formed: one, to work outside in a bar-tug; the other,
Within the river in a steam-launch;: the sides of the Coast Survey triangle formed by
Cape Hancoclk light, Stevens’s flag-staff, and Scarborough Head Beacon being used as
base lines. in the ereetion of the necessary signals, and in
tain prominent natural objects by careful triangu-

)a8 The first week was s]
hN]lI;j_; '|ic'i1‘ ‘:n-»i?i-m and that of ¢
ation,

On Monday, the 19th, sounding was begun by both parties, the one on the bar being
under my personal charge: the other, under that of Mr. Woods, who had had some

Previous ex) ice of this sort of work in the Coast Survey. The method was as
tollows:
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£ from 3 to 4 knots an hour, and kept as nearly as
ated by two simunltaneous sextant angles, every
ahead. and additionally whenever a change of
taken every half minute, and, as soon as a posi-
i the chief of party to

The steamer, moving at the rate o
possible on parallel ranges, was 11(:('
5 minutes, when mr_n'm;l_r: straight

rse was made. Soundings were ! :
(tji:;lLJ had been observed, it was p!unul on the chart to enable
watch and correct the position f’i ﬂ?(_- tug. e e

The soundings taken were redu ed to #mean ot lowo R i
Two tide-ganges were established, one at Astoria and ”m. other on the W e 'i‘{.[:
Hancock. Both were read every 15 minutes while 11311 work was in }-’[lihtw‘?f:' e
oance at Astoria was set by careful leveling from a Coast Survey benc 1|. mark on h
T : arily and the height of low-water noted

rocks: the one at Hancock was first set arbitr nd e 10
e E : A mean of the differences between these ;t:fuliugs
at Astoria was then taken as the difference

on it every day during the :41}1-\'0_\'. :

e those for low-water on the same days 1 : ren
;1]1“‘}01\;:'(1? l{mii'\\'c-m corresponding marks on the two gauges. The Cape llmujwl\"lhtlel
was used in reducing all soundings west of the end of Sand Island; that at Astoria for

5 TES A
Thillt(n:‘{l the outset much delay was caused by unfavorable weather. Large iu_l:ust
fires prevailed throughont Oregon and Washington Territory, and the .&‘mn!\u. l]nm
these obscured the air at the mouth of the river whenever there was not a strong
northwest wind, which in its turn made the sea, especially on the bar, too rough for
accurate work. : i

However, by taking advantage of every opportunity, some hours were secured on
nearly every day, and fair progress made until Svptm_nh-:r 7, \_\']wn the sn!ukq- hecame
50 dense as to entirely prevent sounding until the 20th. From that time, though
mueh hindered by intermittent rain and wind, wewere able tokeép on until the 2;_}%131
when a southeasterly storm set in with great violence and entirel stopped work unti
October 3. The inside party finished and was disbanded on the 5th, and the outside
party on the 8th, just in time, since a storm set in on that day which continued for
nearly three weels. ' ) SR e

The progress from day to day is fully described in my weekly reports to this office.
The following is a snmmary :

Area covered DY The SUTTEY weveee coce toscmsaoeocccomamcancans 44} square miles.
Length of lines of sounding 821 miles.
Number of determined posifions..... -k 247

Approximate number of soundings.... .... i e S L

The current observations, made in obedience to Colonel Wilson’s instructions, are
described in a separate Teport.

Kvery available hour of favorable weather being necessarily employed in sounding,
no attempt could be made at the ganging of the river. Had there been time and
means at my disposal, however, I should have been at aloss to know how to sef aboub
it. Complicated as the problem is in a river, remaining substantially at the same
level for days at a time, and with its current always in nearly the same direction, it
becomes infinitely more so when we have to deal with an ever-varying tidal flow in
an estuary into which is daily poured an immense volume of fresh water from the
river.

The few eurrent observations taken, although the river was at a low stage, show in
a marked way the irregularitics which have been often observed before in similar
places. Generally there is no defined slackwater, the currents of the tides swinging
around till they cannot be distingnished from those of its successor; the surface and
sub currents, particularly at the first of the flood, make a large angle in direction with
each other; the flood of heavy salt water makes up along the bottom, long before the
surface ebb has ceased to flow; and, finally, the changes from ebb to flood or flood to
ebb begin at widely different times in the channels, on the sands, and at the different
depths.

