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WATER POWERS OF THE CASCADE RANGE.
PART IV. WENATCHEE AND iENTIAT 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 
II 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. The location of tljie areas covered by Parts I, 
II, III, and IV is shown in figure 1, and a map of the region under 
consideration forms Plate I. :

The data on which this report is bas^d consist of daily stream- 
flow records, miscellaneous measurements, river plans and profiles 
(Pis. VII, A-E, VIII, and IX, A and B, at end of volume), reservoir 
surveys, topographic 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,1 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 

more beneficial use of water than 'the development of power

1 Water-power development in the United States, pp. 55-56, U. S. Dept, Commerce and Labor, Mar* 
14, 1912.

1
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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 
Kiver 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. Kecently investigations 
have been started to determine the feasibility of irrigating the entire

PARTJV
(W.&P.486)

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

east-central part of 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 Quincy project is given herein.

No attempt has been made to present exact details of separate 
power projects, blit 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 idghest ultimate development in the region.
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As the use of water for irrigation 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 River 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 contemplates storage of water in a reservoir at 
Wenatchee Lake (PI. II; PL VII, C and #), diversion from Wen­ 
atchee River 20 miles below the lake 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 
a,nd 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 reservoir 
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 1:33 feet in Wenatchee Lake reservoir, will be 
required.

In 1918 about 1,190-acres was irrigated by diversion from Entiat 
River. The systems now in operation will probably not be greatly 
enlarged.

The continuous power that could be made available in the Wen­ 
atchee basin before the Quincy project is put into operation has been 
estimated 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 
%rough the use of an. aggregate storage of 1,200,000 acre-feet in six 
reservoirs will yield 274,000 horsepower. The potential power 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.

Condition of flow and plan.

Minimum flow:

PianB. ......
Regulated flow: 

PlanA. ......
PlanB. ......

Continuous horsepower (70 
per cent efficiency).

With 
project.

82,700 
30,300

113,000 
68,100

Without 
project.

76.100 
76,100

274,000 
274,000

Difference.

a +6,60» 
-45,806

-161,000 
-216,000

o Greater with than without project in operation because prior power right claimed by Great Northern 
Railway Co. is greater than minimum flow (p. 67).

Favorable sites for storage reservoirs in the Entiat basin have not 
been found, so that estimates of the power 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. Shennan, 
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 
mining 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 & Electric 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 fe'et at Steveife pass near Cascade tun­ 
nel, through which the Great Northern Railway crosses the ; range,

Perennial snow fields and glaciers cover small areas, which lie k'e-r 
tween elevations of 7,000 and 8,000 feet, at the northwest end of tjj.ef 
basin and near Mount Stuart. The fields near Mount Stuart are smaller 
because they have a greater southern exposure. Numerous cipques 
and lakes at high elevations indicate severe glacial action.

Practically the whole basin is mountainous, and its topography 
is rough, rugged, and irregular. The river and its tributaries occupy 
deeply incised valleys, whose steep, uneven slopes rise to jagged 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 (PI. II; PL VII» 
  and Z>), 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 Greek 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 relatively 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 mokture caiv 
ried by the prevailing winds, from the west. The flow of the 
is well sustained during the summer and fall on account of the 
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, Wenatphee 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. ,_ , , ;T

Icicle Creek, which drains a long stretch of. the Cascade Range an*^ 
the northern slope of the Wenatchee Mountains, enters Wenatchee 
River at Leavenworth, below Tumwater Canyon. The gradient of
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A. WENATCHEE LAKE, LOOKING TOWARD UPPER END FROM A POINT NEAR
THE OUTLET.

B. WENATCHEE LAKE, LOOKING ACROSS LAKE.
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the creek for about 5 miles in its lower course averages over 170 feet 
to the mile. t

Peshastin Creek, which joins the main stream 18 miles from its 
mouth, drains a part of the northern slope of the Wenatchee Moua- 
tains. The elevations in its basin range from 9,470 feet at the.crest 
of Mount Stuart to 970 feet at the mouth of the creek.

ENHAT BASIN.

The Entiat basin (PL I) is less tha.n one-third as large as tie 
Wenatchee basin, which it adjoins on the northeast. It is about 15 
miles long, has an average width of less than 20 miles, and extends 
from northwest to southeast. The Entiat Mountains form its south­ 
western boundary and theChelanMountains its northeasternboundaiy. 
The ridges and peaks of the Entiat Mountains range in elevation 
from 9,100 feet near the source of Entiat River to 5,000 feet near its 
mouth. The range is narrow, its slopes are steep, and its crest is 
serrated. The Chelan Mountains are similar in their features but do 
not reach elevations so high near the source of the river. The Entiat
 drainage basin does not touch the Cascade Range and therefore does 
not receive so much precipitation as the adjoining basins, because 
the range intercepts a large part of the moisture carried by the pie- 
Tailing westerly winds.

Entiat River has no large tributaries. Mad Creek, which enters 
the main stream 9 miles from its mouth, is the only consideralle 
tributary, and its drainage area includes only 94 square miles.

The gradient of the river averages about 55 feet to the mile in its 
lower course and about 65 feet to the mile in its upper course. Al­ 
though the gradient is uneven on account of numerous rapids and
 cascades, it is much more uniform than that of Wenatchee Rivor.

DRAINAGE AREAS.

The area included in the Wenatchee and Entiat basins is covered by 
topographic maps prepared by the United States Geological Survey, 
&nd the drainage areas were measured on these maps and are shown 
in the following list. Planimeter constants for the map of each 
quadrangle were computed by traversing bounda,ry lines of a 5° or 
10° quadrilateral in the center of the map and comparing planimeter 
readings with the area of the quadrilateral. Then each topograplic 
map was divided into a number of small sections, which were meas­ 
ured carefully by planimeter. The areas of these sections, whm 
added, varied lesg than 0.2 per cent from the total area shown on 
the seven topographic maps used, and the maximum variation for 
a single map was 0.6 ; per cent. The areas of the s«jctioji&;were finally 
adjusted to giv^e the exact area covered by each map. |
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Drainage areas in Wenatchee basin.3
Square mites.

Little Weuatchee Eiver below Lake Creek.................... 52
Little Weuatchee Eiver below Rainy Creek.................. 81
Little Wenatehee River above Wenatchee Lake.............. 100
Weuatchee River below Wenatchee Lake.................... 277
Wenatchee River below Nason Creek......................... 384
Wenatchee River below Chiwawa River....................... 578
Wenatchee River below Beaver Creek....................... 591
Wenatchee River below Chiwaukum Creek................... 662
Wenatchee River below Cabin Creek......................... 683

.Wenatchee River below Icicle Creek.......................... 908
Wenatchee River below Chumstick Creek.................... 994
Wenatchee River below Peshastin Creek...................... 1,154
Wenatchee River below Mission Creek........................ 1,279
Wenatchee River at mouth................................... 1,327

Lake Creek at mouth................................... w 17. 3
Rainy Creek at mouth................................... 16. 4
White River below Indian Creek........................ 61
White River below Cougar Creek........................ 89  
White River below North Fork.......................... 136
White River at mouth.................................. 157

Indian Creek at mouth.............................. 20. 0
Cougar Creek at mouth.............................. 19. 6
North Fork below Twin Lakes outlet................. 39. 9
North Fork at mouth................................ 41. 6
Twin Lakes outlet at mouth......................... 7. 4

Nason Creek below South Fork.......................... 20. 5
Nason Creek below Wildhorse Creek..................... 60
Nason Creek at mouth.................................. 107

South Fork at mouth................................ 7.6
Wildhorse Creek at mouth........................... 23. 5

Chiwawa River below Phelps Creek...................... 41. 6
Chiwawa River below Rock Creek....................... 96
Chiwawa River below Big Meadow Creek................. 159
Chiwawa River at mouth................................ 183

Phelps Creek at mouth.............................. 16. 8
Rock Creek at mouth. .............................. 22. 4
Chikamin Creek at mouth........................... 21.9
Big Meadow Creek at mouth........................ 14.2

Beaver Creek at mouth.................................. 10.0
Chiwaukum Creek at mouth.............................. 49. 6
Cabin Creek at mouth................................... 7. 9
Icicle Creek below South Fork........................... 68
Icicle Creek below Jack Creek............................ 112
Icicle Creek below Eightmile Creek...................... 181
Icicle Creek below Snow Creek......................... 205
Icicle Creek at mouth................................... 218

South Fork at mouth................................ 25.3
Jack Creek at mouth................................. 29.1
Eightmile Creek at mouth........................... 29.5
Snow Creek at mouth................................ 11.3

* Relation of tributaries indicated by indention.
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Wenatchee Eiver tributaries Continued. . Square mites.
Chumetick Creek at mouth............................... 80

EagleJCfceek at mouth................................ 29.2
'   * Peehastin Creek below Ifronson Creek..................... 3&1

Pediastin Oeek bebw lagalls Creek...................... 101
Peshaatin Creek at mouth............................... 136

Tronsen Creek at mouth. ..*. ....................... 16.5
Ingalls Creek below Cascade Creek.................... 23.0
Ingalls Creek at mouth.............................. 41.0

Mission Creek at mouth................................. 79

Drainage areas in Entiat basin.3

Entiat River below Myrtle Lake outlet...................... 42
Entiat River below North Fork............................... 104
Entiat River below South Fork............................... 149
Entiat River below Potato Creek............................ 221
Entiat River below Mad Creek ............................. 348
Entiat River below Roaring Creek............................ 394
Entiat River at mouth ...................................... 419

North Fork at mouth.................................... 26.1
South Fork at mouth.................................... 12.6
Potato Creek at mouth................................... 10.0
Mad Creek at mouth..................................... 94
Roaring Creek at mouth................................. 28.6

CLIMATE. 

CONTROL.

The Cascade Range marks a line of separation between two areas 
of climatic control, the oceanic and the continental. The prevailing 
westerly winds cause the oceanic control to predominate for some 
distance eastward beyond the crest of the range, so that the tem­ 
perature in the Wenatchee and Entiat basins is fairly equable arid 
the precipitation during the winter is relatively high. On account 
of the effect of the continental control, however, the range in tem­ 
perature is greater and the annual precipitation is less than on the we st 
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 in­ 
dicate that the precipitation is higher in May than in the precedix^ 

. and following months.
PRECIPITATION.

The prevailing winds from the Pacific Ocean bring "air laden wi 
moisture to western Washington. The air is cooled by expansion 
on being forced upward along the slopes of the Olympic and Cascac e 
ranges. During the summer the cooling is offset by the heat absorbed 
from the land, the temperature of which is higher than that of tl.e

* Relation of tributaries indicated by indention.



10 WATEE POWERS OF CASCADE R&SfdE, PART IV.

ocean, and therefore very little of the moisture in the air is 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 ,pf .the rapid 
condensation the moisture falls as rain or snow. . The cooling by ex­ 
pansion increases in proportion to th6 slope, and the temperature 
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 j 
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 differs greatly. 
Near the Cascade f Range it may differ 10 to 20 per cent between 
two points that are 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 
continental control renders a comparison of rainfall and run-off 
for periods shorter than a year unwise unless proper weight is given 
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:
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'Monthly and annual precipitation, in inches, at points in Washington for, years
Sept.SO.

Dirtyface Mountain.

{Elevation, 1,990 feet.]

Year.

1914. ;......,.'...:...
1915................
,1916................
Mt.. ..............
 1918................

Oct.

2.99
5.04
1.85
.85

2.68

Nov.

6.18
8.75
5.12
3.89

5.86

Dec.

2.37
il.23
3.63

19.37

9.15

Jan..

1.71
5.32
5.05

4.03

Feb.

3.06
1.81
8. 65
2.77

4.15

Mar.

2,23
2.32
7.14
7.62

483

Apr.

1.51
1.37
.96

4.09

1.98

May.

0,28
2.08
.«0
.51

.87

June.

1.06
.20

1.19
1.09

.88

Jaly.

0.14
L38
.92
.,3ft

'.70

Aug.

Tr.
0.03
.17
.03

.06

&«&.

2.98*ft

.08

.80

1.07

An­ 
nual.

23. S5
50.35-
32.92:

a36.2e

Sum of monthly means.
Leavenworth.

[Elevation, o 1,158 feet.]

1915................
1916................
1917................
1918................

2.16
1.83
.49
.16

1.16

2.79
5.35
2.38
2.97

3.37

2,24
8.98
4. 35
12.71

7.07

(2 25)
3.67
1.77
2.03

2.43

3.33
4.92
1.27
2.71

3.06

0.70
5.68
3.41
.92

2/68

0.66
.17
3.02
(Tr.)

Ofi

2.06
.64
.52
.69

.98

a 10
1.73
.27
.08

.54

1.27
1.02
.17
.56

.76

(Tr.)
0.06
.00
.25

.08

0.01
,14
.50
.01

.16

(17. 5^
34.19*
18.15

(23.09>

23.25.

a Reported 1,100 feet prior to 1916.
NOTE. Precipitation for January and August, 1915, estimated by comparison^ with precipitation during: 

preceding, same, and subsequent months at Dirtyface Mountain, precipitation for April, 1918, estimated 
In same manner by comparison with records near Wenatchee.

Dryden.

[Elevation, 960 feet.] . .

1913................
1914................
1915................
1916. ................
1917................
1918................

(2 251
1.40
? 17
1.06
.34

Tr.

1 ttl

(1.80)
3.47
2.35
4.94
1.43
2.43

2.74

(2.75)
1.57
1.20
6.03
1.81
7.90

3.54

2.99
7.01
3.26
2.93
.92

3.42

0.91
1.32
2.91
6.31
1.78

2.65

0.49
.24

1.24
3.76
2.42

1.63

0.99
.87
.SI
.21

3.44

1.26

1.17
.14

1.89
' ,ft5

.61

.81

1 41
.83
.11

173
.40

.90

0.01
.80
.70

1.02
Tr.

.51

Tr.
0.00
.02
.15
:oo

.03

0.68.
1.99
.03
.35
.37

.60

(15.45)
19.34
16.69

1 28.74
13.42:

(19.60)

018.87

a 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 December, 1912, inclusive, estimated by comparison with record 
of precipitation near Wenatchee.

Near Wenatchee.

[Elevation, 2,200 feet.o]

1900................
1901................
1902................
1903................
1904................
1905................
1906................
1907................
1908................
1909;...............
1910................
1911................
1913................
1918................
1914................
1915................
1916................
1917................
1918................

1.24
2.73
.28
.09
.70
.05

1.74
.34
.12
.78
.49
.48

( 4fT>
1.85
1.00
1.77
.56
.10
.04

.78

2.88
1.40
2.93
2.08
4.05
1.61
.92

4.62
1.14
.40

4.07
2.75
1.03
1.46
2.04
1.00
3.73
1.12
1.26

2.13

1.74
1.95
1.92
4.84
1.01
2.25
1.35
3.56
3.12
.85

1.61
.96

1.33
2.28
1.47
1.53
3.87
1.07
5.55

2 22

1.50
3.74
1.45
1.87
1.40
2.47
1.41
2.10
1.00
2.65
1.40
.59

2.87
1.82
3.71
1.30
2.10
.40

1.11

1.84

1.57
2.81
3.55
.72

3.73
.69
.59

1.43
1.00
1.43
1.13
.68
.78
.51

1.81
2.54
4.75

fid
1.27

1.67

1.03
.47

1.30
1.23
3.56
1.70
.86
.37

1.54
.29

1.47
.44
.54
.10
.12

..97
2.94
.89
.38

1.06

0.82
.40

 2.09
.41

1.57
.34
.09
.63
.29
.15
.17
.06

1.20
.46
.44
.32
.14

2.34
.03

.63

0.54
1.32
.83
.19
.01
.71

1.48
.75

2.00
.40
.19

1.42
1.67
1.71
.25

2.21
.32

1.79
L66

1.02

0.36
.70
.05
.24
.29

5.18
.40

1.84
.03
.44
.25
.55
.83

1.77
2.05

.41
1.04
.45
.13

.»n

0.00
.02

1.16
:38
.45
.02
.03
.79

1.33
.71
.11
Tr.
.70
Tr.
.33

1.29
1.51
.01

1.41

.54

0.30
.03
.08
.74
.06
.28
.67
.36
.16
Tr.
.41
.48

1.00
.14
Tr.
Tr.
.41
Tr.
.47

.29

1.82
1.67
.18

1.44
.15
.22
.13

2.26
Tr.
.80
.98

2.60
.36
.58
.80
.57
.20
.29
Tr.

.79

13.80-
17.24
15.82
14.23-
16.98
15.52
9.67

19.05-
11.73
8.90

12.28-
11.01

(13.71)
12. W
14.02
13.94
21.57
9.15-

13.31

13.&

, .*s Exported 1,169 feet prior to 1916.
NOTE. Precipitation for October; 1911, estimated by comparison with records of precipitation at Lake­ 

side for September to November, 1911. *-r-w wr-,
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Jfonthly and annual precipitation, in wicftea, at points in Washington for year* endtkg
Sept. SO Continued.

Wenatchee,

[Elevation, 743 feet.o]

Year.

1913................
1914................
1915................
1916................
1917................
1918................

Oct.

/I on\as?
.16
.40
.03
Tr.

.45

Nov.

Q-22>
1.79
.46

2.28
.60
.86

1.16

Dec.

(1.60)
1.00
2.01
2.40
.65

3.57

1 8ft

Jan.

1.60
2.70
1.00
.97

4Q

1.35

Feb.

a 22
si

/a nt\\

3.20
64

1.41

Mar.

Tr.
Tr.
0.95
1.38
.50

.57

Apr.

0.31
.13
.26
.07

1.62

.48

May.

1.66
.14

1.77
.10

1.42

1.02

June.

L13
.66
.21

1.25
.41

.73

July.

0.00
.78
.28

1.40
.14

.52

Aug.

0.04
.00
.00
.43
Tr.

.09

Sept

a 06
.98
.03
.65
.17

.38

An­ 
nual.

(&*1)
fc79

(9.83)
14.63
*S7

(9.50)

69.77

a Reported 639 feet prior to 1916.
& 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 Decemb3r, 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 comparison with records of precipitation near Wenatchee, during preceding, same, and subsequent 
months.

Stehekin.

[Elevation, 1,150 feet.oj

1906................
1907................
1908................
1916................
1917................
1918................

(6.05) 
3.95 
.45

2.95 
.30

2.74

(3.05) 
10.92
5.47

4.93
2.97

5.47

(4.95) 
6.00 
3.66

4.10 
16.87

7.12

(4.90) 
3.98 

(2.80)

3.50
4.04

3.84'

1.31
2.98 

(1.90)

2.35 
4.05

2.52

1.93 
1.56

(2.65)

6.13 
3.19

3.09

0.25
2.21 
1.97

3.10 
.18

1.54

2.9» 
.54 

1.15 
.01 
.51 
.39

.93

1.47 
.66 
Tr. 

1.62
.48 
.23

.74

0.13 
.53 

1.73 
.73 
.14 
.59

.64

0.19 
.65
.24 
Tr. 
.05 
.80

.32

1.20 
1.53 
Tr.
.45 
.78 
.18

.69

(28.42) 
35.51 

(22.03) 
(40.70) 
29.02 
33.79

&31.58

a Reported 1,100 feet prior to 1909 and 1,350 feet for 1916.
6 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 

ending Sept. 30,1916, estimated by comparison with records of precipitation at Lakeside and near Wenat­ 
chee.

Lakeside.

[Elevation, 1,116 feet.]

1892................
1893................
1894................
1895................
1896................
1897................
1898................
1899................
1900................
1901................
1902................
1903................
1904................
1905................
3906................
1907................
1908.. ..............
1909................
1910................
1911. ...............
1912................
1913. ...............
J914. ...............
1916................
1916................
1917................ 
1918................

jtfean........ .......

0.32
.59
.24

1.37
.00

1.00
.74
.03

1.60
2.07
.08
.08
.55

1.60
1.47
.18
.12-
.94
.90
.61
.18

1.87
1.02
1.84
.93
.03
Tr.

