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WATER POWERS OF THE CASCADE RANGE.
PART IV. WENATCHEE AND ENTIAT BASINS.

By GLENN L. ParkER and LAsLEY LEE.

INTRODUCTION

This report is the fourth of a series entitled “ Water powers of the
Cascade Range,” prepared by the United States Geological Survey
under a cooperative agreement with the Washington State Board of
Geological Survey. Part I contains data on the drainage basins of
Klickitat, White Salmon, Little White Salmon, Lewis, and Toutle
rivers and was published in 1910 as Water-Supply Paper 253. Part
IT relates to the drainage basins of Cowlitz (except the Toutle), Nis-
qually, Puyallup, White, Green, and Cedar rivers, on the west side
- of the Cascade Range, and was published in 1913 as Water-Supply
Paper 313. Part III refers to the Yakima basin, on the east side of
the Cascade Range, and was published in 1916 as Water-Supply Paper
369. The Wenatchee and Entiat basins, described in this report, lie
in the central part of the State of Washington, on the eastern slope
of the Cascade Range. Thelocation of the areas covered by Parts I,
II, ITI, and IV is shown in figure 1, and a map of the region under
cons1derat10n forms Plate I.

The data on which this report is basdpd consist of da.lly stream-
flow records, miscellaneous measurements, river plans and proﬁles
(Pls. VII, A-E, VIII, and IX, A and B, at end of volume), reservoir
surveys, topographlc maps, and the results of reconnaissances made
by the United States Geological Survey, supplemented by a large
amount of information furnished by State officials, private individ-
uals, and officials of private enterprises.

The potential water power in Washington, according to official
estimates,! is greater than that of any other State in the Union,
but irrigation projects susceptible of cheap development at small in-
itial outlay are neither so numerous nor so extensive in Washington
as in some other Western States. The court decisions and the trend of
legislation in the State very properly recognize irrigation as a higher
and more beneficial use of water than «the development of power

1 Water-power development in the United States, pp. 55—5&, U. 8. Dept, Commercs and Labgr, Mar.
14, 1912.
1



2 WATER POWERS OF CASCADE RANGE, PART IV,

and in this report allowance has therefore been made, first, for the
the full use of water for irrigation, and, second, for the use of the re-
maining water for power. In many localities the usage does not con-
flict, but in some the power resources are materially reduced if ample
allowance is made for irrigation. For instance, water from Wenatchee
River can be used to irrigate 400,000 acres of land in the region known
as Quincy Valley, but such use will reduce the power resources in the
Wenatchee basin by 216,000 horsepower. Recently investigations
have been started to determine the feasibility of irrigating the entire
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PART I
(W.8.P.253) 1 (W.S.P.313) {W.S. P. 369)

FiaURE 1.—Sketch map of Washington showing areas covered by reports on water powers of the Cascade
Range. .

east-central part ot the State by diversion from Clark Fork. How-
ever, as Wenatchee River is a possible source of supply for irrigating
a part of that area,,[ a detailed consideration of the water supply avail-
able for the Quinc)( project is given herein.

No attempt has been made to present exact details of separate
power projects, but the analyses and summaries indicate approxi-
mately the power resources of the area and show the relative value
of chosen sections (of the river systems. An effort has been made to
outline a scheme of power projects that will be consistent and har-
monious with the highest ultimate development in the region.

i

l
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ABSTRACT. : e e

_As the use of water forirrigation has been considered higher and more

" beneficial than its use for power, analyses of power resources have

been made with due allowance for present and future irrigation.

About 20,800 acres of land was irrigated in 1918 by water from
Wenatchee Rlver or its tributaries. The supply for 2,130 acres was
pumped from gravity systems, and that for 296 acres was pumped
directly from Wenatchee River. The present irrigation systems will
probably be extended to serve about 8,000 acres more than was
irrigated in 1918.

The Quincy project contempla.tes storage of water in a reservoir at
Wenatchee Lake (Pl. II; Pl. VII, ¢ and D), diversion from Wen-
atchee River 20 miles below the la,ke at an elevation of 1,600 feet,.a
conduit about 65 miles long crossing Columbia River, and delivery
of water at an elevation of 1,340 feet near the town of Quincy. A

larger area is irrigable in the Quincy Valley than can be served by

Wenatchee River, and the size of the project is therefore limited by
the water supply available. The area that can be watered in Quincy

Valley with a diversion duty of 4.2 feet (p. 45) has been determined

for two alternative plans of development, which may be called plan A
and plan B.

Plan A provides for a continuous flow of 525 second-feet passing’
the intake of the project to satisfy a prior power right claimed by
the Great Northern Railway Co. The remaining water supply, reg-
ulated by 1,190,000 acre-feet of storage from Wenatchee Lake reser-.
voir, will irrigate 314,000 acres. A draft of 128 feet in the reservmr
will be required.

Plan B provides for the use of all water available at the intake for
the project. The existing power rights will not be satisfied, but plans
for the project can be expanded to provide service for slightly more
than 400,000 acres. A’ storage capacity of 1,260,000 acre-feet, repre-

senting a draft of 133 feet in Wenatchee Lake reservoir, will be’

required.

In 1918 about 1,196 acres was irrigated by diversion from Entlat
River. The systems now in operation will probably not be greatly
enlarged.

The continuous power that could be made available i in the Wen-
atchee basin before the Quincy project is put into operation has been
esmm&ted for two conditions of flow, and the estimates represent ap-
proximately the minimum and maximum power. The minimum flow
(p. 55) will yield 76,100 horsepower; and the regulated flow. available
through the use of an aggregate storage of 1,200,000 a,cre-feet in six
reservoirs will yield 274,000 horsepower The potentlal ower with
and without the Quincy project is shown in the table following. :
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Comparison of potential power in -Wenatchee basin with and without Quincy project

in operation.
Continuous hurse?ower (&)
per cent efficiency).
Condition of flow and plan. ‘ - -
With Without
project. project. Diﬂm
Minimum flow:
PlanA........... S 82,700 76,100 | & +6 %
PLAI B . eeaareeenrmommasmnens sl 30,300 | 76,100 —45,
Regulated flow.
B ¢ I U 113,000 274,000 —161, 000
B 2 T PRI 58,100 274,000 | ~—216,000

a Greater with than without project in operation because prior power right claimed by Great Northem
Railway Co. is greater than mugmjum [liowp(ﬂg 3’1 ecatse pri po £ v

Favorable sites for storage reservoirs in the Entiat basin have not
been found, so that estimates of the Ppower resources, amounting to
4,780 horsepower, have been based on minimum flow.

COOPERATION.

The Washington State legislature passed an act during the session
of 1917 authorizing the State Board of Geological Survey to continue
cooperation with the United States Geological Survey and appro-
priating $35,000 to serve that purpose during the biennial period
ending March 31, 1919. The board, which consisted of Gov. Ernest
Lister, Lieut. Gov. Louis F. Hart, State Treasurer W. W. Sherman,
Henry Suzzallo, president of the State university, and Ernest O.
Holland, president of the State college, elected Henry Landes as
State geologist and gave him authority to enter into cooperative
agreements with the Director of the United States Geological Survey.
The money appropriated by the State was met by equal Federal
allotments for topographic mapping and water-supply investigations.

This series of reports is prepared by the water-resources branch of
the United States Geological Survey as a part of its work of deter-
mmmg the daily stream flow of the principal rivers in the State. The
river surveys for constructing a plan and profile of Wenatchee River
and its tributaries were made by the topographic branch of the Geo-
logical Survey in addition to the topographic surveys. The river sur-
veys were run by T. H. Moncure, W. O. Tufts, and Charles Hartman,
jr., under the direction of T. G. Gerdine, geographer.

The gaging station on Wenatchee River near Leavenworth was -

maintained in cooperation with the Quincy Valley Irrigation District;
the stations on Wenatchee River and Wenatchee Reclamation Dis-
trict canal at Dryden, Icicle Creek near Leavenworth, and Entiat
River at Entiat were maintained in cooperation with the Wenatchee
Valley Gas & Elec1tric Co.
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* NATURAL FEATURES OF WENATCHEE: AND ENTIAT
BASINS.

TOPOGRAPHY.

WENATCHEE BASIN.

The Wenatchee basin (Pl. I) lies on the east side of the Cascade
Range, between the Wenatchee and Entiat mountain ranges. It em-
braces a nearly oval area, about 65 miles long and 30 miles wide,
whose long axis extends northwest. The southwest rim of the oval
follows the crest of the Cascade Range and the Wenatchee Moun~
tains, and the northeast rim follows the Entiat Mountains. The We-
natchee and Entiat Mountains are spurs of the Cascade Range that lie
parallel to the long axis of the basin and contain peaks reaching higher
elevations than the summits of the Cascades between the two spurs.
The crest of Mount Stuart, in the Wenatchee Mountains, which stands
at an elevation of 9,470 feet, is the highest point in the basin. A sum-
mit in the Entiat Mountains near the north edge of the basin reaches
an elevation of 9,100 feet. The elevations of points along the crest
of the Cascade Range vary from 8,500 feet near the junction of the
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Entiat mountain spur to-4,060 feet at Stevens phss near Cascade tun-~
nel, through which the Great Northern Railway crosses the range.

Perennial snow fields and glaciers cover small areas, which-lie be-:
tween elevations of 7,000 and 8,000 feet, at the northwest end of the,
basin and near Mount Stuart. The fields near Mount Stuart are sms,lIer
because they have a greater southern exposure. Numerous cirques
and lakes at high elevations indicate severe glacial action.

Practically the whole basin is m.ounta,mous, and its topogmphy
is rough, rugged, and irregular. The river and its tributaries occupy
deeply incised valleys, whose steep, uneven slopes rise to ]agged peaks:
and ridges. The only large tract of smooth bottom land is near the,
mouth of the river and ranges in elevation from 600 to 900 feet.

‘Wenatchee River has its source in Wenatchee Lake (P1. IT; P1. VIL
C and D), at an elevation of 1,870 feet. The lake covers 4 4 square
miles, is 5 miles long, and receives the drainage of Little Wenatchee
and White rivers. Nason Creek and Chiwawa River join the main
stream a short distance below the lake. The flow of the four trib-
utaries just mentioned varies widely, owing to the influence of the
topography. Little Wenatchee River and Nason Creek drain the low’_
est part of the Cascade Range within the basin, and the precipi-

tation at their sources is therefore smaller than that farther north or :

south, so that the quantity of water stored in the snow that accum-
ulates during the winter is relatwely small, and as the snow melts early
in the summer there is a low minimum flow during August and Sep-
tember. White River drains a higher part of the Cascade Range, far-
ther north, and receives more precipitation. The snow and the gla-
ciers there melt slowly, for they are at a higher altitude,so that the
flow is well sustained throughout the summer and fall. Although the
ridges in the Entiat Mountains at the head of Chiwawa River are as
high as those in the Cascade Range, they receive less precipitation
because the range intercepts a large proportion of the moisture car--
ried by the prevailing winds, from the west. . The flow of the Chiwawa.
is well sustained during the summer and fall on account of the high -
altitude of the snow fields, but the yield per unit of area is considerably:
smaller than for White River.

About 15 miles below Wenatchee Lake, Wenatp,hee River enters
Tumwater Canyon, a narrow V-shaped trough about 10 miles long..
The gradient between the lake and the canyon is about 11.feet to the
mile, within the canyon it is about 56 feet to the mile, and below the
canyon it is about 20 feet to the mile. An ample water supply and,
a steep gradient are favorable to the development of power within
the canyon. |

Icicle Creek, whieh drains a long stretch of the Cascade Range a;ld
‘the northern slope of the Wenatchee Mountains, enters Wenatchee
River at Leavenworth, below Tumwater Canyon. The gradient of
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" the creek for about 5 miles in its lower course averages over 170 fae
to the xmle.

" tains. The elevations in its basin range from 9,4’ 70 feet at the cre
of Mount Stuart to 970 feet at the mouth of the creek. -

ENTIAT BARIN.

in the following list. Planimeter constants for the map of eath
.. quadrangle were computed by traversing boundsry lines of a 5°
10° quadrilateral in the center of the map and cornparing planimete
- readings With the area of the quadrilateral. Then qach topographi

ured carefully by planimeter. The areas bf these sections, Whn
added, varied less than 0.2 per cent from the total area shown ¢
the seven topographic maps used, and the maximum variation
“a single map was 0.6. per cent. The areas of the sactions.were final
adjusted to give the exact area covered by each raap.

"
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Drainage areas in Wenatchee basin.?

Square miles. "
Little Wenatchee River below Lake Creek... ... ......c........ 52
Little Wenatchee River below Rainy Creek.................. 81
. Little Wenatchee River above Wenatchee Lake.............. 100
Wenatchee River below Wenatchee Lake.........c.veuen.... 277
‘Wenatchee River below Nason Creek......oovevenenenennnnn- 384
Wenatchee River below Chiwawa River....................... 578
Wenatchee River below Beaver Creek.......c.coeeeeeeannn... 591
Wenatchee River below Chiwaukum Creek................... 662
Wenatchee River below Cabin Creek........ocueeeeieaaaan... 683
.Wenatchee River below Icicle Creek.....coeeeeneneeannnnn. 908
Wenatchee River below Chumstick Creek. .......venveeencnnn 994
Wenatchee River below Peshastin Creek............ocoooan... 1,154
Wenatchee River below Mission Creek. .. ..cooceenneeannann. 1,279
Wenatchee Riverat mouth. ... ....ooooiiiiiiiiiiiiiiaaan.. 1,827
Lake Creekatmouth. . . ...covvmevniriaiiieaaaeann. 7.3
Rainy Creek atmouth. ... ... .. oLt 16.4
White River below Indian Creek. .. .ocovcemveueenenannnn. 61
White River below Cougar Creek. ........co.cooviannaan. 89
‘White River below North Fork. . ..ovoienineniiianann.. 136
White River at mouth. . . cocovvemoceneneniaeaaacennn 157
Indian Creek at mouth. . ... .. ... ... .iiiii. 20.0
Cougar Creek at mouth........ccoiieiiiiniiiiinnn.. 19.6
North Fork below Twin Lakes outlet......... eaenen 39.9
North Forkatmouth.........c.oooviiniiiinenaaenans 41.6
Twin Lakes outletat mouth. ...........ooociaaa.. 7.4
Nason, Creek below South Fork. . ...oocveeiiiiaiianaan... 20.5
Nason Creek below Wildhorse Creek. . ...ccooeeeacaaanann 60
Nason Creekat mouth. . . ...ooenieiiiiairinaiaaannnonn 107
South Fork at mouth. ... oooneeneieiecieiaeaeaennns 7.6
Wildhorse Creek at mouth.......cooveieiiiaa.. 23.5
Chiwawa River below Phelps Creek...................... 41. 6
Chiwawa River below Rock Creek. . ......c.occoeeeinann. 96
Chiwawa River below Big Meadow Creek................. 159
Chiwawa Riveratmouth......... ..., 183
Phelps Creek at mouth........oooooiviiiiiaiot. 16.8
Rock Creek at mouth. .... e eteeseceeeeaaaas 22. 4
Chikamin Creek at mouth............c....o..iia.s 21.9
Big Meadow Creekat mouth. .. ....... ... ... ... 14.2
Beaver Creek at mouth......cocoooiiiiiimiiiiiaiiinnnns 10.0
Chiwaukum Creek at mouth......cceceeeeeanennnaeneccnn- 49. 6
Cabin Creek at mouth. ... .. ..coioiiiiioiiiaiaaaeannaans 7.9
Icicle Creek below South Fork......ocooeminioaiaaaanes 68
Icicle Creek below Jack Creek.....ccccaeeenn-. B, 112
Icicle Creek below Eightmile Creek.............ccooo.... 181
Icicle Creek below Snow Creek. ....ccooeveeveneinnnnnn. 205
Icicle Creekatmouth.......ccoeneeiiinariinnaninnnen 218
South Forkatmouth.......ccvrinmeenroennananns 25.3
Jack Creek at mouth. ....ccoomeemceoeaniaiaiarane. 29.1
Eightmile Creek at mouth........................... 29.5
Snow Creek at mouth. . .....oooiioiiiiiiiiiiiinnnnnn 11.3

3 Relation of tributaries indicated by indention.
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Wenatchee River tributaries—Continued. . Sgquare miles.

Chumstick Creek at mouth...._.................... ... ... 80

" FaglelCreekat mouth. .. .....oocoeoieiieieen iannan. 29.2

- " - Peshastin Creek below. Tronson Creek......ccceeen. conenns 36.1
’ Peshastin Creek below Ingalls Creek. ........ ~eeereenanes 101
Peshastin Creek atmouth...............ocooao.. weeoans 135

. Tronsen Creekatmouth...Z. ... ...ccooiuiieriaanaaon 16.5

Ingalls Creek below Cascade Creek................... 23.0

Ingalls Creek atmouth. .. .. ... . ... ........o... 41.0

Mission Creekat mouth. ... . .......ooiiiiiiialt, 79

Drainage areas in Entiat basin.’

Entiat River below Myrtle Lake-outlet...................... 42
Entiat River below North Fork........coeieieraaracnn.cunannn 104
Entiat River below South Fork.......o.ooooiiciuiinioiaaaans. 149
Entiat River below Potato Creek. . .......cocoeeecaeiaaann.. 221
Entiat River below Mad Oreek . .......cccvevecioncancacnnns 348
Entiat River below Roaring Creek...................c ... 394
Entiat Riverat mouth ......... ... i iiiiiiaiiiiaaaaan 419
North Forkatmouth.......ooooiuiiiiimminnnnin ciannnn 26.1
South Forkat mouth..... ..o iiiiiiiiiiiiiaaiaaanan 12.6
Potato Creek atmouth.......... . ... ......... eeeaana 10.0
Mad Creekat mouth.......oooe e i 94
Roaring Creek at mouth. ... .. .. ... . .. ............. 28.6
CLIMATE
CONTROL.

The Cascade Range marks a line of separation between two are
of climatic control the oceanic and the continental. The prevailing

distance eastward beyond the crest of the range, so that the te
perature in the Wenatchee and Entiat basins is fairly equable

of the effect of the continental control, however, the range in te
peratureis greater and the annual precipitation is less than on the west
slope of the Cascades. The tendency toward relatively high pre-
cipitation during the summer, characteristic of continental control,
is shown to a slight extent by records at low elevations, which i
dicate that the precipitation is higher in May than in the precedi

" . and following months.
PRECIPITATION:

The prevailing winds from the Pacific Ocean bring ‘air laden with
moisture to western Washington. The air is cooled by expansion
on being forced upward along the slopes of the Olympic and Cascade

from the land, the temperature of which is higher than that of the

3 Relation of tributaries indicated by indention,
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ocean, and therefore very little of the moisture in the airis'condensed.
During the winter the temperature of the land is lower than that
of the ocean, so that the cooling of the air by expansion is augmented
by the loss of heat absorbed from the air. As. a result of the rapid
condensation the moisture falls as rain or snow. . The cooling by ex-
pansion increases in proportlon to the slope, a,nd the temperat.ure
decreases with increasing altitude, so that the precipitation is great-
est near the crests of the ranges, and condensation continues until
the air currents fall to lower elevations east of the ranges.

, The Wenatchee and Entiat basins are in the so-called “rain
shadow’” of the Cascade Range. The precipitation is very high at
or near the crest of the range but decreases rapidly from west to east.
The Wenatchee basin, whose headwater streams drain a crest line
of the Cascades over 50 miles long, receives a high precipitation;
but the Entiat basin, which does not touch the crest of the range,
receives much less.

The precipitation at different points in the basins thus dlffers greatly.
Near the Cascade, Range it may differ 10 to 20 per cent between
two points that dre only a few miles apart. Extreme care should
therefore be exercised in using rainfall data to determine the run-
off equivalent in any area. The data are serviceable chiefly as an
index of yearly flow—that is, ‘a run-off record of short duration
may be referred to a comparable precipitation record of longer dura-
tion to derive a relation from which the annual run-off may be es-
timated. The proximity of the dividing line between oceanic and
¢ontinental control renders a comparison of rainfall and run-off
for periods shorter than a year unwise unless proper weight is glven
to all the factors involved.

As the precipitation is highest in the upper reaches of the basins,
it is unfortunate that no records for them are available. The records
are fragmentary and of short duration except for places at low
elevations, and the stations are sparsely distributed, so that the
variation in precipitation at different points can not be ascertained
accurately. The monthly and the annual precipitation at certain
places, compiled from publications of the United States Weather
Bureau, are shown in the following tables. Records taken at some
stations outside the area here considered are also given to indicate -
more clearly the varying characteristics:



“ri r WENATCHEE AND, ENTIAT BASING, - 1
- Monthly and annual. precipitation, in %zgggs,sgt pointa in Waskington for years m@w
Dirtyface: Mountain,
{Elevation, 1,990 feet.}
Year. - | Oct. | Nov.| Dec. | Jan. | Peb. | Mar. | Apr. | May. | June. July. | Aug. |Sept. | AT

Leavenworth.
[Elevation, ¢ 1,158 feet.]

2.79 | 2.24 |(2.25)| 3.33 | 0.70 | 0.66 | 2.06 | 0.10 | 1.27 { {Tr.} | 0.01 |(17. 5”
5.35|898|8.67|492(568| .17| .64|1.73|1.02/0.06| .14 | 34

2.3814.35| .77 1 1.27 | 3.41 1 3.02 | .52 | .27 | .17 0] . 18.15
2.97 12.71 |1 2.03 | 2271 | .92 |(Tr.)| .69 .08 | .56 25| .01 |(23.09)
3.37 | 7.07 | 2.48 | 3.08 | 2.68 96| .98 54| .76 08| .16 | 23.25

a Reported 1,100 feet prior to 1916. :

Nore.—Precipitation for January and August, 1915, estimated by comparison with precipitation
receding, same, and subsequent months at Dirtyface Mountain, precipitation for April, 1918, estima
n same manner by comparison with records near Wenatchee. .

. Dryden.
[Elevation, 960 feelt‘]

1013 (2-25)((2.80){(2.75)] 2.99 | 0.91 | 0.49 | 0.99 | 1.17 | 1.41 | 0.01 [ Tr. | 0.68.{(15.45)
1914, ... .1 1.40 | 3.47 | .57 | 7.01 | .32 | .24 | . .14 .83 .80 0.00(1.69 1&34»
19156, ... 217 (2.3511.20|3.26 {291 124 .8 [18 .11 | .70{ .02 .03 | 16.60
1916, .. ... 1.06{4.94|6.03/2.93(6.31 [3.76) .21 .25 [1L731L02] .15 .35| 28.74
1917. .34 [ 1.43 | L.81| .92 | 1.78|2.42|3.44| .61 | .40| Tr. | (00| .27 | 18.42
1918 UV RE R I ALY (1 VR IR PN IR PPN IR RIS RPN AP (19. 60)
Mean........ococ... 1.20 | 2.74 | 3.54 1 3.42 | 2.65 | 1.63 | 1.26 | .81} .90 .51 .03 | .60 | cl8.87

o Does not equal sum of monthly means because precipitation for January to September, 1918, was not
considered in computing monthly means.
NoTE.—Precipitation for October to Decamber, 1912, inclusive, estimated by comparison with record
of precipitation near Wenatchee.
Near Wenatchee.

[Elevation, 2,200 feet.a]
2.88 | L.74|1.50 | 1.57 | 1.03 [ 0.82 | 0.54 | 0.36 | 0.00 | 0.30 | 1. 13.80-
1,40 | 1.95|8.74 | 2.81 | .47 | .40(1.32| .70| .02 | .03 |1.67| 17.24
293|192 1.45 [ 3.55]1.30 | 2.09 [ .88 | .05]1.16] .08 .18 1582
2.08|4.84 | 1.87| .72 |1.23| .41 | .19 .24 | .38 | .74 | 144 | 1423
4.05 1.01 | 1.40 {3.73 | 3.56 | 1.57 | .01 | .20| .45| .06 .15| 16.98
161 |2.25|247| .69/1.70| .3¢| .71 [518] .02] .28} .22{ 15.52
.92 |1.35|1.41| .50| .86 .09 [1.48] .40| .03| .67 | .13 |- 0.67
4.623.56|210|1.43| .37 .63 | .75 |1.84| .79 | .36|2.26{ 19.05
114 (3.12(1.00 | 1.00 | .54 | .29 |2.00 | .03]1.33} .16 1.73
.40 | .85/2.65]1.43| .29 .15| .40 | .44 Tr. | .80 | 890
407 |1.61 | 1.40 | 1.13 | 1.47 | 17| .19 .25| .11 | .41 | .98| 12.28
2.75| .96 | .50| .68 .44 .06 |1 .55 | Pr. | .48 | 2.60| 11.01
1.03]1.33| 287} .78 .54 |1.20 | 1.67 | .83 | .70 | 1.00 | .36 {(12.71)
1.46 | 2.28 | 1.82| .5t .10 .46 | L71 | L77 .| .14 .58 1288
2.04 | 1.47 1371 L81] (12] .44 .25[205| .33 | Tr. | .80 | 1402
1.00 | 1.53 | 130 |2.5¢41..97] .32/221 | .44[1.290| Tr. | .57| 13.94
3.733.87 | 210 {475 | 204 | .14 .32[1o0d4 [ 151 | .41 | .20 21.57
112 |1.07] .40 .69 2,34 |1.79| .45( .01 | Tr. | .29 9.15
1.26 | 5551111 | 127 | .38 .03 |166| .13|1.41| .47 | Tr. | 13.31
213 [2.922{1.84 167|106 .63]1.02| .90 | .5¢| .29 - 13.87

..-% Reported 1,169 feet prior to 1916, . 4
NoTE ~Prs ion for Qotober! 1911, estimated parisen with records of precipitation at Lake~
side for Se'ptemglé?goﬁ“gem%, 1911 Hmated by eumpariag ’ A o
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Monthly and annual precipitation, in inches, at points in Washington for-years endihg
Sept. 30—Continued.

