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Seattle, Wash., Sept. 25, 1922

¥r. A. H. Hogeland,
Chief Engineer,
St. Paul, Minn.

Dear Sir:- -

Concerning high water trcﬁble‘vicinitj bridge #36 Coast Line:

There has teen céﬁsiderable’time<and study devoted to this. matteér
and Mr. Herzog has teen sugervising.{he work for & consideruble tiﬁe past;
I am enclosing ir. HéTZOg'S report,'togefhef with'tWO.piue prints.feferred
to ir the fepért. | | S .

You will note ihgt.we hsve a very serious ééﬁditioh.ﬁéféontend
with, much more serious thaﬁ I h;d anticipated, especially as to the largeg:j
quantity of‘water. The tresking of the dykes durlng extrame Water condltlons
has always relleved the situation at our bridge #33 and ?anéver realized‘the
total discharge to te as great as it is.. The informetion given iﬁ Mr.-HerZOg's

recort indicates that our ‘bridge has a maxiwum capacity of only about half

the high water flow of -the stream. It is perfectly ev1geqt tnerefore, that(;:)

“whatever 1r1rovements may ever L& carried out in thls v1cln1ty, the Railway

Company will, in.any event, have to prrovide an orening, being an extens%on
of the present opening, or an entirely new opeﬁing, of approximately the‘
capacity of the present'bridge.

E] I believe the conditions here are so seriocus thet the Railway Co.
cannot handle this proposition alone., If the pfeseht dykés should be reised and
strengthened so that they would hcld against flood waters,.there is not room
between the dykes to pass the water under our present brldge._.The bridge would_

have to be raised con51der4b1y if we should construct ano+her long opening

near Burlington for the passing of flood waters, this would assume the breaking
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of the dykes and if the dykes should break, such an/arrangeﬁent would take
care of the railway. We can hardly assume, however, that such & condition

will always exist.. Sooner or later a very radical improvement must be made

_to take care of the flood waters of the Skagit Rivef;\to relieve the

farmers and the towns from the present hazard.

. The County Commissioners.are very much interested in the work we (;:)
have been doing and:I think it would be a good idéa to give them a copy of
iir. Herzog's report. The Governmeht, through their local Engineering

Departnent, is also just now meking investigation as to losses which have

.occurred account floods in the different rivefs_and I think copy of this

report spguld.go tb Colonel Schuli. It seems t6 me thét the Gount?, with
the assistance‘of the Stste and gsome Federal aid, may want to embark on a
scheme for positive impfbvemént if they can te convinced as to Ehe-actuél
conditions confrontiﬁg them,

I will hold an sdditionsl coyy of this report and pfints for you
at Seattle, in case you should leave 3t. P%ul tefore tpis Iettef reaches you.

Yours truly, |
(Signed) Uscar S. Eowen,
Assistent Chief Engineer.

¢C-L. C. Gilman,

J. H. O'Weill,
with copy of report.
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The flood discharges of the Skagit River at the Northern Pacific

Bridge, near Sedro Woolley, measured by the U. S. G. 8. are a8 followss:

Novemter, 1908° 68,800 sec. rt. .

" 1909 96,100 " (claimed too low
dyke broke.)

[} 1910 75,400 n 1 .
" 1911 61,500 "  m
"oo1012 48,000 v m E]

June 1913 57,600 n  n

January 1914 75,000 "

April 1915 87,300 n "

June 1315 63,300 v "

December 1917 151,200 v " (dyxe broke. )

November 19218 65,400 " n

December 1921 . in excess of

151,000 sec. ft. (dyke broke.)
The gagings show that the peak dlacha.rve is reached very suddenly-,

tha.t it is of short duration, not more than one day and tha.t it falle as ra—

pldly as 1’0 came up. ‘It is claimed. that the alscha.rge of 96,100 sec. L. for

uovenber 1909 is too low.

