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APPENDIX .

to
Report on Survey for Flood Control

of
Skagit River and Tributaries, Washington

SECTION I - HYDROLOGY.

C:r.±MA.TOLOOY

1. General. - The Skagit River Basin is on the west side of the

9ascade Range approxlJnately 100 miles fram the vast moisture supp~

of the Pacific Ocean. The influence of the maritime air masses is pro-

nounced in both the prec~pij;ation and temperature regimes, producing a

mild bUt wet cllJDa.te. During the winter the Skagit Basin, lying direct~

in the storm path of cy'clonic disturbances frOm "the Pacific, is subject

to convective showers which are frequent~ ra"ther heavy and may follO'll'

in quick succession. On the mountain slopes, storm precipitation is heavy

and a.lJIIost continuous as a result of the combination of fromal and aro-
. . . . .

graphic effects. During the summer momba the. lI'eatber is warm and rela-

tive~ drr as a result of the decreased activity of the sEllli-permanent

Aleutian law and of the increased moisture-carrying capacity' of incoming

maritime air through land warm:I.ng.

2. The U. S. Weather Bureau bas maiIItaiDed a total of 17 climatolo-

gical stations in or near the basin, of lIbich 10 are currently operating.

Another clima"tologica1 station is 'operated by' the Departmem of Agri.eul-

ture, Province of British Columbia, in the portion of the basin extending

into Canada. The elevations of these stations vary from 30 feet at Ana.

cortes to 4,150 feet at Mount Baker Lodge, with 13 of the 18 stations

located below 1,000 feet and o~ 1 above 3,'000 feet. The locations of

these stations, together with their period of record, are shown on plate

1. A st1lIIIIIal7 of precipitation' em:i temperature data for 9 representative

stations will be found in table A-l.

3. Temperature. - The mean armual temperature for stations in or near

the basin varies from 40.6· F at 14t. Balcer Lodge to 50.9· F at Concrete.

Mean mont~ temperatures vary fram 27.4· F at !!t. Baker Lodge to 39.1& F

at Anacortes in January, and from 55.2- F at lit. Baker Lodge to 66.6° F at
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Table A-I. - Summary of climatological data (through 1949)

PRECIPITATION : SNOWFALt . ----rElJPERA'l'URE-- .-------:Average.
I : AiiiiUat I : : I I : : Length
IYears : · .. : : Years: :Years : : I : of· .Station : Eleva-: of' : Mean : S2-Year: : of : Mean : of : Mean : : :Growing

tion :Racord: : Normal : Max. I Min. :Record: Annual:Record:Annual: Max. : Min. :Season
I I : :11 : I : :11 : : :11 :11 :11
I Ft. : : In. I In. : In. I In. I : In. : : -r : -F : -F : Days
: : : : : : : : : : : :

f Anacortes : 30 : 56 I 26.60 · 26.7 : 37.82 :: 15.89 : 48 : 5.3 : 43 : 50.6 : 95 : 6 : 236
Baker Lake : 670 : 8 . 102.88 : 114.3 : 133.39 so 67.26 : 7 I 58.1 : ~I : 21 : 21 : 21 : 153
Concrete : 270 : 35 : 60.79 : 65.0 : 80.45 : 43.45 : 33 : 29.5 : 33 : '>0.9 : 106 : -I : 214
Darrington R.S. I 550 : 31 :11 76.54 · 82.4 : 102.93 : 51.45 : 14 : 42.7 : 26 : 48.8 : 105 : -11 : 159·

I\)
Diablo Dam I 891 : 20 :I! 65.36 : 84.1 : 87.00 : 48.07 : 16 : 63.9 : 20 : 48.5 : 106 : -10 : 209
Marblemount R.S. : 330 : 8 :I/71.L4 · 73.8 : 82.11 : 60.19 : f& : 21 : i( : 2/· : 21 : 21 : 21
Mt. Baker Lodge . 4150 : 14 :- 109.49 : 1.47.4 : 141.97 : 74.13 : : 504.0 : : '40.6 I. -91 : -II : I05.
Sedro Woolley 1 E : 56 : 52 : 45.>0 I 48.2 . 64.35 : 28.18 : 34 : 7.9 : 52 :- 50.4 : 99 . -1 : 187.
Skagit Power Plant : 505 : 29 '0 72.63 : 79.8 : JD2.45 : 48.40 : 23 : 59.2 : 29 : 50.3 : 109 : -4 : 207

Except as otherwise noted, data are taten d:1rectlJ":from u. S. Weather Bareau Climatological Suumaries.

1/ Computed by Carps of Engineers
!I 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

Stati6n and Diablo Dam, with the max:illlum recorded temperature of 109& F at

Skagit Power Plant and the miniJJIum of -11- F recorded at Darrington Ranger

Station and Mount Baker Lodge. In general, the mean annual temperature

varies from an average of approx:lJnately 50· F at elevations below 1,000

feet to 40· F at elevations 4,000-5,000 feet, dropping to the lower thir

ties at the highest elevations. The average length of growing 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.

4. Precipitation. - Precipitation over the basin normally varies

greatly, with a range of approx:lJDately 150 inches. A normal annual amount

of 40 inches or less falls in the vicinity 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 or more falls on the

higher elevations of the Cascade range in the southern end of the basin and

aver the higher slopes of lit. Baker. The normal annual precipitation aver

, the basin above lIount VerIIOn is 92.2 inches, approx:l.Jllatel.y 75 percent of

this amount falling during the 6-month period, October through Karch. A

normal annual. isobyetal map based upon a computed 52-year normal annual

precipitation at stations with 5 years or more of record, and drawn lYith

due consideration for elevation aDd run-off regimes, is presented on plate

~. The mean monthJ:y precipitation at stations in or near the basin varies

from 0.67 inches in July at Anacortes to 17.38; inches in December at Mt.

Baker Lodge. The maximum recorded precipitation for llllOnth is 36.62 inches

at Baker Lake in December 1933. Storm studies izrlicate that 5-6 inches of

rainfall in 24 hours have occurred aver mnch of the basin. Mean monthJ:y

precipitation data for 9 representative stations 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 depeD::l.s upon the elevation aDd the

distance from the mod.if;ying influence of the Straits lying between the Paci

tic Ocean and the basin. The mean annual sn~all varies from 5.3 inches at

3
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Table A-2. - Mean monthJ.y" temperature data (through 1949)

station

Ariacortes
Concrete
Darrington R.s.iI
Diablo Dam 1/ 
Ut. Baker~ge
Sedro Woolley 1 E
Skagit Power Plant

s' TemPerature ~ee~ F.
s Jan. : Feb. : Mar. s Apr. S May : June: J11JJ' s Aug. sSe..,,,.
: t : : .-: : . t t :

: 39.1 : 41., : 4,.1 : 49.6 : 54.3: 58.6 s 61.4 : 61.6 : 57.8
: 35.2 : 39.6 : 44.9 : 51.3 : 56.2: 60.8 : 65.0 : 64.9 : 59.8
s 34.1 : 37.4 : 42.3: 48.9 : 54.1: $8.6 : 62.6 : 63.2 : 57.6

30.7 : 34.6 : 41.0 : 48.0 :' $4.2: 59.2 : 65.3 : 64.8 : 59.6
27.4 : 29.9 : 32.6 : 36.6 : 43.3: 48.1 : 55.2 : 57.8 : 49.2
37.7 : 40.6 :' 44.6 : 50.2 : 54.8: 59.4 : 62.4 : 62.1 : 56.8
33.5 : 37.4 : 43.1 : 50.6 : 56.4s'61~2 : 66.6 r 65.8 : 60.1

ov. : Dec. :
: : :

51.9 : 45.4,: 41.2 :
52.4 : 42.8 : 38.3 :
50.0 : 40.8 : 35.8 :
50.0 : 39.2 : 35.0 :
42.8 : 34.6 : 29.0 :

: 51.6 : 44.4 : 39.8 s
51.2 : 41.5: 36.6 :

50.6
,0.9
48.6

,48.5
40.6
50.4
50.3

..

•
~

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

"o
o
o
N
~
o

(

Station
: : : -- s : - t r : :

Anacortes : :3~47 : 2.48 : 2'.36 : 1.89 t 1.60: 1.31 : 0.67 : 0~86 : 1.58
Baker Lake s15~60 :10.86 :12.66 : 5.91 : 4.96:' 3.56 : 1.93 : 1.43 : 6.10
Concrete " " " : 6.50 : 6.22 : ,.96 : 3.53 s 3.11: 2.51 : 1.13 : 1.42 : 3.)6
Darrington R.S. 1/ :10.59: 8.48 : 8.39 r 4.93 : 3.59: 3.01 : 1.22 : 1.18 t 3.5J.
Diablo Dam y, - : 8.95: 7.50 :7.20 : 4.01 : 2.60: 2.24 : 1.28 : 0.69 : 2.90
Marblemount R.S. 1/ : 9.17 : 7.53 : 6.86 : 4.85 : 3.25: 2.98 : 1.59 : 1.66 : 4.64
Ut~ Baker Lodge - :12.45 :10.20 :13.04 : 6.13 : 6.26: 5.00 : 2.96 : 2.31 : 7.57
Sedro Woolley 1 E : 5.54 : 4.11 : 4.37 : 3.19 : 2.78: 2.51 : 1.36 : 1.47 : 3.07
Skagit Power Plant :10.72: 7.37 : 7.33 : 3.90 : 3.20: 2.31 : 1.29 : 1.33 : 3.63

I "J r : : : : : r
!T ~anpuf:ea oyCOrps of Engineers

(

s s : t
t 2.57 : 3.79 : 4.00 : 26.60
:11.16 :12.02 :16.67 :102.68
: 6.49 : 9.24 : 9.32 : 60.79
: 7.66 :10.69 :13.29 : 76.54
: 7.40 : 8.90 :11.49 : 65.36
: 7.70 : 9.77 :11.44 : 71.44
:11.51 :12.68 :17.38 :109.49
: 4.63 :' 6.12 : 6.35 : 45.50
: 8.26 :11.29 :12.00 : 72.63

:

(

•
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Anacortes to 504 inches at Mt. Baker LOOge, with a maxi.mum annual of 648

inches recorded at the latter station in 10 years of record. Snow surveys

have been made ..a.:l;J':'6ey~ral~~;~s:'inor'near the upper Skagit Basin since

1927. The locations of these snow courses are shawn on plate 1. 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

southern portions of the basin and in the Baker River drainage ~ea. The

mean annual snowfall for 9 representative climatological stations is tabula-

ted in table A-I.

6. Humidity. - The nearest station recording humidity data is at Seattle

some 60 mile's south of the basin. Relative humidity data, have been taken

at 4:30 a.m., 10:)0 a.m., 4:30 p.m. and 10:30 p.m. in the past lQ..year periOO

at the Boeing Field Weather Bureau office. The humidity varies from a mean

of 93 percent at 4:30 a.m. during the month of October to a mean of 48 percent

at 4:30 p.m. during the month of J~. The mean annual relative humidities

are 88 percent at 4:30 a.m., 73 percent at 10:30 a.m., 61 percent at 4:30. p.m.,

and 80 percent at 10:30 p.m. The mean monthl7 and annual relative humidities

for these hours of observation at Boeing Field will be found in table A-4.

Table A-4. - Relative humidity data Seattle, Washington, elevation 14 ft.
(through 1949) ,

Month :Relative Humidi~ (~rcent)
: 4:)0 : 10:30: :3 : 10:30'

a.m. a.m. pom. p.m.

January 86 81 72 82
February 87 79 68 83
March 86 70 58 79
April 87 66 54 78
May 87 63 50 75
June 88 64 51 ,75
J~ 87 63 48 72
August 89 68 . 52 76"
September 92 73 58 82
October 93 81 69 89
November 91 . 84 77 88
December 88 84 78 86
YEAR 88 73 61 80

7. ~. Surface winds over the basin are variable, especially at low

velocities, depending upon the local topographic conditions. The prevail-

ing moo over the basin is southwesterly, varying from west to south. There
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are no stations in the basin for which wi.n:l velocities are available, how-

.ever, it is estimated that the mean annuaJ. velocity in the basin at eleva-

tions less than 1,000 feet is 7-8 m.p.h. The estimated peak velocities for·~

these elevations is in excess of ,0 m.p.h. Mean velocities increase with

elevation but no data are available to permit an estimate of their magnitude.

8.. ~. - All major floods in the Skagit Valley are produced by'

severe storms Vlhich occur chie~ during November, December, and January.

