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APPENDIX -
to
Report on Survey for Flood Control
Skagit River and Trziutaries, Washington
‘SEGI'ION I - HYDROIOGY,
CLOMATOLOGY

l. General. = The Skagit River Bagin is on the west side of the
Cascade Range approximately 100 miles from the vast moisture supply
of the Pacific Ocean. The influence of the maritime air masses is pro-
nounced in both the precipitation and temperature regimes, producing a
mild but wet climate. During the winter the Skagit Basin, lying directly
in the storm path of cyclonic disturbances from the Pacific, is subject
to convective showers which ars frequently‘rather heavy and may follow
in quick succession. On the mountain slopes, storm precipitation is heavy
and almost contimuous as a result of the combination of fromtal and oro-
graphic effectg. During the summer months the weather 1s warm and rela-
tively dry as a result of the decreased activity of the semi-permanent
Aleﬂtién low and of the increased mbistﬁre;carrying capacity of incoming
maritime air through land warming.

2. The U. S. Weather Bureaxt has maintainad a total of 17 climatolo—
gical stations in or near the basin, of which 10 are currently operating.
Another climatologlcal station is operated by the Department of Agricul~
ture, Province of British Columbia, in the portion of the basin extending
into Canada. The elevations of these shations vary from 30 feet at Ana~
cortes to L,150 feet at Mount Baker Lodge, with 13 of the 18 stations
Llocated below 1,000 feet and only 1 above 3,000 feet. The locations of
these stations, together with their period of record, are shown on plate
1l. A sumary of precipitation'and temperature data for 9 representative
stations will be found in table A-l,

3+ Temperatures. - The mean arnual temperature for stations in or near
the basin varies from 40.6% F at Mt. Baker Lodge to 50.9° F at Concretes.
Mean monthly temperatures vary from 27.4° F at Mbt. Baker lodge to 39.1° F
at Anacortes in January, and from 55.2° F at Mt. Baker Lodge to 66.6° F at
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Table A-1. - Summary of climatological data (through 191;9)_

s s : PRECLPITATION Tt ONOWFALL 2 TEMPERATURE :Average

: H : Annmual H ? 2 2 : tLength

: 1Yezrs : : 3 [ t Years: :Years : : H : of

Station ¢ Eleva~: of Mean : 52-Year: : : of ¢ Mean : of ¢ Mean : tGrowing

s+ tion sRecord: s Normal : Max. 3 Mine :Record: Annual:Record:Annual: Max. : Min. :Season

: 3 : 11/ : 3 3 11/ : : 1/ 1/ 11/

1 Fte 3 :  In. t+ In, ¢ Ine 3 In. 3 s In. : F t P 3 F : Days

: T - : : 3 : : : : :
Anacortes : 30: 56 26,60 2667 ¢ 37.82 ¢ 15.89: L8 : 5.3 ¢ L3 :50.6: 95 6 236
Baker Lake :+ 670: B8 : 102,88 : 11he3 : 133.39 ¢ 67.26: 7 3 58.1 : 2/ 312/ 2/ ¢+ 2/ 153
Concrete + 270 : 35 1 60,79 : 65.0 3 80.45 : 3.5 r 33 : 29.5 : 33 :T50.9: 106 : - s 21
Darrington R.S. t 550 : 31 :1/76.5L 82.4 : 102.93 ¢ 51.h45 : 1L 42.7 : 26 : 48,8 : 105 : ~11 : 159
Diablo Dam 1 891 : 20 :I/65.36 84,1 : 87.00 ¢ 148,07 : 16 ¢ 63.9 : 20 3 L4B.5 : 106 : ~10 : 209
Marblemount R.S. ¢ 330: 8 I/ 7L 73.8 : 82.11 : 60.19 : ]2/ : 2/ : %ﬁ 22/ 12/ 2/ : 2/
Mt. Baker Lodge : 1150 ;5 1y o« 109.49 : U7l s 142,97 ¢ 7413 ¢ To : SOL.O : : T06 2791 : ~1T : o5
Sedro Woolley 1 E 56 : 52 : 15.50 : UB.2 : G6L.35 : 28,18 : 3L 7.9 52 £ 50,L: 99 : -1 : 187
Skagit Power Plant ¢ 505 : 29 = 72.63 79.8 : 102.45 : LB.LO : 23 59.2 : 29 : 50,3 : 109 - ¢ 207

: : : : s : : 3 :

Except as otherwise noted, data are taken diractly from U. S. Weather Bureau Climatological Summaries.

1/ Computed by Corps of Engineers

2/ No record
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Skagit Power Plant in July. The range in extreme temperatures recorded
in the basin varies from 89° F at Anacortes to 116° F at Darrington Ranger
Statién and Diablo Dam, with the maximum recorded temperature of 109 F at
Skagit Power Plant and the minimum of ~11° F recorded at Darrington Ranger
Station and Mount Baker Lodge. In general, the mean annual temperature
varies from an average of approximately 50° F at elevations below 1,000
feet to LO° F at elevations 14,000~5,000 feet, dropping to the lower thir-
ties at the highest elevations. The average length of growlng season varies
from 105 days at Mt. Baker Lodge to 236 days at Anacortes. Mean monthly
temperature data for 7 representative stations are presented in table A-2.
L. Procipitation. ~ Precipitation over the basin normally varies
greatly, with a range of approximately 150 inches. A normal annusl amount
of L0 inches or less falls in the vicinlty of the mouth of the river and
in that portion of the valley in Canada, which is located in a topographic
rain shadow. A normal annual amount of 180 inches ar more falls on the
higher elevations of the Cascade range in the southern end of the basin and
over the highar slopes of Mt, Baker. The normal amual precipitation over
the bagin above Mount Vermon is 92.2 inches, approximately 75 percent of
this amount falling during the 6~month period, October through March. A
normal annual isohyetal map based upon a computed S52-year normal annual
precipitation at stations with 5 years or more of record, and dramn with
due consideration for eleovation and run—off regimes, is presented on plate
2+, The mean monthly precipitat;lon at stations in or near the basin vardes
from 0.67 inches in July at Anacortes to 17.38. inches in December at Mt,
Baker Lodge. The maximum recorded precipitation for 1 month is 36.62 inches
at Baker Lake in December 1933, Storm studies indicate that 5-6 inches of
rainfall in 24 hours have occurred over much of the basin. Mean monthly
preciplitation data for 9 representative statlons are presented in table A-3.
5. Snowfall. - The percent of the annual precipitation which falls in
the form of snow in the Skagit Basin depends upon the elevation and the
distance from the modifying influence of the Straits lying between the Paci-

fic Ocean and the basin. The mean annual snowfall varies from 5.3 inches at

3
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Table A-2, - Mean monthly temperature data (through 19L9)

Temperature in degrees Fe

T
Station 3 Jan., : Feb. ¢ ﬂ ar. t Apr. ?Tay June 3 July T Aug. ¢ gept. t Oct. s Nov. ¢ Dec. t Annual

s ] -8 : 3 3 H -

Anacortes : 39.1 : L1, 5 hS 1: h9.6 Sh. 3 58, 6 3 61.) ¢ 61 6 t 57.8 3 51.9 & ho.hi.t k1.2 : 50.6

Concrete 235,21 39.6 ¢ L9 ¢ 51.3 : 56425 6048 : 65.0 : 649 ¢ 59,8 : 52,1 ¢ 42.8 : 38.3 ¢ 50.9

Darrington R.Se 1/ 1 3h.1 : 37.h : 12.3 1 18.9 z Shel: 58.6 : 62.6 ¢ 6342 1 57.6 : 50.0 : k0.8 : 35.8 + 1B8.8

Diablo Dam 1/ 2 30.7 ¢ 34e6 5 12.0 : 1B.O & Sha2: 5942 2 65.3 : 648 2 5946 = 50.0 : 39.2 & 35.0 : L8.5

Mt. Baker Lodge t 27k 2 29,9 ¢ 32.6 2 36.8 = L3.3: LB.L £ 55.2 5 57.8 = L9.2 : L42.8 s 3L.6 £ 29,0 + L0.6

Sedro Woolley 1 B : 37.7 ¢ 0.6 = LLeB : 5002 : 5he82 59.4 ¢ 62. ¢ 62.1 : 56.8 1 51.6 = Lh.h 2 39.8 ¢+ 50.k

Skagit Power Plant : 33.5 s 37.4 ¢ 43.1 : 50.6 : 56. lu 61.2 3 66.6 t 65.8 : 60,1 : 51.2 : L1.5 3 36,6 ¢ 50,3 .
4 H $ 1 H H H H H H

Table A-3. ~ Mean monthly precipitation data (through 1949)

Precipitation in inches

3 _ .
Station s Jan. : Feb. : Mar. : Apr, : May : June : July : Bug, : Sept. ? OCbe.: Nove 3 Tec. & Annual

T R : I I : T s
Anacortes t 3,47 ¢ 2,48 : 2,36 + 1,89 ; 1.60: 1.31 : 0,67 : 0.88 : 1.58 13 2.57 2 3,79 ¢ Ll.OO 26.60
Baker Lake 115,60 210,88 312,66 : 5,91 : L.96: 3.56 ¢ 1.93 ¢t 1.h3 ¢ 6.10 :11.16 :12.02 116,67 :102,88
Concrete ¢ B,50 1 6.22 & 5,96 2 3.53 3 3.11: 2,51 : 1,13 : 1.M2 2 3.36 : 6,49 & 9.2L 3 9.32 1 60.79
Darrington R.S. 1/ :10.59 : 8,48 2 8.39 ¢ L.93 = 3.59: 3,01 3 1.22 3 1,18 : 3,51 = 766 :10.69 :13.29 : 76.5h
Diablo Dam 1 t 8495 t 7450 & 7.20 : L0l 2 2.60: 2.2L : 1.28 2 0.89 : 2.90 : 7.40 : 8.90 :11.49 ¢ 65.36
Marblemount t 9.17 ¢ Te53 ¢ 6.86 1 L85 s 3.25: 2.98 @ 1.59 ¢ 1.66 : L.6L ¢ 7.70 ¢ 9.77 s1l.hh & 71l.4L
Mt, Baker Lodge 212,45 :10.20 :13.0k : 8.13 : 6426: 5.00 : 2,96 : 2,31 ¢ 7.57 #11.51 :12.68 :17.38 :109.49
Sedro Woolley L E 3 5.,5L = L.1Y : Lo37 2 3,19 ¢ 2.78: 2.51 & 1.36 ¢ 1.47 ¢ 3.07 : Le63 2 6.12 : 6.35 ¢ L5.50
Skagit Power Plant :10.72 2 Te37 ¢ Te33 ¢ 3.90 2 3.20: 2.31 ¢ 1,29 ¢ 1.33 & 3.63 : B.26 :11.29 :12.00 : 72.63

3 s : s s 2 : : t : 5 s :

1/ Computed by Lorps of kngineers
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Anacortes to 50L inches at Mt, Baker Lodge, with a maximm annual of 648
inches recorded at the latter station in 10 years of record. Snow swrveys
have been made .a(t;zyseveral‘:fo;;;;s*in -or néar the upper Skagit Basin since
1927. The loca'bions of these snow courses are shown on plate l. These
stations are in a portion of the basin that is in a topographic rain shadow
and hence do not have the heavy snowfalls and snowpacks which occur in the
goubhern portions of the basin and in the Baker River drainage grea. The
mean annual snowfall for 9 representative climatological stations is tabula-
ted in table A-l.

6. Humidity. - The nearest station recording humidity data is at Seattle
some 60 miles south of the basin. Relative humidity data‘have been taken
at 4:30 a.m., 10530 a.m., L4230 pem., and 10:30 p.m. in the past 1O~year period
at the Boeing Field Weather Bureau office. The humidity varies from a mean
of 93 percent at L4:30 a.m. during the month of October to a mean of 48 percent
at 4:30 p.m. during the month of July. The mean a.nnual relative humidities
are 88 percent at 4:30 a.m., 73 percent at 10:30 a.m., 61 percent at L:30.p.m.,
and 80 percent at 10:30 p.m. The mean monthly and annual relative humidities
for these hours of observation at Boeing Field will be found in table A=l.