The gaging ata.tlon vas discontinued during 1919 ‘but from inform-
atlcn at hand the flocd discharge during 1921 must have been in excess of
the dlscharse of 1917 of 151,000 sec. ft. btecause the stetions ahead of Sedro
Toolley r;gistered higher than during 1917. -

There is additional drainsge coming into the Skagit Rivér be;tween
the Northern Pacific Reilwzy bridge and Great Northern Railway bridge #3s,
such as Nooka Champ Creek. It would therefore appear that for to be on the
safe side, the extrenme high water discharge of the Skagit River at bridge
#36 sheould te taken as 200 ,000 sec. ft, @

The dyke upstream from the bridge broke and the Great Hérthern
Railway track was washed out betwee-n.br'idge .,{"36 and Burlington duri.ng the
floods of 1909, 1917 and 1521.

The flood discharge at the Northern Pa.cif_ic Railway bridge for
these three yéa.rs ranged from upwarde of 96,100 sec. ft, 'during 1909, to
more than 151,000 sec. ft. during 1921. @ .

The next highest dlscharge at the Northern Pa.clflc brldge for which

the dyke ahead of bridge #36 did not bresk, was 75,400 8ec. ft. during 1910. @
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' ¢ The drop in the river between the Northern Pacific bridge and the
LlGreat Rorthern bridge during high water discharge of December, 1921, was

@ 7:43 ft. in a distance of 39,300 ft. Calculating by Kutters formula the
‘ discharge of the river through the piers of bridge #36 for the corresponding
high water elevation of '134.7 we obtain plus or minus 85,000 sec. £t.

The conclusion is therefore that under the conditions of croas
section and slope preveiling up to December, 1921, bridge #36 was &bié to
pass and the dyke ahead of the bridge, as well as the Great Northern Reilway
track between Mr. Vernon and Buriington, was safe for & discharze of from
75,000 to 85,000-cu; ft. of water per second between the piers.

This does not mean that as soon as the Skagit brings down more than
Bu,uco sec. f't. at the Northern Pacific bridge, the danger point has bteen
reached, as will te seen by the following cohsiderﬁtions.

TAt the tlme when the levels for water surfaces were teken August
21st to AUgust 24th, 1922, the discharge of the river at the Northern
Pacific bridge was about 3400 sec. ft. and the drop in watervsurface between
Northerﬁ Pacific and Grea£ Northern bridges wae.14.14 ft.

On Jﬁl& 6, 1922, the river discharge at Northern Pacific bfidge
was 23,300 sec. ft. and the drop in water surface between Northern Paclflc
and Great Horthern br:.dges was 11.s ft. @ . 7 |

During the flood of December, 1921, the differen;e between high
water marks at Nerthern Pacific and Great Northern briéges was 7.43 ft.
correspondlnc to a discherge at the Great Northern bridge of plus or minus
85,000 sec., ft. while the discharge at the Northern Pacific bridge was pro-
tably at its maximum of upwerds of 1580,00C sec. ft, (;::)

This shows that-thé hydraulic grade of the river tetween Northern
Pacific bridge and bridge #38, decreases repidly with increasing diécharge of
the river at the Northern Pacific bridge, in fact, there is a choke at, or
slightly ahead of bridge #36, and the discharge capacity at and telow bridge
#36 during extreme high water, is not more than one half of the water delivered
at the Northern Pacific bridge. There are about ten square miles of land
adJacent to the river upstream from brldae #58, colored in red on blue print,
bounded by the dyke to the west, by high ground to the so?th and east and by

. the Rockport Eranch of the Great Northern Railway.and.some high ground to the

north. During flood discharge of the river, this area becomes covered with


Larry Kunzler
Note
During the 2003 flood event the difference was only 6 feet.  Either the height of the water is being influenced by the raising and strengthening of the levees since 1921 or the 2003 event was larger.

Larry Kunzler
Note
Today this drop in elevation is closer to 12 feet.

Larry Kunzler
Note
So about half the water went through the Gages Slough corridor instead of the 3 bridge corridor.