The magnitude am intensity of a stom. 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 mq }Tovide the required impetus to set in

motion the related factors that collectivelY' result in a flood. On the

other hand, a combiDation of factors ma:r be such that a ver,- severe storm

results in only minor high. water. ,The following storms are described to

illustrate the relationship between stom. characteristics am the resulting

flood.

9. November 1909. - The month or November 1909 was one of above norma

Precipitation over the Pacific Narthwest 1rl.th a period of moderate to

heavy' rains occurring during the last two weeks. Measurable amounts of

precipitation occurred over the basin an average of 24 days during the

month and approxblate17 two-thirds o£ the moDthly" totals occurred arter

the 16th of the month. This period o£ heavy' precipitation was a result

of a series of low pressure S7stems llhich moved through the Pacific North

west. The fastest moving storm was the last ODe o! the series lIbich moved

into the region on the 26th of the month" causing copious amounts of pre

cipitation on the 28th and 29th. The storm period which produced the

nood 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 miqnight ot the 29th. Total

storm precipitations for this period nre 9.2 inches at Goat Lake, 8.3

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

Sedro Woolley'. Ilaximum 24-hour amounts were ,.6 inches, ,.8 inches,



~..
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3.8 inches, and 1.3 inches at these respective stations. Temperature

sequences and the record at Goat Lake indicate that the precipitation fell

as snow above 2,,00 feet on the 26th and 27th, and mixed rain and snow

fell on the 28th. On the· 29th of the month, precipitation fell as rain

up to elevations of 6,000 feet an::l melted off all snow to appro:ximate~

4,000 feet. The advent of a high pressure system brought a rapid decrease

in storm activit}" by" the 30th. The mean basin precipitation for this storm

. period was 6.69 inches and the mean basin max:iJmJm 24-hour fall, 3.60 inches.

An isobyetal 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 decided.J:y in excess. Mild weather

with little Or no precipitation prevailed until the 18th, when a sharp

cold spell set it. Heav,r SDOlf fell on the 19th, 20th, and 21st to a depth

up to 10 indles or more at stations west of the Cascades, being IIII1ch hea.v

ier on high mountain slopes. It was the deepest SDOlf on record for this

ear~ in the season with the exception ot the extreme~ cold November or

1896. J4ild weather with abundant rain marked the remain:l.er of the month.

11. December, while cold, bad less than the average amount of 8oOlf

fall, and IIlllch of lIhat fell was 11181ted off by" the excessive rains of the

loth 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 1J:l producing the flood peak of' the 13th,

the seeam highest flood or record. During this period, 14.2 inches of

precipitation fell at Silverton, 10.2 inches at Davis Ranch, am 3.4

inches at Sedro Woolley. Max:1mum 24-hour amounts were ,.9 inches, ,.0

inches a.n::l 2.0 incnes respective~at tbese stations.

12. December 1933 - The storms lIhich produced the t1Io largest noods

of' record have been ~ed above. The storm of December 1933 is an rot

standing example of a major stonn which did not cause a fiood of damaging

magnitude on Skagit River belOW' Sedro Woolley; however, it did produce the

largest nood 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 number of days

recording measurable amounlis of precipitation during the month was 28 for

western Washington. The same average cocditions prevailed over the Skagit

Basin. The precipitation was unusually heavy during a number of periods

within the month, the 6-da\r period fran the J.7th through the 22nd being the

most critical. The storm period studied was £rom 7:00 a.m. on the 17th to

1:00 p.m. on the 22nd, a total of 126 hours. Total stonn precipitations

recorded in the basin varied £ran 2.50 inches at Anacortes to n.41 inches

at Darrington. It is estimated that oearly 25 inches £e11 over the high

elevations in the southern portion o£ the basin. The maximum recorded

24-hour amounts were 3." inches at Darrington and 0.77 inches at Anacortes.

13. Although this was a veI7 mild Decemb~r, snowfall was above normal

at most mountain stations. Because of the wann weather and rains, however,

snow depths on the ground at the end of the month were less than usual

with the snow remaining beiIlg wet and wellpaclted. lit. Baker Lodge reported

104 inches of snow fell during the month, with 56.0 on the gro'llD:i on ~.he 1.5tl'

On the 31st only .59.0 inches were on the ground, which was 30.5 inches be1aw "-...----

norinal.

14. This unusually wet month was caused by a law pressure disturbance

of considerable intensity which remained f8.:l.r~ stationary off the Washing-

ton coast. secondary frontal disturbance was constant~ breaking away
/

fran this center and moving across the state, bringing the heavy rains as

the result of a constant feeding of warm, moist, tropical air £ran the

South Pacific.

'15. While precipitation was much higher than norinal for December

1933, none of the individual 2 to 5-day storms produced severe flooding in

the basin. Station precipitation records iI¥iicate that 24-hour amounts

were less than for the No.vember 1909 and December J.921. storms. lIuch of the

precipitation occurred as snow at the mountain B!'.ations, which reduced

8
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• •
direc1i run-off and also served to retard run-of! frem precipitation

occurring as rain. These factors combined to produce high but non

damaging discharges throughout the basin.

STREAlI FIm

16. Discharge records. - stream gaging in the Skagit River Basin was

inaugurated in 1908 with the establishment of stations on Skagit River near

Newhalem and Sedro Woolley. The station near or at Newhalem has been moved

several times an:!. not all of the record is entirely comparable, but it has

the longest continuity 01' a:rr.r station in the basin. The U. S. Geological

Survey has published records for 57 stations, including lake and reservoir

stations, of 1ibich 25 are currently operating•. Many of the stations were

operated for short periods of time or bad intermittent records. The loca

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

17. stream now characteristics. - The flow of Skagit River and its

tributaries tends to be relatively low from August through October and

subject.to only minor variations reflecting storm run-off. During the

months of November through March when temperatures, particularly at higher

elevations, are at or near the freezing Point am much of ths precipita

tion occurs as sn01l', a lOW' base nOll' is maintained. However, frequent

sharp rises resulting frcm concentrated 2 to $-day storms or series 01'

storms are experienced in this period. '!be intense storms when accompanied

by warm lIinds and resultant snowmelt produ~e a rapid run-ort. During and

following these severe storms river discharges mq increase frcm a rela

tively low base flow to a discharge of damaging magnitude within 24 to 30

hours. Near crest discharges may be maintained for a few hours, followed

by a recession eJmost as rapid as the rise. '1'Iro 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 an:!. reach higher stages in

late October, November, and December.

16. In April or early 14q temperatures norma~ rise, causing the

snowpack, accumulated at higher elevations during the Tdnter, to melt.

As temperatures continue to rise~ snowmelt am run-off increase. No~"

the n01l' starts increasing frcm April or May through early June when the

9
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Peak discharge from sn01llllelt is reached. After approximately the middle

• •
of JW1e, run-ofr starts to decrease. Although temperatures continue to

rise the snowpack is normally too depleted to continue maldng high contri

butions to run-off. Snomnelt run-ofr decreases until the snowpack is ex-

hausted and a low base flow is reached in J~ or August. Minor rises

caused by storms have been experienced during the spring and ear~ summer,

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

t ceeded the safe channel capacity. A summary of discharge data and the

variation of mean monthly rW'l-off for representative stations are presented

in tables A-5 and A-6. Daily discharge hydrographs for selected stations

are included in plates 3 through 8.

19. The amount of run-off varies widely throughout the basin. The

run-off fram high areas~ nearer the coast, such as Baker River, exceeds

130 inches. The headwaters of Skagit River, particular~ that area lyi..ng

in British Columbia which is shielded fram heavy precipitation by·high

mountains, yield an annual 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 g~ stations have not operated far
~I

the same periods. A 52-year normal annual run-off was calculated for all

stream gaging stations in the basin having at least 5 consecutive years

of run-of! prior to 1943, by double-mass':"curve method. The normal annual

run-off in inches so determined is sho1lIl on plate 2 for several represen-

tative stations in the basin. For oomparative purposes, normal annual

precipitation above the same stations was determined fran the normal annual

isohyetal map, sh01lIl 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 area increases is W'lique among rivers in the vicinity of Skagit

Hiver Basin.
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Table A-5. - SUIIIIIIiiry- of stream now data
(through water ;year 1948)

1,990

4,210

13,980

16,200

14,580

L,015

• :- : r
3,590: 2,990: 1,800: 1,490:

: : : 1

_-: . _.1 '-: r : : : : :.- : : : :
2,586:-2~784: 2,867:2~)iS:2~235: 2,399: 4,323 : 8,882 :10,360: 6,172: 3,225: 2,321:

:- : ": .: : : : : : : ': : :
:10,340:11,720:13,740:11,810:10,160:10,220:14,540 :24,080 :26,960:17,280: 9,158: 7,563:
: : t : : : s : : : : : :
:10,700:16,400:16,300:13,500:12,000:10,300:13,900 :23,900 :31,600:23,200:12,200: 9,160:
: : : : : : : : : : : r:
:11,540.12,190:15,240:12,160:11,080::1.0,030:14,100 :22,960 :26,8)0:17,920:'9,230: 8,470:
I' S : : : : I' : : : : : r
- 2~586: ),623: 4,217: 3,697: 3,159: j,078: 4,070 : 6,603 : 7,792: 5,025: 2,387: 1,902:-

: : : : : : :
: : : : : :

_1,830: 1,750: 1,810: 1,520: 1,400: 1,110: 1,710 : 2,850
: : : :

Sank River : Near Sauk

:
Skagit River : At Newlialem

:
Skagit River. : Near Concrete.
Skagit River: Near Sedro WoolleY'

Below Anderson Cr.
Baker River : Near Concrete

:

Skagit River : Near lit. Vernon

1/ Data WiaVa.ilabJ.e
Y Revised by Carps of Engineers

:area in : Period
stream : station : square : of

smiles : Record
~ -

-- : : : . - . :-o •

Skagit River : At Newba1em : 1,160 : 1908--14, 1920- : 4,214 : L,S55 : 6,300: 2,650 : 63,500 : 42,400: 136
: : : : : : : : : r

Skagit River: Near Concrete _: 2,700 : 1924-
,.

:13,980 : 15,080 :19,740:.9,629 :-147,000 : 129,000: 2,360
: . : :---- : - : : : : :.

Skagit River : Ne~ Sedro WoolleY' : 2,970 : 1908-24 :16,200 : 16,150:19,600:10,700 : 220,000 : 198,000: 2,830
: : : : : . . :• 0

Skagit River : Near lit. Vernon : 3,060 : 191P- :14,580 : ];/:17,460:10,510 : 94,300 : 88,000: 3,050
: : : . : : : : : :

Sank R:I.ver : Near Sauk : 714 : 1911-12~ 1928- : 4,015 : 4,655 : 5,950: 2,887 : 68,500 : 51,400: 578
: : : : : :

Belew Anderson Cr.2/: : 1: : : :- : :
Baker River : Near Concrete - : 210 : 1910-25;-1928--31: 1~990 : 2,073 : 2,600: 1,540 : 36,800 : 27,400: 220

~ : : : :

Table A~~ - Jleall _mOntlJir stre~ now data (~hrough water year 1948)

ream .- Statlo~ Ot N_0

"'0

oo
o
N..........



20. Regulation. - There are three reservoirs on Skagit River and its

tributaries, operated entirely or primarily for production of power. Sine

their construction, they have effected some degree of incidental flood ''''"'--_-./"

control. The first reservoir 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

provisions for nood control reservations at this site. The normal opera

tion of the reservoir for power results in water being stored during the

spring snollll1elt season. and early winter rain season, while releases are

general.1:y'made during the late SUIlIIIler, fall and winter. Because of this

general operation the reservoir usually has a variable ~d small amount

of space available to aid in regulating high discharges occurring in

November and December. This reservoir was fulJ. prior to the peak of the

November 1949 nood and therefore no reduction of nooding d01tIl8tream was

obtained.

21.. The city of Seattle has developed Skagit River above Newhalem

for the production of b;ydroelectric energy'. Diablo Dam was canpleted in

1930. A usable capacity of 76,200 acre-feet is available between,power

operating levels of 1,205 feet and 1,040 feet. From 1930 to 1940 this'__/

reservoir provided incidental flood control, and was particular~ effec-

tive during the nood of Februar,y 1932. Since the construction of Ross

Dam in 1940, draw-down at Diablo has been limited insofar as possible to

15 feet. Future operation contemplates a limited diurnal nuctuation

of approJdmateiy 3 to 5 feet required for power generation at peak load.