Table A-l. — Relative humidity data Seattle, Washington, elevation 1l ft.
(through 1949) -

Month sRelative Humidi _
HI'H s : B : 230
¢ a.Me ¢ 8ol 4 p.m. 2 Pellle
: - : t s

January : 86 ¢ 81 : T2 : 82

February : 87 : 79 : 68 : 83

March : 86 : 70 ¢ 58 : 79

April : 87 « 66 : 54 + 78

May : 87 3 63 : 50 : 75

June : 88 ¢ 64 : 51 : .75

July : 87 « 63 ¢+ L8 ¢ 72

August s+ 89 ¢+ 68 : 52 : 76

September : 92 : 73 : 58 : 82

October : 93 ¢ 8L 3 69 : B9

November 1 91 ¢ 84 : 77 : 8B

December t 8 : B ¢ 78 : 86

YEAR : 88 «+ 73 ¢ 61 : BO

T. Winds Surface winds over the basin are variable, especially at low
velocities, depending upon the local topographic conditions. The prevail-

ing wind over the basin is southwesterly, varying from west to south. There

5
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are no stations in the basin for which wind velocities are available, how~
ever, it is estimated that the mean annual velocity in the basin at eleva-
tions less than 1,000 feet is 7-8 m.p.h. The estimated peak velocities i‘or‘\“/
these elevations is in éxcess of 50 m.p.h. Mean velocities increase with
elevation but no data are available to permit an estimate of their magnitudes

8. Storms. ~ All major floods in the Skagit Valley are produced -by
severe storms which occur chiefly during November, December, and January.
The magnitude and intensity of a storm cannot always be used as an index
to the resulting flood. Other factors such as temperature sequence,
groundwater recharge, snow pack, etc., largely influence the rate of run—
off as well as total run-off. Antecedent conditions may have been such
that only a moderate storm may provide the required impetus to set in
motion the related factors that collectively result in a floode On the
other hand, a combination of factors may be such that a very severe storm
resul‘i'.s in on]j minor high water. .The following storms are described to
illustrate the relationship between storm characteristics and the resulting
flood. ' ‘

9. November 1509. — The month of November 1909 was one of above norma”
f:recipitation over the Pacific Noarthwest with a period of moderate to S
heavy rains occurring during the last two weeks. Measurable amounts of
precipitation occurred over the basin an average of 2 days during the
month and approximately two-thirds of the monthly totals occurred after
the 16th of the month. This period of heavy precipitation was a result
of a series of low pressure systems which moved through the Pacific North-
west. The fastest moving storm was the lagt ome of the series which moved
into the region on the 26th of the month, cauging copious amounts of pre=
cipitation on the 28th and 29%h. The storm period which produced the
£lood of November 1909, the largest of record, was a 66=hour period begin-
ning with 6:00 a.m. on the 27th and ending at midnight of the 29th. Total
storm precipitations for this period were 9.2 inches at Goat Lake, 8.3

inches at Skagit Power Plant, 5.9 inches at Concrete and 2.5 inches at

Sedrc Woolley., Maximum 2h~hour amounts were 5.6 inches, 5.8 inches,




38 inches, and 1.3 inches at these respsctive stations. Temperature
sequences and the record at Goat Lake indicate that the precipitation fell
as snow above 2,500 feet on the 26th and 27th, and mixed rain and snow

foll on the 28th. On the 29th of the monmth, precipitation fell as rain

up to elevations of 6,000 feet and melted off all snow to approximately
h,OOO feet, The advent of a high pregsure system brought a rapid decrease
in storm activity by the 30th. The mean basln precipitation for this storm
period was 6.69 inches and the mean bagin maximum 24-hour fall, 3.60 inches.
An isohyetal map for this storm and pertinent data are presented on

plate 9.

10, December 1921 -~ The month of November 1921 was below normal in
temperature while the precipitation was decidedly in excess., Mild weather
with 1ittle or no precipitation prevailed until the 18th, when a sharp
cold spell set it. Heavy snow fell on the 19th, 20th, and 21lst to a depth
up to 10 inches or more at stations west of the Cascades, being much heav-
ier on high mountain slopes. It was tﬁe deepest snow on record for this
early in the season with the exception of the extremely cold November of
1896, Mild weather with abundant rain marked the remainder of the month.

11. December, while cold, had leas than the average amount of snow-
fall, and much of what fell was melted off by the excessive rains of the
10th to 12th, The storm period from 6:00 p.m. on the 9th to 12:00 p.m.
on the 12th was the most critical in producing the flood peak of the 13th,
the second highest flood of recerd. During this period, ll.2 inches of
precipitation fell at Silverten, 10.2 inches at Davis Ranch, and 3.k
inches at Sedro Woolley. Maximum 2L-hour amounts were 5.9 inches, 5.0
inches and 2.0 inclies respectively at these stations.

12, December 1933 ~ The starms which produced the two largest floods
of record have been analyzed above. The storm of December 1933 is an out-
standing example of a major storm which did not cause a flood of damaging
magnitude on Skagit River below Sedro Woolley; however, it did produce the
largest flood in the last forty years on several of the other streams in

western Washington. The month of December 1933 was one of unprecedented

7
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rainfall over western Washington, including the entire Cascade Mountains.
The total monthly precipitation was greater than for .any month in previous
years of record at the majority of stations. The average mumber of days ~
recording measurable amou‘nts of precipitation during the month was 28 for
western Washington. The same average conditions prevailed over the Skagit
Basine. The precipitation was unusually heavy during a mumber of periocds
within the month, the 6=~day period fram the 17th through the 22nd being the
most critical. The storm period studied was from 7:00 a.m. on the 17th to
1:00 p.m. on the 22nd, a total of 126 hours. Total storm precipitations
recorded in the basin varied from 2.50 inches at Anacortes to 1l.lLl inches
at Darrington. It is estimated that nearly 25 inches fell over the high
elevations in the southern portion of the basin. The maximm recorded
2h-hour amounts were 3.55 inches at Darrington and 0,77 inches at Anacortes.

13. Although this was a very mild December, snowfall was above normal
at most mountain‘ stations. Because of the warm weather and rains, however,

‘.

snow depths on the ground at the end of the month were less than usual -
with the snow remaining being wet and well packed. Mt. Baker Lodge reported
10k inches of snow fell during the month, with 56.0 on the ground on the 15tr
On the 3lst only 59.0 inches were on the ground, which was 30.5 inches below
normal, .
1L, This unusuvally wet month was caused by a low pressure digturbance
of considerable intensity which remained fairly stationary off the Washing~
ton coast. Secondary frontal disturbance was constantly breaking away
from this center and moving across the state, bringing t/he heavy rains as
the result of a constant feeding of warm, moist, tropical air fram the
South Pacifice
1S. While precipitation was much higher than normal for December
1933, none of the individual 2 to 5-day storms produced severe flooding in
the basin. Station precipitation records indicate that 2L-~hour amounts
were less than for the November 1909 and December 1921 storms. Much of the

precipitation occurred as snow at the mountain stations, which reduced

P 000244



direct run—-off and ;sllso served to retard run—~off from precipitation
occurring as rain. These factors combined to produce high but non-
damaging discharges throughout the basin.

STREAM FLOW

16. Discharge records. = Stream gaging in the Skagit River Basin was

inaugurated in 1908 with the establishment of stations on Skagit River nsar
Newhalem and Sedro Woolley. The station near or at Newhalem has been moved
geveral times and not all of the record is entirely comparable, but it has
the longest conmtimuity of any station in the basin. The U. S. Geological
Survey has published records for 57 stations, including lake and reservoir
stations, of which 25 are currently operating. Many of the stations were.
operated for short periods of time or had intermittent records. The loca-

tion of the 57 stations and pertinent data are shown on plate 1.

17. Stream flow characteristicse — The flow of Skagit River and its
tributaries tends to be relatively low from August through October and
subject to only minar variations reflecting storm run-off. During the
months of. Novemjaer through March when temperatures, particularly at higher
elevations, are at or nsar the freezing poirmt and much of the mrecipita~
tion occurs as snow, a low base flow is maintained. However, frequemt
sharp rises resulting from concentrated 2 to S-day storms or series of
storms are experienced in this period. The intense storms when accompanied
by warm winds and resultant snommelt produce a rapid run-off. Dwring and
following these severe storms river discharges may increase from a rela-
tively low base flow to a discharge of damaging magnitude within 2l to 30
hours. Near crest discharges may be maintained for a few hours, followed
by a recession almost as rapid as the rise. Two or three such rises may
be experienced within a period of 2 weeks. Not all rises reach flood stages,
however, and these usually are more frequent and reach higher stages in
late October, November, and December.

18. In April or early May temperatures normally rise, causing the
snowpack, accumulated at higher elevations during the winter, to melt,

As temperatures continue to ris'e, snowmelt and run—off increase. Normally,
the flow starts increasing from April or May through early June when the
9
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I'Jea.k‘ discharge from snowmelt is reached. After approximately the middle
of June, run-off starts to decrease. Although temperatures continue to
rise the snowpack is normally too deplated to contimie maldng high contri~
butions to run-off. Snowmelt run-off decreases until the snowpack is ex-
hausted and a low base flow is reached in July or August. Minor rises
caused by storms have been experienced during the spring and early summer,

but none have approached the magnitude of the major winter floods nor ex~

ceeded the safe channel capacity. A summary of discharge data and the
variation of mean monthly run-off for representative stations are presented
in tables A~5 and A-6, Daily discharge hydrograplis for selected stations
are included in plates 3 through 8.

19. The amount of run—off varies widely throughout the basin. The
run-off from high areas lying nearer the coagt, such as Baker River, axceeds
130 inches. The headwaters of Skagit River, particularly that area lying
in British Columbia which is shielded fram heavy precipitation by -high
mountaing, yield an ammual run-off of approximately 35 inches. A direct
comparison of mean run-off in tables 5 and 6 reveals apparent inconsis-
tencies because the various stream gaging stations have not operated far
the same periods. A 52-ye;;- normal annual run-off was calculated for all T
stream gaging stations in the basin having at least 5 consecutive years
of run-off prior to 1943, by doubls-mass-curve method. The normal annual
run~off in inches so determined is shown on plate 2 for several represen—
tative stations in the basin. For comparative purposes, normal annual
precipltation above the same stations was determined froam the normal anmial
isohyetal map, shown on plate 2. The difference between normal annual pre-
cipitation and run-off is shown as losses which are attributable to trans-
piration, evaporation, etc. It may be seen that precipitation and resul-
tant run-off varies greatly throughout the basin. The tendency for run-
off per square mile at main stream gaging stations to increase as the
drainage a;rea increases is unique among rivers in the vicinity of Skagit
River Basgin, '

10

P 000246



L2000 d

Table A-5, - Summary of stream flow data
{through water year 1948)

t zDraina.gér '3 — Ennual Tun—ol? ¢ Extrems discharge in
t sarea in @ Period ) {cubic feet per second) : cubic feet per second
Stream 3 Station ssquare o of’ T ¢ b2-yr. :  Anmual ¢ Ingtant : Daily ¢ Daily
: smiles 3 Record t Mean t normal : Max, : Min, : Max., : Max, : Min.
: ’ t. t : s - T K3 . ;
Skagit River : At Newhalem ¢ 1,160 & 1908-1k, 1920~ : L,21L : L,555 : 6,300: 2,650 = 63,500 : L42,L400: 136
t : s . H s 3 : H : r
Skagit River : Near Concrete $ 2,700 : 192k~ ° £13,980 ¢ 15,080 :19,7L0: 9,629 : 1h7,000 : 129,000: 2,360
: s t g H t : H : :
Skagit River : Near Sedro Woolley ¢ 2,970 1 1508-2); 116,200 ¢ 16,150 :19,600:10,700 ¢ 220,000 : 198,000: 2,830
: H R H H t : H : H
Skagit River : Near Mt. Vernon t 3,060 3 19l0- +1)4,580 : 1/:17,060:10,510 + 94,300 : 88,000z 3,050
t : : s : : : : : H
Sank River : Near Sauk ¢ 7l : 1911-12, 1928- : L,015 : L,655 : 5,950: 2,887 : 68,500 : 51,k00: 578
3 ? $ H 3 : : H t :
+ Below Anderson Cr.2/: s _ o R : : 1 3 :
Baker River : Near Concrete s+ 210 : 1910-25, 1998-31: 1,990 : 2,073 : 2,600: 1,540 : 36,800 : 27,th0: 220
: H t 3 2 3 : N z :
) A-6. - Mean monthly stream flow data (through water year 1948)
Stream Station 2 Odt'. fﬂov. :'Dec. 3 Jan. z Feb. : Harch. XpﬁI s May @ s July : HAuge. : Septe: Annual
: s . : s : s
Skagit River : At Newhalem H 2,586 R 78hx 2,867: 2,315 2, 235: 2,399 h,323 8,882 =10,360- 6, 172 3,225: 2,321: h,210
3 : t s s
Skagit River : Near Concrete :10,3ho 11,720 13 7ho ].1,810 1o,160 10 220:1h,5ho -2h,080 2126, 960: 17,280- 9,158- 7,563: 13,980
Skagit River Near Sedro Woolley ;10,700 16,4002 16,300 13,500 12,000: 10,300 13,900 .23,900 ;31,600 £23,200: 12 200. 9,160; 16,200
t H ¢ s 4 : H g
Skagit River : Near Mt. Vernon :u,5h0;12,19o 15,2!;0:12 160:11,080 10,030: 1h,100 222,960 6,830:17,920: 9,230- 8,470: 14,580
' : ’ H B ] ot H H H :
Sauk River : Near Sauk s 2,586: 3,623: h,217: 3,697: 3,159- 3,078: h,070 : 6,603 : 7,792. 5,025 2 387. 1,902: 1,015
: : 3 t s : : : : s
¢ Below Anderson Cr. @ H : H t s H s s 4
Baker River : Near Concrete : 1,830: 1,750: 1,810: 1,520: 1,L00: 1,110: 1,710 : 2,850 : 3,590: 2,990: 1,8003 1,490: 1,990
t : t : 3 H ] : d L3 s : H 1

