COUNTY OF SKAGIT
State of Washington
Office of County Engineer
-
sount Vernon, Washington
Kovember 25th, 1924.

We Jeo Barden, Colonel,
Corps of Zngineers
Wwar Department
Seattle, Washington.

Sir:

In compliance with the request of Mr. H., L. Willis, Chairman of the
Skagit River Improvement Committes, I have prepared a brief outline covering
two of the subjects upon which you desired information for your hearing Wed-
nesday, Lovember 26th, on the question 0f flood control of the Skagit River
system.

The two subjects upon which I have been requested to prepare data
are: First, the frequency, duration and heights of floods, ircluding area
subject to floods of different heights, and Second, suggestions as to the
methods considered most desirable for flood protection or prevention.

Before taking up these two subjects in detail, I wish to present
a brief resume of the work which has been carried on through my office along
the lines of solving the problem of flood control in this valley.

In the winter of 1922, immedistely following the flood of 1921, a
mass meeting was held in kount Vermon at which was formed a citizens committee
on tlood investigzation. To this committee in a large extent, must go the
credit for instigating and promoting the work which has dlready been done.
They appeared before the Board of County Commissioners and urged that a levy
of one mill be placed on the assessed valuation of Skagit County to provide a
fund in accordance with law, known as the River Improvement Fund. it was sti-
pulated at the time that this fund was to be used for the purpose of an in-
vestigation by competent engineers, into the past record of the floods in this
valley, a geological examination of the valley itself, and to gather such hy-
drographic data as was possible, in order that some comprehensive and practical
development could be undertaken $o as far as possible meet and successfully
cope with future floods and minimize their damage.

In gccordance with the wishes of this Citizens Committee above men-
tioned, a hydraulic engineer of wide reputation, Mr. James Z. Stewart, was
employed and in the fall of 1922 and the winter of 1923, he made & thorough
preliminary examination of the valley and river system, and his exhaustive re-
port is now on file in my office.

He has recommended, first that a flood warning system be installed;
second, that the diking off of the Nookachamps be delzyed; third, that certain

danger spots be protected; fourth, obtain additionsl hydrographic data; and
fifth, form a conservancy district.
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The first recommendation has not as yet been carrigd out. Chiefly
because of the limited funds at hand. The second recommendation has been car-
ried out. The third recommendation has to some extent been carried out. Drift
barriers have been built near Lyman, and a Jjetty built some little distance
below Lyman. The fourth recommendation we have been very active in fulfilling
because it is in direet line with the original wishes of the Citizens Committee
on flood control.

I will give you a brief outline of such work as we have done in
gathering additional hydrographic data. DBecause of the limited funds avail-
able in time past, such technical date as has been zathered in this vicinity,
has been very meager and calculations of stream flow are at best only an esti-
mete and accurate to within only 10 to 20%. The technical data so far gath-
ered, has been done entirely by the U. S. G. S. Department of Water Resources,
and they have had to rely upon intermitient gage readings, observations and
recollections of resicents, and more or less disconnected precipitation records.

Conssquently, in order to secure definite and accurate stream flow
records, it is necessary to install good reliable eguipment and take measure-
ments in a systematic manner, For this purpose and acting upon the recommenda-~
tion of Mr. Stewart, the Board of County Commissioners in the spring of 1924,
instructed the county engineer {0 proceed with the constructiorn of a suitable
installation for the purpose 0f gathering accurate stream flow records. with
a certain degree of collaboration with the District Zngineer, U. S. Gs S &
site for the installation was selected at what is known as "The Dalles" on the
Skagit River near Concrete. Two units were necessary in this installation. A
continuous sutomatic stage recorder was placed directly in the gorge known as
"The Dalles” and the second unit, & current metering and sounding station,
about one-half mile down stream from the first unit. Convenience of opsration
would meke it desirable that the two units be located in close proximity, but
a location which would best serve the purpose of the two units, could not be
found any closer together.

In the case of the sounding and metering urnit, it is necessary that
the measurements be taken on g section of the river where the cross-seciion
of tne river ig nearly uniform and the thread of the current =5 nearly straight
as possible so that the flow will be even and uniform at all stages of the river.
On the other hand, it is desirable in locating a stage recorder unit, thst it
be placed in a constricted opening so that the fluctuations of the river will
be exaggerated as much as possible, ~Ferhaps this can be more clearly stated
by saing that the more constiicted the opening, the greater will be the gage
height for a given discharge. Consequently the record of the automatic re-
corder will be more susceptible of accurate calculations from the rating
curve as developed at the metering station.

Construction of the metering unit consists of two timber towers rest-
ing on concrete foundations, one on either side of the river and slightly over
800 feet apart. These towers are about 46 feet high and over them is suspended
a one inch galvanized steel cable with the proper working stress and at the
proper navigable clearance as dictated by the war Department, U. 5. Army.
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ihe cable is graduated in five and ten foot lengths and permanently
marked and from it is suspended & small car in which the engineer making the
river meassurements, raises and lowers his current meter and sounds and measures
the depth and velocity of the siream. Lhe meter used is a Gurley, renta iead,
Type #5627 opd has been callabrated by the United States Department of weights
and iMeasures.