‘Wenatchee,
[Elevation, 743 feet.s]

Year. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. n;zh;i.
') b R, . (1.60)} 1.60 ) 0.22 | Tr. | 0.31 ] 1.65 113 )0.00 0.04 1 0.06  (8901)
1014, ......... .. .80 'L 1.00 [ 2.70 | .81 Tr. 13 4] .66 787 .00 .98 %79
1015, ......... 201|100 |(2.20)( 0.95| .28 |3.77| .21} .28 ) .00 | .03 | (0.33)
1916, ... ..., . 240 | .97 /3.20]1.38| .07 | .10|1.25]|1.40| .43 | .65| 14.83
1917 ......t. . . .55 .49 | .64 | .50 1.621.42]| .41 | .14 | Tr. | .17 6.57
1918, . eeeinnanens .. Fo 7 R ) O s sl PR (s E e (9. 50)
Mean.....cceeuunnn. . 1.86 (1.35 [ 1.41{ .57 .48{1.02| .73 | .52 .09 | .38{ 89.77

@ Reported 639 feet prior to 1916.

b Does not equal sum of monthly means because precipitation for January to September, 1918, was not
gonsidered in computing monthly means.

Nore.—Precipitation for Octobar to Decemboar, 1912, inclusive, and for year ending Sept. 30,1918, esti-
mated by comparison with records of precipitation near Wenatchee; that for February, 1915, estimated
by c(t:gxparison with records of precipitation near Wenatchee, during preceding, same, and subsequent
months,

Stehekin.
[Elevation, 1,150 feet.s]

(3.05)((4.95)(4.90)| 1.31 | 1.03 | 0.25 | 2.99 | 1.47 | 0.13 | 0.19 | 1.20 1(28.42)

5 110.92 | 6.00 | 3.9 1. 221 .54| .66 .53 | .65]1.53| 35.51

5.47 | 3.66 |(2.80)[(1.90)|(2.85); 1.97 | 1.15 | Tr. | 1.73 24 | Tr. 522.02;
...................................... .01 | 1.62 73| Tr .45 1(40.70;

493 14.10 | 3.50 ; 2.35 | 6.13 | 3.10 | .51 48 4] . .78 | 29.02

2.97 |16.87 | 4.04 | 4.05 | 3.19 18 39 23 59| .80 | .18 33.79

Meala.eeonaannn.. 2.74 1547712 3.8¢[2.5213.09 1.54 .93| .74 .64 | .32 | .69 [b31.58

a Reported 1,100 feet prior to 1909 and 1,350 feet for 1916, .

& Does not equal sum of monthly means because precipitation for October, 1915, to April, 1916, was not
considered in computing monthly means.

NotE.—Precipitation for October to December, 1905, January, 1906, January to March, 1908, and year
elﬁgeing Sept. 30, 1916, estimated by comparison with records of precipitation at Lakeside and near Wenat-
chee.

Lakeside.
{Elevation, 1,116 feet.]

1.5212.29(1.13(0.43 1 1.25 | 1.32 | 3.13 { 0.31 | 0.47 | Tr. I 0.26 { 12.43
2,40 12.39 | (.75)]| 1.55 1 1.69  2.151.40 | .21 | .06 | Tr.| .78 [(13.97)
2.8 .75'1.08) .8 119 .34 /137 /120 Tr.| 06| .05 9.46
.89 | 263(240| .30 .27| .74| .65| Tr.| Tr.| .00 | .75 10.00
.54 122525 | .18 .70 |1.83 /1.8 | .09 .01 | .67 | .64 10,71
3.00{1.781.98(2.80 | .811 .54|1.30|1.25| .88 | .15 .11 ] 15.60
2.93)3.37| .30 (1.5 .08| Tr.| .91 |1.54| Tr.{1.03| .22 |12.71
.92 11.35)2.94|1.32] .12 .41} .54 | .17 .15|1.43| .19 9.57
3.50)|1.56 | 1.15| .85 |1.02| .8 | .8 | .65| Tr.| .14 | .84|12.02
1.20 | 2.63 | 2.13 | 2.15 52 | (.65)1.76 | 1.48 .02 | 1.21 [(15.83)
2.42 11.84 | 1.01 ] 3.30 45(1.75| .69 | Tr.|1.74| .15| .23)13.88
1.7713.98 | 1.81 | .78 .88| .61] .18| .38 2711.48 ¢ .43 |12
3.21| .35|1.54|287|315|1.05] .05| .48 | Tr .51 .02 13,
1.04 | 1.87 | 1.79 | .27 | .97| .17| .60 | 459 | .20 .15} .93 | 14.27
.70 11.381.241.95(1.02| .05[1.79| .24 .11 | .10 20 | 10.25
3.88(322)1.02/ .81 80| .08| .49 1.9 .9 56| 1.84 | 15.80
1.24 1 2.78 1 1.36 | .71 8| .10{1.05| .10|1.14 04 08| 9.57
W77 .55 210 | 1,51 57| .00 . 31 .74 99 | 8.91
3.6411.61 114 .92|1.25( .08| .68| .16 | .00 41 67 | 11.58
2741110 .70 | .92 4 .20 1 L21 | .49 Tr . .64 1 9.78
.81 11.8313.01| .8 37| .87 |1.14] .64} .15]1.04 24 11, 1
1.49 11.39 | .08 | .35 11| .67|1.87} .8 | .03 23 17§ 10.1
1.98 | 1.39 | 3.80 | 1.01 16| .80 .13 [1.49| .08 | Tr.[1.39
1.3} .73 190,237 |1.33| .75(254| .31 .61} Tr 13.92
3.9613.121.20|3.30 | 1.69 | .12 1.67 | .93 22 98 | 18.
T4 LT7T .34(1.0211.49(2.20 7 .09 Tr .15 ] 8%
1.24 3.8 .98 L1l | eeiiideiii]ninatds AR PN R R
1.94 11,95 1.57 | 1.33 89 691107 .31 34 35 55 [012.24
@ Sum of monthly means. N . )
NoTE.~Precipitation for January, 1893, and April, 1901, estimated by comparison with records of pre-
—cipitation at Waterville and near Wenatchee dutE:g 'prece?ling, same, axyxd subsequent months. L
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Monthly and armual precipitation, in tnches, at poinis in Washington for years ending
- Sept. 30—Continued.
Snoqualmie Pass.
‘  [Elevatlon, 3,000 feet.]

Year. Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Arr.| May | June.|July. | Aug./[8ept. anu:-I

(10.10)
2.60
2.45
5.05

14.00 {14.30 {12.18 {16.90 [10.68 | 6.98 | 4.35 | 3.76 | 3.40 | 1.14 | 3.85 |(110.15)
10.80 [11.33 [16.30 | 8.96 [10.90 | 6.34 | .65 | 580 | .15 .00 | .92 | 7475
5.13 [29.72 [17.30 [13.90 | 5.80 | 4.10 | 3.27 (. 20)| 1.50 | 5.30 | .10 [(88.77)
9. 46

91.23

98 [18.45 [15.26 |13.25 [12.13 | 5.81 | 2.76 | 8.25 | 1.68 | 2.15 | 1.

Nore.—Precipitation for Cetober, 1915, and June, 1818, estimated by comparison with records of pre-
cipitation at Keechelus Lake. Mean annual precipitation for a period of 10 years, computed by com-
parison with records of precipitation at Kachess Lake, 78.60 inches. .

Kachess Lake.
[Elevation, 2,235 feet.]
3.83/811 (81987 |552]35 27608 [0.92[0.53]0.16[3.77 | 4.01
2.41 /19,99 | 6.91 | 7.27 13.79 | 5.82 | 2.93 | 1.39 | 1.55| .04 | .04 | 1.58 | 63.72
8.05/11.76 | 4.13 | 9.45 | 4.10 [ 213 | 1.20 | 3.65| .56 | .72 .24 | £.99 | 50.98
.54 (1730 | 6.40 [10.54 | 6.46 | 2.82 [1.62 | 2.12 [ L.77 | .32 |3.62| .51} 6411
3.21|5.60 9.92 11.16 | 2.22 | 3.71 }' .79 | 1.48 | 1.14 | .38} .01 [1.50 | 41.21
1365(3.66( .00 9.36{4.92|2.88(3.44| .62|2.22| .37 Tr.|200)3432
3.74(8.3312.83 | 2.24 | 2.51 | 2.60 |'2.20 | 2.46 | .30 1 1.78 | .01 | 1.41 | 30.50
7.39 (10,08 |10.32 | 5.07 | 8.57 | 9.35 | 1.71 | 1.44 [ 1.97 | 2.28 | .28 | 1.08 | £9.45
2.11 | 5.77 |(8.35)] 9.00 | 4.34 | 9.53 | 3.65 | .72 |2.65 .32 | .13 | 1.14 |(45.80)
2.06 | 2.66 12113.18 [ 6.21 | 1.94 [1.71 2.72| .20)1.23)2.45| .18 | 60.74
3.70 | 8.83 [ 8.41 (841|580 | 4481221 91.74|1.34] .80 | .69|1.91.{48.28.

. Nore.—Precipitation for December, 1916, estimated by comparison with record of precipitation at
hol Opd I ) d st Yy pari P D

us Lak ‘Preceding, same, and subsequent months.
Summary, '
Average precipi- | Days
Years of tatlon (lgches ’ ?hta]:xlg%rla
Station. 4 Tecord. ineh
Total Snow- | precipi-
annual. fall. tation.
Dijrtyface Mountain. 3.9 36.26 260 134
TLeavenworth...... 3.8 23.25 161 87
) PR 5 18.87 96 98
Near Wenatchee. . 19 13.87 64 20
‘Wenstchee........ 5 !l) g ’ 23 123
..... 4.8 31. 1
Lakeside.......... 26.2 12.24 46 86
8noqualmie Pass. 2.8 a79.60 478 132
ess Lake 10 48.28 189 155

a Record short at Snoqualmie Pass; estimated by comparison with record at Kachess Lake.

The precipitation at Snoqualmie Pass, in the Cascade Range,
is over eight times that at Wenatchee, near the mouth of Wenatchee
River, This difference is due more to the influence of the range
than to variation in elevation, a fact shown by records obtained at

- Lakeside and Stehekin, which are at about the same elevation,
though Stehekin is much nearer the range. The precipitation at
Stehekin is over two and a half times that at Lakeside.

. Records of run-off also show that the precipitation is much higher
in areas near the range than in areas farther east. A comparison
of run-off and precipitation is shown in the following table:

82295—22—wWsP 486—2 ‘
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. Run-off and precipitation in. Wenatchee and Entiat basins.

Mean
: annual Mean
Drainage| ;noff | Precipitation station | snnual
Gaging station. ared |jepth in| nearest gaging sta- | precipi-
(sqlﬂ“’;"" on| tion. tation
miles). |'grairiage (inches).
ares).
‘Wenatchee River below Chiwawa River.......... 591 52.76 Dﬁ'txéia.noe Mountain...| ¢ 36.80
‘Wenatchee River at Dryden 1,200 38.09 18,87
White River. .....ccoeseeeeenennnn.. 150 | b 68.60 ¢ 36. 80
Chiwawa River.........o.oooiiiiiiiiiiiiiiiaaa. 181 | b46.40  36. 80
Icicle Creek. ... 211 | 243.30 23,25
Entiat River.. 419 17,02 12.24
Stehekin Rive: 368 |© ©53.70 31.58
Chelan River.. 950 31.61 12.24
Yakima River below Keechelus Lake 55 82.22 4 70.10
Yakima River at Cle Elum. . 500 54.42 24.79
Yakima River at Union Gap........ 3,550 18.94 8.31
Kachess River below Kachess Lake....ccoooeuenn 63 61.06 48.28

a Record short; precipitation computed by comparison with record of %reclpltamon at Kachess Lake.
w;v%e%]lrge gh ; run-off computed by coniparison with record of run-off of Wenatchee River below Chi-

¢ Record short; run-off computed by comparison with record of run-off of Chelan River.

4 Record short; precipitation computed by comparison with record of precipitation at Kachess Lake.

The run-off determined at the gaging stations represents the depth

of water flowing from the drainage area above the gaging station
minus losses due to evaporation, underground seepage, and plant
growth. The average precipitation over a given drainage area must
therefore be considerably in excess of the run-off. The results tabu-
lated above show that the run-off at each gaging station is much
larger than the precipitation. Assuming that the precipitation is
greatest at or near crest of the range and decreases rapidly toward
the gaging stations, it is reasonable to assume that precipitation at
the highest points along the crest of the Cascades exceeds 100 inches.

TEMPERATURE.

The average latitude of the Wenatchee and Entiat basins is slightly
less than 48°, or about the same as the northernmost part of the
State of Maine. The climate is remarkably warm and equable for
this latitude, because the prevailing westerly winds cross the Japan
current before they reach the western coast of Washington. The
operation of water-power plants during the winter will not be hindered
greatly by ice, because the periods during which the temperature is
below zero Fahrenheit are short, and the mean temperature for Jan-
uary, the coldest month, will average considerably less than 10° below
the freezing temperature of water.

A summary of the temperature records published by the Unlted-
States Weather Bureau is shown in the following table: S
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.. Summaory of temperature records at stations in Washington. o

FEE o ) Tsmpemtureh}degrees Fahrenheit. | Length m
" Btation. of,
| o |t | S
An-
Oct. | Nov. | Dec. | Jan. | Feb. | Mar. nualt (years). (dﬁys).,f
L(}ave)x.l:vorth (elevation, 1,158 ’ T
‘ 22.9| 30.1] 38.8| 480 -
58 | 85 | 73 |02 ¢ 170
—18 1 3 |-18
25.0) 20.7 39.4| 47.6 L L.
54 64 101 20 182
—16 —5. 7 |-16 . Ca
23.9) 209 41.8| 50.1
52 53 67 108 R 189
—-15 | -3 4 |15 )
33.1, 29.4| 35.1]|......-
48 48 65 ] @) 152
.5 4 4 1 4
25.11 29.6 | 40.2} 49.6-} -
52 60 74 105 27 191
-13 [-15 5 |—15
22,9 29.7| 3L4| 40.0
48 49 43 86 2 4
b 0 -6
25.8| 29.6| 35.5| 44.2
45 50 89 98 } 6 138
—8 -2 -3 -8
@ Reported 1,100 feet prior to 1916. ¢ Reported 639 feet prior to 1916.
b Reported 1,169 feet prior to 1916. d Record very fragmentary.
FORESTATION.

The equable climate and the relatively high precipitation in the
Wenatchee and Entiat basins are favorable to the growth of timber,
and about 90 per cent of the area is forested. The high areas are
densdy timbered, but the stand of timber decreases in the lower areas
in proportion to the decrease in rainfall.

Forestation is an important factor in conSIderlng problems mvolvmg
the water resources, because forests check erosion and regulate the
stream flow. Excessive erosion fills the storage reservoirs with silt,
adds to the cost of hydraulic equipment, and causes many difficulties
in the operation of hydraulic works. Most of the precipitation occurs
in winter and is stored as snow in the heavily timbered belt. The
forest cover shades the snow, causing it to melt slowly, and increases
the capacity of the soil for the storage of ground water, so that the
number of floods in the spring is reduced and the flow in the summer
and fall is increased.

The Forest Service recognizes the desirability of preventing erosion
and retaining the forests to regulate stream flow. Federal control of
the Wenatchee and Chelan forests will insure a well-sustained lumber
tdustry, prevent excessive erosion, and preclude the possibility of!
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marked change in the regimen of the streams. The Wenatchee
National Forest, in the Wenatchee basin, covers 745 square miles and
the Chelan National Forest, in the Entiat basin, covers 295 square
miles. The total area thus controlled is nearly 60 per cent of the
entire area in the two basins.

The estimated total stand of timber in the Wenatchee and Entiat
basins was slightly more than 4,250,000,000 feet board measure.
About 500,000,000 feet has been cut.

The common names of the species of trees and the estimated stand
of each, in percentages, in the Wenatchee and Chelan national for-
ests are shown below:

" Per cent.
Douglas fir. ...t i eeieeeirereeeaaeaaacaas 25
Amabilisfir. ... e, eeecaevasane 22
Western yellow pine.......ooycieeeeiieeiiiiaeereraaaenaennn 21
Mountain and western hemlock..........cveemiiiieininraenannnnn 12
Englemann spruce, lodgepole pine, black cottonwood, western larch,
and alpine fir. . ... . . it i iiiiiieecreai i 10
Western white pineand grand fir.........cooivniiiiiniiiiniann.. [

Western red 0edar. ... ....oovureeeeenienreneesanecensacanancoaens 4

WATER SUPPLY.
CONDITIONS AFFECTING STREAM FLOW.

The natural factors that affect the water supply in the Wenatchee
and Entiat basins may be summarized in the order of importance as
follows: Precipitation and temperature, topography, structure of
rocks and soils, ground storage, natural lake storage, forestation and
vegetation, and glaciation. A close analysis of each factor is not
necessary, because estimates can be based on daily records of stream
flow, miscellaneous measurements, and differences in drainage areas.

The yield of the low-lying parts of the area is small, but the yield of
~ the mountainous parts is almost as great as that for some streams
west of the Cascade Mountains. The natural lake storage and the
flow from the melting snow in the mountains combine to maintain
a fairly high run-off for several months after water is needed for
irrigation in the lower valleys. :

The maximum flow occurs usually in June. Occasionally the
streams reach flood stages early in the winter, owing to heavy pre-
cipitation accompanied by ¢ chinook” or warm winds, which melt
the accumulated snow quickly. The highest flood on record for
Wenatchee River occurred December 30, 1917; that for Entiat River:
June 17, 1916.

The minimum flow is chiefly the result of small precipitation in the
summer followed by cold and dry weather in the autumn. The low
temperature. freezes the water in the mountainous areas, and the
lack of precipitation causes a small yield in the lower areas. Although
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. the spells of very celd weather in winter are short they may p#oh
duce a low flow. An extremely low flow for Wenatchee. River.and
its tributaries occurred in October, 1911, and -again in Saptemb#r
1915. The flow of Entiat River also was low during those mont,hs,
but the mean flow for January, 1916, was still lower.
The total yearly flow depends more on the total precipitation t.
on any other feature. The climatic years of the greafest run- ﬂ
sinee 1804 were the years ending September 30, 1910 and 1916, and
the climatic year of the least run-off was the year ending September
30, 1015. STREAM-FLOW RECORDS.
SCOPE AND CHARACTER.

Records of stream flow in this region were first obtained at a gaging
station on Wenatchee River near Wenatchee in 1897 but were dis-
continued after a few months. A gaging station was established on
Wenatchee River at Cashmere in 1904, and another near Leaven-
‘worth in 1910. Records for Entiat River and for the principal
tributaries of Wenatchee River were started in 1911. The data at
the gaging stations are supplemented by many miscellaneous dis-
charge measurements of the tributaries and of the diversions.

The gage readings, usually made daily, and the measurements of
flow at different stages form the basis for computing daily discharge
by methods ordinarily followed by the Geological Survey.* Monthly
summaries, derived from the daily-discharge computations, are
presented in this report and give in condensed form all- available
discharge data in the Wenatchee and Entiat basins. Great care has
been exercised to obtain reliable results, and the fact that the channels
at practically all the gaging stations remain permanent except at
high stages has rendered the analysis of rating curves more certain.

In addition to the monthly figures derived from observational data,
some of the monthly summaries include estimates of natural dis-
, charge derived by correcting for diversion past and for depletion
above gaging stations that are below the intakes of irrigation systems.

The accuracy of the computed results and -the special features
influencing interpretations are discussed briefly in the description of
the gaging stations or in footnotes to the monthly summaries. - The
discussion is based on the plotting of individual measurements with
reference to mean rating curves, reliability of gage readings, changes
. in ‘control, drainage basin characteristics, and other factors: - The
letters shown in the columns headed ‘““Accuracy’” represent the
judgment of the authors regarding the probable accuracy of the
monthly means. They do not refer to the maximum or minimum

¢ Methods of conducting stream measurements and analyzing stream-flow recerds are disoussed in mtro-

* duetions to publications entitled ¢ Surface water supply of the United States’ (U. 8. Geol. Survey Watsr-

Bupply Papers 351-362, 381-392, 401-414).
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discharge nor to the discharge for any one day, but indicate ths
probable accuracy of the computed mean monthly flow, A meaning
accurate within 5 per cent, B within 10 per cent, C mthm 15 per
cent, and D within 25 per cent. : .

rL ' PUBLICATIONS, ‘ o

The records of stream flow in the Wenatchee and Entiat basins,
from which the monthly estimates here presented have been derived,
have been published annually by the United States Geological Survey
as shown by the folldowmg list:

[Note.—l—A=Annual Report, W =Water-Supply Paper.]

1897 i, b, A. 19, Pt. IV, pp. 489-4%0; W. 16, p. 178
1904 . ... oolll. oo W. 135, pp- 71-72; W. 272, pp. 141-145
1905, 0 et W. 178, pp. 40-42; W. 272, pp. 141-145
1906. .o eeeeeiiiiaan.., e et W. 214, pp. 3940; W. 272, pp. 141, 143-145
19078 eeee s t .......... W. 252, pp. 130-132; W. 272, pp. 141, 143-145
1909........... e e eieieeeiaiaiaiiaas W. 272, pp. 139-146
19101 et e W. 292, pp. 136-141; W. 312; pp. 157-158
1911...... W. 312, pp. 152-165; W. 332, pp. 183-184, 188-191; W. 482, pp. 123-128
912...... W. 332-A, pp. \174—191 W. 862-A, pp. 182-183, 187; W. 462, pp. 130-133;

W. 482, pp. 124-126
1918, .0.nnnnn.. W. 362—74 pp. 174-187; W. 462, pp. 128-131; W. 482, pp. 124-126
W4, W.|392, pp. 129-140; W. 462, pp. 129-131; W. 482, pp. 125-126
1915, ciiiiiieianaan ) ................................... W. 412, pp. 196-203
b 1) 1 e ettt W. 442, pp. 150-157
1017 e beereeereeannnnens v deeaen W. 462, pp. 323-133

1918, oo [eeonnnasenmnsnasennanccaeesaacnansnes W. 482, pp. 120-127

DEFINITION OF TERMS.

The volume of water ﬂowing in a stream—the “run-off”’ or “dig-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—-(l{l those that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those thaj represent the actual quantity of
water, as run-off in 1hches, acre-feet, and millions of cubic feet. The
principal terms used in this series of reports may be defined as follows:

“Second-feet” is lan abbreviation for cubic feet per second. A
second-foot is the ra,tke of discharge of water flowing in a channel 1 foot
wide and 1 foot deep at an average velocity of 1 foot per second. It
is generally used as fa fundamental unit from which others are com-

puted.
“Second-feet per square' mile”’ is the average number of cubic

feet, of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed umforme both as
regards time and area.
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“Run-off-in inches” is the dépth to which an area would be cov-
ered if all the water flowing from it in a given penod were uniformly
distributed on the surface. It is used for comparing run-off with
rainfall, which is usually expressed in inches.

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage and for expressing quantlty
of water used for irrigation.

The following terms not in common use are here defined:

“Stage-discharge relation’’ is an abbreviation for the term ‘rela-
tion of gage height to discharge.” -

“Control” is a term used to designate the section or sections of
the stream below the gage which determine the stage-discharge
relation at the gage. It should be noted that the control may not be
the same section or sections at all stages

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—to which the surface of the river would fall
if there were no flow.

WENATCHEE RIVER NEAR LEAVENWORTH, WASH.

Location.—In SW. } sec. 12, T. 26 N., R. 17 E., 1,500 feet below highway bridge at
Plain, 5 miles by river below dam site at Lake Wenatchee, and 14 miles north-
of Leavenworth.

DRAINAGE AREA.—H91 square miles (measured on topographic maps).

RECORDS AvAILABLE.—November 27, 1910, to March 31, 1919. Monthly mean
discharge October, 1909, to November, 1910, estimated by comparison with
records at Cashmere and Dryden. -

Gage.—Staff gage on left bank 1,500 feet below bridge.

DISCHARGE MEASUREMENTS.—Made from cable three-eighths mile above gage or by
wading.

CHANNEL AND CONTROL.—Bed composed of gravel and small boulders. Control
likely to shift during extremely high water. One channel at all stages. Banks,
high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 11.1 feet at 12.30 p. m. Decem-
ber 30, 1917 (discharge, 18,700 second-feet); minimum stage recovded. 2, 5‘1 faet
October 11 and 12, 1915 (discharge, 316 second-feet).

Ice.—Stage-discharge relation affected by ice during severe winters; flow estunated
from observer’s notes, discharge measurements, and weather records.

Drversions.—The Wenatchee Park Land & Irrigation Co. diverted a maximum of
about 12 second-feet from Chiwawa River during irrigation seasons beginning
in 1914,

REecuraTion.—None.