22. In 194:> Ross Dam was completed to elevation 1,400. Subsequent

construction and the installation of spill~ gates by 1952 lIill raise

max1JDum operating pool level to 1,600 feet. The maxi.mum draw-dawn con

templated for power is 100 feet, with a corresponding storage of 896,000

acre-feet.

23. Since the construction of these two dams on the Upper Skagit

River, and until the installation of the gates is completed at Ross Dam

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

12
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and variable. Studies are under way to determine the amount of ,flood cor...

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 the 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 aSS'UID.ed. The effect of such storage in Ross Reservoir for the floods

of 1909, 1917, 1921 and the standard project flood is sho'l'9Il on plate 9.

FLOODS

24. 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 ear:q SU1DIIler,

caused by the seasonal 'rise in temperatures, with resultant melting of the

accumulated snowpack. These high disch~ges maY-have' ·a,···minC;i- c!)nl.ribllt.;Wa-·. -
, .. . -- .~ .,:

.from warm rains, bIlt are caused predominantq by snowmelt. Rain-type

floods occur usuaJ.Jy in November or December, but may occur as ear~ as

Octobe,r or as late as February. Antecedent precipitation serves to build

up groudwater reserves and, saturate the ground. FrequentlY', a light SDOW

pack is then formed CTVer most of, or the entire basin. A heavy- rainfall.

accompanied by warm winds completes the sequ~nee which produces major floods.

The heavy rainfall and accompanying sno1'llllelt result in a high rate of run-off

as the ground is alreacJi nearly saturated .from earlier precipitation. T\V~
- .

or more crests may- be experienced within a period of a week or two when a

series of storms moves across the basin £romthe lIest.

25. The high water caused by the spring snollDlelt is characterized b7

its relativelY' slow rise and 10Dg duration. While this high water occllrs

ann~, it bas never reached a damaging stage. It is during this annual

spring or ear~ swmner high water that pmrer reservoirs are filling, and as

a result the spring peak discharges are frequent:q reduced.
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26. Rain floods occur dlring the fall or earq winter months and have.

a considerabq higher magnitude than the average ,annual spring high wat'3r.

Since 1920 these floods have been reduced varying amounts by incidental con

trol at the power reservoirs. However, the location of these reserVoirs

is such that they cannot effect any great amount of flood control because

of the contribution from large uncontrolled tributary areas, of 1ihich Sauk

River is the largest and most iJnportant.

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 increasing accuracy. Prior to that time

the record of ,floods depends upon testiJnony and tradition of the ,Indians,

upon certain direct am indirect evidence of high-water marks, am upon

flood records elsewhere. Gaging stations have been established on1:y since

1908, and the records therefran are not, in generaJ., continuous for any

particular station.

28. In 1923, Mr. J. E. stewart, of the U. S. GeologicaJ. Survey"

collected data for, and partialq completed, a report on Skagit River.

After carefuJ. stud;r am ana.lysis of all data and evidence available he

reached the conclusion that "a flood abotrl; 1815, was nearq a maximum, but

there had been, prior to that time, severaJ. floods approxLmately as large."

The 181.5 flood had, he believed, about twice the discharge of the floods of

1909, 1917, and 1921, am he aJ.sc f'0UIld evidence of a flood in 1856, about

1-1/2 tiJnes as great as those more recent floods.

29. Flood discharges as determined by" Mr. stewart, together with

data on the floods of February 1932, January 193.5, November 1949, am

Febru.a.ry 1951, are shawn in table A-7.

15
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Table A..7 - FJ.ood discharges or Skagit River

:' Skagit R. at Skagit R. Skagit R. at

"--' ,-' station Reflector Bar near Concrete Sedro Woolley
Drainage Area 1,100 SQ. mi. 2,700 sg. mi. 2,970 sg. mi.

'Crest Dischar e Crest Dischar e : Crest Dischar e
Date cts. :cts s mi.: cf's : cts s .mi.: crs:cts s ,mi.

· : · . · .· · . .
1815 :y'1l5,000: 105 :Y5oo,000: 185 :11400,000: 135
1856 :y 95,000: 86 :Y350,000: 130 :!,I300, 000: 101

Nov. 16, 1896 · . · . :!,I185,000: 62· . · .
Nov. 19, 1897 :1/ 48,000: 44 :1:/275,000: 102 :yl90,ooo: 64
Nov. 16, 1906: : · . 180,000: 61· .
Nov. 30, 1909 :y 70,000: 64- :Y260,000: 96 220,000: 74
Dec. 30, 1917 :I( 43,000: 39 :I(220,000: 81 195,000: 66
Dec, 12-13, 1921 :I( 63,000: 57 :Y240,000: 89 210,000: 71
Feb. 27, 1932 :~ 45,000: 39 147,000: 54
Bov. 13, 1932 ll6,000: 43
Dec. 22, 1933 101,000: 37 .'
Nov. 5, 1934 : : 131,000: 49
Jan. 25, 1935 :p:! 30,300: 26 : 131,000: 49, · :·Nov. 27, 1949 ~A4,000: 12 :J/158,000: 59 :J/135,000: 45
Feb. 10, 1951 J/.1.2,000: II :1/139,000: 52 :~/l50,000: 51

11 Calculated by Mr. stewart trom all available 1n!ormation and high water marks.
y Discharge, below Gorge power plant (D.A. 1,160 ,sq. mi.).
1I Preliminary estimate b7 Corps or Engineers.

The discharge ot floods at Sedro Woollq prior to and including 1921 was

based part~ upon the calculated discharge ot the 1921 flood determined

!rom slope area computations tor the main channel and overnow in several

sloughs. The discharge in the main channel tor the observed gage height
~ .

trom rating curves was 160,~. cubic teet per second. The discharge ot
South, Beatt7's and North Sloughs, not accounted tor in rating curve tor

the river, and Beatt7' s SlOUgh channel at C!)unt7 road, was computed to

be 50,000 cubic teet per second. The total crest discharge was computed

to be 210,000 second-teet, as shown in table A-7.

, !
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30. The discharge of the 1921 flood at Mount Vernon (drainage area

),062 square miles) was determined by Mr. stewart as approximately 190,000 '~~

second-feet, of which 140,000 second-feet was carried by the river channel

belO'1Y a break in the dikes just above the Great Northern Railw8¥ bridge.

The crest discharge for this nood is given. as 240,000 second-feet neat'

Concrete and 210,000 second-feet at Sedro Woolley. This decrease in peak

discharge as the noods advance do'l'lIlStream is caused by storage in the

river channel and overflow areas. Mr. Stewart estimated the overnaw

discharge for the 1917 nood to be the same as for the 1921 !'lood, there-

fore 50,000 second-feet was added to the naw. calculated for the main channel

to detennine the estimated total discharge. Mr. stewart states the accuracy

of crest discharges of the 1909,J917, and 1921 noods at Sedro Woolley is

10 percent, and 15 percent; for. other noods prior to 1909. The limits of

accuracy assigned' to these discharges has been the subject of much discussion.

However, data are too limited to permit a more accurate analysis than made

by Mr. Stewart. As a result of Mr. st6l'l'art t s studies, the U. S. GeologicaJ.

Survey revised all discharge data for the period May 1, 1908, to Septem-

ber 30, 1921, far this station am these revisions were published :in Water

~pply Paper No. 552. The largest discharge actually measured at Sedro

Woolley, prior to Mr. st6l'l'art I s study, was made on January 2, 1918, d.:Uring

tlie recession of the second and secoIXlary crest of the December 1917 nood,

and was determined as 91,100 second-feet. Thus, considerable extrapolation

of the ratitg curve is required to obtain the caJ.culated discharges for these

early floods. A measurement taken at or Ilear the peak of future nood, c!

(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

established on Skagit River at The Dalles, near Concrete. His estimate of

240,000 second~feet for the crest discharge at this site is a mean of four

calculated discharges, one made 'by contracted opeDing method ani three by'

slope section. The 1917 and 1909 discharges were estimated 'by comparison

of stage heights with that of the 1921 flood. Determination of gage heights

of ear~ noods was made fran high""Water marks. Mr. stewart estimates the

discharge ot the December 1921 flood to have an accuraCY:"within 5 percent,

the 1917, 1909, 1856, and 1915 noeds, 10 percent;, and the 1897 nood, 20

perc,ent at The Dalles. These values are also subject to question because

of uncertaintY' of high-'lfater marks, changing channel conditions tending to

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

near Sedro WoolleY', are used for the nood frequency study', as the gage is

located at the head of the principal area for which protection has been con

sidered. In addition, all neod damages in the lower skagit valley have been

related to nood discharges at this station. The flood frequency study" util

izes annual peak fiows from the winter months ~, as the apriDg high waters

have always been below damaging stage and are the result of a different set

of meteorological. conditions than those causing the winter floods.

33. Flood records are available in the basin since 1908 but they' are

not continuous at arJ3' single s1te for t~ entire period. As described

previouslT, estimates have been made of crest discharges for historical

noods occurring in 1815, 1856, 1897, 1898, and 1906. However, it was felt

,. that the use of these neod peaks oot in a continuous series and of question

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

and so they' were omitted frem the stud:y". As the period 1909 to 1950 is con

sidered to be a relatively adequate sample for the determination of a fioOd

frequency curve, a complete series of fiood data was derived for this period

from available statione to augment the recorded data.
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34. Kecords are avaihble at Sedro lioolle;y from Mal 1908 it;) December

1919 and Februai-;r 1921 to December 1923.

35. The annual winter flood peaks for the period 1925 to date were

estimated b;y comparison with Skagit tiver near Concrete and near Hount Vernon.

Annual winter flood peaks for the lears 1920 and 1924 are not available at

either Sedro Woollel or Concrete, therefore the figures for these lears·

were estimated from comparison with Ceciar tiver near Landsberg. As these

nows were near average, &n1 error introduced would be negligible.

36. Crest discharges at Sedro W'oollq 'have been affected b;y inciden

tal regulation at Diablo Keservoir since 1930 and Koss Keservoir since 19U.

Estimated observed discharges at Sedro Woolley' since 1930 were revised to

eliminate the effect of regulation b;y Diablo and Koss, either scheduled

or incidental, and a curve was computed for Sedro Woolley' representing

natural conditions modified 0011 bl incidental regulation at Shannon Reser-

voir since its completion in 1927. This curve ot "natural" flows is indi-

cated on figure A-l as curve A.

37. Upon the completion ot the installation ot the sp1llwar gates at

Ross Dam in 1952, storage will be made available at Koss Reservoir for flood

control. The use ot this storage will result in variable reductions in ~..
crest discharges at Sedro Woolle;y. Crest discharges near Sedro Woolley' tor

the period studied were estimated assum1ngthe operation ot Ross Reservoir

througbout the entire period in accordance with the proposed schedule of

operation. Using these modified flows, a second curve representing frequencl

of discharges at Sedro Woolley' as regulated b;y 1952 conditions at Ross
for flood control.

Keservoir was cOlllpUted, utilizing a u:umnm of 120,000 acre-feet of storage I

This regulated curve of flood frequencies' is shown on figure A-l as curve B.

38. The flood-frequencl curves tor Skagit Kiver at Sedro Woollel were

calculated using Gumbel's method. which gives a straight-line curve accord- .

ing to the statistical theo17 of ex\;reme values.
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39. A summary of October through March peak flows for Skagit River

at 5edro Woolley at various frequencies for natural and 1952 conditions

is tabulated below:

Frequency ': 1952
in years Natural Conditions

2 77,000 70,000

5 112,000 102,000

10 136,000 1.24,000

20 159,000 145,000

50 187,000 170,000

100 210,000 190,000
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STANDARD PROJECT FUXJD

40~ Location. - The standard project flood is darived f'ar the site

of' the U. S. Geological S\.1rveY' stream-gaging station Skagit River near

Sedro WoolleY', Washington.

u. ~. ..; The standard project nood was darived bY' application

of' unit hydrograph procedure to rain1'all and snawmelt excess. The steps

f'ollond in this procedure were:

a. Deriyation of' unit bydrograph £rom major £loods of' record.

b. Determination of rainfall as hal£ of' maximum possible

precipitation. 11
c. Determination of sn01'llllelt· based on assumed rate of' melt

and temperature sequence patterned a£ter storm of record.

d~ Determination of' losses based an those experienced in

noods of record•.

e. DeterminatiOn of' base now patterned after that of floods

of record.