T/ Data unavailable

2/ Revised by Carps of Engineers



20. ‘ Regulation. ~ There are three reservoirs on Skagit River and its
tributaries, operated entirely or primarily for production of power. Sinc
their construction, they have effected some degree of incidental flood S
control. The first res'ervoix: developed was Shannon Lake, operated by Puget
Sound Power and Light Company. The dam was completed in June 1927, and
controls a usable capacity of 132,500 acre-feet, however, there are no
provigions for flood control reservations at this site. The normal opera-~
tion of the reservoir for power results in water being stored during the
spring snowmelt season and early winter rain season, while releases are
generally made during the late summer, fall and winter. Because of this
general operation the reservoir usually has a variable axlld small amount
of space available to aid in regulating high discharges occurring in
November and December. This reservoir was full prior‘ to the peak of the
November 19,9 flood and therefore no reductign of flooding downstream was
obtained. . )

21. The city of Seattle has developed Skagit River above Newhalem
for the production of hydroelectric energy. Diablo Dam was campleted in
1930. A usable capacity of 76,200 acre-feet is available between power
operating levels of 1,205 feet and 1,0L0 feet. From 1930 to 1$L0O this N
regervolr provided incidental flood control, and was particularly effec-
tive during the flood of February 1932. Since the construction of Ross
Dam in 1940, drawm-down at Diablo has been limited insofar as possible to
15 feet. Future operation contemplates a limited diurnal fluctuation
of approximately 3 to 5 feet required for power generation at peak load.

22, In 1940 Ross Dam was completed to elevation 1,400. Subsequent
construction and the installation of spillway gates by 1952 will raise
maximm operating pool lewél to 1,600 feete The maximum draw-down cone~
templated for power is 100 feet, with a coﬁesmnﬂm starage of 896,000
acre=feet.

23. Since the construction of these two dams on the Upper Skagﬁ';
River, and until the Installation of the gates is completed at Ross Dam

in 1952, flood control regulation has, and will contimue to be, incidental

12
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and variable, Studies are under way to determine the amount of flood core
trol storage reservation and the method of reservoir operation. At least
80,000 acre-feet of storage are required to effect the maximum amount of

control possible for thé largest floods of record. Final results have not
yet been obtained, but for the purpose of this report to illustrate the

effect of flood storage in Ross Reservoir 120,000 acre—feet of storage has
been assumed. The effect of such storage in Ross Reservoir for the floods

of 1909, 1917, 1921 and the standard project flood is shown on plate 9.

FLOODS

2, Flood characteristics. - Because of its geographic location,

the Skagit River Basin is subject to floods of both the rain and snowmelt
type. An annual high water is expected during the spring or early summer,
caused by the seasonal rise in temperatures, with resultant melting of the
accumulated spowpack. These high dischai'ges may have a.minor contributlomes-

from warm rains, but are caused predominantly by snowmelt. Rain~type

 floods occur usually in November or December, bub may occur as early as

Octobe_.r or ag late as February. Antecedent precipitation serves to bulld

up groudwater reserves and-saturate the ground. Frequently, a light snow-~
:pack is then formed over most of, or the entire basin. A heavy rainfall
accompanied by warm winds completes the sequence which produces major floodse
The heavy rainfall and accémpaming snommelt result in a high rate of run—off
as the ground is already' neérly saturated f‘rom earlier precipitation. Two
or more crests may be experienced within a period of a week or two when a
geries of storms moves across the basin from the west.

25, The high water caused by the spring snowmelt is characterized by
its relatively slow rise and long duration. While this high water occurs
amually, it has never reached a damaging stage. It is during this annual
spring or early swmer high water that power reservoirs are filling, and as

a result the spring peak discharges are frequently reduced.

13

P 000249



26, Rain floods occur during the fall or early winbter months and have
a congiderably higher magnitude than the average amnual spring high water.
Since 1920 these floods have been reduced varying amounts by incidental con~ e
trpl at the power reservo'irs. However, the location of these reservoirs !
is such that they cannot effect any great amount of flood control be;:axlse
of the contribution from large uncontrolled tributary areas, of which Sauk
River is the largest and most important.

27. Historical floods and floods of record. = The first white people

settled in the valley about 1869, High-water marks since then have been
recorded from time to time, with increasiné accuracye. Prior to that time
the record of floods depends upon testimony and tradition of the Indians,
upon certain direct and indirect evidence of high-water miarks, and upon
flood records elsewhere. Gaging stations have been established only since
1908, and the records therefrom are not, in general, contimous for any
particular static;n.

28, In 1923, Mr. J. E. Stewart, of the U. S, Geological Swurvey,
collected data for, and partially completed, a report on Skagit River.
After careful study and analysis of all data and evidence available he
reached the conclusion that "a flood about 1815, was nearly a maximm, but S~
there had been, prior to that time, several floods approximately as large."
The 1815 flood had, he believed, about twice the discharge of the floods of
1509, 1917, and 1921, and he also found evidence of a flood in 1856, about
1-1/2 times as great as those more recent f£loods.

29, Flood discharges as determined by Mr. Stewart, together with
data on the floods of February 1932, Jamary 1935, November 1949, and
February 1951, are shown in table A=~7.

15
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Table A-7 -~ Flood discharges of Skagit River

v Skagit R. at s Skagit R, : Skagit R. at
Station : Reflector Bar @ near Concrete  : Sedro Woolley
Drainage Area : 1,100 8q., mi, : 2,700 sq. mi, : 2,970 sq. mi.
:___Crest Discharge : Crest Discharge : Crest Discharge
Date s cfs. :cfs/sq.mi.: cfs, :cfs/sq.mi.s cfs:cfa/ag.mi,
181 :1/115,000: 105 :1/500,000: 185  :1/400,000: 135
1852 : :ﬁ 95,000z 86 :1/350,000: 130  :1/300,000: 101
Nov. 16, 1896 : : : : 11/185,000: 62
Nov. 19, 1897  :1/ 48,000: Ly  :1/275,000: 102  :1/190,000: bl
Nov, 16, 1906 : : t : :  180,000: 61
Nov, 30, 1909  :1/ 70,000: 6L  31/260,000: 96 : 220,000t T4
Dec. 30, 1917 :1/ 43,0002 39  :1/220,000: 81 : 195,000: 66
Dec, 12-13, 1921 :1/ 63,000: 57  :1/240,000: 89 & 210,000: ol
Feb, 27, 1932  :2/ 45,000: 39 ¢ 147,000: 54 2 :
Nov. 13, 1932 : : + 116,000 43 : :
Dec, 22, 1933 : H :  101,000: 37 s :
Nov. 5, 1934 :2./ 50 300: 26 : gi,ggg ll:g H :
Jan. 25, 1935 t »300: : 4000s .8 :
Nov. 27, 1949 g /14,0003 12 :3/158,000: 59 :3/135,000: 45
Feb, 10, 1951 _/%/12,000: 11 :3/139,000: 52 33/150,000: 51
3 3 H t : $

1/ Calculated by Mr, Stewart from all available information and high water marks.
2/ Discharge below Gorge power plant (D.A. 1,160 sq, mi.).

3/ Preliminary estimate by Corps of Engineers,

The discharge of floods at Sedro Woolley prior to and including 1921 was
based partly upon the calculated discharge of the 1921 flood determined
from slope area compntat:llons for the main channel and overflow in several
sloughs, The discharge in the main channel for the observed gage height
from rating curves was 160,00Q_ cubic feet p\er second. The discharge of
South, Beatty'!s and North Sloughs, not accounted for in rating curve for
the river, and Beatty's Slough channel at County road, was computed to

be 50,000 cubic feet per second. The total crest discharge was computed
to be 210,000 second-feet, as shown in table A-7.

16
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30. The discharge of the 1921 flood at Mount Vernon (drainage area
3,062 square miles) was debermined by Mr. Stewart as approximately 190,000 ™
second-feet, of which 140,000 second-feet was carried by the river channel
below a break in the dikes just above the Great Northern Railway bridge.

The crest discharge for this flood is given as 2L0,000 second-feet neax
Concrete and 210,000 second-feet at Sedro Woolley. This decrease in peak
discharge as the floods advance downstream is caused by storage in the

river channel and overflow areas. Mr. Stewart estimated the overflow
discharge for the 1917 flood to be the sams as for the 1921 flood, there-~
fore 50,000 second-feet was added to the flow calculated for the main channel
to determine the estimated total discharge. Mr. Stewart states the accuracy
of crest discharges of the 1909, 1917, and 1921 floods at Sedro Woolley is
10 percent, and 15 percent for~ other floods prior to 1909. The limits of
accuracy assigned to these discharges has been the subject of much discussione
However, data are too limited to permit a more accurate analysis than made
by Mr. Stewart. As a result of ¥r. Stewartts studies, the U. S. Geological
Survey revised all discharge data for the period May 1, 1908, to Septem=

ber 30, 1921, for this station and these revisions were published in Water
Supply Paper No. 552. The largest discharge actually measured at Sedro
Woolley, prior to Mr. Stewart's study, was made on January 2, 1918, during
the recession of the second and secondary crest of the December 1917 flood,
and was determined as 9lf100 seéond-i‘eet. Thus, considerable extrapolation
of the rating curve is required to obtain the calculated discharges for these
early floods., A measurement taken at or mear the pesk of future flood, cf
(continued on next page)
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comparable magnitude with those calculated by Mr. Stewart, will be of inval-
uable assistance in checking the calculations.

31. At the time Mr. Stewart made his report no gaging station had been
egtablished on Skagit River at The Dalles, near Concrete. His estimate of
210,000 second=feet for the crest discharge at this site is a mean of four
calculated discharges, one made by contracted opening method and thrse by
glope section, The 1917 and 1909 discharges were estimated by comparisom
of stage heights with that of the 1921 flood. Determination of gage heights
of early ﬂoo;is was made from high—-water marks. Mre. Stewart estimates the
discharge of the December 1921 flood to have an accuracy,within S percents
the 1917, 1909, 1856, and 1915 floods, 10 percent; and the 1897 flood, 20
percent at The Dalles. These values are also subject to question because
of uncertainty of high-water marks, changing channel conditions tending %o
alter the rating curves such as clearing the bottom valley lands, erosion
and deposition, and excessive extension of rating curves.

32. Flood frequency. - The records of the gaging station, Skagit River

x;ear Sedro Woolley, are used for the flood frequency study, as the gage is
located at the head of the principal area for which protection has been con~-
sidered. In additiom, all flood damages in the lower Skagit valley have beén
related to flood discharges at this station. The flood frequency study util~
izes anmual peak flows from the winter months only, as the spring high waters
have always been below damaging stage and are the result of a itfferegt set
of meteorological conditions than those causing the winter floods.