Under these eireumstances any reliable measurement by direct current observations
seems well-nigh, if not wholly, impossible; and the only even tolerable appoximation
would probably be found in a computation based on the river's discharge above the
tidal influence and the volume of the wedge-shaped body of salt water pushed up
under it by a flood-tide. For even this a far more extended knowledge of the river
would be necessary than that furnished by any survey ef its mouth.

Since the completion of the field-work, I have been engaged with Mr. Taylor in re-
ducing and plotting the notes on a scale of 33l55. The rongh draught of the map is
now completed in ink. ; i

But one previous detailed map is available for comparison; it is that made from a
survey by Captain Jessen, under Colonel Wilson’s direction, in 1876.

The following is a brief description of the present river's mouth, and the changes
which seem to have taken place: '

T_he distance from Cape Hancock or Disappointment to Point Adams is about 6 miles,
which is virtually the width of the entrance.

" end of Sand Island there is a bad
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alrac 1
makes out almost directly
able width by nearly one.

From the latter point
ntl £ point a broad sand, c:
TAT \ 0 ) il y called Clats Qs
toward the cape for about 24 miles, thus redy _.] ”_*"P Bpit,
half, since, though the sand is covered i'\' fr “-”;;.’. the dvail
over it in nearly all weather 5 o 1102 fathoms, the sea breale :
cape, a little ‘m\'i'i." i.iﬁ“]l”h-l]' + ‘f\h.(”” midway between lek:anﬂib 5 hudl}s Honvily
“”1“ 5 lr\.- ]au.-'pnnlmj_: them, is g coustantly sl ';’I'_. 01 the spit and the
Fron ]- il \;;l ; ‘”\ in .i-nglhlhl\' from 1,000 to 1.200 faiin \\likl‘f]rmg sand island, just
§ Ll stern end of this island the syl it :
Sands, extends withi it 16 submerged bank, known ac 4 ;
;mu'i\ o _”“il[li\ '1I|v S-fathom curve in g direction '1\:]illlr:][m‘ll = ﬂ{l-‘ Middle
i e v '_‘_llli‘ €, turning south a sharp ansle, runs for -(1?\“11.”1 of west for
Finally, still I .']'lm.l,l_\ parallel to anqd l)\'l‘l'i"lil])i;"' .L‘l‘ltal‘f)] qﬂ:;l!llf e e
ally, still another sand, called Peacock & 5 = CLATE0D SBpIt,
the south toward the Middle Sande £ COCX SPLt, or the North Breakers, extonds
There are, and as far as lll'][:‘“-“lh. j;“?”l Cape Hancock, SR U
Colnnithin River. . At m‘ I\z't;l 'I\i\tl always have been, two ship-channels out f the
Bratiay Morth Channol o ]11‘_\ separate _.-n' the eastern end of H‘ml(i Isl E‘_‘ the
¢ i I"““_“..J!'.;al_t‘lg ...‘x ween the island aud the e 'lll({‘!‘-]]\ T’anf‘,-_ﬂae
nearly east and “"-i : 11\ Spit and the Middle Sands: the L;i.,.“]’.d o g:'il;]( S poNer
arly east st between (lats T ot secona, ) irst
o Bt ‘”\\[ ( “_.l; l.nm;_n Spit and Sand Island, and th :mf(_,‘ 1] ﬂl_hllm
The South Char ! |] and prolongation of the Middle Sands describe 1] about due
iy -””mm ].‘;“l_r\:\s‘l.l"t\r]hn;]}\ is !.hn- one principally used, has a riu]'tllti)f‘h(])ni:vl{tt on th
ater, " though the tide sometimes falls 2 feet lower tfrm'thi i g
R s : : £ 8, anc
curves, of about 4 of a nautical mile G

