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surface from points in and near the guleh to the erevices in the
rock and a glight fall from the rock craviees 0 the gege. Ble-
vationg wers ifaken with s hand level, and the flood erests, as

witnesssd by the different marks, were unceriain within a few

{al THe Indian tradition an¢ the bark in the crevice
of the rock indiezte that the flood which made ihe
faint high water line was the flcod of 1815.
2. The highest flood sand on the ground in the gulch marks
the crest of the maximum £locd in thousands of years.

{a) The hishest of the flood sand ma

L
E‘%
By
b
=2
7}
1o
Ly
o
w0
et

of the flood of 1815, or it may mark the creast of
gome older flood., If en older flocd, it could havs
been but 1ittle more tham O.5 £o0t higher than the
flood of 1815.

! The eonclugsion 1s thset the flcod of 18515 reachsd EOfﬁ feet,

. and thst possibly an earliePeicad (or floods) reached 2 gzage
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3 = breadth of echammsl at cross section in fsset.
C - Coefficient of roughness in Chsezy's formula.
B g sscetions of chamnel, or dictance

= Distance betwsen
batwesn slope st

i
oy
»
M
[}
)
&
[0)]
Ly
il
i
[
1)
o
€3
¢
&
g"-
5

accelars cﬁkaf gravity 3

I

£

of water or difference in slesvation of water surface
ééﬁws&a twe points in fast.

n = gosfficient of roughpnegs in Zudter's formuls,

2 = watted perimstsr of cross section ¢f ehannel in faet.

3 = AV = gquantity of water psssing any ziven zcint in cubie
feet per second.

L

B - A/7 - hydraulic radius of cross sectisn ¢f channel.

]

surfacs slope of water surfacs,

£
it
J‘.‘.\T
L
}

¥ = average velo ﬂzt;

of
in feat psy second.

should be used
uriace slepe & h

valoeity is cc*“taﬂi. Priction slcpe ean rarely be
determined accursbely, =0 surisce slope 13 used in-
ét&ado ’

Hote.~- Theoredically, o
Friction slope and

1 N (u

ba=n computed by

s formulsze is used
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‘Beatiy's 3lough onening in Horthern Pacifiec grade.
e e )

t“"

H

Wooow
i

o B

U

O o« G o

- 270
= 290 {rough calculation)

4,560 = 16.
290 v

C.23

tt

140

0.23
140

. 001564

1

- 045 {estimated)

57

H

From Mead's "Water Zowsr", page 49.
8.5

4,560 x 8.5 = 38,800

Baatty's Slough always geis badly choked by drift during

floods, snd will not dischargs as-mueh.as under open conditions

assumed in computations. .Astimate diééhargé%gs«S0,0GD?%echd-feett
(2

B kg e

& <

Slough opening through Northern Pacifie
railread grade, near Sedro %Woolley. - ¢

2,450
287
240 (rough caleculation)
2,450 = 1
=535 10
.00164 (From slcpe at Beatty's Slough opening).
= 050 {estimated)

niv uu

H

- 47 )
= B/ (From Mead's"Water Bfwer", page 49.
= 2,450 = 5.7 = 14,000 ’
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£ flow through alough openings at
ern Zacific grade.

(i

South Slough = 13,000
Bealtty's Sicugh = 30,000
Horth Slough = 14,000

57,000

7,000 Beatty's 3lcugh discharge at
County highway bridge.

50,000 . Discharge not accounted for inm
rating curve for river and Beatiy's
Slough chamelis at County road.
The 1917 floocd was nearly the same height as the 1921 flood.
It is‘estimatad.thataavezflow discharge was 50,000 second-feet in
1317 as well as 1321. The sddition of this overflow discharge,
‘thersfors, deisrmines a »oint om the true rating curves for 1917
and 1%21. These points are 50,000 second-feet to the right of

points at same gage height on each of these flood curves for the

"main channel and Beatty's Slough.
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SKAGIT RIVER NEAR SEDRO WOOLLEY

Revision 1908-1922
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s 1 e 17 - el Bes
1l9CE=1822. 2ile 913,
Szaglt Ziver at dedrsc .cellisys; Davision 1000-1022.
~
W o "f/
3, , T 1N 4 2 2 3 “p ki T ) =
LhBervVeY Se~ a7 1, 106t 1o september 2B, 1910, Be O Joeds {killed
1wy 3 K R ed] P -] - -~ A b
Zeptembey 2y 191%) continuocus record; cne ¢f tre best chaarvers
K4 2 ¥ &
in the dlstriat.

sgotember 28 to Lacsmber
get roadinga éaring ice parisd
ha very conscienticus hewever.