Ty

@ water Trom five feet to Tifteen feet deepn, forming s large storage tasin

: capable >f atszorbing toe discharge of 1£C,000 sec. ft. for five hours, if
-no waler were drawn out ai bridge #335. a8 the discharge of the river at the
Northern Pacific bridge incresdses, the river channel proper and bridge #35
and teyond becomes less and less capable to take care of it, the ten square
mile§ of land btecome flooded, the hydruulic grade decreases, decreasinz the
discharze, the shsge of the water =t bridze #5358 rises until it reaches the
neretofore critical elevaiion of 134.7, when ur to 1921 at least, the dykes
upstresm from btridge #38 broke discharging the stored water, thereby reliev-
ing the situation at the bridge rroper.

The testimony of the Bridge Tender =t Bridge #35, and other people,
is to the effect that as soon as the dykes have broken, the watsr at the
bridze terirs to fall, but the tracks of the Great Northern Railway between
tridge #25 and Burlington, opposite the bresk, are weshed out.

@ The generzl level of the land to the west and north is from 1C to
15 ft. lower than the high water mark of the Skagit upstream from bridge
#33, while the Great Northern Razilway track between 35 and Burlinéton is
nearly four feet lower than high water at the tridge, while going north

from Burlington, the gracde of the trazck fzlls still more at the rate of 9.2%
until sub-grade elevetion of 123.5 is reached, teing 11.1 ft. lower than
134.7 .7, at bridge #33. Going west from Surlington to Anacortes sub-zrade
falls from 122 to 12C.2 this side of druw tridge, over Swinomish slcugh.

Takirg the generzl elevations of the streets of Rurlirgton as egual
to Great Ncrthern track elsvation throush the town, or zbout 131.9 and remem-
Sering that H. #. at Herthern Pacific bridge only three and one half miles
due east is 142.1 and H. . of Creat Northern bridge #35 only 2 miles south
is 134.7, the dangerous position of the town and the Great Nerthern trucks will
te appreciated.

The above elevaiioas of the couniry to the west and north from the
Skagit River ugstream from tridge #35 will exrlair why the discharze through

@the breaks in the dykes from 8CC ft. to 1200 ft. leng, until such time as the
elevation of water surface in the previously described storsge lake snd H. W.
at bridge #36 has been considerably lowered, will be equal to, if not greatly
in excess of, the discharze of the rezular river channel through bridge #33

and beyond, tecause the nydraulic grade of the onrushing waters is consider-

able more then that of the river proper, btut growing less and less as tae
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}; country to the west and north becomes flooded.

There have also been many bresks in the dykes downstream from
b;idge #36} although the river in that section carries considerably less
water, with the same general result gf relieving the situatibn in the channel
proper, but, the break5 upstream are mere disastrous to railroad property
as well as to .the lands to the west and narth, ' |

Before the dykes and the railrosd were tuilt, the country was

covered with heavy timter and the floods spread slowly and more or leess

@ - evenly over the whole area, depositing the silt which is the cause of the

fertility of the lower Skagit Valley. The water receded in the same manner
and' the land was none the worse for it as long as the buildings were put
above high water mark.

The problem of ;rotecting the Great Korthern property cannot beh
selved independently but must be treated in conjunction with and as part of
the problem to take care of the flood waters of' the Skagit Rivef from the
Northern Pacific bridgg down to the outlet into Skagit Bay, because the Railway
Company will get no relief if twice the waterway would be provided'at bridée
#36, if beyond this point the channel can only teke éﬁre of one helf of the
flood discharge or even less.

There are, at present, a dozen or more different dyking districts
tetween Sedro Wooley and Skagit Bay, some of them for salt water protection
but all working independently of each other. f&ach member of each district
naturally endeavors to place as much land as possible inside of the area
protected by the dykes. The result is that the distance between dykes from
one side of the river to the other varies from 60C ft. to 2000 ft. regardless
of the amount of water to be carried, while the size, height and strength of
the dykes have no uniformity.