a usirai:mnn width, between the 18-foot
The North Channel, though the narrower, has 23 feet over the bar, 1 i
Shisl i OVer the bar, but at the inner
It will thus be seen that 1i1m|u‘1; nlmrhlf 11 tmf itlfJillll-i . 1i’r ool mpleron i
in affords I g o S yhstructed by sands : t o
]u.mhi.i =1hnu:l.‘ now, and probably always will. a sufficient de 5} tj}'“-\ mmuh‘of e
e commerce in tolerably smooth cremiyo Ly epth for them-lhnar}' needs
: What m:rtkz-.n the bar such a formidable barrier that sail
detained weeks and steamers days, while waiting for ; ]_L
dous sea, which, under the influence ; St
se: ; TN 1e Influence of the prevailing southerly "ms i
breaks in and out of the ohs s : g southerly storms of winter,
caused by winds ] ':““" 8, “f'ill]}]t‘h'_]‘\' across the mouth of the river, Tho 017
by wi ids n.:lu_r 1 more southerly in direction, such is the tendency of that l:c-l
11(--|"r’|--‘1 ;M 'l.\ "-.“ .”E'h 15 in deep water to travel faster than its inshore end .tiji:lflt(ﬂf:
P.:jr,i :\(l: . : :”(1]”]“']“{ [‘ml upon the coast approximately normal to the line :xal'rJillin y
Nm-}] .(.] (‘ml. A;nr the cape. }In-n«_-_v, a vessel going out is head on to the *e‘t‘]in thg
the ;-,1- I'I-”;“ ; and m_"‘!l'lxlf]n'_nn in the South. This would seem to the ad;a‘nﬁwe %
i, -r]{u 1 JM' :Eu;rr is a r‘t_ﬂ].\‘liil']'.‘l.IHlll which generally makes it the reverse na(n’;ele
l;.-: .‘1 .‘\]l_-;\l 1{:1'1;_11};: heavily requires much more water under her to insure ﬂwaiug‘;
Striking than if she were rolling. Partly, perhaps, from this reas '1‘ Ts
account of the shoal at the i : : i ¢ S
o e 16 1nner end of the North Channel, the South, asstated above,
b 16 one in general use. As an additional reason, I am inclined o think from my
: 1]1 1.,\!_rl-]_1|']!l‘;' and what ‘I could learn from others, that the sea is generally not quite
]:;\ :i_‘:‘\ y 1]n "'I".Ih"".[h“U”“”“'"‘! the Middle Sands forming, as it Wc]‘e,bzi kind of
eakwater; while, finally, it is the more direct way for t of 1 i
reakwat \ 3 b W r most of the traffic
river which seeks to go to the sonth. 3 e
Mafacilitata 8. onrmt o - : 1
To facilitate a comparison, the 18-foot curves, which may be considered as the deter-
nnlln;lg_]tlu':lul the bar, have been plotted over each other from the surveys of 1376
and 1578, They are shown in the tracing transmitted herewith, An examination

shows the following to be the principal changes whi r i
g al change: :h have taken plac X
E oo 1 I ges which have taken p]ace.duuug the

Ist. Clatsop Spit has extended nearly a quarter of a mile in a northwesterly direc-
tion toward the elbow in the Middle Sands, and has been largely cut away on its waét
ern H:(!(j. or that toward the South Channel. T v ) :

2d. The western end of Sand Island has made to the north and west toward Ca pe
Hancock nearly the same distance. ;

_ 3d. That portion of the Middle Sands lying east and west has moved north about
600 teet and slightly decreased in width, §

4th. The part lying north and sonth has made considerably to the south and east:
ﬂl_;ﬂ‘ 18 to say, over toward Clatsop Spit. y :

oth. Peacock Spit has worn away to the north moere than the Middle Sands have
moved in the same direction, and, consequently, the outer part of the North Channel
lliifs‘ 1il-l:l‘rr|u- straighter and wider, ;

6th. The inner part of the North Channel, north of Sand Island, has narrowed per-
ceptibly and shoaled up nearly 3 feet in some places, while its outer portion is deeper
0"_1':' the bar by about the same amount.