42. Unit fl<h"0graph~ - A 6-hour unit ~ographwas derived far

Skagit River Dear Sedro :Woolley bY' aJ;la.4"sis ot rainfall run-off records

for major noods. Stream-gaging stations me ma:im;a:lmd near sedro

Woollq from 1908 to 1924; near Concrete from 1924 to date; an:!. l}8ar

vt;. Vernon frc:m 1940 to date. The"pe8k discharges ar Skagit River near

sectro Woolle;y far the three largest !loads since 1900 nre 220,000,

19S,OOO, and 210,000 second-feet, occurring in November 1909, December

1917, and December 1921, respectiye!Y'. A medium £lood used in this

~is, that ot November 1910, had a recordad peak discharge ar 114,000

second-feet at Sedro Wool.le1'. Discharge ~ographs, basin precipitation,

and losses for the November 1910, DeCEmber 1917, am December 1921 £loods

are shown on plate 10, figures 1, 2, aIXi .3~ respective~~ The unit

liAs directed b.r Of.t'ice, Chief of Eng1neers,in par~aph 2 of the second
Indorsement to bas:1 c letter from Seattle District '\> North Pacific Division
dated J~ 8, 1948, subject: t1Su1:mission of Method of Standard. Project
Flood Derivation for Levee Type Projects. a
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• • ,
h;ydrographs derived !'rom these noods are shown in figure 4. Climatolo-

gical records indicate that the November 1910 flood was caused primari17

fran rain at lower elevations. The December floods resulted fran rain and '~'

sn01llllEllt. The unit hydrographs derived from the December noods have

higher crest discharges than the unit hydrograph derived for the November

1910 nood. Floods derived !'ran a unit hydrograph similar to the Decem-

bar noods would show higher discharges than noods derived using a unit

hydrograph similar to that of' the November 1910 nood. '!beref'ore, for

design purposes, the composite unit hydrograph patterned after the unit

bydrographs derived for the December noods was developed and is presented

in figl1re 4.

43 ~ The composite unit bydrograph was checked by using it to

,
)

reproduce the flood of' November 1909. This is E!hown on plate 10, figure

" 1ihere it can be seen that the reproduction is accurate enough for design

PurPoses-. Therefore, the composite unit bydrograph was adopted as the

basic unit bydrograph ,which could be used to reproduce canbined rain and

sD01IIIlelt floods having discharges near Sedro Woollq of' approximate:l:y'
~-'

200,000 ds. Hydrologic data for the four floods of record used in this

stud7 are shown in tabla A-a, in order of ascenc1.1r€ magnitude. Pertinent

data concerning unit hrdrographs derived from noeds of record and the

canposite unit hydrograph are included in table A-9.

44. Unit h7drographs derived for the two December noods shOll' a

marked s:1JDilaritYJ yet the crests vary from ,4~5OO to 69,500 cubic feet

per secoDd. This difference is caused b;r variations in distriba.tion of

precipitation and conbributiol1 of snamnelt. To allow for these variations'

which are indeteminate, additional unit bydrographs having crests equal

, to 12" 1,0, and 17, percent of the basic hydrograph were derived. These

four unit hydrograPts are shawn on plate 10, figure 6. Pertinent data for

the basic and 125 percent crest of the basic unit hydrographs used in. .
c8J.cu.lating the standard project flood are presented in table A-9.
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Ttlble A-8. - Hydrologic data for major floods of record

(

.)'
~

ItEllll
I 't
: Nov. 1910: Dec. 1911

,:
:

: :S~a.ndaro
~ ,project

Dec. 1921 : Nov. 1909 :. flood

19,
72
1.30 :y:
4.23 :

Crest discharge, 1,000 cfs.
stOrm dUration, hOurs
Total storm precipitation, inches
Total storm sn01lllle1t, :inches
Surface ~ff, inches " :
Precipitation and sn01lllle1t minus~.·~:

surface run-off ... losses in in•.1:
Max:iJIIum 24-hr. preciPitation, in. \
!linimum 6-hr. loss 21, :inches i
Range of base fiow,-l,OOO cfs. ~\

JJ..4
48
,.98 :

. 1/:
2.40 - :

3.,8
4.4b
.47

14-27

3.07
3.,9

.20
12-27 : ,

210
78
12.,0 :

1/:
,.47- :

1.03
,.60.,8

12-26

220
66
6.69 :

1/·
,.28'"' :

1.41
3.60

.13
10-28

440
120
10.8,.3
12.1

4.0,.0
.2

14-28

•

."

o
oo
N
Ul
\0

I\)
I\)

lrrnde-&eriiiIDa~· .
Y Minimum loss for 6-bour Period when rainfall excess lIaS experienced

Table A-9. - Unit bydrograph' data

~ : : : :Crest125
: .: : :Composite :percent of

Item ': Nov. 1910 : Dec.·1917 : Dec. 1921 tor basic :basic crest
: .: :

Crest of unit hydrograph l~OOO, : 4,.5 : 69., : 54.5 : 63.0 : 79.0

~
efs. : .: : : :

Hour of crest : )2 : 45 : 46 : 45 . : 42
Width at 7,% crest, ~urs : 19 : 12 : 15 : 12 : 9
Width at 50% crest, hours t. 32 t 20 : 21 : 23 : 17

t
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4.5. Precipitation. - The ma.:x:imum possible precipitation fOf the

Skagit River Basin was determined by the U. S. Weather Burea.u1! and is

shown on plate 11, as figure 1. The maximum possible pt'ecipitation

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 1'I'aul.d be half of the above amount. (par. 41), or

10.8 inches in 120 hours. Precipitation rates far 6-hour intervals

for duration of the standard project storm are shown in table A-10.

46. Snamnelt. - SnO'lllllelt contribution during the standard pt'oj

ect flood is dependent upon many variables, of which the most signii'i-

cant are distribution aJXi amount of sn01l' at the beginning of the storm,

temperature sequence during the storm, ani rate of melt. These coDiitions

may vary widely in major storms and are dif.t1.cuJ.tto an~e, as basic

data are me~er. The assumptions regardiIlg amount, rate, and distribu.

tion of sn01'/lll81t contribut:lpn required for the standard project !lood

were made at, and in cooperation with, the Processing and Analysis Unit

of the Snail' Investigation Program, Oak' and, CaJ.ifarnia~ Information

available in that office under Office, Chief of Engineers,Project

CWI-l71 was utilized.

1/ IlPrel1 m jnary Estimate Maximllm Possible Precipitation skagit River Basin, II

"67 Hydrometeorological Section of U. S. Weather Bureau, J~ 29, 1946.
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Table A-10 - standard Project storm, Rainfall and SnO'illllelt Excess

Excess

8.8

.0
.1
.1
.2
.3'
.4.,
.7

1.01.,
1.3
.8
.6
.5
.3
.2
.1
.1
.1
.0

:
:Loss:

:

.1

.1

.1

.1 I

.1

.1

.1

.1
: .1

.1

.1

.1 :
:- .1

.1

.1

.1

.1

.1

.1 :

.1

a
:2.0

.0

.2

.3

.4.,

.6

.8
1.11.,
1.9
1.6
1.0
.8
.6
.3
.2
.1
.1
.1
.0

12.1

.2

.2

.2

.2

.2

.2

.2 s

.2

.2

.2

.2

.2 :

.2

.2

.2

.2

.2

.2

.2

.2

4.0

s·

:

.2

.4.,

.6

.7

.8
1.0

:; 1.3
1.7
2.1
1.8
1.2
1.0

.8.,

.4

.3

.3

.3

.2
r
:
: 16.1

.1

.2

.3

.3

.3

.3

.4

.5

.6.,

.4
.•3

.3

.2

.1

.1

.1

.1

.1

.1

,.3

:

1

:
:
:
s
a

:

:
1.6: .1
1.4 a .2
1.1: .2
.9: .3
.8 s .4
.7: .5
.6 s .6
.6 a .8
.5: 1.1
.4: 1.6
.4: 1.4
.3: .9
.3 a .7
~2 .1 .6
.2: .4
.2 s .3
.·2: .2
.2: .2
.1 a .2
.1: .1

10.8 : 10.8

1~6

:3·94.1
5.0

6.~

10.2

10.8

iO.8

7.7 a
:

8.6 a
&:

9.3:
a ;:
s

:-..

3~1

5.9
8.1

10.1

20.4

13.0

15.4

17.2

18.6

21.5

: .Sill· -- ~ .. Stand~~:IT:-sto~R~~m.-:~_-oD11
: .. - :. )lost : : and: : and :

Varhrri1l!! S . :6-hourscritical:Snolauelt : sno1llll81t: : SJlD1IIDelt.:
possible:aincre-:distri- : distri-: distri-: : excess
rainfall: Total amental:bution : button : bution: Losses:

Inches
Time :
hours:

Total----

u s
6

12 s
18
24
30
36
42
48
54
60
66
72
78
84:

-90
96

102
108
114 s
120

~

"tl

oo
o
N
0....
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47. The widely varying unit run-off from Upper Skagit River and

major tributaries, such as Saul!: and Baker Rivers, during n.oods of

record indicates that precipitation also must vary greatly throughout

the basin. It is reasonable, toorefore, to assume that distribution of

500'11' cover 'WOuld not be uniform but "IIOuld va:r:r nth elevati.on and exp0

sure. An attempt was made to determine the effect of these variables

on 500'11' distribution, but the meager data available made too determina··

tion iJnpractical. 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 amplify ccmputations, snow depth prior to the standard

project storm is assumed to be evenly" distributed throughout the basin

for arIJ" given elevation.

48. Areas below 1, >00 feet elevation rarely have a SDO'll' cover

,greater than a' few inches during arIJ" storm. This snow is no~

on the ground o~ a short t:illle and us~ disappears between storms.

Less than 12 percent of the basin lies below elevation 1,500 feet;

therefore, sn01llllSlt frCIII ,this area is l.UI1ted both 1dth respect to

areel. contribution and volume. An area-elevation curve for Skagit

River above Sedro Woolley is presented on plate 11, figure 2.

49. Approx:iJDa.tely 25 percent of the basin area lies bet'll'een ele

vation 1,,00 and 3,500 feet. Light to moderate snawpacks ~ be accu

muJ.ated bet'll'een these elevations in November ar December. Approx:iJDa.te:Q'

40 percent of the area of the basin has an elevation of !rom :3,500 to

5,500 feet. This area can, and frequent1:3' does, have a snowpack in

excess of 2 feet by November or December when the standard project

storm and resultant nood'll'Ould most l:ikely 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-ll, and indicate that there ~ be a large potential snOl'lIl1e1t contri-.

bution to the standard project £lood from areas above 3,500 £eet eleva-

tion. The locations of the snow courses listed in table A-ll, are shO'll'n

on plate 1.
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50. Temperature sequence. - The best index to snomnelt is tempera

ture and therefore it is necessary to adopt a temperature sequence

for the standard project storm which will produce near optimum sno'l'llllelt

for the type of flood under consideration. In order to produce near

optimum snO'l'llllelt conditions, high temperatures should prevail at eleva

tions of fran approx:iJnately 3,500 to 5,500 feet. That area canprises

40 percent of the basin, and may have a moderate to heavy snowpack

during or after October. A study of temperatures occurring during several

major storms showed that the storm of January 1935 was accompanied by

unusually high temperatures. At },{cnint Baker Lodge, elevation 4,200 feet,

a maxiJnum temperature of 70· F. was recorded. An extreme temperature

inversion was indicated during this storm because normal temperatures

in this region decrease approx:iJnate~3~. for an increase in elevation

of 1,000 feet. However, a repetition of the storm of January 1935 with

this temperature in:versiOn would result in more near~ optimum snO'lllll8lt

conditions for the area between 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.

51. Curves of mean dai~ temperatures for the storm period are

shown in plate 11, figure .3A, for four stations in or near the basin,

with eJ.8vations ranging fran 38 feet to 4,200 feet. The curves sham

in figure 3A are for observation stations and would not necessar~

. be the same for other points of equal elevation. Using the observed

temperatures as a guide, curves representing asB1.1Ill8d mean basin tempera.

turesfor the four elevations adopted for the standard project storm are

presented in figure 3B. Yean dai~ temperatures are 33~. or below for

all stations, on the day preceding the~ 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 da;r preceding the storm. These curves are presented
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Table A-11. - Snow surveys as of 1 January
(1947 through 1949)

station :

Beaver Creek Trail
Beaver Pass
Freezeout Creek Trail :
Freezeout Meadoll's
Granite Creek
Lightning Creek Trail :

:

Elevation
(feet)

2,200
3,680
3,500
6,000
2,500
2,400

: 1947' 1947 ':
28' 8.3
49 14.6
32 10.8
66 22.1'
30 7.7
21 5.5

Densit:r
%

29.6
29.7
33.7
33.5
25.7
26.2

Beaver Creek Trail
Beaver Pass
Freezeout Creek Trail :
Freezeout MeadOll'S •.
Gramte Creek
Lightning Creek Trail :
l4ead01l' Cabins
Park Creek Pass :
Thunder Basin :

Meadow Cabins

21
46
29
57

9.
7
6

112
31

38

.'.
4.9

11.8
5.8

12.4
2.1
1.8
1.6

31.0
7.2 .