ACCURACY. —Stage~d1scharge relation changed at medium high water May 1-5, 1911;
affected by ice during severe winters and by logs on control March 17 to May 24,
1913, and April 2 to May 10, 1914. Rating curve used prior to May 1, 1911, fairly
well defined by three dtscharge -measurements and point of zero flow; curve used
for open channel after that date well defined by many discharge measurements
curve used for periods when logs weré on conwrol fairly well defined by two dis-
charge measurements. Gage read to hundredths once daily. Accnmy of
monthly means indicated in table of monthly discharge. - : ;

CoorerAaTION.—Gege-height record furnished by Quincy Valley Irrigation District.
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Monthly discharge of Wenatchee River near Leavenworth, Wash., 1910-1913.
‘ [Drainagearea, 591 square miles.}

Discharge xsocond- " Bunoft
. feet. . .
Month. - : mracyu..
Mesns |Fer UATE | Inches. | Acrefeet.
1008-10.
gctobell!) .......................................... 3 &4)8 é.ig %# 2%2,% g
ovember...c.neenns o (o .
December. . ......... 2,700 457 | 5.27| -166,000 | C.
January......... 1,100 1.86 214 67,600 |-C.
February.. 940 1.59 1.66 52,200 | C.
March 2,900 L91 5.66 | 178,000 | C.
April.. 4,800 .78 8.68 1 274,000 C.
ay... 8, 500 4.4 16,60 | 523,000 | C.
June... 5.200 &80 9.82 | 30,000 | C.
July... ..ol 3,400 5.75 6.63 | 200,000 | C.
ugust,....... 1,300 2.20 2,54 79,900 | C.
5 101 T S 620 L05 L17 36,900 | C.
The year. ......... et an—ana : 2,090 5.06 68.78 | 2,170,000
Discharge in second-feet. Run-off.
Month. Por %:g;.'
Maximum. | Minimum. | Mean. s;;ul;lar Inches. Acre-feet.
G, .
1910-11
I(‘)ICtObe{)‘e ........................................... Gg, 888 2.% ggg igg,% 8
ovember. .. eree|eevraccaceas|asncannanean e . . .
December b.. o 2,080 070 1,240| 2.10 2.42 76,200 | B.
TFobrasyy .. b ik | | Lo Toi| S50 B
[0 5 £ ) o A . . .
Margh b .. oIl 2,080 . 468 950 | 1.61 1.86 58,400 | B.
gl o AT N A
Toae b e 10, 400 3,560 | 6,920 | 10.5 .71 | 70,000 | A.
st 7 R iy Yan| Te iRl Ea|a
September b........1 1100 1,210 476 756 | 1.98 1.43 ,000 | A,
The YeRr. cecmmmuvere.foeeremeeaeaslemeeennnns 2170 | 3.67 49.91 | 1,570,000
1911-12 R
October b... \ouemennnnnn. 476 340 400 .677 .78 24,600 | A,
Novemberb....ooeieonaa... 4,300 335 1,310 2,22 2 48 78,000 | A.
1,380 800 | 151 1.74 54,700 | A,
1,050 732 | 194 1.43 ;000 | B.
900 785 |  1.33 1.43 45,200 | A.
260 662 | 112 129 40,700 | A.
2,330 | 304 430 | 130,000 | A
6,760 | 1.4 13.14| 416,000 | A,
6,600 | 1.3 12.61 98,000 | A,
2,600 | 440 5.07 | 160,000 | A.
1,076 | 1.81 2.09 65,800 | A.
602 102 114 35,800 | A.
2,070 | 3.50 47.60 | 1,500,000
OCHODEr Berrrrevnseeannns. 500 402 8] .87 04l 20,700 | AL
Novemberbd...... . 1,050 476 733 124 1.38 ,600 | A,
JDecembebrb ..... 1, ﬁgs }.18 %23)413 42,‘;9)00 A,
anuary b...ooiiiiiiacieias] 0 852 |eieiecaia... 621 .05 . 00 .
Feb]:fza}t’y bo.... . 4,320 |oeumnnnn.... 809 1.37 1.43 432',900 ]%
March 3>, 0 . 900 735 815 | 1.38 1.59 50,100 | B.
Aa§ubb"'""" : 13’}% 2,380 Sl e 1ok égjooo B
e | xe) pmey wet) aea | L@ o)A
y ........ e e .
Augustb.... 3,070 1oso| 1,700 2.88 3.32 | 105,000 | A.
September b......._.011" 2,760 714 | 1,136 . 161 213 67,200 | A.
The year....... e 14,300 02| 2,5001 " 428 [ 57.87] 1,810,000

s Estimated by petcentage comparison wéth record of Wenaichee River gt Casbmere and Dryden. Per-

eantage used for each menth was average for that month in the eric}d ofgcdgl%ﬁﬁsbng. R

& f;] Rg:igcrg: for this month revised since o 2l publication, Bee Water-S8upply Paper 482 for revised
auy rge. . N L o

e N ! .
. L B 5

b



, + PENATCHEE AND /ENTIAT BASINS. (v 21
Monthly discharge of Wenatchee River near Leavenworth, Was)., 1910-1919-—Continued.

Discharge in second-feet. Run-off.
Month, Peor —
Maximum. | Minimum. | . Mean, sl:%glare Inches. | Acre-feet.
B .
1913-14.
1,920 590 1,240 2,10 2.42 76,200 | A.
2/140 821 1,200] 218 2.43 76,800 | A.
1,200 599 1.40 1.61 51,000 | A. .
2,140 591 1,160 19 C 2.2 71,300 | A.
930 |- 575 1.13 1.18 37,000 | A,
2,540 817| 1,50 255 2,04 92800 | A
5,700 1,350 | 340 &7 6.44 | 203,000 | B.
8 560 3,510 | °5920| 10.0 11.53 364,000 | B..
7,760 2,070 | 4, 7.72 8.61| 271,000 | A,
4,700 L370| 2780 | 467 5.38 | 170,000 | A.
1,400 700 1| 1.66 1.01 60,300 | A,
1,080 482 710 1.20 1.34 42,200 | A..
8, 560 482 2,000| 3.564 48,05 |+ 1,520,000
161 1.88 58,400 | A..
2,230 3.7 421 133,000 | A
1.51 1.74 54,960 | A.
491 . 831 .96 30,200 | C.
431 729 .76 23,000 | B..
1,030 1.74 2.01 83,300 | A.
3,630 | 6.14 6.85| 216,000 | AL
2,610 | 4.42 510 | 160,000 | A.
1 3.15 3.51| 111,000 | A..
1060 179 2.06 65,200 | A
764 1.29 1.49 47,000 | A..
402 . 680 .78 23,900 | A.
1,360 2.30 3131 987, 000 .
618 | 1.05 1.21 38,000 | A..
940 1.59 1.7 55,600 | A,
580 .997 115 36,200 | A..
547 . 928 107 33,700 | C..
738 1.2 1.35 42,400 | C.
1,660 | 2.8 3.24| 102000 | A,
2090 | 5.23 5.84 | 184000 | A..
6,160 | 10.40 1.99 | 379,000 | A.
9,370 | 15.90 17.74 | 558,000 | A
6,440 | 10.90 12.57 396,000 | A.
2590 | 4.38 5.05| 150,000 | A.
981 1.68 1.85 58,400 | A..
2,810 | 475 64.83 | 2,040,000
1916-17.
Octaber. .. 80 418 485 . 821 .95 20,800 | A.
557 L9042 1.05 33,100 | A..
408 . 690 .80 25,100 { A.
429. .72 L8 26,400 | B..
604 1.02 1.06 33,500 | A.
487 .82 .95 29,900 | A,
913 1.54 1.72 54,300 | A.
5,210 8.82 10.17 320,000 | A.
8,030 13.6 15.17 478,000 | A.
6150 | 10.4 11.99 | 378,000 | A..
1,740 |  2.94 3.39 | 107,000, A.
754 1.28 1. 44,900 | A.
2,160 |  3.65 49.52 | 1,560,000
745 405 517 875 L00 31,800 | A.
1,140 412 68| 1.15 1.28 40,300 | A.
18, 700 505| 3,640 618 7.10{ 224,000 | A..
15, 400 1,300 | 3,940 | 6.67 7.60 | 242,000 | A.
1 930 1,250 2.12 2.21 69,400 | A. i
1,790 745 976 | 1.65 1.90 60,000 | A.
5,110 1,660 | 2,880 | 4.87 5.43 | 171,000 | A.
7,710 2,760 4,810 8.14 9.38 206,000 | A.
) 3,020 6,720 1.4 12721 400,000 | A.
4,300 1,540 | 2,770 4.69 b4l 170,000 | A
i 79| 1,070 1.81 2,09 65,800 | A.
505 647| 109 1.22 38, Al
18,700 405 2,500 4.23 57.43 | 1,810,000

» Records for this month revised since original publication. See Water-Supply Paper 482 for revised
daily discharge. .
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Monthly discharge of Wenatchee River near Leavenworth, Wash., 1910-1819—Contiiiued.

Discharge in sec8nd-feet. Run-off.

Month. Per . ‘ ‘:&?}1 )
Maximum. (Minimum.| Mean. sgvﬂa.’re Inchos. | Acre-fest.
e.

1918-19. '
October.... 2, 050 540 937 1.59 1.8 57,800 | A.
November. . . 1,420 745 998 1.69 1.89 59,400 | A.
Decem 5,110 . 745 1,970 3.33 3.84 121,000 | A.
January ... ...o.ooieiaan. 1,920 745 1,140 1.93 2,22 70,100 { A.
Fobruary.....covevenuiannn. 1,080 700 868 1.47 1.53 48,200 | A. -
...................... 1,660 620 792 1.34 1.54 48,700 | A,
Theperiod. .. .ooe i ereiiiiiifenaieneefeneennieeafivncnciiasiiiiie s 4085, 000

WENATCHEE RIVER AT CASHMERE AND DRYDEN, WASH.

LocaTtioN.—Prior to October 13, 1909, at highway bridge in Cashmere half a mile be-
low Mission Creek, 8 miles above mouth. October 13, 1909, to September 30,
1911, in SW. % sec. 32, T. 24 N., R. 19 E., at highway bridge on main road from
Cashmere to Leavenworth, half a mile above Mission Creek. October 1, 1911, to
September 30, 1917, in-8W. } sec. 26, T. 24 N., R. 18 E., at Wenatchee Valley
Gas & Electric Co.’s power plant (Pl. VI, B) a quarter of a mile north of Dryden,
a mile below intake of Wenatchee Reclamation District canal (Pl. VI, 4), 2 miles
below Peshastin Creek, and 4 miles above Cashmere.

DrAINAGE AREA.—1,280 square miles (revised) above station below Mission Creek;
1,200 square miles above stations above Mission Creek (measured on topographic
maps).

REcorDS avarnaBLE.—July 27, 1904, to September 30, 1917.

GacE.—Staff gage on highway bridge in Cashmere, July 27, 1904, to summer of 1907,
when bridge was rebuilt. Staff gage installed at original datum on new bridge
at same site on September 28, 1908. Readings on temporary gages used during
intervening period referred to original datum. Chain gage installed on bridge
ahove Mission Creek October 13, 1909, and used to September 30, 1911. Vertical
staff in tailrace of power plant at Dryden used from October 1, 1911, to September
16, 1915; May 4 to 7, 1916; and June 17, 19186, to September 30, 1917. Datum
lowered 0.50 foot November 1, 1916. Inclined staff 80 feet below plant used
October 29, 1915, to May 4, 1916, and May 8 to June 17, 1916, when it was washed
out.

DiscHARGE MEASUREMENTS.—Made from bridge below Mission Creek prior to 1909
and from bridge above Mission Creek beginning June, 1909. Results of measure-
ments referred to gage at Dryden corrected for inflow between gage and measuring
section at bridge.

.CHANNEL AND CONTROL.—Bed at original station composed of cobblestones and small
boulders; control permanent. Bed at station at bridge above Mission Creek com-
. posed of gravel and small boulders; control shifting at high water. Bed at sta-
.tion at Dryden composed of solid rock and bouldera, high-water control perma-
nent, low-water control shifting.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 11.1 feet, high-water mark,

" December 30 or 31, 1917 (discharge, 27,100 second-feet); minimum stage recorded,
—0.3 foot September 14-16, 1915 (discharge, 470 second-feet); stage may have been
lower during the period from September 17 to October 28, 1915, for which gage
heights are not available.
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Iex.~~Stage discherge relation at stations at Cashmere not affected by ice; at station

" at Dryden, affected by ice during severe winters; flow estimated from observer’s
notes, discharge measurements, and weather records.

Diversrows. Many diversions for irrigation above station. Wenatchee Reclamation
District canal is the most important; records of flow in canal available since June,
1811. Depletion caused by irrigation above station is estimated and added to

- record of flow in river and canal to give probable natural run-off.

RequLaTIoN.—Slight regulation at mill pond-at Lesvenworth.

Accuracy.—Stage-discharge relation at original station permanent; rating curve fairly
well defined by 12 discharge measurements. Stage-discharge relation for low
water at station at bridge above Mission Creek changed April 26, 1910, and June
14, 1911; rating curves fairly well defined by four or five discharge measurements
each. Stage-discharge relation for,low water at station at Dryden changed June
3, 1913, November 3, 1914, September 17, 1915, November 10; 1916, and May 30,
1917; rating curves used prior to September 17, 1915, and after June 17, 1918,
well defined by numerous disc measurements; curve for inclined gage used

- October 29, 1915, to June 17, 19186, fairly well defined by three discharge measure-
ments. Gage-height record reliable except for period in 1907 and 1908 when
temporary gages were used. Ac¢umy of monthly means indicated in table of
monthly discharge.

CooreraTION.—Gage-height record of Wenatchee River and Wenatchee Reclamation
District canal at Dryden furnishqd by Wenatchee Valley Gas & Electric Co.

Estimated monthly natural discharge oﬁ Wenatchee River at Cashmere and Dryden, Wash.,
' . [1904-1917.
\

[Drainage area, 1,280 square miles, period| to Oct. 12, 1809; 1,200 square miles after Oct. 12, 1909.]

Discharge in sgcond-feet. Estimated natural run-off.
Mean.
Month. 1 . Accu-
. . Per .
Maxi- | Mini- .| Total
mum.¢| mum.s | nll?:tté;i esti- | SIATE Tnches.| Acre-feot.
River. | Ganal.b mated g
deple- | o tural
tion. flow.
4,20 | 3,180 | 3,780 | | 60 2| 3,870| 3.02 | 0.5 38,400 | C.
3,180 | 1,280 | 2,080 | | 60 24| 2160 | 1.69 1.95 133,000 | B.
1,480 830 | 1,080 | , 40 17 1 891 .99 67,800 | B.
........................ peeeedeeeeiee e 239,000
1,280 | 730 .691 .80 54,400 | B.
1,040 | 690 .859 -9 65,500 | B.
1,500 | 1,030 300 | 1.02 1.18 79,900 | B.
1,110 730 900 . . 703 .81 55,300 | B.
.| 1,700 650 990 {. 773 .80 55,000 | B.
.| 6,040 1,820 4,370 . ......I........ 4,370 | 3.41 3.93 269,000 | B.
11,400 | 2,210 | 4,710 | |10 il’] 4,73013.70 413 281,000 | B.
11600 | 4,740 | 6,550 | | 40 24| 6,610 | 5.16 5.95 406,000 | B.
| 14,900 | 6,900 | 10,500 | | 50 10, 8.28 9.24 631,000 | C.
1 720]| 2500 4,450 | | 70 27| 4,550 | 3.55 400 280,000 | B.
| 2350| 1,080 | 1,560 ' 70 2511 1.30 1.50| 102,000 | B.
.| 1,820 890 | 1,000 | | 40 18| 1,150 | .808 1.00 68,400 | B.
14,900 | 650 | 3,210 |.,.....|........ | 3,240 | 2.53. | 34.39 | 2,350,000

o Maximum and minimum discharge prior to 1911-12 refer to flow at river gaging station. During and
after that year they refer to combined fiow of river and canal.

b Estimated monthly mean discharge of canal prior to June, 1911, used only to obtain natursl run-off,
Considerable error in estimate of discharge of canal makes small error in total flow.

*
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Estimated monthly natural discharge of Wenatchee River at Cashmere and Dryden, Wash;, ~ -

1904-1917—Continued.
Discharge in second-feet. Estimated nattral run-eff,
Mean.
’ Acou-
Month
: Per . racy. |
Maxi- | Minl- Eatr- | 708l | square | Tnches. | Acrefeet, { v
mum, | mum, mated | 5t | mile :
River. | Canal. | gor7, | mated . [
t?&?‘ natural
flow.
8,760 | 1,190 | 2,050 2,34 2.70 184,000 | B.
1,040 | 1,190 | 1,400 1.09 1.22 83,300’ | B.
1,280 780 965 . 754 .87 59,300 | B.
1,700 780 | 1,040 812 N 64,000 | B.
1,940 | 1,190 | 1,520 1.19 1.24 84,400 | B.
3,180 | 1,190 | 1,450 1, 113 1.30 89,200 | B.
9,960 | 3,000 | 5,80 137 5, 4,59 5.12 350,000 | B.
11,600 | 4,740 | 7,860 2| 7 6,20 7.15 488,000 | B.
8760 | 3,800 | 5,390 291 5, 4,27 4,76 325,000 | B.
6,320 | 1,500 | 8,260 30| 3,360 | 2.62 3.02 207,000 [ B.
1,480 890 | 1,160 | 70 28) 1,260 .98 113 77,500 | B.
1,700 830 | 1,000 | 50 19] 1,070 | .836 .93 63,700 | B.
2,830 |oeieiiifeanainns 2,870 | 2.24 30.38 | 2,080,000
2,420 2,460 | 1.92 2,21 151,000 | B.
€7,100 |. 7,100 | 5.53 6.19 422,000 | D.
€2,200 |. 2,200 | 172 1.98 135,000 | 1D, .
1,040 1,040 812 .94 64,000 | B.
2,420 ,420 | 1.89 1.97 134,000 | B.
2,040 |. 2,040 | 1.59 1.83 125,000 | B.
4,670 4,600 | 3.66 4.08 279,000 | B.
12, 500 2,600 | 9.8¢ | 11.34 775,000 | C.
9, 500 9,590 | 7.49 8.36 571,000 | C.
4,330 4,440 | 38.47 4.00 273,000 | B..
1,560 1,670 | 1.30 1. 50 103,000 | B.
880 | 1,220 200 | 1,01 1.13 76,800 | B.
The year....|........ 830 4,250 |.......foceoent 4,300 | 3.36 45.53 | 38,110,000
1907-8.
October........... 1,110 | 1,110 1,110 L8981 1L(4 70,700 | C.
.4 2,500 1,120 | 1,300 102 1.4 77,400 | C.
1,190 | 1,730 |. 1.35 1.56 106,000 | C.
960 | 1,390 |. 1.09 1.28 85,500 | B.
890 | 1,210 | 045 | 1,02 69,600 | B.
380 | 2,380 1.86 2.14 146,000 | C.
070 | 4,560 3.59 4,00 273,000 | C.
760 | 8,050 6.35 7.32 500,000 | C.
320 | 11,500 9.06 | 10.11 690,000 ' C.
800 | 9,500 7.59 875 597,000 | C.
| 2,060 1.70 1.96 134,000 | C.
d 970 . 820 .91 62,500 | D.
3.02 41,21 | 2,810,000
" .652 .75 51,300 | D.
. 859 .96 65,500 | .D.
719 .83 56,600 | D.
.625 .72 49,200 | D.
.602 .63 42,800 | D.
850 | .99 67,600 | D
2.45 2.73 187,000 | D+
5.87 6.77 462,000 | B+
10.7 1194 815,000 | B..
4,41 5,08 347,000 | B« /
1.28 1.48 101,000 | B.
797 .89 60,700 | B.
The year....| 21,400 |........ 3,130 Jeoereneideenanes 3,180 | 2.48 | 33.77| 2,310,000

¢ Estimated by comparison with record of Yakima River at Cle Elum and at Umtanum; should beused

with caution.

d Estimated by comparison with record of Yakima River at Cle Elum; should be used with cantion. :




! WWENATOHEE AND ENTIAT BASINS.

25

Estimated monthly natural dwchargge of Wenatchee River at Cashmere and Dryden, Wash.,
1904+1917—Continued.
Discharge in second-feet. Estimated nataral run-off,
Mean.
Month. - ‘ﬁs“c,""‘
Maxi- | Mini- ;| Total,
mum. | mum, ng:ttéd esti- sl%llglage Inches.| Acre-feet.
River, | Canal. mated .
deple- nai
tion. |"gow
1,480 | 870 | 1,070 0.910| 1.05 68,900 | B.
20,900 | 1,020 | 5,260 4.38 | 4.8 | 213000 A
17,200 | 1,720 [ 4,050 8.83 | 8.00( 249,000 | A.
2,680 | 1,220 | 1,630 1.36 | 1.57| 100,000 | A.
1,650 | 1,060 | 1,420 {.. 118 | 128 78,900 | A.
10,400 | 1,650 | 4,850 3.79 | 4.37| 280,000 | A.
15,900 | 2,600 | 7,100 5.96 | 6.64| 425000 | A. .
18,500 | 7,920 | 12,600 10.6 | 13.22| 781,000 | A.
cesililan,%00 | 5120 | 7,650 6.47 | 7.22| 462,000 | A.
July.. ..ol 6,680 | 2,720 | 4,770 4,08 | 4.70] 301,000 | A.
- August...........{.,2,830 [ "985 | 1,770 1.58 | 1.82| 117,000 | A.
Septemaber..... el 1,080 B70| 87 807 .00 57,600 | A,
20,000 | 670 | 4,410 3.72 | 50.51 | 8,230,000
4,000 | 710 | 2,980 2.52 | 2001 186,000 | A,
12,600 | 1,920 | 4,160 8.47 3.87 248,000 | A.
3,070 | 1,390 | 1,860 1.85 | 1.79] 114,000 | A,
2,300 | 1,010 [ 1,340 112 | 1.20 82,400 | A,
1,100 ‘670 900 780 .78 50,000 | A.
3160 670 1,540 1.28 | 1.48 94,700 | A,
| 6,100 | 2,140 [ 3470 2.92 | 3.26| 209000 | A.
| 10,000 | 3,800 | 5,600 4.78 | 5.49| 351000 | A.
15,500 | 5,320 | 9,480 802 | 895| 572000 A.
5,080 | 1,470 [ 3580 8.11 | 858 220,000 A
1,870 | 1,020 | 1,340 14 | 1.43 91,600 | A.
1,87 | 760 | 1,160 106 | 117 75,000 | A.
The year....| 15,500 | 670 | 3,120 2.65 | 85.99 | 2,300,000
1911-12
October............ 628 64| 48.0 17 .501 .68 43,600 | A.
November........ 5, 580 | 1,740 N S 1,740 | 1.45 1.62 104,000 | A.
December.........| 1,610 880 | 1,250 0 [ 1,250 | 1.04 | 1.20 76,900 | A.
January........... 1,610 | 710 1,000 L0 1,000 | .333 .86 61,500 | A,
Fehruary......... 1,400 | 880 | 1,080 0 1,080 | .000| .97 62,100 | A.
1,040 0t 1,00 | .87 1.00 64,000 | A.
3,260 | 29.8 23| 3,300 | 2.75 | 3.07| 196,000 | A.
9,720 | 8.7 49| 9,840 | 8.20 | 9.45| 605,000 | A.
10,000 | 93.0 53110,100 | 8.42 | 9.30 | 601,000 | A.
3,370 | 106 3,530 2.94 | 3.30| 217,000 | A.
1,270 | 118 51 L4410 1.20 | 1.38 88,500 | B.
78¢| 89.9 36| 910 .758 .85 54,100 | A.
2,930 | 46.3........ 2,990 | 2.49 | 33.96 | 2,170,000
755 .620| .73 46,400 | A.
1,050 | .87 ] 62,500 | A.
1,000 | .833 .96 61,500 | A.
981 | .818| .94 60,300 | B.
1,280 1.07 | 111 71,100 | B.
1,380 | 1.16 1.33 84, 800 ﬁ
3,070 | 3.31 | 3.69| 236,000 | A.
9,060 | 7.55 | 8.70 | 557,000 | A.
14,000 | 11.7 18.05 | 833,000 | A,
7,700 | 6.42 | 7.40| 473,000 | A.
2,360 | 1.97 | 2.27| 145,000 | A.
1,590 | 1.32 | 1.47 94,600 | A.
3,760 | 3.13 | 42.63 | 2,730,000

¢ Records Apr. 1, 1918, to May 31, 1914, revised. See Water-Supply Paper 462 for revised daily discharge,
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Estimated monthly natural discharge of Wenatchee River at Cashmere and Dryden; -Wash
1904-1917—Continued.