.75

1.52
2.40
2.38
.89
.54

3.00
2.93
.92

3.60
1.20
2.42
1.77
3.21
1.04
.70

3.88
1.24
.77

3.64
2.74
.81

1.49
1.98
1.36
3.96
.74 

1.24

1.94

2.29
2.39
.75

2.63
2 25
1.78
3.37
1.35
1.56
2.63
1.84
3.98
.35

1.87
1.38
3.22
2.78

55
1.61
1.10
1.83
1.39
1.39

.73
3.12
.77 

3.84

1 Q1

1.13
(.75)
1.08
2.40
2 50
1.98
.30

2.94
1.15
2.13
1.01
1.81
1.54
1 TO
1.24
1.02
1.36
2.10
1.14
.70

3.01
1.08
3.80
1.90
1.20
.34
.98

1.57

0.43
1.55
.80
.30
.18

2.80
1 eo

1.32
.85

2.15
3.30
.78

2.87
.27

1 05
.81
.71

1.51
.92
.92
.86
.35

1.01
2.37
Q <M1
1.02 
1.11

1.33

1.25
1.69
1.19
.27
.70
.81
.08
.12

1.02
.52
.45
.88

3.15
.97

1.02
.80
.85
.57

1.25
is

.37

.11

.16
1.33
1 RQ
1.49

.89

1.32
2.15
.34
.74

1.33
.54
Tr.
.41
.82

(-65)
1.75
.61

1.05
.17
.05
.08
.10
.00
.08
.29
.87
.67
.80
.75
.12

2.20

RQ

3.13
1.40
1.37
.65

1.80
1.30
.91
.54
.89

1.76
.69
.18
.05
.69

1.79
.49

1.05
.43
.68

1.21
1.14
1.87
.13

2.54
.42
.77

1.07

0.31
.21

1.20
Tr.
.09

1.25
1.64
.17
.65

1.48
Tr.
.38
.48

4.59
24

1.96
.10
.31
.16
.49
.64
.86

1.49
.31

1.67
.55

HI

0.47
.06
Tr.
Tr.
.01
.88
Tr.
.15
Tr.
.00

1.74
.27
Tr.
.20
.11
.96

1.14
.74
.09
Tr.
.15
.03
.08
.61
.93

..09

.34

Tr.
Tr.
.06
.00
.67
.15

1.03
1.43
.14
.02
.15

1.48
.51
.15
.10
.56
.04
Tr.
.41
.60

1.04
.23
Tr.
Tr.
.22
Tr.

.35

0.26
.78
.05
.75
.64
.11
.22
.19
.84

1.21
.23
.43
.02
.93
.20

1.84
.08
.99
.67
.64
.24-
.17

1.39
.18
.98
.15

.55

12.43
(13.97)

9.46
10.00
10.71
15.60
12.71
9.57

12.92
(15.83)
13; 66
12.05
13.78
14.27
10.25
15.80
9.57
8.91

11.55
?.78

11.14
16.12
13.25
13.92
18.54
&il

012.24

o Sum of monthly means.
NOTE. Precipitation for January, 1893, and Aprtl, 1901, estimated by comparison witft records of pre- 

 cipltation at Waterville and near Wenatchee during preceding, same, and subsequent months.   - ,
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Monthly and armudl precipitation, in tne&es, «f pomte tn
f. SO   Continued.
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/or years eneKny

Snoqualmie Pass.

[Elevation, 3,000 feet.]

Year.

1916................
1917................
1918.. ..............

Mean.

Oct.

(10.10) 
2.60 
2.45

5.05

Nov.

14.00 
10.80 
5.13

9.98

Dec.

14.30 
11.33 
29.72

18/45

Jan.

12.18 
16.30 
17.30

15.26

Feb.

16.90 
8.96 

13.90

13.25

Mar.

19.69 
10.90 
5.80

12.13

Apr.

6.98 
,6.34 
4.10

5.81

May

4.35 
.65 

3.27

2.76

June.

3.76 
5.80 
(.20)

3.25

July.

3.40 
.15 

1.50

1.68

Aug.!

1.14 
.00 

5.30

2.15

Sept.

3.85 
.92 
.10

1.46

An­ 
nual.

(110,15)
747* 

(88.77)

91.23

NOTE. Precipitation for October, 1915, and June, 1918, estimated by comparison with records of pre­ 
cipitation at Keechelus Lake. Mean annual precipitation lor a period of 10 years, computed by com­ 
parison with records ol precipitation at Kachess Lake, 79.60 inches.

KachesB lake. 

[Elevation, 2,235 feet.]

1909................
1910................
1911................
1912................
1913................
1914................
1915................
1916................
1917................
1918................

3.83
2.41
8.05
.54

3.21
3.65
o 7J

7.39
2.11
2.06

3.70

8 11
19.99
11.76
17:39
5.60
3.66
8.33

10.06
5.77
2.66

8.83

ft 1Q
ft Q1
4.13
6.40
9 92

on
2.83

10.32
(ft. 35)
28.12

8.41

8.70
7.27
9.45

10.54
11.16
9.36
2.24
5.07
9 no

U i&

8.41

5.52
13.79
4.10
6.46
2 22
4 32
2.51
8.57
4.34
6.21

5.80

3.59
5.82
«13
2.82
3.71
2.88
2.60
9.35
9.53
1.94

4,4*

2.76
2.93
1.20
il.62

79
3.44
2 29
1.71
13.65
ll.71
*-2.«

0.83
1 39
3.65
2.12
1.48

.«2
2.46
1.44
.72

2.72

1.74

0.92
1.55
.56

1.77
1.14
2.22
.30

1.97
2.65
.29

1.34

0.53
.04
.72
.32
.38
.37

1.78
2.28
.32

1.22

.80

0.16
.04
.24

3.62
.01
Tr.
.01
.28
.13

2.45

.69

3.77
1.58
4.99
.51

1.59
2.90
1.41
l.-Oft
1.14
.18

1.91.

41.91
63.72
50,98
54.11
41.21
34.32
30.50
59.45

(45.80)
60.74

48.28

, NOTE.  Precipitation for December, 1916, estimated by comparison with record of precipitation at 
Iteeehelus Lake during preceding, same, and subsequent months. '

Summary.

Station. Years of 
record.

3.9 
3.8 
5 

19 
5 
4.8 

26.2 
2.8 

10

Average precipi­ 
tation (inches).

Total 
annual.

36.26 
23.25 
18.87 
13.87 
9.77 

31.58 
12.24 

079.60 
48.28

Snow­ 
fall.

260 
161 
96 
.64 

' 30 
142 
46 

478 
189

Days 
with more 
than 0.01 

inch 
precipi­ 
tation.

134 
87 
98 
80 
52 

120 
66 

132 
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 4hown 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 ii} the following table: 

82295 22 war 486  2



14 WATER POWERS OF CASCADE RANGE, PART IV. 

Run-off and precipitation in Wenatchee and Entiat basin*.

Gaging station.

Wenatchee River below Chiwawa River. .........

White River.....................................

Entiat River. ....................................
Stehekin River...: . ..............................

Yakima River below Keechelus Lake ............
Yakima River at Cle Elum.. .....................

&T £i
(square

591
1,200

150
181
211
41 Q

368
950

55
500

3 fifin
63

Mean
annual
run-off

("depth in 
inches on
drainage

area).

52.76
38.09

&6&60
646.40
643.10

17.02
«53.70

31.61
82.22
54.42
1ft 04

61.06

Precipitation station
nearest gaging sta­ 
tion.

Dirtyface Mountain. . .

.....do.................

Cle Elum.............

Mean
annual
precipi­ 
tation

(inches).

036.80
18.87

036.80
»36.80

23,26
12.24
31.58
12.24

470.10
24 79
8.31

48.28

o Record short; precipitation computed by comparison with record of precipitation at Kachess Lake. 
6 Record short; run-off computed by comparison with record of run-off of Wenatchee River below Chi­ 

wawa River.
« Record short; run-off computed by comparison with record of run-off of Chelan River. 
* 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.

TEMPEKATURE.

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 United 
States Weather Bureau is shown in the following table:
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f Suymary o/ temperature records at stations in Washington.

Station.

Leavenworth (elevation, 1,158 
feet):a

Higtoest. .....................

KW Wenatohee (elevation, 2,206 
feet):& 
  Mean. ......................

Wenatenee (elevation, 743 feet):«

Stehekin (elevation, 1,150 feet):

Highest......................

Lakeside (elevation, 1,116 feet):

Highest......................

SnoqHatanie Pass (elevation, 3,000 
feet): 

Mean.........................
Highest......................

Lake Kachess (elevation, 2,235 
feet):

Highest......................

Temperature in degrees Fahrenheit.

Oct.

50.6 
85 
21

49.7 
84 
20

51.8 
86 
20

49.2 
80 
20

51.2
83 
25

44.3 
76 
-6

46.4 
79
22

Nov.

37.9 
63 
9

36.7 
65

_ q

49.0 
63 

6

36.3 
79
22

38.0 
64 
-3

35.3
64 
6

35.4 
62 

6

Dec.

25.0 
52 

-13

27,9 
58 

-1

29.7 
62
-7

33.4
55 
5

29.4 
60 
-2

27.5 
47 

2

28.4
52 
-2

Jan.

22.9 
58 

-18

25.0 
54 

-16

23.9 
52 

-15

33.1 
48

. .5

25.1 
52 

-13

22.9
48 

5

2£8 
45 
-8

Feb.

30.1
55 

1

29.7 
64 

-5.

29.9 
53 
-3

29.4
48 

4

- 29.6 
60 

-15

29.7 
49 

9

29.6 
50
-2

Mar.

38.8n
3

39.4 
72
7

41.8 
67 

4

35.1 
65

4 ;

40.2
74 

5

31.4
43 

0

35,5 
69

__ 9

An­ 
nual.

48.0 
102

-18

47.6, 
101 

-16

50.1 
106 

-15

"98*'" 

4

49.6 
105 

-15

40.0
86 

-6

44.2
98 

-8

Length 
of, 

record
(years).

 4

  20' 

  ' 5 

. (*)

}-.

} '

} '.

Averagp 
lengtffW 
grow&HE,
season ' 
(days)...

;-,-(

, --tVO 

182

189 

152 

191

74 

136

a Reported 1,100 feet prior to 1916. 
*> Reported 1,169 feet prior to 1916.

« Reported 639 feet prior to 1916. 
<* 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. .Hie high areas are 
densely timbered, but the stand of timber decreases in the lower areas 
in proportion to the decrease in rainfall.

Forestation is an important factor in considering problems involving 
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 
industry, prevent excessive erosion, and preelude^the possibility 6$
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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 Ohelan 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:

Percent. 
Douglas fir....................................................... 25
Amabilis fir...................................................... 22
Western yellow pine............................................. 21
Mountain and western hemlock................................... 12
Englemann spruce, lodgepole pine, black cottonwood, western larch, 

and alpine fir..............................................;... 10
Western white pine and grand fir................................. 6
Western red cedar............................................... 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 rely cold weather in winter are short thef V&&
duce a low flow, An extremely low flow for Weoatohe
its tributaries occurred in October, 1911, and again in
1915. The flow of Entiat River also was low during thosa raontiis,
but the mean flow for January, 1916, Was still lower.

The total yearly flow depends more on the total precipitation than 
on any other feature. The climatic years of the greatest ( run-rotf 
since 1904 were the years ending September 30, 1910 and 1016, and 
tiie climatic year of the least run-off was the year ending September 
30, 1915.

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.4 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 records are disclosed in intro­ 
ductions to publications entitled " Surface water supply of the United States "" (IT. 8. Oeol. Survey Water- 
Supply Papers 361-362,381-392, 401-414).
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discharge nor to the discharge for any one day, but indicate th® 
probable accuracy of the computed mean monthly flow, A meaning 
accurate within 5 per cent, B within 10 per cent, G within 15 per 
cent, and D within 25 per cent. .

PUBLICATIONS. «

The records of stream flow in the Wenatchee and Entiat basins, 
from which the monthly estimates here presented hare been derived, 
have been published ^nnually by the United States Geological Survey 
as shown by the following list: '.,

[Note.-UA=Annijal Report, W  Water-Supply Paper.]

1897........................ .......... A. 19, Pt. IV, pp. 489-490; W. 16, p. 178
1904....................|..................W. 135, pp. 71-72; W. 272, pp. 141-145
1905....................|..................W. 178, pp. 40-42; W. 272, pp. 141-145

..............W. 214, pp. 39-40; W. 272, pp. 141,143-145

........W. 252, pp. 130-132; W. 272, pp. 141, 143-145
1906... 
1907-8. 
1909... ..................................W. 272, pp. 139-146
1910....................................W. 292, pp. 136-141; W. 312; pp. 157-158
1911......W. 312, pp. 192-165; W. 332, pp. 183-184, 188-191; W. 482, pp. 123-12&
1912......W. 332-A, pp. 174-191; W. 362-A, pp. 182-183, 187; W. 462, pp. 130-133;

I W. 482, pp. 124-126.
1913............W. 362-A, pp. 174-187; W. 462, pp. 128-131; W. 482, pp. 124-126
19-14.................W. 392, pp. 129-140; W. 462, pp. 129-131; W. 482, pp. 12&-126
1915.......................................................W. 412, pp. 196-203
1916........................................................W. 442, pp. 150-157
1817....................|...........................:..-......W. 462, pp. 123-133
1918....................J....................................W. 482, pp. 120-12?

| DEFINITION OF TEEMS.

The volume of water flowing in a stream the "run-off" or "dip- 
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 ( those that represent a rate of flow, as second-
feet, gallons per minute, miner's inches, and di&charge in second-feet 
per square mile, and (2) those tha) represent the actual quantity of 
water, as run-off in ijich.es, acre-feet, and millions of cubic feet. The 
principal terms used |in this series of reports may be defined as follows:

"Second-feet" is Jan abbreviation for cubic feet per second. A 
second-foot is the ratje 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 & fundamental unit from which others are com­ 
puted. I

"Second-feet per square1 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 uniformly both as 
regards time and area.
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"Kun-bffm inches" is the depth to which an area would be cov­ 
ered ,if all the water flowing from it in a given period were uniformly 
distribute^ on the surface. It is used for comparing run-off with 
rainfall, wnich 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 quantity 
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. i 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. 591 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 Dry den.  

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 OP DISCHARGE. Maximum stage recorded, 11.1 feet at 12.30 p. m. Decem­ 
ber 30, 1917 (discharge, 18,700 second-feet); minimum stage recot-aAd. 2.53 feet 
October 11 and 12, 1915 (discharge, 316 second-feet).

ICE, Stage-discharge relation affected by ice during severe winters; flow estimated 
from observer's notes, discharge measurements, and weather records.

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

REGULATION. None.
ACCURACY. Stage-discharge 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 discharge measurements and point of zero flow; curve used 
for open channel after that date well defined by many discharge measurements; 
curve used for periods Whe» logs were on control fairly well defined by tw0 dis­ 
charge measurements. Gage read to hundredths .once daily. Accuracy of 
monthly means indicated in table of monthly discharge. ' '

COOPERATION. Gage-height record furnished by Quincy Valley Irrigation District.
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Monthly discharge of Wenatckee Rive? near Leavenworth, Wash?, 1910^1919. 
' , [Drainage area, 691 square mile*.}

Month.

1909-10, 
October.........................................

April............................................
May.............................................

July.............................................

Month.

1910-'ll.

Match 6. ....... ............
Aprils. ....................

Julyft. .....................

September &. ...............

The year. ............

1911-12. 
October &....,. .............

December b....... ..........

Aprils. ....................
May6.. ....................

Julyft. .....................

1912-13.

Febiua ry 6 . ................ 
Marchft. ...................
April &. ....................
Mayft. .....................

Jnlyft. .....................

September f>.... ............

Discharge in second- 
feet.

Mean."

740 
3,800 
2,700 
1,100 

940 
2,900 
4,600 
8,500 
5,200 
3,400 
1,300 

620

2,990

Per square 
mile.

L25 
6.43 
4.57 
1.86 
1.59 
4.91 
7.78 

14.4
a so
5.75 
2.20 
1.05

5.06

Discharge in sesond-feet.

Maximum.

2,080 
1.140 

766 
2,080 
4,530 
7,200 

10,400 
3,740
1,430 
1,210

476 
4,300 
1,380 
1,050

900 
1,260 
3,230 

11,500 
8,760 
4,110 
1,550 

950

11,500

590 
1,050 
1,000 

852 
1,320 

900 
4,160 

10,100 
14,300 
7;970 
3,070 
2,760

14,300
  *-     '-   -'-   

Minimum.

970 
708 
468 

. 468 
1,810 
3,070 
3,560

714 
476

340 
335 
630

672 
513 

1,430 
3.230 
4,110 
1,380 

714 
442

335

402 
476 
550

""""735" 

772 
2,380 6,710s 
2,760 
1,050 

714

402

Mean.

02,000 
o3,000 

1,240 
876 
591 
950 

2,540 
4,210 
6,220 
2,720 

951 
756

2,' 170

400 
1,-310 

890 
732 
785 
662 

2,330 
6,760 
6,690 
2,600 
1,070 

602

2,070

483 
733 
698 
621 
809 
815 

2,140 
5,990 
9,570 
5,260 
1,700 
1,130-

Per
square 
mile.

3.38 
5.08 
2.10 
1.48 
1.00 
1.61 
4.30 
7.12 

10.5 
4.60 
1.61 
1,28

3.67

.677 
2.22 
1.51 

'1.24 
1.33 
1.12 
&94 

1L4 
1L3 
4.40 
1.81 
102

3.50

.817 
1.24 
1.18 
1.05 
1.37 
1.38 
3.62 

10.1 
16.2 
8.90 
2.88 
1.91

Itun-ofl.

Inches.

1.44 
7.17 
6.27 
2,14 
1.66 
5.66 
8.68 

16.60 
9.82 
6.63 
2.54 
1.17

68.78

Acre-feet.

45,500 
226.000 
166,000 
67,600 
52200 

178,000 
274J000 
523,000 
309,000 
209.000 
79,900 
36,900

2,170,000

Run-on*.

Inches.

3.90 
5.67 
2.42 
1.71 
1.04 
1.86 
4.80 
8.21 

11.71 
5.30 
1.86 
1.43

49.91

.78 
2,48 
1.74 
1..43 
1.43 
1.29 
4.40 

13.14 
12,61 
5.07 
2.09 
1.14

47.60

.94 
1.38 
1.36 
1.21 
1.43 
1.59 
4,04 

11.64 
18.07 
10.26 
3.32 
2,13

2,500T|-'"': 4.23 \ ' ,,'57.37*]'

Acre-feet.

" 123,000 
179,000 
76,200 
53,900 
32,800 
58 400 

151,000 
259,000 
370,000 
167,000 
58,500 
45,000

1, 570, 000

24,600 
78,000 
fi4,700 
45,000 
45,200 
40,700 

139, 000 
418 000 
398,000 
160,000 
65,800 
35,800

1,500,000

29.700 
43,600
42,900 
38,200 
44,«00 
50,100

127; ooo
368,000 
569,000 

,323,000 
105,000 
67,200

% 810, 000*

Accu­ 
racy.

C. 
C. 
C. 
C. 
C.c. c. c. c. c. c. 
c.

Accu­ 
racy.

C. 
C. 
B. 
B. 
B. 
B. 
B. 
A. 
A. 
A. 
A. 
A.

A. 
A. 
A. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A.

A. 
A. 
A. 
B. 
B. 
B. 
B. 
B. 
A. 
A. 
A. 
A.

o Estimated by percentage comparison wttt record of Wenatchee BJver^t Caabmete and Dryden. Per­ 
centage used for each-month was average for that month in the period of comparison. ' ' 

1 6 Eecords for this month revised since original publication. See Water-SupgJy- Paper 488 to revised 
daily discharge.



Monthly dischGXfft o/ Wenatehee River near LewvRworth, W<uh. t

Month.

1913-14.

November &................
December..................
January. .

March......................
April.......................
Unu

July........................
August.....................
September..................

The year. ............
1914-15. 

October....................
November..................
I>ecember... ...............
January

March......................
April................ ......
May

July........................
August .....................
September.......... ......

The year. ............
1915-16. 

October. ............ ... .
November. .................
December .......
January ...........

Mareh..... ............... .
April.......................
May
June............... . ..
July.......................
August ....................
September... . ..............