Pebrusry 1, 1921 to date, . ¥. Cale; carsful and conscisn-
ziaas ghuerver. IFrior to lJovembsr 2Z, 1222 he made the resdings
20r ths Horthern Pacific Railway Company. Sinece that date he has
been omployed by skagzit Tuizzj.;

&)
%]
5]
ih
(2]
ok
£y
2
2 o
<
e
(]
1]
»
fod
%
i
i3]

ice in channel Feb
.:s Lh ey
daring gﬁ“ of
a 3 ¥ v 1, 1308. .
v gd out g Lovembe Jovember 22
G, t peoselbly duri ne & % vember 24, liew
staff installed by observer to datum given Dy arny Zngineers.

sgptember 25, 13210 a -am;srary staf? was installed dy T. G,
2aulsen on & dolprhin in center of river on downstresn side of one
of a group of piles aboul 50 feet above tiird congrese pisxr of
railway bridge from left bank. This eempararg Suﬁff wag used for
gage heights bel.w 37.00 faetl dus to water not reaching oléd gage
sat*s*actsril". Jeptember 27, 19167 a chain gage was insialled by
de 2. 3tewart and readings discontinued on cold staff and temacrary
staff ga&es. Jeptember 25, 191¥ a vertical gtaf?d wag installed
by J. Zelombs on upsirean inshore gide 0f highway bridge aW'ggan
rest. This gage was abouot 1,500 feet above previcus gages &

railway bridge.

e

Gage-ineight record.- Contlnucus from “ay i, 1908 to Beptembsr 2, 1319
romn September 25 “to lecember 31, 1919 (exceont when siage-dis- .

7 i
charge rolation was affectsd 53 iae,} and from February 1, 15281
to Jespltember 30, 1922.

”»
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er 3 03 el

to 1909, 1317, =& 1921 high water marike at ths
RE: 1,200 feet upsiresn from the Isrthsrn Faeifie
ate that possidly the staff zage was re-insial led
20t nigher datun than prior to
was 1.2 %szet sbove the 19217 %1lood
G

Zaneh, md the

-

R
G e k0§

e ok

Lo

T ific staff. 1th uncio nged gtage dimchsrge relstion,
e ze helght should then be £5.57at the lortharn Faeific
ta '« There ls, however, fair confirmntion »f the ob~
87 509 -%eadiagz of E6.58t an »ld siz-~foot cedar tree on
ne gide of Beatty's Zlough, just downstrsan firon th

Far zcific grade, 2nd agsrly opposite the Torthemrn
LB alf F22e. At ths eadar tre:s, the 1309"Tlond erest
7as n3t 1.97%set above the 1921 Mark. The 1909 md in
the a8 nearly gone, esgecislly near the f{lood erest, so
thn zact crest was hard i deternine. assuning the 1309
; e 1.2"Feet abova the 1921°FTlood, the gase heizht
5,2"Teet., Tith the tremendous surge during the 1909
“Zaat 4iffarence, between the ohserver's rescding and
n te baged on the gedar tree, iz olose enouzh agreenent.
s > at the “art mack of 1909 “2nd 19217%1cod creats to
gh two erests at the Larthern Iacific sisff) and also
th erable variztion in the diffarencs botwesn 1809 a4 15231
at md the cedar tree, may be dus sntirsly t» two causes,
a8 8: Vv

1.7 ~risr {2 1911 the river flowed zround Sterliang 3end in
4 auen immger channel then thereafter, Hance the slone nast the
gaze wouldé be lees than for the 19217 %lood.

2. ZChoking effect of the Yorthern Imcifiec brid ge was great-
or during the 1909“%han &nd ng later floods becsuse of the great-
er discharge. Log jams in ZBeatty's slough 2nd sloughs south of
the river also caused more obstruction than other floods.”

52 ‘ 2 3 w
The two causes mgntionel would make the slope in 1921 mmeh
greater than in 1909, Cause ¥o. 2 “hould nake the 2ifference be~

tween 19097and 1921 %loods gzrester just above the YNorthern Facific

snbankment than just below it. The differencs downstrasan Zrom
the rthern Fagific eabsnkont was at lesst 1.9'Tect. If we
estinate the difference ts bs 2.2 Teet upnstrean from the smbank-
zent, 2ad add 2.27to the 54.3"Teet {gasze neizht of 1921°flood) we
have the E§.5"Teet ziven by the observer far the 1509 £1snd.