33+ Flood records are available in the basin since 1908 but they are
not contimuous at any single site for the entire period. A4s described
previously, estimates have been made of crest discharges for historical
floods occurring in 1815, 1856, 1897, 1898, and 1906. However, it was .felt

. that the use of these flood peaks not in a contimuous series and of question-

able accuracy would decrease the over—all accuracy of the frequency curve,

and s0 they were omitted from the study. As the period 1909 to 1950 is con~
sidered to ba a relatively adequate sample for the determination of a flood
frequency curve, a complete series of flood data was derived f&z‘ this period

from available gtations to augment the recorded data.
17
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34. Records are available at Sedro Hoolle} from May 1908 to December
1919 and February 1921 to December 1923,

35, The . annual ﬂnter flood peaks for the period 1925 to date were S
estimated by comparison ﬂth Skagit River near Concrete and near Mount Vernon.
Annual winter flood peaks for the years 1920 and 1924 are not available at
either Sedro Woolley or Concrete, therefore the figures for these years
were estimated from comparison with Cedar River near Landsberg. As these
flows were near average, any error introduced would be negligible,

36, Crest discharges at Sedro Woolley 'have been affected by inciden-

tal regulation at Diablo Reservoir since 1930 and Ross Reservoir since 1941,
' ‘ Estimated observed discharges at Sedro Woolley since 1930 were revised to
eliminate the effect of regulation by Diablo and Ross, either scheduled
or incidental, and a curve was computed for Sedro Woolley representing'
natural conditions modified only by incidental regulation at Shannon Reser-
-voir since its éompletion in 1927, This curve of "natural” flows is indi-
cated on figure A-l as curve A,
37. Upon the completion of the installation of the spillway gates at
Ross Dam in 1952, storage will be made available at Ross Reservoir for flood
control. . The use of this storage will result in variable reductions in S~—
crest discharges at Sedro Woolley, Crest ciischarges near Sedro Woolley for
the period studied were estimated assuming the operation of Ross Reservoir
throughout the entire period in accordance with the proposed achedule of
operation. Using theses modified flows, a second curve representing frequency
of diacharges at Sedro Hoolley. as regulated by 1952 conditions at Ross
. for flood control,
' Reservoir was computed, utilizing a maximm of 120,000 acre-feet of storage_./
This regulated curve of flood frequencies is shown on figure A-l as curve B,
38. The flood-frequency curves for Skagit River at Sedro Woolley were
calculated using Gumbel's method, which gives a straight-line curve accord-.
ing to the statistical theory of‘ext.reme values,
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39. A summary of October through March peak flows for Skagit River

at Sedro Woolley at various frequencies for natural and 1952 conditions

is tatulated below:

~ Frequency s 3 1952
in years : Natural 3 Conditions

2 ; 77,000 70,000

5 112,000 102,000

10 136,000 124,000

20 : 159,000 : 145,000

50 187,000 170,000

100 210,000 190,000

19
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CORPS _OF ENGINEERS U. 5. ARMY

NOTE : Period of record for Skagit River near Sedro'liﬁbolﬁeji's:fmm 1908 fh;du:gh 1919 and 192 fhrougfn 1923,
Flood crests for 1920 and 1924 estimated. by comparison with tloods on Cedar River.

Flood crests from 1925 through 1940 estimated from records ot Skagit River near Concrete; 1941 through 1950
estimated from records of Skagit River near. Concrete and MountVemon. Records subsequent to 19

adjusted o compensate for operation of Diablo and Ross reservoirs to obtain natural conditions

LEGEND: Curve A — Esfimated natural flows without regulation at Diablo and Ross reservoirs.
Cuwve B —Estimated regulated flows based on 1952 operotion of Ross with,lZO,QOO acre-feet

of flood control storage.™ ©.7:: - . &7 . e et
Curve C~Curve B modified.by 140,000.A.F. of flood control storage ot upper Baker site.
. Curve D~Curve B modified b_y._aoo,ooc_)‘ A.F. of flood control storage .at Faber site.
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STANDARD PROJECT FLOOD

40. Location. - The standard project flood is derived for the site
of the U. S. Geological Survey stream—gaging station Skagit River near
Sedro Woolley, Washington. ‘

L1 Method. ~ The standard project flood was derived by appi’i.cai".ion
of unit hydrograph procedure to rainfall and snowmelt excess. The steps
followed in this procedure were:

as Derivation of unit hydrograph from major floods of record.

be Determination of rainfall as half of maximm possible
precipitation. 1/

¢s Determination of snowmelt based on assumed rate of meslt
and "temp;rature sequence patterned after storm of recorde

d., Dotermination of logses based on those experienced in
floods of record..

8o Determination of base flow patterned after that of floods

of recorde.

42, Unit Ihydrg_g'aﬂi; ~ A 6-hour unit hydrograph was derived for
Skagit River near Sedro Woolley by analysis of rainfall run-off records
for major floods. Stream-gaging gtations were maintained near Sedro
Woolley from 1908 to 192L; near Concrete from 192l to date; and near
Mt. Vernon fram 1940 to date. The peak discharges of Skagit River near
Sedro Woolley for the three largest floods since 1900 were 220,000,

195,000, and 210,000 second-feet, occurring in November 1909, December

1917, and December 1921, respectively. A medium flood used in this

analysis, that of November 1910, had a recorded peak discharge of 11l,000

second~feet at Sedro Woolley. Discharge hydrographs, basin precipitation,

and losses for the November 1910, December 1917, and December 1921 floods

are shown on plate 10, figures 1, 2, and 3, respectively. The unit

1/ As directed by Office, Chief of Engineers,in paragraph 2 of the second
orgement to basic letter from Seattle District ® North Pacific Division

dated July 8, 1948, subject: “Submission of Method of Standard Project
Flood Derivation for Levee Type Projecta."

m'
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hydrographs deri%edhrrom these floods are shown in figurs l. Climatolo-
gical records indicate that the November 1910 flood was caused primarily
from rain at lower elevations. The Deceamber floods resulted fram rain and
snommelt. The unit hydrographs derived from the Decembér floods have
higher crest discharges than the unit hydrograph derived for the November
1910 flood. Floods derived fram a unit hydro.graph gimilar to the Decem-
ber floods would show higher discharges than floods derived using a unit
hydrograph similar to that of the November 1910 flood. Thersfors, for
design purposes, the composite unit hydrograph patterned after the unit
hydrographs derived for the December floods was developed and is presented
in figure L. |

li3. The composite unit hydrograph was checked by usiné it to
reproduce the flood of November 1909. This is ghown on plate 10, figure
S, where it can be seen that the reproduction is accurate enough for design
‘purposes. Therefore, the composite unit hydrograph was adopted as the
basic unit hydrograph which could be used to reproduce combined rain and
snommelt floods hwﬂngdisdmugesxmar:%@fo“b&usycﬁ’qnmmdmakﬂy
200,000 ofs. Hydrologic data for the four £loods of record used in this
study are shown in tabls A-8, in order of ascending magnitude. Pertinent
data concerning unit hydrographs derived from floods of record a;d the
composite unit hydrograph are included in.table A~-9,

lh. Unit hydrographs derived for the two December ﬂoodé show a
marked similarity; yet the crests vary from 5k,500 to 69,500 cubic feet
per second, This difference is caused by variations in distribution of
precipitation and comtribution of snowmelt. To allow for these variations
which are indeterminate, additional unit hydrographs having crests equal
to 125, 150, and 175 percent of the basic hydrograph were derived. These
four unit hydrographs are shomn on plate 10, figure 6. Pertinent data for
the basic and 125 percent crest of the basic unit hydrographs used in
calculating the standard project flood are presented in table A~9,
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Table A-8, - Hydrologic data for major floods of record

: 3 3 3
t e ‘:_ ) t tproject
Ttem t Nove 1910 : Dec. 1917 : Dece. 1921 : Nove 1909 ¢ flood
1 : s : :
Crest discharge, 1,000 cfs. s 11k s 195 s 210 s 220 :  hho
Storm duration, hours : L8 2 72 : 78 : 66 s 120
Total storm precipitation,  inches : 5.98 7.30 : 12,50 6469 : 10.8
Total storm snommelt, inches : I_L/: 1/: 1/: 1/: 5e3
Surface run-off, inches st 2.0 7 ¢ Lh.23" : ST : 5.28 : 12.1
Precipitation and snowmelt minus- :: : H : :
surface run~off = losses in in. .\ 3.58 3.07 7.03 & 1.0d 4.0
Maximum 2L~hr. precipitation, in, ‘ b0 3459 3 5.60 3.60 : 5.0 .
Minimm 6-hr. loss 2/, inches 47 «20 3 58 A3 2 o2
Range of base flow, 1,000 cfs. :. 127 12-27 : v 12«26 10-28 1,-28 )
1/ Indeterminate : i : - - - -
_’z'._’/ Minimum loss for é-hour perioed when rainfall excess was experienced
Table A-9. ~ Unit hydrograph data
1 T e : tCrest 125
: -t : sComposite spercent of
Ttem 1t Nove 1920 : Dece.-1917 : Dec. 1921 :or basic :basic crest
. 1 T - ) : s
Crest of unit hydrograph 1,000. @ k5.5 69.5 Shes & 63.0 : 79.0
cfse 3 ’ 3 : 1 3
Hour of crest ' » : 32 3 L5 s k6 s L5 )2
Width at 75% crest, bgurs : 19 ! 12 2 15 s 12 : 9
3. 32 ] 20 : 27 : 23 : 17
¢ : : s 2

Width at 50% crest, hours




LS. Precipitation. = The maximm possible precipitation for the
Skagit River Basin was determined by the U, S. Weather Burea:u.l-:/ and is
shom on plate 11, as figure 1. The maximum possible precipitation
indicated on these curves far the drainage area upstream from Sedro
Woolley (2,970 square miles) is 21.5 inches in 120 hours. The average
precipitation over the basin above Sedro Woolley to be used far the
standard project storm would be half of the above amount (par. 41), or
10..8 inches in 120 hours. Precipitation rates for 6~hour intervals
for duration of the standard project storm are shown in tabls A~10.

6. Snowmelt. - Snowmelt contribution during the standard proj-
ect flood is dependent upon many variables, of which the most signifi-
cant are distribution amd amount of snow at the beginning of the storm,
temperature sequence during the storm, amd rate of melt. These conditions
may vary widely in major storms and are difficult to analyze, as basic
data are meager. The assumptions regarding amount, rate, and distribu~
tion of snowmmelt contributlon required for the standard project flood
were made at, and in cooperation with, the Processing and Analysis Unit
of the Snow Investigation Program, Oakland, California. Information
available in that office under Office, Chief of Engineers,Project
CWI-171 was utilized.

1/ "Preliminary Estimate Maximum Possible Precipitation Skagit River Basin,®
By Hydrometeorological Section of U. S. Weather Bureau, July 29, 1946.
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Table A-10 - Standard Project Storm, Rainfall and Snommelt Excess

~Standard project storm

t 3
: H _ Rainfall [ 3 Rainfalls : Rainfall:Rainfall only
s 3 T s+ Wost : and : and ¢ :
¢ Maximm 3 s6-houricriticaliSnowmelt : snowmelt: t gnowmelt: :
: possible: tincre-:distri-~ ¢ distri- : distri-: ¢ excess : H
Time : rainfall: Total smental:bution : bution : bution : Losses: tLoss:
hoursg: - - Inches
0 . : R e : : t : : :
6 : 36l : 1.6 : lb6: W1 A W2 : .2 ¢ .0 t Wl
12 @ 5.9 H .Q H 1oh 3 o2 H o2 H -h H o2 3 2 PR
18 81 ¢ L ¢ 11 : L2 & 3 .5 P 2 .3 : W1
2L 1 101 : S50 T .9 3 1 3 1 Wb T W2t Wb T
30 . t RS : I T ' 3 1 LT 1 W2 1 W5 FS
36 : 13.0 t 6.5 : JT: 5 3 1t o8 T W2 Wb TR
L2 S T T I T T i 2 1.0 T W2t L8 s ol
hB H 150h H 7.7 H 56 H 08 b 05 14 103 H o2 3 L.l : o1
ol t t 5 1l oz b 1 1.7 T W2 & 1.5 TR
60 3 17.2 $ 806 b Dh s 1.6 3 _os H 2.1 $ 2 3 109 2 oLl @
66 : t . ¢ W 1l s Bt 1.8 T 2 ¢ 1.6 s ol
72 H 1806 H 9'3 k] «3 ¢ o9 3 o3 s l.2 : 2 ¢t 1lo0 : W1l
78 t t «3 8 W7 3 3 : 1.0 : W2 1 .8 T
8L s ] t 21 6 3 2 1 .8 t 2 1 W6 ERS
90 : T W23 o dl 2 .5 T W2 1 W3 Wl
96 : 20.h s 10.2 2 ¢ c3 H ol H oh H o2 @ 2 : ol
102 : T W23 W2 3 It W3 T W2 @ Ll T W1
108 : T W2 2 3 .3 3 W2 1 Ll s W1
11 s : T Wt W2k P R ) T W2 Wl T Wl
120 @ 2L.5 : 10,8 : W 1 3 d 2 W2 t W2 2 L0 s ol 2
3 3 ¢ : 2 T : : : s
0 s T t : T - T T : :
Total ————— 10.8 : 10.8 : 10.8 : 5.3 : 16,1 : L. :12.1 22.0 3




47. The widely varying unit run-off from Upper Skagit River and
major tributaries, such as Sauk and Baker Rivers, during floods of
record indicates that precipitation also must vary greatly throughout N
the basin. It is reasonable, therefore, to assume that distribution of
snow cover would not be uniform but would vary with elevation and expo-
sure, An attempt was made to determine the effect of these var'iables.
on snow distribution, but the meager data avallable made the determina-
tion impractical., However, the uneven distributions of snowmelt and
precipitation have been reflected in floods of record and would there-
fore be reflected in the unit hydrographs derived from these floods.
Therefore, to gimplify camputations, snow depth prior to the standard
project storm is assumed to be evenly distributed throughout the basin
for any given elevation.

