


DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

WATER-SUPPLY PAPER 252

SURFACE WATER SUPPLY OF THE
UNITED STATES

1907-8

Parr XII. NORTH PACIFIC COAST

PREPARED UNDER THE DIRECTION OF M. 0. LEIGHTON

BY

J. C. STEVENS axp F. F. HENSIIAW

Water Resources Branch,
Geological Suvey,

Box 31090, Capite! “tatior
Oklahoma City, C.e.

WASHINGTON
GOVERNMENT PRINTING OFFICRE

1910



CONTENTS.

Page

Introduction. o ... . i 9
Authority for investigations. . ... ... ... ... ... 9
Scope of investigations. . ... ... . et 10
Purposes of the work. ... ... . i 11
Publications. .. ... e 12
Definition of terms. .. ... o i 15
Convenient equivalents. ... ... .. .. ... it 16
Explanation of tables. ... .. o e 17
Field methods of measuring stream flow........ ..o ool 18
Office methods of computing and studying discharge and t‘un-olf ......... 23
Accuracy and reliability of field data and comparative results............. 27
Useof thedata. ... . ... . s . 28
Cooperation and acknowledgments..............ooiiiiiiiiiiin 29
Division of Work. . ... e 31
Rogue River drainage basin. ... i e 31
8L Tel 0 0] 6 T o A U DI 31
North Fork of Rogue River at Prospect, Oreg.....oooiiviiiiiiiiiiiii... 33
Rogue River near Tolo, Oreg. ccoeeen e e i eiseaeaaaeaes 35
Little Butte Creek, near Eagle Point, Oreg......cooooiiiiiiiii s 38
Bear Creek at Talent, Oreg. ... ...l it 40
Applegate Creek at Murphy, Oreg............. 43
Miscellaneous measturemMents. . . ..o .ttt i e it ae e siaeasansan 46
Umpqua River drainage basin......... 47
)T Te) g 01 5 13) « W I 47
South Fork of Umpqua River near Broc k“ ay, ()re“‘. e eeeerietiiir e 48
Tmpqua River near Elkton, Oreg... ..o .o iiiiiiiiiiias 50
North Fork of Umpqua River near Oakcreek and Winchester, Oreg....... 53
Mill Creek near Ash, Oreg.. ... . . .. 56
Siletz River drainage basin. .. ... i i 58
DesCriplion . . .. 58
Siletz River at Siletz, Oreg. ... ... ... il 58
Columbia River drainage basin........ ..o . . o .. 61
DesCrIPlIoN . oo e i 61
Columbia River. ... i 66
Columbia River near Pasco, Wash_ ..o . oo .o .. 66
Columbia River at The Dalles, Oreg.............................. ... 67
Miscellaneous measurements. ... i 80

Clark Fork drainage basin..........o....o.. .. i . 81
Deseription. ... e 81

Clark Fork at Missoula, Mont.. ... ... .. . . ... ... ... 83

(lark Fork at Priest River, Idaho, and Newport, Wash_...._.... ... 83
Bitterroot River near Grantsdale, Mont.. ... ... ... ... ... .. ... 90
Flathead River near Polson, Mont...... AP N 92
Stillwater River near Kalispel, Mont......... ... .. ... .. ... ..., 95

Little Bitterroot Creek near Dayton, Mont....... ... . ............ 96

Crow Creek near Ronan, Mont...................... e 97



4

CONTENTS.
Columbia River drainage basin—Continued.

Clark Fork drainage basin—Continued. Page.
Mud Creek near Ronan, Mont............o. .. .. ... .. ... ..... 100
Mission Creek near St. Ignatius, Mont................. ... ... .. ... 101
Dry Creek near St. Ignatius, Mont....... .. ... .. ... ... ... .. 105
Post Creek near St. Ignatius, Mont. ... ...... ... ... .. ... ...... 107
Jocko River near Jocko, Mont.................. ... ..., 110
Jocko River at Ravalli, Mont._........... .. ... ... ... ... ... ..... 111
Big Knife Creek near Jocko, Mont.................... . .. .. ...... 114
Agency Creek near Jocko, Mont................ ... .. ... .. .... 114
Finley Creek near Jocko, Mont......... ... ... ... ... ... ...... 115
East Finley (reek near Jocko, Mont........ ... .. ... .. ... ..... .. 115
Indian ditch near Jocko, Mont ..................... . ... ........ 116
Valley Creek near Ravalli, Mont. ... ... ... .. ... ... ........ 116
Miscellaneous measurements.......o...oo oo 117

Spokane Riverdrainage basin.......... .. ... 117
Description. .. o..oooo e 117
Spokane River at Spokane, Wash........... .. ... o . 117

Okanogan River drainage basin........ ... ... ... ... .. ... ... 120
DesCription. - ..o o 120
Johnson Creek near Riverside, Wash............. ... .. ... ........ 121
Salmon Creek near Malott, Wash._.._..... .. . ... ... ... ... ... 122
Miscellaneous measurements. .. ........ ... .. . .. oo 125

Methow River drainage basin. ... ... ... ... ... ... ... ..., 125
Methow River at Pateros, Wash...... ... ... .. ... ... .. ... .. ... 125
Miscellaneous measurement. ......... ... .. ... ... 128

Chelan River drainage basin.................. ... . ... ... ... ... 128
Chelan Riverat Chelan, Wash. ... ... .. . . . . ..., 128

Wenatchee River drainage basin. ... ... .. .. . . .. ... 130
Wenatchee River at Cashmere, Wash.._........... .. . ... ... ... 130
Miscellaneous measurement............. ... Ll il 133

Yakima River drainage basin. ... ... ... ..o L ... 133
Description. ..ol 133
Lake Keechelus near Martin, Wash__....._ ... . ... . ... ......_... 135
Yakima River near Martin, Wash. ... ... ... ... .. ... ... .. .... 137
Yakima Riverat Clealum, Wash_ . ... ... ... . ... ... ............ 140
Yakima River at Umtanum, Wash. .. ... ..o ... ... ... ... ... 143
Yakima River near Yakima, Wash.__......... ... .. .. ... ... .. .. 146
Yakima River near Wapato, Wash._............ ... ... ... ... ... 150
Yakima River at Kiona, Wash. .. ... .. ... . ... .. ... ... 152
Yakima River near Richland, Wash_._._.. ... ... ... ... ......... 155
Kachess Lake near Easton, Wash_.._... ... . ... .. ... ... ....... 156
Kachess River near Easton, Wash............ ... .. ... ... ... 158
North Fork of Clealum River at Galena, Wash_........ ... .. ... 160
Clealum Take near Roslyn, Wash.......... ... ... ... . ... .. 161
Clealum River near Roslyn, Wash..... ... .. .. ... ... ... ... .. 164
Naches River near Nile, Wash....o... ... ... .. . ... .. ..... 167
Naches River near North Yakima, Wash_._._ ... . ... ... ... 171
Tieton River at McAllister Meadows, near Naches, Wash............. 175
Tieton River at headworks of Tieton canal near Naches, Wash ..... .. 177
Tieton River near Naches, Wash_ .. ... . ... .. ... ... ... ... 180
North Fork of Atanum Creek near Tampico, Wash.......... ... .. .. 184
Atanum Creek at Narrows, near Tampico, Wash............ ... .. .. 186

Atanum Creek near Yakima, Wash............. i 187



CONTENTS.

Columbia River drainage basin—Continued.
Yakima River drainage basin—Continued.

South Fork of Atanum Creek near Tampico, Wash_...... ... ... ...
Toppenish Creek near Toppenish, Wash......_....... ... ... ...
Satus Creek near Toppenish, Wash. .. ... .. . .. ... ... e
Canals in Yakima valley.........o..... ... ... ... ... .... R
New Reservation canal near Yakima, Wash_........_.._ ... .. ..

0Old Reservation canal near Wapato, Wash. .. ... ... .. .. ... ..
Sunnyside canal near Wapato, Wash................. ... ...
Kiona canal near Kiona, Wash........... ... ... ...........
Miscellaneous measurements. ......_. ... ... . .. o.Looioo.L.
Evaporation station at Lake Kachess, Wash. . _....... ... ... .. ...
Evaporation station at Zillah, Wash..._..... .. . ... .. .ol
Snake River drainage basin.............o... . ... ...
Description. .. ... ool
Snake River. . ... il
Snake River near Blackfoot, Idaho........ e
Snake River at Neeley, Idaho........ ... ... ... ... ... .. ..
Snake River near Minidoka, Idaho.... ... .. .. ... ... .. ...
South Fork of Snake River basin. ... ........ ... .. ........ e
Jackson Lake near Moran, Wyo.....oo.ocooii il
South Fork of Snake River at Moran, Wyo..........._..........
South Fork of Snake River near Lyon, Idaho_.............. . ...
North Fork of Snake River basin........o.... .. ... . ... ... ... ...
North Fork of Snake River near Ora, Idaho.... . ... ... . .. e
Fall River at Fremont, Idaho...... ... ... ... ... .. ... ...
Teton River near St. Anthony, Idaho.. ... . .. ... ... ... ..
Blackfoot River basin........ ..o oo i
Deseription. .o ie e i
Blackfoot River near Rossfork, Idaho.......... .. ... . ... ...
Blackfoot River near Presto, Idaho............ ... ... ... ... ...

Big Lost River near Chilly, Idaho........ ... ... ... .. ... ...
Big Wood River near Shoshone, Idaho........... ... ... .. ... cen
Succor Creek near Homedale, Idaho. . .......... .. ... .. .. ..........
Owyhee River basin .......... R
DesCription. .. oo et il
Owyhee River at Owyhee, Oreg..._... ... ... ... ... .. ........
Boise River basin. . ... o i
Description. ... e
Boise River near Highland, Idaho.... ... ... ... ... ... ... ..
Seepage investigations on Boise River. ... ... ... .. ... ... ..
Payette River basin... ....... ... . ... ...
Description. .o i i
North Fork of Payette River at Lardo, Idaho........_...... ... ..
Payette River near Horseshoe Bend, Idaho....... ... ... ... .. ..
Malheur River basin. ... ...
Description......ooooo .
Malheur Riverat Vale, Oreg.. ... .. ... .. . ... .. ... ... ..
Middle Fork of Malheur River at Riverside, Oreg................
Bully Creek near Vale, Oreg. ... ... ... ... .. ... ... ......
Powder River basin ... ... ... i
Description...oooooeooi il et
Powder River at Salisbury, Oreg.....coceeuuineriiirenrnncannnn
Miscellaneous measurements. .. ... veenoeaaoonoeoaauaaan-



CONTENTS.

Columbia River drainage basin—Continued.

Snake River drainage basin—Continued.

Grande Ronde Riverbasin. .. .. . .. ... . . .. ... ... ... . .. ...

Deseription. ..o i
Grande Ronde River at Hilgard, Oreg.. ... .. ... ... ... ...
Grande Ronde River at Elgin, Oreg............... ... ... ...
Grande Ronde River at Zindel, Wash.............oo. o ... et
Catherine Creek near Union, Oreg.............. .. ... ........
Wallowa River near Joseph, Oreg....... e

Wallowa River near Wallowa, Oreg............. ... ... ... ...

Wallowa River near Elgin, Oreg................ .. ...

Palouse River basin ... o ooe oo

Description. ..o

Palouse River at Hooper, Wash.._....... ... .. ... .

Miscellaneous measurements in Snake River basin..........

Walla Walla River drainage basin.......... el it

Description. ... oo

Walla Walla River near Milton, Oreg............................o.....

South Fork of Walla Walla River near Milton, Oreg........
Umatilla River drainage basin........... ... ... .. .. ..

Deseription. oo oo
Umatilla River at Gibbon, Oreg................ ... .. .. ... ...
Umatilla River at Yoakum, Oreg . ... ..o ... ..

Umatilla River near Umatilla, Oreg.. .. ... ... ... ... ..

Miscellaneous measurements. .. ......... ...

John Day River drainage basin...............................
Deseription. .. ... .

John Day River near Dayville, Oreg....................... R

John Day River at McDonald, Oreg. ... ... ... ..
South Fork of John Day River at Dayville, Oreg...........
Miscellaneous measurements............. ... ... ...
Deschutes River drainage basin........... ... .. .. ...

Description. ... oo il .

Deschutes River at Allen’s ranch, near Lava, Oreg..........
Deschutes River at West’s ranch, near Lava, Oreg...... ...

Deschutes River at Bend, Oreg.................. e
Deschutes River near Biggs, Oreg. ... ... ... .. ... ... .. ... ..

Fast Fork of Deschutes River at (‘rescent, Oreg........... ... . ... ...

West Fork of Deschutes River near Lava, Oreg......_....._.
Tumalo Creek near Laidlaw and Bend, Oreg................
Lewis Creek near Laidlaw, Oreg......_......... ... . ...

Squaw Creek near Sisters, Oreg.....ooeovioiiinii i
Crooked River near Post, Oreg......c.oooo oo ool

Crooked River near Prineville, Oreg.......... ... ... ...
Ochoco Creek and Elliot ditch near Princville, Oreg........
Metolius River near Sisters, Oreg . .................... ...
Canals and ditches in Deschutes River basin............_.

Central Oregon and Pilot Butte canals near Bend, Oreg

Wimer canal near Laidlaw, Oreg........ e .

Columbia Southern canal near Laidlaw, Oreg ....._...
Miscellaneous measurements. c.ooeeeneeeoioioi ... e
Hood River drainage basin...ooeeooieiii e oo

DesCr Pt ON e e e e i
Hood Riverat Winans, Oreg..... ... ... .. ..o



CONTENTS. 7

Columbia River drainage basin—Continued. Page.
Sandy River drainage basin............... . ... .. ... ................ 341
Deseription. ... e 341
Sandy Riverat Salmon, Oreg.... ... .. .. ... ... ............. 342
Bull Run River near Bull Run, Oreg............ ... ... ... ... ... 343
Miscellaneous measurements. ................. ... ............ 346
Willamette River drainage basin... .. ... .. .. .. .. . .. .. .. . ... 346
Description. ..o o i . 346
Middle Fork of Willamette River at Jasper, Oreg........... . ... .. ... 348
Willamette River at Albany, Oreg.............o.o.o oo 352
Coast Fork of Willamette River near Goshen, Oreg .. ........... .. .. 358
McKenzie River near Springfield, Oreg.. ... ... .o .o oL 361
North Fork of Santiam River at Detroit, Oreg.... ... ... ... ... . 364
North Fork of Santiam River at Mehama, Oreg......... ... ... ... .. 366
Santiam River at Jefferson, Oreg. ... .. ... . .. ... ... . ... ... 367
Marion Fork of Santiam River at Marion Lake, near Detroit, Oreg.... 368
Puzzle Creek near Detroit, Oreg................ ... . 369
Permelia Creek near Detroit, Oreg....._............................. 370
Whitewater Creek near Detroit, Oreg........ ... .. ... .. ... e 371
South TFork of Santiam River at Waterloo, Oreg .......... et 372
Luckiamute River near Suver, Oreg. . . ..... ... ... ... ... ....... 373
South Fork of Yamhill River at Sheridan, Oreg.......... ... ... . ... 376
Yamhill River at La Fayette, Oreg................................. 379
Molalla River near Molalla, Oreg.... ... . ... . ... ... .. ... ... 380
Clackamas River at Estacada, Oreg........ e e 283
Clackamas River near Barton, Oreg............ ... .. ... ... ..... 385
Miscellaneous measurements. . ....o...... ... ... ..., 388
Puget Sound drainage basin........ ... oLl 389
DS P IO -« ettt il 389
Cedar River near Ravensdale, Wash..... o 390
Summary of mean discharge persquaremile. . ....... ... .. ... ... .. .... 393
531G (=< 399

ILLUSTRATIONS.

Page.

Prate 1. A, Current-meter station at Los Angeles, Cal.; B, Bridge station and
cross section of stream, illustrative of 0.2 and 0.8 depth method. ... 20
I1. Price penta-recording current meters._....... ... ..... ... ... ... 22

I1I. 4, Dam and power plant on Rogue River near Tolo, Oreg.; B, Culti-
vated land under Kennewick canal, 2 miles south of Kennewick,

Wash. . il 36

IV. Discharge curve for Columbia River at The Dalles, Oreg........ ... 68
V. Glaciers (in August) at the headwaters of South Fork of Tieton River,

Washington. ... ..o i 168

VI. Sunnyside canal heading, Yakima project, Washington.............. 202
VII. A, Furnas ranch, near Hermiston, Oreg., Umatilla project; B, Mini-

doka dam and regulating devices. ... ool 290

VIII. A4, Twin Falls on North Fork of Santiam River, just below outlet of
Marion Lake, Oreg.; B, Gatch Falls on North Fork of Santiam River,

3 miles below Twin Falls. . ... ... . i 364

IX. Hydro-electric plant on Puyallup River near Electron, Wash. .. .... 388



SURFACE WATER SUPPLY OF THE NORTH PACIFIC
COAST, 1907-8.

By J. C. Stevens and F. F. HENsHAW.

INTRODUCTION.
AUTHORITY FOR INVESTIGATIONS.

This volume contains results of flow measurements made on cer-
tain streams in the United States. The work was performed by
the water-resources branch of the United States Geological Survey,
either independently or in cooperation with organizations mentioned
herein. These investigations are authorized by the organic law of
the Geological Survey (Stat. L., vol. 20, p. 394), which provides,
among other things, as follows:

Provided that this officer [the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

Inasmuch as water is the most abundant and most wvaluable
mineral in nature, the investigation of water resources is included
under the above provision for investigating mineral resources. The
work has been supported since the fiscal year ending June 30, 1895,
by appropriations in successive sundry civil bills passed by Congress
under the following item:

For gaging the streams and determining the water supply of the United States, and
for the investigation of underground currents and artesian wells, and for the prepara-
tion of reports upon the best methods of utilizing the water resources.

The various appropriations that have been made for this purpose
are as follows:

Annual appropriations for the fiscal year ending June 30—

1895, o e e $12, 500
1896 e . 20,000
1897 to 1900, inclusive..... e e e e 50, 000
1901 t0 1902, INCIUSIVE. ...ttt et 100, 000
1903 to 1906, inclusive......... e e et 200, 000
1907 e e 150, 000
1908 t0 1910, INCluSIVe. . coe v i iveiiieerencsaeseareencacaesanencannns 100, 000
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SCOPE OF INVESTIGATIONS.

These investigations are not complete nor do they include all the
river systems or parts thereof that might purposefully be studied.
The scope of the work is limited to that which can be provided with
the appropriations available. The field covered and the character
of the work are believed to be the best that could be accomplished
under the controlling conditions. It would undoubtedly be of more
scientific importance and ultimately of more practical value if the
money now applied to wide areas were concentrated on a few small
basins. Such a course is impossible because general appropriations
made by Congress are applicable to all parts of the country. Each
part demands its proportionate share of the benefits.

Tt is essential that records of stream flow shall be maintained dur-
ing a period of years sufficient to cover all stages, in order that within
reasonable limits the entire range of flow from the absolute maximum
to the absolute minimum may be determined. The length of such a
period manifestly varies for different streams and can not be abso-
lutely determined. Experience has shown that the records should
cover from five to ten years, or for some streams twenty years or
more, the limit being determined by the relative importance of the
stream and the interdependence of the results and other long-time
records on adjacent streams.

In the performance of this work the Geological Survey endeavors
to approach as nearly as possible the highest degree of precision
which a rational expenditure of time and a judicious expenditure of
a small amount of money will allow. In all engineering work there
is a point of refinement beyond which it is needless and wasteful to
proceed, and this principle applies with especial force to stream-flow
measurements. It is confidently believed that with some unavoid-
able exceptions the stream-flow data presented in the publications of
the Survey are sufficiently accurate for all practical purposes. Many
of the records are, however, of insufficient length, owing to the unfore-
seen reduction of appropriations and consequent abandonment of
many stations. All persons are cautioned to exercise the greatest
care in the utilization of such incomplete records.

Records of varying lengths have been obtained at about 1,400 dif-
ferent points in the United States, and in addition the surface water
supply of small areas in Seward Peninsula and the Yukoun-Tanana
region, Alaska, has been investigated. During 1907 and 1908 regular
gaging stations were maintained by the Survey and cooperating
organizations at about 740 points in the United States, and in addi-
tion numerous miscellaneous measurements were made. Data were
also obtained in regard to precipitation, evaporation, storage reser-
voirs, river profiles, and water power in many sections of the countty.
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These data will be made available in the regular surface water-supply
papers and in special papers from time to time.

PURPOSES OF THE WORK.

Among the purposes for which the results contained in this volume
are requisite are navigation, irrigation, domestic water supply, water
power, swamp and overflow land drainage, and flood prevention.
The demands of all these interests are immediate.

Navigation.—The Federal Government has expended more than
$250,000,000 for the improvement of inland navigation and pros-
pective expenditures will approximate several times this amount.
It is obvious that the determination of stream flow is necessary to
the intelligent solution of the many problems involved.

Irrigation.—The United States is now expending $42,000,000 on
federal irrigation systems, and this amount is far exceeded by the
private expenditures of this nature in the arid West. The integrity
of any irrigation system is based absolutely on the amount of water
available. Therefore investigations of stream flow in that portion
of the country are of first importance in the redemption of the lands,
as well as constituting an insurance of federal and private investments.

Domestic water supply.—The highest use of water is that of domestic
supply, and while the federal interest in this aspect of the matter
is less direct than in the aspects already named, this use of water
nevertheless has so broad a significance with respect to the general
welfare that the Federal Government is ultimately and intimately
concerned.

Water power.—The time is rapidly approaching when the develop-
ment of the water power of the country will be an economic necessity.
Our stock of coal is being rapidly depleted and the cost of steam
power is increasing accordingly. Industry will cease its growth if
cheap power is not available, and in that event the United States as a
nation will cease to progress. Water power is the only avenue now
open. When the electric transmission of power was accomplished, the
relation of our water powers to national economy changed entirely.
Previous to the day of electric transmission the importance of a water
power was largely confined to the locality at which it was generated,
but it has now become a public utility in which the individual citizen
is vitally interested. Inasmuch as the amount of water power that
may be made available is dependent on the flow of rivers, the investi-
gation of flow becomes a prerequisite in the judicious management of
this source of energy.

Drainage of swamp and overflowed lands.—More than 70,000,000
acres of the richest land in this country are now practically worth-
less, or of precarious value, by reason of overflow and swamp condi-
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tions. When this land is drained it becomes exceedingly productive
and its value increases many fold. Such reclamation would add to
the national assets at least $700,000,000. The study of run-off is the
first consideration in connection with drainage projects. If, by the
drainage of a large area into any particular channel, that channel
becomes so gorged with water that overflow conditions are created in
places not previously subject to inundation, then drainage results
merely in an exchange of land values. This is not the purpose of
drainage improvement.

Flood prevention.—The damage from floods in the United States
exceeds $100,000,000 annually and in the year 1908 the aggregate
damage, based on reliable data, approximated $250,000,000. Such
an annual tax on the property of great regions should be reduced in
the orderly progress of government. It goes without saying that any
consideration of flood prevention must be based on a thorough knowl-
edge of stream flow, both in the contributing areas which furnish the
water and along the great lowland rivers.

PUBLICATIONS.

The data on stream flow collected by the United States Geological
Survey since its inception have appeared in the annual reports,
bulletins, and water-supply papers. Owing to natural processes of
evolution and to changes in governmental requirements, the character
of the work and the territory covered by these different publications
has varied greatly. For the purpose of uniformity in the presenta-
tion of reports a general plan has been agreed upon by the United
States Reclamation Service, the United States Forest Service, the
United States Weather Bureau, and the United States Geological
Survey, according to which the area of the United States has been
divided into twelve parts, whose boundaries coincide with certain
natural drainage lines. The areas so described are indicated by the
following list of papers on surface water supply for 1907 and 1908,
The dividing line between the North Atlantic and South Atlantic
drainage areas lies between York and James rivers,

Papers on surface water supply of the United States, 1907-8.

Part.| No, Title. Part. | No. Title,

I | 241 | North Atlantic coast. VI | 246 | Missourl River basin,
I1 | 242 | South Atlantic coast and eastern VII | 247 | Lower Mississippi River basin,

Gulf of Mexico. VIII | 248 | Western Gulf of Mexico,
I1] | 243 | Ohio River basin. IX | 249 | Colorado River basin,
IV | 244 | 8t. Lawrence River basin. X | 250 | Great Basin.
V | 245 | Upper Mississippi River and Hudson XTI | 251 | California.
ay basins. XTI | 252 | North Pacific coast,

The following table gives the character of data regarding stream
flow at regular stations to be found in the various publications of the
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United States Geological Survey exclusive of all special papers.
Numbers of reports are inclusive and dates also are inclusive so far as
the data are available.

Stream-flow data in reports of the United States Geological Survey.

[Ann.=Annual Report; B.=Bulletin; W. S.=Water-Supply Paper.]

T

Report. Character of data. Year.
10th Ann., pt. 2. ...... Descriptive informationonly.... .. ... ... ... ..ol
11th Ann,, pt. 2.._..... Monthly diSCharge. . ... ...t 18%90 .to Sept.,
12th Ann,, pt.2........|..... L PR 1884 to June 30,
13th Ann,, pt.3........ Mean discharge in second-feet..... ... ... . ... ... ... 18%49%6 Dec. 31,
14th Ann,, pt.2._.._... Monthly discharge (long-time records, 1871 t0 1893)............ 1861189%0 Dec. 31,
Descriptions, measurements. gage heights, and ratings........ lssl)gggﬁd 1894.

.| Descriptive informationonly._......_.. .. e e el R
Descriptions, measurements, gage heights, ratings, and | 1895.
monthly discharge (also many data covering earlier years).

Gage heights (also gage heights for earlier years)..... e 1896.

.{ Descriptions, measurements, ratings, and monthly discharge ( 1895 and 1896.
(also similar data for earlier years).

Descriptions, measurements, and gage heights, eastern United ! 1897.
States, eastern Mississippi River, and Missouri River above
junction with Kansas.

W.S8. 16 o Descriptions, measurements, and gage heights, western Missis- | 1897.

sippi River below junction of Missouri and Platte, and west-

ern United States.

19th Ann,, pt. 4........ Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time records).

W.S8.27T e Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River.

W.S. 28 .. Measurements, ratings, and gage heights, Arkansas River and | 1898.
western United States.

20th Ann., pt.4........ Monthly discharge (also for many earlier yea.rsd) ...............

W.S.35t039. ... .| Descriptions, measurements, gage heights, and ratings.

21st Ann., pt. 4. .| Monthly discharge. ... ... ...... ... . ... .. . ..........

W.S.47t052.._. . Descri;l)tions, measurements, gage heights, and ratings........ .

22d Ann., pt. 4... .{ Monthly discharge. ....__ ... ........ e e e o eeeoo. .| 1900.

W.S.65,66.. ... . | Descriptions, measurements, gage heights, and ratings. .. . .| 1901.

W.S8.75......... .| Monthly discharge e

W.S.82t085.... ..| Complete data...........

W.8.97t0100... d

W. S.124 to 135..

W. 8. 165 to 178

W. S. 201 to 214

W. S. 241 to 252

NoTE.—No data regarding stream flow are given in the 15th and 17th annual reports.

The records at most of the stations discussed in these reports
extend over a series of years. An index of the reports containing
records prior to 1904 has been published in Water-Supply Paper 119.
The first table which follows gives, by years and drainage basins, the
numbers of the papers on surface water supply published from 1899
to 1908. Wherever the data for a drainage basin appear in two
papers the number of one is placed in parentheses and the portion of
the basin covered by that paper is indicated in the second table. For
example, in 1904 the data for Missouri River were published in Water-
Supply Papers 130 and 131, and the portion of the records contained
in Water-Supply Paper 131, as indicated by the second table, is that
relating to Platte and Kansas rivers,
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Numbers of water-supply papers containing results of stream measurements, 1899-1908.