At this station will be made from time to time, depending upon the
stage of tre river, camplete measurements of stream fiow. It will tske approxi-
mately a dzy to make a complete measurement of the river and such measurement
will disclose the siream flow for that given gage height.

In the course of time when measurements have beer made on all of
the various gage heights of the river, the stream flow of the various gage
heights can be platted and connected together by a graph and will then make
what is knmown &s & rating curve. With this rating curve, it is 2 simple matier
to determine the stream flow or discharge in second feet for any gage height
of the river. And with the record of the automatic stage recorder, the ysarly
discharge Or average discharge for any day, week, or month, can be readily com-
puted. 4 Stevens Type A continuous recorder is a simple instrument which is
operated by a clock and & counter bzlanced float. The clock moves & graduated
sheet of paper at a given speed and the float operated a pencil which records
thes gage height.

The gutomgtic recorder 1s mountied over & concrete stililing well builg
in a niche blasted out of solid rock on the Forth bank of the Skagit River at
"The Dalles" and is inclosed in a concrete house which practically insures the
instrument against meddling and tampering. Lroper gages are provided inside
and outside of the well for checking the level of the water in the well and
outside of the well, zs the intake pipes sometimes become blocked with silt
znd it is advisable to freguently check up on the instrument.

It is our intention to determine the stream flow of the river at in-
tervals of about two weeks on ordinary stages of the river and more freguently
during flood periods so that in the course of a few ysars, we will have abso-
lute accursie dats uwpon which to base calculations =nd estimates for a flood
control system, whether the system be built{ entirely by the County or with the
aid of the Federal Government. It would be very foclish indeed to begin the
expenditure of any considerable sum of money in the comstruction of flood con-
trol systems without a thorough knowledge of the conditions whiech would have
to be met, and when the time comes to design and construct ar adeguate flood
control system, we feel sure that we will have all the necessary dzta upon which
to base designs end estimsztes.

As to the frequency, duration and height of floods, I might say that
practically every year brings a high stage of water which would,but for a systenm
of dikes now in existence, undoubtedly cover the valley with flood waters,
Extreme heights have been reached in the following years as nearly as cuan be
determined: 1815, 1856, 1879, 1880, 1882, 18835, 1887, 1894, 1896, 1897, 1309,
1317, 1921, and 1924.
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Gage height

Ho,in order in feet {up Digcharge Discharge Accuracy
of magmitude Date per Dalles in second in se.ft. in
__gage) feet per sqe.mi. Percent
1 1815 56.6 500,000 189 10
2 1856 44.6 350,000 135 10
S Yov, 19, 1897 38.4 278,000 106 20
4 Hov, 30, 1909 36.4 260,000 98 10
5 Dec. 13, 1921 3449 240,000 91 5
6 Dec. 30, 1917 33.0 220,000 81 10

It is impossible to gather sufficient data to determine the discharge
of some of these floods., Howsver, high water marks of a few of the floods have
been determined and an approximate sstimate 0f their discharge in second feet
has been made. The above table will give such data as we have so far been
able to collecte.

As to the frequency of extreme high waters, there seems to be no
regularity of time elapsing between flood stages. The probtlem of climatic
chenges is still being investigated for it is a well substantiated fact that
climatic conditions control the stage heights of the river.

As t0 the duration of floods, no definite knowledge is at hand and
will not be obtainable until a flood crest or two has passed our stilling well
at "The Dalles" and been recorded by the automatic stage recorder. The heights
of the wvarious floods is gliven in the table above.

Accompanying this report is & msp upon which has been sketched a
proximate flood area of the Skagit Valley. This as we have computed, is ap-
proximately 76,500 acres.

Unger the head of suggestions zs to the methods considered most
desirable for fleod protection or prevention, 1 would say that the first step
would be ir. Stewart's fifth suggestion--to form a conservancy district.

This would place 21l of the area of the vzlley subjected to floods,
under the supervision and control of one Board of Comrissioners so that what-
ever was done, would be done for the benefit of sll, and not for the benefit
of one smsll district as against the intersst of another small district.

1 believe it is as yet, too early to formlate any definite plans as
to the best method of constrmcting a flood control system. Sufficient data is
not at hand upon which to base any design and whatever is uncertazken should be
undertsien with great caution and thoroughly prepared. & move in the wrong
direction might bring disaster, for in dealing with the flood waters of the
Skagit Hiver we have a mighty force to control and to a great extent, an un-
nown quantity.
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iany plans have been suggested. ost of them very‘costly. I will
enumerate a few.

It has been suggested that a spillway might be built from what is
known as the Avon Bend or the Sterling Bend out to the deep water in Padillas
Bay. <1here are several objections %o this plan.