The year. ............
1916-lf. 

October ....................
November..................
December........ .. .
January.............. .. .
February. ..................
March ...........
April.............. . ...
May
June........................
Julf..... ......... .. ... .
August. 1,............ ......
September... . ..............

The year. ............
1917-18. 

October ....................
November. .................
December........... ....
January ....................
February...................
March......................
April.............. . ...
May........................
June........................
July........................

September..................

Discharge in second-feet.

Maximum.

1,920 
2,140 
1,290 
2,140 

930 
2.540 
5,700 
8.560 
7,760 
4,700 
1,400 
1,080
8,560

1,520 
3,610 
1,640 

658 
460 

2,010 
6,020 
3,960 
2,970 
1,640 

930 
575

6,020

1,630 
2,260 

748

925 
2,680 
4,700 
9,680 

16,400 
9,120 
3,960 
1,750

16,400

S80 
1,030 

470 
540 
700 
580 

1,660 
11,000 
11,000 
9,570 
2,610 

980
11,000

  ...-,. .., , . 1, , . .frt-p

745 
1,140 

18, 700 
15,400 

. 1,660 
' 1,790 

5,110 
7,710 

11,000 
4,300 
1,660 

835
The year............. 18,700

Minimum.

590
852 
599 
591 
575 
817 

1,350 
3,510 
2,970 
1,370 

700 
482
482

1

575 
1,520 

615

398 
426 

2,140 
2,140 
1,130 

745 
668 
316
316

316
515 
515

790 
1,630 
3,960 
5,540 
3,440 
1,630 

625
316

418 
438

357

438 
438 

1,790 
5,550 
2,610 
1,030 

580
............

405
412
m

1.300 
930 
745 

1,660 
2,760 
3,920 
1,540 

790 
505
405

Mean.

1,240 
1,290 

830 
1,160 

666 
1,510 
3,410 

 5,920 
4,560 
2,760 

981 
710

2,090

949 
2,230 

, 893 
491 
431 

1,030 
3; 630 
2,610 
1,860 
1,080 

764 
402

1,360

618 
940 
589 
547 
738 

1,660 
3,090 
6,160 
9,370 
6,440 
2,590 

981
2,810

485 
557 
408 
429, 
604 
487 
913 

5,210 
8.030 
6 150 
1,740 

754
2,160

517 
678 

3,640 
3,940 
1,250 

976 
2,880 
4,810 
6,720 
2,770 
1,070 

647
2,500

Per 
square 
mile.

2.10 
2.18 
1.40 1 96 ' 

1.13 
2.55 
5.77 

1Q.O 
7.72 
4.67 
1.66 
1.20
3.54

1.61 
3.77 
1.51
.831 
.729 

1.74 
6.14 
4.42 
3.15 
1.79 
1.29 
.680

2.30

1.05 
1.59 
.997 
.928 

1.25 
2.81 
5.23 

10.40 
15.90 
10.90 
4.38 
1.66
4.75

.821 

.942 

.690 

.726 
1.02 
.824 

1.54 
8.82 

13.6 
10.4 
2.94 
1.28
3.65

.875 
1.15 6.16- 
6.67 
2.12 
1.65 
4.87 
8.14 

11.4 
4.69 
1.81 
1.09
4.23

Run-off.

Inches.

2.42 
2.43 
1.61 

1 2.26 
1.18 
2.94 
6.44 

11.53 
8.61 
5.38 
1.91 
1.34

48.05

1.86 
4.21 
1.74 
.96
.76 

2.01 
6.85 
5.10 
3.51 
2.06 
1.49 .76'

31.31

1.21 
1.77 
1.15 
1.07 
1.35 
3.24 
5.84 

11.99 
17.74 
12.57 
5.05 
1.85

64.83

.95 
1.05
.80

, -84 
1.06 
.95 

1.72 
10.17 
15.17 
11.99 
3.39 
1.43

49.52

LOO 
1.28 
7.10 
7.69 
2.21 
1.90 
5.43 
9.38 

12.72 
5.41 
2.09 
1.22

67.43

Acre-feet.

76,200 
76800 
51,000 
71,300 
37,000 
92,800 

203,000 
364,000 

-,371,000 
170,000 
60,300 
42,200

* 1,520,000

58,400 
133,000 
54,900 
30,200 
38,900 
63,300 

216,000 
160,000 
111.000 
65200 
47,000 
23,900

987,000

38,000 
55,900 
36,200 
33,700 
42,400 

102,000 
184,000 
379,000 
558,000 
396,000 
159.000 
58,400

2,040,000

29,800 
33,100 
25,100 
26,400 
33,500 
29,900 
54,300 

320,000 
478,000 
378,000 
107,000, 
44,800

1,560,000

31,800 
40,300 

224,000 
242,000 
69,400 
60,000 

171,000 
296,000 
400,000 
170,000 
65,800 
38,500

1,810,000

Accu­ 
racy.

A. 
.A- 
A..!:
At, 
B, 
B.. 
A. 
A. 
A. 
A.

A. 
A.. 
A^ 
C. 
B,, 
A. 
A_ 
A. 
A,. 
A.. 
A.. 
A.

A.. 
A. 
A.. 
C. 
C. 
A. 
A... 
A.. 
A. 
A. 
A.. 
A..

A. 
A.. 
A. 
B._
A. 
A. 
A.. 
A. 
A. 
A.. 
A. 
A..

A. 
A.
A.. 
A. 
A. 
A. 
A. 
A. 
A. 
A 
A. 
A.

6 Records for this month revised since original publication. See Water-Supply Paper 482 for revise* 
daily discharge.
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Monthly discharge of Wenatchee River near Leavenworth, Wash., 1&1Q-191& Continued.

Month.

1918-19.

March......................

The period ...........

Discharge in sec«nd-feet .

Maximum.

2,050 
. 1,420 

5,110 
1,920 
1,080 
1,660

Minimi-inn

540
745 

  745 
745 
700 
620

Mean.

937 
998 

1,970 
1,140

868 
792

Per 
square
mile.

1.59 
1.69 
3.33 
1.93 
1.47 
1.34

Run-off.

Inchss.

1.83 
1.89 
3.84 
2.22 
1.53 
1.54

Acre-feet.

57,600 
59.400 

121,000 
70, 100
48,200 
48,700

405,000.

Aceu- 
rscy.

A. 
A. 
A. 
A. 
A. 
A.

WENATCHEE RIVER AT CASHMERE AND DRYDEN, WASH.

LOCATION. 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. i 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 SW. J sec. 26, T. 24 N., R. 18 E., at Wenatchee Valley 
Gas & Electric Co.'s power plant (PI. VI, B) a quarter of a mile north of Dryden, 
a mile below intake of Wenatchee Reclamation District canal (PI. VI, A), 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

RECORDS AVAILABLE. July 27, 1904, to September 30, 1917.
-GAGE. 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 
above 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, 1916, 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 boulders; high-water control perma­ 
nent, low-water control shifting.

^EXTREMES OP 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.



AKD?2KTIAT BASINS. n
Ic«.^-TSt$ge discharge 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, a^id weather records.

DIVERSIONS. Many diversions for irrigation above station. Wenatchee Reclamation 
District canal is the most important; records of flow in canal available since June, 
1911. Depletion caused by irrigation above station is estimated and added to 
record of flow in river and canal to give probable natural run-off.

REGULATION. ^Slight regulation at mill pond at Leavenworth.
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 follow water at station at Dryden changed June 
3, 1913, November 3, 1914, September 17, 1915, November 10, 1916, and May. 80, 
1917; rating curves used prior t<\ September 17, 1915, and after June 17, 1916, 
well defined by numerous discharge measurements;, curve for inclined gage used 

  October 29,1915, to June 17,1916J fairly well defined by three discharge measure­ 
ments. Gage-height record reliable except for period in 1907 and 1908 when 
temporary gages were used. Accuracy of monthly means indicated in table oi 
monthly discharge.

COOPERATION. Gage-height record o^ Wenatchee River and Wenatchee Reclamation 
District canal at Dryden furnished by Wenatchee Valley Gas & Electric Co.

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

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

Month.

1904. 
July 27-31.........

September........

1904-5. 
October. ..........
November. .......
December. ........
January. ..........
February. ........
March
April..............
May..............
Juue............^.
July..............
August............
September........

The year....

Discharge in second-feet.

Maxi­ 
mum. o

4,260 
3.180 
1,480

1,280 
1,940 
1,500
1,110 
1,700 
6,OM) 

11,400 
11,600 
14,900 

7,200 
2,350 
1,820

14,900

Mini- 
mum.o

3,180 
1,280 

830

730 690* 
1,030

730 
650 

1,820 
2,210 
4,740 
6,900 
2,500 
1,030 

890

650

Mean.

River.

3,780 
2,080 
1,080

855 
1,100 
1.300

900 
990 

4,370 
4,710 
6,550 

10,500 
4,450 
1,560 
1,090

3,210

Canal. &

60 
60 
40

20

10 
40 
50 
70 
70 
40

4^:

Esti­ 
mated 
deple­ 
tion.

26 
24
17

10

11
24 
26 
27 
25 
18

Total,
esti­ 

mated 
natural 

flow.

3,870 
2,160 
1,140

885 
1,100 
1,300 

900 
990 

4,370 
4,730 
6,610 

10,600 
4,550 
1,660 
1,150

........ 3,240

Estimated natural run-off.

Per 
square 
mile.

3.02 
1.69
.891

Inches.

0.56 
1.85 
.89

1

.681 

.859 
1.02 
.703 
.773 

3.41 
3.70 
5.16 
8.28 
3.55 
1.30 
.898

2.53

.80 

.96 
1.18 
.81 
.80 

3.93 
4.13 
5.95 
9.24 
4.09 
1.50 

.1.00

34.39

Acre-feet.

38,400 
133,000 
67,800

239,000

54,400 
65,500 
78,900 
55,300 
55,000 

269,000 
281,000 
408,000 
631,000 
280,000 
102,000 
68,400

2,350,000

Accu­ 
racy.

C. 
B. 
B.

B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
C. 
B. 
B. 
B.

i Maximum and minimum discharge prior 1 
after that year they refer to combined flow of liver and canal 

* Estimated monthly mean discharge of canal prior to June

o 1911-12 refer to flow at river gaging station. During and

Considerable error In estimate of discharge of
 ..__.. j, 1911, used only to obtain natural run-off, 

sanal makes small error in total flow.
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Estimated monthly natural discharge of Wenatchee Rweir at Cashmere and Bryden,
1904-1917 Continued.

Month.

1905-6.

March.

May.............

July.............

The year. . . 

1906-7.

April..............
May..............

July..............

The year....

1907-8.

December. ........

March............. 
April..............

July..............

The year....

1908-9.

November. .......

March.............
April..............
May..............

July..............

The year

Discharge in second-feet.

Maxi­ 
mum.

8,760 
1,940
1,280 
1,700 
1,940
3,180 
9,980 

11,600 
8,760 
6,320 
1.480 
1,700

11,600

12,400

1,380 
4,260 
2,660 
7,500 

18,500 
19,000 
6,600 
2,660 
1.700

1, 110
2,500
2,350 
1,700 
1,480 
3,580 
8,760 
9,780

13,200 
3,800

11,600 
21,400 
9,440 
1,940 
1,380

21,400

Mini­ 
mum.

1,190 
1,190

780 
780 

1,190
1.190
3,000 
4.740 
3,800 
1,590 

890 
830

780

830

890 
960 

1,280 
1,820 
6,320 
5,500 
2,500 
1,110 

890

830

1,110 
1,120
1,190 

960 
890 

1,380 
2,070 
5,760 
6,320 
3,800

4,380 
7,800 
2,660 
1,030 

730

Mean.

River.

2,950 
1,400 

965 
1,040 
1,520
1,450 
5,860 
7,860 
5,390 
3,260 
1,160 
1,000

2,830

2,420 
c7,100
c2,200
1,040 
2,420 
2,040 
4,670 

12,500 
9,500 
4,330 
1,560 
1,220

4,250

1,110 
1 300
1,730 
1,390 
1,210 
2,380 
4,560 
8,050 

11,500 
9,590 
2,080 
<*970

3,830

<*780 
c 1,100

c920
c800
c770

c 1,100
d 3, 100 

7,420 
13,600 
5,510 
1,510 

930

3,130

Canal.

30

10 
50 
50 
70 
70 
50

30

10
50 
60 
80 
80 
50

30

20 
50 
60 
90 
90 
60

40

20 
60 
70 
90 

100 
60

Esti­ 
mated deple­ 
tion.

11 

13 
27 
29 
30 
28 
19

12

13 
28 
30 
32 
29 
21

13

14 
30 
32 
33 
31 
22

14

16 
34 
36 
38 
35 
25

Total, esti­ 
mated 
natural 

flow.

2,990 
1 400 

965 
1.040 
1,520 
1.450 
5,880 
7,940 
5,470 
3,360 
1,260 
1,070

2,870

2,460 
7,100 
2,200 
1,040 
2,420 
2,040 
4,690 

12,600 
9,590 
4,440 
1,670 
1.290

4,300

1,150 
1,300 
1,730 
1,390 
1,210 
2,380 
4,590 
8.130 

11,600 
9,710 
2,180 
1,050

3,870

834 
1,100 

920 
800 
770 

1,100 
3,140 
7,510 

13,700 
5,640 
1,640 
1,020

3,180

Estimated natural run^fi.

Per 
square 
mile.

2.34 
1.09
.754 
.812 

1.19 
1.13 
4.59 
6.20 
4.27 
2.62 
.984 
.836

2.24

1.92 
5.55 
1.72 
.812 

1.89 
1.59 
3.66 
9.84 
7.49 
3.47 
1.30 
1.01

3.36

.898 
1.02 
1.35 
1.09 
.945 

1.86 
3.59 
6.35 
9.08 
7.59 
1.70 
.820

3.02

.652 

.859 

.719 

.625 

.602 

.859 
2.45 
5.87 

10.7 
*.41 
1.28 
.797

2.48

Inches

2.70 
1.22 
.87 
.94 

1.24 
1.30 
5.12 
7.15 
4.76 
3.02 
1.13 
.93

30.38

2.21 
6.19
1.98 
.94 

1.97 
1.83 
4.08 

11.34 
8.36 
4.00 
1.50 
1.13

45.53

1.04 
1.14 
1.56 
1.26 
1.02 
2.14 
4.00 
7.32 

10.11 
8.75 
1.96 
.91

41.21

.75 

.96 

.83 

.72 

.63 

.99 
2.73 
6.77 

11.94 
5.08 
1.48 
.89

33. 77

Acre-feet.

184,000 83,300' 
59,300 
64,000 
84,400 
89,200 

350,000 
488,000 
325,000 
207.000 
.77,500 
63,700

2,080,000

151,000 
422,000 
135,000 
64,000 

134,000 
125,000 
279,000 
775,000 
571,000 
273,000 
103,000 
76,800

3,110,000

70,700 
77,400 

108,000 
85,500 
69,600 

146,000 
273,000 
500,000 
690,000 
597,000 
134,000 
62,500

2,810,000

51,380 
65,600 
56,600 
49,200 
42,800 
67,600 

187,000 
462,000 
815,000 
a47,000 
101,080 
60,700

2,310,000

Accu­ 
racy.

B. 
B. 
B. 
B. 
B. 
B. 
B, 
B, 
B. 
B. 
B. 
B.

B. 
D. 
»» 
B. 
B. 
B. 
B. 
C. 
C. 
B. 
B. 
B.

1, 
D.

D. 
D. 
D. 
B. 
D. 
D. E>v' 
35.   
Bi 
B.- i 
Bv 
Bv

c Estimated by comparison with record of YaMma River at Cle Slam and at Umtanum; should be usedH 
with, caution, 

d Estimated by comparison with record of Yakima River at Cle Elum; should be used with, caution-
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Estimated monthly natwral discharge of Wenotdm River at Cashmere and Dryden,
1904

Month.-

1909-10. 
October..........
November.......
December........
January.. ....... 
February........
March...........
Aprfl.. ..........
May..............
June..............
July..............

September

Hie year....

1816-11. 
October...........
November.........
Deetmbw.........
Januarys..........
February.........
March.
April.............
May.
June;.............
July..............
August...........
September........

The year....
1911-12. 

October...........
November........
December.........
January...........
February.........
March............
Aprfl.............
May..............
Jun». .............
July..............

The year....
1912-13. 

October...........
November........
December.........
January...........
February.........
March............
AprHe. ...........
Maye.. ...........
Junee. ...........

September*.......

The year....

Discharge in second-feet.

Maxi­ 
mum.

1,480 
20,900 
17,200 
2,680 
1,650 

10,400 
18,900 

.18,500 
11,800 

6,680 
2,630 
1,060

20,900

4,900 
12,600 
3,070 
2,300 
1,100 
3,160 
6 100 

10,000 
15,500 
5,080 
1,870 
1,870

15,500

808 
5,950 
1,610 
1,610 
1,400 
2,110 
4,420 

18,000 
14,500 
6,540 
1,970 
1,230

18,000

954 
1,610 
1,400 
1,300 
2.110 
1,850 
7,080 

15,700 
20,700 
10,900 
5,320 
3.920

20,700

Mini­ 
mum.

870 
1,020 
1,720 
1,220 
1,060 
1,650 
2,600 
7,920 
5,120 
2.720 

965 
670

670

710 
1.920 
1,390 
1,010 

670 
670 

2,140 
3,890 
5,320 
1,470 
1,020 

760

670

628 
580 
880 
710 
880 
760 

2,250 
4,210 
5,580 
1,720 

939 
654

580
-' g'-IJL? ." -1

654 
710 
820 
760 
8SO 

1,200 
1,290 
3,730 
9,830 
3,730 
1,240 

SOS

654

Mean.

River.

1,070 
5,280 
4,050 
1,630 
1,420 
4,550 
7,100 

12,600 
7,650 
4,770 
1,770 

875

4,410

2,980 
4,160 
1,860 
1,340 

900 
1,540 
3,470 
5,600 
9,490. 
3,580 
1,340 
1,160

3,120

644 
1,740 
1,250 
1,000 
1,080 
1,010 
3,260 
9,720 

10,000 
3,370 
1,270 

784

2,930
."'.; .-.. ar-ass

687 
1,050 
1,000 

981 
1,280 
1,380 
3,950 
9,010 

13,800 
7,530 
2,190 
1,430

3,700

Canal.

40

.......

20 
60 
80 

100 
100 

70

40

20 70 ' 

95 
107 
112 
70.8

48.0 
.0 
.0 
.0 
\0 
.0 

29.8 
68.7 
93.0 

106 
118 
89.9

46.3

45.3 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

108 
116 
U8 
120

Esti­ 
mated deple­ 
tion.

15

.......

15 
31 
34 
35 
33 
23

14

17 
37 
40 
42 
38 
27

17

23 
49 
53 
96 
51 
36

23

24 
50 
54 
56 
52 
37

42.5 ........

Total, 
esti­ 

mated 
natural 

flow.

1,120 
5,260 
4,050 
1,630 
1,420 
4,550 
7,1*0 

12,700 
7,760 
4.900 
1,900 

968

4,470

3,030 
4,160 
1,860 
1,340 

900 
1,940 
3,510 
5,710 
9,620 
3,730 
1,490 
1,260

3,180

709 
1,740 
1,250 
1,000 
1,080 
1,010 
3,300 
9,840 

10,100 
3,530 
1,440 

910

2,990

755 
1,050 
1,000 

981 
1,280 
1,380 
3,970 
9,060 

14,000 
7,700 
2,360 
1,590

3,760

Estimated nataral run-off.

Per
square 
mile.