1899.a | 1900.6 | 1901, 1902, 1903, 1904. 1905. 1908, ‘ 1907-8.
Atlantic coast and eastern
Gulf of Mexico:
New England rivers. .. 35 47 [ 65,75 82 97 124 165 201 241
Hudson River to Dela-
ware River, inclusive. . 35 | 47,(48)| 65,75 82 97 125 166 202 241
Susquehanna River to
York River, inclusive . 35 48 | 65,75 82 97 126 167 203 241
James River to Yadkin
River, inclusive. ... .1(35),36 48 | 65,75 |(82),83 |(97),98 126 167 203 242
Santee River to Pearl
River, inclusive....... 36 48 | 65,75 83 98 127 168 204 242
St. Lawrence River......... 36 49 | 65,75 [(82), 83 97 129 170 206 244
Hudson Bay............... ... ool 66,75 85 100 130 171 207 245
Mississippi River:
Ohio River.. ... ... __ ... 36 148, (49) | 65,75 83 98 128 169 205 243
Upper Mississippi River. 36 | 657 83 (98, (99) { (113?083 } w207 245
Missouri River._...._... (36), 37 |49, (50) | 66,75 84 99 (g% } 172 208 246
Lower Mississippi River .| 37| 50 [{ () [}(s3),84 os), 00 | OZF | A | CRR N g7
Western Gulf of Mexico..... 37 50 | 66,75 84 9 132 174 210 248
Pacificcoast and Great Basin: " 1 a1t
: 1 5. 1 249,
Colorado River.......... (37), 38 50 | 66,75 8| 100 { (1%3 (%%’) a1 (%515
. . 1 50
Great Basin. . .......... 38, (30) 51| 66,75 8, 10 { 1% | a | G| G
South Pacific coast to |
Klamath River, inclu-
SIV@ o ee et (38), 39 51| 66,75 85 00 134 177 213 251
North Pacific coast..... 38 51| 66,75 | 5] 10| 13 {“7177)8’ } 214 252
H |

a Rating tables and index to Water-Supply Papers 35-39 contained in Water-Supply Paper 39.
b Rating tables and index to Water-Supply Papers 47-52 and data on precipitation, wells, and irrigation
in California and Utah contained in Water-Supply Paper 52. .

Numbers of water-supply papers containing data covering portions of drainege basins.

No.

35..

48..
49..
50. .
65. .
82..

83..
a7..
98..
9..
128.
130.
131.

134.
169.

177.

205.
213.

251.

.. Missouri
. Colorado.. ..
. Sacramento..

River basin.

' James

Great Basin..
Delaware. _
Ohio.

l Missouri

Lower Mississippi
‘fJames.........
v{St. Lawrence. .
! "Lower Mississipp

James

Lower Mississipp!

Upper Mississipp

Lower Mississippi.
| Upper Mississippi..
i Missouri
| fColorado. .
\Great Basin
) Lower Mississippi.
X {Colorado

i Great Basin..
North Pacific coast
Lower Mississippi
{Colorado ..........
Great Basin.
Colorado.....
] Great Basin

Tributaries included.

Gallatin. .

Green, Gunnison, Grand above junction with Gunnison.

Except Kings and Kern.

Mohave.

Wissahickon and Schuylkill,

-.| Scioto.

.. Loup and Platte near Columbus, Nebr.
junction with Platte.

Yazoo.

All tributaries below

Lake Ontario, tributaries to St. Lawrence River proper.
Yazoo.

. Do.
..t Tributaries from the west.

Yazoo.

Tributaries from the west.

Platte, Kansas.

Data near Yuma, Ariz., repeated.

Susan, Owens, Mohave.

Yazoo.

Below junction with Gila.

Susan repeated, Owens, Mohave.

Rogue, Umpqua, Siletz.

Yazoo, Homochitto.

Data at Hardyville repeated; at Yuma, Salton Sea.
Owens, Mohave.

All stations in Colorado and Great Basin drainages lylng in

California repeated.

The order of treatment of stations in any basin in these papers is

do

wnstream,

The main stem of any river is determined on the
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basis of drainage area, local changes in name and lake surface being
disregarded. After all stations from the source to the mouth of the
main stem of the river have been given, the tributaries are taken up
in regular order from source to mouth. The tributaries are treated
the same as the main stream, all stations in each tributary basin
being given bhefore taking up the next one below.

The exceptions to this rule occur in the records for Mississippi
River, which are given in four parts, as indicated above, and in the
records for large lakes, where it is often clearer to take up the streams
in regular order around the rim of the lake than to cross back and
forth over the lake surface.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the ‘‘run-off” or ‘‘dis-

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: (1) Those which represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and run-off in second-feet
per square mile, and (2) those which represent the actual quantity
of water, as run-off in depth in inches and acre-feet. They may be
defined as follows:

““Second-foot’ is an abbreviation for cubic foot per second and is
the rate of discharge of water flowing in a stream 1 foot wide, 1 foot
deep, at a rate of 1 foot per second. It is generally used as a funda-
mental unit from which others are computed by the use of the factors
given in the following table of equivalents.

““Gallons per minute’” is generally used in connection with pumping
and city water supply.

The ‘‘miner’s inch” is the rate of discharge of water that passes
through an orifice 1 inch square under a head which varies locally.
It is commonly used by miners and irrigators throughout the West
and is defined by statute in each State in which it is used.

““Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area. '

“Run-off in inches” is the depth to which the drainage area would
be covered if all the water flowing from it in a given period were
conserved and uniformly distributed on the surface. It is used for
comparing run-off with rainfall, which is usually expressed in depth
in inches.

“Acre-foot” is equivalent to 43,560 cubic feet and is the quantity
required to cover an acre to the depth of 1 foot. It is commonly
used in connection with storage for irrigation work.
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CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulic
computations:

1 second-foot equals 40 California miner’s inches (law of March 23, 1901).

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,272 gallons for one day.

1 second-foot equals 6.23 British imperial gallons per second.

1 second-foot for one year covers 1 square mile 1.131 feet or 13.572 inches deep.

1 second-foot for one year equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot for one day covers 1 square mile 0.03719 inch deep.

1 second-foot for one 28-day month covers 1 square mile 1.041 inches deep.

1 second-foot for one 29-day month covers 1 square mile 1.079 inches deep.

1 second-foot for one 30-day month covers 1 square mile 1.116 inches deep.

1 second-foot for one 31-day month covers 1 square mile 1.153 inches deep.

1 second-foot for one day equals 1.983 acre-feet.

1 second-foot for one 28-day month equals 55.54 acre-feet.

1 second-foot for one 29-day month equals 57.52 acre-feet.

1 second-foot for one 30-day month equals 59.50 acre-feet.

1 second-foot for one 31-day month equals 61.49 acre-feet.

100 California miner’s inches equal 18.7 United States gallons per second.

100 California miner’s inches equal 96.0 Colorado miner’s inches.

100 California miner’s inches for one day equal 4.96 acre-feet.

100 Colorado miner’s inches equal 2.60 second-feet.

100 Colorado miner’s inches equal 19.5 United States gallons per second.

100 Colorado miner’s inches equal 104 California miner’s inches.

100 Colorado miner’s inches for one day equal 5.17 acre-feet.

100 United States gallons per minute equal 0.223 second-foot.

100 United States gallons per minute for one day equal 0.442 acre-foot.

1,000,000 United States gallons per day equal 1.55 second-feet.

1,000,000 United States gallons equal 3.07 acre-feet.

1,000,000 cubic feet equal 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1 inch deep on 1 square mile equals 2,323,200 cubic feet.

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet.

1 acre equals 209 feet square, nearly.

1 square mile equals 2.59 square kilometers.

1 cubic foot equals 0.0283 cubic meter.

1 cubic foot equals 7.48 gallons,

1 cubic foot of water weighs 62.5 pounds.

1 cubic meter per minute equals 0.5886 second-foot.

1 horsepower equals 550 foot-pounds per second.

1 horsepower equals 76.0 kilogram-meters per second.

1 horsepower equals 746 watts.

1 horsepower equals 1 second-foot falling 8.80 feet.
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13 horsepower equal about 1 kilowatt.

Sec.-ft. X fallin feet
i Fa
wheel realizing 80 per cent of theoretical power.

To calculate water power quickly: =net horsepower on water

EXPLANATION OF TABLES,

For each drainage basin there is given a brief description of
general conditions covering such features as area, source, tributaries,
topography, geology, conditions of forestation, rainfall, ice conditions,
irrigation, storage, power possibilities, and other special features of
importance or interest.

For each regular current-meter gaging station are given in general,
and so far as available, the following data: Description of station,
list of discharge measurements, table of daily gage heights, rating
table, table of monthly and yearly discharges, and run-off. For
stations located at weirs or dams the gage-height and rating tables
are omitted and a table of daily discharge is substituted. For
stations where the flow is computed by shifting-channel methods, a
table of daily discharge is given in place of rating tables, which are
not used in these methods of computation.

In addition to statements regarding the location and installation
of current-meter stations the descriptions give information in regard
to any conditions which may affect the constancy of the relation of
gage height to discharge, covering such points as ice, logging, shifting
conditions of flow, and backwater; also full information regarding
diversions which decrease the total flow at the measuring section.
Statements are also made regarding the accuracy and reliability of
the data.

The discharge-measurement table gives the results of the discharge
measurements made during the year, including the date, name of
hydrographer, width and area of cross section, gage height, and
discharge in second-feet.

The table of daily gage heights gives the daily fluctuations of
the surface of the river as found from the mean of the gage readings
taken each day. At most stations the gage is read in the morning
and in the evening. The gage height given in the table represents
the elevation of the surface of the water above the zero of the gage.
All gage heights during ice conditions, backwater from obstructions,
etc., are published as recorded, with suitable footnotes. The rating
is not applicable for such periods unless the proper correction to
the gage heights is known and applied. Attention is called to the
fact that the zero of the gage is placed at an arbitrary datum and has
no relation to zero flow or the bottom of the river. In general, the
zero is located somewhat below the lowest known flow, so that
negative readings shall not occur.

11947—10—2
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The discharge measurements and gage heights are the base data
from which the rating tables and monthly discharge tables are
computed.

The rating table gives, either directly or by interpolation, the
discharge in second-feet corresponding to every stage of the river
recorded during the period for which it is applicable. It is published
to enable engineers to determine the daily discharge by its appli-
cation to the table of gage heights or to check results in the table
of -monthly discharge.

In the table of monthly discharge the column headed ”Maxlmum
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is the
mean for the day, it does not indicate correctly the period when the
water surface was at crest height and the corresponding discharge
consequently larger than given in this column. Likewise, in the
column of ‘“Minimum” the quantity given is the mean flow for the
day when the mean gage height was lowest. The column headed
“Mean” is the average flow in cubic feet for each second during the
month. On this the computations for the remaining columns, which
are defined on page 15, are based.

FIELD METHODS OF MEASURING STREAM FLOW.

There are three distinct methods of determining the flow of open-
channel streams: (1) By measurements of slope and cross section
and the use of Chezy’s and Kutter’s formulas; (2) by means of a
weir or dam; (3) by measurements of the velocity of the current and
of the area of the cross section. The method chosen depends onthe
local physical conditions, the degree of accuracy desired, the funds
available, and the length of time that the record is to be continued.

Slope method—Much information has been collected relative to the
coeflicients to be used in the Chezy formula, v=c¢ +/rs. This has
been utilized by Kutter, both in developing his formula for ¢ and in
determining the values of the coefficient n which appears therein.
The results obtained by the slope method are in general only roughly
approximate, owing to the difficulty in obtaining accurate data and
the uncertainty of the value for n to be used in Kutter's formula.
The most common use of this method is in estimating the flood dis-
charge of a stream when the only data available are the cross section,
the slope as shown by marks along the bank, and a knowledge of the
general conditions. It is seldom used by the United States Geo-
logical Survey. For full information regarding the method the
reader is referred to the various text-books on hydraulics.

Weir method.—Relatively few stations are maintained at weirs or
dams by the United States Geological Survey. Standard types of
sharp-crested and broad-crested weirs within the limits for which
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accurate coefficients have been experimentally obtained give very
accurate records of discharge if properly maintained. At practically
all broad-crested weirs, however, there is a diversion of water either
through or around the dam, usually for the purpose of development
of water power. The flow is often complicated and the records are
subject to errors from such sources as leakage through the dam,
backwater at high stages, uncertainty regarding coefficient, crest
which is not level, obstructions from logs or ice, use of flashboards,
old turbines with imperfect ratings, and many others depending on
the type of development and the uses of the diverted water.

In general, records of discharge at dams are usually accurate enough
for practical use if no others are available. It has been the general
experience of the United States Geological Survey, however, that
records at current-meter gaging stations under unobstructed channel
conditions are more accurate than those collected at dams, and where
the conditions are reasonably favorable are practically as good as
those obtained at sharp-crested weirs.

The determination of discharge over the different types of weirs
and dams is treated fully in “Weir experiments, coeflicients, and
formulas” (Water-Supply Paper 200¢%) and in the various text-
books on hydraulics. “Turbine water-wheel tests and power tables”
(Water-Supply Paper 180) treats of the discharge through turbines
when used as meters. The editions of both of these water-supply
papers are practically exhausted. They can, however, be consulted
at most of the larger libraries of the country or they can be obtained
from the Superintendent of Documents, Washington, D. C., at a cost
of 20 cents for No. 180 and 35 cents for No. 200. Remittances must
be made by postal money order, express.order, or New York draft.

Velocity method.—Streams in general present throughout their
courses to a greater or less extent all conditions of permanent, semi-
permanent, and varying conditions of flow. In accordance with the
location of the measuring section with respect to these physical
conditions, current-meter gaging stations may in general be divided
into four classes—(1) those with permanent conditions of flow;
(2) those with beds which change only during extreme high water;
(3) those with beds which change frequently but which do not cause
a variation of more than about 5 per cent in the discharge curves
from year to year; and (4) those with constantly shifting beds. In
determining the daily flow different office methods are necessary for
each class. The field data on which the determinations are based and
the methods of collecting them are, however, in general the same.

Great care is taken in the selection and equipment of gaging
stations for determining discharge by velocity measurements, in

a Water-Supply Paper 200 is a revision of No. 150, the edition of which is exhausted,
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order that the data may have the required degree of accuracy.
They are located, as far as possible, at such points that the relation
between gage height and discharge will always remain constant
for any given stage. The experience of engineers of the Geological
Survey has been that permanency of conditions of flow is the prime
requisite of any current-meter gaging station when maintained for
several years, unless funds are available to cover all changes in
conditions of flow. A straight, smooth section without cross
currents, backwater, boils, etc., at any stage is hiéhly desirable,
but on most streams is not attainable except at the cost of a
cable equipment. Rough, permanent sections, if measurements
are properly made by experienced engineers, taking measuring
points at a distance apart of 2 to 5 per cent or less of the total
width, will within reasonable limits yield better results for a given
outlay of money than semipermanent or shifting sections with smooth,
uniform current. So far as possible, stations are located where the
banks are high and not subject to overflow at high stages, and out
of the influence of tributary streams, dams, or other artificial ob-
structions which might affect the relation between gage height and
discharge. ‘

A gaging station consists essentially of a gage for determining
the daily fluctuations of stage of the river and some structure or
apparatus from which discharge measurements are made, usually
a bridge or cable.

The two factors required to determine the discharge of a stream
past a section perpendicular to the mean direction of the current
are the area of the cross section and the mean velocity of flow normal
to that section.

In making a measurement with a current meter a number of
points, called measuring points, are measured off above and in the
plane of the measuring section at which observations of depth and
velocity are taken. (See P1. I, B.) These points are spaced equally
for those parts of the section where the flow is uniform and smooth
and are spaced unequally for other parts according to the discretion
and judgment of the engineer. In general the points should not
be spaced farther apart than 5 per cent of the distance between
piers, nor farther apart than the approximate mean depth at the
time of measurement.

The measuring points divide the total cross section into elementary
strips at each end of which observations of depth and velocity are
made. The discharge of any elementary strip is the product of
the average of the depths at the two ends times the width of the
strip times the average of the mean velocities at the two ends of the
strip. The sum of the discharges of the elementary strips is the total
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discharge of the stream. (For a discussion of methods of computing
the discharge of a stream see Engineering News, June 25, 1908.)

Depths for the determination of the area are usually obtained
by sounding with the current meter and cable. In rough sections
or swift current an ordinary weight and cable are used, particular
care being taken that all observations shall be in the plane of the cross
section.

Two methods of determining the velocity of flow of a stream are
in general use—the float method and the current-meter method.

The float method with its various modifications of surface, sub-
surface, and tube or rod floats is now considered obsolete in the or-
dinary practice of the United States Geological Survey. The use of
this method is limited to special conditions, where it is impracticable
to use the current meter, such as in places where large quantities of
ice or débris which may damage the meter are flowing with the cur-
rent, and for miscellaneous measurements or other work where a
high degree of accuracy is not necessary. Tube floats are very satis-
factory for use in canals with regular bottoms and even flow of cur-
rent. Measurements by the float method are made as follows:
The velocity of flow of the stream is obtained by observing the time
which it takes floats set free at different points across the stream
to pass between two range lines about 200 feet apart. The area
used is the mean value obtained from several cross sections measured
between the two range lines. The chief disadvantages of this method
are difficulty in obtaining the correct value of mean area for the
course used and uncertainty regarding the proper coeflicient to
apply to the observed velocity. For further information regarding
this method the reader is referred to Water-Supply Paper 95 and to
the various text-books covering the general subject of stream flow.

The Price current meter is now used almost to the exclusion of
other types of meters by the United States Geological Survey in the
determination of the velocity of flow of water in open channels, a
use for which it is adapted under practically all conditions. Plate
II shows in the center the new type of penta-recording current meter
equipped for measurements at bridge and cable stations. On the
sides the same type of meter is shown equipped for wading measure-
ments to record by the acoustic method on the left and by the electric
method on the right. Briefly, the meter consists of six cups attached
to a vertical shaft which revolves on a conical hardened steel point
when immersed in moving water. The number of revolutions is
indicated electrically. The rating, or relation between the velocity
of the moving water and the revolutions of the wheel, is determined
for each meter by drawing it through still water for a given distance
at different speeds and noting the number of revolutions for each run.
(See PL. I, A.) From these data a rating table is prepared which



22 SURFACE WATER SUPPLY, 1907-8.

gives the velocity per second of moving water for any number of
revolutions in a given time interval. The ratio of revolutions per
second to velocity of flow in feet per second is very nearly a constant
for all speeds and is approximately 0.45.

Three classes of methods of measuring velocity with current meters
are in general use—multiple-point, single-point, and integration.

The two principal multiple-point methods in general use are the
vertical velocity curve and 0.2 and 0.8 depth.

In the vertical velocity curve method a series of velocity determi-
nations are made in each vertical at regular intervals, usnally about
10 to 20 per cent of the depth apart. By plotting these velocities as
abscissas and their depths as ordinates and drawing a smooth curve
among the resulting points, the vertical velocity curve is developed.
This curve shows graphically the magnitude and changes in velocity
from the surface to the bottom of the stream. The mean velocity
in the vertical is then obtained by dividing the area bounded by
this velocity curve and its axis by the depth. This method of obtain-
ing the mean velocity in the vertical is probably the best known,
but on account of the length of time required to make a complete
measurement its use is largely limited to the determination of coef-
ficients for purposes of comparison and to measurements under ice.

In the second multiple-point method the meter is held successively
at 0.2 and 0.8 depth, and the mean of the velocities at these two points
is taken as the meanvelocity for that vertical. (See P1.I,B.) On the
assumption that the vertical velocity curve is a common parabola
with horizontal axis, the mean of the velocities at 0.22 and 0.79 depth
will give (closely) the mean velocity in the vertical. Actual observa-
tions under a wide range of conditions show that this multiple-point
method gives the mean velocity very closely for open-water condi-
tions and that in a completed measurement it seldom varies as much
as 1 per cent from the value given by the vertical velocity curve
method. Moreover, the indications are that it holds nearly as well
for ice-covered rivers. It is very extensively used in the regular
practice of the United States Geological Survey.

The single-point method consists in holding the meter either at
the depth of the thread of mean velocity or at an arbitrary depth
for which the coefficient for reducing to mean velocity has been
determined or must be assumed.

Extensive experiments by means of vertical velocity curvesshow
that the thread of mean velocity generally occurs between 0.5 and
0.7 total depth. In general practice the thread of mean velocity is
considered to be at 0.6 depth, and at this point the meter is held in
most of the measurements made by the single-point method. A
large number of vertical velocity curve measurements, taken on
many streams and under varying conditions, show that the average
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coefficient for reducing the velocity obtained at 0.6 depth to mean
velocity is practically unity. The variation of the coefficient from
unity in individual cases is, however, greater than in the 0.2 and
0.8 method and the general results are not as satisfactory.

In the other principal single-point method the meter is held near
the surface, usually 1 foot below, or low enough to be out of the effect
of the wind or other disturbing influences. This is known as the sub-
surface method. The coefficient for reducing the velocity taken at
the subsurface to the mean has been found to be in general from
about 0.85 to 0.95, depending on the stage, velocity, and channel
conditions. The higher the stage the larger the coefficient. This
method is especially adapted for flood measurements, or when the
velocity is so great that the meter can not be kept in the correct
position for the other methods.

The vertical-integration method consists in moving the meter at a
slow, uniform speed from the surface to the bottom and back again
to the surface and noting the number of revolutions and the time
taken in the operation. This method has the advantage that the
velocity at each point of the vertical is measured twice. It is useful
as a check on the point methods. In using the Price meter great
care should be taken that the vertical movement of the meter is not
rapid enough to vitiate the accuracy of the resulting velocity.

The determination of the flow of an ice-covered stream is difficult,
owing to diversity and instability of conditions during the winter
period and also to lack of definite information in regard to the laws of
flow of water under ice. The method now employed is to make fre-
quent discharge measurements during the frozen periods by the 0.2
and 0.8 and the vertical velocity curve methods, and to keep an
accurate record of the conditions, such as the gage height to the sur-
face of the water as it rises in a hole cut in the ice, and the thickness
and character of the ice. From these data an approximate estimate
of the daily flow can be made by constructing a rating curve (really
a series of curves) similar to that used for open channels, but consid-
ering, in addition to gage heights and discharge, the varying thick-
ness of ice. For information in regard to flow under ice cover, see
Water-Supply Paper 187.

OFFICE METHODS OF COMPUTING AND STUDYING DISCHARGE AND
RUN-OFF.

At the end of each year the field or base data for current-meter
gaging stations, consisting of daily gage heights, discharge measure-
ments, and full notes, are assembled. The measurements are plotted
on cross-section paper and rating curves are drawn wherever feasible.
The rating tables prepared from these curves are then applied to
the tables of daily gage heights to obtain the daily discharges, and
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from these applications the tables of monthly discharge and run-off
are computed.

Rating curves are drawn and studied with special reference to
the class of channel conditions which they represent. (See p. 19.)
The discharge measurements for all classes of stations when plotted
with gage heights in feet as ordinates and discharges in second-feet
as abscissas define rating curves which are more or less generally
parabolic in form.  In many cases curves of area in square feet
and mean velocity in feet per second are also constructed to the
same scale of ordinates as the discharge curve. These are used
mainly to extend the discharge curves beyond the limits of the
plotted discharge measurements, and for checking purposes to avoid
errors in the form of the discharge curve and to determine and elimi-
nate erroneous measurements.

For every published rating table the following assumptions are
made for the period of application of the table: (¢) That the dis-
charge is a function of and increases gradually with the stage; ()
that the discharge is the same whenever the stream is at a given
stage, and hence such changes in conditions of flow as may have oc-
curred during the period of application are either compensating or
negligible, except that the rating as stated in the footnote of each
table is not applicable for known conditions of ice, log jams, or other
similar obstructions; (¢) that the increased and decreased discharge
due to change of slope on rising and falling stages is either negligible
or compensating.

As already stated, the gaging stations may be divided into several
classes, as indicated in the following paragraphs:

The stations of class 1 represent the most favorable conditions for
an accurate rating and are also the most economical to maintain.
The bed of the stream is usually composed of rock and is not subject
to the deposit of sediment and loose material. This class includes
also many stations located in a pool below which is a permanent
rocky riffle that controls the flow like a weir. Provided the control
is sufliciently high and close to the gage to prevent cut and fill at the
gaging point from materially affecting the slope of the water surface,
the gage height will for all practical purposes be a true index of the
discharge. Discharge measurements made at such stations usually
plot within 2 or 3 per cent of the mean-discharge curve, and the rating
developed from that curve represents a very high degree of accuracy.
For illustrative example of a station of this type see Water-Supply
Paper 241 and Plate IV.

Class 2 is confined mainly to stations on rough mountainous streams
with steep slopes. The beds of such streams are as a rule compara-
tively permanent during low and medium stages, and when the flow
is sufficiently well defined by an adequate number of discharge
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measurements before and after each flood the stations of this class
give nearly as good results as those of class 1. As it is seldom pos-
sible to make measurements covering the time of change at flood
stage, the assumption is often made that the curves before and after
the flood converged to a common point at the highest gage height
recorded during the flood. Hence the only uncertain period occurs
during the few days of highest gage heights covering the period of
actual change in conditions of flow. For illustrative example of a
station of this type see Water-Supply Paper 246.

Class 3 includes most of the current-meter gaging stations main-
tained by the United States Geological Survey. If sufficient meas-
urements could be made at stations of this class results would be
obtained nearly equaling those of class 1, but owing to the limited
funds at the disposal of the Survey this is manifestly impossible,
nor is it necessary for the uses to which discharge data are applied.
The critical points are as a rule at relatively high or low stages.
The percentage error, however, is greater at low stages. No abso-
lute rule can be laid down for stations of this class. KEach rating
curve must be constructed mainly on the basis of the measurements
of the current year, the engineer being guided largely by the past
history of the station and the following general law: If all measure-
ments ever made at a station of this class are plotted on cross-section
paper, they will define a mean curve which may be called a standard
curve. It hasbeen found in practice that if, after a change caused by
high stage, a relatively constant condition of flow occurs at medium
and low stages, all measurements made after the change will plot on a
smooth curve which is practically parallel to the standard curve with
respect to their ordinates or gage heights. This law of the parallel-
ism of ratings is the fundamental basis of all ratings and estimates
at stations with semipermanent and shifting channels. It is not
absolutely correct, but with few exceptions answers all the practical
requirements of estimates made at low and medium stages after a
change at a high stage. This law appears to hold equally true
whether the change occurs at the measuring section or at some con-
trolling point below. The change is of course fundamentally due to
change in the channel caused by cut, or fill, or both, at and near the
measuring section. For all except small streams the changes in sec-
tion usually occur at the bottom. The following simple but typical
examples illustrate this law:

(a) If 0.5 foot of planking were to be nailed on the bottom of a
well-rated wooden flume of rectangular section there would result,
other conditions of flow being equal, new curves of discharge, area,
and velocity, each plotting 0.5 foot above the original curves when
referred to the original gage. In other words, this condition would
be analogous to a uniform fill or cut in a river channel, which either
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reduces or increases all three values of discharge, area, and velocity
for any gage height. In practice, however, such ideal conditions
rarely exist. '

(b) In the case of a cut or fill at the measuring section there is a
marked tendency toward decrease or increase, respectively, of the
velocity. In other words, the velocity has a compensating effect, and
if the compensation is exact at all stages the discharge at a given
stage will be the same under both the new and the old conditions.

(¢) In the case of uniform change along the crest of a weir or
rocky controlling point the area curve will remain the same as
before the change, and it can be shown that here again the change
in velocity curve is such that it will produce a new discharge curve
essentially parallel to the original discharge curve with respect to
their ordinates.

Of course in actual practice such simple changes of section do not
occur. The changes are complicated and lack uniformity, a cut at
one place being largely offset by a fill at another, and vice versa.
If these changes are very radical and involve large percentages of
the total area—as, for example, on small streams—there may result
a wide departure from the law of parallelism of ratings. In com-
plicated changes of section the corresponding changes in velocity,
which tend to produce a new parallel discharge curve, may interfere
with each other materially, causing eddies, boils, backwater, and
radical changes in slope. In such extreme conditions, however, the
measuring section would more properly fall under class 4 and would
require very frequent measurements of discharge. Special stress is
laid on the fact that in the lack of other data to the contrary the
utilization of this law will yield the most probable results.

Slight changes at low or medium stages of an oscillating character
are usually averaged by a mean curve drawn among them parallel
to the standard curve, and if the individual measurements do not
vary more than 5 per cent from the rating curve the results are
considered good for stations of this class. For illustration of a sta-
tion of this class see Water-Supply Paper 242, page 23.

Class 4 comprises stations that have soft, muddy, or sandy beds.
Good results can be obtained from such sections only by frequent
discharge measurements, the frequency varying from a measure-
ment every two or three weeks to a measurement every day, accord-
ing to the rate of diurnal change in conditions of flow. These
measurements are plotted and a mean or standard curve drawn
among them. It is assumed that there is a different rating curve
for every day of the year and that this rating is parallel to the
standard curve with respect to their ordinates. On the day of a
measurement the rating curve for that day passes through that
measurement. For days between successive measurements it is
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assumed that the rate of change is uniform, and hence the ratings
for the intervening days are equally spaced between the ratings
passing through the two measurements. This method must be
modified or abandoned altogether under special conditions. Per-
sonal judgment and a knowledge of the conditions involved can
alone dictate the course to pursue in such cases. For illustrative
example of a station of this type, showing the Bolster method of
determining the daily discharge graphically, see Water-Supply
Papers 247 and 249.