Discharge in second-feet. Estimated natural run-off,
Mean.
Aceu-
Month. . ;. | Total | Per
g:fni’ Mint- ) nﬁsttt;(.i esti- | square | Inches.| Acre-foet. |10 0~
g * | River. | Canal. mated | mile.
deple- | ) tural
tion. flow.
. 1913-14. *
Octobere......... 2,960 863 | 1,570 68.8 23| 1,660 | 1.38 1.59 102,000 | A.
November ¢.. 3,070 959 | 1,710 1IL3 j........ 1,720 | 1.43 1.60 102,000 A,
Decembere. . 1,850 835 | 1,200 N1 I PO 1, 1.00 1.15 73,800 | A,
January . 3,610 900 | 1,790 O ..., 1,790 | 1.49 1.72 110,000 | A. .
February e 1,490 900 | 1,040 N PO 1,040 [ .867 .90 7,800 | A,
March e_. 3,610 | 1,200 | 2,340 N OO 2,340 | 1.95 2,25 144,000 | A,
April e. 8,670 | 2,120 | 5,510 | 33.5 24| 5570 4.64 5.18 331,000 | A.
May e.. 13,300 | 5,490 | 9,210 86.9 51 9, 7.79 8.98 575,000 | A.
June. . 12,800 | 4,250 | 7,030 | 101 55| 7,190 | 5.99 6.68 428,000 | A, -
July.... .| 7,030 | 1,240 | 3,760 | 104 58| 8,920 3.27 | -3.77 241,000 | A
August. . | 1,930 o48| 17180 113 53| 1,360 | 1.12 | 1.29. ,000 | A, .
September........ 1,450 | 776 904 | 90.5 37| 1,080 | .858 .96 61,300.| Aur
Theyear....| 13,300 | 776 | 8,110 | 511 |........ 3,100 | 2.66 | $6.07 | 2,310,000
1914-15. . ,
36.2 23 1,350 1.12 1.29 ,000 1 A,
'3 2,960 | 2.47 | 2.76| 176,000 | A.
0o 1,240 1.03 | 1.19 76,200 | A, y
0. 787 | ~.856 .76 48,400 | A.
[1 ] SO 705 .588 .61 y Al
........ 1,550 1.28 1.49 95,300 | A.
21.4 251 5,580 | 4.65 5.19 332,000 |- A.-
113 53 | 4,070 | 3.39 ~3.91 250,000 | A,
122 57| 2,770 | 2.31 2.58 165,000 | A,
104 60| 1,520 1.27 1.46 93,500 | B:
128 55| 1,110 .925 1.07 ,200 | B,
102 39 9 574 .64 41,000 | C, -
The year....| 9,200 |........ 1,950 52.5 |........ 2,030 | 1.69 22.95 | 1,470,000
1915-16.
October..__....... 1,950 |........ 807 | 43.9 24 875 729 &4 53,800 | C.
November. 3,300 ,350 | .0........ 1,350 | 1.12 1.25 ,300 | B..
December. . 1,240 770 975 1 N IO, 975 812 .94 60,000 | B.
January.... 950 |........ 803 N LN PO 803 . 669 Wik 49,400 | B,.
February . 1,700 600 1,110 | © .0 |...... . 1,110 | .925| 1.00 63,800 | B.
March... 5,930 | 1,300 | 3,300 11 8 PO, 3, 2.75 3.17 203,000 | B.,
April. .. 8,960 | 3,820 | 6,290 0 25| 6,320 5.27 5.88 | 376,000 | C..
ay. 15,000 | 6,610 | 9,750 | 70.0 53| 9,870 | 822 | 9.48 | 607,000 | C.
June. 24,500 | 8,850 | 14,000 | 125 57 | 14, 11.8 13.17 845,000 | C. -
July... 13,900 | 5,310 | 9,840 | 121 60 | 10,000 | 8.33 9.60 615,000 | A,
August... .| 6,250 ,230 | 3,660 | 125 55| 3,840 | 3.20 3.69 236,000 | A,.
September. ....... 2,500 | 1, 1,430 | 103 39| 1,570 1.31 1.46 93,400 | A.
The year....| 24,500 |........ 4,450 | 49.2........ 4,520 | 3.77 | 51.25 | 3,280,000 B
1916-17. -
October........... 12.0 24 831 . 692 .80 51,100 | B.
November. . 5.8 .ceuon.. 804 .670 .75 47,800 | C.
- 0f....... 690 | .575 . 42,400 | C.
- [ N PR 708 .580 . 43,500 | D,
. [ 901 | .751 78 50,000 | B.
- 0 feeeeanen 90 . 658 .76 48,600 | B.
. 37.4 26| 1,510 1.28 1.41| . 89,800 | B.
. 116 54| 7, 6.58 7.59 486,000 | A, .
B 148 58 [ 11, 9.92 | 11.07| 708,000 | A, -
. 163 61| 9, 7.53 8.68 556,000 | A, .
. 178 56| 2,370 | 1.98 2.28 146,000 | A,
September........ 189 40| 1,220 1.02 1.14 72,800 | B,
The year....| 16,200 |........| 3,140 | 7L1|........ 3,230 | 2.60 | 36.60| 2,340,000

e Records Apr. 1, 1913, to May 31, 1914, revised. See Water-Supply Paper 462 for revised daily discharge.

WENATCHEE RIVER NEAR WENATCHEE, WASH.

Locarion.—At highway bridge, 6 miles above mouth and 7 miles west of Wenatchee. .
DRAINAGE AREA.—1,310 square miles (measured on topographic maps).
RECORDS AVAILABLE.—August 7 to November 20, 1897; fragmentary.
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Gaoe.—Vertical etaff on bridge pier on left bank. Gage readings were made at bridge
site of the Wenatchee Water Power Co., 5 miles below the station and referred

“to mpper gage.
D:scmmcn MEASUREMENTS.~—Made from

highway bridge.

CHANNEL AND coNTROL.—Bed composed of boulders. Control permanent dunng
- period of record. Banks high. Current swift at all stages.
Emnxns OF DISCHARGE.—Maximum stage recorded, 5.10 feet, November 20 (dis-
charge, 13,300 second-feet); minimum stage recorded, 0.00 October 4-12, 16-21,
29-30, November 1-7 (discharge, 700 second-feet).
DiversioN.—Small amount of water diverted above station for irrigation.

REGuLATION.—None.

‘Accuracy.—Stege-discharge relation permanent.

I

Rating curve fairly well defined

by four discharge measurements. Gage-height record only fairly reliable as
readings were referred to upper gage on bagis of only four simultaneous readings.

Records fair.

Monthly discharge of Wenatchee River near Wenatchee, Wash., 1897.

Discharge in second-feet. ' Run-oft
Month. in acre~ racy.
Maximum,; Minimum.| Mean. feet.
| TSRS AU EOPOTRTN 2,100 129,000 | C.
September..... ... ..ottt e 1,000 59,500 | C.
BODOT . . oo oot ieeer—————————- 955 700 755 46,400 | C.
The Period. . ....oovvmennnnnineineereeeenemnnecnnanocfoeeenemeasee]onencacann 235, 000

LITTLE WENATCHEE RIVER NEAR CHIWAUKUM, WASH.

LocaTioN.—In SW. } sec. 15, T. 27 N., R. 16 E., three-fourths mile above Wenatchee
Lake and 11 miles northwest of Chiwaukum.
DRAINAGE AREA.—99 square miles (measured on topographic maps).
RECORDS AvarABLE.—Fragmentary gage-height record, August 2, 1911, to April 6,
1912; and June 8-14, 1913. Discharge estimated for August, September, and

. October, 1911. )
Gaee.—Vertical staff on left bank.

Di1scHARGE MEASUREMENTS.—Made from foot log or by wading.
CHANNEL AND coNTROL.—Bed composed of gravel and sand. Control shifted at
medium high stages. One channel at all stages.

DiversioNs.—None.
ReeuratioN.—None.

Accuracy.—Stage-discharge relation changed on September 14, 1911. Rating curves
poorly defined by three discharge measurements. Gage read five times in Aug-

ust and seven times in September,

Records poor.
CoorERATION. —Gage-height record furnished by United States Forest Service.

Monthly discharge of Little Wenatchee River near Chiwaukum, Wash., 1911.

[Drainage area, 99 square miles.]

Discharge in second-feet. Run-off.
Acen-
Month,

Mean. |FersS g“"’ Inches. | Acre-foet. |-

a 80 0.81 0.93 4,920 | D.

a 110 L1 1.24 6 550 | D.

. 567 .68 .78 4 120 | D.

The period........ SR RUUTORORE FESUTRAUN ISUS RS, 5,600 | -
a Computed from f{rag y gage-height record by interpolation and by comparison with results at
nearby giggstations

] Estimat by comparison with results at gaging stations on Wenatchee River near Leavenworth,

‘White River, and Chiwawa River.
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WHITE RIVER NEAR CHIWAUEUM, WASH. % '~ -

Location.—In NE. % sec. 5, T. 27 N., R. 16 E., at highway bndge 4 !mk!i above
Wenatchee Lake and 14 miles northwest of Glnwaukum

‘DraNAGE AREA.—150 square miles (measured on topographic maps).

RECORDS AVAILABLE.—May 30, 1911, to April 30, 1912; July 26 to August 31. 1913' )
April 19, 1914, to September 30, 1914, fragmentary. Monthly mean dischaige

« May to Beptember, 1912, and mean discharge October, 1913, to March, 1914,
estimated from records of adjacent streams.

“GacE.—Vertical staff on left abutment of bridge.

DiscEARGE MEASUREMENTS.—Made from bridge at gage or by wadmg

‘CHANNEL AND cONTROL.—Bed composed of gravel and boulders. Riffle control 100
yards below gage; shifts at high water. One channel at all stages.

‘EXTREMES OF DISCHARGE.—Maximum stage recorded 9 feet June 13, 1911 (discharge,
3,780 second-feet); minimum stage recorded, —0.34 foot, November 1-3, 1911
(discharge, 114 second-feet).

Tocr.—Stage-discharge relation not affected by ice.

‘Drversions.—None.

"RequraTioNn.—None.

-Accuracy.—Stage-discharge relation changed at high water in May, 1912. Rating
curve used prior to the change poorly defined below and fairly well defined above
500 second-feet by five discharge measurements; curve used after the change
fairly well defined by four discharge measurements. Gage-heightrecord excellent
in 1911 and 1912, fragmentary in 1913 and 1914. Accuracy of monthly means
indicated in table of monthly discharge.

‘CooPERATION.—Gage-height record furnished by United States Forest Service.

Monihly discharge @ of White River near Chiweukum, Wash., 1911-1914.

[Drainage ares, 150 square miles.)
LY
Discharge in second-feet. Run-off.
Accu-
Month., Per racy.
Maximum. | Minimum. | Mean. sg:illare Inches. | Acre-feet.
.
1911,
JUNG..euceieiieeaaianns 3,780 1,390 2,190 14.6 16.29 130,000 | B.
JUY.ooeveiiiii i 2,020 7 1,290 260 9,02 79,300 | B.
..................... 810 358 510 3.40 3.92 |- 31,400 | B. -
September...............,.. 650 167 317 2,11 2.35 18,900 | C.
The period............ I NI 260, 000
1911-12,
‘October.... . 194 120 150 1.00 115 9,220 | C.
. .. 325 2.17 2.42 19,300 | 'C
239 1,59 1.83 14,700 | C
209 1.39 1.60 900 | C
222 1.48 1.60 12,800 | C
196 1,31 1.51 12,100 | C
701 4,67 5.21 41,700 | B
52,100 14.0 16. 14 ,000 | D
52,300 15.8 17.07 137,000 { D.
51,200 8,00 9.22 ,800 | D
3 510 3.40 3.92 31,400 | D
b 260 1.73 1..93 15,500 | D
701 |  4.67 | 63.00 | 509,000

¢ Records revised. ‘ '
b Estimated by percentage comparison with resulls obtalned by subtracting discharge of Chiwawd
River from discharge of Wenatchee River near Leavenworth; should be used with caution.”
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Monthly discharge of White River near Chiwaukum, Wash., 1911-1914—Continued.

Discharge in second-feet. Run-off.
Agccu-
Month. Per racy.
Maximum. | Minimum.| Mean. sgltilare Inches. | Acre-feet.
e.
1,580 | 10.5 2.34 18,800 | B
771 5.14 5.93 47,400 | B,
b 270 1.80 12.18 97,500’ | C.
€1,000 | 6.67 74| 89,50 C,
c1'850 | 123 M1 114:% C. .
1,600 10.7 1.94 95,200 | £.”
1,280 8.53 9.83 78,700 | B.
<430 2.87 . 381 26,400 | C.
¢ 250 1.67 1.3 14,900 | C.
671 4.47 60.74 486,000

b Estimated by percentage comparison with results ebtained by substracting discharge of Chiwawa
River fram discharge of Wenatchee River near Leavenworth; should be used with caution.

< Based on actual reeord for part of month and percentage comparison with record of Wenatchee and
Chiwawa rivers negr Leavenworth.

NASON CREEK AT NASON, WASH.

Location.—In NE. % sec. 11, T. 26 N., R. 16 E., at mouth of Roaring Creek, two-
thirds mile northwest of Nason.

DRAINAGE AREA.—89 square miles (measured on topographic maps).

REcorps avamaBLE.—June 4 to September 30, 1911.

Gaer.—Vertical staff fastened to railroad trestle crossing Roaring Creek.

D1scEARGE MEASUREMENTS.—Made from highway bridge about half a mile below gage
or by wading.

CHANNEL AND CONTROL.—Bed composed of gravel and small boulders. Riffle control
about 75 feet below gage; permanent during period of record. Right bank rail-
road embankment; left bank low, subject to overflow. :

EXTREMES OF DISCHARGE.—Maximum stage recorded, 4.8 feet June 13 (discharge,
1,380 second-feet); minimum stage recorded, 1.15 feet, September 1-3 (discharge,
44 gecond-feet).

DiversioNs.—None.

ReauraTion.—None. '

Accuracy.—Stage-discharge relation permanent during period. Rating curve. fairly
well defined by six discharge measurements. Gage read to quarter-tenths twice
daily. Accuracy of monthly mean indicated in table of monthly discharge.

82295—22—war 486——3




30 WATER POWERS OF CASCADE RANGE, PART IV,

Monthly discharge of Nason Creck at Nason, Wash., 1911,
[Drainage area, 89 square miles.]

Discharge in second-feet. Run-off,
Month. , Per ?gyu—
Maximum. | Minjimum. | Mean, sgglars Inches. | Acre-feet.
e.
720 8.09 8,12 38.600 | B. .
237 2.66 3.07 14.600 | B.
72,7 .817 .94 4,470 | A.
«80.9 +909 Lol 4,810 | C.
................................ 62, 500

« Discharge Sept. 4~14 revised since publication in Waier—Supply Paper 312, as gage beights were appar-
ently in error. arge estimated from discharge measurement and by hydrographic comparison with
records of Little Wenatchee River and Chiwaukum Creek.

CHIWAWA RIVER NEAR LEAVENWORTH, WASH.

Loocarion.—In SW. } sec. 30, T. 27 N., R. 18 E., at Jordan’s ranch, 1 mile below Deep
Creek, 3 miles above mouth, and 14 miles north of Leavenworth.

DraINAGE AREA.—I181 square miles (measured on topographic maps).

REecorps avamasLe.—May 29, 1911, to October 31, 1914, fragmentary. Monthly
mean discharge May, 1912, to June, 1913, estimated by comparison with record
of Wenatchee River near Leavenworth.

Gage.—Vertical staff in two sections on left bank at Jordan’s ranch.

DiscHARGE MEASUREMENTS.—Made from cable 21 miles below gage, from bridge half
a mile below gage, or by wading. ’

CHANNEL AND coNTROL.—Bed composed of gravel and small boulders. Conmtrol
shifts at extremely high water. One channel at all stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 3.3 feet May 8, 1912 (discharge,
2,410 second-feet); minimum flow estimated at 90 second-feet, February 6, 1914,

~ during period in which stage-discharge relation was affected by ice.

Ice.—Stage-discharge relation sericusly affected by ice; flow estimated from observer’s
notes, discharge measurements, weather records, and hydrographic comparison
with record of Wenatchee River near Leavenworth.

Drversions.—The Wenatchee Park Land & Irrigation Co. diverted a maximum of

" sbout 12 second-feet from Chiwawa River during irrigation seasons beginning in
1914. .

Accuracy.—Stage-discharge relation changed at high water on May 8, 1912; affected

. by ice December 17, 1911, to February 12, 1912, and January 23 to February 18,
1914. Rating curve used prior to the change fairly well defined up to 500
second-feet by two discharge measurements; curve used after the chauge well
defined below and fairly well defined above 900 second-feet by seven discharge .
measurements. Gage-height record fairly reliable. Accuracy of monthly means
indicated in table of monthly discharge. .
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Monthly disckarge qf Chiwawa River near Leavenworth, Wash., 1911-1914.

. [Drainage aresa, 181 square miles.] o . ’
Discharge in second-feet. Run-off. ' .
Month, Per v m&cen.
Maximum. | Minimum. | Mean. szq‘;illare Inches. | Acvefest, N
e.
7,010 | B.
91,600 | B.
51,000 | B.
19,700 | A.
7700 | A -
184,000 '
89 8,550 | A.
.2 12,200 | A.
o1 9,70 | C.
.84 9,100 | D.
834 290 8,690 | C. .
.812 .04 9,040 | A. :
3.4 384 37,000 | B.
10.5 12.11 117,000 | D.~
10.5 1.71] 118,000 | D.
4.03 4.65 ;900 | D,
1.82 2,10 20,300 | D.
1.05 117 11,300 | D.
3.05 41.52 | 401,000
LT3 .89 8,610 | D.
1829 2 8930 | D.
.829 96 9,220 | D.
713 .89 8,810 | D.
-994 1.04 10,000 | D.
1.05 1.21 11,700 | D.
3.76 4,20 ,500 | D.
9.39 10.83 | 105,000 | D.
14.9 16.62 161,000 | D,
8. 86 7.90 76,200 | A.
2.69 3.10 ,900 | A
1.94 2.16 20,900 | A.
3.73 50,72 491, 000
1.63 1.88 18,100 | A.
1.70 1.90 18,300 | A.
1.23 142 13,600 | A.
1.42 1.64 15,800 | C.
. 906 .94 59,110 | C.
2,01 2.32 22,400 | B.
7.02 7.8 75,600 | A.
9.28 10.70 | 103,000 | A.
7.57 8.45 81,500 | A.
450 5.20 51,000 | A.
1.67 1.92 18,600 | A.
1.2 1.38 13,300 | A.
3.34 45.67 440,000
October.......cocovceneenn. 368 173 242 1,34 1.54 - 14,900 | A.

o Estimated by percentage comparison with record of Wenatchee River néar I&evénworth; should be

used with caution.
. b Qorrected since publication in Water-Supply Paper 392, . '
¢ Includes estimats of diversion above gage for irrigation as follows: May and June, 10 second-fest; July,
12 second-feet; August, 9 second-feet; and September, 8 second-fest. ‘ ’



-t

32 WATER POWERS OF CASCADE RANGE, PART IV,

CHIWAUKUM OREEK NEAR CHIWAUKUM, WASH. -

LocarroN.—At trail crossing half a mile above mouth and 1 mile southeast of
Chiwaukum.

DRAINAGE AREA.—49.6 square miles (measured on topographic maps).

REcORDPS AVAILABLE.—June 2 to October 5, 1911.

Gage.—Vertical staff on left bank 10 feet above trail crossing

DiscHARGE MEASUREMENTS.—Made by wading. -

CHANNEL AND coNTROL.—Bed composed of gravel and boulders Control perma-
nent during period of record. Banks low; subject to overflow. Two cha.nnek
at high water. '

ExTREMES OF DISCHARGE.—Maximum stage recorded, 2.9 feet, June 12 (dlscharge
803 second-feet); minimum stage recorded, 0.55 foot, October 4 atid 5 (dlscharge

24 second-feet; mean flow as estimated for October, is lower).
Diversions. ——None

REecuLATION.—None. . ‘

Accuracy.—State-discharge relation permanent. Rating curve fairly well defined
by six discharge measurements. (Gage read to hundredths once. daily. Ree@ﬂs,
good.

Monthly discharge of Chiwaukum Creek near Chiwaukum, Wask., 1911.
[Drainage ares, 49.6 square miles.]

Discharge in second-feat. Run-off.

Month. Per o
Maximum. | Minimum.| Mean. sqml.;lare Inches. | Acre-feet. .
e. R

803 255 | 382 7.70 .59 22,700 | B
262 67| 154 3.10 3.57 9,470 | B
72 33 45,1 ) 1.05 2710 | B
4 27 34.4 .604 Rit 2,050 | B

........................ 20 .403 46 1,230 | D

........................................................ 38,200

aRecord for month completed by estimating discharge June 1 same as June 2.
bEstimated by percentage comparison with record of Icicle Creek.

ICICLE CREEK NEAR LEAVENWORTH, WASH.

Location.—In sec. 24, T. 24 N, R. 17 E., at Lamb’s ranch, 1} miles above mouth
and 2% miles south of Leavenworth

DraNAGE AREA.—211 square miles (measured on topographic maps).

REecorps avarLasrLe.—June 9, 1911, to October 31, 1914.

Gacee.—Vertical staff on cottonwood tree on left hank.

DiscEARGE MEASUREMENTS.—Made from cable 20 feet below gage or by wading.

CHANNEL AND coNTROL.—Bed composed of coarse sand, gravel, and small boulders.
Control permanent during period of record. One channel at all stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 8.1 feet at 8 a. m. June 3,
1913 (discharge, 4,760 second-feet); minimum stage recorded, 0.18 foot November
2-3, 1911 (discharge, 84 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; flow estimated from obser-
ver's notes, weather records, and comparison with records of Wenatchee and
Chiwawa rivers near Leavenworth. .

Diversions.—Some water is diverted for irrigation above station. Estimated diver-
sion above station added to give total flow.

ReauLaTION.—None.



‘WENATCHEE AND ENTIAT BASINS: . - .- 338

Accuracy.—Stage-discharge -relation permanent; saffected, by ice every winter.
Rating curve well defined by 16 discharge measurements. Gage read to hun-

dredths once daily. Accutacy of monthly means ifdicated: in table of monthly’

discharge. ¢
. . ra)
N ;
Monthly discharge of Icicle Creek (including diversions) near Leavenworth, Wash.,
1911-1914. - (
[Drainage area, 211 square miles.] . -
Discharge in second-feet. .| Combined run-offs.|
i C . ined. - . .
Month. . cicle Creek Esti Combined. , 4&;1:_-
mated N - Tacy.
Moz} | Mim glmsn per |Inches. Acre-feet. A
axi- - ver-
mum. | mum, | Me80. | gign g | Meat. sqqar.e
[
201 | "0.94| 112,000 | A.
3.25 | 3.75 42,100 | A.
1.11 1.28 14,400 | A.
103 115 12,000 | A.
355 | 16,12 181,000
526 | .61 6,920 | A.
‘.55 | 173 19,500 | A.
L1z | L2 14,600 | B.
1.04 | 120 13,500 | B. -
1.06 1.14 12,800 | A.
882 | 1,02 11,400 | A.
2.62 | 2.2 800 | A.
9.38 | 10.81 122,000 | A.
9.67 | 10.79 121,000 | A.
3.23 | 372 40,900 | A.
1.38 | 159 17,900 | A.
.08 | 1.10 12,400 | A.
2.79 | 3792 427,000 |
82| .79 8,850 | A
962 | 1.07 12,100 | A
.863 .99 1,200 { B
csas| .96 10,%00 | B.
145 | 151 16,900 | A
1.08 124 14,000 | A
2.87 | 3.20 36,000 | A
82 | 9.56 108,000 | A
14.2 | 15,84 178,000 | A
7.01 8,08 91,000 | A.
212 | 244 27,500 | A.
1.40 | 166 18,700 | A.
3.49 | 47.3¢| 533,000
L7 197 22,100 | A
1.77 198 ,300 | A
1.00 1.26 14,200 | A
2.01 2.32 100 | C
995 | 104 11,700 | C
1.8 | 214 24,100 | A
4.50 | 502 56,500 | A.
8.67 | 10.00 113,000 | A
6.8 | 761 85,700 | A
346 | 3.99 44800 | A
.18 | 1.38 15,300 | A
.801 .99 11,200 | A
202 | 89.68| 447,000
October.._..c..ceeenen... 470 130| 289 |........ 280 | 1.37 1.58 17,800 | A.

a Based on discharge measurementsand capatity of canal. Considerable errorin estimate of diversion
makes small error in combined flow.
.. b Estimated discharge Jan. 6 to Feb. 5, 1913, when stag:discharge relation was effected by ice, revised
gince publication in Water-Supply Paper 362; mean discharge estimated at 150 second-feet.
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PESHASTIN CREEEK AT BLEWETT, WASH.: : i

‘Location.—In sec. 12, T. 22 N., R. 17 E. (unsurveyed), at Blewett, 1} miles above
Negro Creek, 13 miles below Tronson Creek, and 13 miles above mouth.

DRAINAGE AREA.—40 square miles (measured on topographic maps).

RECORDS AVAILABLE.—June 13-22 and July 18-24, 1911; gage heights only. August
1 to December 15, 1911, and May 12 to July 7, 1912.

Gace.—Vertical staff on left bank just below tailrace of stamp mill and above dam
at placer ditch intake, installed August 1, 1911. Original gage nearer dam
affected by backwater. ‘

DisCHARGE MEASUREMENTS.—All measurements made by wading.

CHANNEL AND coNTROL.—~Bed composed of gravel. Contrgl remained permanent
during period of record.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 3.05 feet May 12 and 13, 1812
(discharge, 221 second-feet); minimum stage recorded, 0.42 foot August 25-31,
1911 (discharge, 2.4 second-feet).