0.910 
4.383. as
1.36 
1.18 
3.79 
5.95 

10.6 
6.47 
4.08 
1.58 
.807

3.72

2.92 
3.47 
1.55 
1.12 
.760 

1.28 
2.92 
4.76 
8.02 
3.11 
1.24 
1.05

2.65

.591 
1.45 
1.04 
.833 
.900 
.867 

2.75 
8.20 
8.42 
2.94 
1.20 
.758

2.49

.629 

.875 

.833 

.818 
1.07 
1.15 
3.31 
7.55 

11.7 
6.42 
1.97 
1.32

3.13

Inches

1.05 
4.89 
3.00 
1.87 
1.23 
4.37 
6.64 

12.22 
7.22 
4.70 
1.82 
.90

50.51

2.90 
3.87 
1.79 
1.29 
.78 

1.48 
3.26 
5.49 
8.95 
3.58 
1.43 
1.17

35.99

.68 
1.62 
1.20 
.96 
.97 

1.00 
3.07 
9.45 
9.39 
3.39 
1.38 
.85

33.96

.73 

.98 

.96 

.94 
1.11 
1.33 
3.69 
8.70 

13.05 
7.40 
2.27 
1.47

42.63

Acre-feet.

68.900 
813.000 
249,000 
100,000 
78,900 

280,000 
425.00078i;ooo
462,000 
301,000 
117,000 
57^600

3,230,000

186,000 
248,000 
114,000 
82,400 
50,000 
94,700 

209,000 
351,tX» 
572,000 
229,000 
91,600 
75,000

2,300,000
  ...

43,600 
104,006 
76,900 
61,500 
62,100 
64,000 

196,000 
605,000 
601,000 
217,000 
88,500 
54,100

2,170,000

46,400 
62,500 
61,500 
60,300 
71,100 
84,800 

239,000 
557,000 
833,000 
473,000 
145,000 
94,600

2,730,000

Accu­ 
racy.

B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A.

A. 
A.
A. 
A.
A. 
A, 
A. 
A. 
A. 
A. 
A. 
A.

A. 
A.
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
B. 
A.

A. 
A. 
A. 
B. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A.

« Records Apr. 1, }913, to May 31,1914, revised. See Water-Supply, Paper 462 for revised daily discharge.



WATER POWERS OF CASCADE RANGE-, PART

Estimated monthly natural discharge of Wenatehee River at Cashmere and Drydm;,
1904-1917 Continued.

Month.

1913-14.

July...............

The year. . . . 

1914-15.

January...........

April..............
May...............

July...............
Aupust.... ........

1915-16. 
October. ..........

March.............
April..............
May...............

July...............

The year. . . .

1916-17.

February .........

May...............

July.-. ...........

The year. . . .

Discharge in second-feet.

Maxi­ 
mum.

2,960 
3,070 
1,850 
3,610 
1,490 
3,610 
8,670 

13,300 
12,800 
7,030 
1,930 
1,450

13,300

1,980 
5,480 
2,110 

940 
820 

3,380 
9,200 
6,300 
4,700 
2,250 
1,330 

  888

9,200

1,950
3,300 
1,240 

950 
1,700 
5,930 
8,960 

15,000 
24,500 
13,900 
6,250 
2,500

24,500

1,050 
1,370 

750 
950 

1,030 
1,110 
2,710 

16,100 
16,200 
14,000 
3,450 
1,460

16,200

Mini­ 
mum.

863 
959 
835 
900 
900 

1,200 
2,120 
5,490 
4,250 
1.240 

948 
776

776

824 
1,850 

940 
620 
660 
660 

2,710 
3,150 
1,320 
1,010 

888

860 
770

690 
1,300 
3,820 
6,610 
8,850 
5,310 
2,230 
1,050

722 
600

""eoo"
690 

2,560 
8,370 
3,600 
1.300 

939

Mean.

River.

1,570 
1,710 
1,200 
1,790 
1,040 
2,340 
5,510 
9,210 
7,030 
3,760 
1,180 

904

3,110

1,290 
2,960 
1,240 

787 
705 

1,550 
5,530 
3,900 
2,590 
1 360 

931 
548

1,950

807 
1,350 

975 
803 

1,110 
3,300 
6,290 
9,750 

14,000 
9,840 
3.6PO 
1,430

4,450

795 
798 
690 
708 
901 
790 

1,450 
7,730 

11,700 
8,820 
2, 140 

989

3,140

Canal.

68.8 
11.3 

.0 

.0 

.0 

.0 
33.5 
86.9 

101 
104 
113 
90.5

51.1

36.2 
.0 
.0 
.0 
.0 
.0 

21.4 
113 
122 
104 
128 
102

52.5

43.9 
.0 
.0 
.0

  .0
.0 
.0 

70.0 
125 
121 
125 
103

49.2

12.0 
5.8 
.0 
.0 
.0 
.0 

37.4 
116 
148 
163 
178 
189

71.1

Esti­ 
mated 
deple­ 
tion.

23

24 
51 
55 
58 
53 
37

23

25 
53 
57 

. 60 
55 
39

24

25 
53 
57 
60 
55 
39

24

26 
54 
58 
61 
56 
40

Total 
esti­ 

mated 
natural 

flow.

1,660 
1,720 
1,200 
1,790 
1,040 
2,340 
5,570 
9,350 
7,190 
3,920 
1,350 
1,030

3,190

1,350 
2,960 
1,240

787 
705 

1,550 
5,580 
4,070 
2,770 
1 520 
1,110 

  689

2,030

875 
1,350 

975 
803 

1,110 
3,300 
6,320 
9,870 

14,200 
10,000 
3,840 
1,570

4,520

831 
804 
690 
708 
901 
790 

1,510 
7,900 

11,900 
9,040 
2,370 
1,220

3,230

Estimated natural run-ofl.

Per 
square 
mile.

1.38 
1.43 
1.00 
1.49 
.867 

1.95 
4.64 
7.79 
5.99 
3.27 
1.12 
.858

2.66

1.12 
2.47 
1.03 
.656 
.588 

1.29 
4.65 
3.39 
2.31 
1.27 
.925 
.574

1.69

.729 
1.12 
.812 
.669 
.925 

2.75 
5.27 
8.22 

11.8 
8.33 
3.20 
1.31

3.77

.692 

.670 

.575 

.590 

.751 

.658 
1.26 
6.58 
9.92 
7.53 
1.98 
1.02

2.69

Inches.

1.59 
1.60 
1.15 
1.72 
.90 

2.25 
5.18 
8.98 
6.68 
3.77 
1.29 
.96

36.07

1.29 
2.76 
1.19 
.76 
.61 

1.49 
5.19 

 3.91 
2.58 
1.46 
1.07 
.64

22.95

.84 
1.25 
.94 
.77 

1.00 
3.17 
5.88 
9.48 

13.17 
9.60 
3.69 
1.46

51.25

.80 

.75 

.66 

.68 

.78 

.76 
1.41 
7.59 

11.07 
8.68 
2.28 
1.14

36.60

Acre-feet.

102,000 
102,000 
73,800 

110,000 
57,800 

144,000 
331,000 
575,000 
428,000 
241,000 
83,000 
61,300.

2,310,000

83,000 
176,000 
76,200 
48,400 
39,200 
95,300 

332^000 
250,000 
165,000 
93,500 
68,200 
41,000

1,470,000

53,800 
80,300 
60,000 
49,400 
63,800 

203,000 
376.000 
607,000 
845,000 
615,000 
236,000 
93,400

3,280,000

51,100
47,800 
42,400 
43,500 
50,000 
48,600 

. 89,800 
486,000 
708,000 
556,000 
146,000 
72,600

2,340,000

Accu­ 
racy*

A. 
A. 
A. 
A. 
A. 
A. 
A. A. ' 
A.
A;
A.A4 r  ' 

A, 
A. 
A. 
A. 
A.. 
A. 

  A.- '. 
A..A.- ;.-
Bi
B_ ' <!

C.

C. 
B.- 
B. 
B.. 
B. 
B.» 
C.. 
C. 
C, 
A. 
A,. 
A.

B. 
C. 
C. 
D. 
B, 
B, 
B. 
A, 
A. 
A. - 
A. 
B.

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

WENATCHEE RIVER NEAR WENATCHEE, WASH.

LOCATION. At highway bridge, 6 miles above mouth and 7 miles west of Wenatchee.. 
DRAINAGE AKEA. 1,310 square miles (measured on topographic maps). 
RECORDS AVAILABLE . August 7 to November 20, 1897; .fragmentary.



AND ENTIAT

GAGE. Vertical s^aff 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 

j to ap£er gage.
DISCHARGE MEASUREMENTS. Made from highway bridge.
CHANNEL AND CONTROL. Bed composed of boulders. Control permanent during
: period of record. Banks high. Current iroift at all stages.

EX-FRAMES OP DISCHARGE. Maximum stage recorded, 5.10 feet, November 20 (dis­ 
charge, 13,360 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. Stage-discharge relation permanent. Rating curve fairly well defined 

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

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

Month.

September .........................................
October. ..........................................

The period. .................................

Discharge in second-feet.

Maximum.

955

Minimum.

700

Mean.

2,100 
1,000

755

Run-off 
in acre- 

feet.

129,000
59,500 
46,400

235JOOO

Accu­ 
racy.

pop

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 AVAILABLE. Fragmentary gage-height record, August 2, 1911, to April 6, 

1912; and June 8-14, 1913. Discharge estimated for August, September, and 
October, 1911.

GAGE. Vertical staff on left bank.
DISCHARGE 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.
REGULATION. 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.

COOPERATION. Gage-height record furnished by United States Forest Service.

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

[Drainage area, 99 square miles.]

Month.

September. .....................................
October .........................................

The period........!. ......................

Discharge in second-feet.

Mean.

080 
ollO 

667

Per square 
mile.

0.81 
1.11
.68

Run-off.

Inches.

0.93 
1.24
.78

Acre-feet.

4,920 
6.550 
4,120

15,600

Accu­ 
racy.

D. 
D. 
D.

a Computed from fragmentary gage-height record by interpolation and by comparison with results at 
nearby gaging stations.

i Estimated bv comparison with results at gaging stations on Wenatchee River near Leavenworth, 
White River, and CMwawa Siver.



WATER LOWERS OF CASCADE RAH^JE, FART IV,

WHITE RTVER NEAR CmWAUKtfM, WASH.  

LOCATION. In NE. J sec. 5, T. 27 N., R. 16 E., at highway bridge 4 miles above
Wehatchee Lake and 14 miles northwest of Chiwaukum. 

DRAINAGE ABEA. 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 disehaige 
' May to September, 1912, and mean discharge October, 1913,, to Marck, 1914,
estimated from records of adjacent streams.

 GAGE. Vertical staff on left abutment of bridge.
DISCHARGE MEASUREMENTS. Made from bridge at gage or by wading. i
 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 OP 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).

ICE. Stage-discharge relation not affected by ice.
DIVERSIONS . None.
"REGULATION. 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 aboye 
500 second-feet by five discharge measurements; curve used after the change 
fairly well defined by four discharge measurements. Gage-height record 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.

Monthly discharge a of White River near Chiwaukum, Wash., 1911-1914- 

[Drainage area, ISO square miles.]

Month.

1911. 
-June........................
-July........................

'September... .. . ............

The period..... .......

1911-12. 
 October.....................
'."November. .................

January. ...................
February. ..................

.April................ ......
-May........................

July........................
.August .....................

The year........ ......

Discharge in second-feet.

Maximum.

3,780 
2,020 

810 
650

194 
1,020 

327 
271 
247 
423 
892

Minimum.

1.390 
730 
358 
167

120 
114 
194
204 
204 
150 
532

Mean.

2.190 
1.290 

510 
317

150 
326 
239 
209 
222 
196 
701 

62,100 
62.300 
61,200 

6510 
6260

Per
square 
mile.

14.6 
8.60 
3.40 
2.11

..........

1.00 
2.17 
1.59 
1.39 
1.48 
1,31 
4.67 

14.0 
15.3 
8.00 
3.40 
1.73

701 | 4.67

Run-off.

Inches.

16.29 
9.92 
3.92 
2.35

1.15 
2.42 
1.83 
1.60 
1.60 
1.51 
5.21 

16.14 
17.07 
9.22 
3.92 
1.93

63.60

Acre-feet.

130,000 
79.300 
31,400 
18,900

260,000

9.220 
19,300 
14,700 
12,900 
12,800 
12,100 
41,700 

129,000 
137,000 
73,800 
31 400 
15,500

609,000

Accu­ 
racy.

B. 
B.B. ' 
C.

C. 
C. 
C. 
C. 
C. 
C. 
B. 
D. 
D. 
D. 
D. 
D.

« Records revised. , 
6 Estimated by percentage comparison with results obtained by subtracting discharge of Chiwawa 

 Stiver from discharge of Wenatchee River near Leaven worth; should be used with caution.



AND ENTIAT BASINS*     -   $ 

Monthly discharge of White River near Chiwaubum, Wash., 1911-1914 Continued.

Month.

1913. 
July 26-31. .................

1913-14.

November.. ................

March......................
April......................."Hav

July........................

The year..............

Discharge in second-feet.

Maximum.

=====

  Mean.

1,580
771

6 270

« 1,000 
«1,850 
el, 600 

1,280

c250

671

Per 
square 
mile.

10.5 
5.14

1.80

6.67 
12.3 
10.7
8.53 
2.87 
1.67

4.47

Run-off.

Inches.

2.34 
5.93

12,18

7.44 
14.18 
11.94 

9.83

1.'88

60.74

Acre-feet.

18,800 
47,400

97, SOO

m'r$!n 

95)200 
78,700 
26400 
14,900

488,000

Accu­ 
racy.

ppwppp p .»«

& Estimated by percentage comparison with results obtained by substraettag discharge of CMwawa 
Biver from discharge of Wenatchee River near Leavenworth; should be used with caution.

e Based on actual record for part of month and percentage compariaon with record of Wenatchee and 
Chiwawa rivers near Leavenworth.

NA8ON CREEK AT NASON, WASH.

LOCATION. In NE. i 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).
RECORDS AVAILABLE. June 4 to September 30, 1911.
GAGE. Vertical staff fastened to railroad trestle crossing Roaring Creek.
DISCHARGE 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, 
1,890 second-feet); minimum stage recorded, 1.15 feet, September 1-5 (discharge, 
44 second-feet).

DIVERSIONS. None.
REGULATION. 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 WSP 486  3



so WATEE POWEBS OF CASCADE RANGE, PAST IV.

Monthly discharge of Nason Creek at Nason, Wash., 1911. 

[Drainage area, 89 square miles.]

Month.

July........................

Discharge in second-feet.

Maximum.

1,390 
374 
101 
152

Minimum .

314 
105
48

Mean.

720 
237 
72.7

a 80. 9

Per
square 
mile.

8.09 
2.66 
.817 
.909

Run-off.

Inches.

8.12 
3.07 
.94 

1.01

Acre-feet.

38.600 
14.600 
4*470
4,810

62,500

Accu­ 
racy.

B 
B. 
A. 
C.

« Discharge Sept. 4-14 revised since publication in Water-Supply Paper 312, as gage heights were appar­ 
ently in error. Discharge estimated from discharge measurement and by hydrographic comparison with 
records'of Little Wenatchee Eiver and Chiwaukum Creek.

CHEWAWA EIVEE NEAE LEAVENWOETH, WASH.

LOCATION. 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. 181 square miles (measured on topographic maps).
RECORDS AVAILABLE. 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 2J miles below gage, from bridge half 

a mile below gage, or by wading.
CHANNEL AND CONTROL. Bed composed of gravel and small boulders. Control 

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 seriously affected by ice; flow estimated from observer's 
notes, discharge measurements, weather records, and hydrographic comparison 
with record of Wenatchee River near Leavenworth.

DIVERSIONS. The Wenatchee Park Land & Irrigation Co. diverted a maximum of 
about 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 15, 
1914. Rating curve used prior to the change fairly well defined up to 500 
second-feet by two discharge measurements; curve used after the change 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.



WEKATGHEE AISTD 1HHAT BASINS. 31

Monthly d&ekargit qf Chiwawa River near Leav&iwarth, Wash., 1911-1914- 
[Drainage area, 181 square miles.]

Month.

1911. 
May 29-31. ................

July.......................
August.... .................

1911-12.

December ..................
January .

March......................
April.......................
May......... ...............
June. ......................
July........................

1912-13.

November..................

February...................
March......................
April.......................
May.... ....... ...... .......

July........................

1913-14.

November..................

JftTfflwy .

AprfL..........<............
May........................

July........................
August.....................

The year. ............

1914. 
October...... ..............

i 
Discharge in second-feet.

MtrripHTtTi

1,600 
2,290 
1,210 

500 
335

150 
412 
196

230 
1,210

 

1,670 
764 

1,280

368 
530 
300 
560 
206 
530 

2,020 
2,270 
2,270 
1,360 

500 
322

2,270

368

Minimum

1,080 
988 
470 
230 
150

123 
123

125 
114 
290

 '    ' ' ' ~

728 
322 
240

221 
240 
193

193 
368 

1,170 
919 
444 
210 
160

...........

173

Mean.

1,330 
1,540 

830 
321 
231

139 
205 
159 
14S 
151 
147 
622 

ol,900 
ol,900 

o730 
0330 
ol90

552

o!40 
0150 
»150 
o 140 
0180 
ol90 
o680 

ol,700 
02,700 

1,240 
487 
351

676

295 
308 
222 
257 

6164 
364 

1,270 
c 1,680 
c 1,370 

c830 
<>302 
"224

604

242

Per . 
square 
mile.

7.35 
8.51 
4.59 
1.77 
1.28

.768 
1.13 
.878 
.818 
.834 
.812 

3.44 
10.5 
10.5 
4.03 
1.82 
1.05

3.05

.773 

.829 

.829 

.773 

.994 
1.05 
3.76 
9.39 

14.9 
6.85 
2.69 
1.94

3.73

1.63 
1.70 
1.23 
1.42 
.906 

2.01 
7.02 
9.28 
7.67 
4.59 
1.67 
1.24

3.34

1.34

Run-off.

Inches.

0.82 
9.60 
5.29 

, 2.04 
1.43

.89 
1.26 
1.01 
.94 
.90 
.94 

3.84 
12.11 
11.71 
4.65 
2.10 
1.17

41.52
sssj.-'.'g.i;.-:... aaaas

.89 

.92 

.96 

.89 
1.04 
1.21 
4.20 

10.83 
16.62 
7.90 
3.10 
2.16

50.72

1.88 
1.90 
1.42 
1.64 
.94 

2.32 
7.83 

10.70 
8.45 
5.29 
1.92 
1.38

45.67

1.54

Acre-feet.

7,910 
91,600 
31,000 
19,.700 
13,700

184,000

8,650 
12,200 
9,780 
9,100 
8,«90 
9.040 

37,000 
117,000 
118,000 
44,900 
20,300 
11,300

401,000

8,610 
8,930 
9,220 
8,610 

10,000 
11,700 
40,600 

105,000 
161,000 
76,200 
29,900 
20,900

491,000

18,100 
18,300 
13,600 
15,800 

&9,110 
22,400 
75,600 

103,000 
81,500 
51,000 
18,600 
13,300

-440,000

,- 14,900

Accu 
raoyv .

B. 
B. 
B.
A.
A.

A. 
A. . 
C. 
D. 
C, 
A. 
B. 
D. 
D. 
D. 
D. 
D.

D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 
A. 
&. 
A.

A. 
A. 
A. 
C. 
C. 
B. 
A. 
A. 
A. 
A. 
A. 
A.

A.

a Estimated by percentage comparison with record of Wenatcnee River near Leaveuworth; should be 
used with caution.

& Corrected since publication in Water-Supply Paper 392. .
« Includes estimate of diversion above gage for irrigation as follows: May and June, 10 second-feet; July, 

12 second-feet; August, 9 second-feet; ana September, 8 second-feet.



WATEB POWBES OF CASCADE PABT IV.

CHIWAtTKUM CREEK NEAE OHIWAUKtrSf, WASH.

LOCATION. At trail crossing hall a mile above mouth and 1 mile southeast of 
Chiwaukum.

DRAINAGE AKEA. 49.6 square miles (measured on topographic maps).
RECORDS 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 channels 
at high water. :

EXTREMES OP DISCHARGE. Maximum stage recorded, 2.9 feet, June 12 (disdMage, 
803 second-feet); minimum stage recorded, 0.55 foot, October 4 afld 5 (discharge, 
24 second-feet; mean flow as estimated for October, is lower).

DIVERSIONS. None.
REGULATION. None.
ACCURACY. State-discharge relation permanent. Rating curve fairly well defined 

by six discharge measurements. Gage read to hundredths once, daily. Record 
good.