48, Areas below 1,500 feet elevation rarely have a snow cover
.greater' than a few inches during any starme This snow is normally
on the ground only a short time and usuwally disappears between storms.
Less than 12 percent of the basin lies below elevation 1,500 feet;
therefore, snowmmelt fram this area is limited both with respsct to
ared contribution and volume. An area-elevation curve for Skagit
River above Sedro Woolley is presented on plate 11, figure 2.

L9. Approximately 25 percent of the basin area lies between ele~
vation 1,500 and 3,500 feet. Light to moderate snowpacks may be accu-
mulated between these elevati..ons in November or December. Approximately
Lo percent of the area of the basin has an elevation of from 3,500 to
5,500 feet, This area can, and frequently does, have a snowpack in
excess of 2 feet by November or December when the standard project
storm and resultant flood would most likely occur. Snow surveys have
been made about 1 January at several courses in the upper Skagit Basin
since 1947. Data obtained from these surveys are presented in table
A~11, and indicate that there may be a large potemblal snowmelt comtri—
bution to the standard project flood from areas above 3,500 feet eleva-
tion. The locations of the snow courses listed in table A-1l, are shown

on plate 1.
25
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50, Temperature sequence. = The best index to snowmelt is tempera-

ture and therefore it is necessary to adopt a temperature sequence

for the standard project storm which will produce near optimum snowmelt
for the type of flood under consideration. In order to produce nsar
optimm snowmelt conditions, high tempera.tuz.'es should mrevail at eleva—~
tions of from approximately 3,500 to 5,500 feet., That area cammrises

LO percent of the basin, and may have a moderate to heavy snowpack
during or after October. A gtudy of temperatures occurring during several
major storms showed that the storm of Jgnuary 1935 was accompanied by
unusually high temperatures. At Mount Baker Lodge, eleva‘*bion 4,200 feet,
a maximm temperature of 70° F. was recorded. An extreme temperature
inversion was indicated during this storm because normal temperatures

in this region decrease approximately 3°F. for an increase in elevation
of 1,000 feet. However, a repetition of the storm of January 1935 with
this temperature inversion would result in more nearly optimm snowmelt
conditions for the area betmween 3,500 to 5,500 feet. The temperature
sequence which occurred during this storm was therefore adopted as a
pattern for the standard project storm.

S1l. Curves of mean daily temperatures for the storm period are
shown in plate 11, figure 34, for four stations in or near the basin,
w-ith elevations ranging from 38 feet to 4,200 feet. The curves shown
in figure 3A are for observation stations and would not necessarily
be the same for other points of equal elevation. Using the observed
temperatures as a guide, curves representing assumed mean basin tempera-
tures i—‘oi'.t!:{e four elevations adopted for the standa.r& project storm are
presented in figure 3B. Mean daily temperatures are 33°F. or below for
all stations, on the day preceding the 5-day storm. These low tempera-
tures prior to the storm assure that a snowpack deposited during a pre~
ceding storm would remain over the entire basin. Using the modified
temperature sequence determined for the four stations as a basis, temper-
atures for all elevations in the basin were derived for the 5 days of

the storm, and the day preceding the starm. These curves are presented
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Table

A-11. - Snow surveys as of 1 January
(1947 through 1949)

tAverage :Average Water:

Elevation : defith : equivalent : Density
Station : (feet) :(inches): (inches) : 3
s ¢ 947 ¢ LT =
Beaver Creek Trail s 2,200 :+ 28 8.3 s 29.6
Beaver Pass : 3,680 == L9 1L.6 : 2947
Freezeout Crsek Trail : 3,500 : 32 : - 10.8 : 33.7
Freezeout Meadows : ,000 ¢ 66 22,1 s 33.5
Granite Creek s 2,500 30 7.7 : 2547
Lightning Creek Trail : 2,400 H 21 H 5.5 H 26.2
: t s :
1948
Beaver Creek Trail : 2,060 : 21 s L9 :  23.3
Beaver Pass : 3,680 : L6 11.8 s 257
.Freezeout Creek Trail : 3,530 : 29 5e8 : 20,0
Freezeout Meadows ¢ Lhy920 : 87 ¢ 12,5 : 21.8
Granite Creek 3 2,820 9 2.1 : 23.3
Lightning Creek Trail : 2,230 : 7 ¢ 1.8 s 25.7
Meadow Cabins B 1,900 3 6 1.6 : 2647
Park Creek Pass 1 5,050 ¢ 112 3 310 27.7
Thunder Basin ¢ 4,200 ¢ 31 & 7.2 H 2342
4 3 3 H
19L9
Meadow Cabins : 2,500 ¢ 38 5e2 : 13.7
: : 1 3
Three=year average 25.6
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Table A~12, - Standard project storm, tewperatures and snowmelt

Elev. : 0 : I1,500: 2,500 : 3,500 ¢ Ly500 : 5,500 : 6,500 : 7,500 : 06,500
in ¢ %0 : %o: to : to ¢ to : o :t to : s and

feet : 1,500: 2,500: 3,500 : 4,500 : 5,500 s 6,500 : 7,500 ¢ ,SOO : above

Basin ¢ : s : : s : : $

area ¢ - $ : : : : : : :

in ¢ ¢ 13.1 2 10,0 3 13.3 : 205 : 19,8 s 16.2 : 5.2 @ 1.8 : 0.1
Day : %an Zome 'banperatures in dagrees Falu'enhei‘b

§ 3305 % 365 3 L0+ LSO+ Wh0 s 13.0 ¢ 1.0 39.5 1 38.0
H 3600 H )-lo 0 ll7o0 H 520 H 50 S ,.18 5 H )Léos : hh.O H ).12.0
s 38,0 ¢ 42.5 5 52,0 : 55,0 ¢ Sha0 : 52,0 3 L9e5 ¢ Lh6.5 = LhO
3 32-5’ : 3)4.5 : 3805 H h200 : ).11.0 R ).10.0 H 3805 : 37.5 b 3600
t 3165 8 32,5 : 35,0 : 39,0 : 38,0 : 37.0: 36.0 t 3Le5: .33.0
3 3 : 3 : s 3 H
Zone degree da.y‘s above 32 degrees F'E.hrenheit
: : 1 s s
s 1.5 : LSt 9,0 : 13.0: 12,0t 11.0 : 9.0 : 7¢5 3 640
t LeO s B8e0 : 15,0 : 20,0 ¢ 18,5 : 16.5: 1he5 : 12,0 : 10,0
s 6,0 ¢ 10.5 2200 : 23,0 3 22,0 ¢ 2040 5 17.5 : 15 : 12,0
!; 0.‘: g 2.5: 605 : 10,0 9.0 b 8.0 $ 605 H 505 H hoo
H oo 0. 5 3.0 : T.0 3 6.0 : 500 : h_o_o_f 2.5 H 1.0
s : : t s H
Total : 12.0 26.0 B35 : 73.0 3 67.5 5 60.5 : 51.5 : L2.0 : 33.0
Tota.l zone gnow depth melted (assuming 30 percent density)} in inches 1/

Tnchea: L0 @ Be7 8 17.8 ¢ 2he3 : 22,5 t 20.2 ¢t 17.2.5 1h.0 & IL.0

wnEwooH

wmEw o -

_/ The zone snow depth melted.is determined by assuming a melt rate- ‘of 0,10
inch per degree day, and 30 percent initial density. Example: Zone O to
1,500. (Total degree days above 32'F. = }2.0) (melt rate ™ 0,10 inch per

degree day above 32°F.) ( =]
=(12,0)(0.,10)( 1 )=i0 Toitial denaﬂ‘.y of snow 0.30
0.30 inches
o8
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‘Table A-13, - Standard prpject storm, basin snowmelt

3 3 $ 3 4 2

f Average snowmelt on basin contributed by esach zone in inches y

s+ 0 ¢ 1,500: 2,500% 3,500: 4,500: 5,500: 6,500t 7,500z 8,500
: to ¢ to: to : to : to: to 3 to : Lo :and :

Day : 1,500: 2,500: 3,500: L4,500: 5,500: 6,500: 7,500: 8,500: above:Total
: : 1 : : : s : : T

1 s 0,020: 0.045: 0,120: 0,266: 0,238: 0.178: 0.047: 0.01L: 0.001l: 0.9
H : 3 : e : H s : s

2 : 0,052: 0,080: 0.,199: 0.l10: 0,366: 0.267: 0.075: 0,022: 0.001: 1.5
: s : : s : : t H :

3t 0,079: 0.105: 0,266: 0.472: 0.436: 0.32h: 0.091: 0,026: 0.00L: 1.8
S | . H o : s H s

L 3 0,007t 0.025: 0.086: 0,205: 0.178: 0.130: 0.03L: 0.010: 04000: 0.7
: < 3 s 3 : s : ]

S 0.000: 0.005: 0.040: 0.1lLh: 0.119: 0,081l: 0.,021l: 0.004: 0,000: O.h
. . : . +
;

T s 3 : s 8 B s
Totals 0.158s 0.260: 0,711: 1.497: 1.337s 0.980: 0.268: 0,076: 0.0031 5.3

1/ This is the melt in each zone resulting from a melt of 0,10 inch per
degree day, weighed by the zonal area or averaged over the entire basin.
Example first day, zone O to0 1,500 feet. (Degree days above 32° F.™L.5)
(melt rate = 0.10 inch per degree day above 32° F.)(zonal area in percent =
0.131)= (1.5)(0.10)(0.131) = 0,020
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on plate 11, figure 4. A study of synoptic weather maps for Janvary 1935
indicated that the assumed temperature sequence could have been experienced
in the January 1935 stoarm.

52.. Rate of snowmelt; - No data are available on rate of snowmelt

in Skagit or adjacent basins. ﬁowever, in.forma.tion]_-/ on peak snommelt

‘rates at the Central Sierra Snow Laboratory indicates that the snowpack

at 16 gtations disappeared from 1 through 13 May at an average of 1.36
inches water equivalent per day, or about 0.13 inches per day degree.