Calculations show that for hizh water marks and hydreulic grades
as given on the profile, the discharge capacity at the Northern Pacific bridge
is upwards of 16,000 sec, ft. while bridgés #35 and beyond have a capacity
of plus or minus 85,000 sec. ft. The gaginé-shbw that more than 150,000
sec. ft. have passed the Northern Pacific bridge. The river channel and the
bridges from the Northern Pacific bridge downstream should. therefore be
enlarged to take care of a totzl of 175,000 sec. ft. or méfe. The profile

shows that the choking up of the water is somewhat upstream from bridge #385,
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-

-

&~
probztly at, or nesr, the 99 degree bend; the greatest depths of water, or the
greatest difference tetween high water 2nd low water are near this point and
within the area of the storage lake, shown in red on blue prirnt.

From station 4CO downstream, the hydrsulic grede becomes steeper
and is about parallel to low water grzde, From station 800 downstresm, the
difference between.high end low water decreases the nearer it gets to Skagit
Eay, all of which points to increased velocity and tetter disﬁharge capacity
of the river, which, howsver, is illusory, because numerous bréaks in tha dykes
all aleng from bridge #35 down to the Bzy allow the water confined tetween
the dykes, to presd out and to fload the whole country down to within one
mile north c? Stunwood in spite of the fact which must bte borne in mind that
from tridge 38, downstream, the discharze of the river prover is only about
one hzlf of the =mount of water _;assing the Northern Pacific bridge.

To relieve the situation it is evidgnt that more thsn two times the
present discharge capacity of the river must be provided. This can te
accomplisbed in two weys, each of which should be investigated.

@ First. The present river bed cen te strsightened, widened and im—
preved from the Northern Pacific btridge to Skegit Ezy. This would mean that
most all of the rresent dykes would have to be removed and new ones built
with sufficient distance between them to provide uniform waterway for a
discharge of from 175,0C0 to 230,300 sec. ft. This would call for lenzth-
ening of all bridges from and includirng bridge #38 to the Eay.

@ Second. A hizh water Relief Channel can be built from atove bridge
#33 to Fadilla EBay catable of carrying 133,000 sec. £t. This will resuire a
water ares of 20,000 sq. ft. with a velocity of flow of 5 ft. rer second, or

a cross secticn of 2000 f£. widbdh with a depth of water of 10 ft. Such a

hizh water channel would leave the land within the dykes in the same condition
for farning purpeses as it is afvresent but would effectively remove the danger
of floods because, 25 soon as the discharge-gets above a maximum of plus or.
minus 70,000 sec. ft. the surplus water will flew into the high water relief
channel to Padilla Eay.

@ As mentioned before, thg waters flowing through tke brezks in ths
dyke shead of bridge #35 flcw west to Swinomish Slough and Padilla Pay; they
follow the Anacortes Branch of the Grest Horthern Railway. The felief channel

should thererore follow 2psrorimstely the same course which would call for the
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relocation of some Tive miles of railroad. As the country traversed by the
high waté; channel is of low elevation, there would be practically no exca-
vation reguired, €xcept what is wanted for the building of the dykes. The
channel would have an apron at inlet and outlet which would determire the
hydraulic grade or the velceity of flow which, of neceasity, would be kept

at or btelow five ft. ser second, so as to mrevent scouring. The outlet apron

will also act as a2 dyre azainst s2lt water. The apron at the entrance to the
high water chznnel will have a shear boom or an effective berrier agzinst drift
wood so that only water would pass end that roots, logs and trees would have
to follow the old course down the river,

The tzble of flood discharges shows thzt it would only te every three
or four years that the hizh water channel would carry any water, that thais
would bve during the winter months, not during the growirg sesson, and of
short duretion. The land within the dykes of the high water channel could
therefore be farmed under the szme or tetter conditions than gt rresent tecause
it would not te covered by gravel and other debris, nér would it be scoured
away, as is the case when the srzseat. dykeé break., There are a good many
instances where the lands between the preseﬁt dykes and the river channel
ATS now cultivutéd.