Diversrons.—None.

ReguraTiONs.—None.

Accuracy.—Stage-discharge relation permanent. Rating curve poorly defined by, ) ‘}

gix discharge measurements. Gage read to hundredths once daily. Records fair:
CooPERATION.—(age-height record furnished voluntarily by J. W. McCarthy.

Monthly discharge of Peshastin Creek at Blewett, Wash., 1911-12.

i
Discharge in second-feet. Run-off -
Month. ; inacre- | ooy,
Maximum., | Minimum. | Mean. feet.
3.05 188 ('C. .
3.63 21861 C.
3.34 205 | C.
18.7 1,110 | C.
e 8.48 534 | C.
b 120 7,380 | C.
24.4 1,450 | C,
€6.35 300 | D.

o Based on actual record December 1-15, and comparison with record of Icicle Creek.
b Based on actual record May 12-31, and comparison with record of Peshastin Creek near Leavenwotth.
Gag; %lghts May 16-31, omitted from Water-Supply Paper 332-A.
ased on actuslrecord July 1-7, and comparison with record of Peshastin Creek near Leavenworth.

PESHASTIN CREEK BELOW INGALLS CREEK, NEAR LEAVENWORTH,
WASH.

LocaTron.—In sec. 24, T. 23 N., R. 17 E., at bridge at Allen’s ranch, three-¢ighths
mile below Ingalls Creek and 9 miles south of Leavenworth.

Dramvaee AREA.—101 square miles (measured on topographic maps).

Recorps avaruasie.—July 31, 1911, to July 27, 1912, fragmentary. Discharge dur~
ing breaks in record estimated by comparison with record of Icicle Creek.

Gace.—Vertical staff in three sections on right abutment of bridge.

D1scHARGE MEASUREMENTS.—Made from bridge at gage or by wading. .

CHANNEL AND cONTROL.—Bed composed of boulders. Control permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 4.5 feet at 6 p. m. May 20, 1912
(discharge, 1,560 second-feet); minimum stage recorded, 0.60 foot October 25 to
November 4 and November 11, 1911 (discharge, 18 second-feet). .
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Iex.—Gage not read during winter.
DrvERsions.—None above station.
Reeuration.—None. ] CL
AccurAcy~—Stage-discharge velation permanent. Rating curve fairly well defined
- below 600 second-feet by six discharge measurements. Gage read once daily.
Records fair.

Monthly discharge of Peshastin Creek near Leavenworth, Wash., 1911-12.
' [Drainage area, 101 square miles.]

Discharge in second-fest. Run-off.
Month. Per ggcy“
Maximum. | Minimum. | Mean. s%are Inches. | Acre-feet.
! a.
{
47.8| 0.473 0.55 2,040 | C.
8.7 .433 .48 2,600 | C.
2% .238 .27 1,480 | C.
a 65 .64 72 3,870 | D.
b 40 .398 .48 32,460 | D.
535 .347 .40 2,15 | D.
535 .347 .37 2,010 | D.
535 .347 .40 2,150 | D.
¢ 248 246 2.74 14,800 | C.
506 5.90 6.80 | . .38,600 | C.
278 3.74 417 23, 500 &
é111 110 .27 8,820
b 60 - 594 .68 3,600 | D,
b .396 44 2,380.| DI
139 1.38 18.72] 101,000

a Based on actual record Nov. 1~11 snd eompparison with record of Icicle Creek.
b Estimated by percent wm arison with record of Icicle Creek; should be used with caution.
¢ Based on actual recor: “f -30 and comparison with record of Teicle Creek.
Gﬂd Bas&d‘on actual record July 1-20and 27. Discharge July 21-26, interpolated; July 28-31, estimiated at
second-feet.

ENTIAT RIVER AT ENTIAT, WASH.

LooaTioN.—In sec. 18, T. 25 N., R. 21 E., one-eighth mile below power plant of
Wenatchee Valley Gas & Electric Co. (P1. V, B), three-fourths mile above Entiat
and 1 mile above mouth.

DrarvaeE AREA.—419 square miles (measured on topographic maps).

Recorps avaiLasie.—October 5, 1910, to March 31, 1919.

GaeE.—Inclined staff on left bank one-eighth mile below power plant. )

DiscHARGE MEASUREMENTS.—Made from bridge 200 feet below plant or by wading.

CHANNEL AND cONTROL.—Bed composed of gravel and boulders. Control shifts at
extremely high water. One channel at all stages. Left bank high, not subject
to overflow; right bank slopes gradually. )

EXTREMES OF DISCHARGE.—Maximum stage recorded 5.0 feet June 17, 1916 (diseharge,
5,150 second-feet); minimum stage recorded, 0.68 foot November 13, 1916 {die-
charge, 62 second-feet). Discharge may have been as low or lower during periods
in which stage-discharge relation was affected by ice.

Ioe.—Btage-discharge relation seriously affected by ice; flow estimated £rom ob-
server’s notes, discharge measurements, and weather records.

DiversioNs.—Several diversions above station for irrigation. The Entiat Irrigation
Co.’s canal, capacity about 15 second-feet, carries water past station. Flow past
gage in canal and depletion caused by irrigation above gage estimated and com-
bined with observed discharge to obtain probable natural run-off.

ReavramioN.—Changes in 1dad at power plant affect flow, especially at low water.
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Accuracy.—Stage-discharge relation for low stages changed on Juhe 4, 1913, June 1%;

1916, January 1 and June 13, 1918; affected by ice every winter.- Rating curved
used prior to June 13, 1918, fairly well defined by numerous discharge measure-
‘ments; rating curve used after that date well defined. Gage read to hundredths
daily. Some fluctuation at low water due to regulation at power plant. Open-
water records prior to June 13, 1918, good, after that date excellent; records
during periods in which stage-discharge relation was affected by ice, fair.

CooreraTION.—Gage-height record furnished by Wenatchee Valley Gas & Elec-
tric Co.

Estimated natural discharge of Ential River at Entiat, Wash., 1911-1919.
[Drainage area, 419 square miles.] !

Discharge in second-feet. Run-off.
Observed. Esti- Ac-
ed mated cue
diver-

Month. sion | Estic %
and de-| mated | Per Acre- | serv-
pletion | natural| square | Inches. teot od

Maxi- | Mini- | 3. | onac- | flow, | mile. ' data,
mum. | mum. * | count | mean. T

of irri-

g

tion.e
0.611| 0.7 , 700
687 | .77 17,100 | B. .
508 .50 13,100 { C. . |
.267 .31 6,880 | C.
287 .28 6,220 | C.
(544 | .63 14,000 | B.
1.28 1.43 32,000 | B.
2.58 | 2.97 ,400 | B.
4.46 4.98 111,000 | B.
1.43 1.85 37,000 | B.
.530 .61 13,600 | B.
480 | .56 13,200 | B.
1.14 15.47 345,000
.313 .36 8,060
322| .36 §030 | B. .
.282 .33 7,260 | B.
282 | .33 7,250 | B.
<277 .30 6,670 | C.
.327 .38 8,420 | B.
9431 L05 23,500 | B.
411 4.74| 106,000 | B.
4.22 4,71 105,000 | B.
1.23 1.42 31,700 | B.
518 .67 14,900 | B.
.377 .42 9,400 | B.
1.11 | 15.07 336,000
. 298 .34 7,690 | B.
305 | .34 7,620 | B.
.28 .36 7,600 | B.
268 | .30 6,640 | C.
.325 .34 7,560 | C.
356 | .41 9,160 | B.
.98 | 1.10 24,600 | B.
3.48 4,01 %8@ B.
6,42 7.18 160,000 | B.
2.5 | 292 65,200 | B.
. 754 .87 19,400 | B.
473 .88 11,800 | B.
L3V 18.66 417, 000

o Flow past gage in canal estimated from two discharge measurements and high-water mark in canal.

Ill;istaibu on b teim:’onﬂgg made on basis of si:f:‘;fsa;{ drieemrfd of vzi%naithch;o mlamﬂoxzslo)eh%t:tte'%w ?t
en. Depletion shove based on care! es of irrigation akima basin. T

P;y 369, pp. 50-55). '.l‘o%a)li depletion assumed to be 2.8 feet per acre. Basin is small and retun‘;p fﬁwyr

prgim;;ly reaches river in short time. Depletion is therefore distributed by months in same proportion as

% Based on actual record Oct. 5-9 and hydrographic comparison with Wenatchee and Methow rivers.

P
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Butimated matural discharge of Entiat River at Butiat; Wash., 1911-1919—Continued.

Discharge in second-feet. Run-off.
Observed. Esti-
mated ‘éf_'
diver- Esti 8¢
sion sti- of 0
Month. and de-| mated | Per: Acre- | serv-
pletion | natural} square { Inches. feot. ed
Maxi- | Mini- Mean, | On2c- | flow, | mile. . dats.
mum. | um. * | eoumt | mean. '
of irrf-
ga-
tion.
0.44 9,900.| B.
.43 9,580+ B.
.39 8,610 | B.
47 10,500 | B.
3 7,550 | B.
.64 14,300 | B.
1.94 43,400 | B.
490 | - 109,000 | B.
4.23 94,600 | B, -
2,06 , 200 | B.
.58 13,000 | B.
42 9,400 | B.
16.84 376, 000
6| 173 413 .48 10,600 | B,
........ 239 .570 .64 14,200 | B.
........ 161 384 44 9,900 | D.
...... | o ~303 .35 7,810 | D.
ceeeeea.f 111 . 265 .28 6,160 | B
........ 179 427  [49 11,000
844 2.01 2.24 50,200 ‘B
1] 991 2.37 2.73 60,800 | B,
141 718 1.71 1.91 42,700 | B
15| 290 .602 .80 17,800 | B.
15| 183 437|150 11,300 | B
12| 110 263 29 6,550 | B
........ 344 821 | 1L15 249, 000
104 U8 | .29 6,400 | B.
114 272 .80 6,780 | B.
8.7 | .2%8| .o 6,070 | C.
9.8 .219 .25 5,640 | C.
116 7 .30 6,670 | C.
........ 367 876 L0 , 800 | B.
41 857 2.05 2.29 51,000 | B.
11 1,840 4,39 5.06 113,000 | B.
14 13,170 7.57 8.45 189,000 | B.
15 12,100 5.01 5.78 129, 000 .
15 | 624 1,49 .72 8, 400 .
2] 238 . 568 .63 14,200 | B.
........ 811 1.94 26.35 588, 000
6] 169 .403 .46 10,400 | B.
........ 124 .296 .33 ,200 | B.
........ 107 255 .29 6,580 | C.
........ 107 255 .2 6,580 | C.
........ 112 <267 .28 6,220 | B.
........ 105 .251 .20 6,460 | B.
199 .475 .53 11,800 | B.
11 {1,200 2.86 3.36 73,800 | B.
14 12,230 5.32 5.94 133,000 | B.
15 |1,240 2,96 3.41 76,200 | B.
15 | "338 . 807 .93 , 800 | B,
12| 194 .463 .52 11,500 | B.
........ 511 1.22 16. 57 371, 000
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Estimated natural discharge of Entiat River at Entiat, Wash., 1911+1919—Continued :

Discharge in second-feet. Run-off.
Observed. Esti- A
mated o
ver-

Month. son | Esti- otmocg
and de-| mated | Per Acre- | serve
pletion | natural square | Inches.| p.or od

Maxi- | Mini- | oo | onac- [ flow, | mile, : date.
mum, | mum, * | count | mean.
of irri-
‘;u-
tion.
1917-18. )
T 0.317 0.37 180 | B.
. 289 .32 200 | B.
. 549 .63 14,100 { C.
119 137 30,600 | B.
.461 .48 10,700 { C. .
.346 .40 920 | B.
1.26 1,41 31,400 | B.
3.32 3.8 85,500 | B.
4.27 4,76 107,000 |- B.
1.29 149 | 33,300 | A..
.520 .60 13,400 | A. -
.320 .86 g0 A,
The year............ 3,120 |........ 488 1.18 18.02 358,000
.48 10,800 | A.
.32 080 | A.
.41 2201 A.
.40 040 | C.
.30 720 { A.
.42 350 | A,
........ 52,200

MISCELLANEOUS MEASUREMENTS.

The following miscellaneous measurements have been made in
the Wenatchee and Entiat basins.

Miscellaneous measurements in Wenaichee and Entiat basins.
Wenatchee basin. :

Tributary to or di- Dis-
Date. Stream verting from— Locality. charge.
June 14,1904 .| Peshastin.. 10, 800
June 16 1904 ‘Wenatchee. 13,100
Oct. 31911 A Above Lake Creok 34'
Oct. 4,1911 |._... A0 oo [ [ T, Above Rainy Creek............... 54
Aug. 21911 .00 [ TR IO [ L S, Three-ffg\l‘:ths mile above Wenat- 130
Sept. 16,1911 275
Oct. 3 1911 88
Oct. 2 1912 95
Sept. 11,1913 B T 226
Oct. 3, 1911 . Li%ile Wenatchee 12.4
Oct. 4,1911 | Rainy Creek. do 16.2
Sept. 13, 1911 | White River ..| Above Indian Creek.. 132
Sept 11 1913 {..... R . G%ng statlon 4 miles “al 391
Sept 13,1911 . Mau 53
Do.......| Cougar Creek........|.....d0..ceoceeeenucifannan 37.8
..... dn 200

Sept. 12,1911

‘White River.




Miscellaneous measurements in Wenatchee and Entiat bagins—Continued.
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‘Wenatchee basin—Continued.
Tributary to or di- Dis-
Date. Stream. verting from— Locality. charge,
Sept. 14,1011 | North Fork of White | White River........ Mouth......... - 125
Do.......| Twin Lakes outlet .| North Fork of |..... L+ 1 D, 2.3
Sept. 11,1011 .| Above Wildhorse Creek. 18.2
Feb. 10, 1912 Gaging station near Nasi 184
June 11,1912 |- ldos s L1l o L e e, 1,080
8eéps. 13 1913 do .do... 28
Sept. 11,1911 | Wildhorse Creek. . ..| Nason Creek. .| Mouth........... 22.2
Aug, 15,1914 | Wenatchee Park | Chiwawa River. ... . Ha.lf a mﬂe below intake.......... 9.2
Oct, 48015 ....d0...c..cooveefoeoaa@0o. coiiiiiiii e O i rieaaeaaanans . 22
Sept. 12,1013 46.5
Nov. 28,1010 | Beaver Creek.......|.....do.............] Mouthi. . .c.ooviieiuriinannannnnn 3.6
Mar, 11,1001 |.....d0...cevuneeeenifenenon ool fliidOe.aian s 3.6
Sept. 24,1011 .| Above Jack Creek. ... .. N 108
Do....... .| Above Eightmile Creek. . 148
Aug. 24,1 10 miles above mouth.. . 262
Sept. 24, 1911 th 25.6
Do....... 7.9
....... 21.7
Sépt. 18,1911 16
Sept. 7,1912 59
Sept. 81913 7.7
Sept. 23, 1914 .do 7.8
Sept. 25,1014 | South  branch of 8.8
Icicle canal.
June 9,1911 | Suow Creek 53
B o 3
11 1., E
¥ 27 1911 9.4
Sept. 18,1911 2.0
Sept. 7,1912 6.8
Sept. 81913 2.0
Sept. 23, 1914 7.3
June 14,1904 521
t. 26, 1914 LT
Sept. 21 1911 4.1
Sept. 22, 1011 21.1
July 31,1911 42.9
Sept. 22,1011 |.....00. - . .oooninofooa@0n e oo 80.9
Sept. 21,1011 | Beecher Aitch. ... . |oeeec@Oinianne ceemii|einarerseasrsonsncssesnsnneaseionson 6.1
Sept. 25 1914 Near Icicle canal s&sgn, Y mﬂe .4
above mouth of P tin Creek.
Do....... d .3
Do....... 81
Do....... 2.3
Do....... 1.8
June 15,1904 | Wenatchee Irriga- | Wenatchee River...| Above power plant................ 60
tion District canal.
June 12,1909 do 92
Tuly 26,1904 42
June 12,1909 26.7
Sept. 25, 1911 .2
Sept. 10,1913 1o
Apr. 3 1907 194
Apr. 6 1910 113
ay 20 1910 [.. a75
Nov. 26,1910 e1j
Entiat basin.
Sept, 26,1912 | Entiat River........ Columbia River ..... 3 miles above Stormy Creek...... .| 8
Do....... Mad River.......... Entiat River........| Mouth B I 21.0
Sept. 26,1911 Entiml Irrigation |..... L: 1) TR Opposite power plant., 5.3
canal
Sept. 23,1913 {..... L [+ T IO [ [ SN SO

e Estimated.
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Summary of estimated natural chacharge, by climatic years, for Wenatches awd’ Entiat
rivers and tributaries.

Minimum ealendar Discharge per Run-off.
month, square
Year
Mean
Stream and location, | °2ding Mini
S;gt. for year - -
" o> | Month Y| mum | Mean. | 4 cre feet. | Incties.
charge. . calendar | for year. . ,
month.
Sec.-ft. Sec.~ft. | Sec~ft. | Secsft. o
‘Wenatchee Rivernear | 1910 |. 620 | September.| 2,990 L 5.08 | 2,170,600 | 68.78
Leavenworth e
501 | February.. 2,170 1,00 3.67. 1, 870,% 40,0
400 | October.... 2,070 877 3.50 | .1,506,000 47.60
483 |..... do..... 2, 500 817 4.23 l,gm . 57,37
666 | February..| 2,090 1.13 3.6¢ | 1, 48.06
402 | September. 1,360 .680 2.30 m 3131
547 | January.... 2,810 .928 4,75 2, - 64,83
408 | December..| 2,160 . 690 3.65 | 1,560,000 | 40
517 | October.... 2, 500 .875 4.23 1, 810, 000 57.43
519 |oeeeieennnnnn 2,200 .872 3.88 1, 860, 009 .76
885 | October 3,240 .61 2.63 | 2,350,000 | 34.39
965 | December..| 2,870 .784 2.24 | 2,080,000 | 30.88
1,040 | January... 4,300 .812 3.36 | 3,110,000 [ 4488
1,050 tember.| 3,870 .820 | 3.02 | 2,810,000 | 411
770 | February..| 3,180 .602 2.48 | 2,310,000 | 3377
968 teraber . 4,470 . 807 3.72 3,230,000 | 50.51
900 | Fe .. 3,180 .750 2.65 2,300,000 | - 35,99
709 | October.. 2,990 501 2.49 | 2,170,000 | 33.96
756 |. ... do..... 3,760 629 | 3.13 | 2,730,000 88
1,030 | September.| 3,190 .858 2.66 | 2,310,000 | 36,07
689 |..... do..... 2,030 574 1.69 1, 470,000 22.05
803 | January.. 4,520 669 | 3.77 | 3,280,000 | 51.25
690 | Decem 3,230 576 2.69 |.2340,000 | 36,60
857 |eceomenenns 3,440 698 279 | 2,490,000 33.09
317 | Beptember.|.......... 2.11 |...... S N P .
150 | October... 701 1.00 4.67 509, 000 63,
L7 YOS T U 7 O IOk (14 % PO 4.47 486,000 | 60.74
Nason Creek near Na- | 1911 72,7 | August.....|.oooeao... I 1 A VRN SRR MO
son.
Chiwawa River near | 1611 231 | September.|.......... 128 l.oo..... [ PP A,
Leavenworth.
Do 139 Octt()iber. wes 552 . 768 3.05 401, 000 41.52
M0ty 676 |  .773| 3.73 | 490,000 50.72
164 February. . 604 . 906 3.34 440, 000 45.87
Mean...........lec...... 168 |.eaeni..... 611 .932 3.37 444, 000 45.97
Chiwaukum Creek | 1911 34.4 | September.|.......... I I TR RO
near Chiwaukum.
Icicle Creek mear| 1911 | 217 |..... do.... |t D% 1 2 PR DR
Leavenworth. -
D 588 .526 2.79 427,000 37.92
736 .682 3.49 , 000 47,34
616 . 801 2.92 447, 000 . 68
Mean 647 .782 3.07 469, 000 41,685
Peshastin Creek near | 1912 139 .238 1.38 101, 000 2
Leavenworth.
Entist RiveratEntiat| 1011 | 11z [SRuefy--}  g78| 267|114 | 345,000 | 1647
February .. 463 2 L1 ,000 |  15.07
January.... 576 . 258 1.37 417,000 18.66
February. . 520 325 .24 376, 000 16.84
September 344 . 263 . 821 249,000 | 1%13
Ianusry 811 . 219 1.94 ,000 | 26.35
March...... 511 .251 1.2 371,0[&) 16.57
November . 494 .289 1.18 000 16.02
............. 625 .269 1.25 380, 000 17.02
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A ST . IRRIGATION. oo .

' PRESENT DEVELOPMENT.

L ' GRAVITY SYSTEMS. ( ‘
During the irrigation season of 1918 water distribuﬂ:ed through the
gravity 'systems diverting it from Wenatchee River’ or tributaries
served about 20,500 acres of land. Nearly 4,000 acres of the arés
irrigated lies on the east side of Columbia Rlver Somie features of

the systems as reported by P. S. Darlington, distriet horticultural
ms;»ec’bor, Wenatchee, Wash., are shown in the’ fcrllow?mg table:

Granity irrigation systems in the Wenatchee baami

1
Eleva- | Length | Area
System. Diverting from— - | tionat | ofmain y
‘ intakd. | canad. '| in 1918
Fuet! | Miks. | Acres,
‘Wenatchee Reclamation District........... ‘Wenatchee River............ 087 .40 11,200
Jones & Shotwell ditch.........ccoovvevennsfennn. L L T . 600
’ iati eon-odo.. . e -8 1,000
_| Chiwaws Hive G2, 15 150
..| Icicle Creek. . 1, 42 2,380
Jesans do........ vee ) 99 I 4 3 PP 197
.. BnowCreek........o...coiiifiienian IS DU
..| Chumstick and Eagle creeks.i....... P PR 890
....... . Pesl:lasthreek............. a 602

o Estimated; accuracy uncertain. '
b This total includes 2,130 acres served by water pumped from gravity systems

-

The largest gravity system in the Wenatchee basm is operated by
the Wenatchee Reclamation District. The original conduit, formerly
ocalled the Wenatchee high line; was constructed in 1902; and water
wags first delivered in 1903. This conduit, which was extended in
1907 to serve land on the east side of Columbia River, was afterwards
enlarged and improved. Water is diverted (Pl. VI, 4A) by low
timber-crib dams built across two channels of Wenatchee River and
is carried by a canal on the left side of the valley for 1.1 miles to the
Dryden power plant (p. 71), where a part of the water is used and
the remainder is delivered for irrigation. Below the power plant
the water is carried by flume, tunnel, canal, and pipellines to a point
on the left side of the valley near the mouth of Wenatchee River,
where the conduit branches. The smaller branch; delivers water
to land on the left side of the river; and the larger branch crosses the
river, serves land near Wenatchee, and extends across Columbia
River to irrigate land in Douglas County. The main conduits con-
sist of 1.6 miles of tunnel, 2.6 miles of flume, 5.3 miles of pipe line,
7.7 miles of concrete lined canal, and the remainder unlined canal.

t
|
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One of the oldest gravity systems in. the valley is operated by the .

Pioneer Water Users’ Association. The main conduit, commonly
known as the Gunn ditch, was constructed in 1896 by the Wenatchee

Water Power Co. It diverts water from the left side of Wenatches - )

River nearly opposite the town of Monitor and serves land on the

north side of the river between the intake and Columbia River. A& - °

branch that crosses Wenatchee River near its mouth furnishes water
toland near Wenatchee. The main conduit is a canal which is unlined
except for 2,000 feet of pipe line and 205 feet of flume. ‘
The Icicle Canal Co. began construction in 1910 and delivered water
on the north side of Wenatchee River in July, 1911, and on the south
side in July, 1912. The water is diverted from Icicle Creek and is-
carried about 7 miles by flume along the right side of the valley to

a point opposite Leavenworth, where the conduit branches. One .
branch crosses Wenatchee River on a bridge about a mile below . :

Leavenworth, and the other branch extends down the right side of’
the Wenatchee Valley. The main conduit consists of about 4 miles
of pipe line, 11 miles of flume, and 27 miles of canal. ,
The Peshastin ditch is the largest diversion from Peshastin Creek.
It was constructed in 1898, or possibly earlier, to irrigate land near
the mouth of Peshastin Creek and along the south side of Wenatchee -
River between Dryden and Cashmere. Except for about 1,000 feet
of flume the main conduit consists of unlined canal.

PUMPING SYSTEMS.

Pumping systems in the Wenatchee Valley and along Columbia
River from Chelan to Wenatchee have been operated successfully for
several years. Nearly 4,700 acres was irrigated in 1918 by about
60 pumping plants. The areas served by different types of pumping
plants, as reported by P. S. Darlington, district horticultural inspector,
Wenatchee, Wash., are as follows:

Areas in Wenatchee Valley and in a part of the adjoining Columbia Valley irrigated by
mping.

pu
Area .
Type of plant. . ) in 1018
: (acres). -
85
30
4,691

The water for 2,265 acres of the total area irrigated was furnished
from Columbia River, that for 2,130 acres was pumped from gravity
systems, and that for the remaining 296 acres was pumped directly
from Wenatchee River.