The computations have, as a rule, been carried to three significant
figures. Computation machines, Crelle’s tables, and the 20-inch
slide rule have been generally used. All computations are carefully
checked. "

After the computations have been completed they are entered in
tables and carefully studied and intercompared to eliminate or
account for all gross errors so far as possible. Missing periods are
filled in, so far as is feasible, by means of comparison with adjacent
streams. The attempt is made to complete years or periods of dis-
charge, thus eliminating fragmentary and disjointed records. Full
notes accompanying such estimates follow the monthly discharge
tables.

For most of the northern stations estimates have been made of
the monthly discharge during frozen periods. These are based on
measurements under ice conditions wherever available, daily records
of temperature and precipitation obtained from the United States
Weather Bureau climate and crop reports, observers’ notes of con-
ditions, and a careful and thorough intercomparison of results with
adjacent streams. Although every care possible is used in making
these estimates they are often very rough, the data for some of
. them being so poor that the estimates are liable to as much as 25
to 50 per cent error. It is believed, however, that estimates of this
character are better than none at all, and serve the purpose of indi-
cating in a relative way the proportionate amount of flow during
the frozen period. These estimates are as a rule included in the
annual discharge. The large error of the individual months has a
relatively small effect on the annual total, and it is for many pur-
poses desirable to have the yearly discharge computed even though
some error is involved in doing so.

ACCURACY AND RELIABILITY OF FIELD DATA AND COMPARATIVE
RESULTS.

Practically all discharge measurements made under fair condi-
tions are well within 5 per cent of the true discharge at the time of
observation. Inasmuch as the errors of meter measurements are
largely compensating, the mean rating curve, when well defined, is
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much more accurate than the individual measurements. Numerous
tests and experiments have been made to test the accuracy of current-
meter work. These show that it compares very favorably with the
results from standard weirs, and, owing to simplicity of methods,
usually gives results that are much more reliable than those from
stations at dams, where uncertainty regarding the coeflicient and
complicated conditions of flow prevail.

The work is, of course, dependent on the reliability of the observers.
With relatively few exceptions the observers perform their work
honestly. Care is taken, however, to watch them closely and to
inquire into any discrepancies. It is, of course, obvious that one
gage reading a day does not always give the mean height for that
day. As an almost invariable rule, however, errors from this source
are compensating and virtually negligible in a period of one month,
although a single day’s reading may, when taken by itself, be con-
siderably in error.

In order to give engineers and others information regarding the
probable accuracy of the computed results, footnotes are added to the
rating tables and an accuracy column is inserted in the monthly dis-
charge table. In the rating tables ‘‘well defined’” indicates in general
that the rating is probably accurate within 5 per cent; ‘‘fairly well
defined,” within 10 per cent; ‘“‘poorly defined” or ‘‘approximate,”
within 15 to 25 per cent. These notes are very general and are based
on the plotting of the individual measurements with reference to the
mean rating curve.

The accuracy column in the monthly discharge table does not apply
to the maximum or minimum nor to any individual day, but to the
monthly mean. It is based on the accuracy of the rating, the prob-
able reliability of the observer, and knowledge of local conditions. In
this column, A indicates that the mean monthly flow is probably
accurate within 5 per cent; B, within 10 per cent; C, within 15 per
cent; D, within 25 per cent. Special conditions are covered by foot-
notes. -

USE OF THE DATA.

In general the policy is followed of making available for the public
the base data which are collected in the field each year by the Survey
engineers. This is done to comply with the law, but also for the
express purpose of giving to any engineer the opportunity of examin-
ing the computed results and of changing and adjusting them as may
seem best to him. Although it is believed that the rating tables and
computed monthly discharges are as good as the base data up to and
including the current year will warrant, it should always be borne in
mind that the additional data collected at each station from year to
year nearly always throw new light on data already collected and
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published, and hence allow more or less improvement in the computed
results of earlier years. It is therefore expected that the engineer
who makes serious use of the data given in these papers will verify
all ratings and make such adjustments in earlier years as may seem
necessary. The work of compiling, studying, revising, and republish-
ing data for different drainage basins for five or ten year periods or
more is carried on by the United States Geological Survey so far as
the funds for such work are available.

The values in the table of monthly discharge are so arranged as to
give only a general idea of the conditions of flow at the station, and it
is not expected that they will be used for other than preliminary
estimates. This is particularly true of the maximum and minimum
figures, which in the very nature of the method of collecting these
data are liable to large errors. The maximum value should be
increased considerably for many stations in considering designs for
spillways, and the minimum value should be considered for a group
of, say, seven days and not for one day.

The rating table, provided the engineer accepts it, is published
primarily to allow him to apply it directly to the daily gage heights
and rearrange the daily discharges in order of magnitude or by some
other method.

COOPERATION AND ACKNOWLEDGMENTS.

The work in Oregon has been done in cooperation with the State.
The legislature of 1905 passed an act providing an annual appropria-
tion of $2,500 contingent upon the United States Geological Survey
allotting an equal amount to be expended within the State for the
investigation of its water resources.

The act of 1905 makes the state engineer the agent of the State in
this cooperation, and each year a contract is entered into between the
state engineer and the Director of the Geological Survey. The prin-
cipal features of the contract are as follows:

1. The United States Geological Survey retains direct supervision
of the field work and the preparation of the data for publication.

2. All the material collected—field notes, maps, etc.—are open at
any time to the inspection of the state engineer, and if they are not
entirely satisfactory the agreement can be terminated at any time.

3. The salaries of classified employees and cost of nonexpendable
equipment is paid from the government fund, while traveling
expenses, salary and expenses of field assistants, and cost of expend-
able supplies are paid from the state fund. In this manner practically
the entire amount of the State’s appropriation is expended within
the State.

4. The cost of publication is borne entirely by the Geological
Survey.
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To secure efficiency, no better scheme than cooperative investiga-
tions of this nature can be devised. The State is the chief beneficiary,
for its interest in procuring a thorough knowledge of its resources is
paramount. At a very moderate cost for field work it can take advan-
tage of an organization already trained in the collection of the data
and obtain the published results without additional expense.

Unfortunately the amount appropriated by the State is alto-
gether inadequate to satisfy the demand for water-supply data.
The United States Geological Survey, therefore, has found it nec-
essary to expend more than treble the amount required to meet the
State’s appropriation. The United States Reclamation Service,
which is perhaps the heaviest investor in the development of the
State’s resources, has been so handicapped in its work for lack of
water-supply data that it has expended from its own fund consider-
able money for investigations of this nature. Interbureau agreements
have been reached whereby the greater part of the work for the
Reclamation Service is carried on by the Geological Survey through
its organized force, and the actual cost thereof refunded. For the
calendar year 1908 there has been expended by the Geological Sur-
vey from government and state funds a total of $10,810.79, distributed
as follows:

Ezpenditures for hydrographic work, Oregon, calendar year 1908.

United States Geological Survey.......... e $4,796. 61
United States Reclamation Service........._..... . ... ... 3,253. 89
Office of Indian Affairs. ... . ... ... ... ... il 260. 29

Total government funds......... .. ... . o .l 8,310.79
Appropriation by State of Oregon. ... ... ... .. ... ... .... 2, 500. 00

Many inquiries have been made as to the cost of hydrographic
work. The following data will be of interest:

Cost of hydrographic work in Oregon, calendar year 1908.

Total expenditure for maintenance of river stations and allied

investigations. ... ... .. L Ll $10, 810. 79
Number of stations maintained....... ... .. ... ... .. ... 78
Cost perstation.... ... ... ... .. ... ... ... $138. 59
Number of stream gagingsmade ........... ... ... ... ... 328
Cost per gaging. ... ... oo i $32.96

Distribution of expenditures.

Per cent,
Field 8ervices. .o co . tn ot 32
OffiCe SErVICES. - ittt 20
Traveling eXpenses. ... .. .o.eeieo ot i i 21
Supplies and equipment........... ...l 17
Lost time (Sundays, holidays, etc). ... .. ... .. ... ... .. ... 6
Rent and storage.... ... . 2

Gemeral . oo 2
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Special acknowledgments are due to John IH. Lewis, state engi-
neer of Oregon, for the very efficient manner in which he has repre-
sented the State in the cooperative investigations.

Acknowledgments are due to the engineers and employees of the
United States Reclamation Service for assistance in the maintenance
of stations and for the freest use of data which were collected exclu-
sively for them and for which they have paid.

Acknowledgments are also due to the officers of the United States
Weather Bureau and to the United States Engineer Corps for cli-
matologic and hydrographic data, also to a number of irrigation and
power companies, and to many individuals for cooperation in the
maintenance of stations and for other assistance and suggestions in
the collection and preparation for publication of the data herein
contained.

DIVISION OF WORK.

The field data in the Columbia River basin in Oregon and Washing-
ton, the Puget Sound drainage area, and the Pacific Ocean drainage
area in Oregon were collected under the direction of J. C. Stevens,
district engineer, assisted by II. D. McGlashan, 1. R. Allen, C. E.
Ellsworth, Howard Kimble, and R. B. Post.

The field data for the Snake River drainage area in Idaho has been
collected under the direction of K. C. La Rue, district engineer, as-
sisted by A. D. Williams and E. A. Porter.

The field data for the Clark Fork drainage area in Montana have
been collected under the direction of J. E. Stewart, district engineer,
assisted by A. F. Huch and Raymond Richards.

The ratings, special estimates, and analyses of completed data were
made by J. C. Stevens, E. C. La Rue, J. E. Stewart, and F. F. Hen-
shaw. The computations and final preparation of the completed
data for publication were made under the direction of F. F. Henshaw,
assistant engineer, assisted by G. C. Stevens, G. L. Parker, H. D.
Padgett, R. C. Rice,and M. I. Walters. The entire manuscript has
been edited by Mrs. B. D. Wood.

ROGUE RIVER DRAINAGE BASIN.
DESCRIPTION.

Rogue River drains the southwestern corner of the State of Oregon,
its basin extending from the extreme western part of Klamath
County across Jackson and Josephine counties, and including the
northern half of Curry County. On its north are the Rogue River
Mountains and on the east are the Cascades, while in the southern
part of the area is a spur of the Siskiyou Mountains. In all the basin
comprises 5,080 square miles.
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The river is formed by three principal forks—the North, Middle,
and South—which rise among the peaks of the Cascade Range and
unite near Prospect, in Jackson County. From this point the Rogue
winds in a general westerly direction to the ocean, which it enters
near the town of Gold Beach, in Curry County. In the lower half of
its course the stream hugs closely the base of the Rogue River Range,
and its principal tributaries are from the south, as is shown by the
following table:

Principal tributaries of Rogue River.

From the north and west. From the east and south,
North Fork. Middle Fork.
Elk Creek. South Fork,
Stewart Creek. Big Butte Creek (drainage area, 268
Evans Creek. square miles).
Leland Creek. Little Butte Creek (drainage area, 361

square miles).

Bear Creek (Stewart Creek) (drainage
area, 380 square miles).

Applegate Creek (drainage area, 606
square miles).

Tllinois River.

The North Fork, or main stream, derives its water from springs,
probably supplied from Crater Lake, which lies to the east in the cen-
ter of Crater Lake Natural Park at an elevation of 6,240 feet above sea
level. This lake occupies the crater of an ancient volcanic moun-
tain to which the name Mount Mazama has been applied. The lake
has no visible outlet ¢ nor any other reaching the surface within a few
miles. The walls inclosing the lake are made up of alternating
sheets of lava, dipping away from the lake practically in all directions,
and are so porous as to afford an easy passage for much water.
Springs are abundant and remarkable in size. Little and Big Butte
creeks drain the southern portion of the Cascade Forest Reserve.
Bear Creek, formerly called Stewart Creek, drains the famous fruit
section of Rogue River valley; Applegate Creek drains the Siskiyou
Mountains; and Hlinois River the territory to the south of the main
stream near the coast.

The drainage area is in general mountainous, elevations ranging
from sea level at Gold Beach to 9,760 feet at the summit of Mount
McLaughlin (formerly known as Mount Pitt)—a snow-capped peak
dividing the drainage of Big Butte and Little Butte creeks. The gen-
eral elevation of the mountain range at the headwaters of the Rogue
is 6,000 feet. Prospect is 3,000 feet, Ashland is 1,938 feet, and
Grants Pass 956 feet above sea level.

The area is almost completely timbered, but the stand is not so
heavy as on the area to the north drained by Umpqua River, as the

a Diller, J. 8., Geology of Crater Lake Natural Park: Prof. Paper U. S. Geol. Survey No. 3, 1902, p. 60.
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precipitation is lighter. The mean annual rainfall at Gold Beach is
86 inches, at Grants Pass 33, at Ashland 27, on the headwaters of
Ilinois River 70, and at Crater Lake 100 inches. At the headwaters
of the stream the greater part of the precipitation is rainfall during
the winter months. As is usual in regions where the precipitation
is sufficient for the production of crops without irrigation, develop-
ment along this line is inconsiderable. Fish Lake ditch, which di-
verts water from Little Butte Creek, is the largest in operation. A
number of little ditches are used to irrigate the narrow valley lands
contiguous to the small streams. In this manner Ashland, Wagner,
and Applegate creeks are largely appropriated for irrigation. It is
realized, however, that the agricultural resources of this section of
the country will not be utilized in the most economic manner until
irrigation is practiced extensively. The valley lands in the vicinity
of Grants Pass along Bear Creek are particularly adapted to fruit
culture, and the Rogue River valley has become justly famous for
the excellent quality of apples, pears, and other fruits raised there.

The streams of this area, like others draining the Cascade Moun-
tains, afford wonderful possibilities for water-power development. At
present the only important plants are those of the Rogue River Elec-
tric Company at Gold Ray and at Prospect.

Stream measurements in this basin were begun in August, 1905.
For the three and half years the highest run-off values are shown by
the records for 1907. It is probable that the lowest values would
have been found in 1905 if records for that year had been complete.

The following gaging stations have been maintained in this river
basin:

Rogue River near Tolo (1905 to 1908).

North Fork of Rogue River at Prospect (1907 and 1908).
Little Butte Creek near Eagle Point (1907 and 1908)
Bear Creek at Talent (1907 and 1908).

Applegate Creek at Murphy (1907 and 1908).
Rogue River near Galice (1907).

NORTH FORK OF ROGUE RIVER AT PROSPECT, OREG.

This station was established July 17, 1907, just above the Rogue
River Electric Company’s dam one-half mile above Prospect, 5 miles
above the junction with the South Fork, and at the head of Rogue
River gorge.

The fall of the river through this gorge is to be utilized by the
company for development of water power. The data are valuable
chiefly in connection with water-power development, but they fur-
nish also some very useful information concerning the run-off from
forested areas under the climatic conditions which exist in the south-
ern portion of the Cascade Range.

11947—10——3
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No equipment has yet been installed for making measurements
during high water, and at low water the only point available is in a
very narrow canyon, where the water is extremely turbulent and the
velocities are most irregular. The gage located above the dam was
read daily from July 17 to October 10, 1907, and once or twice a
week during the first half of 1908, but the daily ratings during 1908
were made on an auxiliary gage at the observer’s house. No esti-
mates of flow are possible with the data at hand, but it is hoped
that a permanent rating curve can later be developed to which these
records of gage heights can be applied.

Discharge measurements of North Fork of Rogue River at Prospect, Oreg., in 1907 and

1908.
Date. Hydrographer. Width. 5‘:!2?‘,?01011: hgriz%ﬁ‘.. ‘ cl'g;Ze.
\
I
1907. Feet. Sg. ft. Feet. Sec.ft.
July 17......... Stevens and McGlashan 20 195 2.43 663
Auwgust 26...... C. E. Ellsworth 20 194 2.25 476
August 27.. ... 20 186 2.23 430
September 15 .. 20 183 2.13 416
October 31..... 20 182 2.10 485
1908.
September 19...{ H. Kimble. .. .. ..ot 24 350 1.90 438

Daily gage height, in feet, of North Fork of Rogue River at Prospect, Oreg., for 1907-8.

[Regular gage.]
I
‘ 1907. 1908.
[Samuel Hodges, observer.] [E. F. Graham, observer.]
Day. ‘
l July. | Aug. | Sept. | Oct. | Jan. | Feb. | Mar. | Apr. May. | June. | July. ! Aug.
‘ 38 218 ... P 35 DUORRN DU DN EOTr
22| 2.17 (. 2.6 e e
20 | 2.6 |conoiifeeon o il 8.2 oo el
b 0 . T [ P P PR
200 2.144...... 2.3 |....... 2.5 [ e
19 2,12 ... ...l 2.2 ..., 3.0 ool
19 2.10|. 204 | A O PO
18, 2.09 |......|... ... 22
18 2.07 |. b0 S R A [ R
170 2,06 J. oo b N 0 ORI DR

X 22
2.26 25 |.
2.25 20 |.
2.25 18 1.
2.24 16 |.
2.23 16 |.
2.23 15 |.
2.22 15 |.
2.40 15 1.
2.30 15
2.26 15
2.24 15 |.
2.23 20 |.
2.22 18 4.
2,21 18
2.21
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Daily gage height, in feet, of North Fork of Rogue River at Prospect, Oreg., 1908.

[Gage at house.]
{E. F. Graham, observer.]

Day. Jan. | Feb. | Mar. E Apr. | May. % June, | July. | Aug. | Sept. | Oct. | Nov. | Dec
1.8 2.2 2.0 2.7 2.4 2.3 1.5 L6 f.oo... 1.5 1.7

1.9 2.2 2.0 2.7 2.4 2.2 1.5 L6 ....... 1.5 1.6

1.8 2.0 2.0 2.8 2.4 2.0 1.5 1.6 |.ee.... 1.5 1.6

1.8 1.9 2.0 17} 2.4 2.0 1.5 1.6 1.5 1.4 1.6

1.9 1.8 2.1 2.6 2.3 2.0 1.4 1.6 1.5 1.4 1.6

2.3 1.9 1.8 2.0 2.6 2.3 2.0 1.4 1.6 1.5 1.4 1.5
2.3 2.0 1.8 2.0 27} 2.3 2.0 1.4 1.7 1.5 1.4 1.5
2.3 L9 1.8 2.0 2.7 2.4 2.2 1.4 L7 1.4 1.5 1.5
2.5 2.0 1.7 2.0 2.6 2.5 2.2 1.5 1.6 1.4 1.5 1.4
2.4 2.0 1.8 2.0 26/ 2.8 2.1 1.5 1.6 1.4 1.5 1.4
2.3 2.0 1.8 2.1 2.5, 2.8 2.0 1.6 1.6 1.4 1.6 1.5
2.3 1.9 1.8 2.2 2.4 2.7 2.0 1.6 1.6 1.5 1.6 1.6
2.3 1.8 1.9 2.4 2.3 2.6 19 1.6 1.6 1.6 1.6 1.6
2.3 1.8 1.9 2.6 2.3 2.5 1.8 1.5 1.6 3.0 1.6 1.5
2.5 1.8 3.0 2.8 2.4 2.5 1.7 1.5 1.6 2.6 1.6 1.5
2.4 1.8 2.9 2.9 2.5 2.5 1.7 1.6 1.6 2.5 1.7 1.5
2.3 1.8 3.0 2.8 2.4 2.4 1.6 1.6 1.6 2.4 1.7 1.5
2.3 1.8 2.6 2.8 2.5 2.4 1.7 1.6 1.6 2.4 1.7 1.5
2.3 1.8 2.5 2.9 2.6 2.4 1.7 1.6 1.6 2.3 1.7 1.5
2.5 1.8 2.4 3.0 26‘ 2.5 1.7 1.7 1.6 2.1 2.1 1.5

|

2.4 1.8 2.3 2.9 25‘ 2.4 1.6 1.6 1.6 2.0 2.2 1.6
2.4 1.8 2.4 2.9 2.4 2.4 1.6 1.6 1.6 1.8 2.3 1.6
2.3 1.8 2.2 2.8 2.4 2.4 1.6 1.6 1.6 1.7 2.3 1.7
2.3 1.8 2.2 3.0 2.5 2.5 1.8 1.5 1.6 1.6 2.2 1.7
2.2 1.8 2.5 2.8 2.5 2.4 1.7 1.5 1.6 1.5 2.2 1.8
2.1 1.8 2.3 2.7 2.5 2.3 1.6 1.5 1.6 L5 2.1 1.9
2.0 1.9 2.3 2.7 2.4 2.3 1.6 1.6 1.6 1.5 2.0 1.9
2.0 2.0 2.0 2.6 2.4 2.3 1.6 1.6 1.6 1.5 1.8 1.9
2.0 2.1 2.2 2.8 2.4 2.5 1.5 1.6 1.6 1.5 1.7 2.0
2.0 |...-... 2.1 2.8 2.4 2.3 1.5 1.6 1.6 1.6 1.7 2.0
L8 ... 2.0 ....... 2.41....... 1.5 1.6 |....... L6 ....... 2.0

ROGUE RIVER NEAR TOLO, OREG.

This station was established August 30, 1905. It is located at
Gold Ray, the site of the Rogue River Electric Company’s power
plant, 14 miles below Tolo and just below the mouth of Bear Creek.

The data obtained at this station have great value in connection
with the use of the river for water-power development and its pro-
posed use for extensive irrigation works, a number of large ditches
being already under construction.

The station is located below the tail race of the power plant, at
which a dam about 20 feet high forms a large forebay. (See Pl 111,
A} The flow at the station is, therefore, irregular, depending upon
the amount of water used through the turbines. The velocity of the
water at the gaging station is quite swift, and the channel is not
stable. It has been impossible to develop a permanent rating curve.
The records, particularly those taken at low water, are not as accurate
as could be desired.
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Discharge measurements of Rogue River near Tolo, Oreg., in 1907 and 1908.

36

. =) cooes 0 w0 0w oW _ v w e i)
s &, m&m ﬂmmwﬁ < S SOWmH CONMO MOFDO SOLNH woF~SH
= g | STnmn SeNT WS IS NSNS Sn o m i
B I R - N S I ool ) -
MM S oo P Arddd ArceN Aeddeid HoidHa ek Hod el
S =41
w
. B> oo 00 00 00 00 00 bebe  ~Pe0000 —HOMOW NN
@ KRN BVRKS] ) TRARAR NRRRRX QAL NRRRY ASae A% %
= 00 — > > ot o
o) TS A S S e z
nnUa.ﬂ rM32 B ey N
= S N
— — S 8 RHOOTIT 0000000000 00000000 b hebwbebecO 000000 L~ [=000000m
— . scs seses N S o et REEES RAEAN P A A S i
3 o b
Mm ﬂM4M2 42%%3 5
RS [ i) ~ .
&8 @ ~ 2 OMHMDM MMNN AP0 0000 WRNWOMPO HOWN0X®
2 @ & LLLLL AR S | -t R R 4
3 =
= SHONW [ o
T | y3888 3E&3%3 | © % 8w B 2
= S - Ef MMM MHENOR MM MMM~ HEMMES®  CICE N A
= & < < JE-EE. LS. . S L U T L L £ R e - R R I R e R ]
S
T S —
e T I B HNOMET NN B0000M=00 P ODBDO Ikl W 0000060
N . N m — .N Naicieie NN e e e e
. E =
. S < o
. : . = & & 9 0 9 W 0
: . S g & eSOl Moot SO0 ©IBOWI0 WD D FH W
: : M 2 2 aNoicioial ciaaial ciciciciel cicicicied. olaiciaiel cicicicied
: : v 5 0 0 w0 0 o 0 0 w W
H . = = 2 MmoRBo oRee Rl OO Br000m  feb- 1o
= . N W M = Brran NN NN NN NN Nacciaa
o . ; d
< : : &
2 . . i . 0w W ) w0 w0 0 w1 w
W I ,W < 5 8808w Soulwo 0«%+8~ r~¥8x" ~-Eo® RBwea
5 R JO < HHeieded BridE Wiiid ddd A A F D Beddeded
HER < A
N <
£ R s < o
R I I 2 &
L S - = =
Pt -
EL E 80 =3
TR I = .
489 S .8 > o
£LEE g oda N <
Sp@ . B3T3 2 =4
S35 5UERE N
SRS nsEAE Y | .
i 3 3 g
Mol ATMAM S K]
PETEI SRR & R afeafsst =
Ny
[ R 8
M e T
it m.HMw S
. L R .
) -3 BE e >,
- S0 88 g 282 o3
2 G0 SESEED a
(=} SaREE lulmmm
Cyww r.V.tWE
I8 SH238
SRlnZ  mEagA







37"

It is based on 8 discharge

ts 1.0 feet and 4.0 feet.
It is based on 9 discharge

[F. H, Farrar, observer.]

ROGUE RIVER DRAINAGE BASIN.

Dailg gaye height, in feet, of Rogue River near Tolo, Oreg., for 1908.
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1908, and is not well defined. Above gage height 4.6 feet the table is the

licable for ice or obstructed-channel conditions.

g 1906

a The above table is not applicable for ice or obstructed-channel conditions.
measurements made during 1905-6 and is fairly well defined between gage heigh:

b The above table is not app]

measurements made durin,
same as the 1905-6 table,



38 SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Rogue River near Tolo, Oreg., for 1907 and 1908.

[Drainage area, 2,020 square miles.}

Discharge in second-feet. Run-off.
s Accu-
Month. Depth in
* . Persquare | incheson | Totalin | 2¢Y-
Maximum. | Minimum,. | Mean. mile. drainage | acre-feet.
area.
1907.

Januvary. 31,700 2,030 4,710 2.33 2.69 290,000 | C.
Februa 48,300 4,750 | 12,500 6.19 6.45 694,000 | C.
March 35,200 3,670 7,650 3.79 4,37 470,000 | C.
Apri 18,100 4,370 7,800 3.86 4.31 464,000 | C.
ay 4,370 3,350 3,640 1.80 2.08 224,000 | C.
June 3,510 3,040 | 3,310 1.64 1.83 197,000 | C.
July. 3,040 1,650 2,290 1.13 1.30 141,000 | C.
August................. 2,030 1,560 1,740 .861 .99 107,000 | C.
September......_..._.._.. 1,830 1,320 1,490 .738 82 88,700 | C.
Oectober.................. 1,650 1,190 1,320 .6563 75 81,200 | D.
November................ 1,920 1,250 1 1,410 .698 8 83,900 | D.
December.... ........... 29, 400 1,480 [ 5, 550 2.75 3.17 341,000 | D.

48,300 1,190 | 4,450 | 2.20 | 29.54 ¢ 3,180,000

i

12,900 3,040 5,350 2.65 3.06 329,000 { D.
5,710 2,630 3,450 1.7 1.84 198,000 | D.
6,400 2,760 3,420 1.69 1.95 210,000 | D.
6,750 2,900 4,530 2.24 2.50 270,000 | C.
5,060 3,190 4,150 2.05 2.36 255,000 | C.
3,920 2,900 3,290 1.63 1.82 196,000 | C.
2,900 1,740 2,260 1.12 1.29 139,000 | C.
1,740 1,400 1,510 .748 .86 92,800 | D.
1,480 1,400 1,460 723 .81 86,900 | D.
3,670 1, 480 1,840 | 911 1.05 113,000 | C.
6,510 1, 560 2,440 1.21 1.35 145,000 | C.
3,510 1,650 | 1,960 - .970 1.12 121,000 | C.

12,900 1, 400 } 2,970 1.47 ( 20.01 | 2,160,000

LITTLE BUTTE CREEK NEAR EAGLE POINT, OREG.

Little Butte Creek is formed near Lake Creek in Jackson County,
by the union of its North and South forks, the united waters flowing
westward and joining Rogue River about 3 miles east of Table Rock.

The gaging station was established July 13, 1907. It is located at
Tronson & Guthrie’s fruit ranch, 1 mile above Eagle Point, about 2
miles above the mouth of Antelope Creek, and above the head of a
ditch which diverts water for milling at Eagle Point.

A number of small ditches divert water from the stream above
the station, so that the flow here obtained does not represent the
natural run-off from the drainage area. The data are insufficient
for an estimate of extreme values.

This stream is already used to a large extent for irrigation and
additional developments are under way. It also furnishes municipal
water supply for the city of Medford.
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ROGUE RIVER DRAINAGE BASIN,

Discharge measurements of Little Butte Creek near Eagle Point, Oreg., in 1907 and 1908.
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40 SURFACE WATER SUPPLY, 1907-8.