Bridge 735, the 2. N, T, oridge and the State Highway Bridge will
have to be lengthened with truss 3pans,

On zceount of tue locution of the choke in the river somewhst un-
Streaa from bridge #28, it @2y be preferable to tap the river with the high

water chznnel in the pesition shown on blueprint by dotted linss; this would
give a better location Tor *he zshear boom and drift barrier, it would also slimi-
nate the necessity of lengtheniﬁg the three bridges by truss spans Eecaus‘
the crossing would be made by trestles.

The pressnt location of bridge #35 is in a very unfavorable position

: )

on aceount of the right angle bend; the highwater mark is dangerously aeur
the bottom.chord, should the dykes ahead hold so that a hizh watsr mark one or
two feet ia excess of the present. one be reached, the bridge is almost surs
to go out, in whiech case .the two bridges below would very likely go also.
The proposition might thersfors te considersd of changiang the locution of
bridgs #23 and comdining the three bridges into ons, situated at, or ns=zr,

the przseat P, N, T. brilgs. This woul? 2implify the crossing of the high
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water chunnel and reduce oreration cost,

By tapping the Skagit River in place shown by doéted lines, will
lower H. %. at bridre 36 and below more effectively than by tapning in place
shown in full lines.

The courss of tie river between bridse 35 snd the Northern Pacifin
bridge should te straizhtened, especially in sections 24 and 3%, T. 35, H.R.

4

(]

- a3 3hown on blue priat, I this is ot done artificially, the river

%11l zrobably do it at the time of the next high water. In this case, the

new dykes on either sids of the imgroved river channel should follow the same
to the east line of sectisa 25 of the ztove namsd township, thersby reclaiming
Much vuluable land.

The correction o the Thite River has been accomplished by Frovidinz
sufficient waterway, straizhtening the channel uni trotecting the banks by
reinforced concrete mats. The result was thut the river channel has been
scoured out by the high watsr,

A similar soluion of ths sroblem may be desirable for the Skazit
River. It should, however, Tte borne in mind that the ¥hite River Valley heus
no eladorete dyking system like the Skazit Valley snd that the flood dischargs
of the White River is only £0,000 sec. Tt.

@ The stitement hzs bsen made that the tuilding of the high dem of the
City of Seattle Fower development s the upger Skazit will greatly improve
the Tlood conditions in the lowser valley,

@ The drainagzs ares tributary to the proposed Jower devslopment., is

35 and the

11

abit one third of the total drzinage area, discherzing et bridg
hizh water discharze at the City's dam is ziven as £0,000 éec. ft. Even
if ttis were held back by the dam at the time of the flood crest, which is
by no means certain, therz would still be left = balance of nearly 150,000
sec. ft. if the figures of the U. &. ¢, S. are to govern, to be tsken cars
of below the Horthern Pacifie bridge.

The flood discharzs of the Skagit River will increase in magnitude
as the years pass, the demand for = solution of the problem cznnot be delayed

much longer, and all the parties interested should combins for common action.
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The interested parties ars:

lst - The owners of the luni.

2nd - The different towns.

érd - The Great Northern Railway.

4th - The P, N. T. Co. :

2th - The Stats of WHashington and Skagit County.
5th - The United States Government.

An idez of the magnitude of the undertaking may be obtuined by con-
sidering that King and Pierce Countiss together have corrected the White
River, ete., to take care of a Plood Cischarge of 50,000 sec. 2t. They havs,
Up to dute, expended 1,500,000 and vpropose to svend $1,000,000 mors. The

problem to correct the Ekagit Biver, the bigrest stream emptying into Fuget

Sound, will te to take care of 200,000 sec. ft. It is, however, believed

"that the cost of this will be considsrzble less than a direct proportion

betwsen the two.
(Signed) Robert Herzog,

Assistunt Engineer - G. ¥. Ry. Co.