3,762
814
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PROSPECTIVE DEVELOPMENT.
 IRRIGABLE AREA. "

The present irrigation systems that divert water from Wenatchee
River and its tributaries will probably be extended to serve about
8,000 acres more than was irrigated in 1918. In order that proper
allowance for irrigating this additional area maybe made in the power
analyses, it has been estimated that Chiwawa River will supply water
for irrigating an additional area of 2,900 acres, Icicle Creek for 2,200
acres, Chumstick Creek for 400 acres, and Wenatchee River proper
for 2,500 acres. Part of this additional area will be irrigated by pump-
ing from the present gravity systems.

The systems in Entiat Valley will probably not be enlarged greatly.

QUINCY PROJECT.
GENERAL FEATURES.S

The irrigable area in the proposed Quincy project embraces a
plateau lying slightly southeast of the geographic center of the State.
This area is roughly rectangular and is about 36 miles long and 30
miles wide; its longer axis extends east and west. The Great Northern
Railway parallels the west half of its northern boundary, and the
Chicago, Milwaukee & St. Paul Railway, which extends along Crab
Creek, forms the southern boundary. Columbia River limits it on
the west, and the township line between Rs. 28 and 29 forms its
approximate eastern boundary. This project covers about 1,080
square miles, of which at least 450,000 acres is readily irrigable if a
snitable water supply is provided.

The tract to be irrigated is divided into two parts by the French-
man Hills, a narrow ridge that ranges in elevation from 1,500 to 1,700
feet and that extends east and west. About two-thirds of this tract
lies north of the Frenchman Hills and consists of a rolling plateau
free from marked surface irregularities. It slopes gradually to the
' east and south and includes elevations ranging from 1,000 to 1,400
" feet. The remaining third slopes rather steeply but regularly south-
ward from the Frenchman Hills to the low basaltic bluffs directly
north of the Crab Creek valley. 0

The soil® is the basaltic loam that is characteristic of ¢entral
Washington. Much of it is similar to the soil in the Sunnyside proj-
ect, in the Yakima Valley, and if it is properly irrigated it will
be well suited to diversified farming.

The climate is favorable for irrigation. The mean annual tem-
perature is higher, the period between killing frosts longer, and the

, B Abstracted in part from Landes, Henry, and Jacobs, Joseph, Preliminary report on the Quincy Valley
irrigation project: Washington Geol. Survey Bull. 14, 1912.

" 8 Mangum, A. W., Van Duynse, Cornelius, and Westover, H. L., Soil survey of the Quincy srea, Wash.:
V. 8. Dept. Agr. Bur. Soils Field Operations, 1911, 64 pp.; 1013.
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precipitation in July, August, and September slightly greater than
on the Sunnyside project, in the Yakima Valley, where irrigation has
proved very successful. _

The sources of water supply considered for irrigating the Quincy
project are Clark Fork, Spokane River, Columbia River, Moses Lake,
Crab Creek, ground and artesian water supplies, and Wenatchee
River. Considerable evidence has recently been obtained to indicate
the feasibility of irrigating, by diversion from Clark Fork, 2,000,000
acres of land in the arid region of east-central Washington, which
would include the aréa here described. The immensity of this
undertaking and its great initial cost have heretofore d;lscouraged ,
those who have made investigation having this end in view, but it
now seems that an enormous area can be reclaimed at a reason-
able cost if the proper Federal and State agencies will finance and
execute the plan. Until recently, however, it has seemed that the
Quincy Valley tract could be most economically irrigated by diver-
sion from Wenatchee River. )

Preliminary plans call for a diversion on the left side of Wen-
atchee River at an elevation of about 1,600 fect at a point 14 miles
above Fall Creek, the water to be carried through a tunnel about 3
miles long into Freund Creek canyon, thence along the Chumstick
Valley to the north side of the Wenatchee, and thence parallel to it
for about 31 miles to Columbia River. The proposed conduit will
cross the Columbia Valley about 3 miles north of Wenatchee and
extend southeastward along the Columbia for 21 miles to Moses
Coulee and thence eastward for 12 miles to the end of the main canal
at an elevation of 1,340 feet, about a mile north of the town of
Quincy. The main canal will be about 65 miles long, will have a
capacity of about 5,000 second-feet, and will require lining throughout,
except for a stretch of 5 or 6 miles, and as it will traverse & mountain-
ous and hilly country it will involve considerable rock work and
heavy construction and will require siphons across seven wide valleys.
The Columbia River crossing, nearly 2 miles long, will be the mast
difficult piece of work. A bridge for supporting the conduit across
the Columbia may not be practical, because clearance is necessary for
navigation and because the weight of conduit and water would repre-
sent a'load at least five times that imposed upon the heaviest modern
single-track railway bridge. The preliminary plan proposes the use
of & pressure tunnel similar to the aqueduct under Hudson River,
N.Y. The tunnel will be about 22 feet in diameter and will operate
under a maximum head of about 1,000 feet:

ADVERSE WATER RIGHTS.

Rights to use water from Wenatchee River for operating power
plants (pp. 70-72) have been acquired by the Great Northern Railway
Co., Tumwater Light & Power Co., and Wenatchee Valley Gas &
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Electric Co. The Great Northern Railway Co. claims a right to 525
second-feet ” of water and has sufficient machinery capacity to use that
amount continuously. If a flow of 525 second-feet is maintained at
the diversion works of the Great Northern plant the other two plants
can operate continuously at full capacity and yet all the demands of
irrigation will be met.

About 20,800 acres of land was irrigated from Wenatchee River
and its tributaries during the season of 1918. It is estimated that
during the season of 1915, when the flow of the river was very low,
enough water entered the river system below the proposed diversion
dam of the Quincy project to irrigate 24,000 acres.

The entire water supply above the point of the proposed diversion .
may therefore be used for the Quincy project without affecting present
irrigation rights. However, diversion of the total flow for the Quincy
project would render the Great Northern plant useless and would
‘damage to some extent the rights of the Wenatchee Valley Gas &
Electric Co. at the Dryden power plant.

WATER REQUIREMENTS.

The amount of water required for successful irrigation varies con-
siderably with climate, textureé, and composition of soil, subsurface
drainage, and kind of crops raised. The climate and the character-
istics of soil of the irrigable areas in the proposed Quiricy project are
similar to those in the Sunnyside project in the Yakima Valley. Sta-
tistics® compiled by the United States Reclamation Service have been
considered in choosing the probable water requirements for the
Quincy project shown in the following table:

Water requiremﬁta Jor the Sunnyside and Quiney ‘projecta.'

Sunnyside, 1912-1918. Quincy, as chosen.
|

Depth in s Depth in
feet onarea| Per cemt. {feetonarea| Percent.
- {rrigated. . irrigated. .
T T ”
Total diversion for direct US@. e vereancunncasansnannnnns %+ O NP, 420 |eeenanannn.
Deliv to farms:
ery 8 87 0. 2& 8
.54 17.5 .51 17
.54 1.5 ) 18
.59 19.1 .58 19
.55 17.8 .55 18
.36 11.6 .36 12
24 7.8 .24 8
) 3.00 100.0: 3.08 . 100

mlgm.—'l‘he ares irrigated in the Sunnyside project ranged from 62,800 acres in 1912 to 84,650 acres in

? Ti(llefmmimum flow (see p. 54) at the mtak? of the Groat Northern plant has been estimated at 451
secon
8 Moﬂtz E. A., Tables showing quantities of water used on projects of the United States Redamstion
ce: Reclamation - Rec., vol. 9, p. 538, 1918.

8229522 wep 486——4 ,
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The Sunnyside canal is unlined and is longer than the proposed
main canal of the Quincy project, which will require lining for about
90 per cent of its length. The losses in delivery to. the proposed
Quincy project are estimated as follows: Waste in regulation and
seepage in the main canal, 13 per cent; seepage in the distribution
system, 17 per cent. A total diversion of 4.2 feet reduced by these
losses would yield 3.03 feet for use on the farms. Greater economy
in the delivery, distribution, and application of water will be effected
in all the projects as the value of water increases. The data here
chosen to determine the limits of the project in acres seem to give
reasonable results. If experience proves that greater economy is
possible, a larger tract may be watered.

WENATCHEE LAKE RESERVOIR.

PROPOSBED DAM.

Wenatchee Lake (Pl. II; Pl. VII, D, E), which has an area of
2,830 acres, lies at an elevation of 1,870 feet and receives the drain-
age of 277 square, miles of mountainous country. Chiwawa River
and Nason Creek, which have an aggregate drainage area of 290
square miles, enter Wenatchee River a short distance below the lake
and can be diverted to a large reservoir.

Several sites are available for a dam to create a reservoir embrac-
ing Wenatchee Lake. The site chosen by preliminary investigation
for the Quincy project is 3.1 miles below the lake, in secs. 26 and 35,
T. 27 N., R. 17 E., where the elevation of the stream bed is 1,854
feet. An earth-fill dam, 20 feet wide at the crest, with upstream
slope of 3 to 1 and downstream slope of 2 to 1, is contemplated.
Parallel concrete cut-off walls supported by bedrock will extend 5
feet into the body of the dam. The slopes will be protected by rip-
rap 18 inches thick. The length of the dam on the crest will be
4,446 feet, and the volume will be 4,600,000 cubic yards. The pro-
posed spillway will extend around the south end of the dam, will be
lined with concrete, and will have a capacity of 25,000 second-feet.

As the dam site is above Chiwawa River, it is proposed to divert
the flow of that stream into the reservoir by a canal less than 2 mlles’
long, having a capacity of 2,000 second-feet.

CAPACITY.

The capacity of the proposed Wenatchee Lake reservoir was de-
termined by measuring areas within 10-foot contours on Plate VII, .
D, E, and computing the volume between contours by the mefhod _
of average end areas. One engineer measured each area three times
with a planimeter, using the scale indicated on Plate VII, D, E, for
deriving coefficients applicable to planimeter readings. Another
engineer remeasured the areas within the contours of 1,980 and 1,990
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feet with a different setting on planimeter arm. Then both engineers,
working independently, computed and checked all computations of
area and found that the respective areas inclosed in the contours of
1,980 and 1,990 feet agreed within less than three-fourths of 1 per
cent. By using different settings on the planimeter arm both engi-
neers determined and checked the area within the 1,985-foot contour
as traversed for the Quincy Valley Irrigation District. The area
measured on traverse checked the average area between the contours
of 1,980 and 1,990 feet within one-half of 1 per cent. The areas and
capacities determined are shown in the following table:

Areas and capacities of Wenatchee Lake reservoir.

Contour Contour
cleva- Area. Capacity. || eleva- Area. Capacity.
tion. - tion.

Feet. Acres. Acre-feet. Feet. Acres. Acrefeet.
1,870 2,830 o || 1,90 12,040 695,000
1,880 3,980 34, 1,970 12,580 818, 000
1,890 5,330 80, 600 1,980 13,210 947, 000
1,900 6,380 139,000 || 1,985 | «13)400 | 1,014,000
1,010 7,100 207,000 1,990 13,680 1,082, 000
1,920 7,950 222,000 | 1,995 13,910 | 1,151,000
1,930 9,080 367,000 2,000 14,140 1,221,000
1,940 10,700 466, 000 2,006 14,370 1,202,000
1,950 11,530 577,000 || 2,010 ,600 | 1,364,000

e Measured from traverse surveyed by engineers of the Quincy Valley
Irrigation District.

RUN-OFF AVAILABLE FOR STORAGE.

The gaging station on Wenatchee River near Leavenworth (p. 19)
was established in November, 1910, and has been maintained since
that date in cooperation with the Quincy Valley Irrigation District.
Records of daily discharge have been obtained for more than eight
years to determine the run-off available for the proposed Quincy
project. ‘

The run-off available for storage is less than that recorded at the
gaging station on account of differende in drainage area, evaporation,
loss by Chiwawa diversion, and loss by seepage through the reservoir
dam. )

Difference in drainage area.—The area supplying water to the pro-
posed reservoir, including the area of the Chiwawa basin above the
point of diversion into the reservoir, is 29.9 square miles less than at
the gaging station. A comparison of the run-off at the gaging sta-

" tion on Wenachee River near Leavenworth increased by the run-off

from Chiwaukum, Icicle, and Peshastin creeks with the recorded dis-
charge of Wenatchee River at Dryden indicates the yield of the in-
tervening low-lying area that has characteristics similar to the area
of 29.9 square miles just mentioned. It is reasonable to assume,
however, that the yield of the 29.9 square miles will be slightly larger,
because it lies at a higher elevation and doubtless receives greater
Pprecipitation.
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Evaporation.—The loss by evaporation from Wenatchee Lake at
its present area of 2,830 acres need not be considered because the
records made at the gaging station on Wenatchee River near Leaven-
worth indicate the run-off after that loss has been deducted. The
reservoir will have sufficient capacity to regulate the run-off for a
period of years, considering the excess water contributed during the
years of high yield for use during the years of low yield. Conse-
quently, the area of the reservoir will seldom be as small as the
present area of the lake, so that evaporation from the increased area
should be deducted from the run-off recorded at the gaging station.

As records of evaporation for Wenatchee Lake are lacking, evapor-
ation has been estimated from records obtained on Kachess Lake by
the United States Reclamation Service. Wenatchee and Kachess
lakes, which are on the eastern slope of the Cascade Range at about
the same elevation, are only 45 miles apart and have similar climatic
charateristics.

The records of evaporation on Kachess La,ke are fragmentary but
extend over part of each year for 1906-1908 and 1910-11. The
evaporation pan was 3 feet square and 1} feat deep. It was partly
submerged in the lake some distance from the shore and was pro-
tected from wave action by two concentric log booms chained to-
gether. Average evaporation, by months, as computed from the
observations made, is shown in the following table:

Average evaporation, in feet, observed at Kachess Lake.

Observed Observed Observed
Month, evapora- Month. evapora-| Month. evapors:
tion. tion. | tion.
|
October........oooone.. 20.03" 0.20
November, .04 .37
. December... . .07, .36
© January....c.ceeeiaae.. .09 .21
TOtal {0 AVETAEE JOAL- - oo eenniecreeemaececaacsasremiacsesconsruansnnnsrascesmeascnssncnsannasans 1.87

@ No evaporation observations during January and February; values assumed arbitrarily.
NOTE. —Avera%e for March, November, and December computed from records for those months during

only two years of period

It seems to be well established that the evaporation determined by
observations taken as just described is larger than the actual evapora-
tion from large bodies of water, because evaporation from those bodies
is diminished by a “vapor blanket.”® As Wenatchee Lake lies 350
feet lower than Kachess Lake the average temperature must be
slightly higher and the loss by evaporation slightly greater. Nega-
tive corrections on account of “vapor blanket’ are doubtless greater

¢ Duryea, Edwin, and Haehl, H. L., A study of the depth of anm ‘ evaporation from Lake Conchos,
Mexico: Am. Soc. Civ. Eng. Trans., vol. 80, p. 1831, 1916. Sleight, R. B., Evaporation from the surfaces
of water and river-bed materials: Jour, Agr. Research, vol. 10, p. 237, 1917.
I
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than positive corrections on account of difference in elevation and
temperature, and the figures showing the observed evaporation at
Kachess Lake have therefore been used for computing loss by evapo-
ration from the increased area in the proposed reservoir, because
it is advisable to make allowance for a slightly greater loss than will
be sustained.

The increased area in the proposed reservoir was determined from a
preliminary mass diagram similar to that shown on Plate III and
from the table showing the area and capacity of Wenatchee Lake
reservoir on page 47.

Loss by Chiwawa diversion.—During normal years very little water
will pass the diversion dam if the diversion conduit is constructed
with a capacity of 2,000 second-feet. During years of high water
considerable water will pass the diversion dam in May and June, but
the quantity will be small as compared with the total flow of Chiwawa
River, and it will be available at the headworks of the project for
supplying the demand for irrigation. The delivery from the reservoir
could be so regulated that there would be no loss of water.

Loss by seepage at reservoir dam.—Some loss by seepage through the
proposed earth-fill dam must be expected, but it may be assumed that
the loss will not be more than 1 per cent of the flow into the reservoir,
because an earth-fill dam would not be safe if more than 20 second-
feet passed through it. During the. irrigation season, which includes
seven months of each year, the loss through the dam will be available
for use at the project headworks. The loss during the remainder of
the year will be too small to be considered, when other larger un-
known or incomputable losses influence determinations.

The run-off available for storage, computed from the discharge at
the gaging station on Wenatchee River near Leavenworth after taking
into account the negative corrections for difference in drainage area
and evaporation is shown in the following table:

Estimated run-off, in units of 1,000 acre-feet, available for storage in Wenatchee Lake
reservoir, November, 1909, to October, 1918.

January. February. Mareh, April.
Year.
1-10 | 11-20 | 21-31 | 1-10 | 131-20 |21-28a| 1-10 | 11-20 | 21-31 | 1-10 | 11-20 | 21-30
19.4 1 18.2| 20.3 | 19.6| 18.2| 13.5| 30.¢| 53.8| 91.3 | 50.2 | 55.7 | 161.0
19.5) 16.5) 17.0| 13.1| 1.2y 7.7] 9.0 11.8| 35.1| 41.0{ 354 9.5
10.7 | 15.7] 17.8| 15.2| 16.0| 13.1| 11.1] 10.2| 17.0| 86.2| 47.1 49.8
13.6| 11,6 12.3| 11.4] 17.31} 154 | 150} 16.6| 16.1| 14.2| 451 | €2.5
24.3 | 26.4| 19.4] 13.9 11.7| 10.6 | 16.2| 27.2 | 46.7| 39.5| 85.4 72.7
11.5 9.5 8.4 8.7 8.0 8.5 8.2 15.8| 36.7| 79.9| 711 59.6
99| 99| 133| 11.7| 150 151 18.0| 42.7{ 38.8| 45.2| 65.2| 68.4
.| 86| 7.8f 93| 1L.1} 12.3]| 93! 63| 80| 10.1 9.7| 150 24.3
158.0 | 47.5] 36.3 | 27.6 | 25.7| 15.2| 16.0| 14.6 | 26.9| 34.2| 46.9| 848

a Feb. 21 to 28 in leap years, 1912 and 1916.
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Estimated run-off, in units of 1,000 acre-feet, available for storage in Wenaichee Lak®
reservoir, November, 1909, to dctober, 1918—Continued.

May. June. l July. [ August.
Year.
1-10 | 11-20 | 21-31 | 1-10 | 11-20 | 21-30 | 1-10 | 11-20 | 21-31 ' 1-10 | 11-20 | 21-31
154.0 1 169.0 | 194.0 | 117.0 | 113.0| 72.7| 83.5| 71.6| 49.2| 32.4| 25.4 17.3
86.5| 70.5| 96,2 125.0) 155.0 | 83.6 ! 63.1| 58.8| 39.6) 23.8] 157 14.3
88.2 | 161.0 | 161.0 | 134.0 | 128.0 | 130.0 | 63.6 [ 54.0| 37.1 | 23.4| 20.0| 7.7
72.6 | 105.0 | 185.0 | 236.0 | 173.0 | 154.0 | 126.0 | 91.6 | 100.0 | 49.4 | 27.2 23.1
0]131.0}127.0| 94.9)101.0 ) 69.1) 76.5| 54.3| 33.5| 22.3} 17.9 15.4
9| 48.5| 50.4 | 44.8| 34.1| 253 | 27.6| 14.8| 17.8| 153 13.9 14.7
0] 97.1]131.0 | 137.0 | 235.0 | 179.0 | 154.0 | 143.0 | 93.2 | 66.4| 49.3 39.2
11109 0} 160.0 | 150.0 | 166.0 | 156.0 | 160.0 | 136.0 | 76.4 | 43.9 | 33.4 25.4
0] 96.6{ 77.5|120.0 | 160.0 | 114.0 | 68.7 [ 59.9| 36.1 | 24.2| 18.4 17.4
September. October. November, December.
Year. -
1-10 { 11-20 | 21-30 | 1-10 | 11-20 | 21-31 | 1-10 | 11-20 | 21-30 | 1-10 | 11-20 | 21-31
.......................................... 39.4| 33.1)153.0| 94.5| 42.9| 27.7
12.6 9.6 11.7| 42.6| 38.7| 39.6 | 42.2| 47.2) 87.7| 32.7| 210 21.7
15.1 | 16.4| 10.8 7.9 7.6 7.2 85| 25.5| 42.7| 21.4, 17.2 15.2
13.71 10.7 8.7 8.3 9.1 10.56] 10.4| 13.8] 18.2| 16.6 | 12.9 12.4
20.7| 19.4| 153 12.2 | 31..8( 30.6| 19.5| 26.6 | 20.3 | 21.2| 15.4 13.6
1.0 12.0} 16.5| 12.8| 19.1| 24.6| 56.1| 39.4 | 36.2( 25.7( 14.1 14.2
9.3 6.5 6.5 8.3 9.2/ 19.7| 28.0( 15.0| 12.3| 11.4| 10.6 13.6
26.4( 16.1| 13.2 9.6 8.9 9.6 12.4f 11.0 8.8 8.4 7.9 7.9
15.4 ) 14.5| 12.2 | 12.6 9.0 85 12.1'( 10.5( 16.9| 11.3{ 64.3 | 147.0
13.3 1 12.2 ) 10.0] 12.1] 204§ 23.2 [-ceieie]|ierreac]earaniionannne]recnnee]nacnnns

Note.—Flow Nov. 1, 1909, to Nov. 26, 1910, at gaging station on Wenatchee River near Leavenworth,
Wash., estimated by comparison with records at gaging station on Wenatchee River at Cashmere, Wash.

Total run-off Nov. 1, 1909, to Oct. 31, 1915, equals 9,319,400 acre-feet, which is equivalent to a continuous
flow of 2,145 second-feet.

ANALYSIS OF THE MASS DIAGRAM.

A preliminary consideration of the run-off available for storage in
Wenatchee Lake reservoir indicated that the average flow from
November 1, 1909, to October 31, 1915 (2,145 second-feet), might be
chosen as an indication of the irrigation demand for the nine-year
period ending October 31, 1918. A smaller average demand would
result in excessive accumulation of stored water after the extremely
low year of 1915. A larger average demand would necessitate the
assumption that the reservoir contained some hold-over stored water
November 1, 1909, when the average flow for the year preceding
that date was about 2,100 second-feet. A summation of the run-off
presented in the foregoing table, reduced by the cumulative run-off
equivalent to a continuous flow of 2,145 second-feet, is shown by a
mass diagram in Plate III. Two alternative plans of diversion to
the Quincy project (plan A and plan B) are also shown on the mass
diagram.

Plan A represents the quantity of water required for use for both
power and irrigation. It provides for a continuous flow of 525
second-feet past the project diversion works to satisfy the prior
power right claimed by the Great Northern Railway Co. and for
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the diversion of the remainder for the Quincy project. The annual
run-off available from the reservoir (equivalent to a continuous flow
of 2,145 second-feet) increased by the run-off during a normal year
from 75.8 square miles of drainage area between the reservoir and
the project diversion works gives the total quantity of water annually
available for the combined use. This total decreased by a run-off
equivalent to a continuous flow of 525 second-feet represents the
remaining flow that may be annually used for the Quincy project.
This remainder,. if segregated into monthly diversion requirements
in accordance with the percentages given in the table on page 45,
forms the basis for computing the demand made on the reservoir, as
shown in the following table:

Computation of requirement for plan A.

[Acre-feet.]
1 2 3 4 5
Toivatent Todonbe | Require-
equivalen inflow be- eq!
Month. ame to continu- wa’fgrtgllx . | tween ree- | ment from
tor Quiney | 0us flow a 15" | ervoirand | reservoir
! projectcy of 525 . gy project di- | by A
’ second-~ . version (8—1).
feet. works.
(2) 31,200 31,200 3,900 27,300
() 32,300 | . 32,300 3,000 29, 300
- (e 32,300 32,300 3,300 29, 000
o ‘29, 200 29, 200 2,700 26, 500
o 32,300 32,300 6, 600 25, 700
105, 600 31, 200 136, 800 26,600 | 110,200
224, 400 32,300 256, 700 42,300 214, 400
237,700 31,200 268, 900 32,700 236, 200
250,900 | | 32,300 , 200 14, 400 268, 800
237,700 32/300 | 270,000 51001 264,900
158,400 31,200 189, 600 3,500 186,100
105, 600 32,300 137,900 3,100 | 134,
1,320, 300 380,100 | 1,700,400 147,200 | b 1,553,200
4
@ No requirement. b Equivalent to a continuous flow of 2,145 second-feet for one year. ’

Plan A as pldtted on the mass diagram represents a summation of
the figures in column 5 of the above table decreased by a cumulative
run-off equivalent to a continuous flow of 2,145 second-feet.

Plan B represents the requirement from the reservoir when all
water available is diverted for the Quincy project. The annual run-
off available from the reservoir (equivalent to a continuous flow of
2,145 second-feet) increased by run-off during the irrigation season-in
a normal year from 75.8 square miles of drainage area between reser-
voir and project diversion works gives the total water that may be
utilized by the project. The total water thus available, segregated
into monthly diversion requirements in accordance with percentages
given in the table on page 45, forms the basis for computing the
demand made on the reservoir, as shown in the following table:
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Computation of requirement for plan B.