The basin on which this melt rate occurred is 3.96 square miles in area,
has a range in elevation of approximately 2,100 feet, and is relatively
c]d.matoloéically homogeneous. Skagit River above Sedro Woolley has a
drainage area of 2,970 squars miles, a range of elevation in excess of
10,000 feet, and widely varying characteristics. TFor these and other rea~
gsons the melt rate prevailing over the Skagit Basin could not be as high
as tha.f; experiencéd during the peak of the snowmelt season at the Central
Sien:a Snow Laboratory. Therefore the assumptiqn was marde that a melt rate
of 0.10 inches per degree day would be éxpe'ri‘enced during the standard
project storm. ‘

53. Computations to determine the amount of melt which would be
contributed by 9 elevation zones and the entire area are presented in
taQBle__A—i& The melt thus determined using temperature sequence and
melt rate assumed varied from 1.2 inches of water equivalent at eleva-
tiong of less than 1,500 feet to a maximum of 7.3 inches abt 1,000 feet,
and decreased to 3.3 inches above 8,500 feet. The average snommelt avail~
able for run—off for the entire basin for 120 hours was 5.3 inches, as
shomn in table A-13. The daily comtribution of snowmslt established in
table A-13 is further subdivided imto contributions for 6~hour periods as
shown in table A-10.

che The density of snow determined on 1 Jamary surveys varied
from 13,7 to 33.7 percent with the average density being about 26
percent (table A-11), Assuming that the smowpack initially had a density

of 30 percent, the depth of snow neéessary to provide computed snowmelt

1/Technical Report No. S, HydromstBfBeof tho Central Sierra Snow Lab
ol sig Unit of the Snow Invest. Program,
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was determined and the results are shown on table A-12, last line. Based
on snowpack records it is possible to have a snowpack varying fram 4.0
inches below 1,500 feet to 2l inches at 3,500 to 4,500 feet. The snow ~—
below 1,500 feet could reéult from a single storm immediately preceding
the standard project storm. At 3,500 to 4,500 feet, the 2h-inch depth
could be accumulated from one or more preceding stormse Above 4,500
feet, snommelt decreases as temperatures are lower. However, the snow-
pack could be at least equal to that below L,500 feet, and probably
greaters The snowpack could in some cases be so great at higher eleva-
tions that it could absorb rainfall and snowmelt, and no run—off would
resulte However, the standard project storm would probably occur before
such snowpacks wers accumulatede These considerations indicate that a
snow depth equal to that which would be melted during ths storm could
reagonably be assumed to exist at the begﬂuﬁng of the standard project
gtérm. 7

55, Observations at the snow laborataries have shown that under
certain conditions the smowpack retained no rainfall or melt after an
‘initial retardation of rqn-off at the begiming of a storm. Therefore,
in this study, it is assumed that precipitation and snommelt would S~
not be retarded by the smowpack. ‘

56, Losses. - lLosses are defined as the difference between botal
storm precipitation, including snommelt from previous accumulated
snowpack, and the run—off. Because of inadequate data, snowmelt con~
tributions could not be determined for the storms analyzed in the
" derivation of the unit hydrograph. The losses shown in table A-8 are the
difference between precipitation, only, and run-off. These losses are,
therefore, too small, as no snowmelt was included with precipitations
This is particularly true of the relatively low losses shown for the
November 1909 flood. During this flood all snow up to an elevation of
1,000 feet was melted, but not inoluded in the analysis. Some snowmelt
occurred during the December 1921 flood, particularly at lower elevation,
and a smaller melt occurred during the December 1917 flood. Te;nllaeratures
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were so low during the November 1910 flood that little or no snowmelt
occurred.

57. Losses accompanying the November 1909 flood were almost
constant, and umiformly low, with a calculated minimum loss of Os13
inch in 6 hours,

58 The inclusion of snowmelt in the standard project storm indi-
cates that a minimm loss ag determined in the November 1909 flood
would be too small. It was recommended by the Processing and Analysis
Unit that based on precipitation alone losses approximately double
those camputed for the November 1909 flood be used for the standard
project storm. The minimum loss for the 1909 flood was 0.13 inch in
a 6=hour time intervals, A conservative comparable value of 0.20 inch
per 6~hour time unit was adopted for the standard project storm,

59, Surface run-off. — Surface run-off was derived for rainfall

and snowmelt excess, uaing varisble unit hydrographs as shown on-plate
11, figure Syas curves A and B, respectively. Unit hydrographs with
crests 125 and 150 percent of the unit hydrograph basic crest wers
derived because of possible higher rates of run~off for higher rates '
of precipitation during the standard project storm. The meocimum 2L~
hour precipitation during the standard project sborm occurs betwsen
hour 54 and 78 and totals 5.0 inches. ' During that period, 1.8 inches
of snommelt is contributed, giving a total snmvmélt and precipitation
of 6.8 inches in 2l hours: The December 1921 storm had & maximm of
5.6 inches of precipitation for 2l hours as campared with the 5.0 inches
for the standard project storme Snowmelt comtribubtion is indeterminate
for the December 1921 flood, and no comparison of snowmmelt can be made.
However, because precipitation rates are quite comparable, the use

of the 150 percent unit hydrograph in deriving surface run-off for the
standard project flood appears umwarranted. Therefars, the hydrograph
of surface run—off developed by use of 100 and 125 percent unit hydro-
graphs, curve B, plate 11, figure 5, is adopted for the standard pro-
Ject flood as being most representative of .rmr-off conditions which

could prevail.
32
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60, In order to determine the effect of adding snowmelt to the
gtandard project storm, a hydrograph resulting from preclpitation alons
was computed. Loss rates were assumed to vary from 0.3 inch per 6-hour
period at the begimning of the storm to 0.1 inch per &-hour period ah
the end of the storme. Unit hydrographs varying frem 100 to 150 perceat
of the basic unit hydrograph were utlilized, and the resultant hydrograph
is presented as curve G, plate 11, figure 5,- This hydrograph is direct~
1y comparable to curve A, which includes run—off from snowmelt. In this
cage, the snowmelt increased the crest discharge approximately 33 percent,
while increasing volume of surface run-off approximately 37 percent.

61, Bage flow, - Because of the conditions which have been'assumed
to precede the standard project storm, the base flow cannob be excessives
In order to provide the snowpack assumed, precipitation during the storm
prior to the standard project storm mist have fallen as snow over the
entire bagin. The temﬁerature sequefice assumes that mean temperatures
over the basin did not rise to above freezing until the first day of
the standard project starm. Thus, low \tempera.turea and snow would neceg-
sarily result in a low or not more than average base flow,

62, The base flow in floods studied varied from a minimm of
10,000 second-feet to & maximm of 2é,OOO second-feet (table A~8).

63+ The temperature sequance for the J ammry 1935 storm was used
as a bagis for deriving the standard project flood. No dischargse

--records are &vallable for that period near Sedro Woolley, However,
records are available for a station near Concrete, apmroximately 3l miles
upstream from Sedro Woolley, drainage area 2,700 square miles. This
station is below all major streams tributary to Skagit River. Pricr
to the storm of Jammary 1935, the mean daily discharge at Concrete was
less than 10,000 second-feet.

6l Because of agsumptions of climatological conditions preceding
the standard project storm, base flow could not be greater than that
experienced during storms analyzed. Therefore, the base flow is assumed
to vary from 14,000 to 28,000 second-feet and is presented as curve D,

plate 11, figure 5.
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65, S£andard project flood. -~ The standard project flood is made up of
two component parts, the surface run-off and base flow, curves B and D, re-
spectively, of plate 11, figure 5. The crest discharge of the flood determined
by adding the two components is 440,000 second-feet; this flood hydrograph is
presented as curve E, plate 11, figure 5.

66, Discussion. - Records of stream flow for the gaging station, Skagit
Biver near Sedro Woolley, are available for the period May 1908 to December 1919
and from February 1921 to December 1923, The maximum discharge during this
period was 220,000 aecond-reét on 30 November 1909; the standard project flood
has a peak flow equal to twice the maximum discharge of the largest flood that
has occurred since the establishment of stream flow records in the basin,

67. In the storm of November 1909, the maximum 2i~nour precipitation
was 3.60 inches; the amount of snowmelt contribution for the November 1909
flood is indeterminate; but the maximum 24-hour rainfall excess was 3.08 inches.
The standard project storm maximum 24-~hour precipitation is 5,0 inches, with
a snowmelt contribution of 1.8 inches, or a combined precipitation and snow-
melt of 6,8 inchesy the maximum rainfall-snowmelt excess for a 24-<hour period
is 6.1 inches. This is approximately double the maximum 24-hour precipitation
of the November 1909 storm. However the maximum 2j-hour precipitation of the
gtandard project storm was exceeded in the December 1921 storm, ahd probably
was equalled or exceeded in January 1935. The assumed snow cover is only
nominal for this season of the year and was exceeded as recently as December
1948. The temperature seqpencé used for the standard projéct storm was
patterned after that of the January 1935 storm,

68. Thus, each of the three major factors emtering into the standard
project flood, i.e., precipitation, antecedent snow cover, and temperature
sequence, has been equalled, or exceeded, within the 50 years since 1900.

All of the conditions were not experienced during the same storm and there-
fore the assumption that all conditions conducive to optimum run-off occur
simultaneously makes this a rare flood,

69, The standard project flood was derived for natural river con-
ditions, and assumes no regulation by upstream reservoirs, none of which

are currently operated for flood control,
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SECTION IT - FLOOD DAMAGES

70. Methodse ~ For the area west of Sedro-Woolley the first step
in determining average anmial flood damages was preparation of water—
surface profiles for the appraisal of floods. Previous high-fla‘ber'
marks are insufficient for defining flood profiles for major floods.

It was therefore necessary to determine the high-water profiles by
hydraulic computations. A few high-water marks fram the 1921 flood
are available and were used as an aid in the determination of over—
land flood profiles. Skagit River flood flows in excess of 150,000
second-feet at Sedro-Foolley would be split into three parts in the
vicinity of Burlington (see report map, E-6-6~85) as follows:

aes The existing leveed river channel was assumed to carry
nearly bank-full flows (120,000 cfs.)e Scattered levee treaks would
occur at unkmown locations., Future flood damages from such breaks in
left bank levees and in the area between the North and South Forks were
estimated from the damage experience in the 1921 and 1949 floods.

be Overland flow into the right bank Skagit section north
and west of the maln river channel and North Fork chamnel would occur
both fram levee failures and from oufflanking of the upper end of the
right bank levee at Burlington. Backwater computations aided by highe
water marks were made to establish the overland flood profile which was
then used for field estimates of future damage.

ce The third area of flooding would be in the Samish section
from water crossing tﬁe low Skagit—Samish divide between Burlingion
and Sedro Woolley. Flood profiles in this area were camputed by back-

water methods in canjunction with the backwater canputatioxis in be above,

The f£lood profiles were then used for field estimates of future damage.
Tl. The flood flow distribution as described in the previous para-

graph ié a rational approach in reproducing the existing pattern of

flooding in the Skagit Basin west of Sedro Woolley. This type of
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flooding give§ overland flood stages considerably lower than flood stages
in the adjacent leveed river channels.

72. Estimates of the potential flood damage under existing conditions
were made by compariaon'of predetermined floodwater stages with ground levels.
The type and nature of damages are described :Ln a later paragraph. Flood
damage estimates were obtained in this manner for flood discharges at Sedro
Woolley of 210,000, 300,000, and 400,000 second-feet. These appraisals
were made a short time after the November 1949 flood so that it was also
possible to obtain a very reliable estimate of the damages from this recent
flood,

73. In the upstream area east of Sedro Woolley, flood damage estimates
were not made from computed water surface profiles. A reconnaissance-type
damage estimate was obtained immediately following the November 1949 flood.
This estimate and the Judgment of the appraisers familiar with the area were
used for drawing an approximate discharge damage curve,

7h. Nature and type of flood damages. - To illustrate the types of

flood damage considered in the appraisals, the following tabulation shows
the breakdown of appraised damages for a 210,000-second-foot flood in the
diked section on the right bank of Skagit River,

Item Damage

: (1951 prices)
Crop land $ 755,000
Erosion ' 8,
Weed seeding 158,000
i Salt-water damage 197,000
Fences 17,400
Buildings and contents ~-— —— 1,195,000
Farm machinery 88,700
Loss of business and pay rolls —=——e——r 53,100
Restoration of levees 48,000
Repairs to drainage works 45,200
Repairs to wire lines e——————--o 10,700
Repairs to city streets and sewers — 15,000
Care of refugees 41,000
Flood fighting 31,500
Highway traffic interruptions ——--no 40,700
Railroad traffic interruptions 15,200
Damage to roads 13,200
Damage to railroad facilities 38,800
Loss of livestock 35,800

(Cont'd next page)
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Item Damage (Cont'd)
loss of milk production $ 8,800
loss of automobiles and trucks 24,100
811t and debris deposits 259,000 ~
' Total 3,100,000

75 The largest damage items are those for crop land and for
Luildings and contents. Approximately 60,000 acres of land used for
pasture or such crops as corn, grain, peas, vegetable seeds, berries,
and bulbs are subject to flooding., Damages vary greatly according to
the type of land use, and the estimates were obtained by applying appro-
priate rates of damage to the various types and classes of land use,
Annual field and grain crop lands suffer the least damage because the
floods occur in the dormant season so that clean-up and debris removal
represents the main kind of damage for such lands., Damage to perennial
crop lands is much higher, sometimes amounting to both the net crop
profit and fhe capital crop investment up to the tiﬁe of flood occurrence,

76. Damages to btuildings and contents are determined from the
anticipated depth of water in the buiidinga. Detalled inspection of
buildings and contents was not made, but rather, water depths are
translated directly into damage from depth-damage relationships estab- S
lished for typical classes of structures.