Rating table for Little Butte Creek, near Eagle Point, Oreg., for 1907 and 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. | height.| charge. | height. charge. | height.| charge.
Feet, | Sec.ft. Feet. | Sec.ft. Feet. | Sec.ft Feet. | Secft.
0.80 33 2.10 351 3.40 350 5.40 2,200
.90 44 2.20 388 3.50 1,000 5.60 2,340
1.00 58 2.30 428 3.60 1,060 5.80 2,480
1.10 74 2.40 473 3.70 1,120 6.00 2,620
1.20 92 2.50 518 1| 3080 ‘ 1,180 6.20 2,770
1.30 113 2.60 564 || 3.90 1,240 6.40 2,920
1.40 136 2.70 610 4.00 | 1,300 6. 60 3,070
1.50 162 2.80 656 4.20 | 1,420 6.80 3,220
1.60 190 2.90 703 4.40 5 1,540 7.00 3,370
1.70 220 3.00 750 4.60 1, 665 8.00 4,170
1.80 251 || 3.10 800 || 4.80 | 170
1.90 283 3.20 850 5.00 ’ 1,925
2.00 316 3.30 900 4 5.20 | 2,060 1

NoTE.—The above table is not applicable for ice or ohstructed-channel conditions. It is based on 9
discharge measurements made during 1907-8, and is well defined between gage heights 0.9 foot and 2.2 feet.

Monthly discharge of Little Bulte Creek near Eagle Point, Oreq., for 1907 and 1908.

[Drainage area, 309 square miles.]

Discharge in second-feet. Run-off.
Month. b pegth in rotal ?;&‘}
. . er square | inches on "otal in vt
Maximum. | Minimum. | Mean. Tile. drainage | acre-feet.
area.
1007,
July 13-31................ 74 51 64.3 0. 208 0.15 2,420 | B.
August...ooooiiiiiii 129 44 74.4 .241 .28 4,570 | B.
September. 113 74 79.9 . 259 .29 4,750 | *B.
October.................. 124 92 104 . 337 .39 6,400 | B.
November................ 162 92 117 . 379 .42 6,960 { B.
December................ 3,890 113 619 2.00 2.31 38,100 | C.
Theperiod... ... . | oo e 63, 200
1908.
January.........o.o.oe..s 1,730 162 410 1.33 1.53 25,200 | B.
Februa: .. 596 113 201 . 650 .70 11,600 | B.
March . . 473 113 257 .832 .96 15,800 | B.
April...oooL 775 220 418 1.35 1.51 24,900 | B.
May. oooiiiiiiiiaa 900 190 424 1.37 1.58 26,100 | B.
June. .....o..o.l.l 267 4 149 482 .54 8,870 | B.
July...coooiiiiiiioL 61 38 50.2 .162 .19 3,090 | B.
August....... ... 33 33 33.0 .107 .12 2,030 | C.
September............... 74 33 51.4 .166 .19 3,060 | B.
October.................. 619 74 191 .618 .71 11,700 | B.
November................ 875 92 275 890 .99 16,400 | B.
December................ 473 102 308 .997 1.15 18,900 | B.
Theyear........... 1,730 33 231 . 746 10.17 168, 000

BEAR CREEK AT TALENT, OREG.

Bear Creek, formerly known as Stewart Creek, rises in the south-
eastern part of Jackson County, and flows northwestward to its junc-
tion with Rogue River near Tolo. Its entire drainage area comprises
380 square miles. .

The gaging station was established July 11, 1907, at a highway
bridge at Talent, 500 feet above the head of a power and irrigation

)



ROGUE RIVER DRAINAGE BASIN, 41

canal which diverts water from the left bank, about one-half mile
below the mouth of Wagner Creek and 1% miles above the mouth of
Anderson Creek.

The stream is used largely for irrigation and the data obtained at
this station are useful in that connection. Any increase of irriga-
tion development from this stream will require the construction of
storage reservoirs.

The conditions are not exceptionally favorable for good results.
The bed of the stream is somewhat changeable and a new rating curve
will have to be developed after each flood.

Discharge measurements of Bear Creek at Talent, Oreg., in 1907 and 1908.

|
N . ' Areaof | Gage  Dis-

Date. Hydrographer. WIAth. *section. |height. | charge.

1907. Feet. Sq. ft. Feet. | Sec.-ft.
July1le_. ... J.C.Stevens.............o.... e teeeeiaaaaas 39 29 2.27 18
August 300..... C. E. Ellsworth .. 24 12 2.26 9
September 10b. /.. _.. do.. ... . 30 16 2.48 11
November 20..]..... QO i 32 17 2.9 24

1908.
February 11.... 7 3.78 137
May12........ 55 74 3.55 (. 115
September 10a. 14 5.1 2.85 2.3
November 15.. . 48 51 3.10 19
December 29. .. 47 56 3.20 43

a Measured by wading.
b Measurements made by wading below headgate of canal. The estimated flow in the canal of 10 second-
feet has heen added in constructing the curve.

Daily gage hetght, in feet, of Bear Creek at Talent, Oreg., for 1907 and 1908.

[George Jeffery, observer.]

Day. July. | Aug. | Sept.| Oct. | Nov. Dec. | Day. July‘! Aug.!Sept.‘ Oct. ‘ Nov.| Dec.

) A — R

1 2.34 300|260 )270| 290 2.60 | 2.50 |...... 2.50 ‘ 2.80 | 2.80
2. 2,20 290|270 | 2.95| 2.90 12.60 | 2.50 {...... 2.50 | 290 | 2.80
3. 1210285126028 | 290 1 2.55 ] 2.50 |...... 245290 2.80
4. 122027025028 2.9 . 2.55 12,50 |...... 2.45]2.90 | 2.90
5. 12.20 270 [ 2.50 [ 2.80 | 2.95 250 2,30 |...... 2.40 |1 3.00 | 2.90
6 12201270 (2.45 280 | 290 2.50 | 2.40 |. 12.45(3.10] 2.9
7 1220(2.70{2.45(3.00( 2.95 2.40 | 2.30 |- 12451300 3.8
8 1260270 (240 |28 | 2.9 2.30 | 2.30 |. 12.4513.00| 400
9 2.70 |...... 2.40 | 2.90 | 2.90 2.30 | 2.90 |. .12.6013.00] 3.60
10.. 2,70 12.48 | 2.40 | 2.80 | 2.95 2.30 | 2.80 2.60 | 3.00 | 3.50
2.27 1 2.60 |...... 2.40 | 2.70 | 3.05 2.30 [ 2.70 |...... 2.60 | 3.00 | 580

2.27 1 2.55 |...... 2.5512.70 | 3.10 230260 |...... 2.60 [ 3.00 | 440

2.40 | 2.85 |...... 2.4512.70 | 3.55 240250 |...... 2.85(3.00| 3.90

2.40 | 2.50 |...... 2.60 | 2.80 | 3.10 |25 ]2385...... 2.80(3.00| 3.70

2.45 | 2.50 J...... 2.60 | 290 2.95 250 2.26]...... 2.80 | 3.00 | 3.60

2.40 | 2.25 |...... 2.80 |...... 3.80




Tt is based on 5 discharge

It is based on 5 discharge

SURFACE WATER SUPPLY, 1907-8.

d. Three 1907 measurements, used in construct-

1907-8 and is not well define:

Day

Duaily gage height, in feet, of Bear Creek at Talent, Oreg., for 1907 and 1908—Continued.
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b The above table is not applicable for ice or obstructed-channel conditions.

a The above table is not applicable for ice or obstructed-channel conditions.
ing the table, were made below the headgate of a canal, and an estimated flow of 10 second-feet for the

canal has been added.
measurements made during 1908 and is fairly well defined below gage height 3.8 feet.

measurements made during



ROGUE RIVER DRAINAGE BASIN. 43

Monthly discharge of Bear Creek at Talent, Oreg., for 1907 and 1908.

[Drainage area, 226 square miles.]

Discharge in second-feet. Run-off.
Month. Depth in vy
Maximum. | Minimum. | Mean, Permsitgl' are jgfmgigg ;ggﬁlegtl
area.

2 17 20.9 092 .07 8711 C
41 14 22.4 099 .1 1,380 | C
47 22 32.4 143 05 643 | C
38 20 24.9 110 13 1,530 | C
54 30 40.8 181 .20 2,430 | C
650 35 91.4 404 47 5,620 | C

| |

500 90 | 180 796 .92 | 11,100 | C.
157 U2 120 531 .57 | 6,900 | C.
258 12| 131 580 67| 8,060 | C.
218 90| 126 558 .62 7,500 | C.
218 81| 108 478 .55 1 6,640 | C.
90 38 64.8 287 .32, 3,860 | C.
38 6 23.9 106 12 1,470 | C.

6 2 4.97 022 .03 306 | D.
10 2 5.80 026 .03 345 | D.
134 10 28.3 125 14 1,740 | C.
90 22 40.2 178 .20 2,390 | C.
38 24 319 141 .16 1,960 | C.
500 2 72.1 319 4.33 ~ 52,300

APPLEGATE CREEK AT MURPHY, OREG.

Applegate Creek rises in the Siskiyou Mountains in the northwestern
part of Siskiyou County, Cal., flows northeastward into Jackson
County, Oreg., for about 20 miles, then turns to the northwest and
unites with Rogue River about 8 miles west of Grants Pass in Jose-
phine County. Its drainage area measures 606 square miles.

This station was established July 22, 1907. It is located at Murphy,
8 miles above the mouth of the creek and 7 miles from Grants Pass.

The data obtained at this station are needed in connection with the
use of the stream for irrigation, mining, and the development of water
power. Small ditches are numerous in the vicinity of the station,
but most of them serve only a single farm. 1t has been observed that
since early irrigation has been practiced the summer flow of the
stream at this point is more uniformly maintained than before.

The conditions at the station are not favorable for very good
results. The height of the water is affected in an irregular manner by
a dam a short distance below, and as this dam is a temporary affair,
made of brush, it is washed away, either wholly or in part, with every
rise In the creek, even during irrigating seasons. For this reason it
was necessary during 1907 and 1908 to develop four rating curves, and
to interpolate a part of the records.
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SURFACE WATER SUPPLY, 1907-8.

Discharge measurements of Applegate Creek at Murphy, Oreg., in 1907 and 1908.

Gage Dis-

Date. Hydrographer. Width. height. | charge.
1907. Feet. Feet. | Sec.-ft.

July 22......... H.D.McGlashan........o....oooiiiiiiiiiiia.. 155 4.17 163
August 29 a.._.| C. E. Ellsworth 78 4.23 75
Septemberila.|..... doo.o.ooiiiile 78 4,28 78
October29a....|..... L6 T 80 4,25 114
157 5.45 1,320

157 5.10 910

v 156 4.94 680
September 13 a. Kimble............. 22 4.50 46
November 11...{ H. D. MeGlashan ...... 155 4.41 148
December 30...] H. Kimble. .. ... ... . o i 156 4.90 497

a Measured by wading.

Daily gage height, in feet, of Applegate Creek at Murphy, Oreg., for 1907 and 1908.

[J. W. Gilmore, observer.]

Day. July.| Aug. |Sept.| Oct.| Nov.| Deec. July.| Aug Oct. | Nov.| Dec.
4.35 1 4.35 4.10 { 4.22 | 4.80

4.35 | 4.40 4.10[4.22 ] 4.8

4.35 1 4.38 4.10 { 4.25 | 4.80

4.35 | 4.35 4.10 [ 4.28 | 4.82

4.35 1 4.35 4.10 | 4.32 | 4.82

4,32 14.30 4.10 | 4.40 | 4.78

4.32 1 4.30 4.10 | 4.40 | 5.88

4.30 | 4.28 4.12 | 4.40 { 6.00

4.27 1 4.28 4.151 4.40 | 5.95
4.2514.25 4.15| 4.40 | 5.90

4.20 | 4.22 4.15(4.40 | 9.52

4.10 | 4.20 4.17 1 4.451 6.60

4.10 | 4.20 4,20 | 4.42 ] 6.00

4.10 ) 4.20 4.25 1 4.40 ) 5.80

4.10 | 4.20 4.25}14.38) 5.8

430 )...... 5.85

Day. Jan, | Feb. | Mar. | Apr. | May. Aug. Oct. | Nov. { Dec.
4.95| 5.10 | 495 5. 4.90 | 4.65| 4.58 415 4.75| 4.75
490 | 509 492 522 | 4.8 460 | 4.60 4147 4.50| 4.70
4.88 | 510 490 | 5. 4.86| 4.57 | 4.59 413 450 470
4.8 | 505 490| 500 | 4.82 |, 4.57 | 4.57 4.14 | 4.50 | 4.68
4.8 1 5,00 490 | 502 4.8 | 4.60| 456 4.16 | 4.50 | 4.65
6.001 498 | 490 5.05| 4.90 | 4.57 | 4.55 4.17 | 4.50 | 4.63
5.60] 4.95| 487 5. 4.95 ) 4.56 | 4.52 419 | 4.50| 4.62
5.48 | 4.95| 4.87 | 505| 512 4.50| 4.50 4.20 | 4.47) 4.60
5.58 | 498 | 490 | 500 520 | 4.47( 4.50 4231 4.44) 4.60
542 5.10 | 4.94| 495 520 | 4.46| 4.50 4.25 | 443 4.58
5,40 510 4.95| 5.00( 520 445 450 4.27 | 4.42| 4.57
5,351 5.151 5.30 | 4.95] 5.20| 4.43| 4.50 4.30 | 4.411 4.57
5.25 | 5.22] 5.33| 4921 520 440 4.50 4.30 | 4.40| 4.60
5.20 | 5.30) 530, 491) 520 440} 450 5.75) 4.40) 4.51
5.18| 5.45 | 5.42| 490 517 4.40 | 4.50 540 | 4.40( 4.54
5.18 | 5.65 | 5.47 | 4.87 | 505 | 4.37| 4.50 4.93 | 4.40| 4.52
512 5.801| 5.30| 490! 5.02| 435 4350 4.75 | 4.40| 4.50
510 ¢ 5.58 | 5.50| 520 4.98| 4.32| 450 4601 4.40| 4.50
5091 5.42| 560 5.05| 493| 430 450 460 | 455 4.50
5.06| 530 | 550! 500 490 4.75| 4.50 4.56 | 5.60| 4.50
5.00| 5.18| 5.40| 4.95| 4.97 | 4.75 | 4.47 450 552} 4.55
4.98 5.20| 5.35| 500 4.90| 4.73 | 4.45 4.50| 6.00| 4.60
4.95| 5.20 | 5.32| 5.00| 48| 471 | 443 4.50 | 550 4.75
492 520 | 530 500 480 | 470 | 4.42 4.50 | 5.50| 4.90
490 | 5.20| 527 | 5.00{ 4.80] 4.69 | 4.43 4.50 | 5.40] 4.78
490 ) 5191 520 4.97 ) 4.78| 4.68 | 4.45 4,50 | 5.30| 4.75
4.92{ 5.18| 520 4.95| 476 4.67 4.47 4.50 | 5.20]| 4.70
498 5.18| 5.13) 4.92) 474 4.66| 4.48 450 4.90] 470
498 5.00| 513 | 500 471 | 4.64| 4.50 4.50 ) 4.95]| 4.95
5121 4.95)| 4.68| 4.62| 4.50 4.60| 4.80} 4.88
....... 4.90 4.60 | 4.48 4.90).......1 4.80
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Daily discharge, in second-feet, of Applegate Creek at Murphy, Oreg., for 1907 and 1908.

- ‘ n
Day. July. | Aug. | Sept. | Oct. ‘Nov Dec. Day. July. | Aug. Sept“ Oct. | Nov. | Dec.
142 | 118 | 118 | 158 142 91 70 | 185 585
170 | 142 | 118 | 186 118 95 701 185 585
142 | 142 | 118 | 175 951 100 70 | 200 585
142 | 142 | 118 | 158 951 109 70 | 215 604
142 | 142 | 118 | 160 771{ 109 70 [ 237 604
142 | 142 | 104 | 162 77 | 18 70 | 285 568
197 | 142 | 104 | 164 59 | 114 70 1 285 | 2,070
260 | 118 95 | 167 59 | 109 76 1 2851 2,300
544 | 118 84 | 169 59| 104 85| 285 | 2,200
497 77 77| 1M1 59 | 100 851 285 2,110
332 88 59 | 173 59 95 85 | 285 |11,600
228 88 70| 175 95 84 91 | 318 | 3,550
197 88 70} 175 95 77| 100 | 298 | 2,300
170 84 70 | 175 95 841 115 | 285 | 1,920
142 84 70 | 175 95 95 | 115 | 273 | 2,020
95 |...... 130 |...... 2,020

Day. Jan, | Feb. | Mar. | Apr. | May. June. ‘ July. | Aug. | Sept. | Oct. | Nov. | Dec.
880 730 990 680 460 80 38 46 372 372

870 700 | 1,010 661 420 88 33 44 197 332

880 680 902 642 399 84 41 42 197 332

830 680 780 604 399 75 46 44 197 318

780 680 800 632 420 71 46 49 197 296

760 680 830 680 399 67 46 52 197 282

730 652 880 730 392 54 46 56 197 274

730 652 830 902 350 46 46 59 180 260

760 680 780 990 330 46 46 70 164 260

880 720 730 990 324 46 46 71 158 247

880 730 780 990 318 46 46 84 153 241

935 | 1,110 730 930 305 46 46 95 148 241

1,010 | 1,150 700 990 285 46 46 95 142 260

1,110 | 1,110 690 990 285 46 46 | 1,540 142 203

1,320 | 1,280 680 957 285 46 46 | 1,030 142 222

1,660 | 1,360 652 830 267 46 46 525 142 210

1,920 | 1,110 680 800 255 46 46 372 142 197

1,540 | 1,400 | 990 | 760 | 237 46 46 | 260 { 142 197

1,280 | 1,570 830 710 225 46 46 260 228 197

1,110 | 1,400 780 680 190 46 67 235 | 1,300 197

968 | 1,250 730 750 190 38 88 197 | 1,190 228

990 | 1,180 780 680 174 33 88 197 | 2,000 260

990 | 1,140 780 632 158 28 88 197 | 1,160 372

990 | 1,110 780 585 150 25 100 197 | 1,160 497

990 | 1,070 780 585 144 28 113 197 | 1,030 396

979 990 750 568 138 33 119 197 910 372

968 990 730 551 131 38 119 197 800 332

968 913 700 534 125 41 119 197 497 332

780 913 780 508 1 113 46 59 197 54 544

730 902 730 484 7 100 46 46 260 412 480

700 |....... 680 |....... 88 41 ... 497 ... 412

Note.—These discharges were obtained from tables covering the periods of time between the putting
in and going out of the temporary dams.
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Monthly discharge of Applegate Creek at Murphy, Oreq., for 1907 and 1908.

[Drainage area, 620 square miles.]

Discharge in second-feet. Run-off.
Month. b Depthin | ﬁ;g;}‘
. S er square | inches on 'otal in :
Maximum. | Minimum. | Mean. mﬁe; drainage | acre-feet.
area.
1907.

July 22-31...........oooen 197 135 157 0.253 0.09 3,110 1 C.
August. ... . ... 544 59 156 . 252 .29 9,590 | B.
September. . _...._....... 142 77 107 .173 .19 6,370 | B.
October.................. 130 59 89.2 . 144 .17 5,480 | C.
November................ 318 158 215 . 347 .39 12,800 | B.
December................ 11, 600 237 1,440 2.32 2.68 88,500 | B.

The period. ... ... .0 ... ............. N T 126, 000

1908.

January.............. ... 2,690 760 | 1,300 2.10 2.42 79,900 | B.
February. ... ... ... ... 2,300 632 961 1.55 1.67 55,300 | A.
March.................... 1,920 700 997 1.61 1.86 61,300 | A.
1,570 652 984 1.59 1.77 58,600 | A.
1,010 652 783 1.26 1.45 48,100 | A.
990 484 670 1.08 1.20 39,900 | A.
460 88 260 .419 .48 16,000 | C.
88 25 48.8 .079 .09 3,000 | B.
September. . ... ... . ... 119 33 61.8 .100 .11 3,680 | A.
October. ................. 1,540 42 244 . 394 .45 15,000 | B.
November................ 2,000 142 481 .776 .87 28,600 | A.
December................ 544 197 302 . 487 . 56 18,600 | A.

The year. .......... 2,690 25 591 .954 12.93 428,000

MISCELLANEQOUS MEASUREMENTS IN ROGUE RIVER DRAINAGE BASIN,

The following miiscellaneous discharge measurements were made
in Rogue River drainage basin during 1907 and 1908:

Miscellaneous measurements in Rogue River drainage basin in Oregon, 1907 and 1908.

Date. Stream.

Nov. 14, 1908.! Power canal of Rogue
River Electric Co.

Sept. 19,1908 .| Mill Creek . ...........
July 16,1907. . Big Butte Creek ......
Sept. 14,1907.|..... do......l
Oct. 30,1907. {..... do......ool
Sept. 12,1908.|....,do. ... ... .. ..
Nov. 16,1908. An%elope ..............
July 10,1907..| Bear Creek............

Do Neil Creek . .......

Sept. 10,1907.
Feb. 12,1908.
May 11, 1908. .
Sept. 10,1908.
July 11,1907..

Sept. 10,1907.
Nov. 2,1907..
May 12,1908..

Sept. 10,1908.

Emigrant Creek.
Ashland Creek. .

¥ Tributary to— Locality. hgig et. ch]?x:rsée.
Feet Sec.-feet.
........................ Gold Ray, mnear |.......... 901
Tolo.
North Fork of Rogue | Prospect 63
River.
Rogue River.......... Butte Falls X 222
..... do....... Near Derby N 182
..... do....... c....do.. . 218
..... do..eeoioiifaidon il (a) 257
Little Butte Creek....| At mouth,near (a c) 1.5
| Eagle Point.
Rogue River.......... Ashland. .. 16
.| Bear Creek...........|.....do..........._. 2
______ do... Ashland, at mouth (<) 3
______ do.. .| Ashland, abovedi- |..... ... 16
versions.
..... do. 9.3
____ do. 12
.do.. 26
..... do... ...l 1.8
Talent, above diver- 4,2
sions.
2.4
3.8
7.1
sions.
..... 4 [ TS SRS ¢ {« DA, (a) .5

e Low water,

b Below to%:ﬁ downstream projecting floor beam of highway bridge 2 miles below forks, and 5 miles
S.

below Butte
¢ Estimated.

d Below bent 10-penny nail in alder, right bank, just above bridge at Eagle Mills,
¢ Below lower side of floor plank at center of bridge, downstream side.
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UMPQUA RIVER DRAINAGE BASIN.
DESCRIPTION.

Umpqua River is formed by the junction of its North and South
forks near the city of Roseburg in Douglas County, Oreg. The
North Fork rises in Diamond Lake on the summit of the Cascade
Mountains at an elevation of 5,300 feet and pursues a westward
course. The South Fork is also formed by two forks—the northern
rising in old Bailey Mountain about 4 miles south of Diamond Lake,
and the southern on the northern slope of Abbot Butte, and the
united waters flow westward and northward. From the junction of
" its principal forks, the Umpqua takes a tortuous but in general
northerly course to Elkton, beyond which its course is more nearly
westward until it debouches into the Pacific at Winchester Bay in
the northwestern part of Douglas County. TIts total drainage area
comprises about 4,000 square miles. At Scottsburg, just above
tide water, the area measures 3,070 square miles. The North Ump-
qua drains 1,080 and the South Umpqua 1,990 square miles. The
important tributaries of the Umpqua are Smiths River, which drains
the low mountainous area near the coast; Elk Creek, draining the
divide between the Umpqua and Willamette basins; Cow Creek,
which drains the divide between Rogue River and the Umpqua
drainage; and the North and South forks.

The country is rough and mountainous, and the streams flow in
comparative narrow valleys bordered by narrow stretches of agri-
cultural land. The general elevation of the headwaters is 6,000 feet,
with a few snow-capped peaks 8,000 to 10,000 feet high. As the
elevation at Roseburg is 485 feet above sea level, it is apparent that
the North Fork falls nearly 3,800 feet in the 75 miles from Diamond
Lake to Roseburg by the river channel. The lower portion of the
Umpqua has comparatively little fall, as is evidenced by the very
winding character of the stream.

The region is one of the most densely forested in the United States,
and probably 80 per cent of the drainage area can be classed as
heavily forested. About one-fourth of the forest area is included
in the national forests; the rest is owned by corporations and indi-
viduals.

The mean annual rainfall at Roseburg is 30 inches; at Drain, near
. the divide between the Willamette and Umpqua drainage, it is 48
inches. The mouth of the stream probably receives as much as 60
inches of this per annum, while at the headwaters the precipitation
is 100 inches or more. Except on the headwaters all of this falls as
rain during the nine months of the year from September to May.

Little or no irrigation has been practiced in the Umpqua Valley,
although a few small ditches may be found on the smaller creeks of
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the North and South forks. The agricultural products consist of
grain and fruits. For the production of apples, prunes, and similar
fruits, the climate and soil are especially well adapted. Although
the possibilities for waterpower development in this area are almost
phenomenal, there are no plants of importance.

There is a remarkable difference between the run-off of the North
and South forks of the Umpqua which would have been very diffi-
cult to detect except through actual records of stream flow. The
annual run-off of the North Fork is 4 second-feet per square mile
while that of the South Fork is 1.6 second-feet per squaremile. Since
records have been kept, highest run-off values were shown in 1907.
It is probable that 1905 was a year of low run-off, although the
records do not cover that period.

The following gaging stations have been maintained in this drainage
basin: ‘

Umpqua River near Elkton (1906 to 1908).
North Fork of Umpqua River near Oak Creek and Winchester (1905 to 1908).

South Fork of Umpqua River near Brockway (1905 to 1908).
Mill Creek near Ash (1907 to 1908).

SOUTH FORK OF UMPQUA RIVER NEAR BROCKWAY, OREG.

This station was established December 6, 1905. It is located just
below Winston’s bridge, 6 miles south of Roseburg, 3 miles below the
mouth of Lookingglass Creek, 10 miles below the mouth of Myrtle
Creek, and 7 miles above the junction of the North and South forks
of the Umpqua. Measurements were originally made from a cable,
but this was destroyed by flood January 4, 1907, and since that date
measurements have been made from the highway bridge. The datum
of the gage has not been changed since it was established.

The conditions at this station are favorable for good results, and
a permanent rating curve has been established. The ice conditions
during the winter months do not cause interference, and the records
are believed to be reliable.

The data obtained are of particular interest in studying the run-oft
conditions from forested areas under a high rainfall.

Discharge measurements of South Fork of Umpgqua River near Brockway, Oreg., in 1907

and 1908.
. Areaof | Gage Dis-

Date. Hydrographer, ‘Width, section. |height. | charge.

1907. Feet. Sq.ft. Feet. | Sec.-ft.
March7........ 1 E.Oakes........ 290 1,200 | 3.50 | 2,710
September 30a.| E. F, Kriegsman. .. 220 267 .25 215
December 14...| C. E. Ellsworth.... 360 2,530 7.55 | 11,300

1908.
November 8....! H. D.McGlashan..........................cciaaoe. 244 405 .76 343

a Measured by wading.
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Rating table for South Fork of Umpgua River near Brockway, Oreg., for 1905 and 1908.

Gage Dis- Gage Dis- f Gage Dis- Gage Dis-
height. | charge. | height.| charge. ‘ height. | charge. ||height.| charge.
Feet. | Sec.-ft. Feet, Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft
0.00 160 1.60 715 3.40 2,110 9.00 15, 600
0.10 182 1.70 765 3.60 2,340 || 10.00 18,760
0.20 206 1.80 820 || 3.80 2,610 11.00 21,980
0.30 232 1.90 880 4.00 2,900 12. 00 25,280
0.40 260 2.00 940 ‘ 4.20 3,210 || 13.00 28, 600
0.50 290 2.10 1,005 4.40 3,540 || 14.00 32,000
0.60 321 2.20 1,070 4. 60 3,890 15. 00 35,400
0.70 354 2.30 1,140 I 4.80 4,260 16. 00 38,900
0.80 389 2. 40 1,210 f 5.00 4,650 17.00 42, 400
0.90 426 2.50 1,280 ) 5.20 5.060 ' 18.00 46, 000
1.00 465 2.60 1, 360 5.40 5,500 19.00 49, 800
1.10 504 2.70 1,440 5.60 5,960 19.30 50,940
1.20 544 2.80 1,520 5.80 8,440 24.00 68, 800

1.30 585 2.90 | 1,610 6.00 6,940

1.40 627 3.00 1,700 7.00 9,610

1.50 670 3.20 1,900 8.00 12,530 ‘;
i

No1E.—The ahove table is not applicable for obstructed-channel conditions. It is based upen 13 dis-
charge measurements made during 1905 and 1908 and is well defined between gage heights 0.2 foot and

9.0 feet.

Monthly discharge of South Fork of Umpqua River near Brockway, Oreg., for 1907 and
1908.

[Drainage area, 1,800 square miles.]