{Acre-feet.]
1 2 3 1 2 3
Wat Esi?mj?a vod R Wat Eslglfnated R«
ater ow uire- ater inflow uire-
Month. avadlable | between | ment from Month. available | between (mentfrom
for reservoir | reservoir for reservoir | reservoir
Quingc; and by Plan B Quincy and by PlanB
project. | project (1-2). project. project (1-2).
works. works.
November...... sa; %b; 0 302,500 | 32,700 | 269,800
December....... a b 0 319, 400 14,400 305, 000
January........ a; 2b§ 0 || Augu: ...| 302,500 5, 100 297, 400
February. a b 0 September 201, 700 3,500 198, 200
reh.......... a) b) 0 || October......... 134, 500 3,100 131, 400
April ...l 134, 500 , 600 107,900
BY e eennrannns 285, 800 42,300 243, 500 1,680, 900 127,700 | ¢ 1,553,200

a No requirement.
b Not required for Quincy project.
¢ Equivalent to a continzous flow of 2,145 second-feet for one year.

Plan B, as shown on the mass diagram, represents & summation of
the ﬁgures in column 3 of the above table decreased by cumulative
run-off equivalent to a continuous flow of 2,145 second-feet.

During the critical period, November 1, 1909, to October 31, 1915,
chosen for utilization of the entire run—oﬂ’ available at the resérvoir,

. the date of maximum storage requirement was about June 20, 1914.
The maximum requirements of 1,165,000 acre-feet for plan A and
1,254,000 acre-feet for plan B are equivalent to the capacity of the
reservoir when the water is at a height of 1,996 and 2,002 feet,
respectively, or 142 and 148 feet, respectively, above the bed of the
river channel at the proposed dam site.

After October 31, 1915, the storage requirements increased until
about June 30, 1918, when they exceeded those just described by an
amount equivalent to a reservoir draft of about 2 feet. The require-
ment on June 30, 1918, was 1,190,000 acre-feet for plan A and
1,260,000 acre-feet for plan B. It would seem wise to provide suffi-

~ cient storage capacity to meet these requirements rather than to

waste water that might be needed during years of extremely low
water. The hold-over storage at the end of the irrigation season of

1918, amounting to 644,000 acre-feet, is only 23,000 acre-feet more

than that at the beginning of the year ending October 31, 1915, the
lowest on record. It was exceeded by 72,000 acre-feet at the end of

the irrigation season of 1913.

LIMITS OF AREA.

There is more good irrigable land in the Quincy project than can be
irrigated by water from Wenatchee River, so that the size of the
project is limited by the water supply available. Analyses of
run-off for the two plans of diversion just described permit the
determination of the number of acres that can be served.
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If the prior power right of the Great Northern Railway Co. remains
effective a continuous flow of 525 second-feet must pass the project
diversion works. The remaining water annually available for
diversion will be 1,320,300 acre-feet, as shown for plan A in the table
on page 51. This volume of water will irrigate 314,400 acres with a
diversion duty of 4.2 feet (p. 45).

The utilization of all the water available from Wenatchee River
will permit an annual diversion of 1,680,900 acre-feet, as shown for
plan B in the table on page 52, or sufficient water to irrigate 400,200
acres with a diversion duty of 4.2 feet.

It has been shown (p. 45) that the use of all the water available at
the project diversion works would not affect present irrigation rights
adversely. The difference in the size of the project with and without
prior power rights effective is 85,800 acres. The feasibility .of the
larger project will depend upon the cost of acquiring adverse power
rights and the additional expenditure necessary to serve this area. :

The foregoing analyses make no allowance for irrigation in the
upper Wenatchee and Chumstick valleys. Only about 150 acres
was irrigated by diversion from Chiwawa River in 1918, but about
2,900 acres may be irrigated by an extension of the Wenatchee Park
Land & Irrigation Co.s system. Effective irrigation rights om
Chiwawa River will reduce the size of the Quincy project by an area
equivalent to that for which such rights are held. :

WATER POWER.
POWER SITES.

SCOPE OF DISCUSSION.

Irrigation is a more important use of water than power, especially
in a State so richly endowed with power resources as Washington.
" Therefore, the power available as shown in this report has been
computed after ample allowance has been made for the present
and future demands of irrigation. If the Quincy project is placed in
operation, it will require most of the water available in the Wenat-
chee basin, so that the power resources of Wenatchee River have
been considered with and without the project in operation.

METHOD OF ANALYSIS.

Units of development.—Before an analysis of the power available is
undertaken each river system must be divided into parts, and certain
stretches of the rivers and their tributaries have therefore- been
assumed to form logical units of development. In some places the
Limits of a unit are defined unmistakably by outstanding natural
features; in others they can be determined only by systematio study
and even then engineers working independently may differ as to
details. The units selected for this report are based on genersal
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considerations of water supply, stream gradient, topography, and
other physical features. Although other units may be as good or
better, the units selected are well adapted to show the relative limits
of good, bad, and indifferent power sites.

All the potential power in a given basin can not be made available,
because the cost of developing some small isolated power sites is
prohibitive, yet as sites that are not now available may become
available within 50 or 100 years, it is extremely difficult, in a report
of this kind, to discriminate between merely potential and econom-
ically practicable sources of power. The development units chosen
in this report do not include the upper reaches of the river systems
and some large tributaries, such as Nason and Mad creeks, because
the power they might furnish is too remote in time of utilization to
be considered.

Stream flow fluctuates so greatly that it is necessary to select a
certain rate or rates of flow in order to compute the power that can
be made available on any stream. The rate chosen for an individual
project can be adjusted to the exact use to which the power will be
put and can be determined within definite economic limits after
detailed data showing the cost have been assembled. Rates of flow
that will exactly fulfill the economic requirements for a number of
diverse projects can not be selected by the same rule, but computa-
tion of power in accordance with the two rates to be described gives
results indicating approximately the minimum and maximum power
that can be made available for each unit of development.

Mirimum flow—As used in this report the term ‘‘minimum
flow’ means the average of the figures representing the flow for the
calendar month of minimum mean flow during each five-year period
or major fraction thereof. In order that the minimum flow of streams
at different points in a given basin may be comparable the gaging
station in that basin at which reliable records have been kept for -
the longest period has been selected as a base from which the mini-
mum flow at other points has been determined. Thus the minimum
flow of all streams in a given basin has been determined by data
obtained during a long period at a base gaging station.

Regulated flow.—Regulated flow means the flow made available
by the storage of part of the natural flow at certain specified reservoir
gsites. The storage capacity is assumed to be sufficient to insure a
uniform and constant flow during the critical period. Such regu-
lation is rare, but information showing the probable seasonal
fluctuation in the demand for power is lacking. An analysis of the
regulated flow has been made by means of diagrams indicating the
cumulative natural run-off decreased by a cumulative run-off equiva-
lent to the average flow during the critical period. These diagrams
are referred to in this report as mass diagrams, although they really
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represent the difference in run-off between a mass diagram of natural
run-off and another mass diagram representing a continuous and
uniform run-off during the critical period. The flow with storage
represents the maximum flow considered available for the develop-
ment of power.

The fall or gross head in each development unit has been ascer-
tained from river plans and profiles (Pls. VII, A-E; VIII IX, 4,
B, at end of volume) or from topographlc maps.

The continuous horsepower available in each unit has been esti-
mated as-70 per cent of the theoretical power because of losses
due to friction in diversion conduits, penstocks, and water wheels.
These losses for a number of diverse projects can not be represented
accurately in terms of an average coefficient, but the lack of suffic-
ient information for fixing conduit losses precludes the use of other
methods of computing the power obtainable on turbine shafts.

BITES IN WENATCHEE BASIN.
MINIMUM FLOW.

The gaging station on Wenatchee River at Cashmere and Dryden
(p. 22), whose records extend over 13 years, has been considered
the base gaging station for computing the minimum flow of streams
in the Wenatchee basin. The minimum flow thus determined for
each gaging station is shown in the following table:

Minimum flow, in second-feet, of streams in Wenatchee basin.

Minimum flow for one calendar
xanoflth during years ending Sept.

Minimum
flow.

Stream and gaging station.
%%Oébto 1900 1(9(1)0 o 1914 1&1!5 101918
ebru ctober, eptem-
1909)%“’ 1911). | ber, 1915).

‘Wenatchee River at Cagshmere and Dryden (base gag-

ing station) 6750 716
‘Wenatchee River near Leavenworth. 411
Little Wenatchee River........... b 68
‘White River............. b 152
Chiwawa River........ b 140
Chiwaukum Creek........coeeiiiiemiimiianiiaiannnn. b20
Teiclo Cre k. . . .oouveunne it iiiiiiicr e aeceaaaceas b 112
Peshastin Creek. . .oooo i et iaaiie e aaae s b24

a This figure was determined by deducting from the Bow below Mission Creek (770 sec.-ft.) the probable
flow at Mission Creek (20 sec.-ft. I!or February, 1909. Gaging station located below Mission Creck from
1905 to 1909 and above Mission Creek
b Computed by c %»aﬂ.‘ng flow for October, 1911, with both flow for the same month and minimum flow
at the base gaging stafi
Minima for other points in the basin were computed by comparing
miscellaneous measurements, differences in drainage areas, and

known characteristics of basins with the minimum flow at the nearest
gaging station.
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In this report the use of water for irrigation has been considered
more urgent than its use for power, and the minimum flow available
for power has therefore been reduced by the amount required for
irrigation. The preceding table indicates that two of the three
minima at the base gaging station occurred during September or
October. Thus the minimum flow is controlled largely by minima
that occur in the irrigation season. The minimum flow for the
development units, in which the uses for power and for irrigation
conflict, has been reduced by two-thirds of the average demand for
present and probable future irrigation during September and October.

RESERVOIRS AND STORAGE REGULATION.

Feasible sites.—The minimum flow of Wenatchee River and its
tributaries is so low, as compared with the mean annual flow, that
storage is essential in power development. Although exact informa-
tion is lacking, a consideration of the river surveys (Pls. VII, A-E;
VIII; IX, A, B, at end of volume), topographic maps, and data
gathered by field reconnaissance indicates that storage, primarily
for power development, is feasible at the six reservoir sites shown in
the following table:

Reservoirs in Wenatchee basin.

et realisgd in
. o :
Name. Stream. water Capacity. excess of
. stored.
Feet. Acrefeet. Sec—t.

Rainy Creek.. e ..| Little Wenatchee River........... 60 11,900 81
Twin Lakes.............. ...| North Fork of W'kute Rlver ....... 95 37 000 110
Wenatchee Lake a. ..| Wenatchee River. . . 101 835 000 1,250
Chiwawa....c.covenuan.n. ..| Chiwawa River.....cccceevuuann.. 115 318,000 404
Trout Creek.............. ..| IcicleCreek. ... .ocoomniiinannnn. 55 1,900 30
Eightmile....... ... .iooiii|oeeen QOnrrennnnnnnannranneanneannon 40 1,080 18

1,204, 880 1,893

@ The use of Wenatchee Lakereservoir as a part of the proposed Quincy project is discussed on pages 46-52.

Wenatchee Lake, Chiwawa, and Twin Lakes reservoirs are large
enough to regulate the entire flow of the tributary drainage area.
The remainder of the reservoirs, though small, will be useful in supple-
menting thenatural flow during critical periods of low water. Another
smallreservoir can be formed near the source of Snow Creek, a tribu-
tary of Icicle Creek, by constructing a dam across the outlet of
Twin Lakes.? This project has been investigated by both power and
irrigation interests, but in this report it has been considered more
useful for irrigation than for power. A brief discussion of the possi-
bilities at each reservoir site follows.

Rainy Oreek reservoir—A dam across Little Wenatchee River,
about 0.6 mile below the mouth of Rainy Creek, would form a small
reservoir having the areas and capacities shown in the following table:

10 Should not be confused with Twin Lakes reservoir §ite, in the southeastern part of the White River
basin mentioned in the preceding table.
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Areas and capacities of Rainy Creek reservoir.

Contour Contour
eleva~ Area. |Capacity.)| eleva- Area. |Capacity.
tion. tion.

Feet. Acres, Acre-fegt. Feet. Am‘zeésd Acrefeet.

9,090 16 2,130 6,110
2,100 85 480 || 2140 200 | 8,860
20110 170 | 1,760 || 2,150 310 | 11,900

2,120 220 | 3710

A rough estimate of the flow at the dam site, based on miscella-
neous measurements, differences in drainage areas, and a comparison
of records at the near-by gaging stations, indicates that the critical
period extended from September, 1916, to March, 1917. The use of

11,900 acre-feet of stored water during that period would have pro-
duced a continuous flow of about 135 second-feet.

Twin Lakes reservoir.—There is a good reservoir site at Twin
Lakes, in the southeastern part of the White River basin. The outlet
of the lakes occupies a narrow rock canyon, which should afford a
favorable dam site. The bottom of the canyon at the dam site is
filled with a mass of broken rock into which the flow disappears at
low water. Although the flow reappears a few feet below the dam
site, bedrock may lie some distance beneath the stream bed.

The areas as measured on a topographic map and the capacities
computed from them are shown in the following table:

Areas and capacities of Twin Lakes reservoir.

Contour Contour
eleva~ Area. |Capacity.|| eleva- Area. |Capacity.
tion. tion.

Acrefeet.|| Feet. Acres. | Acre-feet.
0 2,900 470

Feet. Acres.
2,808 300 35, 500
2,850 380 | 14,300 || 2,950 560 | 61,300

The drainage area tributary to Twin Lakes reservoir (7.1 square
miles) is so small that little storage would be needed to regulate the
entire inflow. As a diversion from North Fork of White River into
the reservoir by a conduit having a capacity of 300 second-feet is
assumed to be feasible, the run-off available for storage has been
estimated from miscellaneous measurements and from records at
gaging stations near by.

Run-off, in units of 1,000 acre-feet, available for storage in Twin Lakes reservoir, 1911-1913.

Year. Jan, | Feb. | Mar. | Apr. | May. | June. { July. | Aug. | Sept. | Oct. | Nov. | Dec.
b 1111 DR R 3.4| 6.8| 19.0| 33.0| 53.0| 32.0] 13.0 7.81 3.8 7.9 6.0
012 ... 5.3 5.2 50| 17.0( 53.0| 56.0] 30.0| 13.0 6.4} 40| 44 4.8
h 1 I S 4.5 5.0 56| 16.0|.......|.. SN PPN PPN PRI R PR S

NotE.—These figures should be used with caution, as they are estimated from meager information.
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A mass diagram (fig. 2), derived from -the run-off shown in the
preceding table, indicates that a reservoir having a storage capacity
of 37,000 acre-feet could have provided a continuous flow of 170
second-feet during the critical period between April, 1911, and March,
1913. The water in the reservoir would have reached an elevation
of about 2,903 feet in August, 1912.

Although no satisfactory method of estimating the run-off after
April, 1913, has been found, slightly more storage might have been

757 7972 7913
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3 DS S o § 8 3
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FIGURE 2.—Mass diagram showing water supply available and storage requirements for Twin Lakes
reservoir.

required to insure a continuous flow of 170 second-feet during the
period from April, 1914, to February, 1916.

Chiwawa reservoir—Chiwawa River, between Rock and Grouse
creeks, has a very flat gradient and occupies a wide U-shaped valley.
Below Grouse Creek the river flows through a deeply incised canyon
and passes several dam sites, which appear to be suitable for forming
a reservoir about 10 miles long and nearly three-fourths of a mile
wide. The areas and capacities measured on Plate VIII (at end. of
volume) are shown in the following table:

Areas and capacities of Chiwawa reservoir.

Contour Contour

eleva- | Area. | Capacity. || eleva- Area. | Capacity.
tion. tion,

Feet. Acres. | Acrefeet. Feet. Acres. | Acrefeet.
2,400 685 0 2,470 3,140 146,700
2,410 1,160 240 2,480 3,440 179,600
2,420 1,640 23,300 || 2,490 3,760 215,600
2,430 2, 000 41,500 , 500 4,000 254, 400
2,440 2,390 63,400 2,510 4,300 295, 900
2,450 2,660 88,700 ) 520 4,600 340, 400
2,460 2,900 116, 500
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The run-off available for use for power and for storage in Chiwawa
reservoir has been estimated by decreasing the run-off at the gaging
station on Chiwawa River by (1) run-off between possible dam sites
and measuring section at gaging station, (2) loss by evaporation from
reservoir, and (3) future requirement in excess of natural run-off
below possible dam sites for irrigating 2,900 acres of land (p. 53).

The run-off below possible dam sites and the loss by evaporation
have been estimated by methods similar to those described on pages
47-49. The future requirement for irrigation in excess of inflow
has been computed by assuming an annual diversion duty of 4.2 feet,
distributed in accordance with percentages shown in the table on
page 45 and by reducing the demand, thus derived, by the probable
inflow between the possible dam sites and Wenatchee Park Land &
Irrigation Co.’s intake. If 2,900 acres of land is irrigated some
water must be released from the reservoir between July and October
every year.

Estimated run-off, in units of 1,000 acre-feet, available for storage in Chiwawa reservoir.

Year. Jan. | Feb, | Mar. | Apr, | May. | June. | July. | Aug. | S8ept. | Oct. | Nov. | Dec.
[ P P P R T P 1.0 11,7 | 44.4 35.7
38,01 81.5|140.0 79.7 | 46.3| 19.5 9.1 32.8: 849 16.0.
10.4 ) 42.0] 65.9| 84,8 47.1| 16.0| 11.4 7.0} 1.3 9.0
6.1 30.8(110.0106.0 | 41.0| 18.7 9.0 1 81 8.4
87| 34.3| 98.5(154.0| 72.2| 26.2| 185| 16.5  17.4 12.8
19.4| 69.3| 96.4| 74.6 | 47.0| 14.8| 10.9} 13,3 25.7 1.2
11.6 ) 62.8] 38.2| 24.3} 11.8]| 10.1| 5.2 9.1 10.4 7.2.
20,6 | 52.8| 90.5149.0 |.......|.......]." AR R F P . .

A mass diagram (Pl. IV), prepared for the run-off data shown in
the preceding table, indicates that a storage capacity of 318,000
acre-feet would have maintained a continuous flow of 521 second-feet
during thiecritical period between March 1, 1910, and March 31, 1916.
The maximum storage requirement, equivalent to a stage in the
reservoir at an elevation of 2,515 feet, would have occurred about
July 20, 1914. ‘

Probably a storage capacity of 318,000 acre-feet would have in-
sured a continuous flow of 521 second-feet from March 1, 1909, to
March 31, 1919, and considerable hold-over water would have been
available on March 31; 1919. A ) ‘
 Wenatchee Lake reservoir—The discussion of -the Quincy project
(pp. 43-53) includes a description of the Wenatchee Lake reservoir
and a table showing areas and capacities. The dam site chosen for
the analysis of the Quincy project is 3.1 miles below the lake, and it
may not be the one best suited to the development of power; but it
has been chosen for the analysis of power because there is no satis-
factory evidence regarding the feasibility of other sites between
Chiwawa River and Chiwaukum Creek.
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The run-off available for storage in the reservoir for use for power
has been derived by decreasing the run-off at the gaging station on
Wenatchee River near Leavenworth by (1) the run-off at the gaging
station on Chiwawa River, (2) the run-off from the drainage area be-
tween the dam site and the measuring sections at the gaging stations
on Chiwawa and Wenatchee rivers, and (3) the loss by evaporation
from the area in the reservoir which exceeds the present area of
Wenatchee Lake. These decreases have been estimated by methods
similar to those described on pages 47—49.

Estimated run-off, in units of 1,000 acre-feet, available for storage in Wenatchee Lake

reservoir.
Year, Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec

................................... 32.4 | 180.0 | 120.0
373.0 | 218.0 | 155.0 | 53.0{ 23,3 | 87.1]142.0 58,7
183.0 | 274.0 | 112,0 | 35.1 29.0| 145 650 4.3
296.0 | 281.0 | 11,0 | 41,8 22,2/ 19.6 | 33.9 33.1
260.0 | 404,0 | 242.0 | 71.2| 43.9| 56.4| 57.6 36.7
257.0 | 185.0 | 114.0 | 37.8 | 26.5| 41.8 | 106.0 42.1
112,0 ) 75.5 30.4 ] 14.8) 26,4 4.1 27.8
2700 | 3880 |ececenefoceancclonarona]aennece|oraanacfananann

A mass diagram (PL. IV), derived from the run-off available for
storage in the reservoir for use for power indicates that the period
from November 1, 1909, to March 31, 1916, was critical and that the
mean flow during this period, 1,510 second-feet, could have been
maintained continuously with a storage capacity of 835,000 acre-feet.
The maximum storage requirement, equivalent to a stage in the reser-
voir at an elevation of 1,971 feet, would have occurred about July 20,
1914.

" A storage capacity of 835,000 acre-feet would have insured a con-
tinuous flow of 1,510 second-feet from November 1, 1909, to March
31, 1919, and considerable hold-over water would have been available
on March 31, 1919. '

The run-off available and the storage capacity required for the oper-
ation of the proposed Quincy project are given on page 47-52. .

Trout Creek and Eightmile Flat reservoirs.—The Trout Creek and
Eightmile Flat reservoirs will furnish only enough storage to incresse
the flow of Icicle Creek during one or two low-water months each
year. The Trout Creek reservoir can be formed by a dam. built
several hundred yards below Trout Creek, and the Eightmile Flat
reservoir by a dam built three-fourths of a mile above Elgh,tmﬂa
Creek. The areas as measured from Plate IX, 4, B, and the capa,cl-
ties of the reservoirs are shown in the followmg ta,ble .
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‘Arens and oapacities of Frout Creek and Eightwile Flotreaeramirs; -,

TmutCreek Eightwile Plat. |~

Area. Capscity. 'elevap; Arvea, Gspsdty.v

Acres.

A oompanson of the records at the gaging station on Iclcle Creek
with the records at the gaging stations on Wenatchee River indicate
that the flow for October, 1911, was lower than for any other calendar
month from 1805 to 1918 and that all the water stored in the reser=
voirs would have been needed during that month. In determining
regulated flow October, 1911; has therefore been considered critical.

An estimated natural flow during October, 1911, of 76 secqnd-feet_

at Trout Creek reservoir and 100 second-feet at Elghtmlle Flat
reservoir has been derived by comparing records at the gaging station
on Icicle Creek with miscellaneous measurements. The natural
flow, thus derived, supplemented by water stored in Trout Creek
reservoir, would yield a flow of 106 second-feet and, supplemented by
water from both reservon's, would yleld a flow of 148 second-feet at
Eightmile Flat reservoir.

REGULATED FLOW IN DEVELOPMENT UNITS,

The regulated flow available in the development unite below the
reservoir sites has been estimated by increasing the. regulated flow
at reservoir sites (determined as described in the preceding pages)
by differences in minimum flow at the reservoir sites and at the
respective development units. In other words, the natural flow
from the drainage areas below the reservoir sites has been assumed
to sugment the regulated flow by amounts equal to the’ mmnnum
flow from those drainage areas.

The regulated ﬂow for the units in which the uses for pmver and for
irrigation corflict has been decreased by' two-thirds of the average
demand for present and future irrigation during Septembex' and

October (p. 56).
822905—22—wap 486——5

8 oahplnnt v
Bt et b voohial . : CoaE o SR

Feet. Acre-feet. A .

2,600 ] o || 2080 § 0

2,630 8 50 || 2,070 17 125

2,640 19 185 || 2080 % 0

2,680 30 430 || 200 37 655 ,

2,660 55 845 || 2100 48 |- 1,080 &
2,670 76 | 1,480 |l v

2675 87 | e [0 0 IR S, g
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POWER RESOURCES WITHOUT QUINCY PROJRCT IN OPERATION.

The essential features and the power resources of each development
unit, derived as already explained, are summarized in the following
‘table. Allowance has been made for present and probable future
irrigation of areas aggre‘ga.ting about 28,800 acres in Wenatchee
Valley and of areas in a part of the ad]ommg Columbia Valley, but
no allowance has been made for the requirements of the proposed
Regulated flow has been determined by

Qumcy project (p. 45).

assuming the use of all water stored pnmanly for the development
of power. -

~ Power resources in Wenatchee basin without Quincy project in operation.

L

Tnit
No.

Stream and location.

‘| Distance above

es).

Elevation
above mean
sen Jovel
(bet)

Total

i,

Flow at diver-

t).

b o
unit.

Lower

end of | en

unit.

Ly
of
unit.

Lower
end of
unit.

unait
(fest).

10

n

Little  Wenatches
River .between

Lake resetvoir.....
W§itemverbetwem

Twin
JTakes, and We-
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Power reaourea; in Wenatchee. basin. without Quiney project in operation—Continued.
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The general topographic features of the devélopment ynits may be
ascartained from tOpdgraphlé maps published by the United States
Géological Survey More detailed topogtaphy is showri ‘on the platés
indicating rivet plans and profiles (at end of volume), as follows:
Units1-2, Platé VII, E; unit 3, Plite VII, D; unit 4, Plates VII, C,
and ’VHP unit's, Plate VIL, B and O; units 6-8, Plate VH B; units 9
atid 10, Plate IX, B; units 11 and 12, Plate IX, A; unit 13, Plate VII,
Adnd B'mixt 14;'néd pbm and preﬁle (see’ t.opograpmé maps) ; units
I8=17, lila% VII;, A Othér features of’ 'the units ‘ate, bmsﬁy de-
scnbed i thé foﬂbwi‘ng paragraphs.