.
'.

23-3
25.7
20.0
21.8
23·3
25.7
26.7
27.7
23.2

'lbree-;rear average -----------------
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Table A-12. - Standard project storm, temperatures ani sno1Ull81t

1
2
3
4
5

. . .
3305 ~ 36.5 ; 41.0 44.0: 43.0;
36.0 : 40.0 : 47.0 50.5 48.5' :

: 38.0 : 42.5 : ~2.0 54.0 52.0:
: 32,,~ : 34.5 : 38.5 la..'O": 40.0:
: 3~.5 : 32.5 : '35.0 38.0 37.0:

I : I : : :

:
Ll.o :
h6.~ :
49.5 :
38.5 .
36.0 :

:

.
39.5 :
44.0 :
46.5 :
37.5 :
34.5

38.0
42.0
44.0
36.0
33·0

1
2
3
4
5

Zone degree dars above 32 degrees FahreiihefE
: : : t: :

1.5: 4.5: 9.0 13.0: 12.0: 11.0' 9.0: 7.5: 6.0
4.0: 8.0: 15.0 20.0: 18.5: 16.~: 14.5: 12.b: 10.0

: 6.0: 10.5 : 20.0 23.0 s 22.0: 20.0: 17.,: 14.,: 12~O
:1 O.~: 2.,: 6.5 10.0: 9.0: 8.0: 6.5: 5.5: 4.0

O.Q: 0.5: 3.0 : 7.0: 6.0; 5.0: 4.0: 2.5: 1.0
I ~.:. : : : J : I :

Total : i2~0 : 26.0: ~3~~ : 73.0: 67.5: 6O.~: 51.5: 42.0: 33.0
Tot81 zoneanOW' depth melted (assum:rng 30 percent densitY') ID inclles 1/

rnches:4~0: 8.7: 17.8 : 24.3: 22.5: 20.2: 17.2.: 14.0: 11.0 ~

Y The zone SIlOll: depth.:me1ted. ~s determined by' assuming a me.lt rate '-of 0~10
inch per degree da;y, and 30 percent in!t1al densit;r.' Elalmp1e I Zone 0 to
1,SOO•. (Total degree da;rs above 32-r.-i2.0) (melt rate - 0.10 inch per
degree da;r above 32-r.) ( . 1 "1 )

a (12~O)(0.10)( 1 )""4~0 iiiIti81 denaRy of snow 0-;30
~ inches
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:Tab1e A-1J'. - Standard prpject storm, basin snol'llllelt.

Average sn019lllelt on basin contributed by' each zone in inches y
o : 1,500: 2,$00: 3,500: 4,560: 5,500: 6,$00: 7,500: 8,500:
to : to: to : to • to: to : to : to : and :

Day: 1 , .500: 2,500: J,.500: 4,.500: .5,500: 6,.500: 7,500: 8;500: above:Total
: :: :. : =

1 0.020: 0~04.5: 0.120: 0~266: '0.238: 0.178: 0.047: 0.014: 0.001: 0.9
J : •• •

2· 0.0.52: 0.080: 0~199: O.LlO: O.J66: 0.267: 0.07.5: 0.022: 0.001: 1.5
: : . : : . : .

3 O~079: 0.10~: 0.266: O~472: 0.436: 0.324: 0.091: 0.026: 0.001: 1.8

,

4

.5
.

Total:

: : : : : : : :
'O~007: 0.02.5: 0.086: 0.205: 0.178: 0.130: 0.034: 0.010:

:. . :. : : . : .
0.000: 0.00.5: 0.040: 0.144: 0.119: o.oBi: 0.021: 0.004:

: : :: :
: : : . : : .: :

0~158: 0.260: 0.711: 1.497: 1.3371 O~980: 0~268: 0.076:

.
0.000:

:
0.000:

:'

11 .This is the melt in each zone resuJ.tiJ:Ig frQll1 a .melt of 0.10 inch per
degree dq, weighed bT the zonal area or averaged over the entire basin~

Ex.am~ first day, zone 0 to 1,.500 feet•. (De~ee days above 32· F.""'l•.5)
(melt rate - 0.10 inch per degree daY' above 32- F.)(zonaJ. area in percent 
0.131)- (1.5)(0.10)(0.131) - 0.020
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on plate 11, figure 4. A study or synoptic weather maps for January 193~

indicated that the assumed temperature sequence could have been experienoed

in the January 1935 stanu.

52•. Rate or snowmelt. - No data are available on rate or snowmelt

in skagit or adjacent basins. However, information!! on peak snowmelt

'rates at the Central Sierra Snow Laborator,y indicates that the soowpack

at 16 stations disappeared from 1 through 13 May at an average or 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 mi~s in area,

has a range in elevation of approxiJnate:Q" 2,100 feet, ani is relative:Q"

climatolog1cal:Q" homogeneous. Skagit River above Sedro Woolley has a

drainage area or 2,970 square miles, a range or elevation in excess of

10,.000 reet, and widely varying characteristics. For these and other rea-

sons the melt rate prevailing over the Skagit Basin could not be as hi$h

as that experienced during the peak or the snowmelt season at the Central

Sierra SDOW'Laboratori. Therefore the asSUlllption ..-as made that a melt rate., .

of 0.10 inches per degree day would' be experienced during the stamard

Project s1;orm.

'53. Canputations to detem:1ne t118 amount of melt lIhich lrould be

contribut~ by 9 elevation zones and the entire area are presented in

table A-i.2. The melt thus deteniined using tElll1perature sequence and

melt rate assumed varied fram 1.2 inches of water equivalent; at eleva

tions or less than 1,500 feet to a ina:x:1mam of 7.3 inches at 4,000 feet,

and decreased to 3.3 inches above 8,500 feet. The average sn01llD.elt avail

able far run-off for the entire basin far 120 hours was 5.3 inches, as

shown in table A-13. The da:U1' contribution o£ sno1llD.61t established in

tableA':'13 is further subdivided into co~tributions for 6-hour periods as

shcnm in table A-la.

54. The densit;r of snaw determined on 1 J s.nuary surveys varied

fran 13~7 to 33.7 percent with the average density being about 26

pEJrcent (table A-ll). Assuming that t~ 8I1awp&ck initi~ had a derisity ,

of 30pEirc~nt, the depth of snOW' ne~8Sar;r to pro"rlde computed Sll01lllle1t

yrechnical ReportNo~ 5,~~~h8 'Central Sierra Snow Lab
publi~hed by the Process, " " '. Unit of the Snow Invest. Program.

30

P 000267



was determined and the results are shown on table A-12, last line. Based

on snawpack records it is possible to have a snowpack vary:i.ng from 4.0

inches below 1,500 feet to 24 inches at 3,500 to 4,500 feet. The snow

below 1,500' feet could result frall a single storm :unmediate~ preceding

the standard project storm. At 3,500 to 4,500 feet, the 24-inch depth

could be accumulated from one or more preceding storms. Above 4,500

feet, snowmelt decreases as temperatures are lcrner. However, the snO'll"e

pack could be at least equal to that below 4~5OO feet, and probab~

greater.. The SIlowPack could in Salle cases .be so great at higher eleva

tions that it could absorb rainfall and sncnimelt, and no run-off would

result~ However, the standard project storm lIOuld probably,occur before

such snowpacks were accwnulated. These oonsiderations indicate that a

snow depth equal to that which would be melted during the storm could
~. .

reasonab~ be assumed to eXist at the begiJining of the standard project

storm.

55~ Observations at the snow laboraten-ies have shawn that UDier

certa:1n caDditions the snoWpack reta1md no rainfall or' melt a1'ter an

initial retardation of run-off at the begiDning of a storm~ Therefore,

in this st~,it is aSSUDed that ~eoipit,ationam snonelt ..ouid.

not be retarded by' the snowpack.

56.' ~. - Losses are defined as the difference between totaJ.

storm precipitation, inclUlting .snowmelt 1'rom previous accumulated

snowpack, ani the run-oft.' Because of :iDadequa1;e data, sn01'/lllelt con-

tributions c;:ould not be determined tor the storms analyzed in the

derivation of the unit h1Qrograph. '!he losses shown in table A-8 are the

difference betlr8en Preoipitation, o~, aDd run-oft. These losses are,

therefore, too mall, as no sho'ilmelt was inc1Dded. 'With precipitation.

This is particular~ true of the re1atiVe~ low losses sham fen- the

November 1909 fiood. During this fiood ali snail' up to an elevation of

4,000 teet was melted, but not .inoluded. in the analysis. Some snowmelt

occurred during the December 1921 fiood, partiOllar~ at lower elevation,

and a malJ.er me1.t occurred. duriIlg the December 191.7 fiood. Temperatures
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were so low during the November 1910 flood that; little or no snowmelt

occurred.

57. Losses accompanying the November 1909 fiood were aJJlIost

constant, and uniformly" low, with a calculated m:iJllJnum loss of 0.13

inch _in 6 hours.

58. The inclusion of sndmnelt iJl the standard project storm indi

cates that a minimum loss as determined iJl the November 1909 flood

would be too small. It was recoDUllended by the Processing and AnaJ.:ysia

Unit that based on precipitation alone losses appro~tel,. double

those ccmputed for the -November 1909 fiood be used for the standard

project storm. The minimum loss for the 1909 flood was 0.13 inch in

a 6-hour time interval. A conservative comparable value of 0.20 inch

per 6-hour time unit was adopted for the standard project ston.

59. - sUrface run-off. - Surface run-off was derived for rainfall

and snollDBlt eXcess, using variable wiit hydrographs as shawn on plate

ll~ figure ~as curves A am B, respective:b". Unit h;vtirographs with

crests 12S and ISO percent of the unit hydrograph basic crest were

der1.ved because of possible higher ~ates of run-off for higher rates

of precipitation during the standard Project ston. The maximum 24

hour precipitation during the standard project storm occurs between

hour $'4 and 78 and totals 5~0 inches. - During that period, i.8 inches

of sD01llll8lt is contributed, giving a total snowmelt and precipitation

of 6.8 inc:h8s in 24 hours: The December .1921 storm had a maximum of

5.6- inches of precipitation for 24 hours as ccmpared with the $'.0 inches

for the standard project stone Snowmelt contribution is indeterminate

for the December i921 flood, and no camparison of snowmelt can be made.

However, because precipitation rates are quite comparable, the use

of the 1$'0 percent unit hydrograph in deriving surface run-off for the

standard project flood appears umrarranted~ Therefore, the hyodrograph

of surface run-off developed b;y use of 100 and 125 percent unit hydro

graphs, cUrve B, plate ll, figure $', is adopted for the standard pro

ject flood as being most representative of run-off conditions -which

could Prevail.
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60. In (lrder to determine the e1'1'ect 01' adding snowmelt to, the

standard project storm, a bydrograph resulting from precipitation alOnF.:!

was computed. Loss rates were assumed to vary 1'ran 0.3 inch per 6-hour ,,------,,

~riod at the beginning 01' the storm to 0.1 inch ~ 6-hour period at

the end of the storm. Unit hytlrographs varying from 100 to 150 percent

01' the basic unit hytlrograph were utilized, aDd the resultant bydrograph

is presented as curve C, plate 11, figure 5. - This bydrograph is direct-

~ comparable to curve A, llhich inclmes run-01'f from snowmelt. In this

case, the 8OO1llD.elt increased the crest discharge approxilll.ately 33 percent,

lIh:i.le increasi.Dg volume of sur1'ace run-oi'f approximately 37 ~cent.

61. Base now. - Because of the conditions lfhich have been assumed

to Precede the s~dard project storm, the base .flow tannot be excessive.

In order to Provide the 800wpack assumed, preciPitation during the storm,

prior to the stazidard project storm must have fal1.en as sn01l' over the

entire basin.' The t~rature sequeilce assumes that mean temperatures

over the basin did not rise to above freezing until the first dq or
\

the standard proj'ect stann. Thus, low temperatures aDd 80011' would necea-

sari~ result in a 1011' or not more than average base .flem.