Discharge in second-feet. Run-off.
Month. P pegth in Totali
3 i er square | 1nches on otal In
Maximum. Minimum, | Mean. mi(lle. drainage | acreeet.
' area.
|
January 68, 800 1,700 7,620 4.23 4.88 469,000
February. . . 50, 900 1,950 | 11,200 6.22 6.48 622, 000
March..... 28, 600 1,520 | , 790 3.77 4.35 418, 000
April.... . 42, 800 1,480 6,640 3.69 4.12 395, 000
ay... . 1, 400 792 1,120 .622 .72 68, 900
June..... ...l 820 408 639 . 355 .40 38,000
July. oo 408 219 300 .167 .19 18, 400
August.. ... ... ... 354 206 238 132 .15 14,600
September. 219 182 196 . 109 L12 11,700
Octobher. .. .- 465 182 238 .132 .15 14,600
November. P 1, 800 232 699 . 388 .43 41,600
December. . .............. 51,700 820 9,820 5.46 6.30 604, 000
The year........... 68,800 182 3,790 2.11 28.29 | 2,700,000
1908. |
January.................. 13,000 1,850 | 6,500 3.61 4.16 400, 000
February.. 12, 800 1, 520 4,370 2.43 2.62 251,000
March. ... ... ...l 8,240 2,000 3,490 194 2.24 215, 000
April... .. 2,900 1,440 2,030 113 1.2% 121,000
May. _ 2,750 1,149 1,520 . 844 .97 93, 500
June. _ 1,800 692 | 978 1543 -61 58, 200
July..... 670 232 403 .224 .26 24, 800
August. ... 232 182 198 .110 W13 12,200
September................ 182 160 166 . 092 .10 9, 880
October......_........... 2,980 160 619 . 344 .40 38, 100
November. e 4,650 290 1,220 678 .76 72,600
December................ 5,620 585 1,740 . 967 1.1 107, 000
The year........... 13,000 160 1,940 1.08 14.62 | 1,400,000

Accu-
racy.

PrEEpEE R

Py EEEE e

TUMPQUA RIVER NEAR ELKTON, OREG.

This station was established October 18, 1905, by J. G. Kelley, of
Portland, through whose courtesy the gage heights are made avail-

able.

It is located at Smiths Ferry at the falls in the river 4 miles
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above Elkton. No tributaries of importance are received by the
river in the vicinity of the station, the nearest being Elk Creek, 3

miles downstream.
The data obtained here are valuable chiefly in connection with

water-power development, but they are also of considerable scien-
tific interest, in that they determine run-off factors for large areas
heavily forested and under a high rainfall.

The conditions at the station are favorable for good results. The
channel is fairly permanent. The banks are high and do not over-
flow, although the river is subject to enormous floods. The datum
of the gage has not been changed since it was established, but the
gage heights have not been observed with any degree of refinement.

Discharge measurements of Umpqua River near Elkton, Oreg., in 1906 and 1907.

. : Areaof | Gage | Dis-
Date. \ Hydrographer. , ‘Width. section, |height. | charge.
1906. l Feet. Sq.ft. ‘ Feet. | Sec~ft.
Auvgust11...... L.R.AeN. ..o 365 1, 560 ’ 0.07 1,340
I
1907. i
May3l......... J. €. SEOVeNS . L. 380 2,400 2.09 3,920
September28...| E. F. Kriegsman. 363 1,510 | —.04 1,270
December 16. . ‘ C.E.Ellsworth...... . ... ... ... 407 3,800 5.40 | 12,600

Daily gage height, in feet, of Umpqua River near Elkton, Oreg., for 1907 and 1908.

[D. C. Higginbothom, observer.]

i
Day. ‘Jan. Feb. | Mar. ‘ Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

2,00 3.88

1.32 3.54

1. 3.21

1.71 3.83

1.67 2.42

1.67 2.88

1.67 3.12

1.67 3.29

1.67 ,

1.67

1.75

1.88

2.25

2.62

2.46
541 2.29 .29 5.75
.50 . 2.17 .50 | 4.96
.58 | 2,08 .33 417
.62 | 1.96 421 491
.71J 1.79 75| 4.75
g%,} %.63 2.00| 533
. .5 3.05| 6.33
2.62 | 1.54 3.21 | 10.67
2.58 | 1.46 6.46 | 15.00
2.50 | 1.38 5.50 | 14.50
2.42 | 133 5.08 | 24.00
2.33| 1.25 4.79 | 21.50
2.33| 1.25 4.62 | 15.00
2.25 | 1.17 4.46 | 10.00
. 1.17 4.17 g.fg
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Daily gage height, in feet, of Umpqua River near Elkton, Oreg., for 1907 and 1908—Con.

|
Day. Jan. | Feb. | Mar. | Apr. K May. June.\‘ July. | Aug. | Sept.| Oct. , Nov.

§
3.12 | 433 417] 3.21| 2.54| 1.96| 0.17 |.......|....... 1.08
3.00 | 6.25| 4581 3210 2.75| L79| .17 ' ... |.i.... .92
2.71 | 542 479 | 3.46( 292 L71| .17 ... ...l .71
3.05| 508| 4.58| 3.62| 2.62| 1.54| .08 ... | ... .67
3.42 | 4.58 ) 4.12| 3.29| 2.46| 1.38| .08 |.......| ...... .62
3.67 | 4.08) 4.00| 3.12| 2.38| 1.25) .08 | ......| ...... .38
8.88| 3.67| 3.71| 3.00] 2.21| 1.25| .12 | .....]....... .33
9.50 | 3.38) 3.54] 3.05| 2.12| 117! .25 ......|....... .33
8.42| 312 3.38| 8.21| 2.21( 1.08| .17 |......(....... .29
7.33| 3.58| 3.21| 3.33| 2.38| 1.00| .08 | ......[ ... .25
7.05| 4.08| 3.33| 312! 2581 1 17
6.71 | 512| 3.54| 3.05| 2.79, 1. .17
6.54| 583 3.71, 2.8 2.9 17
6.20| 6.58| 3.83) 2.75( 2.83 .25
6.08| 7.12| 3.92| 2.96| 2.46 .38
5.54 | 7.71 405 | 3.17| 2.29 .88 | .54
538 | 8.67| 421 3.38| 2.21 1.42| .83
5.21| 8.58| 412| 3.75| 2.12 500 2.50
5.33| 7.83| 3.71| 4.21| 2.05 6.38 | 4.50
5.46 | 7.42( 3.54| 4.38| 2.42 6.17 | 6.00
5211 7.05| 3.38! 4.54| 2.83 4.50 | 5.62
505 6.00| 3.17! 475] 412 2.00 | 6.08
458 | 4.50 | 3.38 4.96| 3.62 2.00 | 6.92
420 | 3.88] 3.50| 442 2.92 1.88 | 6.38
4.05| 3.92| 3.83] 3.25| 2.62 1.62| 6.12
3.62| 4.50| 412 3.71| 2.46 1.50 | 5.58
3.46 | 4.79 | 3.83| 3.54| 2.38 1.38 | 5.38
3.33) 5.25| 3.46| 3.25| 2.29 129 5.25
3.210 521 333! 3.05( 2.12 1.58 | 5.21
....... 4.42| 3.29 | 2.88| 2.00 2.00 | 5.05

....... 3.88 ..ot 270 |eeenn.. 1.29

Dec.

(=3
(=3
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Nore.—The missing gage heights in period May 12, 1907, to December 31, 1908, were recorded by
observer as 0.0, but they were probably below the zeco of the gage most of this time.

Rating table for Umpqua River near Elkton, Oreg., for 1905 to 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. [ height.| charge. | height. | charge. | height.| charge.
Feet, | Secft. Feet, | SecHt. Feet. | SecHt. Feet. | Sec.ft.
0.00 1,290 1.50 2,940 3.00 6, 000 6. 00 14, 400
0.10 1,370 1.60 3,100 3.20 6,500 7.00 | 17,600
0.20 1, 460 1.70 3,270 3.40 7,000 8.00 21, 000
0.30 1,550 1.80 3,440 3.60 7,500 9.00 | 24,600
0. 40 1,640 1.90 3,620 3.80 8,000 | 10.00 2
0. 50 1,730 2.00 3,800 4.00 8, 500 11.00 32,200
0.60 1,820 2.10 4,000 4.20 9,040 12.00 36,000
0.70 1,920 2.20 4,200 4.40 9, 600 13.00 39,900
0.80 2,020 2.30 4,400 4.60 | 10,160 || 14.00 | 43,800
0.90 2,130 2.40 4,600 4.80 10,720 15.00 47,800
1.00 2,250 2.50 4,820 5.00 11,300 16. 00 51,800
1.10 2,370 || 2.60 5,040 || 520 | 11,920 |l 17.00 | 55,900
1.20 2, 500 2.70 5,270 540 | 12,540 | 18.00 , 000
1.30 2,640 2.80 5,500 560 | 13,160 | 19.00 | 64,100
1.40 2,790 2.90 5,750 5.80 13,780

Note.—The above table is not applicable for ice or obstructed-channel conditions.
charge measurements made during 1906-7, and is well defined between gage heights 0.0 and 5.4 feet.

Tt is based on 4 dis-
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Monthly discharge of Umpgua River near Elkton, Oreg., for 1905 and 1908.

Discharge in second-feet.
Run-off in } Accu-
Month. acre-feet. | racy.
Maximum.| Minimum. | Mean.
L ! PR P —
|
1905. .
October 18-31 ... .. .o 1,970 1,350 1,630 45,300 | C.
Novembera 3,580 1,150 1,580 94,000 | C.
December. . .. .. it 22,000 2,310 5,800 357,000 | B.
|
. !
JUE: D410 E: 1 61, 400 6,950 17,400 ; 1,070,000 [ B.
February 49,300 4,820 | 16,000 889,000 | B.
March. . 19, 300 6,000 | 10,200 627,000 | B.
April. 18,700 5,200 8,310 494,000 | B.
ay. 40,700 4,730 9,080 558,000 | B.
June... ... 15,300 3,730 8,420 501,000 | B.
July..... 3,360 1,500 2,040 125,000 | C.
Augustd. ...l 1, 500 1,290 1,360 , C.
September b 2,460 1,290 1,470 87,500 | C.
Octoberd................ 2,510 1,290 1,460 89,800 | D.
November............... 18,200 1,290 6,270 373,000 | C
December........ . 21,800 | 2,250 10, 400 640,000 | B
|
The year . 61,400 1,290 7,700 | 5,540,000
May 12-31 6,120 3,900 4,970 197,000 | B
une. .. 2,460 3,400 202,000 | C.
Julye... 2,510 1,290 1,690 104, 000 .
Auguste.............. 1,660 1,290 1,870 84,200
September ¢ 1,690 1,290 1,390 82,700 | C.
Octoberc............. 1,690 1,290 1,350 83,000 ; C.
Novembere 15,900 1,290 4,190 249,000 | B.
December. . ... i 84,600 4,640 21,500 | 1,320,000 | C.
January 33, 500 6,520 16,600 | 1,020,000 | B.
February............ 26, 500 5,290 | 12,200 702,000 | B.
March............... 23, 400 6,300 12,600 775,000 | B.
April ... ..ol 10,700 6, 420 7,970 474,000 | B.
May... 11,200 5,290 7,170 441,000 | B.
June. .. 8,820 3,800 4,990 297,000 | B.
July............... 3,730 1,430 2,100 129,000 { D.
August 1-10d ... 1,500 1,350 1,400 27,800 | D.
October 13-31d _ _. 15,600 1,390 4,880 184,000 | C.
November......... . 17,300 1,430 6,500 387,000 | B.
December. . ... i 24,000 2,250 8,250 507,000 | B.

a Gage height recorded as 0.0 November 2 to 19; it was probably lower than this November 5 to 18; dis-
charge for 9 to 18 estimated at 1,150 second-feet.

b Gage readings of 0.0 accepted, although the river probably went a little lower in early part of September.

¢ Gage heights of 0.0 have been accepted, although the river probably went somewhat lower in October.

d Discharges for August 11 to October 12 have not been computed, as the river was probably below the
zero of the gage most of the time.

NoTE.—Owing to poor gage readings, the monthly discharges are liable to very large errors at low stages.

NORTH FORK OF UMPQUA RIVER NEAR OAKCREEK AND WINCHESTER,
OREG.

This station was established September 6, 1905, at Dixon’s farm-
house, 3 miles west of Qakcreek, 10 miles below the mouth of
East Fork of North Fork, and 9 miles northeast of Roseburg. The
observer moved away October 10, 1908, and on November 10 the
station was moved to Winchester, at the Southern Pacific Rail-
road bridge, about 6 miles north of Roseburg and 6 miles above the
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mouth of the stream. As no important tributaries enter between
the old and new positions, the records are comparable.

The stream is subject to sudden floods, caused usually by “ chinook”’
winds in the spring or fall, by which the snows on the headwaters
of the stream are rapidly melted.

The records obtained at this point furnish data of considerable
value in connection with water-power development and irrigation,
for which the waters of the river will probably be used to some
extent. The data have also much scientific value, as the studies of
this stream and of South Fork afford some very interesting infor-
mation concerning the run-off from forested areas.

The following measurement was made November 10, 1908: Width,
216 feet; area, 861 square feet; gage height, 1.86 feet; discharge,
1,270 second-feet.

Daily gage height, in feet, of North Fork of Umpgua River near Qakcreek, Oreg., for 1907.

[Ethel Dixon, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. } Aug. | Sept. ’ Oct. | Nov. | Dec
4.7 110.1 4.65 | 4.6 3.6 3.3 2,56 1.95| 1.8 1.9 1.7 3.35
4.3 | 145 4.7 4.4 3.5 3.3 2.5 1.9 1.8 1.9 2.4 3.3
.| 8.45119.0 4.6 4.2 3.4 3.2 2.45 | 1.9 1.75| 1.8 2.0 3.25
1.5 | 212 4.3 4.8 1 3.45 | 3.15} 2.45| 1.9 1.75| 1.8 1.95 1 3.2
7.4 | 16.3 4.5 1110 3.45| 3.1 2.45| 1.9 1.7 L7 1.8 | 3.1
6.0 | 12.2 4.0 |13.4 3.45| 3.0 2.4 1.9 1.7 1.7 1.7 3.0
5.156| 9.0 4.0 | 13.4 3.45! 3.0 2.35 | 2.0 1.7 1.7 1.7 2.95
4.55 | 7.55 | 3.95| 8.7 3.45 | 3.0 2.35 | 2.1 1.7 1.7 1.7 2.95
4.1 6.4 3.9 7.8 3.5 2.95) 2.3 2,061 L7 1.651 1.7 2.95
4.0 6.2 3.9 7.8 3.7 3.0 2.3 2.05 | 1.7 1.65 ! 1.7 3.1

|
3.85 ) 5.9 3.8 7.1 3.8 3.2 2,25} 2.0 1.7 165 1.7 3.6
3.8 5.6 3.8 7.0 3.7 3.4 2.2 1.9 1.75 | 1.6 1.7 4.8
3.75 | 5.2 3.7 7.5 3.5 3.4 2.2 1.9 1.75 | 1.6 2.1 |{10.0
3.5 5.0 3.5 6.0 3.45) 3.0 2,151 18| 175! 1.6 2.0 i 6.3
3.3 4.85 | 3.5 6.65 | 3.4 2.4 2,15 L8 | 195 1.6 1.95 | 5.0
3.3 4.7 3.5 5.5 3.5 2.4 2.151 1.8 2.1 1.6 1.8 5.6
3.2 4.65 | 3.9 4.9 3.6 2.2 2.1 1.8 2.0 1.6 1.85 | 6.6
3.15 | 4.6 9.4 4.8 | 3.7 3.0 2.1 1.8 1.8 1.6 1.8 | 5.5
3.1 4.55 | 8.3 4.65 | 3.8 3.1 2.1 1.8 1.7 1.6 1.75 | 4.7
3.1 4.5 9.1 4.5 3.7 2.9 2.05| 1.8 1.7 1.6 2.0 4.7
21l 3.1 4.45| 7.9 4.5 3.0 2.8 2051 1751 1.7 1.6 3.3 5.9
22, ..l 3.1 4.35| 7.4 4.6 3.5 |oeeinn 2.0 1.75| 1.65 | 1.6 3.5 |17.7
23, ... 3.1 4.2 7.0 4.6 3.45 |....... 2.0 175 | 1L65| 1.6 5.0 9.7
P2 T 3.1 4.3 5.3 4.4 3.4 | .. 2.0 1.8 1.65| 1.6 7.6 | 16.2
P T 4.1 4.45| 5.0 4.3 3.4 |....... 2.0 1.9 | 165] 1.6 6.5 | 16.0
26 .l 5.6 4.7 4.8 4.1 3.4 ... 2.0 1.9 17 1.6 5.8 | 16.5
b7 6.2 4.55 | 4.4 4.0 3.45 |....... 2.0 1.8 1.75 | 1.6 5.0 |10.1
28, i 7.4 4.3 4.2 3.8 3.4 |....... 2.0 1.7} 1.8 1.6 4.5 8.5
29 ... 10.75 |. ... ... 4.8 3.7 3.4 ... 2.0 1.75 | 1.8 2.0 3.7 6.7
30 L 8.7 |...... 4.9 3.05| 3.45}....... 1.95( L75| L8 1.9 3.35| 5.8
3 DN 9.3 |....... 50 |....... 3.3 |....... .95 L8 |....... 1.7 |. ... 6.0
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{Robert Findley, observer.]

UMPQUA RIVER DRAINAGE BASIN.

Daily gage height,in feet, of North Forkof Umpgua River near Oakcreek, Oreg., for 1908.
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Rating table for North Fork of Umpqua River near Oakcreek, Oreg., for 1905 to 1908,

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. | |height.| charge. || height.| charge. || height.| charge.
Feet. | Secft. Feet. | Sec.-ft. Feet. | Sec.ft. Feet. | Sec.ft.
1.20 800 2.90 2,360 4.60 5,300 7.60 12,390
1.30 860 3.00 2,500 4.70 5,510 7.80 12,930
1.40 920 3.10 2,640 \ 4,80 5,720 8.00 13,470
1.50 985 3.20 2,780 1l 4.90 5,930 9.00 16,300
1.60 1,055 3.30 2,930 |, 5.00 6,150 || 10.00 19,300
1.70 1,130 3.40 3,080 5.20 6,590 [} 11.00 22,300
1.80 1,205 3.50 3,240 ‘ 5.40 7,040 || 12.00 25,500
1.90 1,285 3.60 3,410 5.60 7,500 || 13.00 28, 800
2.00 1,370 3.70 3,580 5.80 7,960 |} 14.00 32,300
2.10 1,460 3.80 3,760 6.00 8,420 | 15.00 35,800
2.20 1,550 3.90 3,940 6.20 8,900 [ 16.00 39,300
2.30 1,650 4.00 4,130 6. 40 9,380 17.00 42,900
2.40 1,750 4.10 4,320 6.60 9,860 | 18.00 46, 600
2.50 1,860 4.20 4,510 6.80 10, 340 19. 00 50, 300
2. 60 1,980 4.30 4,700 7.00 10,830 20.00 ,
2.70 2,100 4.40 4,900 \ 7.20 11,340 21.00 57,800 "
2.80 2,230 4.50 | 5,100 7.40 11,860 | 22.00 61, 800

NoTeE.—The above table is not applicable for ice or obstructed-channel conditions. It is based upon 10
discharge measurements made during 1905-6 and is well defined between gage heights 1.3 feet and 7.0 feet.

Monthly discharge of North Fork of Umpqua River near Oakereek, Oreg., for 1907 and 1908.

[Drainage area, 1,000 square miles.]

Discharge in second-feet. Run-off.
Month. Por Depthin | f‘a‘;c;"
s s inches on otal in .
Maximum. | Minimum. | Mean. sgll;ﬁre drainage acre-feot.
| i area.
I S |
1907. |
January.................. 23,900 2,640 7,030 7.03 . 810 432,000 | A.
February.......... 58,600 4,510 13,400 13. 4 13.95 744,000 | B
March............. 71,500 3,240 6,490 6.49 7.48 399,000 | A.
April..._._.... .. 30,200 2,570 9, 9.00 10. 04 536,000 | A.
May............. 3,760 2,500 3,240 3.24 3.74 199,000 | A
Junea........... 3,080 1,550 2,380 2.38 2. 66 142,000 | A.
July............. 1,920 1,330 1,540 1.54 1.78 94,700 | A.
August 1,460 1,170 1,260 1.26 1.45 77,500 | A
Septeraber. . 1,460 1,090 1,170 1.17 1.30 69,600 \ A
October. .. .. . 1,370 1,060 1,110 1.11 1.28 68,200 | A.
November..... . 12,400 1,130 | 2,840 2.84 - 3.17 169,000 | A.
December 45,500 2,430 | 11,600 11.6 13.37 713,600 | A.
The year 71,500 1,060 | 5,000 5.00 | 68.32 | 3,640,000
|
{
January....... i 12,400 3,240 6,740 6. 74 7.77 l 414,000 | A.
Febrpary 6,810 2,930 3,990 3.99 4.30 \ 230,000 | A.
Marc! L 5,300 2,710 3,520 3.52 4.06 216,000 | A.
April .. 6,150 2,780 4,360 4.36 4.86 \ 250,000 | A.
May. .. . 6,370 2,930- 4,250 4.25 4.90 261,000 | A.
June... 4,130 2,500 3,020 3.02 3.37 ’ 180,000 | A.
July....... 2,500 1,860 2,140 2.14 2.47 132,000 ; A.
August 1,980 1,130 1,450 1.45 1.67 89,200 | A.
September s 1,200 800 1,020 1.02 1.14 60,700 | A.
October 1-11.............. 860 800 811 811 .33 17,700 | A.
The period. ........ ‘ ........................ \ .................................. ‘ 1,860,000 ’
|

a Discharges interpolated June 22 to 30.
MILL CREEK NEAR ASH, OREG.

This station was established May 29,71907. Itislocated at the out-
let of Loon Lake, in the lower Umpqua River drainage area. Measure-
ments are made by wading just below the outlet of the lake, and the
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gage heights used in determining the discharge are those observed
in the lake on the south shore, one-half mile above the outlet,

The data are of value chiefly in connection with the development
of water power. The stream has a heavy grade below the station,
and Loon Lake offers a possible site for storage. The gage heights
have been furnished by J. G. Kelley, of Portland.

Discharge measurements of Mill Creek near Ash, Oreg., in 1907.

Gage | Dis-

ag
section. | height. | charge.

Date. I Hydrographer. ’ Wwidth.| Area of

Feet. 8q. ft. Feet, | Sec.-ft.
85.0

May29......... | J.C.Stevens. . ... 50 97 4.70 .
September 26...! E. F. Kriegsman. . . . ... . .10 | 16 13 2.8 5.1

Daily gage height, in feet, of Mill Creek near Ash, Oreg., for 1907 and 1908.

[John Salander, observer.]

June.

July. 7i Aug.

6.6

6.3

6.1

6.0

6.3

6.4

6.6

6.9

7.0

6.9

7.9

8.8

9.8

11.0

9.9

....... 8.8

....... 8.0

3.5 7.8

3.6 7.3

4.2 8.5

6.3 9.5

6.4 12.5

6.7 13.0

8.5 11.6

9.7 13.4

9.0 15.5

8.8 13.4

. 1.9

10.1
9.5 6.0 7.4 7.3 5.3 5.9
9.7 595 | 85 7.4 5.3 5.8
9.3 5.8 | 8.6 7.2 5.7 5.6
8.8 6.0 8.3 7.0 6.35 5.5
8.4 6.35 | 8.0 6.7 6.4 5.3

8.1 7.0 7.5 6.5 6.1 5.25
7.7 8.2 7.3 6.4 6.0 5.2

7.5 8.1 7.1 6.4 5.9 5.05
7.9 |o..... 6.9 6.2 5.8 5.0
8.1 7.2 ... 6.05 | 5.7 5.0
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Daily gage height, in feet, of Mill Creek mear Ash, Oreg., for 1907 and 1908—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. ‘! June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
8.1 7.2 6.7 5.9 25 T R P R PO 2.4 3.95 | 4.9
7.7 (D & T P P 5.4 [..o-.. 3.9 31 |l 3.9 4.85
7.5 7.1 6.5 5.7 5.45 | 4.5 |iiiiiifiianeiifeaeaeaidiiaan 3.85 | 5.3
7.3 7.0 6.4 5.6 5.35 | 3.8 6.0
7.1 6.9 6.4 5.6 5.35 |....... 3.7 3.05 | 2.9 5.3 3.75 | 6.45
6.9 6.85 | 6.6 5.55 | 5.4 4.4 3.7 3.05 6.5
6.8 7.0 6.8 |....... 5.5 4.35 | 3.7 3.02 6.4
6.7 7.0 6.9 5.5 5.9 4,35 | 3.7 3.02 6.3
6.7 6.9 6.8 5.5 6.3 4.35 | 3.7 3.02 ..6.2
7.3 6.8 6.7 5.4 ... 4.4 3.68 | 3.02 5.95
8.1 8.7 6.5 5.3 6.6 5.0 3.62 | 3.0 5.9
8.0 6.55| 6.35 | 5.2 6.4 5.0 3.6 3.0 5.9
7.6 6.35 |....... 5.1 6.3 5.0 3.6 3.0 6.5
7.3 6.3 6.4 5.55 | 6.2 4.9 3.55 | 2.98 9.0
7.0 6.2 6.4 6.2 6.0 4.8 |....... 2.98 8.25
6.9 6.1 | ..... 6.2 5.8 4.7 3.5 2.95 9.05
6.65 | 6.0 |....... 6.0 [....... 4.65 | 3.5 2.95 9.1
6.45 | 6.0 6.85 | 5.9 5.6 4.6 |....... 295 |....... 40 | 6.8 |......
6.35 | 6.4 6.8 5.7 5.45 | 4.5 3481 2.9 .......0 395 6.5 |[......
6.3 |....... 6.8 5.55 | 5.4 4.4 3.45| 3.0 |. 8.75
6.1° | ..... 6.9 |....... 5.8 |eeeiean 3.4 3.0 8.3

SILETZ RIVER DRAINAGE BASIN.
DESCRIPTION.

Siletz River rises in the mountains in the western part of Polk
County, Oreg., at an elevation of about 3,000 feet above sea level,
flows in a general southwesterly direction to Siletz, in Lincoln County,
and thence winds tortuously northward and westward until it enters
the Pacific Ocean through Siletz River Bay, about 6 miles northwest
of Kernville. Its total length is approximately 50 miles, and its
drainage area measures about 320 square miles.

Its basin is densely timbered throughout, although some areas of
logged-off lands may be found on the lower reaches of the stream.

The mean annual rainfall at the mouth of the river is 75 or 80
inches; at the headwaters it is undoubtedly as high as 150 inches.
The annual run-off shows about 9 second-feet per square mile of
drainage area. The records thus far show very little variation in
the total run-off of this drainage area, but it is probable that 1905
would be classed as a dry year, while 1906 may safely be considered
a wet year.

Only one station has been maintained in this basin—that at
Siletz (1905 to 1908).

SILETZ RIVER AT SILETZ, OREG.

. This station, which was established November 25, 1905, is located
at Siletz Ferry, 9 miles north of Toledo, 6 miles below the mouth of
Rock Creek.
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The data obtained at this station are chiefly of scientific interest,
as the river is fairly typical of the short streams draining the western
slope of the Coast Range and the run-off factors obtained here are
doubtless applicable to other streams similarly located.

The gage datum has not been changed since the gage was estab-
lished, and the records for the medium and low stages are reliable.
The stream is subject to sudden and violent floods, but as the station
is somewhat inaccessible, it has been impossible up to the present
time to obtain measurements during flood periods. The estimates
for such periods have, therefore, been made by an extension of the
discharge curve, a method which appears to be legitimate, as the
stream 1is entirely confined within its banks at the gaging section.

Dascharge measurements of Stletz River at Stiletz, Oreg., in 1905, 1906, and 1908.

I
: Area of | Gage Dis-
Date. Hydrographer. Width. | costion. | height. |charge.
1905. Feet. Sq. ft. Feet. | Sec-ft.
November 26...| L. R. Allen. . ... ..o o it 157 394 2.15 1,17
1906.

February 9..... 156 338 L.77 810
- 157 370 2.03 1,030

157 303 | .1.50 492

y 151 231 1.23 309
September 24. . - 155 289 1.60 502

1908.
February8..... H. D. MeGlashan. . .......coooeiieioiiiiiaaaan.. 163 660 3.75 3,280
e Small dam 75 feet below station may effect gage height a few hundredths foot.
Daily gage height, in feet, of Siletz River at Silete, Oreg., for 1907 and 1908.
{John Kentta, observer.]