Monthly discharge of Chiwaukum Creek near Chiwaukum, Wash., 1911. 

[Drainage area, 49.6 square miles.]

Mouth.

July........................

The period. ..........

Discharge in second-feet.

Maximum.

803 
262

72 
47

Minimum.

255 
67 
33
27

Mean.

3S2 
154 
45.1
34.4 

620

Per 
square 
mile.

7.70 
3.10 
.909 
.694 
.403

Run-off.

Inches.

8.59 
3.57 
1.05 
.77 
.46

Acre-feet.

22,700 
9,470 
-2,770 
2,050 
1,230

38,200

Accu­ 
racy.

U. 
B. 
B. 
B.
D.

"Record for month completed by estimating discharge June 1 same as June 2. 
^Estimated by percentage comparison with record 01 Icicle Creek.

ICICLE CEEEK NEAE LEAVENWOETH, WASH.

LOCATION. In sec. 24, T. 24 N., R. 17 E., at Lamb's ranch, 1J miles above mouth 
and 2J miles south of Leavenworth.

DRAINAGE AREA. 211 square miles (measured on topographic maps).
RECORDS AVAILABLE. June 9, 1911, to October 31, 1914.
GAGE. Vertical staff on cotton wood tree on left bank.
DISCHARGE 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.

REGULATION . None.
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ACCURACY. Stage-discharge relation .permanent; affected* J?y ipe every winter. 
Rating curve well defined by 16 discharge measurements. Gage read to hun- 
dredihs once daily. Accuracy of monthly means indicated in table of monthly* 
discharge. < '~*

Monthly discharge of Icicle Creek (including diversions) near Leavenwortht
1911-1914.

[Drainage area, 211 square miles.]

Month.

1911.

July.......................
August..^...............-.
peptftiJlbpT -

The period. .........

1911-12. 
October ...................

March. .... ....
April......................
May.......................

July.......................
August ....................

1912-13.

March.....................
AnrU. .....................
May.......................

July... ....................

The year. ...........

1913-14. 
October ...................

January...................

April......................
MaTT

July.......................

1914. 
October...................

Discharge in second-feet.

Icicle Creek.

Maxi­ 
mum.

1.110 
345 
395

135 
1,280 

345

345 
725 

4,120 
3,010 

972 
370 
420

4,120

214
282 
272

670 
272 

1,160 
4,050 
4,640 
2,350 

752 
890

4,640

670 
1,000 

345 
1,160 

320 
620 

1,810 
2,890 
2,890 
1,330 

345 
296

2,890 

470

Mini­ 
mum.

350 
139 
139

139

87 
84 

186

195 
130 
420 
620i 

1,000 
345 
200 
110

84,

106 
144 
130

ire
214 
620 

1,930
725 
248 
200

153 
195 
176 
176 
140 
224 
395 

1,110 
780 
320 
130 
110

110 

130

Mean.

1,870 
675 
225 
215

741

111 
328 
237 
220 
223 
186 
552 

1,970 
2,030 

664 
273 
195

582

144 
203 
182 
176 
305 
227 
605 

1,740 
2,970 
1,460 

424 
300

728

360 
374 
231 
424 
210 
392 
950 

1,820 
1,420 

706 
226 
173

609 

289

Esti­ 
mated 
mean 
diver- 
sion.o

8 
10 
10 
2

9
14 
18 
18 
13

9 
18 
23 
23 
14

9 
18 
23 
23 
15

Combined. ,

Mean.

1,880 
685 
235 
217

749

111 
328
237 
220 
223 
186 
552 

1,980 
2,040 

682 
291 
208

588

144 
203 
182 
176 
305 
227 
605 

1,750 
2,990 
1,480 

447 
314

736

360 
374 
231 
424 
210 
392 
960 

1,830 
1,440 

729 
249 
188

616 

289

Per 
square 
mile.

8.91 
3.25 
1.11 
1.'03

3.55

.526 
1.55 
1.12 
1.04 
1.06 
.882 

2.62 
9.38 
9.67 
8.23 
1.38 
.986

2.79

.682 

.962 

.863 

.834 
1.45 
1.08 
2.87 
8.29 

14.2 . 
7.01 
2.12 
1.49

3.49

1.71 
1.77 
1.09 
2.01 
.995 

1.86 
4. SO 
8.67 
6.82
a. 46
1.18 

' .891

2.92 

1.37

Combined run-off.

Inches.

9.94 
3.75 
1.28 
1.15

16.12

.61 
1.73 
1.29 
1.20 
1.14 
1.02 
2.92 

10.81 
10.79 
3.72 
1.59 
1.10

37,92

.79 
1.07 
.99 
.96 

1.51 
1.24 
3.20 
9.56 

'15.84 
8.08 
2.44 
1.66

47.34

1.97 
1.98 
1.26 
2.32 
L04 
2.14 
5.02 

10.00 
7.61 
3.99 
1.36 
.99

89.68 

1.58

Acre-feet.

112,000 
42j 100
14,400 
12,900

181,000

6,S20 
19,500 
14,600 
13,500 
12,800 
11,400 
32,800 

122,000 
121,000 
41,900 
17,900 
12,400

427,000

8,850 
12,100 
11,200 
10, I800 
16,900 
14,000 
36,000 

108,000 
178; 000 
91,000 
27,500 
18,700

533,000

22,100 
22,300 
14.200 
26,100 
11,700 
24.10Q 
56,500 

113,000 
85,700 
44,800 
15,300 
11,200

447,000 

17,800

Ac-, cu­ 
racy.

A. 
A.

i:

A. 
A. 
B. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A.

A. 
A. 
B. 
B. 
A. 
A. 
A. 
A. 
A- 
A. 
A. 
A.

A. 
A. 
A. 
C. 
C. 
A. 
A. 
A. 
A. 
A. 
A. 
A.

A.

o Based on discharge measurements-and capacity of canal. Considerable error in estimate of diversion 
makes small error in combined flow.

. 6 Estimated discharge Jan. 6 to Feb. 5,1913, when stags-discharge relation was effected by ice, revised 
Since publication in Water-Supply Paper 362; mean discharge estimated at 150 second-feet.
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PESHASTIN CEEEK AT BLEWETT, WASH. ; f

LOCATION. In sec. 12, T. 22 N., E. 17 E. (unsurveyed), at Blewett, 1$ miles above
Negro Creek, 1$ miles below Tronson Creek, and 13 miles above mouth. 

DRAINAGE ABBA. 40 square miles (measured on topographic maps). 
EBCORDS 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. 
GAGE. 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. Control remained permanent

during period of record. 
EXTREMES OB- DISCHARGE. Maximum stage recorded, 3.05 feet May 12 and 13, 1912

(discharge, 221 second-feet); minimum atage recorded, 0.42 foot August 25-31,
1911 (discharge, 2.4 second-feet). 

DIVERSIONS . None. 
EEGULATIONS. None. 
ACCURACY. Stage-discharge relation permanent. Eating curve poorly defined bjj

six discharge measurements. Gage read to hundredths once daily. Eecords faufi 
COOPERATION. Gage-height record furnished voluntarily by J. W. McCarthy. '

Monthly discharge ofPeshastin Creek at Blewett, Wash., 1911-1%. i

Month.

1911. 
August...........................................

1911-12. 
October..........................................
November.......................................

May.............................................

July..................;..........................

Discharge in second-feet.

Itf&xuntmi.

4.4
4.4

3.8 
50

MinimriTB-

2.4 
2.7

3.2
3.8

Mean.

3.05 
3.63

3.34
18.7 

08.68 
6 130 

24.4 
C6.35

Run-off 
in acre- 

feet.

188 
216

205 
1,110 

534 
7,380 
1,450 

390

&CCB- 
rgfey.

'O. ( 
C.

c. c. c, c. c.
D,

o Based on actual record December 1-15, and comparison with record of Icicle Creek. 
6 Based on actual record May 12-31, and comparison with record of Peahastin Creek near Leavenworth. 

Gage heights May 16-31, omitted from Water-Supply Paper 332-A. 
c Based on actual record July 1-7, and comparison with record of Peshastin Creek near Leavenworth.

PESHASTIN CREEK BELOW INGALLS CBEEK, NEAB LEAVENWOBTH, |

WASH.

LOCATION. In sec. 24, T. 23 N., R. 17 E., at bridge at Alien's ranch, three-eighths 
mile below Ingalls Creek and 9 miles south of Leavenworth.

DRAINAGE AREA. 101 square miles (measured on topographic maps).
EECORDS AVAILABLE. July 31, 1911, to July 27, 1912, fragmentary. Discharge dur­ 

ing breaks in record estimated by comparison with record of Icicle Creek.
GAGE. Vertical staff in three sections on right abutment of bridge.
DISCHARGE MEASUREMENTS. Made from bridge at gage or by wading.
CHANNEL AND CONTROL. Bed composed of boulders. Control permanent.
EXTREMES oy 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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Ie».   Gage not read during winter. 
DIVERSIONS.   None above station.

ACCURACY^   Stage-discharge Yelation permanent. Eating .curve fairly well defined 
below 600 second-feet by six discharge measurements. Gage read once daily. 
Records fair.

Monthly discharge ofPeshastm Creek near Leavenwartfi, Wash., Wll-lt. 

[Drainage area, 101 square miles.]

Month.

1911. 
August.....................
September..................

1911r-12.
October. ...................
November..................
December..................
January....................
February. _ ...............
March. _ ..................
April.......................
May... .....................
June........................
July........................
August.. _ ................

Discharge In second-feet.

Maximum.

92 
70

31

1,460 
540 
206

MfTilTnTiTn-

26 
26

18

335 
180

Mean.

47.8 
43.7

24 
a 65 
640 
635 
635 
635 

c248 
596 
378 

*111 
660 
640

139

Per 
square 
mile.

a 473 
.433

.238 

.644 

.396 

.347 

.347 

.347 
2.46 
5.90 
3.74 
1.10 
.594 
.396

1.38

Run-Off.

Inches.

0.55 
.48

.27 

.72 

.46 

.40 

.37 

.40 
2.74 
6.80 
4.17 
1.27 
.68 
.44

18.72

Acre-feet.

2,940
2,600

1,480 
3,870 
2,460 
2,150 
2,010 
2,150 

14,800 
36,600 
22,500 
6,820 
3,690 
2,380

101,000

Accu­ 
racy.

C. 
C.

C. 
D. 
D. 
D. 
D. 
D. 
0. 
C.

& 
ft

a Based on actual record Nov. 1-11 and comparison with record of Icicle Greek. 
& Estimated by percentage comparison with record of Icicle Creek; should be used with caution. 
c Based on actual record Apr. 7-30 and comparison with record of Icicle Creek. 
<i Based on actual record July 1-20 and 27. Discharge July 21-26, interpolated; July 28-31, estimated at 

60 second-feet.

ENTIAT BITER AT ENTIAT, WASH.

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

DRAINAGE ABBA. 419 square miles (measured on topographic maps).
RECORDS AVAILABLE. October 5,1910, to March 31,1919.
GAGE. 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 (dis­ 
charge, 62 second-feet). Discharge may have been as low or lower during periods 
in which stage-discharge relation was affected by ice.

ICE. Stage-discharge relation seriously affected by ice; flow estimated from ob­ 
server's notes, discharge measurements, and weather Tecords.

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 r

. Changes in load at power plant affect flow, especially at low water.
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ACCURACY. Stage-discharge relation for low stages changed on June 4,1&13, June 1?^ 
1916, January 1 and June 13, 1918; affected by ice every winter. Rating curves 
used prior to June 13, 1918, fairly well defined by numerous discharge measutg- 
ments; rating curve used after that date well defined. Gag® read to hundredth* 
daily. Some fluctuation at low water due to regulation at power plant. 0$)en- 
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.

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

Estimated natural discharge ojfEntiat River at JSntiat, Wash., 1911-1919.
[Drainage area, 419 square miles.] i

Month.

1910-11. 
October ...................
November.................

January...................
February..................

April......................
May.......................

July.......................
August ....................

The year............

1911-12. 
October...................
November.................

January...................

March.....................
April......................
May.......................

July.......................

September.................
The year.. .......... 

1912-13.

January...................
February..................
March.
April. .....................
May.......................

July.......................

September ................

/

Discharge in second-feet.

Observed.

Maxi­ 
mum.

Ms
285

450 
950 

1,640 
3,060 

950 
285 
245

150 
228 
150 
150 
150 
245 
590 

3,060 
2,380 

850 
335 
195

8,060

138 
138 
165

180 
715 

3,060 
3,800 
1,860 

491 
256

3,800

Mini­ 
mum.

228 
150

112 
335 
850 
950 
285 
150 
150

112 
90
80

70 
92 

265 
515 
950 
265 
165 
105

70

100 
112 
102

112 
150 
450 

1,720 
491 
186 
143

Mean.

&250 
288 
213 
112 
112 
228 
533 

1,070 
1,860 

586 
207 
193

471

125 
135 
118 
118 
116 
137 
391 

1,710 
1 760 

501 
227 
146
457

119 
128 
125 
108 
136 
149 
409 

1,450 
2; 680 
1,040 

301 
186
569

Esti­ 
mated 
diver­ 
sion 

and de­ 
pletion 
on ac­ 
count 
ofirri- 

ga- 
tion.o

6

4 
11 
14 
15 
15 
12

6

4 
11 
14 
15 
15 
12

6

4 
11 
14 
15 
15 
12

Esti* 
mated 
natural 
flow, 
mean.

256 
288 
213 
112 
112 
228 
537 

1,080 
1,870 

601 
222 
205

478

131 
135 
118 
118 
116 
137 
395 

1,720 
1,770 

516 
242 
158

.. 463

125 
128 
125 
108 
136 
149 
413 

1,460 
2; 690 
1,060 

316 
198
576

Per
square 
mile.

0.611 
.687 
.508 
.267 
.267 
.544 

1.28 
2.58 
4.46 
1.43 
.530 
.489

1.14
..  ! 1 '  ' B

.313 
.322 
.282 
.282 
.277 
.327 
.943 

4.11 
4.22 
1.23 
.578 
.377

1.11

.298 

.305 

.298 

.258 

.325 

.356 

.986 
3.48 
6.42 
2.53 
.754 
.473

1.37

Run-off.

Inches.

0.70 
.77 
.59 
.31 
.28 
.63 

1.43 
2.97 
4.98 
.1.65 

.61 

.55

15.47
======

.36 

.36 

.33 

.33 

.30 

.38 
1.05 
4.74 
4.71 
1.42 
.67 
.42

15.07

.34 

.34 

.3T 

.30 

.34 

.41 
1.10 
4.01 
7.16 
2.92 
.87 
.53

18.66

Acre- 
feet.

15,700 
17,100 
13,100 
6,890 
6,220 

14,000

66,408 
111,000 
37,000 
13,600 
12,200

345,000

R.060 
8,030 
7,260 
7,260 
6,670 
8,420 

23,500 
106,000 
105,000 
31,700 
14,900 
9,400

336,008

7,690 
7,620 
7,690 
6,640 
7^550 
9,160 

24600 
80,800 

1«?000 
65,300 
19,400 
11,800

417,008

Ac­ 
cu­ 

racy 
of ob­ 
serv­ 

ed 
data.

B. 
C. 
0, . 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B.

B. 
B. 
B. 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B.

B. 
B. 
B. 
C. 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B.

o Flow past gage in canal estimated from two discharge measurements and high-water mark in canal. 
Distribution by months made on basis of six-year record of Wenatchee Reelamation District canal at 
Dryden. Depletion above gage based on careful studies of irrigation in YaMma basin. (See Water-Supply 
Paper 369, pp. 50-55). Total depletion assumed to be 2.8 feet per acre. Basin is small and return flow 
probably reaches river in short time. Depletion is therefore distributed by months in same proportion as 
estimated diversions.

6 Based on actual record Oct. 5-9 and hydrographic comparison with Wenatchee and Methow rivera.
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natural tKtefcergr* of Entiat River atSntiat^ Watfo., 1911-

Month.

1913-14. 
October...................
Tlanamlro- ,
January...................

March.....................

May... ....................

July.......................

September................

1914-15.

December .................

February ..................
March.
Matr

July.......................

September... . .............

The year. ...........

1915-16.

January...................

March......................
April......................
May.......................

July.......................

1916-17.

December.................

February. .................
March ...................
April......................
May.

July.......................

September... . .............

The year............

Discharge in second-feet.

Observed.

Maxi­ 
mum.

171 
185 
158 
231 
171 
360 

1.060 
2,700 
2,870 
1,390 

311 
199

2,870

199 
268 
250 
151 
124 
311 

1,510 
1 510 
1,110 

545 
246 
142

1,510

171 
199 
124

164 
620 

1,330 
2,700 
5,150 
3,240 
1,000 

388

5,150

190 
159

123 
299 

3,120 
2,950 
2,290 

446 
228

3,120

Mini­ 
mum.

134 
134 
119 
119 
65 

156 
250 
870 

1,010 
311 
134 
123

65

146 
205

104 
112 
250 
780 
360 
179 
124 
83

83

83 
73

137
415 

1,110 
2,060 
1,000 

388 
169

73

142 
62

90 
92 

222 
1.680 

473 
222 
142

62

Mean.

155 
161 
140 
171 
136 
233 
725 

1,770 
1,580 

736 
196 
146

514

167 
239 
161 
127 
111 
179 
840 
980 
704 
275 
168 
98.0

338

98.4 
114
98.7 
91.8

116 
367 
853 

1,830 
3,160
2,090 

609 
226

804

163 
124 
107 
107 
112 
105 
195 

1,190 
2,220 
1,230 

323 
182

506

Esti­ 
mated 
diver­ 
sion 

and de­ 
pletion 
on ac­ 
count 
of irri­ 

ga­ 
tion.

6

4
11 
14 
15 
15 
12

6

4 
11 
14 
15 
15 
12

6

4 
11 
14 
15 
15 
12

6

4 
11 
14 
15 
15 

. 12

Esti­ 
mated 
natural 
flow, 

mean.

161 
161 
140 
171 
136 
233 
729 

1,780 
1.590 

751 
211 
158

520

173 
239 
161 
127 
111 
179 
844 
991 
718 
290 
183 
110

344

104 
114 
98.7 
91.8 

116 
367 
857 

1,840 
3,170 
2.100 

624 
238

811

169 
124 
107 
107 
112 
105 
199 

1,200 
2,230 
1,240 

338 
194

511

Per 
square 
mile.

0.384 
.384 
.334 
.408 
.325 
.556 

1.74 
4.25 
3.79 
L79 
.504 
.377

1.24

.413 

.570 

.384 

.303 

.265 

.427 
2.01 
2.37 
1.71 
.692 
.437 
.263

.821

.248 

.272 

.236 

.219 

.277 

.876 
2.05 
4.39 
7.57 
5.01 
1.49 
.568

1.94

.403

.296 

.255 

.255 

.267 

.251 

.475 
2.86 
5.32 
2.96 
.807 
.463

1.22

Ban-off.

Inches.

0.44 
.43 
.39 
.47 
.34 
.64 

1.94 
4.90 
4.23 
2.06 
.58 
.42

16.84

.48 

.64 

.44 

.35 

.28 

.49 
2.24 
2.73 
1.91 
.80 
.50 
.29

11.15

.29 

.80

.27 

.25 

.30 
1.01
2.29 
5.06 
8.45 
5.78 
1.72 
.63

26.35

.46 

.33 

.29 

.29 

.28 

.29 

.53 
3.30 
5.94 
3.41 
.93 
.52

16.57

Acre- 
feet.

9,900. 
9,580- 
8,610 

10,500 
7,550 

14,300 
43,400 

109,000 
94,600 
46,200 
13,000 
9,400

376,000

10,600 
14,200 
9,900 
7,810 
6,160 

11,000 
50,200 
60,900 
42,700 
17,800 
11,300 
6,550

249,000

6,400 
6,780 
6,070 
5,640 
6,670 

22,600 
51,000 

113,000 
189,000 
129,000 
38,400 
14,200

589,000

10,400 
7,280 
6,580 
6,580 
6,220 
6,460 

11,800 
73,800

133, ooa
76,200 
20,800 
11,500

371,000

Ac­ 
cu­ 

racy 
of ob­ 
serv­ 

ed 
data.