7th, In consequence of the erosion of the west side of Clatsop Spit and the exten-
5lon southeast of the Middle Sands, the main course of the South Channel has been
d-jn.q-n-'{ considerably to the east or bent back upon itself. Though the minimum
Width of that channel, between the south end of the sandsand the spit, remains about
the same as in 1876 (4 nautical mile), its axis has shifted at that point fully half a mile
10 the east. The ruling depth over the bar remains about the same, but the later sur-

Ing-vessels are sometimes
Ce 10 cross, is the tremen-
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T« y hence over this neck in 1d have been necessary had they
o Cha.n}i_ﬂ all}lj l‘\'i'-"ll the steam towage which would have been
enabled to dispense witi e 8 to the north around the cape. ot
been obliced to malke the turn up to the n D A it b Gy tho e
E nvo Therefore, I think, be safely asserted, that SIS of a new channel connect-
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ency of all the changes has : anees over the Middle Sands. ugl 2
i)nn‘. the present morth and south vn‘ruun; S []1\‘;11 omplex causes which are at work.
ich se cnowledge of the ¢ e RS R
CUTHS? ety bh]'.h - 'ml:\l!!\lml"“ ]]:{l‘;wl it is certainly not unlikely to oceur, and
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to predict that such 2 ( 06 Wi o S ey L
B e ”!{ > . Iy temporary in its character there is little
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channel width between its end and EHI'H’[]HI.‘I!H[I 18 lllttli'i].'ill”‘ e b
form of the Middle Sands 'Hl_('l'(.’ ]“.m been a lz.n‘l“-l‘i]'n‘]'. k.- '1!(1?‘-[17»0!\]‘si-l"ilt‘.lll‘.:' in a centle
i by a SHgllﬂ.\'—lu:n'kf'd‘ elbow i the H:I!MS, 14“( 1 -_i':ni-n-illjn- a de ep lnn‘]ivi 01 oht,
curve to thesoutheast. We see now the two portions 1

oduce one chief
wres tend to produce one ¢

it »in general course, in :ll"iny:
making actually less than a right angle with each other ”il _,f .m. 1!‘:l1‘.:_=..:51:\”' i)
which their gonthern end, without much gain to .[].u: .\l!}lf‘l‘.“ I.‘.l-t-“r.,.\“ -‘; R
Clatsop Spit until the sontheastern h'l:_nt (.st_1_]u- 18-foot ¢ la.l.\!11 11311-1\\"!':’11 l;iu-m‘ o
nearer the light on Point Adams than in 1868; while the \\;1. 1“.”‘_ B
on the sands and spit has narrowed from nearly 2 to less than 4 of a
e o 5 :
he southern end of the sands. : : ; ) g e
- The effect of this bending in of the course of the .\_un[l_xt{ ]].HJI.I-E] is l"[-r”:-!-'mt A e
the depth. In 1868 there was a good 4 fathoms over the bar; wl.c{.\ .[[1-1'1|lu;u1:- it
Fui‘]iiw_\‘ at Peacock Spit, we find that it has been cut away to the no
our 5 of « j lce '](‘ . . + ag
three-fourths of a nautical mue, : as deepened a little: its width has
Since 1868 the outer part of the North Channel has des pened a little;
not materially changed. : P R e
The minor portion, north of Sand Island, has a good deal less water in it
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1873
then ; while in the earlier chart we f
@ earlier chart we find no traee isti i
uul;;-]m}, over which there was then 31 fathoms > o8 theshioalnoy PisERG Bttt in-
All these facts seem to shotv, therefore, that. i i
tonte have by 1ok il 1erefore, that the direction and effect of the move-
e heen “‘-]1.] .“_ ¥ the same for the last, ten years as during the past two
81011, - OLIET as a snooest) rant rhi G 5
s o oo e Suggestion the advantage which would arise from
since the expenditur '1 g H!JtlJ bar each spring, T4 need not be a detailed survey
sine Apenditnre of MU and a week or ten dave i ffico in’a
Yery good i exim;:g s i ten days’ time would suffice to Zain a
Such an examination indepe i i
8 b ; ‘pendently of its ng 3
of great advantage to commerce, 7 At G0t che Biaces Wouldds
No one familiar witl the shifti P
as an aid to navigation, ip g 1131-11;}}115'133%“1‘? ﬂ{f Tt;}ilese sl Rl
g lon, in a mg ade hefor ¢ PTevious season of winter wales
Rasperttully s ; © Previous season of winter gales,

5 SFACLH. *PAavson,
AR s First Lieutenant of Engineers,
Corps of Engineers, U, 8, 4.

CURRENT OBSERVATIONS AT THE MOUTH OF THE COLUMBIA RIVER, OREGON, DURING
SEPTEMBER AND OCTOBER, 1878 .