62. The base flem in fioods studied varied !'rom a minimum of

10,000 seoond-feet to a:max:imum of 28,000 secom-feet (table A-8).
( , ' ,

63.' The tem~ature sequence tor the J anum.,. 1935 storm was used

as a basis for deriving the standard 'project flood.' No discharge

, "records are available for that period near Sedro 'Woolley. However,

records are available for a station near Concrete, appt"o:x1mate~34 miles

upstream from Sedro Woolley, drainage area 2,700 square miles. This

station is be1011' all major streams tributary to Skagit River. Prior

to the storm of J am.la1Y 1935, the mean daily discharge at Concrete was

less than 10,000 seoond-feet.

64. Because of assumptions of cl:1matological conditions preceding

the standard project storm, base now could not be greater than that

experienced duri.Ilg storms ~ed. Therefore, the base now is assumed

to vaz-r from 14,000 to 28,000 secOnd-feet aDd is presented as curve D,

plate 11, figure 5.
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-65. Standard pro.1ect fiood. - The standard project flood is made up of

two component parts, the surface run-off and base flow, curves B and D, re

speotively, ot plate 11, tigure 5. The crest discharge of the flood determined

'b1 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

River near Sedro Woollq, 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 second-feet on 30 November 1909; the standard project flood

has a peak flow equal to twice the maximum discharge of the largest flood that

hae occurred since the establishment of stream flow records in the basin~

67. In the storm ot November 1909, the maximum 24-hour precipitation

was ,.60 inches; the amount of snowmelt contribution for the November 1909

flood is indeterminate; but the maximum 24-hour rain!all excess was 3.08 inches.

The standard project storm maximum 24-hour precipitation is 5.0 inches, with

a snOlGDelt contribution of 1.8 inchee, or a combined precipitation and snow

melt ot 6.8 inches~ the maximUIII rainfall-snowmelt excess for a 24-hour period

is 6.1 inches. This i8 approximately double the maximum 24-hour precipitation

ot the November 1909 _storm. However the maxlmnm 24-hour precipitation of the

standard project storm was exceeded in the December 1921 storm, and probably

was equalled or exceeded in January 1935. The assumed snow cover is only

J!,ominal tor this season of the year and was exceeded as recently as December

1948. The temperature sequence used tor the standard project storm was

patterned after that of the January 1935 storm.

68. Thus, each of the three major factors entering 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-ofr occur

simultaneously makes this a rare flood.

69. The standard project !lood was derived for natural river con

ditions, and assumes, no regulation by upstream reservoirs, none or which

are currently operated for flood control.

P 000271

I



SECTION II - FWOD DAMAGES

70. Methods. - For the area west of Sedro-Woolley the first step

in determining average ~aJ. flood damages was preparation of water-

surface profiles for the appraisal of fioods. Previous high-water

marks are insufficient far defining fiood profiles for major fioods.

It wes therefore necessary to determine the high-water profiles by

hydraulic canputations. A few high"""ll'ater marks fran the 192J. flood

are available and were used as an aid in the determ:1.nation of over

land flood profiles. Skagit River fiood fiows in excess of 150,000

second-feet at Sedro-Woolley would be spJit 1ilto three parts in the

vicinity of BurliDgton (see report map, E-6-6-8,) as followS:

a. The existing leveed river channel was assumed to carrr

nearly bank-.f'ull flows (120,000 cfs.). Scattered levee breaks would

occur at unknOlll;1 locations. Future flood damages frClll Stlch breaks in

left bank levees and in the area between the North and South Farks were

estimated frClll the damage experience in the 192J. and 1949 noods.

b. Overland noW into the right bank Skagit section north

and west of the main river channel and North Fork channel1lOUld occur

both .floClll levee fariures and .floom outnanldng of the upper end of the

right bank levee at Burl1.Dgton. Backwater computations aided by high-

1later marks were made to establish the overland flood profile 1Ib:1.ch was

then used for·field estimates 'of fUture damage.

c. The third area of flooding would. be in the Samish section

from water crossing the low Skagit-Samish divide between Burlington
. .

and Sedro Woolley. Flood profiles in this area were cClllpUted by back-

water methods in conjunction 1r.l..th the backwater cClllpUtations in b. above.

The flood profiles were. then used for field est:imates of future damage.

71•. The fioo<i now distriblltion as described in the pre'Vious para

graph is a rational approach in reproducing the existing pattern of

nooding in the Skagit ~8sin west of Sedro Woolley. This type of

3S
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flooding gives 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 comparison of predetermined floodwater stages with ground levels.

The type and nature of damages are described in 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 NovSIIIbar 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 immediatel1" following, the November 1949 flood.

This estimate and the judgment of the appraisers tamiliar with the area were

used tor drawing an approxiJllate discharge damage curve.

74. Nature and tYpe ot flood damages. - To illustrate the types ot

flood damage considered in the appraisals, the following tabulation shows

the breakdown of appraised damages for a 210,OOO-second-foot flood in the

diked section on the right bank of Skagit River.

,
"--_.-

Crop and -----------
Erosion -------------
Weed seeding ----------

; Salt-water damage
Fences ---.--------
Buildings and contents -
Farm machinery ---------
Loss of business and pay rolls 
Restoration of levees
Repairs to drainage works ----
Repairs to wire lines ----
Repairs to city streets and sewers 
Care of refugees ----
Flood fighting ------
Highway trat!1c interruptions --
Railroad tra.!!1c interruptions
Damage to roads - ---
Damage to railroad facilities -
Loss ot livestock -----
(Cont I d next page)

36

Damage
(1951 prices)

$ 755,000
8,800

158,000
197,000

17,400
1,195,000

88,700
53,100
48,000
45,200
10,700
15,000
41,000
31,500 .
40,700
15,200
13,200
38,800
35,800
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pasture or such crops as corn, grain, peas, vegetable seeds, berries,

Damage (Cont I d)

and 1:W.bs are subject to flooding. Damages vary greatly according to

the type of land use, and the estimates were obtained b7 applying appro-

8,800
24,100

259,000

3,100,000Total--

Loss of milk production •
Loss of autolllObUes and trucks --
SUt and debris deposits -----

75. The largest damage iteD18 are those for crop land and for

buildings and contents. Approximately 60,000 acres of land used for

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

f'loods 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 the capital crop investment up to the time of' nood occurrence.

76. Damages to buildings and contents are determined from the

anticipated depth of' water in the buildings. Detailed inspection of

buildings and contents was not made, but rather, water depths are

translated directly into damage from depth-damage relationships estab-

llshed for typical classes at structures.

77• Damage results to crop lands it the sea dikes are breached

and high tides eaturate the 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 flood crop damage previously noted.

78. The other items of' f'lood damage are selt-explanatoI7. Mone

t&I7 amounts have been determined trom data obtained b7 interviews,

correspondence with affected interests, and b7 field inspections and

estimates.

37
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79. Average annual damages. - ~om fiood damage data as described

in the preceding paragraphs, discharge damage curves have been drawn •

. The discharge is referred to now at Seliro Woolley. Using the fiood

frequency curve (figure A-l), damage frequency curves were then pre

pared from which average annual damages have been computed. The dis-

charge damage curves and frequency damage curves are shown in figures

A-2. to A-5-a.
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:mCTION ID. - DAM AND RESmVOm srUDns

80. General. - The four principal dam sites remaining in the basin,

at which substantial 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 saul<: site on saul<: River above Darrington

Upper Baker' site on Baker River above Shannon Lake

J

I
I
I
I
I
J
I
I
I'
I
I.-
I
I
J
I
I

,I
I,
I
I
I
I

I
I

J
I

, I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I

, .,
I
I

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 fisheries,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 ~er sites.

,81. Results of the report Studies indicate that Federal construction

of a dam and reservoir project is not justified at any ot these sites at

the present time. &mefits obtaJ..Dable from the multipl~urposesof power

production, flood control, an4 1U1ovigation are inadequate at the Cascade

and upper sauk sites; and, as shown in the report, construction by the

Federal Government ot reservoir projects at the Faber and upper Baker

sites cannot be recommended' at 'this time. Abriet description and a cost

estimate are given in the following paragraphs for each of the four re

servoir projects that were investigated.'

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

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

, 39
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earth~ rocikfin type dan. ':the wetcl1.matic coDdition of the region

t,hi-ou~QUt 1IlUch of' the, year might ,Diake '8: h;ydraullc fill a better means
'. '.,,'", '};.~'. .' . '. ,~ . . '. : . .

. "'of"c~iruction~
, :8,; ,",The D!8xhnnm' pGrmisStb1e, ~ell~~'Yater surface elevation is

"'~:;~;'~:4~~~~~~f::M:~~
, ..~Ch,:~.~8 '~t e,' genera1.i81svaUan ot..~OO~\~:Ipthe vici~ of Darr:l.IIgt;on
",; ..'.. ~.;'~.... ~~::>~:~<.;.~~._ ... ~ -."~ .. .·... ,.O-;.~.i.::t?:ii' ...i· ,.. :.r.. -j:';::~;~~:··~~:~:~)~:·"~.rji.~i~·~ -r;~ _ .. .' ..,

·and at the same elevation is a low"Jdde ~:l:'ide ' '1.nto the St1llaguamish
.". ":- ..... :.L .f ". <'. '..:~ ...-"~.·~·t~ .'~'.' ,', .... .:L ..,::3·~2··~i::~~~~;~~~~;~~·~.·':~~..· ....~~:~. '., ') .. '. .
River Basin. For estimating parposes,.;an' eaJ,"t.h am r,ockfill dSm nth

. ,'its, ~;~~~.,e~~tiorfo~'~£:~~~i;£~%:~~~-7,powerhouse.
and penstGc:ks llOuld be ,located on the' r~'abutment. ExtensiV8 high-, '"--"

• ." •. _.'. ~-I- .•>: ....._-:~.; .. ~ .:'~ ... _.~~ ..;!.;::::>,>:._ .....:.-., .~:~i:{~i~·~~~··,~~~:~~£.~~~~~:·:':~~·.:... . _.. ~ '. '.
1IaY, railroad, and tr~ssionl.ine're1o'~t1Qi:iS·'1IOU1dbe required in

'.1' . :l:.:"'....:-i,.-:.. :'.~:;.~;.~~~.>;., - - .

·ihe:resarToir:area~

84~" .About' 8;.mlles -do..nstreall··ri.~:~·ciam site 18 another site,
.... , I··· ..: ~(~. . : '::~ -.' ;: ~:.~:>:. ~..~.. '. . _.

, lciCa1l7 laiowD as The Danes," at "which e: low'dam coUld be cOnstrUcted;

;, A, ~0e~ectr1Q:, p1ant here could't~ advant~e of iIiCreased rl~
..~._ 1'..... ,,,,\ ,ire. . .~_ . .' ! . "

flOws .!rOm 'Fa&r Deservoir and the existing 'shannOn i:.ake!i8servoir on

~ ,"