B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. - 
B. 
B. 
B.

B. 
B. 
D. 
D. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B.

B. 
B. 
C. 
C. 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B.

B. 
B. 
C. 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B.



38 WATEE POWERS OF CASCABE BASTGE, PABT IV. 

Estimated natural discharge ofJSntiat River at Entiat, Wash,,

Month.

1917-18. 
October...................
November.................
December................
January. ..................
February..................
March..................
April...................
May.
June... _ .................
July.......................
August............. _ ....
September.................

1918-19. 
October...................

December.................
January...................
February..................
March.....................

The period. .........

Discharge in second-feet.

Observed.

Maxi­ 
mum.

155
148

1,290
267 
224 
990 

2,130 
3,120 

893 
289 
146

3,120

5S3 
138 
355 
229 
149 
355

Mini­ 
mum.

loo
95

126 
276 
990 
938 
289 
141 
109

114 
64

104

Mean.

127 
121 
230 
497 
193 
145 
524 

1,380 
1,780 

527 
203 
122

488

170 
119 
150 
147 
121 
152

Esti­ 
mated 
diver- 
s'on 

and de­ 
pletion 
on ac­ 
count 
of irri­ 

ga­ 
tion.

6

4 
11 
14 
15 
15 
12

6

Esti­ 
mated 
natural 

flow, 
mean.

133 
121 
230 
497 
193 
145 
528 

1,390 
1,790 

542 
218 
134

494

176 
119 
150 
147 
121 
152

1

Per 
square 
mile.

0.317 
.289 
.549 

1.19 
.461 
.346 

1.2« 
3.32 
4.27 
1.29 
.520 
.320

1.18

.420 

.284 

.358 

.351 

.289 

.363

Run-off.

Inches.

0.37 
.32 
.63 

1.37 
.48 
.40 

1.41 
3.83 
4.76 
1.49 
.60 
.36

16.02

.48 

.32 

.41 

.40 

.30 

.42

Acre- 
feet.

8,180 
7,200 

14,100 
30,600 
10,700 
8.920 

31,400 
85,500 

107,000 
33 300 
13,400 
7^970

358,000

10,800 
7,080 
9,220 
9,040 
6,720 
9,350

52,200

Ac­ 
cu­ 

racy 
of ob­ 
serv­ 
ed 

data.

B. 
B. 
C. 
B.
C. ;
B.
B. 
B.

 B. 
A,*   

A. 
A. 
A. 
C. 
A. 
A,

MISCELLANEOUS MEASUREMENTS.

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

Miscellaneous measurements in Wenatchee and Entiat basins. 
Wenatchee basin.

Date.

June 14, 1904
June 16,1904
Oct. 3, 1911

Oct. 4, 1911
Aug. 2,1911 

Sept. 16,1911
Oct. 3, 1911
Oct. 2. 1912
Sept. 11, 1913
Oct. 3, 1911

Oct. 4, 1911
Sept. 13, 1911
Sept. 11, 1913

** ! 
Sept. 13, 1911

Do.......
Sept. 12, 1911

Stream.

.....do..............

River. 
.....do..............
.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

White River.

Tributary to or di­ 
verting from  

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

River. 
.....do..............

.....do..............

.....do..............

.....do..............

Locality.

Above Rainy Creek. ..............
Three-fourths mile above Wenat­ 

chee Lake. 
.....do............................
.....do............................
.....do............................
.....do............................

.....do. ...........................

Gaging station 4 miles above 
Wenatchee Lake. 

Mouth............................
.....do............................
.....do............................

Dis­ 
charge.

16,800
13,100

34

54
130 

275
88
95

226
12.4

16.3
132
391 

53
37.8

200
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JlweeZJsneow* measurements in Wenatchee and Entiat basins Continued. 

Wenatchee basin Continued.

Date.

Sept. 14,1911

Do.......

Sept. 11, 1911
Feb. 19,1912
June 11.1912
Sept. 13,1913
Sept. 11,1911
Aug. 15,1914

Oct. 4, 1915 
Sept. 12,1913 
NOT. 28,1910
Mar. 11,1911
Sept. 24, 1911

Do.......
Aug. 24,1909
Sept. 24. 1911

Do.......
Do.......

Sept. 18, 1911
Sept. 7,1912
Sept. 8,1913
Sept. 23, 1914
Sept. 25, 1914

June 9.1911
July 29,1911
Sept. 23, 1911
July 27,1911

Sept. 18,1911
Sept. 7,1912
Sept. 8,1913
Sept. 23,1914
June 14,1904
Sept. 25, 1914
Sept. 21, 1911
Sept. 22, 1911
July 31,1911
Sept. 22, 1911
Sept. 21, 1911
Sept. 25, 1914

Do.......
Do.......
Do.......
Do.......

June 15,1904

June 12,1909
July 26,1904
June 12,1909
Sept. 25, 1911

Sept. 10, 1913
Apr. 13,1907
Apr. 6, 1910
May 20,1910
Nov. 26,1910

Sept. 26, 1912
Do.......

Sept. 26, 1911

Sept. 23, 1913

Stream.

NorthForkof White
River.

.....do..............

.....do..............

.....do..............
Wildhorse Creek. . . .

canal. 
.....do.. ............ 
Chiwaukum Creek. .

.....do..............
Icicle Creek.........
.....do..............
.....do..............
Jaek Creek..........

Eightmile Creek....

.....do..............

.....do..............

.....do..............
South branch of

Icicle canal. 
Snow Creek.. .......
.....do..............
.:... do. .............

canal. 
.....do..............
.....do..............
.... -do.. ..^. ........
.....do..............

.....do..............

Ingalls Creek. .......

.....do..............

.....do..............

Union ditch.........
Peshastin ditch. ....
Otis ditch.. .........
Qibbs ditch.........

tion District canal. 
.....do..............
.....do..............
.....do..............

- ditch. 
.....do..............
Mission Creek .......
.....do..............
.....do..............
.....do..............

Mad River.. ........

canal. 
.....do..............

Tributary to or di­ 
verting from 

North Fork of
White River.

.....do..............

.....do..............

.....do..............

.....do.............. 
Wenatehee River. . . 
.....do..............
.....do..............
.....do..............
.....do..............
.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............

.....do..............
....do..............
.....do..............
.....do..............

Entiat basin

.....do..............

.....do..............

Locality.

Mouth............................

.....do...........................

.....do............................

.....do............................
Mouth............................

.....do............................ 
Gaging station near Chiwaukum . .

.....do............................
Above Jack Creek. ................
Above Eightmile Creek. ..........

.....do............................

.....do............................

.....do............................

.....do............................

.....do............................

.....do,..........:................

.....do............................

.....do............................

.....do............................

Below Cascade Creek. .............
Mouth............................
.....do............................

above mouth of Peshastin Creek. 
.....do............................
.....do............................
.....do............................
.....do............... ............

.....do............................

.....do..........:.................
Cashmere. .. .. .....

.....do............................
Mouth. ...........................
.....do............................
.....do............................
.....do............................

Mouth............................

.....do.................;..........

Dis­ 
charge.

125
2.3

18.2
164

1,080 .
98
22.2
9.2

2-2 
46.5 
3.6
3.6

1 8
148
262
26.6
7.9

27.7
1.6
5.9
7.7
7.6
3.8

58
30
21
9.4

2.0
6.8
2.0
7.3

521
29.7
4.1

21.1
42.9
30.9
6.1
.4

.2
ai
2.3
1.8

60

92
42
26.7
6.2

11.0
194
113

*75
«15

86
21.0
5.3

6.4

Estimated.
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Summary of estimated natural discharge, by climatic years, for Wenatchee oft*?' Entiat
rivers and tributaries.

Stream and location.

Wenatchee Eiver near 
Leavenworth. 

Do................
Do................
Do................
Do.:..............
Do................
Do................
Do................
Do................

Wenatchee River at 
Cashmere and Dry- 
den. 

Do................
Do................
Do................
Do................
Do................
Do................
Do................
Do................
Do................
Do................
Do.......!........
Do................

Mean...........

White River near Chi- 
waukum. 

Do................
Do................

Nason Creek near Na- 
son.

Chiwawa River near 
Leavenworth. 

Do................
Do................
Do................

Mean...........
CMwaukum Creek 

near CMwaukum.

Icicle Creek near 
Leavenworth. 

Do................
Do................
Do................

Mean...........
Peshastin Creek near 

Leavenworth.

Entiat River at Entiat 
Do................
Do................
Do................
Do................
Do................
Do................
Do................

Year 
ending 
Sept. 

30.

1910

1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918

1905

1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917

1911

1912 
1914 
1911

1911

1912 
1913 
1914

1911

1911

1912 
1913 
1914

1912

1911
1912 
1913 
1914 
1915 
1916 
1917 
1918

Minimum calendar 
month.

Dis­ 
charge.

Sec.-ft. 
. 620

591 
400 
483 
666
402 
547 
408 
517

519

885

965 
1,040 
1,050

770 
968 
900 
709 
756 

1,030 
689 
803 
690

857

317 

150

72.7

^231

139 
140 
164

168 
34.4

217

111 
144 
188

165 
24.0

112
116 
108 
136 
110 
91.8 

105 
121

112

Month.

September.

February.. 
October.... 
.....do..... 
February.. 
September . 
January. . . . 
December. . 
October....

October. . . .

December. . 
January.... 
September . 
Feoruary. . 
September. 
February . . 
October. . . . 

.....do..... 
September .

January.... 
December..

September . 

October....

September .

October.... 
/....do..... 
\January.... 
February. .

September . 

.....do.....

October.... 
.....do.....
September .

October. . . .

/January.... 
\February . . 
February . . 
January.... 
February . . 
September . 
January.... 
March...... 
November .

Mean 
discharge 
tor year.

Sec.-ft. 
2,990

2,170 
2,070 
2,500 
2,090 
1,360 
2,810 
2,160 
2,500

2,290

3,240

2,870 
4,300 
3,870 
3,180 
4,470 
3,180 
2,990 
3,760 
3,190 
2,030 
4,520 
3,230

3,440

701 
671

552 
^ 676 

604

611

588 
736 
616

647 
139

} 478
463 
576 
520 
344 
811 
511 
494

525

Discharge per 
square mile.

Mini­ 
mum 

calendar 
month.

Sec.-ft. 
1.05

1.00
.677 
.817 

1.13 
.680 
.928 
.690 
.875

.872

.691'

.754 

.812 

.820 

.602 

.807 

.750 

.591 

.629 

.858 

.574 

.669 

.575

.696

2.11 

1.00

KIT

1.28

.768 

.773 

.906

.932 
694

1.03

.526 

.682 

.891

.782 

.238

.267

.277 

.258 

.325 

.263 

.219 

.251 

.289

.269

Mean . 
for year.

Sec.-ft. 
5.06

3.67 
3.50 
4.23 
3.54 
2.30 
4.75 
3.65 
4.23

3.88

2.53

2.24 
3.36 
3.02 
2.48 
3.72 
2.65 
2.49 
3.13 
2.66 
1.69 
3.77 
2.09

2.79

4.67 
4.47

3.05 
3.73 
3.34

3.37

2.79 
3.49 
2.92

3.07 
1.38

1.14
1.11 
1.37 
1.24 
.821 

1.94 
1.22 
1.18

1.25

Run-off.

Acre-feet.

2,17$«»

l,57fl$K» 
i,5oip»o

1^560,009 
1,810,000

1,960,000

2,350,000

2,080,000 
3,110000 
2,810,000 
2,310,000 
3,230,000 
2,300,000 
2,170,000 
2,730,000 
2,310,000 
^470,000 
3,280,000 
2,340,000

2,490,000

509,000
486,.000

401,000 
490,000 
440,000

444,000

427,,000 
533,000 
447,000

469,000 
101,000

345,000
336,000 
417,000 
376,000 
249.00ft 
589,000 
371,000 
358,000

380,000

[nolies.

68.78

f£9l 
47.60 
57.37 
48. OS 
31.31 
64.83 
49.62 
17.43

53. 7«

34.39

30.38, 
46.63 
41.S1 
33.17 
50,51 
35i*» 
38. «6 
42,,«8se; or
22.95 
51.25 
36.60

38.09

63.60 
60.74

41.52 
50.72 
45.67

45.97

37.92 
47. U 
39.68

41.65 
18.72

16.47 
15.07 
18.66 
16.84 
11.15 
26.35 
16.57 
16.02

17.02



''WaBBATCHEEl AND ENTIAT BASIHS.

. IBRIGATION.  

DEVELOPMENT.

.t**-

,,-_, ,, - . , GRAVITY SYSTEMS. .   -r

During the irrigation season of 1918 water distributed through the 
gravity systems diverting it from Wenatchee Riveri or tributaries 
served about 20,500 acres of land. Nearly 4,000 acres of the area 
irrigated lies on the east side of Columbia River. Stfurie features of 
the systems as reported by P. S. Darlington, district horticultural 
inspector, Wenatchee, Wash., are shdwn in the' fottoT^in table:

Gravity irrigation systems in the Wenatchee basin,

Systran.

Jones AShotwell ditch.. ...................

Snow Creek ditch..........................

Tandy or Beeeher ditch.... ................
Union ditch................................
Peshastin ditch.................... ........

Gibbs ditch. ...............................
Otis, Stewart, Boston, and Gray ditches...
Small ditches... .........................:..

Diverting from 

.....do.......................

.....do.......................
1Y»if»lA f*fftftlr

.....do.......................

.....do.......................

.....do.......................

.....do.......................

.....do.......................

.....do.......................

Eleva­ 
tion at 
intake.

met]
9*7

1,171

01,225
01.195
01,165
01,165
a 1.125

length 
of main 
canst '

Miles. 
49

' 7
8

15
42

6
2

12
4
4

Area 
served 
in 1918.

Acret. 
11,200

690
1,000

150
8,380

197
SO

690
602
104

1,890
328
532
116
565

620,494

a Estimated; accuracy uncertain.
6 This total includes 2,130 acres served by water pumped from gravity systems

The largest gravity system in the Wenatchee basin is operated by 
the Wenatchee Reclamation District. The original conduit, formerly 
called the Wenatchee high line^ was constructed in 1|902; and water 
was 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 (PI. VI, A) 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 tjie power plant 
the water is carried by flume, tunnel, canal, and pipel lines to a point 
<jn the left side of the valley near the mouth of Wenatchee River, 
where the conduit branches. The smaller branchj delivers water 
to land on the left side of the river; and the larger branch crosses the 
river, serves land near Wenatchee, and extends atcross 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 nules of pipe line, 
7.7 miles of concrete lined canal, and the remainder ijinlined canal.
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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 Wenatchee 
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 
to land near Wenatchee. The main conduit is a canal which is unliaed 
except for 2,000 feet of pipe line and 205 feet of flume.

The Icicle Canal Co. began construction in 1910 and delivered wat$r 
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 %
pumping.

Type of plant.
Area

irrigated
in 1918
(acres).

Electric..........................
Internal combustion.............
Steam...........................
Hydraulic ram and water wheel.

814

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.
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PROSPECTIVE DEVELOPMENT. j , 

^ IRRIGABLE iREA.

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 may be 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 Greek for 400 acres, and Wenatchee River proper 
for 2,500 acres. Part of this additional area will be irrigated by Dump­ 
ing from the present gravity systems.

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

QtJINOY PEOJECT.

GENERAL FEATURES.  

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 
Greek, 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 
suitable 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. v

The soil 8 is the basaltic loam that is characteristic of Central 
 Washington. Much of it is similar to the soil in the Sunnyside proj­ 
ect, in the Yakhna Valley, and if it is properly irrigated it will 
be well suited to div-ersified farming.

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

, » Abstracted in part from Landes, Henry, and Jacobs, Joseph, Preliminary report on the Quiacy Valley 
irrigation project: Washington Geol. Surrey Boll. 14,1912.
'' » Mangum, A. W., Van Duyne, Cornelius, and Westovw, H. L., Soil survey of the Quinoy area, Wash.: 
U. S. Dept. Agr. Bur. Soils Field Operations, 1911,64pp.', 1913.
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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 Qoincy 
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, whidt 
would include the area here described. The immensity of this 
undertaking and its great initial cost have heretofore discouraged 
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 feet at a point 1^ miles 
above Fall Creek, the water to be carried through a tunnel about 3 
miles long into Freund Creek canyon, thence along the Chumstidk 
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 Hoses 
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 a 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 longf will be the most 
difficult piece of work. A bridge for supporting the conduit across 
the Columbia may not be practical, because clearance1 is necessary for 
navigation and because the weight of conduit and water would reprer 
sent a* load at least five times that imposed upon the heaviest modern 
single-track railway bridge. The preliminary plan proposes the u£e 
of a 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 $25 
second-feet 7 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 thex>ther 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 tha£ 
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, texture, 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 Quiiicy project are 
similar to those in the Sunnyside project in the Yakima Valley. Sta­ 
tistics 8 compiled by the United States Reclamation Service have been 
considered in choosing the probable water requirements for the 
Quincy proj ect shown in the following table:

Water requirements for the Sunnyside and Quincy projects.

Total, diversion for direct use. .........................
Pelivery to farms: 

1 Apffl.... .................................. .J. ......
May . .

July...............................................

September.........................................

Sunnyside, 1912-1918.

Depth in 
feet on area
irrigated.

4.71

.' .2T 
.54 
.54 
.59 
.55 
.36 
.24

3,09

Percent.

...

i i'i .fc^A.     .....i»-.^.i».

8.7 
17.5 
17.6 
19.1 
17.8 
11.6 
7.8

100.0

Quincy, as chosen.

Depth in 
feet on area
irrigated.

4.20
  ' I .1, 1 I S

0.2* 
.51 
.55 
.58 
.55 
.36 
.24

3.03

Percent.

8 
17 
IS 
19 
18 
12 
8

100

NOTE.-
1618.

-The area irrigated in the Sunnyside project ranged from 62,800 acres in 1912 to 84,650 acres in

rpn flow (see p. 54) at the intake of the Great Northern plant has been estimated at 451i The 
second-feet. .

» Moritz. E. A., Tables showing quantities of water used on projects of the United States Reclamation 
Service: Reclamation Rec., vol. 9, p. 538, 1918. ,

82295  22  WSP 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. 

PROPOSED DAM.

Wenatchee Lake (PL II; PI. 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 luake. The site chosen by preliminary investigation 
for the Quincy project is 3.1 miles below the lake, in sees. 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 miles 
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 mewiod 
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 planimeier 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
eleva­
tion.  

Feet.
1,870
1,880
1,890
1,900
1,910
1,920
1,930 
1,940
1,950

Area.

Acres.
2.830
3,980
5,330
6,380
7,100
7,950
9,080 

10,700
11,530

Capacity.

A cre-feet.
0

34,000
80,600

139,000
207,000
282.000
367,000 
466,000
577,000

Contour
eleva­
tion.

Feet.
1,960
1,970
1,980
1,985
1,990
1,995
2,000 
2,005
2,010

Area.

Acres.
12,040
12,580
13,210

ol3,490
13,680
13,910
14,140 
14,370
14,600

Capacity.

Acre-feet.
695,000
818,000
947.000

1,014,000
1,082,000
1,151,000
1,221,000 
1,292,000
1,364,000

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

RUN-OFF AVAILABLE FOE 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 
precipitation.
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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 Wenatch.ee River near Leaven- 
worth indicate the run-off after that loss ha^ 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 Lake are fragmentary but 
extend over part of each year for 1906-1908 and 1910-11. The 
evaporation pan was 3 feet square and 1£ feet 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 cbmputed from the 
observations made, is shown in the following table:

Average evaporation, in feet, observed at J^achess Lake.

Mouth.

October................

January................

Observed 
evapora­ 

tion.

0.15
.07
,05

a.03

Month.
Observed 
evapora­ 

tion.

"0.03
.04
.07
.09

Month.

July..................

Observed
evapora­ 

tion.