During the survey there was but little opportunit;
every hour of favorable weather being necessaril
vantage was taken, however, of a fow days whe
work, by finding the buoys and making the obse
conrse, imperfect and fragmentary, servine lit
the direction of the main flood and ebh cn?ru

The measurements were made
Coast Survey, They were eyling
diameter; the UpPpPer one ter
coned only at the top

¥ for current observations, almost
¥ used by the sounding parties. Aq-
n the smoke was too dense for other

rvations at them. The results are, of
tle other purpose than that of showing
; nts at the stations occupied, iz
with double cans of the size and form used in the

nders of galvanized iron, 13 inches long by 11 inches in
terminated by two cones, 6 inches in altitude: the lower
11 ; and having its base a plane. :
. The vertices of the cones at the bottom of the upper and top of the lower ¢
Joined by a cord, the combination was weighted by gravel till it floatec
of the uppermost cone at the water’s surface. Each can then presen
section to the action of the current, and the theory is, in CONSEquenc
will move with a velocity whichis a mean of those in which the upp
find themselves,

Thus, calling the surface velocity g,

required subsurface velocity z,

an being
ated with the base
ted the same cross-
e, the combination
er and lower cones

the velocity of the connected cans b, and the
we shall have b = ﬂ_Qj and 2= —gq,

The cans were logged from the stern of the steamer,
termined for each observation by a pole about 6 feet lon
in the water, and also logged. '

Though this method is open tomany ohjections, it was the only one which could be
resorted to, since it was, of course, impossible to observe free floats from stations on
shore, while the roughness of the water prevented the use of meters.

The points oceupied are plotted on the tracing marked A.

_The conrse and velocity of the surface current at each are
time of observations on the tracin marked from 1 to 8,

Measurements were only made at the surface and gre

nected cans would run out withor
The following is a brief

and the surface velocity de-
g, weighted to stand upright

shown throughout the
inclusive,

atest depth at which the con-
1t touching.

description of the results at the several stations :

Black Buoy off Stevens's T ‘harf, September 11.—Period of observation: flood, 2 hours
; ebb, 4 hours, ed into the deep channel alone
the shore from Stevens's Wharfto Tanzy Point. Magnetic direction from east by sonth
to east-sontheast. The main ebbis nearly exactly opposite, setting toward the eastern
end of Sand Island. Magnetic direction west-northwest. But little ebb passed over
Clatsop Spit. High-water at Cape Hancock at 12 m. 6.5 feet above mean ]ow—wa‘ter,
but the tide did not begin to turn at station till 30 minutes later, No slack, the cur-
rent swinging gradually round by the north. Maximum flood velocity at surface, 5.6
feet per second ; maximum ebb, 4.8 feet. During the strength of the flood the diver-
gence between the surface and subsurface current was considerable, the former remain-
ing.to the right or south of the latter. The maximum angle was between 300 and 489,

During the first ebb the surface current remained at theright or north of subsurmc(_z,
the angle at one time reaching 30°, After the ebb began running full strength 1_2].[811‘
directions became identical. Throughout the day the surface current was cunsu}er-
ably st ronger than the subsurface, The turn of the tide took place at the same time
in hoth,