Tha obssrver W8S Yery wsliabdle and ¢aonsclentious, and the data

- 4 . .
at the cedsr tree ne=rly confirws his readings. It iz deemed best

therefore ,to acgept nis readin

8w}

*

& a8 caoarreet, and to assume that the
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stalled earfectly in Decenber 19'2);«}"*{" the same datw
osr to the 1309 fload. ’ - ame datun

e 3

Levels have been tsken ag follows:

2A



Corrections necessary to gage heiphts

AR

indicated by levels.
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£9.00¢
by oY
BE7 .40

el y
t/

£57.00

56.30"

56 .00+
55,81
56,007
54,00
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48,77
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4%, 28"
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~Graduatieons checked with

suppli®d on this basiss”
checksd with

ki

Graduat

ions

top and bottom.

steel

tape between

steel tape 35 lpmgzsg

Corrections in parentheses

4
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g-nelzht corrgedicns.~- Continued,

Gape heights have bheen c'r“ae?aé on the haslg of fhis
b= -

table as ligteu below. Consi eflﬂ: the fraguent changes in
rating these c¢orrscticns ars scarcely warranted bud ug9 & 18y
wera applisd whsn origiual computations wers mads the sams
correciions were used in the revised computatiocna, =7
Pgricd Correction Zarksr used
191567
399;.27;¥vv 1 0,00 20
Hovae LlEsdan. 19 - - ‘{-}2 30 ,
1917 - .
00- Yareh 317 - D4 30
;mﬁgzz*” ~ 05~ 40
2‘1"::3.@& £ haad 108 :‘):
t}'-“u*'. 15; - - Qagv S0
UE 16-Dec. 13 0.C0" 36
lec. l4-Dlec. 21 T, 04" Aol
lac. 28-Dec. 27 G.00" 30°
:‘ﬁ"t 2;;1660 28 *»a’;' ‘l{.}
December 307 T L0D 50°
Jecember 31 T o4 &a”
1318° B
January 1 T .05 519]
Jsnuary £2-9 *.Gé 4G
sanusry 10-17 co” S0
5&2113“?:;7 i8 ?.O*fx &0
January 19-Mar. 24 C.0C" 30
llareh 25~ ?;35” 407
A & 3 - 037 30
*\33; 40
- 04 3¢
v oh 407
—-a 057 5100
Q{:C G»
.00 207
~a 527 510l
-e04 30
- 05 30
Jo gorrections made afler Loizter 4. Joge L02 long
Pedruary 8, 1919 and corrscted, IHrror ceonsidered negliglh
Chain langth C.K. 4pril 20, 1220, indicating no correction
during spring and swmmer of 19138.-

For the sake of conveanlence observed gage heights were
ged fact vhen entered or 9-1922; slso rating eurve
and tables vwers made out on same basis.

.
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Zating.~ ZDatwesn Jdune 12, 1908 and dJanuary 22, 1923, eighty ona
dlgeharge measurements {a=-D and 1-767 lneluding,534) have bean
made. Measuremcnis are falrly well digtributed ovsr ithe per-
icg asugust 26, 1910-%o 3eptember 1913¢ un fhe othsr hand there
were noc measurements made d.xring the pericds Hovember 6,7 1308,
to Angust EE,VlBlQ”ané Japtaember 20, 191927 to loveubsr 20, 19228,
lack of measurements daring the last pesricd named was dus 4c

£
diseontinuancs of the siation.”

the ©ild rating a gericus error was dls-

d ”*vemhsr 3G, izgve t¢ Iscember 31, 1310.

flow in the 3kagit Hiver makes it ceris

3=r aextensicn 2Ff all the ©14 curves ara

3 in curves were also nolticeadbls, due
data being availiabls at the time curves

In Xlooking over
covered for the pe

0l at this staticn 1s kaoown %c be sh ift-
£, b ing ¢f some of the nmeasuremenis seemed %o
dicate 1ih he %rcuble might lay in the dischﬁrgﬂ
measursmsnta themgelves. Sxamination of a few measurements nmade
it elear that s8l1 measuremsnts should be gone ithrzugh sysﬁ*m&tzc~
ally andé examined along the following lines:V

¥

1. if soundings ave not taken ses that
was used. 7

2. 1If .2 and «8 methcd not used corPect eccafficients %c 88
percent for 0.2 velocities and 90 percent for sub-surface vel-
ceitisg. These coefficionits ars the regulta of aty ﬁisS by