0.20
.37
.30
.21

Total for average year.............................................................................. 1.67
o No evaporation observations during January and February; values assumed arbitrarily.
NOTE. Average 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." 9 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 annual evaporation from Lake Conchos, 
Mexico: Am. Soc. Civ. Eng. Trails., vol. 80, p. 1831,1916. Sleight, H. B., Evaporation from the surfaces 
of water and river-bed materials: Jour. Agr. Research, vol. 10, p. 237,1917.
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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 unite of 1,000 acre-Jeet, available for storage in Wenatchee Lake 
reservoir, November, 1909, to October, 1918.

Year.

1910............
1911............
1912............
1913............
1914............
1915............
1916............
1917............
1918............

January.

1-10

19.4 
19.5 
10.7 
13.6 
24.3 
11.5 
9.9 
8.6 

158.0

11-20

18.2 
16.5 
15.7 
11.6 
26.4 
9.5 
9.9 
7.8 

47.5

21-31

29.3 
17.0 
17.8 
12.3 
19.4 
8.4 

13.3 
9.3 

36.3

February.

1-10

19.6 
13.1 
15.2 
11.4 
13.9 
8.7 

11.7 
11.1 
27.6

11-20

18.2 
11.2 
16.0 
17.3 
11.7 
8.0 

15.0 
12.3 
25.7

21-28 a

13.5 
7.7 

13.1 
15.4 
10.6 
6.5 

15.1 
9.3 

15.2

March.

1-10

30.9 
9.0 

11.1 
15.0
16.2 
8.2 

18.0 
9.3 

16.0

11-20

53.8 
11.8 
10.2 
16.6 
27.2 
15.8 
42.7 
8.0 

14.6

21-31

91.3 
35.1 
17.0 
16.1
46.7 
36.7 
38.8 
10.1 
26.9

April.

1-10

50.2 
41.0 
36.2 
14.2 
39.5 
79.9 
45.2 
9.7 

34.2

11-20

55.7 
35.4 
47.1 
45.1 
85.4 
71.1 
65.2 
15.0 
46.9

21-30

161.0 
69.5 
49.8 
62.8
72.7 
59.6 
68.4 
24.3
84.8

a Feb. 21 to 29 in leap years, 1912 and 1916.
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Estimated run-off, in units of 1,000 acre-feet, available for storage in Wenatchee Lak e 
reservoir, November, 1909, to October, 1918 Continued.

Year.

1910............
1911............
1912............
1913............
1914............
1915............
1916............
1Q17

1918............

Year.

1909............
1910............
1911............
1912............
1913............
1914............
1915............
1916............
1917............
1918............

May.

1-10

154.0 
86.5 
88.2 
72.6 

100.0 
55.9 

145.0 
46.1 

115.0

11-20

169.0 
70.5 

161.0 
105.0 
131.0 
48.5 
97.1 

109 0 
96.6

21-31

194.0 
96.2 

161.0 
185.0 
127.0 
50.4 

131.0 
160.0 
77.5

September.

1-10

12.6 
15.1 
13.7 
29.7 
11.0 
9.3 

26.4 
15.4 
13.3

11-20

9.6 
16.4 
10.7 
19.4 
12.0 
6.5 

16.1 
14.5 
12.2

21-30

11.7 
10.8 
8.7 

15.3 
16.5 
6.5 

13.2 
12.2 
10.0

June.

1-1Q

117.0 
125.0 
134.0 
236.0 
94.9 
44.8 

137.0 
150.0 
120.0

11-20

113.0 
155.0 
128.0 
173.0 
101.0 
34.1 

235.0 
166.0 
160.0

21-30

72.7 
83.6 

130.0 
154.0 
69.1 
25.3 

179.0 
156.0 
114.0

October.

1-10

42.6 
7.9 
8.3 

12.2 
12.8 
8.3 
9.6 

12.6 
12.1

11-20

38.7 
7.6 
9.1 

31.8 
19.1 
9.2. 
8.9 
9.0 

20.4

21-31

39.6 
7.2 

10.5 
30.6 
24.6 
19.7 
9.6 
8.5 

23.2

July.

1-10

83.5 
63.1 
63.6 

126.0 
76.5 
27.6 

154.0 
160.0 
68.7

U-20

71.6 
58.8 
54.0 
91.6 
54.3 
14.8 

143.0 
136.0 
59.9

21-31

49.2 
39.6 
37.1 

100.0 
33.5 
17.8 
93.2 
76.4 
36.1

November.

1-10

39.4 
42.2 
8.5 

10.4 
19.5 
56.1 
28.0 
12.4 
12.1'

11-20

33.1 
47.2 
25.5 
13.8 
26.6 
39.4 
15.0 
11.0 
10.5

21-30

153.0
87.7 
42.7 
18.2 
29.3 
36.2 
12.3 
8.8 

16.9

August.

1-10

32.4 
23.8 
23.4 
49.4 
22.3 
15.3 
66.4 
43.9 
24.2

11-20

25.4 
15.7 
20.0 
27.2 
17.9 
13.9 
49.3 
33.4 
18.4

21-31

17.3 
14.3fc7
15.4 
14.7 
39.2 
25.4 
17.4

December.

1-10

94.5 
32.7 
21.4 
16.6 
21.2 
25.7 
11.4 
8.4 

11.3

11-20

42.9 
21.0 
17.2 
12.9 
15.4 
14.1 
10.6 
7.9 

64.3

21-31

27.7 
21.7 
15.2 
12.4 
13.6 
14.2 
13. & 
7.9 

147.0

NOTE. Flow Nov. 1, 1909, to Nov. 26,1910, at ga?in? station on Wenatchee River near Leavenwortft, 
Wash., estimated by comparison with records at gaging station on Weoatchee River at Cashmere, Wash.

Total run-ofl 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 DIAGKAM.

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 I, 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.]

Month. 

/

April......................................
May. . . .....

July.......................................

1

Water 
available 

for Quincy 
project.

(a
(0

- (°
(0«

105 
224 
237 
250 
237 
158 
105

,600 
,400 
,700 
,900 
,700 
,400 
,600

1,320,300

2

Bun-oft 
equivalent 
to continu­ 

ous flow 
Of 525 

second- 
feet.

31,200 
32,300 
32,300 
'29200 
32,300 
31,200 
32,300 
31,200 
32,300 
32,300 
31,200 
32,300

380,100

3

Total 
water sup-

ff$2

31,200 
32,300 
32/300 
29,200 
32,300 

136800 
256,700 
268,900 
283,200 
270,000 
189,600 
137,900

1,700,400
-i

4

Estimated inflow 'be­ 
tween rfie- 
ervoir and 
project di­ 

version 
works.

3,900 
3,000 
3,300 
2,700 
6,000 

26/600 
42,300 
32,700 
14.400 
5 100 
3,500 
3,100

147,200

5

Require- 
niCTi'fe from 
reservoir 

by plan A*(£-£.

27,300 
29,300 
29,000 
26.500 
25,700 

110,200 
214,400 
236.200 
268,800 
264,900 
186,100 
134,800

61,553,200

o No requirement. & 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.]

Month.

April...........
May............

1

Water 
available 

for 
Quiney 
project.

(0
(«
(0
(° 
(« 

134
285

500 
800

2

Estimated 
inflow 

between 
reservoir 

and 
project 
works.

8 
ffl
( 6) 
26.600 
42,300

3

Require­ 
ment from 
reservoir 

by Plan B 
(1-2).

0 
0 
0 
0 
0 

107,900 
243,500

Month.

July............

1

Water 
available 

lor 
Quincy 

project.

302.500 
319.400 
302,500 
201,700 
134,500

1,680,900

2

Estimated 
inflow 

between 
reservoir 

and 
project 
works.

32.790 
14,400 
5,100 
3,500 
3,100

127,700

3

Require­ 
ment from 
reservoir 
by Plan B 

d-2).

269,800 
305,000 
297,400 
198200 
131,400

cl,553,200

o No requirement.
6 Not required for Quincy project.
c Equivalent to a continuous flow of 2,145 second-feet for one year.

Plan B, as shown on the mass diagram, represents a 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-off available at the reservoir, 
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 
191&, 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 Eailway 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 on 
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 systematic study 
and even then engineers working independently may differ as to 
Retails. The units selected for this report are based on general
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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.

Minimum 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 
sites. 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 (Pis. VII, A-E; VIII; IX, A, 
B, at end of volume) or from topographic 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.

SITES 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.

Stream and gaging station.

Wenatchee River at Cashmere and Dryden (base gag­ 
ing station)...... .....................................

White River...........................................

Minimum flow for one calendar 
month during years ending Sept. 
30 

1905 to 1909
(February, 

1909).

"750

1910 to 1914 
(October. 

1911).

709 
400 
67 

150 
139 
20 

111 
24

1915 to 1918 
(Septem­ 
ber, 1915).

689 
402

Minimum 
flow.

716 
411 
668 

6152 
6140 
620 

6112 
624

o This figure was determined by deducting from the flow below Mission Creek (770 sec.-ft.) the probable 
flow at Mission Creek (20 sec.-ft.) for February, 1909. Gaging station located below Mission Creek from 
1905 to 1909 and above Mission Creek thereafter.

6 Computed by comparing flow for October, 1911, with both flow for the same month and minimum flow 
at the base gaging station.

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 tiie 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 (Pis. 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.

Name. Stream. '

.....do.............................

Height 
of 

water 
stored.

Feet. 
60
95

101
115
55
40

Capacity.

Acre-feet. 
11,900
37,000

835,000
318.000

1,900
1,080

1,204,880

Flow 
realized in 
excess of

 minimum.

Sec.-ft. 
81

110
1.250

404
30
18

1,893

o The use of Wenatchee Lake reservoir as a part of the proposed Quincy project is discussed on pages 4&-S2.

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 the natural flow during critical periods of low water. Another 
small reservoir 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.10 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 Creek 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 site, 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.

57

Contour
eleva­
tion.

Feet.
2.090
2,100
2,110
2,120

Area.

Acres.
1ft
85

170
220

Capacity.

Acre-feet.
0

480
1.760
3,710

Contour
eleva­
tion.

Feet.
2,130
2,140
2,150

Area.

Acres.
260
290
310

Capacity.

Acre-feet.
6,110
8,860

11,900

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 Kiver basin. The outle* 
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
eleva­
tion.

Feet.
2,808
2,850

Area.

Acres.
300
380

Capacity.

Acre-feet.
0

14,300

Contour
eleva­
tion.

Feet.
2,900
2,950

Area.

Acres.
470
560

Capacity.

Acre-feet.
35,500
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 tjie 
entire inflow. As a diversion from North Fork of White Kiver 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-o/, in units oj'1,000 acre-feet, available for storage in TwinLakes reservoir, 1911-1913.

Year.

1911............
1912............
1913............

Jan.

5.3
4.5

Feb.

3.4
5.2
5.0

Mar.

6.8
5.0
5.6

Apr.

19.0
17.0
16.0

May.

33.0
53.0

June.

CO A

56.0

July.

32.0
30.0

Aug.

11 n
11 n

Sept.

7.8
6.4

Oct.

3.8
4.0

Nov.

7.9
4.4

Dec.

6.0
4.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
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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.

CMwawa 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
eleva­
tion.

Feet.
2,400
2,410
2,420
2,430
2,440
2,450
2,460

Area.

Acres.
685

1,160
1,640
2,000
2,390
2,660
2,900

Capacity.

Acre-feet.
0

9,240
23,300
41,500
63,400
88,700

116,500

Contour
eleva­
tion.

Feet.
2,470
2.480
2,490
2,500
2,510
2,520

Area.

Acres.
3,140
3,440
3,760
4,000
4,380
4,600

Capacity.

Acre-feet.
146.700
179,600
215,600
254,400
295,900
340,400
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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.

1909............
1910............
1911............
1912............
1913............
1914............
1915............
1916............

Jan.

is. 5
10.5
8.4
7.9

15.0
5.6
6.4

Feb.

10.9
6.5
8.0
9.3
8.5
4.6
Q 7

Mar.

38.0
10.4
6.1
8.7

19.4
11.6
20.6

Apr.

81.5
42.0
30.8
34.3
69.3
62.8
KO 0

May.

140.0
65.9

110.0
98.5
96.4
38.2
QQ K

June.

79.'7
84.8

106.0
154.0
74.6
24.3

i^wj n

July.

46,3
47.1
41.0
72.2
47.0
11.8

Aug.

19.5
16.0
16.7
26.2
14.8
iai

Sept.

11.0
9.1

11.4
9.0

18.5
10.9
5.2

Oct.

11.7
32.8
7.0
7.1

16.5
13.3
9.1

Nov.

44.4
84.9
11.3
8.1

17.4
25.7
10.4

Dec.

35.7
16,0
0.0
8.4

12.8
11.2
7.2

A mass diagram (PI. 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 the critical 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 Marc}i 1, 1909, to 
March 31, 1910, and considerable hold-over water would have been 
available on March 31^ 1919.

Wenatchee Lake reservoir. The discussion of the Quincy project 
(pp. 43-53) includes a description of the Wenatehee 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 chbsen 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 Kiver near Leavenworth by (1) the run-off at the gaging 
station on Chiwawa Kiver, (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.

1909............
1910............
1911............
1912............
1913............
1914............
1915............
1916............

Jan.

53.0
42.1
35.4
29.8
54.9
23.3
28.2

Feb.

40 4
25.1
36.1
34.5
27.3
18.1
32.8

Mar.

136,0
43 4
30.2
36.9
68.8
47.1
77.2

Apr.

183.0
OQ t

98.9
83.5

124.0
144 n
122.0

May.

373.0
183.0
296.0
260.0
257.0
112.0
270.0

Jane.

218.0
274.0
281.0
404.0
185.0
75.5

388.0

July.

155.0
112.0
111.0
242.0
114.0
45.9

Aug.

53.0
35.1
41.8
71.2
37.8
30.4

Sept.

23.3
29.0
22.2
43.9
26.5
14. 8

Oct.

32.4
87.1
14.5
19.6
56.4
41.8
26.4

Nov.

180.0
142.0
65.0
33.9
57.6

106.0
44.1

Dec..

129.0
58.7
44.'3
33.1
36.7
42.1
27.8

A mass diagram (PI. 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 availably 
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 art$ Eightmile Flat reservoirs. The Trout Creek,and 
Eightmile Flat reservoirs will furnish only enough storage to increase 
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 Hat 
reservoir by a dam built three-fourths of a mile above Eightmile 
Creek. The areas as measured from Plate IX, A, B} and the capa^i- 
ties of the reservoirs are shown in the following table:
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^reaa *srf capadtiet of Trout Creek end Eighter&te fftoxh

Trout Creek.

Contour 
eleva­ 
tion.

.Fee*. 
2,620 
3080 
2,640

2^670 
2; 675

Area.

Acres. 
2 
8 

19 
30 
ff6 
7« 
87

Capacity.

A erf-feet. 
0 

60 
185 
430 
846 

1,490 
1,900

EigbtoUe Flat.

Contour 
eleva­ 
tion. '

Wtet. 
2,060 
2070 
2080 
2090 
2,100

-

Area.

Acres. 
8 

17 
26 
37 
48

Capacity.

Acrt-feet.
0

126 
340 
685 

1,080

A comparison of the records at the gaging station on Icicle 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 1905 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 Eightmile 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 reservoirs, would yield a flow of 148 second-feet at 
Eightmile Flat reservoir.

BEOUiATED FLOW IS DEVELOPMENT UTTCTS.

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 augment the regulated flow by amounts equal to the minimum 
flow from those drainage areas.

The regulated flow for the units in which the uses for power and;for 
irrigation conflict has been decreased by two-thirds of the average 
demand for present and future irrigation during September and 
October (p. 56).

82295 22 war 486  5
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POWER SBSOUBCBS wrrKoxn ounrcY PBOJKOT » OPBKATXOK.

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 aggregating about 28,800 acres in Wenatchee 
Valley and of areas in a part of the adjoining Columbia Valley, but 
no allowance has been made for the requirements of the proposed 
Quincy project (p. 45). Regulated flow has been determined by 
assuming the use of all water stored primarily for the development 
of power.

Power resources in Wenatchee basin urithout Quincy project in operation.

TTait 
No.

I

2 

3

4

6

6 

T

8

» 

10 

11

Stream and location.

Lttttt Wwiatehe* 
River .between 
Baiay Crack wad 
Wenatchee Lake 
»terv«tes.......:..

White River between 
«teva*io& 2,353 feet 

, and Wenatchee

White River between 
Norjtt Fork. Tirta 
Lakes, and We­ 
natchee Lakereser-

Chiwawa River be­ 
tween elevations 
2,400and 1,870 feet..

Wenfttckee River be- 
twcsB Wctiatdieft 
Lake re«rvoir and 
ChitPatrkum Creek. 

Wenatchee River be­ 
tween Chtwaukuia 
Creek and intake of 
Great Northern

WMiatcheer River be- 
, . tween intake and 

tailrac* of Gnat 
Northern, power

Wenatchee River be- 
~ tween tailrace of 

Great Northern 
jtower plant and 
elevatto» 1,110 feet. 

Icicle Crees between 
South Fork and 
front Creek reser-

Icicle Creek between 
Trout Creek and 
Eightmile Flat res-

Icicle Creek between 
Eightmile Flat res­ 
ervoir and intake of 
Icicle canal...

Distance above
IBOQtfc
(miles).

TJpper 
end of
unit.

TO. 7 

18.9

48.5 

86.6 

3fr.2

29.3 

21.0 

18.0 

10.8

Lower 
and of
unit.

67.4 

14.5

36.6

, 32.2 

».3

27.2 

18.0 

10.8 

6.2

Elevation 
above mean 

seftteTOl 
(feet).

TTpoef 
end Of 
unit.

2,060 

2,855

2,808 

2,400

1,870 

1,665

1,486

1,285 

2,900 

2,620 

2.060

Lower 
end of 
unit.

1,960 

1,960

1,960 

1,870

lj v05 

1,486 

1,285

1,110 

2,665 

2,000 

1.396

total 
, fall 

in 
unit 

(feet).

IK 

395

848 

530

fttf 

179 

201

175 

235 

530 

664

Flow at diver-
SfMt^OJBt

, (second-feet).

Mini-
IUIUBU

-*!' 

- M

:̂ a

fiO
  * ? , .

117

' 40*
    * »i

  :'ti; 
, 444

' <: 
*"*K

Mljr " 

*t»

54

76 

100

Regu- 
UteA.

119

170 

521

w,m

2,100 

2,110

: $»>

106 

148

CofttbmetB 
bOTsepower 
Cnpelrtjottl 
eflteien«y).

"3iJni- 
m«m 
How.

5C§

2,940

4,040 

4,930

8j60w

, 6^3a° 

i,m

6,430 

1,010

3, aw

5.280

Regn- 

TOW.

1,4CO 

3#M»

11,800 

22,000

*,«»

29,900 

"»I7» :

29,500

W&

4,470

7.SJO
o Indodes ratntm^iTn Sow of Cougar Creek.
* Bawd on regulation of entire now of Wenatchee River below CMwawa River.



AND ENTIAT BASINS.

Power reaowcea in W^natchee basin without Quincg project in operation Contiaued.

Distance above 
inmrth 
(miles).

endof 
unit.

endof 
utut.

Elevation 
above mean 

sea level 
(feet), .

endof 
unit.

Low«r 
endof 
unit.

Total

V
unit;

(ftet).

Flow at diver-
d«lrt^i» -

(secoaa-feet).

Mini­ 
mum. Jated,

Continuous

MJhi-
niiitn
lew,

latM

13
S *

*;H

»,.

'16

Icitvfe breek between 
, totafiteat Icicle,**^

nal and elevaffoh
1,110

ahd
tnilrace of Dryden 

 plant.

of

itlon
ferei 

?een, L e!«faliane

IS. 2

J&5

6.8

6.8 

1.5

1,306

1,110

i.ato,

' 967 

905

1,110

1,225

t 686 

612

3%

143 

5^6

494

24

*»«*

*«* « 2,320 

«2,'400 4/S80 15,800

76,100 274,000

  by tite p»rt of tie demand {or Irrig^tfcHi that can n<» b« 99tiai«4 by dJtorttag eotirw . 
otr oi Snow Crtek.