118 B

and 38 minutes The main flood is direct
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: 31 minutes. This day
‘ 5 ; ebh, 2 hours and 3 A !
e smtion.—F!f‘ﬂﬂs : 1]"‘1”{ ,ff;l‘ll"lﬂ the 111'1-(-(-t]IIIL!- _’l 1|lnl,"“|1|l‘:]|]l‘$1-.|1(]-:-l
same directions for flood, ebb, o t remained to the right of 1]w-h_nj-'h.l-('l'inll':\
phowed MI'“‘:. of the ebb, the surface eurren 11th During main ebh, their« ire i A
HE e i ras N0t 80 large as on ”_"l... eot above mean low-water. Surface
but the di\'l’_‘l‘,‘,‘,‘h]]ftel\\{l." ater at cape at 1.15, 7 feet ‘{1I it ot v liles .
same. High-water at cape ab 2.9 m 8 later, 2
e Hl?j ] £.50; (he subiuriate shout 1 the time less than surface.
to turn at 1.50, : Jubsurface all the > of
current began A 1 ebb, b feet, Sub: and 10 minutes, Direction
current, 4.8 feet. \Maniql(};:ll ebb to flood and ebb 4 hm:\ysd;u  aing woLth risHanig

S mber 23.—Turn fr ch b / ‘0 davs. No divergence i B

September 93 ‘1']1“:-111]“:, as in preceding tw n_d.l)-":, ter at eape 10 a. m., 6.1 1,.[.1‘[\1....“,
turn and main ebb same : face currents. High-water Ao it Tl et

surface and snbsurfac e Aing nt anifane by ute
LRy Turn 30 minutes later, preced Subsurface velocity always the lesser.
b IOW'WMCL:“, at surface 5 feet per et T : Fll;ml 4 hours and 22 minutes;
M;:mnuu;l ‘;.‘lloi}i.{(f 'Phﬂ-“”l’r buoy east of ‘sm.itirl H:f;f” ;l set directly toward F(-:tl‘]‘ljlrm};-:h
September 12, At The first of the flood s ine its maximum veloeity,
; . 1 31 minutes. 5 .0 till after reaching its m: L i
ebb, 2 hours an h, and continued so till o Bt portem i 7 )
ast by north, a * before the turn, the current, sl I

Head, about east b} s and a half before the : &

: During the hour and a h:  the river, about east by sou s 3
E.E_ﬂ:et. 1)111‘11;(1‘1&[_(i toward the middle of _‘fllr l‘ll“ IL ;:11“11| Jow-water, The turn be ;_m!
Wlﬁ].erl“ af:t(u s ch0 s bl h.{;ltw:la J((,l\llll\il--‘\\\'ih"'ill,‘: around \'\'lqllml' =1:;.\

o Ay ace by the south, the course s ging vont B Doedh
ok place by ittt rection, about west by - north,
abipatlp. m.and fook 1 he ebb had reached its main direction, : -elocity of 5.6 feet
absolute slack. At 2.30 the t& observations, attaining a maximum ¥ ]
h i -lose of observs s, atte ‘
ich it held till the close o : G
W}lngc:'ntn]d : Tent at 18 feet was rn|1.~‘1|1p1-§1h1_\ we 'ﬂ\.( I %'];:]u[].
P'-%ﬁmucrhout the day, the suhsnr}fnge (,;1_11](1‘1\! ‘;f e Diiniihs };N. "_htf["
o h(lﬂh giEcEa Blek M Yo e 1ous divergence, the surtace
e Smaea, They i r very well marked or continuons g oo, DR
Vi t there being any ver, : f the river than the subsurface. ' 1
flood, v lt.l}luéiiﬂ.h‘a more toward the middle of the river t
GoIEOnh Wt b their courses were identical. : ; o and 10 sinndes bl
gl A cbb fhel ’ ] [.—Flood, 3 hours an ohb
m%‘gpmubc)‘ 2Dl oy de Norlh L?]e;nm{ the coarse of the ebb was about \-} est 13.t
y Lty For the first hour th ATROsDL ML 4 thon shifsed 1o wesk
hours and 50 minutes. 2 it i o ifted to wes
ackening from the maximum 2. : ing suddenly back to west-soutlwest,
south, slackening A ; 30 minutes, changing suddenly b: 1250 .
o t direction for 30 5, g1 Ten minutes later, at 12.:
and retained tha et e s e ) 5, st
ekl s, slackening graduall; snt 6E-4 ook and Suimediab
L e r west, with a feeble current o y & the ebb
g rse was sonth by west, v a fe e e b 1030 henss thdE
m,, the course w ible. It was low-water at the cape ¢ ] car