Day. l Jan. | Feb. | Mar. J Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2.8 7.6 3.0 2.9 1.7 1.3 .15 0.9 0.8 2.0 15 4.0

3.2 5.3 2.9 2.8 1.65{ .25 1.1 .9 .8 2.0 L3 3.4

.1 13.55 | 6.2 2.8 2.8 1.6 125 1.1 .9 .8 2.0 1.45| 3.0

[ 18.2 9.0 2.7 2.9 1.6 1.257 L1 .9 .8 1.95 | 1.4 2.75

7.2 116.9 2.6 3.2 .55 1.25 1 1.1 .9 J5 ) L9565 1.4 3.3

51 |10.3 2.5 5.0 1.56 | 1.25 | 1.05 .9 .75 195 135 3.0

3.9 6.8 2.45 | 11.5 1.5 1.2 1.05 .9 750 L9 1.35| 3.6

3.4 5.2 2.4 7.6 1.5 1.2 105 1.0 750 19 1.3 3.4

3.0 4.3 2.3 5.3 15 L2 Lo5! 1.0 .75 1.9 1.3 3.1

2.7 3.9 2.8 4.7 1.656 1 1.3 1.05| 1.0 7 1.9 1.25 | 3.3

2.55 | 3.6 2.7 3.8 1.65 | 1.6 1.0 .95 7 18 | 1.2 4.6

2.45) 3.2 2.6 3.35) 17 1.6 1.0 .95 W7 1.851 1.2 6.1

2.3 2.9 2.5 3.1 1.7 1.6 1.0 91 .7 1.7 1.2 12,0

2.2 2.7 2.4 2.8 1.65 | 1.6 1.0 9009 L7 1.2 9.2

2.1 2.5 2.4 2.65 | .65, 155 1.0 .9 ! 1.5 1.65 1 1.3 6.1

2.0 2.3 2.4 2.4 1.6 1.5 1.0 .9 ’ 1.5 1.65| 1.3 4.1

1.95| 2.2 2.6 2.35 1.6 1.5 1.0 .85, L5 1.6 1.25 | 3.5

1.9 2.1 2.7 2.7 1.55 | 1.45 .95 .85 { 1.45 | 1.6 1.25 | 3.8

L9 2.0 2.6 2.6 1.5 1.4 .95 .85 1.45| L5655 | 1.7 3.0

1.8 | 1.9 2.5 2.5 1.5 1.4 .95 .85 1.45| LS55 2.6 4.8
2.2 1.85( 2.5 2.4 1.45( 1.35 .95 .8 1 1.4 1.5 3.2 8.85

2.3 1.8 2.4 2.35 | 1.4 1.3 .95 .8 1.4 1.5 48 |13.0

2.3 1.7 2.6 2.3 1.4 1.3 .95 .8 1.4 1.45( 6.35( 9.2

2.2 2.1 2.5 2.2 1.35 1 1.25 .95 .85 | 1.4 1.45 | 16.4 9.9

2.1 2.7 2.7 2.1 1.35) 125 .95 .9 1.4 1.4 1125 6.7
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Daily gage height, in feet, of Siletz River at Siletz, Oreq., for 1907 and 1908—Con.
Day.
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Nore.—The above table is not applicable for ice or obstructed-channel conditions.

charge measurements made during 1905-1908, and is well defined between gage heights 1.2 feet and 4.0 feet.
Theextreme low and high water discharges are only approximate.
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Monthly discharge of Stletz River at Siletz, Oreg., for 1905 to 1908.

[Drainage area, 220 square miles.}
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Discharge in second-feet. Run-off.
Month. P Degth in Total ‘}gg;,l‘
s s er square | inches on otal in .
Maximum. | Minimum. | Mean. mile, drainage acre-foet,.
area.
|

2,440 992 1,460 6.64 1.23 14,500 | A.
10, 200 992 3,620 16.5 19.02 223,000 | B.
10, 800 1,670 3,740 17.0 19. 60 230,000 | B.
10, 400 498 3,400 15.5 16,14 189,000 | B.
2,990 782 1,360 6.18 7.12 83,600 | A.
1,380 408 895 4.07 4.54 53,300 | A.
1,730 498 974 4.43 5.11 ,000 | A.
3,710 782 1,600 7.27 8.11 95,200 | A.
1,100 264 462 2.10 2.42 28,400 | A.
- 264 132 187 . 850 .98 11,500 | B.
September.. 992 132 343 1.56 1.74 20.400 | A.
October. . 3,560 417 1,380 6.27 7.23 84,800 | A.
November.. . 33,300 992 7,520 34.2 38.16 447,000 | C.
December................ 22,200 Q92 4,130 18.8 21.67 254,000 | B.

The year........... 33,300 132 2,170 9.85 132.82 | 1.560,000

1907.

January.................. 24,000 834 3,500 15.9 18.33 215,000 | B.
Februar; 34.200 680 4,760 21.6 22,49 264,000 | B.
2,180 1,320 1,680 7.84 8,81 103,000 | A.
18, 500 731 2,810 12.8 14,28 167,000 | A.
680 349 509 2.31 2. 66 31,300 | A.
585 263 382 1.74 1.94 22,700 | A.
263 150 190 . 864 1.00 11,700 | B.
190 113 146 . 664 i 8,980 | C.
782 83 320 1.45 1.62 19,000 | A.
992 349 666 3.03 3.49 41,000 | A.
32,600 289 3,750 17.0 18.97 223.000 | B.
400 1,860 6,670 30.3 34.93 410,000 | B.

34,200 83 2,120 9.61 129.29 | 1,520,000
January....... .......... 960 1,490 3,250 14.8 17.06 200,000 | B.
February................. 9,020 1, 2,240 10.2 11.00 129,000 | A.
March.................... 992 4,480 20.4 23. 52 275,000 | B.
Aprilo. ool 270 1,210 2,280 10.4 11. 60 136,000 | A.
May...oiiiiiiiiii e 2,310 992 1,470 6.08 7.70 ,400 | A,
June.... 992 383 580 2.64 2.94 34,500 | A.
July.... 458 214 304 1.38 1.59 18,700 | A.
August. .. - 417 132 197 . 895 1.03 12,100 | B.
September................ 349 113 183 . 832 .93 10,900 | B.
October.................. 4,960 98 1,130 5.14 5.93 69,500 | A.
November............... 9,620 417 2,190 9. 95 11.10 130,000 | A.
December................ 10. 200 498 2,130 | 9.68 11.16 131,000 | A.

The year........... 48,900 98 1,700 l 7.75 105.56 | 1,240.000

COLUMBIA RIVER DRAINAGE BASIN,

DESCRIPTION.

Columbia River has its source in Columbia Lake, in the eastern divi-

sion of the Kootenai district, in British Columbia.

From Columbia

Lake it flows north to the fifty-second parallel of latitude, turns
abruptly southward, nearly paralleling its former course, flows
through a series of narrow lakes, and crosses the international bound-
ary line near the northeast corner of the State of Washington, where
it receives Clark Fork. After traversing Washington in a general
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southerly direction, it turns westward and forms the boundary lines
between Washington and Oregon, and empties into Pacific Ocean at
the forty-sixth parallel of latitude.

The total drainage area of the Columbia is estimated from the best
available maps to be 259,000 square miles, divided as follows:

Square miles.

Oregon.......... ... .. 55,370
Washington...... ... ... .. .. 48, 000
Tdaho. . ... .. 81, 380
Montana . ... ... 25, 000
s Nevada. oo e 5, 280
Wyoming...... .. ... 5, 270
British Columbia. ... ... .. 38, 700

This area is imited on the west by the Rocky Mountains and is
traversed north and south by the Cascade and Coast ranges. Be-
tween the mountain ranges are rolling, rough, and mountainous table
lands. Mean altitudes range from sea level near the mouth of the
river, to 8,000 feet in the Rocky Mountains, 5,000 feet in the Cascade
Range, 1,000 to 4,000 feet in the intervening table lands. Many
peaks in the mountain ranges extend into the region of eternal snow,
the highest in the Cascade Range, including Mount Baker (10,827
feet), Mount Rainier (14,380 feet), Mount Adams (12,307 feet), Mount
Hood (11,225 feet), and Mount Jefferson (10,200 feet).

The principal tributaries of the Columbia River from source to
mouth are listed in the following table:

Principal tributaries of the Columbia River.

From the west and north. i From the east and south.
Kettle River. Kootenai.
San Poil. Pend Oreille (Clark Fork).
Okanogan. Colville River.
Methow. Spokane River.
Chelan. Snake (Lewis Fork).
Entiat. Walla Walla.
Wenatchie. Umatilla.
Yakima. Willow Creek.
Klickitat. John Day River.
‘White Salmon. Deschutes.
Lewis. Hood.
Kalama. Willamette.
Cowlitz.

The river is navigable in long stretches throughout its course in
the United States, but owing to rapids and falls continuous naviga-
tion is not possible in the natural condition of the river. The navi-
gable waters of the Columbia and its tributaries aggregate a total of
2,136 miles, distributed as follows:
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Navigable waters of Columbia River and tributaries.a

Miles
From the ocean to mouth of Willamette River. ... ... .. . ... ... 102
Mouth of Willamette to The Dalles, 88 miles; to Big Eddy......... 92
Big Eddy to Celilo, obstructed for 9 miles. ................. ... ..
* Celilo to Priest Rapids............... . .. . ... 198
Foot of Priest Rapids to head of rapids, obstructed 11} miles.._..
* Head of Priest Rapids to Wenatchee..... ... . ... .. ... .. .. 57
Wenatchee to mouth of Okanogan River..._........ 68

Mouth of Okanogan to Spokane Rapids, navigable at great rlsk only,
a distance of 109 miles. ... ... ... .. ... ... .. ...

* Spokane Rapids to Rickey’slanding...... ... ... ... ... . .. 56
Rickey’s landing to Marcus, Wash., not navigable 11 miles. . . ...
Marcus to Robson, B. C... .. .. L. 63
Robson to Arrowhead Landing, B.C....... ... . .. ... ... .. ... 124
Total navigable waters, main stream........................ 760

SNAKE RIVER.

*Mouth to Riparia. ... ..o L. 67

Riparia to Lewiston........... .. .. .. . .. ..l .. 73

* Lewiston to Grande Ronde River._... ... ... ... ... ... . ... .. 25

Grande River to Ballard’s landing, obstructed 175 miles.......... ..

* Ballard’s landing to Huntington..._............................. 75
Total navigable waters, Snake River........... ... ... ... ... 240

WILLAMETTE RIVER AND TRIBUTARIES.

Mouth to Corvallis... ... ... .. . .. .. ...l 118
*Corvallis to Eugene... .. ... ... . ..., 53
* Tualatin River, mouth to head of navigation............. ... _. 25
Yambhill River, mouth to McMinnville. ...... ... ... ... ... ... 18
* Long Tom River, mouth to head of navigation............ ... ... 10

Total navigable waters, Willamette and tributaries... .. .. .. 224

OTHER TRIBUTARIES OF COLUMBIA RIVER.

Clatskanie River, navigable on tide above mouth. ... ... ... ... .. 3
Lewis River, mouth to La Center....... ... .. ... ... ... ... ... 7
Cowlitz River, mouth to point 10 miles above Toledo....... .. .. .. 40
Lake Chelan, Lakeside, at foot of lake, to Stehekin......... ... .. .. 50

Clark Fork and Lake Pend Oreille, Lakeview to Box Canyon. ... 116
Box Canyon to Metaline, navigable at high water at great risk only, a
distance of 6 miles

Cceur d’Alene Lake, Coeur d’Alene City to head of lake.. ... .. ... 24
Ceeur d’Alene River, mouth to Mission Landing . . ......... .. .. .. 32
Upper and Lower Kootenai rivers, Golder, B. C., to Jennings,
Mont. o e 259
Jennings to Bonners Ferry, not navigable, 75 miles................
Bonners Ferry to head of Kootenai Lake............ ... .. .... 239

a Parts of the Columbia and its tributaries marked with asterisk are navigable under favorable conditions.
Practically all these stretches of river can be made navigable at all seasons of the year at comparatively small
expense. The Columbia and Snake Rivers were formerly navigated throughout the year, except during
occasional blockades from ice, from Celilo to Lewiston. It will be noted that part of Snake River, from
mouth to Riparia, is now marked ‘““navigable under favorable conditions.”
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Miles
Nelson to mouth at Robson, 25 miles, not navigable...............
*Qkanogan River, mouth to international boundary............... 87
International Boundary to Penticton, 37 miles, not navigable. .. ...
Penticton to Okanogan Landing.... ... .. ... .. ... ... ... 55
Total navigable waters, other tributaries..................... 912

The improvement of this river system for navigation is being car-
ried on as rapidly as funds will permit. The work at present under
way consists, briefly, of the deepening of the mouth of the Columbia
River through the construction of jetties. In 1907 the Columbia
bar had a navigable depth of approximately 26 feet at low tide; it
is expected that when projects now under way are completed a depth
of 40 feet may, if necessary, be obtained. The. opening of the Cas-
cade locks and canals to traffic in 1906 rendered the river navigable
in one unit from the mouth to Big Eddy. When the projected locks
and canal have been constructed around the obstructions between
Celilo and Big Eddy, a distance of about 8% miles, the Columbia will
be open to steamboat navigation from Priest Rapids to the sea—a
distance of 400 miles.

The area drained by the Columbia includes perhaps the largest
consolidated area of forests in the world. Originally almost the entire
area, except those arid portions midway between the mountain
ranges, was covered with dense forests, and although the territory
has been settled for about sixty-five years and large areas have been
cleared, the percentage of forested area to the entire area has been
reduced but slightly. It is believed that at least 45 per cent (about
11,600 square miles) of the drainage area of Columbia River is forested,
and that about 5,800 square miles contain merchantable timber.

The rainfall is distributed over the area most irregularly. From
the Pacific coast eastward to the summit of the Coast Range the
mean annual rainfall varies from 100 to 150 inches. In the basins
between the Coast and Cascade ranges, it drops to about 40 inches per
annum. It increases again to about 100 inches on the summit of
the Cascade Range, and decreases very rapidly to beyond the sum-
mit, until at the eastern base of the Cascades it has dropped to about
14 inches. At the mouth of Snake River the mean annual rainfall
is about 9 inches, but this extremely low rainfall obtains only in
the lower altitudes. Beyond this point the rainfall again increases
in Washington and northern Idaho to about 20 inches, while in
eastern Oregon it continues at about 9 inches or less. In the eastern
areas a large proportion of precipitation appears as snow, and during
the winter months the streams are more or less icebound. West of
the Cascade Range, however, ice conditions during the winter months
are not encountered.
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The climate of the area exhibits all the variations from the rigor-
ous climate of the northern latitudes, as found in British Columbia
and the higher table-lands of Oregon and Idaho, to the mild climate
of western Oregon and Washington.

As regards irrigation, the area ranges from the extremely arid
region, where irrigation is absolutely essential, through the semi-arid
country, where dry farming and irrigation are practiced side by side,
to the humid country that, strictly speaking, is arid in the summer
months.

In the Willamette Valley, for instance, where the mean annual
rainfall is approximately 40 inches, only 5 per cent of this amount is
received during the growing season, and the fullest agricultural de-
velopment will not be realized until this entire portion of the area is
brought under irrigation as completely as are the arid portions
beyond the mountains. The irrigated areas of the Pacific Northwest
are being extended so rapidly that it is almost impossible to keep pace
with the development, and yet, comparatively speaking, a very
small portion of the irrigable area has been developed. At present
1,500,000 acres of land are under irrigation in the Northwest, and this
area will be more than doubled when projects now being constructed
are completed. The values of irrigated agricultural lands vary from
about $30 per acre for the poorest qualities of hay lands to $3,000 per
acre for the intensely cultivated orchards.

Columbia River and its tributaries afford at least one-third of the
available water powers in the entire United States, but developments
along this line have scarcely begun. About 250,000 horsepower are *
at present developed by water power in Oregon, Washington, and
Idaho.

Lumbering has been the principal industry of the Northwest, and
the streams of the country have therefore been used not only for
water-power development but for the transportation of logs from the
timbered mountain slopes to the mills and factories in the valleys
below. Comparatively few streams, however, carry sufficient water
during the summer months, and it has been necessary to build tempo-
rary dams on a large number of streams, where the logs are stored
until released by opening the gates in the dam. The ‘‘splash” thus
caused usually suffices to carry the logs to their destination.

The highest recorded flood in the Columbia River occurred in June,
1894. The highest floods on the tributaries of this river are inva-
riably caused by ‘‘chinook”—a warm wind, usually accompanied by
rain, occurring in the spring and fall. The fall “‘chinook” usually
brings the highest waters, since it may occur immediately after a
heavy snow has covered the mountain ranges. The Columbia itself
is not greatly affected at such times.

11947—10—-5
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Investigations of the flow have been made on the following tribu-
taries of the Columbia:

Clark Fork. Snake River.
Chelan River. Walla Walla River.
Spokane River. Umatilla River.
Methow River. John Day River.
Wenatchee River. Deschutes River.
Yakima River. Willamette River.

Discharge records have been obtained on the Columbia River
proper at one point only—The Dalles and Cascade Locks (1879 to
1908)—but gage heights have been obtained at the following places
by the United States Weather Bureau and the United States Army
engineers: :

Fort Stevens, Oreg. Celilo, Oreg.
Vancouver, Wash. Umatilla, Oreg.
Cascade Locks, Oreg. Pasco, Wash.

The Dalles, Oreg. Wenatchee, Wash.

COLUMBIA RIVER.
COLUMBIA RIVER NEAR PASCO, WASH.

This station was established October 15, 1904. It is located at the
Northern Pacific Railway bridge near Pasco, 4 miles above the mouth
of Snake River and 7 miles below the mouth of Yakima River. Only
one current-meter measurement has been made at this station. The
gage heights, however, are complete, and it is hoped that future
measurements will develop a rating curve to which these can be ap-
plied. Since September 1, 1908, the records have been furnished
by the United States Weather Bureau. The datum of the gage is
307.75 feet above sea level.

Daily gage height, in feet, of Columbia River near Pasco, Wash., for 1907 and 1908.

[W. B. Sloan, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1.5 9.6 125 12,1} 167 26.2| 2541 20.2| 158 13.4| 10.7 9.7
11.3 9.8} 12.3} 12.3( 16.7| 26.8| 25.7( 20.0 | 158 | 13.3 | 10.7 9.7
11.0 9.5 12.1{ 12,5 16.7| 27.0| 25.7| 19.9| 159 | 13.2| 10.6 9.7
10.9 9.2 11.9% 12.8| 16.8| 27.2| 25.8| 19.8( 158 13.0{ 10.6 9.7
10.8 9.0 11.7 | 13.0| 16.9 | 26.9| 259 | 19.7 | 157 | 12.9| 10.5 9.6
10.9 88| 11.6| 13.0( 17.1| 26.7 | 25.9 | 19.6 | 15.6 [ 12.8 | 10.4 9.6
10.9 | 11.3 | 11.5| 13.1| 17.5| 26.8 | 25.6 | 19.5| 154 12.7 | 10.4 9.6
10.4 | 12.3 | 11.4| 13.2§ 17.8 | 26.8 ) 25.4| 19.4| 153 | 12,6 | 10.3 9.5
10.4 | 12.5| 11.4( 13.3 | 182 26.8| 25.2| 19.4| 153 | 12.5| 10.3 9.5
10.2 | 12.5| 11.4| 13.6 | 18.8| 26.6 | 25.0| 19.0} 15.2{ 12.4| 10.3 9.5
10.0 | 12.2 | 11.6 f 14.2] 19.4 | 26.4 | 24.8| 18.8| 15.2 | 12.3| 10.2 9.5
10.0| 11,9} 11.6 | 14.8] 20.0! 26.3 | 24.6 ) 18.5| 151 | 12.2| 10.2 9.5

9.9 ] 11.8 | 11.6 | 15.0 | 20.2{ 26.3 | 24.3 | 18.2| 15.1| 12.2} 10.2 9.5
9.2 11.5| 11.5| 154 20.3 | 26.1 | 24,1 17.9{ 150 12.2| 10.1 9.5
891 11.11 1.4t 16.01 20.3 1 26.0' 24.01 17.71 1501 12,11 10.1 9.4
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Daily gage height, in feet, of Columbia River near Pasco, Wash., for 1907 and 1908—Con.

Day. Jan. | Feb. | Mar. | Apr. | May.| June. | July. | Aug. | Sept.| Oct. | Nov. | Dec.
1907. l
16, .0t 9.4| 10.8] 11.2| 16.5| 20.5| 25.7| 23.6| 17.56| 14.8| 12.1{ 10.1 9.4
17, et 9.2 10.8 | 11.0! 17.0| 21.4| 25.5| 23.4| 17.2 | 14.7| 12.0| 10.0 9.3
18, it 9.1 10.8 ) 11.0| 17.2| 22.5| 253 23.2| 169 14.6| 11.9} 10.0 9.2
19 ol 9.1 10.9| 1.0 17.1| 23.4| 25.1| 23.0| 16.7| 14.5( 1L8 9.9 9.2
L 9.3 1L.0| 12.1 | 16.9| 24.0| 250 22.7| 16.56| 14.5|( 11.8 9.8 9.1
21 el 9.3 | 11.3 | 13.5{ 16.5| 24.5| 24.9 | 22.4 | 16.4| 14.4| 117 9.8 z 9.0
22 9.2 1.7 | 154! 16.4| 24.8} 2511 22.1 163} 14.2! 11.7 9.7 8.9
23 9.2 11.9| 15.3| 16.5| 250 2521 22.0| 16.2| 14.0 | 11.6 9.6 8.9
24 .. 9.3 | 12,1 146 16.8}| 252 251 | 21.8| 16.1| 13.9| 116 9.5 8.9
250l 9.3 | 12.2| 143 17.0] 252 25.0| 2.6 16.0| 13.8| 11.5 9.5 9.0
20, .. 9.2 | 12.3| 13.7| 17.1| 25.2| 24.9| 21L.4| 15.8| 13.7| 114 9.6 9.1
7 88 12,7 13.3| 17.1 ] 252} 248 21.2) 157 13.6 ) 11.3 9.6 9.2
28l 8.2 12.7 | 12.9| 17.0| 25.4| 250 21.0} 157 13.5| 1il.1 9.7 9.2
29 .l 8.2 ....... 12,7 16.9| 25.5| 25.3| 20.8} 157! 13.3| 11.0 9.7 9.1
30, . 8.6 |....... 12.4 | 16,9 25.6 | 25.4 20.6| 15.8| 13.1| 10.9 9.7 9.1
) SR 8.9 (....... 12,1 f....... 25.9 f....... 20.4 | 15.8(....... 10.8|....... 9.0
1908.
Lol 8.9 7.8 80| 10.7 ) 181 23.0| 25.6) 20.8 143 11.2 9.3 10.4
2 8.8 7.7 81| 10.6 | 18.3| 23.0 | 25.5| 20.3 | 14.0| 111 9.3 | 10.3
2 8.8 7.7 81 10.5| 18.7} 23.1{ 255 19.9 | 13.8| 1LO 9.3 10.2
4oL 8.8 7.6 81} 10.5) 19.1| 23.2| 253§ 19.5| 13.6| 10.8 9.3 | 10.1
TP 8.7 7.6 81( 10.4| 19.3] 23.5( 252 19.1| 13.4| 10.7 9.3 | 10.0
6o 8.7 7.5 81| 10.5! 19.3 | 24.0| 250 | 18.7| 13.2| 10.6 9.3 9.9
T 8.6 7.5 80| 10.5] 19.4| 244 | 24.6| 185]| 13.0| 10.5 9.3 9.8
8l 8.5 7.6 8.0| 10.5| 19.81 24.8| 24.4| 18.1| 12.8| 10.5 9.4 9.7
L 8.5 7.7 7.9 10.4| 20.5| 25.3 | 24.2| 17.7 | 12.6( 10.4 9.4 9.5
100.............. 8.5 7.8 7.9 10.4| 20.2) 26.1| 240§ 17.4| 12.5] 10.2 9.5 9.5
Mo 8.4 7.8 7.8 10.3 | 21.3{ 26.8| 23.8( 17.1| 12.4 | 10.1 9.6 9.5
12 8.4 7.7 7.7 10.51 21,0 27.3| 23.6} 16.9| 12.4( 10.0 9.6 9.5
B 8.3 7.7 7.8 11.0 ] 21.0{ 28.0( 23.4| 16.7] 12.3| 10.0 9.7 9.5
4. .l 8.3 7.7 801! 11.5| 21.1} 28.4| 23.4| 16.6 | 12.3 | 10.0 9.7 9.4
L T 8.2 7.7 8.5 12,4 21.2| 285 23.6| 16,4 12.2] 10.0 9.7 9.3
6., L. 8.2 7.7 9.5 1229 21.5) 28.7) 23.5| 162 122 10.0 9.8 9.2
17 8.2 7.7( 13.8| 13.6| 21.9| 28.9| 23.7| 16.0| 12.1| 10.0 9.8 9.1
18, ... 8.2 7.8 13.5| 14.2| 22.0| 28.9| 23.7| 158 12.1| 10.0 9.9 9.0
9. ..o 8.2 7.8 12.9| 14.6 | 22.0 28.7| 23.6| 156 12.0 9.9 | 10.0 8.9
0. 8.2 7.9 12.5| 150 22.0| 28.4, 23.5| 154 | 12.0 9.9 10.1 8.8
2l 8.2 7.9 12.0| 16,0 22.2| 28.0| 23.4} 152} 11.9 9.9 10.2 8.8
22 8.2 7.9 12.0) 16,8 22.4) 27.6 ) 23.1] 151} 11.9 9.8 10.3 8.7
B 8.1 7.8 | 115 17.8 | 22.4| 27.4| 23.0| 150| 11.8 9.8 10.3 8.7
4. 8.0 7.8%1 11.3 4 18.5| 22.4| 27.0| 22.8| 150 1L.7 9.71 10.4 8.6
25 8.0 7.8 11.3 | 18.5| 22.3| 26.7| 22.6 | 14.9| I11.7 9.6 | 10.4 8.6
26 8.0 7.7 11.4| 18.6 | 225 26.5| 22.4| 14.9| 11.6 9.5 10.5 8.6
27 7.9 7.8 11.5] 18.4 | 22.8| 26.5| 22.2| 149| 11.6 9.4 10.5 8.6
28 7.9 7.9 11.3} 18.3 | 23.0| 26.4| 22.0] 14.8) 1L5 9.3 10.5 8.5
2. 7.9 80| 11.2| 181 23.0f 26,2 21.7 14.8| 11.4 9.3 | 10.4 8.5
30, . 7.8 ..., 1.0 | 18.0 | 23.0| 259 2L.5| 14.7| 113 9.3 | 10.4 8.5
1 S 7.8 |.oeo..n LI P N T | 23.0 |....... 21.2 | 14.5]....... 9.3 laennnn 8.4

COLUMBIA RIVER AT THE DALLES, OREG.

This station is located at The Dalles, below the mouth of Deschutes
River and above Hood and Klickitat rivers. Records of gage heights
have been kept at this point by the Weather Bureau since 1892. A
number of measurements were made in 1903 by the United States
Engineer Corps. In 1907 and 1908 measurements were made by
the Geological Survey, and these in connection with the earlier meas-
urements fully develop the discharge curve. (See Pl. IV.)

A comparison has also been made between the gage readings at
The Dalles and those taken at Cascade Locks, 20 miles down the
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river. At the lower point the gage records are nearly complete for
thirty years. The elevation of gage datum at The Dalles is 45.6 feet
and at Cascade Locks 42.5 feet above sea level. The locks were for-
mally opened in 1896, and at that time the gage was moved, a datum
6 feet lower than the former gage being used until December 31,
1899. The condi¢ions at the locks are such that a permanent rating
is perfectly feasible. At this point the river breaks over a ledge of
rock, falling about 20 feet in one-fourth mile. It is practically cer-
tain that the channel conditions have remained permanent since the
readings began in 1879, and the very stable relation which isfound
between the gage records at this point and those at The Dalles indi-
cate that the channel conditions at The Dalles have also been per-
manent. The drainage area between the two points is about 2,600
square miles, or about 1 per cent of the total drainage area of the
river. Hood River, from the Oregon side, and Klickitat and White
Salmon rivers from the Washington side, are the principal interven-
ing tributaries.

The extreme low-water periods of the intervening streams do not
coincide with those of the Columbia, occurring in September instead
of in February. In September the discharge from the rivers inter-
vening is about 1 or 2 per cent of the flow in the Columbia. In Febru-
ary it is probably from 4 to 10 per cent.

In view of the value which long-time records of flow have in a gen-
eral study of run-off conditions throughout the country, it is believed
that the discharges determined from the measurements made at The
Dalles and gage heights at Cascade Locks, and a comparison of the
gages at The Dalles and the Cascade Locks, will be welcomed by
engineers of the country. The records are liable to some error at
extremely low stages, as no measurements have been made below gage
height 1.4 feet on The Dalles gage, and the relation of the gage read-
ings is uncertain below gage height —0.5 foot, so the low-water dis-
charges prior to 1892 are probably subject to greater error than those
since that date, since they are made up from the gage readings at
Cascade Locks.