77. Damage results to crop lands if the sea dikes are breached
and high tides asaturate thg crop lands with salt water, The effect of
salt water inundation is reflected in reduced crop yields over a period
of several years. The amount of this kind of damage included in the
estimate is in addition to the usual rloéd crop damage previously noted.

78. The other items of flood damage are self-explanatory. Mone-
tary amounts have been determined from data obtained by interviews,
correspondence with affected interests, and by field inspections and
estimates.
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79. Average annual damages. - From flood damage data as described
in the preceding paragraphs, discharge damage curves have been drawn,
The discharge is referred to flow at Sedro Woolley. Using the flood-
frequency curve (figure A-l), damage frequency curves were then ﬁre-
pared from which average annual damages have been computed. The dis-
charge damage curves and frequency damage curves are shown in figures

A2 to A-5-a.
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SECTION III. - DAM AND RESERVOIR STUDIES

80. General. - The four principal dam sites remaining in the basinm,
at which substantlal power and flood control benefits could be obtained,
were investigated for this report. They are the following:

Faber site on Skagit River near Concrete

Cascade site on Cascade River

Upper Sauk site on Sauk River above Darrington

Upper Baker site on Baker River above Shannon Lake
The Skagit River and tributaries above Faber are rich in spawning area and
have considerable value as fish producers. As brought out in the report,
the fisherles interests are opposed to a dam at either the Faber site or a
possible alternate on the lower Sauk. The fisheries interests are also
opposed, though less vigorously, to the construction of dams at the Cascade
and upper Baker sites.

8l. Results of the report studies indicate that Feder;l construction
of a dam and reservoir project is not justified at any of these Qitea at
the present time. Benefiis obtainable from the mnltiplsﬁgurposes of power
produ;tion, flood control, and navigation are inadequate at the Cascade
and upper Sauk sites; and, as shown in the report, construction by the
Federal Government of reservoir projects at the Faber and upper Baker
sites cannot be recommended-atuthis time. A brief description and a cost
estimate are given in the following paragraphs for each of the four re-
gservolr projects that were investigated.

82. Faber dam site. ~ The site is on the main stem of Skagit River

, near Concrete and is below all important tributaries except Baker River,

‘39
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ccmpoaedr of ma.’oerial s.ﬁn:L‘l.a.r to the foundation. On the domstream

side of the left abu‘hnex_zt a gection predcxnimting in clay shows surface
éﬁdeﬁée' of slide conditions. These snbsﬁrface conditions point to an

earth a,nd rockﬁ.ll type dm. The vet climatic condition of the region

tbrou@tmt mnch of the yaa.r might make a }vdranlic £i11 a better means ‘

Tof constrnction.

which muld requ:!.re a dam a‘bout VOO feet high. The reservo:Lr

River Basin. For estimat:!.ng purposes_ an’ earth and rockf:lll dm with

1ray, railroad, and tranamiasion Jine relocationa ‘wuld be required in

the: raservo:lr area.

N 8l About 8 miles downstream rran Faber dam gite 18 another site,

" locally known as The Dallas,” e.‘b which a Tow dmn cculd be constructed.
& lmiroelectrio plant here could take adva.n‘bage of intx'eaaed river
flova ﬁ'cﬁ 'Faﬁer Reservoir and the existing Shannon Lake Rese:voir on

Baker River, In addition to producing pmr, The Dalles Reservoir
would serve as a re—reguiatix;g reservolr to smooth out widely varying
lii"a'charg;é' rran the Faber powerhouse if that plant were operated at a
" lowdaily load factar. Preliminary estimates for development of this

site are based on a combined dmm and 'p'owerhousé “about 65 feet high

with an adjoining gated spillway 500 foet, long, a “Low nonoverflow

.'_."4-(--'

section 550 foot long, and an’ emergency ) ontrol'l.ed weir section 500

. feet long. o
h°

AN
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85. Pertinent power data for the two sites are as follows:

Faber Dalles
Average continuous discharge (Phase C-2
Columbia R. critical period 1928-32) ————— 11,027 cfs., 12,800 cfs,
Maximm pool elevation 490 feet 184 feet
Tailwater elevation 8L v L5 v
Average net power head 233 32 #

Storage at maximum level 4,650,000 a.f, 21,200 a.f,
Usable storage 2,790,000 pondage only
Average continuous power - 188,000 law. 31,700 kw.

86. A summary of principal cost items including contingencies

is as follows:

FAEBER DAM (for 4O percent load factor, 728,000 kw. installed)

Item Cost (1951)
General (power and telephone, reservoir clearing,
etc.) $ 10,230,000
Cofferdams, river diversion, and tunnels ~——— 10,030,000
Dam and spillway 47,500,000
Intake works, surge tanks, penstocks ——e—————e——- 42,060,000
Powerhouse and generating equipment ————we—————o 66,300,000
Government furnished housing and
administrative facilities 2,900,000
Reservoir lands 2,479,000
Relocations 14,170,000
Indirect costs 23,131,000
Total $218,800,000
DALLES DAM (for 80 percent load factor, 53,000 installed)
Ttem Cost (1951)
General (rights-of-way, relocations, etc.) $ 805,000
Spillway section 5,060,000
Nonoverflow section and weir section ————ecmaeme—-a 805,000
Powerhouse and equipment 12,420,000

Indirect costs ] ﬁ%‘m&
Total » 400,000

87. The power dam proposed for the Faber site could provide
300,000 acre-feet of flood control storage during the months of Decem-
ber, January, and February, without material loss of power production.
This reservation would make it possible to control all floods, having
a recurrence interval of less than 200 years, to a regulated flow of
100,000 ?fs. at Sedro Woolley; and would reduce the total average annual

flood damages in the basin from about $188,000 to about $18,000 (1951 prices),
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Iy storége reservation of 1,250,000 acre-feet would control the standard
pro:)-lectflood and would eliminate .p?acticaliy all flood damages, but AN
would provide only a s:ﬁall amount of incremental bensfits and would *
redu.ce the power benefits materially, Faber Dam, in conjunction with
a reregulating dam at The Dalles, would also provide some navigation
benefits during periods of low natural flows, As the navigation benefits
would be comparatively small, however, and very difficult to evaluate,
no estimate has been made of tléeir magritude,

88, Operation of the Fabe;-Dalles project for power would be in.
conjunction with the Columbia River system, and the power benefits
shown in table 6 of the report were computed on the basis of the follow-
ing values:

. \ :

Capacity $16.16 per k.
. Energy : - 2,0 mills per kwh, at
_ i load center
Transmission cost —=————--= § 4,12 per kw,
Transmission line losses == 3 percent

The following is a sample con:xputa.tion of the total value of power with
a U0 percent load factor:

Capacity valué « ($16.16 g '0'9;)-'3)4-12- $28.90 per kw., yr.

-

Brergy value = ,002 x 8760 x .97 = _16,99 * n ©

Total value of power = $u5.89 v ww

89. The transmission cost ‘and losses of $4.12 and 3 percent, re-

spectively, are about one-half of the values established for the Phase C«2
system and are believed equité.ﬁie for Skagit River plants in view of their
proximity to the Puget Soumi load center, The values of energy and
capacity are the same as those used in the 1948 Columbia River Review
Report (H. Doc, 531/81/2), With average conmtimuous power of 188,000 lkw,
at Faber, and 31,700 kw, at The Dalles, the total annual power benefits
would be $9,617,000, With average ammal flood comtrol benefits ab
$170,000, the total average annual;'.benéfits would be $9,787,000, The
anmual costs are éstimated at $12,030,000 and the benefit-cost ratio of
the cambined project would be .81,

h:?.
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90 Upper Bakar Dam site. -1 'l‘he aite'is in a narrow rock gorge
.h"'“imnedi-a:.bely sbove. Shannon Take and the extsting private plant on Baker
B:L_ver.,. Other_ possiblg sites are found in the one-half mile section of
- river above the lake in the vicinity of Sulphur Creek, but the ome used
for .:estimating purposes ap;;ea.ll-ed most promising from a ground reconnais- .
‘sance, Foundation borings and explorations have not been mades, Based
‘on a geological reconnaissance, the left abutment is assumed to be
entirely rock. The right abutment has exposed rock to elevation 690.

A short distance beyond the- face of this abutment the rock appears to
dip away rapidly, leaving a saddle probably filled with glacial moraines
and sediments, Maximum elevation of the saddle is 650 feet and at the
500~£oot contour the seepage path is 1,000 feet long. The right abut-
ment requires a dike for reservoir elevations above 650 and sloping of
the _mat.ing.g_lacial ma.terial to increase its stability.

91, Character of the f&u.ndatim below the river bed is. unkmown,
but for estimating purposes 70 feet of overburden was assumed, A con-
siderable depth of overmrden is not uncommon in the stream beds of
rivers in this region that have been subject to glacial action, such as
the Upper Baker River, |

. 92, A concrete gravity dam with gated spillway has teen assumed
for estimating p;.n‘poses. Maximum -elevation of the dam would be 710
..feet which appears to'.'b‘e close to. t);e ma.xlmum height permitted by the
glacial soils in the right abutment, Principal items in the cost
estimate, including contingencies, are summarized as follows (LO per-

cent, load factor, 62,000 I, installed at upper site):

Item -~ Cost (1951)

General - $ 2,900,000

Dam and spillway 7,800,000
Embankment : ,hoo,

Powerhouse and intake Works —-====m—----- 10,500,000

Indirect costs 2 660 000

Total, Upper Baker --- W—

35,000 kv, addition to existing plant -- al7oo 000
Total 2 , o’ooo

43
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gorge in which rock is exposed to a high elevation on either side so
that no practical limit to the height of a dam is imposed by the abut-

ments, The prinéipal.geologic problem appears to be the depth to

bedrock in the bottom of the river, Three exploratory -drill holes

indicated 75 feet of overburden, but it is questionable whether or

- not these holes reached the deepest portion of the valley, For esti-

mating purposes, therefore, a maximum of 100 feet of overburdsn has been
agsumed .

98, Maximm power development of the area should utilize the .
steep fall below the dam site, The powerhouse site would therefore be
located about 5 miles downstream and would be served by a pressure
tunnel, Tunnel excavation would be through rock similar to the dam site
abutments, .

99, A_;;oncrete gravity dam with an uncontrolled spiliway has been
agsumed . ‘The Washington State Department of Fisheries has informally
advised that a minimm release of 250 secoi=feet should be maintained
below'tk;e_ dam, and outlet valves for this purpose have been included,
The heiéht of the dam has been determined by the power storage require-

ments so as to obtain the maximum power production frem available river

I

flows, Power production has been assumed to be coordinated with the

Columbia River system.