Js 3. 3tewart in Decembsr, 1322, &9 percent might have bean a

[

Woe e
1ittle bstier for surface wvelocitias. ©

3. 1If Beatty's slough noet measured check amount, if any,
added fur it. Leasursments Hos. 15-15"had been plotted withouat
adding anything for Beatiy's slough. v

4. 3ee that decimal point et in error for guantities near
plerse o

5. Chéck unchecked, ovartly checked and self checked poas-
uroments.

8. Correct measursmsnis for non-standard hanging of metsrs
in reﬁvtian tc weights. Tha correction of errcrs found made the
measurenents line up very much better and rade some unexpected
changes in 1ﬁzar§ra*atioﬂ of rating curves.

”
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[

Rating.- ontinuad,

Heagurements 4~D were made by the army Ingineers hd “ula»
ing the meter &% what they termed "top, middle, anad bottom.”
Zop and bottom meant one foot from the t0p and Lntd““ “esaﬁcu-
ively while niddie mesnt mid depth. In case the walsy wss 27

. feet deep all thres readings were Iin ihs aam*" and the ra=-
sulting mean veloeldy woaid ba too great. Jipers the walsr was
2C feat deep the mean of the itop, middle, md botiom would
probably be somewhat low. The correction worksed out for the
mgasursmentis by 7. F. Honshaw have bogn ac'aytad ag being as
good as oiher doubtful features of the measuremsnts warcanth.
These other festures are:”

l’r‘

ls lsagurcmenta made from fsrr? Jurvay experience 1s
that Doat measurements sre unsatisg ¢ '

2. eter rating unknown.

3¢ Hethod & d sgecuracy of cobiaining

The curve iz falrly 9%‘1 daefined balow ecnd-~Pged
and apnlliecable iay 1, 1908-tc Hovember I0, ing table
v 4. Ce Baldwin datsd 3 1%-25. szeouraey of ischarpe
ahout D. Publish monitnly wvalpes only ilsy Jep tember

30,7 19094
o - )
leasurements l-J made duwring the fall of 19:C define the
curve sfter the shift of ZBovsmber 22 =30, 190%, Trnis 2Bift was
cauged by the greatest flocd on the 3kaglt at ledre wcollsy
gince the arrival of the whits man., It is Likely that this
£locd Eﬁ&”ly cut a channel thrﬁﬁmh Sterling Bend 7 b
. Horthern acific “ai¢wgg bridgs urd that other ! r
partly want acrcss this benu feliowin » the ilovs 15
flcod. *“his would account for the marked depariure o the
I

rizght 0f the upper portion of the curve badac ¢n l-3s ancthe
cauge of the marked shift e the right of the appsr portion of
the curve might be & cleaxing out of log Jams below the IJorthern
Zacifilc bLridge by the l%b?’floai. -~

slthough meassurenments 7»u cevvy only & small pertiom of
the total range of stage, ithe shape ¢f the curve is well out-
lined by the succeeding eurva. A gtudy of the erratic 11?%130
of measurements fellowi,g the 19217 Tlevd indicate thet dischargs
based on a curve through measnre:wnta 1-3"may be rather unreliable

¢r the month of December 1509 and January L1210, The curve is

a§sllcahle Sovember 30, 13097 tr Bovember 26{”131@, rating table
DY Ae C; B, is dated 3—76—“*
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Continue
Veaswements 4-10 define 4 curve which 1s well dsfluned ne-

: tween 4,0007and 70,000 seccud-feet and falrly well dsi' ned abovs
70,000 gge0 a?ufseb' curve is applicsadle Hevembar 215 13107 %o e
Yovembar 19,719%11 ¢ Raféag table by s. Ce 3By i dated 3-17-23.

vn Jovember 20, 1911 the river cut completely seross 3terling
Zend making s decidsd shartening of ths regular chamnnel below the
gtation. his resulied in e marked change in tie rating. aftar
tiis eut «ff the channel deepened at every small flood for ezactil

2 year and av iwo ’arge flcods affer that, ih: .arga floods being

°F o s ww ¥ W% Vi v » g e g g~
January 7, 1914 and april &, 191D,

;)

Heasprsmants 11 and 13, wizn ¢
cuyves outlineg o curve which ig Tail
devember 207 1911 to January 29, 12
ia datad 3-20-23a. This tgbls 1z %
ing ecurve, dated 3-20-Z33-above gag