In the adjustment of a discharge curve among the measure-
ments greater weight was given those made by current meter than
those by floats. The floats used by the Engineer Corps were long
rods weighted to float in an upright position, reaching from the sur-
face to as near the bed of the river as practicable. The float and
meter measurements by the Engineer Corps were made at Cayuse
Rock over a 1,000-foot range, 7 miles below The Dalles. The float
measurements of June 20 and July 9, 1908, were made at The Dalles
gaging station over a 1,000-foot range. The floats used were weighted
rods, 5 feet in length. The points where they crossed the gage lines
were determined by a transit. A coeflicient of 1.05 was used to
reduce surface to mean velocities in the vertical. This coeflicient is
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the mean coeflicient from ten vertical velocity curves taken October
31, 1907. For this measurement a large Price current meter held
on a piano wire was used. A small cable was thrown across the
channel, fastened at the water’s edge on each bank, and allowed to
sag below the surface just sufficient to permit the passage of steam-
ers. The cable was tagged at 10-foot intervals and used to hold a
small boat from which the meter was operated. In this manner it
was possible to take velocities at all points in the vertical, although
depths of nearly 90 feet were encountered. A reeling device was used
to measure depths whereby the position of the meter below the sur-
face at all times was indicated by a dial. The shape of the vertical
velocity curves for such depths is found to be somewhat different in
shallow water, the curve being nearly vertical except near the top
and bottom, where it curves gently toward the lower velocities.
This readily accounts for the high coeflicient found for surface
velocities.

The gage height records at both The Dalles and Cascade Locks
have been published up to December 31, 1906, in the Weather Bureau
reports of “‘Daily river stages of the principal rivers of the United
States” as follows:

The Dalles, 1892, Part IV, p. 433.

The Dalles, 1893-1895, Part V, pp. 29-31.

Cascade Locks, 1879-1895, Part V, pp. 539-555.

The Dalles and Cascade Locks, 1896-1899, Part VI, 108-111.

The Dalles and Cascade Locks, 1900-1904, Part VII, pp. 193-197.
The Dalles and Cascade Locks, 1905~-6, Part VIII, p. 71.

Discharge measurements of Columbia River at The Dalles, Oreg ., in 1903, 1907, and 1908.

: | Areaof | Gage | Dis-
Date. Hydrographer. Width.| Section.  height.  charge,
1903. Sq. ft. Feet. | Sec.-ft.
January 20a.... 59,400 2.90 | 80,700
January 220.... 60,400 | 3.50 | 86,900
January 27b... 76,100 9.70 | 168,000
January 286... 76,700 | 10.70 | 174,000
January 30e...... 1,500 9.00 | 142,000
January 3la.... 68, 600 7.70 | 128,000
February 2a. .. 64,900 |  6.00 | 109,000
February 3a... 63, 500 5.30 | 104,000
Februray 5a... 62, 100 4.30 | 95,300
February 6a... 60, 800 3.70 | 89,700
February 115 .. 61,000 3.50 | 88,700
February12a. | . .. 60,300 3.30 | 85,100
February 136. _|. ,400 3.10 | 83,500
February 145 59,900 2.80 1 85,500
February 16a. 57,900 2.10 | 74,500
February 176. 57,900 1.80 | 76,200
February 18a. 56,700 1.80 1 71,100
February 195, . B 1.60 | 76,400
February 20a. . 56, 100 1.40 | 72,100
February 206. . 58,000 1.40 | 77,300
1907.
October 3106....| J. C. Stevens. ._...................... e 1,040 62,800 3.72 | 95,400
1908.
June 20a....... H.D.McGlashan........o..icioiiiiiaiiiaiiaa. 1,200 | 101,000 | 36.20 | 719,000
July 9e........ McGlashanand Allen ... ....ooioiniiiiiiiaaaans 1,190 89,200 [ 27.40 | 507,000

a Float measurement. b Meter measurement.
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Daily gage height, in feet, of Columbia River at The Dalles, Oreg., for 1907 and 1908.

[U. S. Weather Bureau, observer.]
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Relation of gage heights on Columbia River at The Dalles and Cascade Locks, Oreg.,
Jrom 1892 to 1908.

Cascade
Locks

gage
height.

!

Lols
888

PRPNG T 0= O
3888888888

] T
Gage Cascade‘ Gage |/Cascade| Gage |[Cascade| Gage
height Locks | height Locks | height Locks | height
at The gage | at The gage at The &age | at The
Dalles. | height.| Dalles. [ height.| Dalles. || height.| Dalles.
Feet. Feet. Feet. Feet. Feet. Feet. Feet.
—-3.90 10. 00 13.20 24.00 30.80 38.00 46. 40
—2.95 11. 00 14. 50 25.00 32.00 39. 00 47. 50
—1.95 12.00 15.75 26.00 33.10 40. 00 48. 60
- .90 |(|-13.00 17.05 27.00 34.20 41. 00 49.70

.25 14. 00 18.30 28.00 35.30 42. 00 50. 80
1.55 15.00 19. 60 29. 00 36. 40 43. 00 51. 90
2.80 16. 00 20.85 30.00 37.50 44. 00 53.00
4.10 17.00 22.15 31.00 38. 65 45.00 54.10
5. 40 18.00 23.45 32.00 39.75 46. 00 55. 20
6.70 19. 00 24.75 33.00 40.85 47.00 56. 30
8.00 20. 00 26.00 34.00 42.00 48.00 57. 40
9.30 21.00 27.20 35.00 43.10 49, 00 58. 50

10.60 |' 22.00 28. 40 36. 00 44.20 50. 00 59. 60
11.90 } 23. 00 29. 60 37.00 45.30
| |

Norte.—The above table is based on a curve determined by the %Iotting of the monthly mean gage heights

at the two stations for 1892 to 1906, and is well defined above gage

eight 0.5 foot.

Rating table for Columbia River at The Dalles, Oreg., for 1892 to 1908.

Gage
height.

Gage Dis- Gage Dis- Gage Dis-
height. | charge. || height.| charge. |/ height.| charge.
Feet. Sec.-ft. Feet. | Sec.ft Feet, | Sec.-ft.
—-1.70 51,800 2.40 80, 600 7.00 | 126,000
—~1.60 ) 2.50 | 81,500 7.20 | 128,400
—1.50 53,000 2.60 82,400 7.40 | 130,800
—~1.40 | 53,600 || 2.70 | 83,300 | 7.60 | 133,200
-1.30 54,200 2.80 ! 84,200 7.80 | 135,600
—~1.20 54,800 2.90 85,100 8.00 | 138,000
-1.10 55, 400 3.00 6, 000 8.20 | 140,600
—1.00 56, 000 3.10 86, 900 8.40 | 143,200
— .90 | 56,600 3.20 | 87,800 8.60 | 145,800
-~ .80 57,200 3.30 , 700 8.80 | 148,400
~ .70 57,800 3.40 89, 600 9.00 | 151,000
~— .60 58. 400 3. 50 , 500 9.20 | 153,800
— .50 | 59,000 3.60 | 91,400 9.40 | 156,600
— .40 , 600 3.70 92,300 9.60 | 159,
-~ .30 60, 200 3.80 93,200 9.80 | 162,200
— .20 60, 800 3.90 94,100 10.00 | 165,000
- .10 61, 400 4.00 95, 000 10.20 | 168,000
.00 62, 000 4,10 96, 000 10.40 | 171,000
.10 62,700 4.20 97,000 10.60 | 174,000
.20 | 63400 4,30 | 98,000 || 10.80 | 177,000
.30 64,100 4.40 , 000 11.00 | 180,000
.40 64, 800 4.50 | 100,000 11.20 | 183,000
.50 65, 500 4.60 | 101, 000 11.40 | 186,000
.60 | 66,200 470 | 102,000 !} 11.60 | 189,000
.70 66, 900 4.80 | 103,000 11.80 | 192,000
.80 67,600 4.90 | 104,000 12.00 | 195,000
.90 68, 300 5.00 | 105,000 12.20 | 198,200
1.00 | 69,000 || 5.10 | 106,000 || 12.40 | 201,400
1.10 69,800 | 5.20 | 107,000 12.60 | 204, 600
1.20 70, 600 5.30 | 108,000 12.80 | 207,800
1.30 | 71,400 5.40 | 109,000 || 13.00 | 211,000
1.40 | 72,200 5.50 | 110,000 | 13.20 | 214,400
1.50 | 73,000 5.60 | 111,000 || 13.40 | 217,800
1.60 73,800 5.70 | 112,000 13.60 | 221,200
1.70 74, 600 5.80 | 113,000 13.80 | 224,600
1.80 | 75,400 5.90 | 114,000 |l 14.00 | 228 000
1.90 76,200 6.00 | 115,000 15.00 | 246,000
2.00 77,000 6.20 | 117,200 16.00 | 264,000
2.10 | 77,900 6.40 | 119,400 |{ 17.00 | 283,000
2.20 78,800 6.60 | 121,600 18.00 y
2.30 79,700 6.80 | 123,800 19.00 '

37.00

BERAERRERIEERAEERERESER
3833833838333888888888888
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charge.
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NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 1J
current-meter measurements at low and medium stages, and two float measurements at high stages, and is
well defined between gage heights 1.0 foot and 37.0 feet.
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Rating table for Columbia River at Cascade Locks, Oreg., for 1879 to 1908, except December
1, 1896, to December 31, 1899.

Note.—The above table is not applicable for ice or obstructed-channel conditions.

|
Gage Dis- Gage Dis- Gage | Dis- \ Ga%e{
height. | charge. |lheight.| charge. | height.| charge. | heig t.‘
! 1
Feet. Sec.-ft. Feet. | Sec-ft. Feet. | Secft. | Feet. -
Z2.30 | 48,500 || 1.30 | 76,500 || 5.80 | 134,800 || 16.00
2250 | 49100 || 1.40 | 77,600 | 500 | 138,000 \ 17.00
—2.10 | 49,700 || 1.50 | 78,700 || 6.20 | 141,200 | 18.00
—2.00 | 50,300 || 1.60 | 79,800 || 6.40 | 144,600 | 19.00
1,90 | 50,000 || 170 | 80,900 |l 6.60 | 148,000 \ 20.00
~1.80 | 51,500 || Lo | 82,000 || 6.80 | 151,600 | 21.00
~1.70 | 520100 || 1.90 | 83,100 || 7.00 | 155,200  22.00
~1.60 | 52,700 || 2.00 | 84,200 || 7.20 | 158,800 [ 23.00
—1.50 | 53,300 || 2.10 | 85300 || 7.40 | 162,600 |l 24.00
—1.40 | 53,900 || 2.20 | 86,400 | 7.60 | 166,400 ( 25.00
—1.30 | 54,500 || 2.30 | 87,600 | 7.80 | 170,200 | 26.00
—1.20 | 55200 Il 2040 | 8800 || 800 | 174000 || 27.00
—1.10 | 55900 || 250 | 90,000 [ 820 | 177,800 ! 28 00
—1.00 | 56,600 || 2.60 | 91,200 || 840 | 181,600 | 29.00
290 | 57,300 || 2.70 | 92,400 || 8.60 | 185,500 i 30.00
— .80 | 58,000 || 2.80 ' 93,600 ! 8.80 |189,500 || 31.00
SR ERIR ER ) i el
- 59, 401 . l l ) 197, 6 33.00
“BIER| S £l R B8 B
- ) 3. ; 9, 6, 00 .
a0 | evs00 | 350 | o9e00 | 9.80 | 210,200 | 36.00
~ 120 | 62,200 i 3.40 101,200 | 10.00 | 214,400 | 37.00
— .10 | 63,000 | 3.50 102,500 | 10.20 | 218,800 | 38.00
100 | 63,800 \ 860 103800 | 10.40 | 228,00 | 50.00
10 | 64700 || 3.70 | 105 100 ‘ 10.60 | 227,600 || 40.00
20 | 65,600 || 3.80 \103 400 1 1080 | 232,000 | 4100
30 | 66,500 || 3.90 | Lo, 700 l\ 11.00 | 236,400 || 42,00
40 | 67,400 | 400 | 1097000 il 1120 | 241,000 | 43.00
50 | 68,400 !I 420 111,600 \ 130 245,600 ;| 44.00
60 | 69,400 || 440 114,300 | 11.60 | 250,200 | 45.00
70 | 70,400 | 0 | 117,100 | 1180 254,800 || 46.00
80 | 71400 || 480 | 1197000 || 12.00 | 250,500 | 47.00
90 | 72400 | 5.00 1122700 | 13.00 | 283,500 l 48.00
1.00 | 73,400 || 520 125700 || 1400 | 208,000 | 49.00
130 | 74,400 || 540 128,700 || 15.00 | 333,800 | 50.00
120 | 75,400 | 5.60 \121 700 ” ‘
i ! '

Dis-
charge.

Sec.-ft.
359, 800
387.300
‘\ 415,300
443,300
471,300

499, 300
527,300

It is based on 12 dis-

eharge measurements made at The Dalles, and the relation between the gages, and is well defined between
gage heights 1.0 foot and 30.0 feet.,

Gage heights for December 1, 1896 to December 31, 1899, have been corrected —6.00 feet, to reduce to the
same datum as other readings bhefore applying this table.

Monthly discharge of Columbia River at The Dalles, Oreg.

[Drainage area, 237,000 square miles.]

Month.

August. ..
September.
October. ...
November..

The year.._.....

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

Discharge in second-feet. Run-off.
P Degth in 1
. ; er square | inches on Total in
Maximum. | Minimum. | Mean mile. drainage | acre-feet.
area.

77,600 70,400 73,300 0.309 0.36 | 4,510,000
.. 260,000 66,500 [ 99,500 . 420 .44 | 5,530,000
398,000 159,000 [ 214,000 . 903 1.04 13,200, 000
o 564,000 393,000 | 452,000 191 2.13 | 26,900,000
. 681,000 410,000 | 493,000 2.08 2.40 | 30,300,000
. 789,000 687,000 | 751,000 3.17 3.54 | 44,700,000
748,000 480,000 { 622,000 2. 62 3.02 | 38,200,000
477,000 \ 248,000 | 339,000 1.43 1.65 | 20,800,000
.. 241,000 135,000 | 178,000 751 .84 | 10,600,000
ol 141,000 ' 109,000 | 125,000 527 61 | 7,690,000
. 105,000 85,300 97,100 . 410 .46 | 5,780,000
[ 116,000 J 65,600 | 93,200 .393 .45 | 5,730,000
( 789,000 \ 65,600 | 295,000 1.24 16.94 1214,000,000

Norte.—Discharges for 1879 to 1891, inclusive, are based on gage heights at Cascade Locks.

Accu-
racy.
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Monthly discharge of Columbia River at The Dalles, Oreq.—Continued.

Discharge in second-feet. Run-off.
Month. P Depth in Total i
. . er square | inches on otal in
Maximum. | Minimum. | Mean mjl}e. drainage | acre-feet.
area.

1880.
January.................. 132,000 76,500 | 114,000 0.481 0.55 | 7,010,000
February................. 106,000 75,400 87,500 . 369 .40 | 5,030,000
March... .. .............. 112,000 74,400 83,400 . 352 .41 | 5,130,000
April ...l 274,000 99,900 173,000 . 730 .81 10 300,000
678,000 303,000 | 516,000 2.18 2.51 31, 100,000
1,120,000 699,000 | 858,000 3.62 4.04 | 51,100,000
1,130,000 786,000 | 973,000 4.11 4.74 | 59,800,000
757,000 310,000 | 481,000 2,03 2.34 | 29,600,000
300,000 166,000 | 226,000 . 954 1.06 | 13,400,000
164,000 121,000 | 137,000 .578 67 8, 420,000
136,000 91,200 | 115,000 . 485 .54 | 6,840,000
118,000 78,700 96,000 . 405 .47 | 5,900,000
1,130,000 74,400 | 322,000 1.36 18. 54 |234,000,000
214,000 91,200 | 125,000 . 527 .61 7,690,000
494,000 93,600 | 260,000 1.10 1.14 | 14,400,000
424,000 178,000 | 259,000 1.09 1.26 | 15,900,000
642,000 323,000 | 497,000 2.10 2.34 | 29,600,000
72 000 519,000 | 544,000 2.30 2.65 | 33,400,000
742,000 552,000 | 686,000 2.89 3.22 | 40,800,000
684,000 393,000 | 537,000 2.27 2.62 | 33,000,000
390,000 212,000 296,000 1.25 1.44 | 18,200,000
208,000 141,000 | 162,000 . 684 76 | 9,640,000
148,000 112,000 124,000 .523 60 | 7,620,000
153,000 102,000 126,000 . 532 .89 | 7,500,000
104,000 87,600 97,000 . 409 .47 | 5,960. 000
742,000 87,600 | 309,000 1.31 17.70 |224,000,000
106,000 67,400 88,100 .372 43 | 5,420,000
104,000 b7, 400 74,900 . 316 33 | 4,160,000
219,000 84,200 | 112,000 473 55| 6,890,000
321,000 225,000 | 275,000 1.16 1.29 | 16,400,000
667,000 250,000 | 419,000 .77 2,04 | 25,800,000
1,090,000 664,000 | 947,000 4.00 4.46 | 56,400,000
,000 404,000 | 592,000 2.50 2.88 | 36,400,000
393,000 236,000 | 322,000 1.36 1.57 | 19,800. 000
232 000 133,000 173,000 . 730 81 | 10,300,000
October. . _. 135,000 114,000 | 124,000 523 60 | 7,620,000
November.. 121,000 88,800 | 105,000 . 443 .49 [ 6,250,000
December 232,000 87,600 139 000 . 586 68 | 8,550,000
The year........... 1,090, 67,400 | 281,000 1.19 16.13 (204, 000,000

1883.
January.................. 170, 000 65, 600 98, 300 .415 .48 | 6,040,000
February................. 170,000 71,400 98, 600 .416 .43 | 5,480,000
March..... ... ... ... ... 371,000 136,000 | 215,000 . 907 1.06 | 13,200,000
April............o... 349,000 194,000 | 233,000 . 983 1.10 | 13,900,000
AY et 648, 000 230,000 | 499,000 2.11 2.43 | 30,700,000
Jane..................... 704, 000 611,000 | 657,000 2.77 3.09 | 39,100,000
July. ... 667,000 296,000 | 493,000 2.08 2.40 | 30,300,000
August. ... 286, 000 182,000 | 239,000 1.01 1.16 | 14,700,000
September 176,000 116, 000 143,000 . 603 .67 , 510, 000
October. . .. 113,000 88,800 | 102,000 430 .60 | 6,270,000
November.. 96, 000 77,600 83,400 . 352 .39 | 4,960,000
December............. e 94, 800 72,400 82, 500 . 348 .40 | 5,070,000
The year........... 704, 000 65, 245, 000 1.04 14. 10 {178, 000,000

1884,
January.................. 106, 000 65, 600 81,200 . 343 .40 | 4,990,000
February................. 190,000 50,300 | 80,400 .339 37| 4,620,000
March..” . ... 136, 000 98,600 | 118,000 .498 .57 | 7,260,000
April... ool 355,000 132,000 | 242,000 1.02 1.14 | 14,400,000
Y e e 716,000 303,000 | 498,000 2.10 2 42 | 30, 600,000
June 795,000 664,000 | 736,000 3.11 3.47 | 43,800,000
July. 648,000 321,000 | 448,000 1.89 2.18 | 21,500,000
Augu 323,000 194,000 | 268,000 1.13 1.30 | 16, 500,000
September............... 196, 000 120,000 | 164,000 . 692 771 9,760,000

Accu-
racy.
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Monthly discharge of Columbia River at The Dalles, Oreg.—Continued.

Discharge in second-feet. Run-off.
Month. P Depth in Total
: ; er square | inches on otal in
Maximum, | Minimum. | Mean mile. drainage | acre-feet,.
area.

1884,
October.................. 146,000 109,000 | 130,000 0.549 0.63 | 7,990,000
November.. 155,000 113,000 | 131,000 . 553 .62 1 7,800,000
Decembere___........... 108, 000 , 800 82,300 . 347 .40 | 5,060,000
The year........... 795, 000 50,300 | 248,000 1.05 14,27 180,000,000

1885,
January............o..... 120, 000 73,400 91,000 . 384 .44 | 5,600,000
february 190, 000 93,600 | 162,000 . 684 .71 9,000,000
March............... 225,000 145,000 | 189,000 797 .92 | 11, 600,000
April....o.oooool 310, 000 219,000 | 272,000 1.15 1.28 | 186,200,000
May. ..o 485,000 ,000 | 412,000 1.74 2.01 | 25,300,000
June.... ...l 541, 000 432,000 | 497,000 2.10 2.34 | 29,600,000
July. ..o 499, 000 ,000 | 362,000 1.53 1.76 | 22,300,000
August. ... 241, 000 182,000 | 205,000 . 865 1.00 | 12, 600, 000
September............... 178, 000 135,000 | 15,000 . 637 .71 | 8,980,000
October.................. 159,000 93,600 | 120,000 . 506 .58 [ 7,380,000
November............... 112,000 91,200 | 101,000 . 426 .48 | 6,010,000
December................ 108, 000 91,200 | 101,000 . 426 .49 [ 6,210,000
The year........... 541,000 73,400 | 222,000 .937 12.72 (161,000,000
b 63,000 95,300 . 402 .46 | 5,860,000
136,000 | 177,000 . 747 .78 { 9,830,000
106,000 | 118,000 . 498 .57 | 7,260,000
126,000 | 214,000 .903 1.01 | 12,700,000
248,000 | 373,000 1.57 1.81 | 22,900,000
513,000 ,000 2.76 3.08 | 38,900,000
281,000 | 385,000 1.62 1. 87 | 23,700,000
146, 000 ,000 . 857 .99 | 12,500,000
98, 600 122,000 .515 .57 1 7,260,000
74, 400 84,400 . 356 .41 | 5,190,000
61, 500 , 200 . 288 .32 4,060,000
60, 800 73,900 .312 .36 | 4,540,000
60,800 | 214,000 .902 12.23 |155, 000,000
85, 300 96, 600 . 408 .47 | 5,940,000
64,700 73,900 . 312 .32} 4,100,000
71,400 | 178,000 . 751 .87 { 10,900, 000
243,000 | 273,000 1.15 1.28 | 16,200, 000
347,000 | 470,000 1.98 2.28 | 28,900,000
813,000 | 932,000 3.93 4.38 | 55,500,000
449,000 | 663,000 2. 80 3.23 | 40,800,000
4,000 | 309,000 1.30 1.50 | 19,000,000
124,000 { 169,000 .713 .80 | 10,100,000
97,300 | 111,000 . 468 .54 | 6,820,000
88, 800 98,100 414 .46 | 5,840,000
86,400 97, 200 . 410 .47 | 5,980,000
The year........... 1,040, 000 64,700 | 289,000 1.22 16. 60 (210, 000, 600

1888.
January. 219, 000 48, 500 79,000 . 333 .38 | 4,860,000
February 190, 000 120, 000 141, 000 . 595 .64 | 8,110,000
March........... . 133,000 99,900 | 117,000 . 494 .87 1 7,190,000
April.. . ..o ..l 331,000 124, 000 193, 000 . 814 .91 | 11, 500, 000
1) 460, 000 300,000 | 399,000 1.68 1.94 | 24, 500,000
June......oooioiiiiaii.. 6,000 468,000 | 579,000 2. 44 2.72 | 34,500,000
JAY oo 505, 000 276,000 | 370,000 1.56 1.80 | 22,800,000
August......o.o.o...... , 160,000 | 216,000 .91 1.05 | 13,300,000
September............... 188, 000 117,000 | 150,000 .633 .71 | 8,930,000
October. ................. 116, 000 87, 600 99, 900 .422 .49 | 6,140,000
November............... 106,000 80,900 91, 400 . 386 .43 | 5,440,000
December................ 92, 400 76, 500 84,000 .354 .41 { 5,160,000
The year........... 636,000 48,500 | 210,000 . 885 12.05 (152, 000, 000

a Gage heights for December 17 to 31, 1884, are very uncertain.
b Approximate gage heights January 19 to 23, 1886, are uncertain,
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COLUMBIA RIVER DRAINAGE BASIN.

Monthly discharge of Columbia River at The Dalles, Oreg.—Continued.
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Discharge in second-feet. Run-off.
Month. P Depth in ‘;A:g;'
: er square | inches on | Total in :
Maximum. | Minimum. | Mean. mile. drainage | acrefeet.
area.
1889.
January........ooeeionn 74,400 61,500 64,900 0.274 0.32 { 3,990,000 | B.
February 63,800 58,700 61,900 .261 .27 1 3,440,000 | B.
March.. 108, 000 62,200 86,800 . 366 .42 | 5,340,000 | B.
April..... ..ol 178,000 108,000 | 149,000 .629 .70 | 8,870,000 | B.
May..ocovmmimiieiaas 316,000 188,000 | 267,000 1.13 1.30 | 16,400,000 | B.
June. ... ...l 326,000 219, 000 1.19 1.33 | 16,800,000 | B.
July..oooeoeeei s 217,000 164,000 | 181,000 .764 .88 | 11,100,000 | B.
August.......cooooeiiiiins 170,000 116,000 | 146,000 .616 .71 | 8,980,000 | B.
September. . ............. 117,000 76,500 94,300 .398 .44 | 5,610,000 | B.
October.................. 93,600 77,600 86,000 .363 .42 | 5,290,000 { B.
November_............... , 400 67,400 75,900 .320 .36 | 4,520,000 | B.
December................ 68, 400 ,900 63,200 . 267 .31 | 3,890,000 | B.
The year........... 326,000 | 53,900 | 130,000 - 548 7.46 | 94,200,000
1890.
January @... 65,600 50,300 53,000 . 224 .26 | 3,260,000 | C.
February. 198,000 60,800 | 115,000 . 485 .50 | 6,390,000 | B.
....... 178,000 58,700 | 117,000 . 494 .57 | 7,190,000 | B.
,,,,,,, 323,000 141,000 | 194,000 .819 .91 11,500,000 | B.
..... 719,000 355,000 | 631,000 2.66 3.07 | 38,800,000 | B.
A 432,000 | 488,000 2.06 2.30 | 29,000,000 | B.
424,000 260,000 | 355,000 1. 50 1.73 | 21,800,000 | B.
... 257,000 153,000 | 195,000 .823 .95 | 12,000,000 |} B.
September. 148,000 ,800 | 118,000 . 498 .56 | 7,020,000 | B.
October.................. 93,600 82,000 87,500 .369 .43 | 5,380,000 | B.
November................ 83,100 71,400 76,100 .321 .36 | 4,530,000 | B.
Decemaber. ............... 72,400 63,800 68,100 . 287 .33 1 4,190,000 | B.
The year........... 719, 000 50,300 | 208,000 .878 11.97 (151,000,000
1891
January......occaeeoo.oo. 70, 400 59,400 64,500 .272 .31 | 3,970,000 | B.
February................. , 400 58,000 61, 400 . 259 .27 | 3,410,000 | B.
March........c.oooiill 105,000 56,600 72,300 -305 .35 | 4,450,000 ; B.
April ...l 223,000 86,400 | 136,000 .574 .64 | 8,090,000 | B.
May...oooiiiiiiiie s 494,000 228,000 | 374,000 1.58 1.82 | 23,000,000 | B.
June......ooooiiiiil 8 421,000 ,000 1.97 2.20 | 27,800,000 | B.
July. ..o 410,000 267,000 | 330,000 1.39 1.60 | 20,300,000 ' B.
August.. ..ol 262, 000 155,000 | 208,000 878 1.01 | 12,800,000 | B.
September.... .......... 155,000 105,000 { 128,000 . 540 .60 | 7,620,000 | B.
October.................. 105,000 78,700 86,700 .366 .42 | 5,330,000 | B.
November_............... 129,000 83,100 | 104,000 . 439 .49 | 6,190,000 | B,
December................ 109, 000 97,600 .412 .48 | 6,000,000 | B.
The year........... 502, 000 56,600 | 178,000 .749 10.19 {129, 000,000
1892.
Januaryb_.. 93,600 66, 500 77,400 .327 .38 | 4,760,000 | B.
February. ,300 64,800 71,500 .302 .33 | 4,110,000 | A.
March.................... 161,000 83,300 | 124,000 . 523 .60 | 7,620,000 ) A.
April. ..ol 176,000 124,000 | 150,000 . 653 .71 8,930,000 | A.
May....cooovvienienin.. 643,000 164,000 | 320,000 1.35 1.56 | 19,700,000 | A.
June..................... 688, 000 542,000 | 615,000 2.59 2.89 | 36,600,000 | B.
July..oooovniiiiiaiiians 660,000 | 300,000 2.11 2.43 | 30,700,000 | B.
August..... 296,000 | 157,000 | 214,000 .903 1.04 | 13,200,000 | A.
September. 155,000 127,000 | 141,000 . 595 .66 | 8,390,000 | A.
October.... 127,000 94,100 | 108,000 . 456 .53 | 6,640,000 | A.
November. . 115,000 89,600 96,300 . 406 .45 | 5,730,000 | A.
December._.............. 97,000 67,600 84,300 . 356 .41 | 5,180,000 | A.
688,000 64,800 [ 208,000 . 878 11.99 (152,000,000
91,400 68,300 76,100 .321 .37 | 4,680,000 | A,
103,000 62,000 | 80,600 .340 .35 | 4,480,000 | A.
112,000 62,000 69, 500 293 .34 | 4,270,000 | A.
260, 000 126,000 | 169,000 J713 .80 | 10,100,000 | A.
696, 000 264,000 | 492,000 2.08 2.40 | 30,300,000 | B.
774,000 609,000 | 678,000 2.86 3.19 | 40,300,000 | B,
, 439,000 | 523,000 2.21 2.55 | 32,200,000 | B.
424,000 184,000 | 291,000 1.23 1.42 | 17,900,000 | A,

aDischarge for January 3 to 16, 1890, interpolated.