S g perceptible. It was I oy Rotont i
e Ly bocoine 1D 9 s afterward. At 1 p. m. there wa » last ebb,
Sunned i “T}m}ﬂlan;rh:)‘rm;{fwt]\- in an opposite direction to the last ebb,

5 i 1 by east, xact]} a
9L 9 Sobl, MOyIng Horil & 7 ten minutes. e 3112 vhen
s prec(]eedle-d = P{\aﬁl\%li?oit‘ﬂ; southward, increasing all the “ihﬂ'? tlsl (,??:’: "

rorked gradually o oE = n veloeity, 1. 2ot
g e e
el 5. At 4 the flood begs S EapICHE & g
was high-water at the cape at 4.15 t of only 5 feet was running a little to the W e]
nd at 4.15 the last feeble flood current of ¢ e At the last ebb, Throughout the
31' south, or almost precisely in the same E-tllll.‘L?lll.ll‘Q;'l;’__.“{ AN lasEl o ihE surface, and
first of t-ile obhgervations the subsurface \‘e‘.lucnl-_\ at 25 ..l“ lf;\"uh*nt e Ve behavkon 8
I'Sll 2. 1. it became imperceptible. Soon after it 111,(.1]"1(;“"”' though it was not pos-
ge cnﬁs tilat the young flood was ma.kmg }{]lfﬂoug -{i};.t Joof tliinw\‘ b et
sible cto‘measure ifs course nor \-glomt‘\'. llm:, cnnr.; .mnm e ‘-'tl.'l‘.l-l‘-tll:lf T
surface current changed, as (!e-scrﬂ.)_ccl ;1_l:m'e_. W hm{ if (.(f\_‘::('t m“.“.h st nnrm:ll
made a large angle (nearly 80°) with it, and h'st in resilin fSmeataisar. L
direction, In about an hour the surf;l}rc current working
f ) ir courses remained the same, : ; & finfaten
an.gei}i;;:i;c}-l ‘1316 B‘lrr{.aﬁon B.—Flood, 5 hours and 38 minufes ; Er'l.h,& ?}l:ll‘ll '11;1):1 )é ls 50, the
: [y S e raQ T ) il Y CF H :
‘I‘helohservati;ms began at9a. m. T h?u‘;;h.lt. was I]oi\m}\ ‘:: [;t by Py
surface-ebh continued running out till 9.20; (-mu?a.,fi e iilag sorag flsd e
From then till 10 a. m. it was slackwater at th'(_' ;u}‘ .1([“‘]1(‘1”[l T o
to set in east by north. It eontinued to run\ wit, 2 a geadal fhen hecoming silAk
till 2.30 p. m., reaching a maximum Gi[; 3? fat,et]]nr( ?:u e )
at ti igh-we 5 p. m,, 6.9 feet above mes -water. e
at that time. High-water 1.45 p ; .  Itetwas MImning i o g Eral 0T
of the ebb began south by west, and ten mu?ute_h ll.Jltt I \\ﬁilznrls R S
of west-southwest, which it kepttill the close nilu Serva 8 ),

ime i i relocity of 6.7 feet per second. e

tlf{l‘?llts Tﬁhxﬁﬁ-ﬁggﬁ‘gﬁeﬁf at 9 '3{1? with an ebb of 1.3 feet at the surface, f‘?lf]:litliq ;
o unning i cly site direction, northeast,
A i I"mllmllg 111;10& “‘r]' al::[‘iriiibllﬁpl]?)[;ll: the same swiftness and
i veloei 2.7 feet econd. It continue : s sattle o
with a velocity of 2.7 feet persec L ) D A
direction through the surface, slack, and till t]};au]n\tf't‘flil{{'}]l:'nﬁ:]llll['f:if'l‘, Hetng st
flood surface currents made a large angle (some )‘ i B D
in direoti h inferior in swiftness. This continued ti .y W 4
south in direction and much inferior in s o b e e
subsurface got to the southward of the surface, Temain i B b
ing angle, and with higher velocity, till the second sur A]Lrt‘h.{.;1 ‘:ﬁ‘('l‘ e el
surface continued to run 1100{1.&1' 30 minuntes ]fmgul,_ ‘-l‘mt'ou n, .thc T tace flon ik
than 10 minutes, began ebb with exactly the same directi