K

22 and 22 cutline s curve fairly
w “t¢ Hovember 18,” 1912/ rsting tabls
by 5. 5. . 5 %#abls l1s the same as preceding
ete The change in low watler pari
apntg 18 and 13,
ize 15-17 cutline 2 enrve fairly well
8 ﬂaﬁe*‘er 19,71312 b0 Janusry a,”l?l@i Zatiaz
_C-2B-23.7 Tseble iz same as preceding table above

v 4
188% «

7, 1214 Tlcod, goest £leod betwaen Jovember 1902 ang e-
cember 1917.7 This Tlood 1nélcas 8 moatly a high water shift,
wrobably dua fo Wiéé“i”é he ghannel by cutting the dbanks at tha
Steriing Zend cuv off. The cutt ing of the banikg would have no
gffect on the low water curve., & siight grade reduetion in the 1ow
watar channel is shown, however, dY measurement 27.0

Zeasuraments 26 and 2? indicate the shift caused by the Jan.
the largas
2

T3y A Fom e . LI ] 1 3 H # 3 4 aantdanhyis
Ratling curve is falrly well defined and %3 applicadls
T 3y e v g - - ‘ (8% - - : ] 3 3
January 77%c November 2, 1214,° Zating table by = C. 3, is
datad 3~23-234.7
kS PO o Ly : r 34 ZEY dew Al manbha o 3 1 2 : % B
, Jgagurements 28-3C indicate & low water zhift caused by the
RE- 5 Ry - 2w 2 A Ay > L oy o . 4 -3 RN s
flood uf,gsvamaer I, 13140 dhls f£lc0d was not hizh sacugh o
e AL, e 3 % Pk e A Y R T o
aul the banks 30 1t iz safest o agsums eiaa “nis curve merges
r ot 2 n o s O Ee VS v o~ ey Dk A T
with curve through measurexent 267a% a falrly low gage teight.

. Dating curve falrly well defined and applicable Hevembsr 3, .
1914 to april 2,71915.  Zaiing table by <. C. 0. i dated B-23-2:3
and abovsa gage he .Lgf.ﬁ 9.0 i3 the same 33 ??ﬂﬁﬂ‘iiﬂt r&‘ﬁing table,
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'

«~ Continned.

ELQSETQan%E 51-53, a
shift caused by the spril
t at a2 medimm 35 £ .

curve is vell defined b X segewnc~foed
Ak aprii L?f 12157 % y 12918, Late e
3. dated G- 2 atgmﬁer 26,71815
916 “For gage heipzh 007angd abeve only.
& ¢;$¢a eﬂi iocaticn was used Tor slages
pericd
in the fall of l§15 watsr did not have T
gage. +ne uemgo*awg gtaf? gage was tharsfore
dolphin near 3 Gf tha rivez Haagurane
re”erreé 0 a ar uap to be asaé foz ﬁage
heighlts beilow 7. 1L ig well de’ined and is
applicable 3ep s: 315" %0 s ay 28,7 1915, Zating
table by 4. C. 3. dated suzz-zz.w”
urements 3C0-42 outline a ecurve 2858 .
no skifs bstween measuremsn =180 the
gtaff are st praciically th ihe GOl
waver gurround ing the gtaf? e ;e“ gaussg
n it %o be incomparable witl : Cther-
surements 20-38"would confirm the same ourve Veasure-
vigh ﬁa&eq such ag 38, 4547 4 used
ngeably for boih the chaln a: curve for
n gage is we““ Gefined and 1s apng 3 Lem 27,
i%;?”ﬁs december 18,7 191747 Zating %table By &, 0. ] g e~ﬁea

} v
he flood of Decsmber 19, 1917 caused a sm ow water
hift shown by measuremsnts 437 and 44¢ & rating curve has baer
ugsed which is defined alsc by measnrements 48253."and 1s applicable
Dacember 19v%0 29y 1917, Ruating %able by ». T. B. ip dated 3~87-231

The flood of Iecember 8
ghift probadbly due to dspos q i
angd gravel &% the lower and of 3 ing Zend eut off.
lower end of Jierliing dend cut off 1a the location of the break
in gradient bhetwsen the ste 8D vallcy gradient and the delta
gradient ss a consequance when the sﬁrezm ig igadad with materisl,
to its car Jing espacity 1m the upper ssction, it is fomed %o -
deposit st the bresk in gradisnt. <his material may have washed &
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