_r . _. 
l«r-1**ter 

i* £e^uoed to satisfy the demand let pnseat and intuw irrigation .(?. -58)/

The general topogra]p»Me features of ttte development i^ftits may be 
ascertained from topdgraphid maps published by the ttnited States 
<SNgblogical Sorveyv More detailed topography is shown on the plates 
indicating river plans and profiles (at end of volume), as follows: 
Unite 1-2; Plate V&, B; unit 3, Plate VII, 2); unit 4, Hates ttl, C, 
»4id VHI^ unit 5, I*late VII, B and 0; units 6-8, Hate Vtl, B; unlt^ 9 

10*, Hate1 IX, B; units ll and 12, Plate IX, A; unit 13, Hate til, 
it I4;'n6 pliin andpreffle (see to^o^rajjM^ mapsj; units 
VII, 4. Othef features of ' the units are, 

scribed iti'tlf4'foflowntg paragraphs.
Unit 1. IMM 'Wtndtckee Bivef between tiding Ofttk an

.-^Rtaii^ Creek and Wenatchee Lafee1 reservoirs 
at^ne tfpjier'aiid lower ends of unit 1, The (gleVaeidfr 

Ibw^r end bflfhe unit has :befen assumed 11 feet^loWer tnan ine 
kage !m*Wenaibhee LaW Reservoir because a1 study of tKe' 

mass dfaj^rani (PI. IV)' for Wenatchee Lake reservoir indicates that 
(hiring the §1 inbnt&s shown in the Diagram the stage would have 
been above 1,960 feet for only 9 months, above 1,965 feet for only 
5 months, and above 1,970 feet for only 1£ months.

Umt $.  '' White Hiver between elevation of%,$55 feet and Wenatchee 
Ectke ' ftjervoifr:  -A point If miles below Indian Creek has been 
chosen for the upper end of unit 2, because heavy rock
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would be encountered farther upstream. An ete^afii<*ft "* of l>t 
feet has been chosen for the lower end of the unit, for the reason 
described in connection with unit 1. It has been assumed that the 
flow of Cougar Creek will be intercepted by a conduit o$ 4£he ri^ht 
side of the valley, where the supporting ground, which consists of 
earth and broken rock, offers a favorable location for a conduit.

Unit 3. North Fork of White River to Twin Lobes, and Wenatche, 
Lake reservoir. The feasibility of a plant for unit? 3 wift depend 
largely on the cost of diversion from North Fork into Twin Lakes 
reservoir. A conduit about 4$ miles long, constructed along steep 
rocky slopes, will be required. The power plant may be builfe on 
North Fork about 1$ miles above its mouth and about the samft 
distance from a forebay in Twin Lakes reservoir. An elevation 01 
1,960 feet has been efrosen for the lower end of tfei trait, ;for th$ 
reason described in connection with unit 1. .

Unit 4' Ohiwawa River "between elevations of 2,400 «fw£ I,8f0fe&.  
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 pow« 
plant just below the dam site chosen for the Wenatchee Lake reser­ 
voir. This location would require pressure pipes across Big Meadows 
Creek.and across a depression east of Fish La^e, ,, .

Unit 5. Wenatchee Jti/oer between Wenytchee fake rewnwyv 
Chiwaukum Creek. Analyses for unit 5 have/ 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,BJjf$r« 
Additional power may be developed in summer at the dam forming 
Wenatchee Lakerreservoir by utilizing the mean draft pf l,510^eoon<C 
feet- The additional power, computed from average stages, in the 
reservoir for a period Of six years (PL IV), amounts,to 
power for May and 11,500 horsepower from June to September. ,

Unit 6. Wenatchee Rive* between Chiwaukum Greek fund 
Great 'Northern ppwer plant. The lower en$ of unit 6 ,is eonife 
by :the crest elevation of the Qr^at Northern RailwayQo«'s 
dam. Over half of the head ^v^ilabje in the unit is concentrated 
between the ppwer-house site, one-fourth of a mtte above Fall ( jOj^e^ 
and a point 1 mile upstream. The head that can be realized by a 
diversion dam in the upper part of the unit is limited by the^prade 
line of the Great Northern Kailway. s ; . , , .,',, > ia-a

Unit 7. Wenatchee ,|P^;ef "between intaJce and taifoaez of (Sfreafc iSfef^- 
em power p^ant.-r-The upper and lower, ends of unk; 7 are fixed by a 
power plant (PL V, A,, and p. 70) operated l?y the Great Nojrther|i 
Railway Co. .< t :
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A. GREAT NORTHERN POWER PLANT.

B. ENTIAT POWER PLANT.





Z7n& 8, Wenatehee Bivtr between ta&race of
**£(i8&iMHm of 1^110^ feet. rThe Great Hostberm* grade 

would interfere ^th an economical location of; the conduit on the kftf 
side of Wenatchee River in unit 8, although, $ie 'topoppaphy >«nd 
supporting ground are .more favorable there than on the right aide- 
If the conduit is carried along on the right side a tunnel through 4h« 
ridge between mile 27.2 and 28.S (PL VII, Bf at end of volume) 
might prove feasible. The Tumwater Light & Power, Go, (p. 7i), 
utiHzes a part of the fall in this section.
, r Unit 9. Icicle Greek between South Fork and Trout Creek res&rww.  
The elevation of the, lower end of unit 9-has been fixed at 10,feet 
below the spillway elevation of the Trout Creek reservoir site because 
$ie water -stored in the, reservoir will be used for only one, or; two 
months eacli year, The cost of the conduit would be high on account 
of heavy construction and the isolation of the locality,

Unit 10. Icicle Creek between TravA Creek and Eightmik Flat 
feservovrs* The elevation at the lower end of unit 10 has been fixed 
at 10 feet below the spillway elevation of the Eightuoile Flat reser­ 
voir site because the water stored in the reservoir will be utilized foe 
qnly one or two months each year. The best location fear the epn- 
4uit is on the right side, where the supporting ground is favorable 
for:, 4 miles below Trout Creek, although the remaining 3 miles is 
steep and rough. The power plant may be built 1£ miles above 
Eightmile Creek.

: Unit 11. Icicle Oreek .between Eightmile Flat reservoir and intake of 
Icicle canal. The lower end of unit 11 is controlled by the intake of 
Icicle canal (p. 42). It has been assumed that the flow of Eight- 
mile Creek would be diverted into a conduit on the right side.

Unit. 12-. Icicle Greek between intake of Icide canal and elevation of 
j?.>W/<^.- Icicle canal, which is on the right side of Icicle Creek, 
might be enlarged 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 18. Wenatchee River between elevation of 1,110 feet and intake 
of Dryden power plant. It 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 
hah* of unit 13 is rather flat, a diversion dam high enough to utilize 
some o)f 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 Kailway. Although considerable 
water could be stored by providing a diversion dam with a remov­ 
able crest, such storage'has not been considered available in com­ 
puting the power resources for this unit.
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Unit 14. Peshastin Creek between IngaUs Greek and intake of&tedier 
The entire low-water flow of Peshastin Greet i»^v«* fet 

irrigation, so that the lower end of unit 14 has been fixed at the 
vation of the highest irrigation diversion.

Unit Iff. Wenatchee River "between intake and tdUrac6 of 
power plant. The upper and lower ends of unit 15 are iLxed 
power plant operated by the Wenatchee Valley Gas & Electric </o»r 
(PI. VI and p. 71).

Unit 16. Wenatchee River between tailrace of Dryden power plafai 
and elevation of 695 feet. As the gradient throughout unit 16 $  
rather flat, development in two or three small projects by low datJUf 
and short conduits might prove more practicable than to utilize molt 
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 tcjj 
which diversion dams can be built at a reasonable cost.

Unit 17. Wenatchee River between elevations of 695 and 61% feet. - 
In unit 17 the river flows through a highly improved' agricultural 
district, and the feasibility of development would depend on the coil 
of property rights. ' : r '

The' elevation at the lower end of the unit is controlled 
stage of Columbia River'during floods. The maximum 
record for Columbia River occurred in June; 1804; when 
tiofit at the mouth of Wenatchee River was about 643 feet. 
stage at the mouth of Wenatchee River equivalent to United 
Weather Bureau "flood stage" at Wenatchee is at an elevation of
, . __. . Q , , (5

about 628 feet. Weather Bureau records at Wenatchee from 
to 1918 indicate that - f'f floodstage "was exceeded 5* days in 
days in 1913!, Md 29 daygM 1916. The highest sta^j re<#r 
1904 to 1918 occurred in June, 1913; wheri the elevation at ihVmouth 
of Wenatchee River was about 634 feet. The elevation of extren\ely 
low water at the mouth of Wenaichee Rrtfer is about 5tO rfeefe." l If 
the tailrace of the power plant is placed at an elevation of''61!2 rf^etl 
as chosen for this unit, provision should be made to^otetefr'tlie 
machinery during an extreme flood similar to that of June, 1894/

COMPARISON OF POWER RESOURCES WITH AND WITHOTTT QTJTNCY PRQJEOT Bf
OPERATION. "

Alternative plans. The analyses in the preceding discussion,we 
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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A. CANAL DELIVERING WATER TO DRYDEN POWER PLANT AND TO WENATCHEE 
RECLAMATION DISTRICT.

S. DRYDEN POWER PLANT.





LTCHEE AND ENTIAT

525 second-feet past fehe 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 jt&w. Computations of power with the Quincy project 
in operation, based on minimum flow, have been made comparable 
t# those in the preceding discussion by the following assumptions: 
(1) Regulation ©f 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.

Power resources from, minimum Jlow,

7

 

Continuous horsepojrar 
(70 per cent efficiency).

Plan A.

82,700 
76,100

+6,600.

Plain B.

30,300 
7^100

. -4^800

NOTE. The difference shown for plan A is greater with than without the Quincy project 
because the prior power right claimed by the Great Northern Railway Co. (525 second-feet) ts greater than 
the estimated minimum flow (461 second-feet) at the intake of the Great Northern pwer plant.

Regulated flow. Wenatchee Lake reservoir is the largest 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 operation, 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 remaining stored water, aggregating 
about 370,000 acre-feet in five reservoirs, for power; and (3) allowance 
for present and probable future irrigation in Wenatchee Valley and 
in a part of Columbia Valley. ;



68 WATER POWERS OF CASCADE RANGE, PART IV. 

Power resource* with flow regulated.

Unit 
No.

1

2 

3 

4 

o4a 

5 

6 

7 

' 8 

9 

10 

11 

12 

13 

14 

15 

16 

17

Stream and location.

Little Wenatchee River between Rainy Creek and 
Wenatchee Lake reservoirs. ......................

White Eiver between elevation 2,355 and Wenat-

White River between North Fork, Twin Lakes, and

Chiwawa River between elevations 2,400 and 1,990 
feet..............................................

Chiwawa River between elevations 1,990 and 1,870 
feet..............................................

Wenatchee River between Wenatchee Lake reser-

Wenatchee River between Chiwaukum Creek and 
intake of Great Northwn power plant. . ..........

Wenatchee River between intake and tailrace of 
Great N ortbern power pi ant ......................

Wenatchee River between tailrace of Great North-

Idele Creek between South Fork and Trout Creek

Icicle Creek between Trout Creek and Eightmile 
Flat reservoirs..... ..............................

Icicle Creek between Eightmile Flat reservoir and

Icicle Creek between intake of Icicle canal and ele­ 
vation 1,110 feet..... .............................

Wenatchee River between elevation 1,110 feet and 
in take of Dryden power plant.. ..................

Feshasttn Creek between Ingalls Creek and intake of

Wenatchee River between intake and tailrace of

Wenatchee River between tailrace of Dryden power 
plant and elevation 695 feet.. .....................

Wenatchee River between elevations 095 and 612 
feet..............................................

Total 
fall in 
unit 

<feet).

100 

365 

SIS 

410 

120 

205 

179 

201 

175 

235 

530 

664 

286 

143 

575 

62 

210 

S3

With project.

Regulated flow 
(sec.-ft.) as con­ 

trolled by 

Plan A.

135 

SI 

170 

521 

6418 

c442 

525 

525 

539 

54 

106 

148 

142 

745 

24 

735 

733 

820

PtenB.

135 

81 

170 

521 

0 

5 

0 

5 

14 

54 

106 

148 

142 

320 

24 

210 

208 

295

Continuous horse­ 
power (TO per 
cent efficiency).

Plan A.

1,070 

2,350 

11,100 

17,000 

3,990 

7,210 

7,480 

8,390 

7,500 

1,010 

4,470 

7,820 

3,223 

8,480 

1,100 

3,620 

12,200 

5,410

113,000 
274,000

-161,000

PlanB.

1,070 

2,350 

11,100 

17,000 

0 

<*) 

0 

(*>

w
1,010 

4,470 

7,820 

3,280 

2,600 

1,100 

1,040 

3,470 

1,950

58,100 
274,000

-216,000

a Subunit can be developed only in accordance with plan A.
& Release required from Wenatchee Lake reservoir during March to maintain flow of 525 second-feet at 

Intake of Quincy project.
e Estimated flow during March and minimum for year. 
<* Power development not feasible.

The power available with storage will be decreased by 161,000 
horsepower if the Quincy project is operated in accordance with plan 
A and by 216,000 horsepower if operated in accordance with plan B. 
Plan B will therefore 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.



A2STD ESTTIAT BASESTS* 

SITES IN ENTIAT BASIN.

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 Entiat basin. Hie 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 been 
chosen as the rnrgrrrniTn 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 miscellaneous 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.

REGTTLATED FLOW.

The minimum flow of Entiat Eiver 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.

POWXK RESOURCES.

The following table summarizes the essential features of each 
development unit and indicates the power that' may be developed.

Power resources in Entiat basin.

Unit 
No.

1 

2 

3

Location on Entiat River.

Between Potato Creek and Mad

Between Mad River and intake of

Between intake and tailrace of En-

Distance above 
mouth (miles).

Upper 
end of 
unit.

14 

9

2.6

Lower 
end of
unit.

9 

2.6 

1.1

Elevation above 
mean sea level 

(feet).

Upper 
end of 
unit.

1,450 

1,180

822

Lower 
end of
unit.

1,180

822 

738

Total 
fall in 
unit 

(feet).

270 

358

84

Mini- 
mum 
flow 
at 41- 

version 
point 

(second- 
feet).

71 

91 

100

Contin­ 
uous 
horse- 
newer 
(70 per 
cent 
effi­ 

ciency).

1,520 

2,590 

668

.4,780
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POWER PLANTS. 

, GEEAT NORTHERN POWER PLANT.11

A hydroelectric power plant on Wenatchee Kiver (PL V, A) was 
constructed by the Great Northern Railway Go. 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 Leav^nworth, Wash.

A concrete diversion dam 23 feet high, with a crest 400 feet long, 
forms a narrow pond three-fourths of a mile long. The dam has 
three headgates, a log sluiceway, and a fishway. Water is diverted 
from the right end of the 3am through a wood-stave pipe, 8.5 feet 
in inside diameter, for 10,9b8 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 surge 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 stage 
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. Each large 
turbine is directly connected to alternatirig-current 6,600-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 is furnished 
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. Each 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. Duplicate circuits 
of No. 2 Brown & Sharpe stranded hard-drawn copper wire are carried 
on a single set of substantial poles 40 feet 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 single-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

» Description abstracted in part from Hutchinson, C. T., The electric system of the Great Northern Bail- 
way Co. at Cascade tunnel: Am. Inst. Elec. Eng. Proc., November, 1909.
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track. The electric locomotives used, constructed by the General
Electric Co., are equipped each with foiu 475-horsepower 3-phaee
2&-cycle 500-volt motors and suitable tjransformers. Trains are 
operated through the tunnel, which project^ through Cascade Range 
in a tangent 13,873 feet long with a unifoifm grade of 1.7 per cent, 
lit system was designed for the extension of electric service over 

the mountainous part of the main line from Skykomish to Leaven- 
worth, a distance of 57 miles, in which the rifcling grade is 2.2 per cent. 
Additional power in two plants utilizing gross heads of 200 feet was 
considered available in Tumwater Canyon! Utilization of regener­ 
ation produced by trains running down grade was proposed. Thus 
far the electric service is limited to operation; through the tunnel.

TUMWATER POWER PJ^KTT.

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 hduse. Water is diverted 
from the right side of Wenatchee River tlirough a concrete intake 
carried by a flume and a wood-stave pressure pipe for a distance of 
abdut 1,000 feet, and delivered through i 250-horsepower turbine 
constructed by the Dayton Manufacturing Co. The gross head is 
5$ feet, and ihe effective operating head ait full load about 47 feet. 
A Westinghouse alternating-current' single-jpnase 60-cycle generator, 
operating at 600 revolutions a minute, is! direct-connected to tfce 
tutbine and delivers, under maximum loa(ji, about 155 kilowatts'at 
2^2*30 volts. 
'** ' ' 'DRYDEN POWER PLA^TT.

A water-power plant (PL VI, B) on Wenatchee River at Dryden, 
below Peshastin Creek and 16 miles above: the mouth of the river, 
was constructed by the Valley Power Co. in 1909 and enlarged in 
1910: It is now operated by the Wenatchiee Valley Gas & Electric 
Co. and is the largest plant of that company's system.

Water is diverted by low timber-crib dan is across two channels of 
river at an elevation of 967 feet and is carried 1.1 miles along th,e 

left side of the valley by a canal (PI. VI, A) 40 feet wide and averaging 
about 9 feet in depth. This canal deliver^ water to the Wenatchee 
^Reclamation District and to the Dryden power plant at a gross head 
of £>5 feet. The hydraulic machinery, manufactured by the S. Morgan 
Smith Co., consists of twin turbines each with a rated capacity of 
1,040 horsepower, operating at 514 revolutions 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 is! seldom used. The large 
turbines are direct-connected to Westinghquse 600-kilowatt and the, 
small turbine to Allis-Chalmers 200-kilowatit alternating-current gen­ 
erators supplying 3-phase 60-cycle 2,200-vo|it current. Excitation is
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effected by three direct-current generators belted to the respective 
generators. The generated voltage is stepped up ta 16,500 volts for 
transmission by six 200-kilowatt oil-insulated water-cooled trans­ 
formers. . .*..

' ENTIAT POWEE PLANT.

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

Water is diverted from the river through headgates on the left end 
of a low concrete diversion dam 400 feet long, is delivered to a 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 wootten 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 regulated 
by Lombard oil-pressure governors. Each turbine is direct-connected 
to 550-kilowatt 3-phase 60-cycle 2,200-volt alternating-current gen­ 
erators supplied by the Westinghouse Electric & Manufacturing. Co» 
The exciter equipment consists of two 25-kilowatt 125-vqlt direct- 
current generators designed to operate at 1,100 revolutions a minute^ 
One exciter is direct-connected to a 60-horsepower turbine, and tile 
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 minor industrial activity, and for pumping the municipal water 
supply for Wenatchee, Waterville, Cashmere, and Monitor. It also 
serves a large agricultural dktrict with energy for pumping water fop 
irrigation. 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 piimping water for irrigation will undoubtedly increase 
rapidly 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 therefore 
useful in planning future projects. The high demand from May to 
September, shown in figure 3, is similar to that of the Pacific Pow^r 
& Light Co. in the Yakima basin.12

" Parker, G. L., and Storey, F. B., Water powers of the Cascade Bange, Part HI: U. S. 
Water-Supply Paper 369, p. 153,1916.
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The systems operating on the west side of the Cascade Range " 
produce their greatest output in winter. Interconnection of ifae sys­ 
tems on the east and west side of the range would result i& ft $&ore 
nearly balanced demand and would require less aggregate machinery 
than the independent operation of the systems, ; : «

The yearly output of the Weaatchee Valley Gas & Ekw4H<j Co. 
increased 94 per cent from 1911 to 1917, and the rate of increase was

A t -+-.<,-  ^ (

fairly uniform. The output for August increased 86 per efpfc'jrom 
1911 to 1017. A breakdown of one unit caused the output for 
August, 1918, to be less than the true demand. <

» Henshaw, f. W., and Paricer, G. L. y Water powers of the Cascade Rsnfe, PWfr fit tJ; fr. Owt *urv«y 
Water-Supply paper 313, pp. 147-151,1913. .    >
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