f,t~,,~~·~It;,·;..
,,'lJ1th';JsandancL1oam
~~~~a~~t~~;;·~;~·· ... ,.' >' ..

>j;lr;-~T~~~"'J'~~~~>;i?; W,' :,:~~~~ir~::~.;··' ~
" ):,~\/,arg1J,1'1te; ,'aM except' for varying' d8pt~,of,overbUrden' this abutment

'_"""_'~.~~-;...~:"~;';"'::.:~-;:;;-''''::;-:':-] --: ' .~.;~. ,...; . ":':.:,:i.~" ..,...." .,.;:
~~::;'~~~i~ts,,'o!\~ck. The' ~t1; (south) abU'tmeIit bas' no bedrock and is

""\6~~:~ otmatei-iai sbu.J.a.r to th~ i~'~~8G~~; On the 'dcmnstream

side of the left abutment a section pr8dClll1:nat:1ng in clay shan surface

.eVid'ence of slide coDditions. These subsurface coDditioIlS po:1nt to an

-'. /' .
• "t'

, .

:Baker River; In addition to prOducini pow9r~The Dalles Reserioir

woUld'serve as a re-regulating reservoir to SIIIOoth out widel1' varying

·d.i8cliar'p8~ca the Faber powerhOuse ':if that plant were operated at a

iow~ lOad factor. Pre11m1 nar;r e2ltDla:~s.£ar, develoJiaent or this

site are based on a oombined dam am 'pOW'erbouseabout 65 feet h11h
:with an adjoining gateq spillWay 500'feet ).ODg~ a 1011' nonoverfiow

' .. " ,

feet iq. " .
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85. Pertinent power data for the twp sites are as follo....8:

Average continuous discharge (Phase C-2
Columbia R. critical period 1928-32) 11,027 cfs.

MayjDDlm pool elevation --------- 490 feet
Tailwater elevation ---------- 184"
Average net power head 213 II

storage at maximum level 4,650,000 a.f.
Usable storage ------ 2,790,000 "
Average continuous power -- 188,000 kw.

12,800 cfs.
184 feet
145 "
32 "

21,200 a.f.
pondage onlJr
31,700 kw.

86. A sUJlllllary' of principal cost items including contingencies

is as follows:

FABER DAM (for 40 percent load factor, 728,000 kw. installed)

Cost (1951)

General (power and telephone, reservoir clearing,
etc.)

Coffez:iams, river diversion, and tunnels ----
D8111 and spillway ----.----------
Intake works, surge tanks, penstocks ----
Powerbouse and generating equipment
Government furnisbed housing and .

administrative facilities ---------
Reservoir lands ----------------
Relocations -,--------
Indirect costs ----------------

Total ----------------

$ 10,230,000
10,030,000
47,500,000
42,060,000
66,300,000

2,900,000
2,479,000

14,170,000
23,131.000

$218,800, 000

DALLES DAM (for 80 percent load factor, 53,000 installed)

lli!!

General (rights-of-way, relocations, etc.) 
Spillway section -,--- .------
Nonovernow section and weir section -----
Powerhouse and equipment ----------
Indirect costs

Total -------.----.-----

Cost (1951)

$ 805,000
5,060,000

805,000
12,420,000

. 2.310.000
i21,400,000

87• The power d8111 proposed for the Faber site could provide

300,000 acre-teet of nood control storage during the IIIOnths 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 cfs. at Sedro Woolley; and would reduce the total average annual

flood dalllages in the basin from about $l88,ooo to about $1.8,000 (1951 prices).

41
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A'storage reservation of 1,259,000 acre-feet would control the staniard

proj~ct flood ani would eliminate p~actically all nood damages, but

would provide only. a smal~ amount of incremental benefits ani would

reduce 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 canparatively small, however, ani very difficult to evaluate,

no est:iJnate has been made of their magnitude.

88. Operation of the Faber-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-

iog values:
\ .

Capacity ------------------ $16.16 per kw.
Energy ---------~---------- 2.0 mills per kwh. at

I load- center
Transmission cost --------. $ 4.12 per kw.
Transmission line losses -- 3 percent

The 1'ol1ow.l.ng is a sample computation of the total value of pOW'er with

a 40 percent load factor:-

Capacity value • ($16.16 x ~'97}:=$4.12. $28.90 per ·kw. yr •
•40 t.F. '~.

Energy value • .002 x 8760 x ·.97 '. 16.99 n II n

Total value of power. $45.89 II II n

89. The transmission cost and losses of 34.12 and 3 percent, re

spectively, are about one-half of the values established for the Phase C-2

system and are believed equitable for Skagit River plants in view of their

proximity to the Puget ScUIJi load center. The values of energy ani

capacity are the same as those used in the 1948 Columbia River Rev.1;ew

Report (H. Doc. 531/8l/2). With average co~inuous power of 188,000 kw.

at Fabar, and 31,700 kw. at The Dalles, the total annual power benefits

. would be $9,617,000. With average annual nood control benefits at

$170,000, the total average annual;.benefi ts would be $9,787,000. The

annual costs are estimated at $12,030,000.ani the benefit-eost ratio of

the cambinedproject would be .81.
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~~at$l.Y· aboveSh9,imOn Lake am the ex1.stingprivate plant on Baker
'. .~.:. .' .' -. .

", ...,: ..-.'

. .

River; Other possible sites are fawn in the one-half mile section at

river above the lake in the ,vicinity at Sulphur Creek, but the one used

for estimating purposes appeared most promising from a ground reconnais

'unoe. Fownation borings and explorations have not boen madB. Based

'on a geologiQal reconnaissance,. the le~ abutment is assumed to be

ent~rely rock. The right abutment has exposed rock to elevation 690.

A short distancebeyoDd the face of this abutment the rock appears to

dip· away rapidly, leaving a saddle probably tilled with glacial moraines

ani sec1i.1Dents. Max1JI:Ium elevation of the saddle is 650 feet aDd at the
. '"

500-toot contour the. seepage path is l~ooo feet long. The right abut-

ment .requires a dike tor reservoir elevations above 650 and sloping of

theax1sting glacial material tc? increase its stability.

91. Character. or the foUDdation belOli the river bed is unknown,

but for estimating purposes 70 feet of overburden was assumed. A con

siderable depth or overburden is not uncommon in· the stream beds of

rivers in this region ·that have been subjlilct to glacial action, such as

. the Upper Baker River•

. 92. A concrete gravity dam with gated spillway has teen assumed

for estimating purposes. Maximum elevation of the dam would be 710

feet which appears to be close to the manmum heightpermitted by the

glacial soils in the right abutment. Principal items in the cost

estimate,. including contingencies, are SUDIII18.rized as follows (40 per

cem. load factor, 62,000 kw. installed at upper site):

Item Cost (1951)

General ~---------------------~--------.$2,900,000
Dam and spillway ----------------------- 7,800,.000
Embankment ----------------------~------ 1,400,000'
Powerhouse ani intake works ------,..--- 10,500,000
Indirect costs ----------------------- 2,660,000
. Total, Upper Baker.~---------~- $25,260,000.. .

.3',oookw.addition to existing plant -- .~'700,000
Total ----------------------------- $2 ,960,000

4.3
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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 o~ adam is imposed by the abut

ments. The principal geologic problem appears to be the depth to

. bedrock in the bottom of the river. Three exploratory ·drill holes

irxiicated 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 overburden has been

assumed.

98. Maximum power development of the area should utilize the

steep fall below the dam site. The powerhouse site wo,uJ.d therefore be

located about ·5 miles downstream and would be served by a pressure

twmel. Tunnel excavation would be through rock siJllilar to the dam site

abutments •

.99.· A c;on::rete gravity dam with an uncontrolled spillway has been

assumed. The Washingt.on State Department ot Fisheries has informally

advised that a minimum release of 250 second-feet should be maintained

below the dam, and outlet valves for this purpose have been included.

The height of the dam has been detemiDed by. the power st,orage require

ment~ so as to obtain the maximum power production fram aVailable river

flows. Power production has been asS1llled· to be cooroinated' with the

Columbia. River system.

100. The powerhouse would be' on the right bank, 5 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 DeW 200-foot steel bridge constructed. A

SUllllllary of principal cost items, including contingencies, is as

follallse . (50 percent load factor, 66,OOOkw.inst.illed)
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101•.Pertinent power data for the cascade development are as

follows:

.: ..... ..:: .
•• I~.;. ,_

" ',"'.

.....

•
GrantY'dam and outl~ -..:.--------- 26,500,000
Tunnels," surge tank, and gates --- 10,000,000
Powerhouse, penstocks, and

operators I housing ------------- 6,300,000
Reservoir lands and clearing ------- 1,100,000
'Relocations ---------~-------- 700,000
Indirect costs ----------------- 5.000.000

Total ------~---------~-----~$54,000,000

Maximum pool elevation --------------
Tailwater elevation -----------------
Net power head at mean reservoir level
storage at maximum pool level ------
Usable storage ------------~--------
Average continuous power ------------

1,186 ft.
360 "
735 "

247,400 a.f.
240,000 "
32,900 kw.

102. Using the power values shown in paragraph 88, the pOW'er

benefits for. this project would be $1,320,000. The annual costs

would be about e2,7oo,000, and the project would not be feasible.

103. This site could control only- 5 percent of the total

Skagit Basin area at Sedro WoolleY', and its effect on flood crests

at Sedro WoolleY' is estimated to be not more than 10 percent.

Assignable flood control benefits to Cascade Dam would therefore be

small.

104. Fisheries interests have advised that they would not be

. able to make a definite statement regarding the effect of this

project on migratory fish until further investigations had been made.

105. Upper Saul!: dam site. - This sit.e is about 9 miles upstream

from·Darrington and just below the confluence of Whi techuck and Sauk

Rivers. No drillings or subsurface explorations have been made at the

site,&nd ·information about the site has been obtained from ground

reconnaissance. The left abutment appears to be solid rock while the

right abutment is merely a low rock knob•. Superimposed on the rock in

the right abutment are large amounts of gl~cial debris and 1'1ver

deposited material brought down by Whitechuck River. The right abut-

ment and reservoir wall appear quite pervious from surface in:iications,
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but as much of it is composed of the Whitechuck alluVial fan, presumably

having a predominance of i'ine material, this important section of the

abutment and reservoir wall may be satisfactory i'rom 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. Whi techuek Hiver has its source on Glacier Peak as a conse-

quenee 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 am is relatively free of silt at the

dam site.

107. Within the reservoir area are 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 comitions irrlicate an earthfill dam

for which an ample supply of core and shell material is available

within the reservoir area. A 17~i'00t diameter tunnel would supply the

powerhouse located near Darrington on the right bank. Principal cost

items, including contingen::ies, are as follows (50 percent load factor,

74,000 !tw. installed):

~

General ----------------------------
Dam and appurtenan~es ----------~---
Tunnel arrl surge tank -------------
Powerhouse, penstocks, and surge

tank -----------------------------Reservoir lands and clearing ~------

Relocations -----------------------
Indirect costs ---------------------

Total -------------------------

Cost (1951)·

$ 900,000
15,400,000
18,000,000

7,600,000
300,000
300,000

5,100,000
$47,600,060

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

follows:: .
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Maximum pool elevation -------- __
Tailwater elevation ---------------
Net power head at mean reservoir

level ----------------------------storage at maximum pool level ------
Usable storage --------------- __
Average continuous power -----------

1,105 ft.
520 "

439 n
137,000 a.f.
133,000 "

37,000 kw.

1l0. Using the power values shown in paragraph 88, the power

benefits for this project would be $1,485,000. The annual costs would