100, The powerhouse would be on the right bank, S miles downstream
from the dam, with water being supplied through a pressure tunnel 12
feet in diameter. In the reservoir area 2,2 miles of highway would
have to be relocated and a new 200=-foot steel bridge comstructed, A

sumary of principal cost items, including contingencies, is as

follows: (50 percent load factor, 66,000 kw, installed)
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. Cost’ 519512

| $ 2,400,000

Tunnels,” surge tank, and gates =e--- 10,000,000
Powerhouse, penstocks, and

operators! housing =—weeee-—mmcem-a 6,300,000
Reservolr lands and clearing =----~- 1,100,000
‘Relocations - 700,000

Indirect costs 5,000,000
Total -~ 55,000,000

101, Pertinent power data for the Cascade development are as

follows:
Maximm pool elevation =-e—e-c——ewe——- 1,186 ft.
Tailwater elevation 360
Net power head at mean reservoir level 73
Storage at maximm pool level ==eemmu- 247,400 a.f,
Usable storage 240,000 "
Average contimious power e=—-—=em—me-- o 32,900 kw,

102, Using the power values shown in paragraph 88, the power
benefits for this project would be $1,320,000., The anmual costs
would be about $2,700,000, and the project would not be feasible,

' 103, This site could comtrol only 5 percenmt of the total
"Skaglt Basin area at Sedro Woolley, amd its effect on flood crests
at Sedro Woolley is estimated to be not mox;e than 10 percent,
Assignable flood control benefits to Cascade Dam would therefore be ~
small, '

104, Fisheries interests have advised that they would not be
'-ab'le to make a definite statement regarding the effect of this
project on migrat;ry fish until further investigations had been made,

105. Upper Sauk dam site, - This site is about 9 miles upstream

from-Darrington and just below the confluence of Whitechuck and Sauk
Rivers, No drillings or subsurface explorations have been made at the
site, and information about the site ha.s' been obtained fro;n ground
reconnalssance, The left abutment appaai;s to be solid rock while the
right abutment is merely a low rock k:nob.' Superimposed on the rock in
the right'abutment are large amounts of glécial debris and river-
deposited material brought down by Whitechuck River, The right abut-

ment and feservoir wall appear quite pervious from surface indications,

L6
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but as much of it is composed of the Whitechuck alluvial fan, presumably
having a predomixilance of fine material, this important section of the
abutment and reservolr wall may be satisfactory from the standpoint of
seepage and stability., No information is available as to the depth of
overburden in the river bottom, which shows no exposed bedrock,

106, Whitechuck River has ite source on Glacier Peak as a conse-
quence of which the river carries a heavy silt load that would gradually
reduce the storage space in the reservoir, No estimates have been made
of the loss of capacity from silt for this estimate, Sauk River does
not head in any glacial fields end is relatively free of silt at the
dam gite,

107, Within the reservoir area ars about 7 miles of secondary
highway, a logging camp, and a logging railroad passing through the dam
site to serve the camp, which is less than a mile from the dam site,
Relocations of these facilities have been included in the estimate,

108, The dam site abutment conditions indicate an earthfill dam
for which an ample supply of core armd shell material is available
within the reservoir area, A 17~foot diameter tunnel would supply the
powerhouse located near Darrington on the right bank, Principal cost
items, including contingencies, are as follows (50 percent load factor,

74,000 kw, installed):

Ttem Cost (1951)
General ——-—---—- $ 900,000
Dam and appurtenances weww—we—eeosc= 15,400,000
Tummel and surge tank —w-wo- ] 18,000,000
Powerhouse, penstocks, and surge ’
tank - 7,600,000
Regserveir lands and clearing =-ew--- 300,000
Relocations - 300,000
Indirect costs 5,100,000

Total 307,500,000

109, Pertinent power data for the Upper Sauk development are as

follows: -

L7
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Maximum pool elevation =-e——e-- ————— 1,105 ft,
Tailwater elevation 520
Net power head at mean reservoir

level -. L3g
Storage at maximum pool level ------ 137,000 a.f.
Usable storage 133,000 "
Average continuous power e-eeceana- - 37,000 kw,

110. Using the power values shown in paragraph 88, the power
benefits for this project would be $1,485,000, The anmual costs would
be about §$2,380,000 and the project would not be feasible,

111, This site also is objectionable .to fisheries interests.

For purboaes of cmputing firm power a mimimum flow of 250 second=-
feet for fisheries was assumed,

112, The drainage area above this site is only 8 percent of the
Skagit Basin area at Sedro Woolley and assignable flood control benefits
would probably not exceed 15 percent, Such flood control benefits would
have a negligible effect on the feasibility of the project.,

113, Lower Sauk dam site. - Estimates of cost and power production

have not been made for this site, The firm opposition of fisheries
interests to this site and the Faber site makes favorable consideration
of either one very unlikely, Tl}e Lower Sauk dam site ard reservoir area -
lie entirely within the Faber reservoir area, so that the Sauk site is
merely an alternative to Faber, .If there were no objections from the
fisheries standpoint and if economic justification were favorable, first
consideration for developme-nt of either of these sites would be given to
Faber because it offers the possibility for the larger amount of power
generation and would give the greater degree of flood protection, For
these reagons, it is concluded that no useful purpose would be served at
this time by the additional expense of maldng Lower Sauk studies,

Paragraphs 11} and 115 not used,

* 1850 -
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SECTION IV. — LEVEE IMPROVEMENT AND DIVERSION ESTIMATES

116, Possible means of flood protection far the areas west of
Sedro Woolley include raising the existing levees, constructing a flood
diversion channel, or some cambination of these two methodse. Fieid
work ‘and office studies were carried out to the extent needed to reasor~
ably determine the feasibility of these proposals.

117. Levee estimates. - Fleld topographic surveys were made te

establish the grade and cross section of the existing levee system.

These survey data were used in making quaﬁtity estimates of raising

the levees to various heights. A fleld soils examination was also made

to determlne the character of euclst_:l;ng levees and sub~base, to locate

sourceé of material, and to determine required levee cross sectionse

In all of the levee improvement plans estimated, the maximm height

of levee would not exceed 20 feet, and most - sections would have lesser

heights. For estimating purposes, a levee aross section having a 12-

foot top width and side slopes of 1 on 2.5 was used. Freeboard of

3 feet has been useds Cost estimates of various degrees of Lleves im-

provement were made and a curve showing cost versus capacity mdrm

as shomn on figure A~6. To illustrate the {tems considered in the levee

estinate, table A-15-glves a swmary of the estimate for a channel haw-
ing a capacity of 170,000 seqond-feé;l';.

118, Diversion estimates. - Previous cost estimates for the

v

adopted flood diversion chamnel were checked and revised to bring to

1951 price levels. The plan léyout and project works were also modified.
Estimates of a flood diversion channel for this report include the fol-
lowing general fea.tureé:
" a. Intake between Burlington and the Great Northern
" Railway bridge.
b. Intake weir to have a fixed and uncontrolled crest set
at such an elevation that flow would 'éc'r'mex,zce when the river discharge

reached 10,000 second~feete
s
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Moving other structnres —t
Cordingencies -
Ind:l.rec‘b costs

Total
Tncrease 5% for 1951 —

o o0 oo v 0 o0

¥ 55
18

Table A-15. ~ Levee improvement estimate, 170,000 cfs. capacity. .
T . s . e Unmit ¢
Ttem ¢ Unit : Quantity : Cost : Amount
Clearing and grubbing ——: acre : 26:$250.00: ¢ 6,500
Stripping Coy. t  292,000: 0.90: 262,800
Bnbankment, load and haaﬂ.-—-: . ),697,300:  0.33¢ 1,5h9,900
Bmbankment, place and sha.pe-. n 1 L4,084,600: 0.16: 653,500
Seeding 1 acre : 374 95.00: 35,500
Flood wall, concrete I CeYe @ 1,530: L42.50: 5,000
Flood wall, excavation s n 600:  1.00: 600
Flood wall, backfill : " 2,000:  0,50: 1,000
Iralnage culverts, new t lege 3 H H 2,000
Drainage culverts, : : K] t :
modification t 1o H H 20,000
Rights—of~way s acre : 230: 300.,00: 69,000
Rights~of-way, borrow : B 115: 40.00: 4,600
Road changes =——ee—————ee——: 1.8, 3 116,500
Highway bridge alterations-—: ® 66,000
Railroad bridge alterations-: % 158,300
:
1
3
3
1
|

3
$
—
$

e o0 06 oo 60 "es s ss s ¢ u

» oo 0 e

. $b,

g (o)
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ce Chamnel velocities approximately 5.5 feet per second,
which will not scour a sodded channel. Somewhat higher velocities will
obtain at the cutlet, depex‘zding upon tidal stagese

d¢ Elimination of the tidal weir in the adopted project
at the outlst to limit channel velocities. Estimates of scour based
on frequency and duration of flow indicate channel deepening in *Ei.;lal
gsection would not be excessive. '

e. Construction of only two bridges: one for the Great
Northern Railway and ome for U. Se. Highway No. 99. Anacortes Branch

_ of the Great Northern Railway to be relocated so as to use the main .

L1z bridge,

].’1.9. Comparative estimates were made to determine the most econo~
mical channel botbom width and it was found that for a diversion
channel capa.city of 100,000 second-feet the economical bottam width
‘ranges "bemen 1,100 a.nd 1,500 faet, It was alpo found that the cogd
of diversion pla.ns deoreased considerably nit.h increa.ses in the allowed
ma.x:!.mm flcm in the ex:lsting river channel belal' the point of diversion.
The rewon .for this re'lation is that diveraion channel bottmn excavation-

.‘is reduoed as “the entrance vater 'surface 'elevation is raiaed. The re-

) lationship' between. total cost or diversion plan and capacity 1s shom

on figure A-7 by a series of cnr-ves, aach one far a di.frerent river

. channel capacity, _ R A
1.2 Cmbined‘:gla;ﬁr- Tbe oostsoflevee improvement showm by the
curve on figure A-6 and the costs.of flood diversion shown by the curves .
on fiéui:e A-7 can now be used for draming other curves showing the cost
of combined plans of levee improvement and diversion. These curvés

are shmm in figu.re A—8 a.nd hava been constructed directly fram’ i'igurea

Rt

*A:(p and A-'r. As an exmnple, the curve for combimd‘i:lans having a dssign
LISy '-—' 2‘
® ﬂow oi’ 200,006 second—feet was detemined as follm

T Y
Q. - -
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Ulversion

s -2 : Levees Total
: River flow cost: cost : cosh
: (cfae) ¢ &) ) (%)
. 0 R} 200,000 H Q H 5,900,000 : 5,900,m \-/

20,000 180,000 .+ 1,250,000 : 4,650,000 :. 5,900,000

40,000 : 160,000 s 2,750,000 3 3,550,000 : 6,300,000

70,000 : 130,000 : 5,500,000 : 2,000,000 : 7,500,000

110,000 : 90,000 & 9,600,000 : 0 : 9,600,000

: 3 3 T

121. From the curves of combined costs, it is lappa.rent that far
any design flow a major part of the improvement would be by raising the
lovees. Considering only the cambined plan of least cost, the follow-

| _ing tabulation has been'té.ken from the data on figure A-8:

.’.

e K Diversion Q T
- Design Q 1 From curve ) River Q
g o K 180,000
3 s
N 3
(g Ty

,Eeonunio feuﬁh . o dis of levee improvement -

: 'nork is economica]ly 3nst:Lfied. Fran data prevlouﬂy presented,
-. econanic analysis may- rea.cl:l.'lsr be made. ‘To : chi_eve a project hav-.'l.ng
"the best chance for ;)ustiricaﬁ.on, proteéﬁonfo_f the Nookachamps Creek
- area by levees has not been considered,’ Becguae ‘of natural storasge in
‘this area flood flows at Sedro Woolley are r;dnced as mich as 30,000

':"secomd-feet in ‘the rea.ches adjacent to Bur].'l.ngton ‘where the considersd

",_'impmvmnta would begin. left bank leveea'wonld start at the Great

Northern R&ilm bridge, and the righ'o ‘bank lme vmﬂd start at high

P 000294 ~—



123, A comparison of several degrees of flood protection is
shown in table A-16, Benefits have been determined from computations
for average anmual flood damages, using only those damages which would
be prevented by the particular design flood selected, Benefits would
be realized only in the Skagit diked area and the Samish section, This
tab19 shows that neither a levee project nor a cambination levee~and-
diversion project would provide a feasible means of flood protection
in the valley below Sedro Woolley,

12}y, Nookachamps Creek area, - This section of flood plain does

not have any kind of flood protection, and farming operations there
are carried out with the expectation of frequent flooding, Average
anrmual damages are consequently not large, Prevention of flooding by
levees would not only involve local 'conatruction in the immediate area
but wvoul.d aiso require raising the levees of the entire lower river system
to compensate for the loss of flooa peak reduction from natural storage
in the Nookachamps Creek area. As a.n ecxan;ple, consider the design flow
- project of 205,000 second-feet in table A-16, If the levees had to be
raised to carry 205,000 second-feet instead of 184,000 second-feet, the
project cost would be $6,300,000, which doss not include the cost of
Nookachamps area levess, Fof this example, Nookachamps levee costs will
be ignored but the levee benefits will be included so that project
benefits are increased by‘ $15,000, giving a total annual benefit of
$107,500. .Projeét annual costs would be $315,000, and therefore thse
benefit-cost ratio would be 0,3} as campared to 0.38 if Nookachamps area

were not protected,

55
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Improvement by levees only. Design flow
equivalent to 1949 flood.

Improvement by levees only.

" Improvement by levees only.

Improvemsnt by levees only. Cost would
theoretically be slightly less if
combined plan with a small capacity
diversion channel were used.

levees 200,000 cfs.j diversion channel,
100,000 cfs. Because of low frequency
design flow, benefits not significantly
increased.

y Sedro Woolley flows reduced by starage in Nooka.champs Creek area.
Flow reduction assumed to vary from © cfs. at 90,000 cfs.
Sedro flow to 30,000 cfs. at 250,000 cfs. Sedro flow.