Unit 1. Little ' Wendichee River between Raing Oreck and Wenatchee
bdke yéservoirs. —iRaitiy Creek and Wenatches Laké reservoirs ‘¢on-,
téol-elevations’at the uppér and lower ends of unit 1. "The elevation
dt 'the lowsr end of ¥he'unit has been assumed 11 feet lower than the
ninkirum stags'in ‘Wenatcheb Lake resetvoir becausé' w study of ‘the
Hiass d&agrmi (PL. IV) for Wenatchee Lhke reservoir indicatés' that
during the 81 months shown in the 'disgram the stage would have
been above 1,960 feet for only 9 moiths, above 1,965 feet for only‘
5 months, nnd above 1,970 feet for only 13 months

Uhit 2. White River between elevation of 2,365 feet and Wenatchee
Edke reservoir.——A ‘point’ 14 miles below Indian Creek hus been:
chosen for the upper end of unit 2, because heavy rock constynetion

.
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. would be encounitered farther upstream. ' An e‘!bihﬁidn“of 1, 96{)
feet has been chosen for the lower end of the unit, for the reason
described in'connection with ynit 1. It has been assumed that, the -
flow of Cougar Creek will be intercepted by a conduit en the ragh&
side of the valley, where the supporting ground, which consists of
earth and broken rock, offers a favorable location for a conduit. ,
Unit 8. North Fork of White River to Twin Lakes and Wmathc,
‘Lake reservoir.—The feasibility of a plant for unit 3 wilk depend
largely on the cost of diversion from North Fork into Twin Lakes
reservoir. A conduit about 44 miles long, constructed along steep
rocky slopes, will be required. The power plant may be Built on
. North Fork about 1} miles above its mouth and sbout the sams
distance from a forebay in Twin Lakes reservoir. An elevation of

. ‘! A

1,960 fest has been chosen for the lower end of the umt for the ‘-. ,;

reason described in connection with unit 1.

Unit 4. Chiwawa River between elevations of 2,400 and 1 870 feat —
The upper end of unit 4 is controlled by Chiwawa reservoir, and the
lower end by an elevation at which water will be drawn from Wenat~
chee Lake reservoir. The most economical location for the conduit .
is on the right side of Chiwawa River from the reservoir to Fish Lake -
and on the left side of Wenatchee River from Fish Lake to a pcvw‘ﬁ:
-plant just below the dam site chosen for the Wenatchee Lanké resers.
voir. This location would:require pressure pipes across Blg Meado‘m
Creek and across a depression east of Fish Lake, . .

Umt 5. Wenatchee River between Wenatchee Lake reserm’l,r and
Chiwaukum Creck.—Analyses for unit 5 haye been based on the
assumption that a diversion dam, with its crest at an elevation;of
1,870 feet, will be built three-fourths of a mile below Chiwawa Riyer:
Addltlonal ower may be developed in summer at the dam forming,
Wenatchee iake reservoir by utilizing the mean draft of 1,510 seconds
feet. The additional power, computed from average stages in the
reservoir for a period of six years (Pl. IV), amounts.te 9,000 home-a
power for May and 11,500 horsepower from June to September. ;. ..

Unit 6. Wenatchee River between Chiwaukum Oreek and 3 of -
Great 'Northern power plant.—The lower end of unit 6 is controllid .
by the crest glevatiop of the Great Northern leway Co.’s diversjon.
dam. Over helf of the head, available in: the unit is concentrite

between the power-house site, one-fourth of a mile gbove Fall Cre e

A

and a point 1 mile upstream. The head that-can be realized b s
diversion dam in the upper, part.of. the unit.is limited by. Lhemde
line of the Grest Northern Railway. .

Unit 7. Wenatchee River between intaks and tailraoa of G'rea{ Nﬂ#ﬁ#
ern power plint.—The upper and lower ends of unit 7, are fixed by &
power plant (Pl. V, 4, and p. 70) oper&ted by the Great qutham
Railway Co. s . R R T
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Ondt 8; Womtobse River Between taslrace of Great: «Nmkm pwm"
plant . and slevation of 1,110 feet.—The Great Northern-grade line
would interfere with an econommal location of:the conduit on the left
side of Wenatchee River in unit 8, although the topography .snd
.. supporting ground are .more favorable there than on the right side-

#. If the condujt is. carried along on the right, side a tunnel through the -

. ridge between mile 27.2 and 28.3 (Pl VII, B, at.end of volume)

¢/ might prove feasible. The Tumwater nght & Power. Co, (p.: 7}),
_ utilizes a part of the fall in this section.

. Unit 9. Icicle C’reek between South Fork and Trout Creek reservoir.—
The elevation of the lower end of unit 9.has been fixed at 10 feet
below the spﬂlwa,y elevation of the Trout Creek reservoir sxte,because
the water stored in the reservoir will be used for only one or two
months each year. The cost of the conduit would be high on account
of heavy construction and the isolation of the locality., . -

Unit 10. Icicle Creek betwsen Trout Oreek. and Eightmile Flat

| reservoirs.—The elevation at the lower end of unit 10 has been fixed

at 10 feet below the spillway elevation of the Exghtxmle Flat reser-
voir site because the water stored in the reservoir will be utilized for
. qnly one or two months each year. The best location for the con-
*. duit is on the right side, where the supporting ground is favorable
« for, 4 miles below Trout Creek, although the remaining 3 miles is
stepp and rough. The power pla.nt may be built 1} mxles above
Eightmile Creek. -

Unit 11. Icicle Oreek between Eightmale Flat reservoir amd intake of

.. Ieicle canal.—The lower end of unit 11 is contralled by the intake of

" Icicle canal (p. 42). It has been assumed that the flow of Eight-
nile Creek would be diverted into e conduit on the right side. :
. Unit.18. Icicle Creek between intake of Ieicle canal and. elevation of
ldI&,feat —~Iecicle canal, which is on the nght side of Icicle Creek,
-might be mlarged to serve a combined use for power and irrigation;
but for power alone the left side appears to offer a shorter and more
~ favorable location for a conduit. ;

Unit 13. Wenatchee River between elevation of 1,110 feet and ntake
of Dryden power plant.—1It has been assumed that the elevation of
the mill pond opposite Leavenworth could be raised about 6 feet
without serious damage to property. As the gradient in the upper
half of unit 13 is rather flat, & diversion dam high enough to utilize
some of the fall might prove practicable. The selection of the best
site for a diversion dam will be influenced largely by the present
. grade line of the Great Northern Railway. Although considerable
" water could be stored by providing a diversion dam with a remov-

" able crest, such storage has not been considered avaulable in com-
. puting the power resources for this unit.
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- Unit 14.: Peshastin Creek between Ingalls Oreek and intdke qf Bte&ar ‘

ditch —The entire low-water flow of Peshastin Creek is diverted for . *

irrigation, so that the lower end of unit 14 has been fixed' ab t.he 816*?
vation of the highest irrigation diversion.

Unit 15. Weniatchee River between intake and tailrace of Dr‘ydch :
power plant.—The upper and lower ends of unit 15 are fixed by, #&
power plant operated by the Wenatchee Valley Gas & ElectncCo
(Pl. VI and p. 71).

Unit 16. Wenatchee River between tailrace of Dryden power plafvt
and elevation of 695 feet.—As the gradient throughout unit 16 is -
rather flat, development in-two or three small projects by low dsxﬂi
and short conduits might prove more practicable than to utilize modt
of the fall in the unit by a single conduit.” The location of the Great
Northern Railway, roads, and fruit farms will limit the height td
which diversion dams can be built at a reasonable cost.

Unit 17. Wenatchee River between elevations of 695 and 612 feet.——
In unit 17 the river flows through s highly improved agricultural
district, and the feasibility of development would depend on the m
of property rights.

‘Thé: elevation at the lower end of the unit is controlled by
stage of Columbia River ‘during-floods. The maximum stage’ ‘&h
record for Columbia River eccurred in June, 1894; when the elevi:
tion at the mouth of Wenatchee River was a.bout 643 feet. ‘THe
stage at the mouth of Wenatchee River equxvalent to United St&tﬁeﬁ"'
Westhier Bureau “flood stage” at Wenatches is at an elevation of
about 628 feet. Wes’bher Bureau records at Wenatchee from 1

to 1918'indicate that-*flood stage’ was exceeded 5 days ‘- 1908, 28 *

days in 1913, and 29 days ih 1916.  The highest stage’ reoc‘rdod fiott
1904 to 1918 occurred i June, 1913, when the elevation at the molith

of Wenatchee River was about 634 feet. - The elevation of extren&ely
low water at the mouth of Wenatchee River is about 590 feet.” ‘H

the tailrace of the power plant is placed at an elevation 6f612 féet{' .

as chosen for this unit, provision should be made to- protetsﬁ thie

machinery dnrmg an extreme flood similar to that of June, 1894

COMPARISON OF POWER RESOURCES WITH AND WITHOUT QUINCY. mmac'r ;w
OPERATION.

Alternative plans.—The analyses in the preceding dxscussmn AT
based on the use of the available water primarily for power, whereas
the successful development of .the Quincy project (p. 43) requires
its use primarily for irrigation. . A comparison of the power resources
with and without the project in operation has been made for two plans
of developing the project. Plan A contemplates the use of the water
for both irrigation and power. It provides for a continuous flow of
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525 second-feet past the project diversion works to satisfy the prior

© power right claimed by the Great Northern Railway Co. Plan B

contemplates the use of the entire water supply available at the - pro-
ject diversion works for irrigation.

Minimum flow.—Computations of power with the Quincy project
in operation, based on minimum flow, have been made comparable
to those in.the preceding discussion by the following assumptions:
(1) Regulation of storage in Wenatchee Lake reservoir to accommo-
date plan A and plan B but with no other storage in use; (2) allow-
ance for present and probable future irrigation in Wenatchee Valley
and a part of Columbia Valley.

Pouwer resources from minimum flow,

s . . Contlnuous horsepower
. (70 per cent efficlency).

Plan A. | Plan B,

With Quiney project in operation. ... ... 82,700 30, 300
Without Q'zmcrijprOJsct in operation: . 76,100 76,100

Difference....ooeemuerenenenannpecnaeann, : . +ﬁ,600 . -—45,800

A S
the estimated minim ow (461 second-feet) at the intake of th orthern poww

Regulated flow.—Wenatchee Lake reservoir is the I&rgest and
most useful storage site considered in this report. Its use as a part
of the Quincy project will decrease considerably the power resources
with regulated flow. The power resources with the Quincy project
in operatlon shown in the following comparison, have been com-
puted in accordance with the following assumptions: (1) Use of
water stored in the Wenatchee Lake reservoir to accommodate
plan’ A and plan B; (2) use of rema,ining stored water, aggregatin,
about 370,000 a,cre-feet in five reservoirs, for power; and (3) allowsaiice
for present and probable future irrigation in Wenatchee Valley and
in a part of Columbia Valley. C
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Power resources with flow regulated.
- . ‘With project,
Total R
egulated flow Conﬁnnm horse-
%nit Stream and location. ‘“ul'lﬁj%n (sen.-ft.) as con-|
0- trolled by— cent em y?"
(feet).
Plan A. [PlanB,| Plan A, { Plan B,
1 | Little Wenatchee River between Rainy Creek and
‘Wenatchee Lake réservoirs. . .......oeveeeecennnan 100 135 135 1,070 1,070
2 | White River between elevation 2,355 and Wenat-
chee Lake reservoirs. .. ... .oeoociinenmaainanan 365 81 81 2,350 2,350
3 | White River between North Fork, Twin Lakes, and
Wenatchee Lake reServoir........eeeucueunennneen 818 170 170 | 11,100 11,100
4 Chlwawa River between elevations 2,400 and 1,990
1EBE - v et eeeeae e e eeceee e cnannan 410 521 521 17,000 17,000
a4 Clnwawa River between elevations 1,990 and 1,870
.............................................. 120 | b418 0 3,990 0
5 Wenatchee River between Wenatchee Lake reser-
voir and Chiwaukum Creek........c.cceeoennn.. 205 | 442 7,210 (@)
6 | Wenatchee River between Chiwaukum Creek and
intake of Great Northern power plant............ 179 525 0 7,480 [}
7 | Wenatchee River between intake and tailrace of
Great Northern power plant...................... 201 528 8,300, (&)
8 | Wenatchee River between tailrace of Great North-
%ower lant and elevation 1,110 feet.......... 175 539 14 7, 500 4
9 Iclcle tween South Fork and Trout Creek
......................................... 235 5 54 1,010 1,010
10 Idcle Crsek between Trout Creek and Eightmile .
Flat reservoirs. co e e eiiereeaneauaniennannes 530 106 106 4,470 4,470
11 | Icicle Creek between Eightmile Flat reservoir and . -
intake ofIciclecanal. .....ocveennirninnnannnnns 664 148 148 7,820 7,820
12 | Icicle Creek between intake of Icicle canal and ele-
vation 1180000t .o oii ety reaanaa 258 142 142 3,223 3,250
13 Wenatchea River between elevation 1,110 feet and
ke of D: en powerp lant. ....ccooieeeeannans 143 745 220 8,480 2,500
14 Peshastin Creek between Ingalls Creek and intake of
Beecherditch....... ...l 575 24 % 1,100 1,100
15 | Wenatchee River between intake and tailrace of
Dryden POWer Plant. ...u..eeeenen eeesnananeaans 62 735 210 3,620 1,040
16 | Wenatchee River between tailrace of Dryden power :
lant and elevation 695 fe0t.ve.e. ooereeeieiengaen 210 733 208 | 12,200 3,470
17 enatohee River between elevations 895 and 612 )

T P 205 5,410 1,950
Total with Quiney project in .. 113, 000 58, 100
Total without Quincy project ration ................................. 274,000 | 274,000

DiIfference. . ..coooviivaeierennenenacerecanes|cnnecendeneaindfiienns ~161,000 | —216,000

a Subunit can be devel only in aceordance with plan A.
b Releass required from Wenatchee Lake reservoir during March to msintain flow of 525 second-feet at

intake of Qu.img project.
¢ Estima ow during March and minimum for year.
d Power development not feasible.
The power available with storage will be decreased by 161,000
horsepower if the Quincy project is opera.ted in accordance with plan
A and by 216,000 horsepower if operated in accordance with plan B.

Plan B will t;herefore develop 55,000 horsepower less than plan A

but will irrigate 85,800 acres more (p. 53). If no other means of

bringing this area under cultivation appears feasible, this sacrifice
of power would be warranted.

Fowe LA
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SITES IN ENTIAT BASIN,
MINIMUM FLOW.

The gaging station on Entiat River at Entiat, whose records
extend over a period of eight and one-half years, has been considered
the 'base gaging station for computing the minimum flow of the
streams in Entist basin. The lowest flow for any one calendar
month in the first group. of climatic years (1911-1915) was 108 second-
feet and occurred in January, 1913. The lowest flow for any one
calendar month in the second group of climatic years (1916-1919)
was 91.8 second-feet and occurred in January, 1916. Therefore, the
mean of these two months of lowest flow, 100 second-feet, has heen
‘chosen as the minimum flow at the gaging station. The minimum
flow at other points in the basin has been estimated. by comparing
records at the gaging station with misce]laneous measurements and
differences in drainage areas. -

As the lowest monthly flow in each group of. years occurred in
January and was considerably lower than the flow during any irri-
gation season the minima used in estimating the power resources
have not been reduced to satisfy the demands for irrigation.

. REGULATED FLOW.

The minimum flow of Entiat River is so much lower than the
mean annual flow that storage would be desirable in the development
of power, but a consideration of the topographic maps and the data
gathered by field reconnaissance indicates that storage in the Entiat
basin is not feasible.

POWER RESBOURCES.

The following table summarizes the essential features of each

development unit and indicates the power that may be developed.

Power resources in Entiat basin.

Elevation above
Distance above Mini- | Contin-
mouth (miles). mean sea level wmwm | uous
© (feet). Total | flow | horse-
tl{}‘gt Location on Entiat River. - - - Z:m‘n : :nh) ‘“ dilo; o p?r
IS wer Lower . | ‘point | ocen
enm end of er})m end of (second-] efil~
unit. | unit. | unit unit. feet). [ciency).
1| Between Potato Creek and Mad
RIVOT . ureennrriennaenezoennesnnnn 14 9] 1,450 1,180] 270 | 1,5%

|
w
3
g2
=
g
]
g
»
B
o
g
E-Jd
5
2

Entiat power plant................ 9 26| 1,180 822
Between intake and tailrace of En-
tiat power plant.....ceeeemuennn... 26| 11 822 738

w
3
g
g

4,780
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POWER PLANTS.
_GREAT NORTHERN POWER PLANT."

A hydroelectric power plant on Wenatchee River (Pl. V, 4) was
constructed by the Great Northern Railway Co. in 1908-9, and the
electric traction service through the Cascade tunnel started July 10,
1909. The power house is on the left side of the river, in Tumwater
Canyon, 2} miles above Leavenworth, Wash. ,

A concrete diversion dam 23 feet high, with a crest 400 feet long,
forms a narrow pond three-fourths of & mile long. The dam has
three headgates, a log sluiceway, and a fishway. Water is diverted
from the right end of the dam through a wood-stave pipe, 8.5 feet
in inside dmmeter, for 10,908 feet; thence through a steel pipe for
962 feet, crossing the river on a steel bridge and connecting at the
power house with a steel gurge tank 30 feet in diameter, having a
capacity of about 38,000 cubic feet, The pipe line has a gradient
about the same as the railway but follows the opposite side of the
river for almost its entire length. The static head at normal sta.ge
is 201 feet.

The hydraulic machinery consists of three 4,000—horsepower
turbines and two small turbines, used as exciter units, constructed
by the Platt Iron Works for operation at an effective head of 180
feet. The large turbines are hung on horizontal shafts, discharge
inward, and are equipped with single sets of vanes. KEach large
turbine is directly connected to alternating-current 6,800-volt
3-phase 25-cycle generators operating at 375 revolutions a minute,
constructed by the General Electric Co. to generate 2,500 kilowatts
while working at an overload of 25 per cent. Excitation isfurnished
by two 125-kilowatt direct-current motors. Only one exciter is
needed ‘for operation; the other is held in reserve. Voltage is
increased from 6,600 to 33,000 by three transformers in use and one
in reserve. Hach transformer has a capacity of 833 kilowatts but
is guaranteed to operate at 100 per cent overload for one hour with
a low rise in temperature.

Energy is transmitted 30 miles from the power house to a sub-
station near the east portal of Cascade tunnel. Duphcate circuits
of No. 2 Brown & Sharpe stranded hard-drawn copper wire are carried
on a single set of substantial poles 40 feét long. The circuits are .
supported by pin insulators so arranged on cross arms that the wires
of each circuit are held in vertical planes on either side of poles.

The substation contains four smgle-phase 33,000 to 6,600 volt
transformers identical with those in the power house; three are
connected in a bank, and the fourth is held in reserve. The 3-phase
current is distributed by two overhead trolleys and the railway

1 Description abstracted in part from Hutchinson, C. T., The electric system of the Great Northern Rail-
way Co. at Cascade tunnel: Am. Inst. Elec. Eng. Proc., November, 1909.
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track. The eleotrie locomotives used, cﬁstmoted by the General
Hleotric Co., are equipped each with foun 475-horsepower 3-phase
25-cycle 500-volt motors and suitable transformers. Trains. are
operated ‘through the tunnel, which projects through Cascade Range
in a tangent 13,873 feet long with a uniform grade of 1.7 per cent.

The system was designed for the extension of electric service over
the mountainous part of the main line from Skykomish te Leaven-
worth, a distance of 57 miles, in which the riling grade is 2.2 per cent.
Additiona,l power in two plants utilizing gross heads of 200 feet was
considered available in Tumwater Canyon. Utilization of regener-
stion produced by trains running down grade was proposed. Thus
far the electrie service is limited to operation through the tunnel.

TUMWATER POWER P,

A small ‘hydroelectric plant operated by the Tumwater Light &
Water Co. is built at the lower end of Tumwater Canyon, about-a
mile below the Great Northern power house. Water is diverted
from the right side of ‘Wenatchee River through a concrete intake
carried by a flume and a wood-stave pressire pipe for & distance of
about 1,000 feet, and delivered through 4 250-horsepower turbine
constructed by the Dayton Manufacturing Co. The gross head is
59 feet, and the effective opéerating head at full 16ad about 47 feet.
A Westmghouse alternating-current’ smgle—&)hase 60-cycle generator,
operating at 600 revolutions a minute, i direct-connected to the
turbine and delivers, under maximum los,d, about 155 kilowatts’ at

: ,2 200 volts.
'DRYDEN POWER PLANT.

A water-power plant (Pl. VI, B) on Weqatchee Rlver at Dryden,
below Peshastin Creek and 16 nules abovq the mouth of the nver,
was constructed by the Valley Power Co. m 1909 and enlarged in
1910; Tt is now operated by the Wenatchee Valley Gas & Electmc
Co. and is the largest plant of that company’s system.

Water is diverted by low timber-crib dams across two channels, of
the river at an elevation of 967 feet and is carried 1.1 miles along tb,e
left side of the valley by a canal (PI. VI, A) 40 feet wide and averaging
about 9 feet in depth. This canal dellve water to the Wenatchee
Reclamation District and to the Dryden power plant at a gross head
of 55 feet. The hydraulic machinery, ma,nufactured by the S. Morgan
Smith Co., consists of twin turbines each with a rated capacity of
1,040 horsepower, operating at 514 revolutlons a minute and con-
trolled by Lombard oil-pressure governors.! A smaller turbine, con-
trolled by a Woodward mechanical governor and having a capacity
of 300 horsepower, was also installed but i IS‘ seldom used. The large
turbines are direct-connected to Westinghquse 600-kilowatt and the
small turbine to Allis-Chalmers 200-kilowatt alternating-current gen-
erators supplying 3-phase 60-cycle 2,200-vo[lt current. Excitation is

- ’
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effected by three direct-current generators belted to the:respective
generators. The generated voltage is stepped up to 16,500 volts for
transmission by six 200-kilowatt oil-insulated wafm’-eooled ttam-
formers.

- ENTIAT POWER PLANT.

The only power plant (PL. V, B) on Entiat River is near lts mouth
It was constructed in 1909 by the Entiat Light & Power Co. and is
now operated by the Wenatchee Valley Gas & Electric Co. 5

Water is diverted from the river through headgates on the left end
of a low concrete diversion dam 400 feet long, is delivered to & fore-
bay or settling basin, five-eighths of an acre in area, by a canal 6,200
feet long, and passes on to a power house through a wood-stave pres-
sure pipe 8 feet in diameter and 1,715 feet long. At the entrance to
the power house the woodeén pipe is joined to a steel pipe of the same
diameter. This pipe branches into two sections of equal size leading
to separate 1,000-horsepower turbines manufactured by the S. Morgan
Smith Co. to operate at 450 revolutions a minute under a-gross head -
of 78 feet between forebay and tailrace. The turbines are reguleted
by Lombard oil-pressure governors. Each turbine is direct-connected
to 550-kilowatt 3-phase 60-cycle 2,200-volt alternating-current gen-
erators supphed by the Westmghouse Electric & Manufacturing Co.
The exciter equipment consists of two 25-kilowatt 125-valt direct-
current generators designed to operate at 1,100 revolutions a minute.
One exciter is direct-connected to a 60-horsepower turbine, and the
other is so placed that it can be driven by belt from either main
generator unit. The voltage is increased for transmission from 2,200
to 16,500 volts by three oil-insulated water-cooled transformers, each
having a capacity of 400 kilowatts.

LOAD CHARACTERISTICS OF WENATCHEE VALLEY
GAS & ELECTRIC CO.

The Wenatchee Valley Gas & Electric Co. supplies energy for light-
ing, for miner industrial activity, and for pumping the municipal water
supply for Wenatchee, Waterville, Cashmere, and Monitor. It also
serves a large agricultural district with energy for pumpmg water for
lmgatmn The irrigation pumping load, developed since about 1910;
is so large compared with other loads that the maximum output each
year occurs in August, when the most water is needed for crops.
The practice of pumping water for irrigation will undoubtedly increase
ra,p1dly and will furnish revenue for water-power enterprises in the
region. The accompanying diagrams (fig. 3) showing load character-
istics, constructed from data furnished by the company, are thereforo ~
useful in planning future projects. The high demand from May to
September, shown in figure 3, is similar to that of the Pacific Powar
& Light Co. in the Yakima basin.2

18 Parker, G. L., and Storey, F. B., Water powers of the Cascade Range, Part IIL: U. 8. Geol. Survpy
Water-Supply Paper 369, p. 153, 1916.
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74 WATER POWERS OF CASCADE RANGE, PART IV.

The systems operating on the west side of the Cascads' Range s
produce their greatest output in winter. Interconnectiok of the sys-
tems on the east and west side of the range would result in & more
nearly balanced demand and would require less aggregate mwhmw
than the independent operation of the systems. ; '

The yearly output of the Wenatchee Valley Gas & Eleo&m Co.
increased 94 per cent from 1911 to 1917, and the rate of increase was
fairly uniform. The output for August increiséd 66 pér cent’from
1011 to 1917. A breakdown of one unit caused the. duﬁﬁﬁt for
August, 1918, to be less than the true demand.

1 Henshaw, ¥. ¥., and Parker, G. L., Wstsrpowetsotzhecml!m;e Part H: U: &Mﬂm’vzy
‘Water-Supply pnperals,pp 147-151, 1913 L ea
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