September 13, sa
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considerably inferiop velocity, Ttke ini :

; . ¥ Pt gaining, however and at3.10
th;m‘t-]ll'jl__ll'r:l(‘(‘_. which state of ,'lﬂ‘:lil‘srl,:()ntilﬁl,(’ﬂ until at the close
running 7.0 fee ber second, a surfaco current of only 6.7 feet,

},Srp;‘ru;fu‘i ll]J, bn’rf!imlf {(l..zabllom], Bl l;nurs 30 minutes ebb, 1 hour ang 30 minntes. The
observations began at 9. during the last of the ebb, low- & b :
occurred more thad an hoyy before that tin ) o fudle el =5

18, The course of the surface-current wag
west by south. At 10 g, m. it became slack, and remained ) :
flood began to

: : 80 i1l 10.30, when the first
flsod /0 run northeast lyy east; from 10,40 g, m, to 3 p.m. it varied in direction
etween east by north and east by south, reaching at 12.50 its maximum of 3.46 feet
per second. High-w ater at Cape 2.45 D. m., 6.7 feet above mean low-water. At 3.10
P. . 1t began to swing about by the south, withont any perceptible slack, and at
aximum ebh direction (sonthwest), which it held with Temark.
le close of obser rations at 4.30, attaining g maximum velocity of
.6 feet per second at that time, 5
In the morning, during the Jast of the surface-ebb and slack, preceding the change
to flood, there was evidently a subsnrface flood-current at 50 fee , but not strong enough
for measurement with the cans. ‘When the surface first began to flood, it made alarge
angle with the subsurface, the latter being to the southward and considerably swifter.,
In less than half an houy their courses became the same, and soon after the surface-
current became the mope Tapid.
When the surface began to change to ebb, the subsurface showed a tendency to pre
Serve 1ts original course, and followed after it with a divergence varying from 20° to
30° to the eastward, and & much lower velocity. g

Sr];f(‘ﬁ{i"ni' 19, Station D.—Flood, 5 honrs 30 minutes ; ebb, 2 hours 3 minutes. The
observations were begun on the Jast of the ebb. TLow-water at Capeat 9 a.m. TFrom
9t0 10 a. m. the Surface-current ran west 3 south, with velocity decreasing from 3.2
feet to 1.9 feet per second, Between 10 and 11 a, m. it worked gradually from west to
northwest, falling to 2 feet per second, From 11 to 11.20, over 2 hours affer low-water,
it was slack, At 11.90 the first flood began in nearly an opposite direction to the last
ebb, namely, southeast by south., From then till 11.50 it worked steadily north, run-
ning at that time northeast by east, It then settled back fo its main direction, abont
due east, and reached its maximum velocity of 2 feet per second at 2.10 p. m, High
Water at Cape at 2.45; 6.7 foet above mean low-water at 2.40., The current began to
veer irregularly around to the south, decreasing to 1 foot persecond, at 4.10 p, m, At
4.30 its velocity had increased to 1.3 feet per second, and its course had hecome due
south. Hence there was no actual stand, since the Jast direction vas, evidently, the
first of the ebh. From 9to 920 a. m. the surface and 26 feef subsurface were the
same in direction, At 9,30 the subsurface had begun to feel the influence of the flood
and had moved off to the north, so as to make, with the surface, an angle of about 400,
This divergence continued to increase until the surface became slack, when the sub-
surface was running about northeast with a velocity of 1 foot per second,

Throughout the whole strength of the flood, the direction of the surface and sub-
surface currents remained nearly at right angles with each other; that is, while the
surface-flood coming in over the Middle Sands was running directly into the mouth of
the river, the subsurface b, coming up through the south channel, was flowing
northeast into the deep water south of Sand Island.

When the surface-
still maint
to increase

Was again swiffer

i per second, with of the day it was

3.50 had reached its m
able steadiness til] the

flood began to turn to the sonth the subsurface cu
aining its divergence, until the
:, when their coun
Respectfully submitted,

rrent followed,
former had become definitely ebb and begun
ses suddenly became identical,

A. H. Paysox,
First Lieutenant of Engineers.