First, it woula necessitate the expenditure of a great sum of money.
Second, it might prove disastrous tecause the gradient of the river would be
oreatly increased and great erosion would take place. 4According to certain
vhysical and mechanical laws, stream carrying czpacity varies approximately as
the sixth power of the velocity, i.e., if the velocity is doubled, the carry-
ing power will be 64 times as great. Consequently by increasing the gradient,
there would be an extended periocd erosion in this cut-off and the final resuit
would be hard to estimate.

Unless extensive bank protection was provided, great bars would be
built and the main chamnel of the river would flow into Padilla Bay. The river
would undoubtediy swing back and forth across the valley floor before it finally
reached its approximate stationary course.

A& Second Flan suggested has been the widening and straightening of
the present course of the river. This plan has many merits. The widening and
straightening could take place gradually and- the action of the river controlled
t0 a great extent. However, it would bve very expensive and could not be under-
taken by this County without eubstantial assistance from the United States Govern-
ment.

Another plan sugcested is thal dams be built in the upver resches of
the Skagit River system. “hese dams to be built at suitable locations where
sufficient storage will be provided tc hold back peak loads for lower aischorge
periods. <his plan has meny merits. Undoubtedly the siream flow of the Skagit
kiver could be regulauted by this mamner in such a way that we would no longer
have extreme high waters in the lower river.

“ihe City of Seattle is at present constructing a aystem of power dams
on the upver Skagit and the firm of Stone & wWebster is construeting a power dam
on the Baker River. &t a comparatively small cost the City of Seattle and the
firm of Stone & webster, could be induced tc add ten or fifitesn Tast to the top
of their dams and holid this storage cspacity in readimess for flood emergencies.

It would 3® of course be very desirable that in connection with thig-
plan, the lower river be 1o some extent improved and kepi from silting ump.

Another plan vhich has occured 10 me, but upon which 1 have not had
an opporiunity to study sufficiently, and which might possibly prove the most
inexpensive method, would bve, first to lower the existing river dikes so that
they woula Jjust take care of spring feeshets with a good degree of szafetly.
Then to drop back from the river two or three thousand feet and construct a
secong dike somewhat higher than the first, and back of the sscond dike, 1o
construct a third dike somewhat higher than the sscond dike. Over-flow points
could be provided at such places as were nsiturally high, and iittle erosion
woull take place.
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This method would permit the gradual spreading out over the land
of all flood waters and while the land would be inundated foy a period, yet no
sorious damage from swift water would occur. 4nd the deposit of silt which
would result from the fiood waters standing over the land, would be keneficial

to the farm land.

4As I have said, I have not had time to give this plan much thought,
but there are possibilitles in it which might prove very desirable. At all
events there should be mo relaxation in the effort 1o solve the flood probvlem
which we have in this valley. “wo or three floods will cost the County more
in proverty losgs and damage than an adequate flood control system, and should
a maximum flood ocecur, such as occurred in this valley approximately in the
year of 1815, there will be a2 serious loss of life as well as loss of property,
It wonld seem from the natural cycle of climatic changes, that we are dus in
the next few ysars for some of the worst floods. However, the theory of clima-
tie sycle is not as yet fully understoocd. Sut should g series of floods ap-
proaching those of 1815 and 1856 ogeur, this vziley would be financially ruined
ani przctically destroyed, and for this reason it behooves us to spare no
efforts in the study and solution of our flood protlem,

Respectfully,
Hobt, E. L. Knapp

County Engineer, Skagit County,
Washington.
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eproduced at the National Archives and Records Administration — Pacific Alaska Region (. attle)

dount Vernon, Washingiton
November 25th, 1924.

FOLLOWING is a complete account of the expenditures from the River Im-

provement Fund to date:

Survey by Mr. Stewart, November & December, 1922, also for
January & February, 19233

Engineering L] . . . . . L] L] * L . L] “?;‘1 9 661 L 77

General SXPpOnses « ¢ o o o o s o o 269,32
Car EXpenses « o o o o o o o o o« o« o 86,75
Total ¢« & o o & ¢ @ $2,0l7084

HMarch to December, Inclusive, 1923

Engineering & labor, for Jetty . . « 4604.99
Contract for Jetty « « « o o o o o 1,395.07
Total . L 2 L] * * Ll L] L] 2’000.06

1924 - Installation of Metering & Gaging Stations.

Engineering o o o« o ¢ ¢ « o o ¢ o o 9 749.29
EXPONSOS o o o o s o o o o o o o o o 92.39
Instruments o« o o o « « ¢ o 2 o o 737460
Car HITe o« ¢ o o ¢ o o o ¢ s o o o » 23490
GaS & Oil « ® o ® o e s e s s s e 209.42
FPay-roll for 1abor o o o o o o s o +2,369.08
SUPDPLiGS o o o o o o ¢ o o o o o » o 759.12
Right Of WaBY o ¢ « o o o o ¢ o o « o__351e29
P0t8Ll o o s o b o o $9,292.09

Drift Barrier at Lyman:

Engineering e & o ¢ o 2 e o e & s @ é 76.71
Pay-rOI:L fOr labor s o o @ s e s« ¢ @ 26061
103.37

,TOTAL COST ® & o & o s & s 3 & e s s ¢ s s s @ 39,413.56