be about $2,380,000 and the project would not be feasible.

111. This site also is objectionable to fisheries interests.

For purposes of canputing firm power a mi.nimum now of 250 secoIXl-

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 nood 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 finn opposition of fisheries

interests to this site and the Faber site makes favorable consideration

ofei ther one very unlikely. The Lower Sauk dam si te ani 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 development 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 reasons, it is concluded that. no useful purpose would be served at

this time by the additional expense of making Lower Sauk studies.

Paragraphs 114 and 115 not used •

., ...~
' ..' .. 48-50
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SECTION IV. - LEVEE :wPROvmJENT AND DIVERSION ESTD4ATES

ll6. Possible means of nood, protection far the areas west of

5edro Woolley' include r~sing the existiXIg levees, constructing a nood

Iiiversion channel, or some combination of these two methods. Field

work and office studies were carried 01Ili to the extent needed to reason-

ably determinetbe feasibilitY' of these proposals.

ll7. Levee estimates. - Field topographic surveys 'Were made t.o

establish the grade aJXl cross section of the ensting levee s;ystem.

These surveY' data were used in making quantitY' estimates of raising

the levees to various beights~ A field soils examination was also made

to determine the character of existing levees am sub-base, to locate

sources of material, and to detenDine required levee 'cross sections.'

In all of the levee tmprovement plans eStimated, the mar!1!I!DIl height

of levee lI'CUld ,not exceed 20 feet~ and most 'sections llOuld have lesser

li8iglits~ For estimat1Ilg .purposes, a levee aross seCtion having a 12

foot top width an:d side sloPes of 1 on 2.5 'W&8 used. 'Freeboard of

3 ieet has been uSed~ Cost esthui.tes or various degrees of lervee ~

provement 'Were made ani a curve shoWing eostvereus capacitY' wu"'drawn
, .

as sbo1ln on figure A~. To iiiustrate 'the ::tt~ considered in the levee

estimate, table A~5,giTeB a SU1lII1aryOf the estimate for a clWmel li&"..

, :Lng acapacitY' of 170;000 second-feet.

ll8. Diversion ~stimates. - Previous cost estimates for the

adopted nood diversion channel were checked ani revised to bring to

1951 price levels. The plan laY'out and project works were also modified.

Est:lJnates of a nood diversion channel far this repart include the fol

lowing general .features:

a. Intake between Burlington and the' Great Northern

Ra1J:IraY' bridge.'

b. Intake 1I'8ir to have a~ and uncontrolled crest set

at such an elevation that flOw would 'coimnence ,when the river discharge

reached 40,OOO,second-.feet.
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Table A-15. - Levee improvement estimate, 170,000 C£s. capacity.
'--..

Item
• . ' : _ : uoli
: Unit QuantitZ: Cost Amount

$ 6,500
, 262,800

1,549,900
653,500
35,500
65,000

,600
1,000
2,000

20,000
69,000
4,600

ll6,500
66,000

: 158,300
I 14,000
I 453,800
I 4L7,OOO

. :--,';;:.;;;'.':';,~--.

.:_ ~~~:~. a~~~~
I

~
.1

:
,:
I
I

..•

: ,

. :
,I,
I
I

· .· .
Clearing am. grubb1J:lg -: acre 26:$250.00:
StripPing c.z. 292,000: 0.90:
&lQankment., load 8JId haul-I. II 4,697,300: 0.33:
;F)nbankment, place ancl shape-: n : 4,084,600: 0.16:,
Seeding : acr!t 374: 95.00:
Fiood wall, concrete : c.z- 1,530: 42.50:
Flood wall, .excavation -: n 6001 1.00:
Flood wall, backfill II 2,000: 0.50:
Dra1n8ge culverts, new -: l~s. :
Dra.:Lnap culverts,: I l

, lIlQ.dification : II' :.

Rights-o£~ acre 2301 300~00:
R:!.ghts-o£-way,borrow -: II U5,: 40.00:
Ro8d. cbaIlges . .' . . ' :;I..s. I

B~gpwq bridge alterations-l II

, Railroad bridge alterations-: II

MoVing .other.. stnc1iares -,l II

Cont~~ies -,-'----
Indirect costs l

I
.~!·Otal.. . t

Increase 5% far 1951 ~,:
I

......
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''------

c. Channel ve~ocit1es approximately 5.5 feet per second,

'Ilbic:h 'Will not scour a sodded channe~. Somewhat higher velocities will

obt~ at the outlet, dSp8IJd 1n g upon tidal stages.

d~ Elimination of the tidal weir in the adopted project

at the outlet to l1JIlit channel velocities. -EStimates of scour based

on trequency and duration of .now indicat~ channel deepening in 1l'idal

section lIOuld not be excessive.

~.Constructionof only' two bridges: one for the Great

Northei'n RailwaY' and ODe for U. S. HighwaY' No'. 99~ Anacortes Branch

of the, Great ,Northei-n Ra:u1laY' to be relocated so as to use the main

line bridge.

119~ ' CcmParat:i.:ve estimates ll'~e made to determine the mOS,t econo

miCal cb&nnel bottom 1d.~h aDd it was fouIXi that for a diversion

e1Wmel'capacitY' or'ioo~ooo seco~;'ieetthe economical bOttcm 'Width

~qe~'~~8n i;lOO~~1~500 feet~: It"~ ~o fouIld t~t 't~ cosio

Of'd~v~sion 'plai1Sd8~~lised C~side1:abJ.7 -ftiih'iiic;eases in th8 allowed

m~x1mm;. he;.,; ~ the exlst:lJ1g river chami:ei-b~la.r the point of diversion.

:TI~,;~~~~',~Or'tid8~,~~~~~n i~, ~~:~ft~~~~:,~~'a~n~l,~:t~~~vation~
- -is reduced as 'the entrance water, surface el8vationisra1secl; 'The re-
..., . ~.., ..~,,~~~~;~ >~,. "!:. .• . .:.:: : ~'.~~:~~ ~.:~~: ".. ~.•.'. '::.;:r ';~..:;;:.':~.:·~:·/ii;··~'~~:·'. <. '. :~~'.f' ..:. .':;: :~." ;." .:
ationship bet-.een total cost of diversion 'plan and capacit;y,is shOllIl

-on figure A-7 bT- a Seri~~ ot' curw~,:'e~cil'o~' ~ai a different river
'. ,~.

, channel,CapacitY'. '_,

120. ' Canbinedp~. - The costs' at ~Vee improvement shown bT the

~ on figure A-6 and the costs.ofnood diversion shown bT the curves

on figure A~7 can no... be used for dr~ other curves showing the cost
. ,

of canb1ned' plans of levee improvement 8nd diversion. These curves
" '. .;, .. ,

aresbown til !1.gure A-8 and have been constructed directly frCIII' figures
.~_;. :~~. '., . .' .~'" .....4: ...., .'. . ..._ ~\'"...~...~~ ...;~~::.!i ~ ,_..... ;,. " . .

l'A~.)!nd-~4:;.7 .. .As, an example, the 'curVe far combiiied-plans haVing a design

;;:a~ Of,'2~~d"second:r-;;~t~..~;,~~};~~~~~;~; '". - \' ._~.~
-··t~~~:~ .

.. ..

.>t':.._;~.;i:.,.~.:" '
.. ;. ';' .\,

J"'.
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"ittt ~ ..

"..,..

'. ,,:~ DiverSiOn i
. ." n01l'

(as.)
o .•

20,000 •
40..000
70,000

llO,ooo

. River noW
(Cfs.)

2oo~000
180,000
160,000
130,000
9O,OOOJ

I

.DiverS1O%l.
cost '
(,)

o
1,250,000
2,750,000
5,500,000
9,600,000

Total
cosio

. (I)
5,900,000

:. ,.,900,000
6,300,000 .
7,,500,000
9,600,000

l2J.•. From the curves o!combine4 costs, it is apparent that far

arrr design nOlI' a major part of the 1tDprovement lIOuld be b.r raising the

levees~ Considering onl7 the combined plan of least cost, the follow

:i.ngtab1il.ation has been t8ken frem the data on figure A-8.

1 ....;;DI;;;v::-er~s~I~o~n::;g~__s:
I From curve I River Q

180,000
.190,000
210,000

- 205'000

",: ' .

.i:

.}:<' _ 0 _~
• 10,000

40,000 .
95,000 . I .

.;. "·::'·i .....

~ ' ..
. '. Design 9

.. ",

,:~;\J~~f~f.~;~~~:~iiat,~~~:.:~t,~~~l8Vgesystem up to
. acapaci,t:r C?f'4bOut 200;000 second-feet utile. most that should be
'.' :-".' ..\~",:~:·~~·r.;.:;:~> ..~. ~~-,r .. ,':"::~\.{;~~~,:. .••. :. '~':,' _ ~ _': <~<J::;>i<~,::~:'<:~·l;.., .

.\done,.and .after tbatcapacit,. is reached,·t~;mosteconomical means of
;.~'.~~'."'.""" ·:.~~::~~::··~~'···:~:.C~·.:. ~ ."'~~':~ .... ,~:..~,~~~~.; ...>, ...~. ,,' '.- J"',.-~" .•':, ." >~~.~~:~:~:' ... ".",:~:... . " _
'addi1!:I,o~f'lOGd :proiieC'j;1Qn would bebT a;d1ye1"sion channel.

·:,,·,,':·~".i~~~+;~~~~~;~~~§"l~,;~~~!.~.;i~~.:.o~i~~~,;.~provement
and diversion'plans ba~~S~ tar.no~;ccms~~4.:whet~or not such

.. ~r~~ ~"e'conOmicall7j4~i~~:' ..JZ ·~~!;'~':;O~:'~Fe;sa~i~d,· an

econ~c analysis mqr~be mide~: T~~:~~;~'~ a prOject having
......

:the beSt'cmmce for' ;1us1iification," protection. of the NOokacmamPs Creek

. .
., . ~ :

.: ':~ :'-t:. _

.:. ,~j~
, ...•,,'

;'.ar~a bT leVees has not been considered." .Be~use'Of natural storage in

tM.s~ea nood nOlI's at Sedro Woollq are ~uced as mUch as 30,000

'. s~COnd;.teet' in 'the reaeb9s ad;1aeeUt: to Bur1.:i..Dgtonimere th~ ~onsidered...•. :. ". ~ ~. .... , .

±:t~~:::~14~~:.::':r~~
ground between Sedro'lI'oollElT am BurlingtOJ1SQ' as to protect Burlingt;on
.. ' ....' ... . .' ..' t'~""::~'.;'J, - .

aDd .alSo preVent overflolr into t~ :Sam18h se.;tion~
. ' ., . ~'.:~~: ". : ~ ..... .:' ' .

.~. .. ,.' "; .. ~ -;'~:",';'
:.. ' .. ~ -;:. '....' ,:r.., ~. " . ~

'54·;· <.~:,;~:J;":
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12.3. A comparison of several degrees of flood protection is

shown in table A-16. Benerits bave been determined from computations

for. average annual flood damages, using only those damages which would

be prevented by the particular design flood selected. Benefi ts would

be realized only in the Skagit diked area and the Samish section. This

table shows that neither a levee project nor a combination levee-and-

diversion project would provide a feasible means of flood protection

in the valley below Sedro Woolley.

124. Nookachamps Creek area. - This section of flood plain does

not have any kind of flood protection, aIX1 farming operations there

are can'ied out with the expectation of frequent flooding. Average

annual damages are consequently not large. Prevention of flooding by

levees would not only involve local construction in the immediate area

but would aJ.so require raising the levees of the entire lower river system

to .compensateror the loss of flood peak reduction fran natural storage..". .

in the Nookachamps Creek area. As an" example, consider. the design now.. .

. project of 205,ooosecoIxi-reet 1Ii.table A-16. If the levees had to be

raised to oarI7 205,ooosecond-reet instead of 184,000 secom-feet, the

project cost would be $6,.300,000, whiCh does not include the cost of

Nookachamps area levees. For 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,,00. Project annual costs would be $315,000, and therefore the

benef1t-eost ratio would be 0.34 as compared to 0.38 if Nookachamps area

were not protected.
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FIGURE A-a
COST OF COMBINED DIVERSION 8 LEVEE IMPROVEMENT

140 .- !-
.-.

13 -. j --

170

150 -

10

~
70

iJ)
': ..cr

60w .\. '.
>
5
~ 50 .-. _. r

160

>
~

U 40·-·-
~
~ !

,

(j)'= 120 -.
?
::J
vi 110 __ ._.1 _
u: - 1
t,j ,

o
o
0_

zOO
-l
W,
z 80
~'
:I:
<.:>

P 000300



('
"'

"i( (

. .,. fable' .i.:"16~' :'li:conoild.c· '8nai1lJls of -~teci1rigSkagit .dfted areas am ~sb section

<, .', .•••. . ... 'i'"",;'fi~~0:~;~) "
Remarks

J.
. . a

B/C ratio I

.1

.1

.:,i~:..: .
IApp~aX:imate I
: benefits'·

-. ·T .;JliquI,r---.ea.aa'.
'f .. capa,citT J, . . . .a
f . : . _ ol . • J",roject t Aimual
1 Protective: cost : cost
1 lfOl"ks yi I. at,% I .a
t I ; : ~

nood now.'
at

Sooro lro!>lie,-

/'

LeVees 200,000 ers.} diversion channel,
100,000 cIs. Because of low frequency
design now, benefits not significantly
increased.

Iniprovement by' levees only. Cost lI'OU1d
tPeoretically be slightly less if
combined plan wi~b a small capacity

. d:i.verSion channel were used.

I,

Improvement by levees Only-.

I

a
I
I

I'

..1 . :nDprovement by levees only. Design flow
equivalent to 1949 nood•

:1

I

I
t Improvement by levees oDly.
I

.1
I

....

0.14

6.28

0.)8

0.40

0.29
I

I.
.t

1

I.
I:

I
1

I

I

20S~ooO ..

180,000

{Cf'S~J---: iU--(Cfs.)t (I)a~-U'----'I -($) t.

i)"ooo .', : 127,OOO.;+~800,·odif: . 9o~-000': 12,600 :
. 1 t : 1 t

1 1 I :.;
I. 16),000 :),700,000; 18,,00<> I ~i,SOO I

I .... I '. I J. r
I . 184,000 I 4,900,000 ;245~OOO I. 9~;500 I

... a . I ···a ,.: .,. I' I

2~0~-000 . I '. ~20,000 I 7~~oo,oOb.i~'.~;::375;000- : .150,000 '.. 1

al I,..r ····':1 ;' :: . - .... .1

·;'::-.·r : '.>::;-. '-i~': '
1 1 -.'."'- I '.' '..t-
I' )00,000 }io,8,O;CilX)'I S4j~ooo . I i~7,000
: I _.1 I

I. ~.

I

))0,000

-~.

.11 Sedro Woolley flows reduced by' storage ili' Nooka.~pamps Creek area.
Flow reduction assumed to vary- .from 0 crs. !it 90,000 cfs.
Sedro flow to 30,000 cfs. at 2,0,000··crs. Sedro flow.
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