Note.—Discharges for 1879 to 1891, inclusive, are based on gage heights at Cascade Locks.

b Discharges based on gage heights at Cascade Locks.
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Monthly discharge of Columbia River at The Dalles, Oreg.—Continued.

Discharge in second-feet. Run-off.
T
Month. Depthin ‘;\a‘;@‘fl'
: : Per square | inches on | Total in v
Maximum. | Minimum. | Mean. drainage | acre-feet.
area.
1893.
September............... 180,000 116,000 | 146,000 0. 616 0.69 | 8,690,000 | A.
October. .. .. 146, 000 106,000 | 119,000 . 502 .58 | 7,320,000 | A.
November. 168, 000 105,000 | 138,000 . 582 .65 | 8,210,000 | A.
December. ... ............ 221,000 115,000 | 164,000 . 692 .80 | 10,100,000 | A.
The year... ..... 774,000 1 62,000 | 246,000 1.04 14.14 /179,000,000 |
1894.
January................. 223,000 100,000 | 143,000 . 603 .70 | 8,790,000 { A.
February 138, 000 86,900 | 112,000 473 .49 | 6,220,000 | A.
March..".. 304, 000 110,000 | 163,000 .688 .79 | 10,000,000 | \.
April 547, 000 281,000 | 359,000 1.51 1.68 | 21,400,000 | B.
May..... 1,200,000 441,000 | 655, 000 2.76 3.18 | 40,300,000 | B.
June... 1,390, 000 844,000 (1,140, 0600 4.81 5.37 | 67,800.000 | B.
July.. ... 16, 000 417,000 | 625,000 2,64 3.04 | 38,400,000 | B.
Auguste. .. 412,000 221,000 | 287,000 1.21 1.40 | 17,600,000 | B.
Septembere. 221,000 133,000 | 174,000 .734 82 | 10,400,000 | B.
Octobera.. 135,000 121,000 | 129,000 .54 .63 1 7,930,000 | B.
November 152,000 126,000 | 133,000 . 561 .63 | 7,910,000 | B.
Decemberea. . 136, 000 86,400 | 111,000 . 468 .54 1 6,820,000 | B.
The year........... 1,390, 000 86,400 | 336,000 1.42 19,27 244,000, 000
1895.
Januarya................ 127,000 79,800 | 100,000 L 422 .49 | 6,150,000 | B.
Februarye.. 127,000 78,700 91,900 .388 .40 | 5,100,000 | B.
March....... 133, 000 103,000 | 116,000 . 489 .56 | 7,130,000 | A.
April...... 294, 000 139,000 | 182,000 768 .86 | 10,800,000 | A.
May.... 535,000 ,000 {417,000 1.76 2.03 | 25,600,000 | B.
June... 517,000 376,000 , 000 1.78 1.99 | 25,200,000 | B.
July..... 437, 000 279,000 | 383,000 1.62 1.87 | 23,600,000 | B.
August...... 274,000 144,000 , 000 .882 1.02 | 12,900,000 | A.
Septemberea. 144,000 105,000 | 125,000 . 527 .50 | 7,440,000 | B.
Qctobera. ... 104,000 83,100 94, 500 329 .46 | 5,810,000 | B.
Novembera. .. 84,200 72,400 77,100 .325 .36 | 4,590,000 | B.
Decembera. ............. 77, 600 68,400 | 73,700 .31 .36 | 4,530,000 { B.
The year........... 535, 000 68,400 | 191,000 .806 10.99 {139, 0600, 000
1896.
Januarye. ... 121,000 68, 400 88, 700 .374 .43 | 5,450,000 | B.
Februarya 123,000 82,000 92,200 . 389 .42 | 5,300,000 | B.
March. 214, 000 101,000 | 129,000 . 544 .63 1 7,930,000 | A.
April.. 208.000 148,000 | 179,000 .755 .84 | 10,700,000 | A.
May..... 478,000 206,000 | 283,000 1.19 1,37 | 17,400,000 | A.
June.... 900, 000 ,000 | 774,000 3.27 3.65 | 46,100,000 | B.
July..... 892, 000 430,000 | 727,000 3.07 3.54 | 44,700,000 | B.
August.... 413,000 190,000 | 270,000 1.14 1.31 | 16,600,000 | A.
September. . 190,000 110,000 | 154,000 . 650 .73 1 9,160,000 | A.
Octoberb. ..o | 99,000 .418 -48 | 6,090,000 | C.
November c. 1940007 |t > 000 .523 .58 | 7,380,000 | B.
December ¢.....o....._.. 214, 000 99,900 | 161,000 ~679 78 | 9,900,000 | B.
The year........... 900, 000 68,400 | 257,000 1.08 14.76 {187, 000,000
1897.
JANUAry @. . ceueenoe. ... 130,000 96,000 | 112,000 .473 .55 | 6,800,000 | B.
Februaryb.. S PR R 96, 000 . 405 .42 | 5,330,000 | C.
Marche.,... 210, 000 83,100 | 107,000 .451 52| 6,580,000 | B.
April. , 000 126,000 | 324,000 1.37 1.53 | 19,300,000 | A.
ay..... 895, 000 503,000 | 710,000 3.00 3.46 | 43,700,000 | B.
June... 844, 000 501,000 | 612,000 2.58 2.88 | 36,400,000 | B.
July. .. 508,000 277,000 | 412,000 1.74 2.01 | 25,300,000 | B.
August. 268, 000 192,000 | 213,000 .899 1.04 | 13,100,000 | A.
September 188, 000 100,000 | 135,000 .570 .64 | 8,030,000 | A.
October. ... 104,000 84,200 95, 300 . 402 .46 1 5,800,000 | A.
November............... 162, 000 80,600 | 111,000 . 468 52 | 6,600,000 | A.
December................ 165, 000 114,000 | 137,000 . 578 .67 | 8,420,000 | A.
The year........... 895, 000 80,600 | 255,000 1.08 ' 14.70 }186, 000, 000
e Discharges based on gage heights at Cascade Locks. bdEstimated. c Partly estimated.



COLUMBIA RIVER DRAINAGE BASIN.

Monthly discharge of Columbia River at The Dalles, Oreg.—Continued.

Month.

January..................
February ;
March... ... .............
April .ol
May. .. ............ .
June... ... ..
July. ..
August......o.......
September........ ...
October. .
November.
December...........

Theyear...........

September. .
October. .. ..
November .
December................

Theyear...........

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

July..._...........
Auvgust............
September........
October...........

January.........._... ...
February
March.........

Janoary..................
February......
March._........
April._......

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

. Discharge in second-feet. Run-off.
Depth in
Maximum. | Minimum. | Mean. Pernfi(i_;x.a,re l(r]lfailralsagg ;\::é?fleé?_
area.
|
151, 000 83,300 | 111,000 | 0.468 0.54 | 6,820,000
274, 000 81,500 146,000 L0616 .64 | 8,110,000
80, 000 110,000 | 144,000 - 608 170 | 8,850,000
369,000 | 108,000 , .873 .97 | 121300, 000
) 673,000 | 359,000 | 469,000 1.98 2.28 | 28,800,000
737,000 | 619,000 | 684,000 2.89 3.22 | 40,700, 000
612, 000 324,000 | 445,000 1.88 2.17 | 27,400,000
312,000 203,000 | 246,000 1.04 1.20 | 15,100, 000
1000 113,000 | 140,000 _591 .66 | 8,330,000
111,000 84,200 95, 500 . 403 .46 | 5,870,000
86,000 77,000 | 82,200 L347 .39 | 4,890,000
83,300 57,200 07,400 .284 .33 | 4,140.000
737,000 57,200 | 236,000 .998 13.56 {171,000, 000
138,000 69, 800 96, 200 . 406 A7 5,920, 000
126, 000 78,800 | 107,000 S451 .47 | 5,940,000
123,000 92, 300 104, 000 . 439 .51 6, 400, 000
255,000 116,000 | 194,000 .819 .91 | 11, 500, 000
528, 000 201,000 | 334,000 1.41 1.63 | 20,500, 000
903,000 ,000 | 726,000 3.06 3.41 | 43,200,000
830, 000 1000 | €98, 000 2.95 3.40 | 42,900, 000
489,000 239,000 | 331,000 1.40 1.61 | 20,400,000
237,000 165, 000 194, 000 .819 .91 | 11, 500, 000
165, 000 122,000 | 136,000 .54 66 | 8360, 000
164, 000 109, 000 126, 000 . 532 39 | 7,500,000
194, 000 128,000 | 154,000 . 650 .75 9,470,000
T 903,000 69,800 | 267,000 1.13 15.32 {194,000, 000
262,000 | 134,000 | 166,000 700 .81 { 10,200,000 |
138, 000 101,000 | 122,000 1515 .54 | 6,780,000
237,000 128,000 | 187,000 .789 .91 | 11,500, 000
328,000 220,000 | 289,000 1.22 1.36 | 17,200,000
619,000 312,000 | 505,000 2.13 2.46 | 31, 100,000
496, 000 424,000 | 459,000 1.94 2.16 | 27,300,000
491,000 248,000 | 352,000 1.49 1.72 | 21,600,000
248, 000 148,000 | 188,000 793 .91 | 11, 600,000
154,000 116,000 | 132,000 557 62 | 7,860,000
133, 000 97,000 111,000 . 468 .54 | 6,820,000
138, 000 104,000 | 121,000 .511 .57 17,200,000
178,000 108,000 | 135,000 570 .66 | 8,300,000
619,000 97,000 | 231,000 974 13.26 (167,000,000
157,000 106, 000 126,000 .532 .61 | 7,750,000
208, 000 79,700 | 120,000 506 .53 | 6,660,000
285, 000 148, 000 , 000 .793 .91 | 11,600, 000
213,000 133,000 | 162,000 684 .76 | 9,640,000
735,000 206,000 ° 478,000 2.02 2.33 | 29,400,000
753, 000 452,000 583,000 2.46 2.74 | 34,700,000
462, 000 306,000 374,000 1.58 1.82 | 23,000,000
300, 000 164,000 224,000 .945 1.09 | 13.800,000
162, 000 97,000 129,000 544 .61 | 7,680,000
99, 000 75,400 84,200 355 41 | 5,180,000
92, 300 75,400 82,400 .348 .39 | 4,900,000
111, 000 76,200 90,700 .383 44 | 5.580.000
753,000 75,400 220,000 .929 12. 64 |160, 000, 000
100, 000 69,000 | 86,700 .366 .42 | 5,330,000
136, 000 57,200 98, 600 . 416 .43 | 5,480,000
137, 000 89,660 | 108,000 ~456 .53 | 6,640,000
194, 000 86,900 | 141,000 .595 .66 | 8,400,000
722,000 176,000 | 393,000 1.66 1.91 | 24 200, 000
732,000 484,000 | 607,000 2.56 2.86 | 36,100,000
544, 000 352,000 | 455,000 1.92 2.21 | 28,000, 000
342,000 174,000 | 239,000 1.01 1.16 | 14,700,000
168, 000 97,000 122,000 .515 .57 7.260. 000
93,200 74,600 | 82,100 .346 .40 1 5,050,000
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SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Columbia River at The Dalles, Oreg.—Continued.

Discharge in second-feet. Run-off.
Month. P i%e th in Total in i‘:cc;,l'
5 s er square ches on otal .
Maximum. | Minimum. | Mean. Tnile. drainage | acre-feet.
area.
1902.
November................ 91, 400 73,800 83,400 0.352 0.39 | 4,960,000 | A.
December................ 99, 000 70,600 | 83,700 .353 .41 | 5,150,000 | A.
The year........... 732,000 57,200 | 208,000 .879 11.95 {151,000, 000
1903.
Jeuary. .. 177,000 84,200 | 114,000 .481 .55 | 7,010,000 | A.
February. 122,000 72,200 85,900 .362 .38 | 4,770,000 | A.
March....... 192, 000 73,000 95,500 . 403 .46 | 5,870,000 | A.
April........ 264,000 157,000 | 191,000 .806 .90 | 11,400,000 | A.
May......... 415,000 250,000 | 334,000 1.41 1.63 | 20,500,000 | A.
June........ 903, 000 428,000 | 779,000 3.29 3.67 | 46,400,000 | B.
July....... 730, 000 312,000 | 475,000 2.00 2.31 | 29,200,000 | B.
August...... 306, 000 172,000 | 220,000 .928 1.07 | 13,500,000 | A.
September. . 170,000 126,000 | 145,000 .612 .68 | 8,630,000 | A.
October. .... 171,000 131,000 | 151,000 .637 .73 9,280,000 | A.
November. 138,000 119,000 | 129,000 .544 .61 | 7,680,000 | A.
December................ 131,000 95,000 | 118,000 . 498 .57 | 7,260,000 | A.
The year........... 903, 000 72,200 | 236,000 .998 13.56 |172, 000,000
106, 000 87,800 97, 600 .412 .48 | 6,000,000 | A.
162, 000 78,800 | 98,400 .415 .45 | 5,660,000 | A.
259, 000 115,000 | 167,000 . 705 .81 | 10,300,000 | A.
...... 540,000 161,000 | 368,000 1.55 1.73 | 21,900,000 | B.
714, 000 501,000 | 574,000 2.42 2.79 | 35.300,000 | B.
683, 000 526,000 | 633,000 2,67 2.98 | 37,700,000 | B.
526, 000 275,000 | 442, 1.86 2.14 | 27,200,000 | B.
266, 000 143,000 | 202.000 . 852 .98 | 12,400,000 | A.
139, 000 96,000 119, 000 502 56 | 7,080,000 | A.
........... 94, 100 73,800 83,200 . 351 .40 | 5,120,000 | A.
November................ 77,000 66, 900 71,100 . 300 .33 | 4,230,000 | A.
December................ 77,000 64,800 | 70,200 . 296 .34 | 4,320,000 | A.
The year........... 714, 000 64,800 | 244,000 1.03 13.99 177,000,000
January 78,800 56, 600 65,200 .275 .32 | 4,010,000 | B.
February................. 73,800 51,800 61,700 . 260 .27 | 3,430,000 | B.
March..............oa.e 126, 000 77,000 | 104,000 . 439 .51 | 6,400,000 | A.
April..o ool 188,000 111,000 | 128,000 . 540 .60 | 7,620,000 | A.
May. oot 264, 000 170,000 | 208,000 .878 1.01 | 12,800,000 | A.
June.... ...l 462, 000 285,000 | 394,000 1.66 1.85 | 23,400,000 | B.
July. oo 338, 000 205,000 | 257,000 1.08 1.24 | 15,800,000 | A.
August.............l 206, 600 120,000 | 173,000 . 730 .84 | 10,600,000 { A.
September. ... .. ....... 117,000 76,200 | 93,600 .305 .44 | 5,570,000 | A.
October. .. ............... 112,000 90,500 | 101,000 . 426 .49 | 6,210,000 | A.
November................ 91, 400 72,200 717,500 .327 .36 | 4,610,000 | A.
December................ 74, 600 61, 400 65, 900 278 .32 4,050,000 | B.
The year........... 462,000 61,400 | 144,000 . 607 8.25 |104, 000,000
1906.
January. 70, 600 58,400 62,300 .263 .30 | 3,830,000 | B.
Februar, 100, 000 62,700 75,100 .317 .33 | 4,170,000 | A.
March 154, 000 72,200 90, 500 .382 .44 | 5,560,000 | A.
April ..o il 279,000 162,000 [ 205,000 . 865 .97 | 12,200,000 | A.
May..oovoniiiiiiaaana 380, 000 272,000 | 322,000 1.36 1.57 | 19,800,000 | A.
June.... ...l 415,000 298,000 | 363,000 1.53 1.71 | 21,600,000 | B.
July...ooool 324,000 235,000 | 296,000 1.25 1.44 | 18,200,000 | A.
August................... , 000 122,000 | 166,000 . 700 .81 | 10,200,000 | A.
September. ... ... .. ... 127,000 98,000 | 112,000 .473 .53 | 6,660,000 | A.
October.................. 106, 000 84,200 90, 100 . 380 .44 | 5,540,000 | A.
November................ 274,000 90,500 | 135,000 .570 .64 | 8,030,000 | A.
December................ 151,000 103,000 | 120,000 . 506 .58 | 7,380,000 | A.
415,000 58,400 | 170,000 716 9.76 /123,000,000
138, 000 76,200 | 102,000 .430 .50 | 6,270,000 | A.
214, 000 110,000 | 155,000 .654 .68 | 8.610,000 | A.
262, 000 125,000 | 165,000 .696 .80 | 10,100,000 | A.
310, 000 152,000 | 243,000 1.03 1.15 | 14,500,000 | A.
590, 000 7000 | 419,000 1.77 2.04 | 25,800,000 } B.
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Discharge in second-feet. Run-off.
Month. b Depth in Total ‘r&accc;,‘
s s er square | inches on otal in :
Maximum. | Minimum. | Mean. mile. drainage acre-feet.
area.
1907.
June.... ...l 666, 000 542,000 | 601,000 2.54 2.83 | 35,800,000 | B.
July............ 602, 000 330,000 | 482,000 2.03 2.34 | 29,600,000 | B.
August......... 330,000 177,000 | 238,000 1.00 1.15 | 14,600,000 | A.
September 179, 000 131,000 | 159,000 .671 .75 1 9,460,000 | A.
Oclober......_. 131,000 94,100 | 113,000 477 .55 | 6,950,000 | A.
November...... 93, 200 82,400 86,800 . 366 .41 [ 5,160,000 | A.
December................ 115, 000 76,200 | 86,800 .366 .42 | 5,340,000 | A.
The year........... 666, 000 76,200 | 23%,000 1.00 13. 62 1172, 000, 000
1908,
January.... 86,000 64,800 | 173,700 .311 .36 | 4,530,000 | A.
Februar 68,300 59, 000 65, 000 .274 .30 | 3,740,000 | B.
Marc 230, 000 1300 | 114, 000 .481 55 | 17,010,000 | A.
April 328,000 107,000 | 187,000 .789 .88 | 11,100,000 | A.
May.. oceiien. 448,000 285,000 | 379,000 1.60 1.84 | 23,300,000 | B.
June.............. 743,000 446,000 | 607,000 2.56 2.86 { 36,100,000 | B.
July. . ...l 578,000 344,000 | 462,000 1.95 2.25 | 28,400,000 | B.
August........... 336, 000 152,000 | 207,000 .873 1.01 | 12,700,000 | A.
Seplember........ 151,000 100,000 | 118,000 . 498 .56 | 7,020,000 | A.
October.......... 100, 0600 82,400 88,900 .375 .43 | 5,470,000 | A.
November...... 95,000 81,500 | 86,400 .365 .41 | 5,140,000 | A.
December......cocvvunn.. 89, 600 65,500 76,800 .324 .37 | 4,720,000 | A.
The year........... 743,000 59,000 | 205,000 . 867 11.82 [149, 000,000
Yearly discharge of Columbia River at The Dalles, Oreg., for thirty years.
[Drainage area, 237,000 square miles.]
Discharge in second-feet. Run-off
Per
- cent
varia-
Year. Highest | Lowest M?rn Depth tion
Maximum. | Minimum. | monthly | monthly | Mean. s % are in Acre-feet. from
mean. | mean. ALATe | inches mean
e
65,600 | 751,000 | 73,300 | 295,000 | 1.24 | 16.94 | 214,000,000 | +25.6
74,400 | 973,000 | 83,400 | 322,000 | 1.36 | 18.54 | 234,000,000 | +37.0
87,600 | 686,000 | 97,000 | 309,000 | 1.31 | 17.70 | 224,000,000 | +31.5
67,400 | 947,000 | 74,900 | 281,000 | 1.19 | 16.13 | 204,000,000 | +19.6
65,600 | 657,000 82,500 | 245,000 [ 1.04 14.10 [ 178,000,000 | + 4.3
50,300 | 736,000 80,400 | 248,000 | 1.05 14.27 | 180,000,000 { + 5.5
73,400 | 497,000 91,000 | 222,000 .937 | 12.72 | 161,000,000 | — 5.5
60,800 | 653,000 | 68,200 | 214,000 | .902 | 12.23 ,000, — 8.9
64,700 | 932,000 73,900 | 289,000 | 1.22 16.60 | 210,000,000 | +23.0
,500 | 579,000 79,000 | 210,000 .885 1 12.05{ 152,000,000 | —10.6
53,900 | 283,000 61,900 | 130,000 . 548 7.46 94,200,000 | —44.7
50,300 | 631,000 53,000 | 208,000 .878 | 11.97{ 151,000,000 | —11.5
56,600 | 468,000 61,400 | 178,000 .749 | 10.19 | 129,000,000 | —24.2
64,800 | 615,000 71,500 | 208,000 .878 | 11.99 152 000,000 | —11.5
62,000 | 678,000 69,500 | 246,000 | 1.04 14.14 179,000,000 + 4.7
86,400 (1,140,000 | 111,000 | 338, 1.42 19.27 | 244,000,000 | +43.0
68,400 23, 73,700 | 191,000 .806 | 10.99 | 129,000,000 | —18.7
y 774,000 88,700 | 257,000 | 1.08 14.76 | 187,000,000 | + 9.4
X 710,000 | 95,300 | 255,000 | 1.08 | 14.70 | 186,000,000 | + 8.5
57,200 | 684,000 67,400 | 236,000 .998 | 13.56 { 171,000,000 i + 0.4
, 726,000 96,200 | 267,000 | 1.13 15.32 { 194, 000 000 | +13.6
97,000 | 505,000 | 111,000 231 000 .974 | 13.26 167,000,000 - 17
75,400 , 000 82,400 220,000 .920 1 12.64 { 160,000,000 | — 6.4
,200 | 607,000 82,100 | 208,000 .879 1 11.95| 151,000,000 | —11.5
72,200 | 779,000 | 85,900 , 998 | 13.56 | 172,000,000 | + 0.4
64,800 | 633,000 70,200 | 244,000 | 1.03 13.99 | 177,000,000 [ + 3.8
61,400 | 394,000 61,700 | 144,000 .607 8.25 | 104,000,000 | —38.7
58,400 | 363,000 62,300 | 170,000 .716 9.76 | 123, 000 000 [ —27.6
76,200 | 601,000 86,800 | 238,000 | 1.00 13.62 172 000 000 + 1.3
59,000 | 607,000 65,000 | 205,000 .867 | 11.82 149 000,000 | —12.8
66,600 | 654,000 78,700 | 235,000 .991 | 13.48 | 170,000,000 |........
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Mean discharge of Columbia River at The Dalles, Oreg., for successive ten-year periods.

I
Variation

DO b i O iR U1 DD B b G0 00 Ok O 00 = 00 ho O N

. Variation  Means of o
Period. g}g:gsy from 30- . minimum frqg;;o-
° | year mean. | months. 131ean,
+
Sec.-feet. Percent. | Sec-feet.

1879-1888. 264,000 +12.3 80,400 + 2.
1880-1889. 247,000 + 5.1 79,200 + .
1881-1890............... 236,000 + 0.4 76,200 — 3.
1882-1891. .. ... ... .... 222,000 — 5.5 72,600 -7
1883-1892.. .. ........... 215,000 — 8.5 72,300 — 8.
1884-1893.. ... ... ... 215,000 - 8.5 71,000 | — 9.
1885-1894. ... ........ 224,000 — 4.7 74,000 . — 6.
1886-1895.. .. ... ... ... 221,000 — 6.0 72,300 | — 8.
1887-1896............. 225,000 — 4.3 74,400 — 5.
1888-1897............. 222,000 — 5.5 76,500 — 2.
1889-1898. . . ... ...... 224,000 — 4.7 75,300 — 4.
1890-1899............. 238,000 + 1.3 78,800 + .
1891-1900. ............ 240,000 + 2.1 84,600 + 7.
1892-1901.. .. ........... 245,000 + 4.3 86,700 +10.
1893-1902............... 245,000 + 4.3 87,700 +11.
1894-1903.. ... ... ... .. 244,000 + 3.8 89,300 +13.
1895-1904. . ... ......... 234,000 — 0.4 85,300 + 8.
1896-1905. .. ........... 230,000 — 2.1 84,100 + 6.
1897-1906.. ............. 221,000 — 6.0 81,400 + 3.
1898-1907............... 219,000 — 6.8 80,600 + 2.
1899-1908. . .. o 216,000 — 8.1 80,400 + 2.
1879-1908. .. et 235,000 |............ 78,700 |..........

MISCELLANEOUS MEASUREMENTS.

The following miscellaneous measurements were made on minor

streams directly tributary to Columbia River during 1907-8:

Miscellaneous measurements in Columbia River drainage basin in 1907 and 1908.

Date. Stream. Tributary to— ! Locality. hgii;%ﬁ. c}]ljafé o.
|
September 6, 1907.. .1 Klickitat River. .. . Columbia River. .| Wright, Wash....... a,b— 6.27] 1,050
September 3, 1907... Liﬁtlle Klickitat | Klickitat River...| Goldendale, Wash...| b~ 3.48 15
iver.
L 1 Y SO, do............ ! Blockhouse, Wash ._.|b, c— 4.51 29
Do.. ... Mill Creek.......... Little XKlickitat j..... do............... () dy
i River.

Do.......o..... Spring Creek........|..... do. ..o ] do............... (b) d8
Do............. Bowman Creek.....|..... do.... ... ... do........ .. () dl
September 6, 1907...| Swail Canyon Creek.| Klickitat River...| Wright, Wash._.....|...... ... (]
September 7, 1907...] White Salmon River | Columbia River ..| Underwood, Wash... b, e— 537 909
September 8, 1907...) Wind River......._.l..... do............ Carson, Wash.,, 2 b,/—19.18 190

miles above mouth. i
July 4,1908._....... Multnomah Creek...|..... do............ Mouth............... b,9— .66 15
August 13, 1907. ... North Fork of Lewis |..... [§ 1 . Sec. 24, T.7N.,R.6 | h-11.7 | 404

River. E., 300 feet above [

Muddy Creek. ‘
July 6,1907.........|..... 6 U do............ Cressups Ferry, — 8.5 1,510

Washington.
September 21, 1907__[..__. do.............. I do......oiillll do. .. .. L33
August 13, 1907. ... Muddy Creek....... North Fork of | Sec.24, T.7N.,R. 6| i—12.6 220
I Lewis River. E., Washington. ‘
July 10, 1907 Canyon Creek......... .. [ 1 T Mouth, Washington.. . 71
May 27, 1907. .. North  Fork of ’ Cowlitz River..... Outlet of Spirit Lake, |.... : 206
Toutle River. Washington. |

a Below top of railroad spike in downstream end of right abutment.

b Low water.

< Below an 8-penny nail in top of 10-inch alder stump on right bank, 75 feet above mouth.

d Estimated.

e Below top of bridge pier right side, at county highway bridge, 600 feet above mouth.
f Below top of first floor heam from right end of bridge, upstream side.
¢ Below cross in northeast vertical face of small boulder on right bank, 53.5 feet above old railroad bridge.

» Below reference point on 24-inch {ir on right bank.

i Below reference point on cedar 18 inches in diameter on left bank, gaged 400 feet above mouth.
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Miscellaneous measurements in Columbia River drainage basin in 1907 and 1908—on,

| |
. . ! : Gage Dis-
Date. Stream. i Tributary to . Locality. } heig%nt, charge.
i
May 26,1907........ North Fork of Cowlitz River....] Aschans ranch, 509
Toutle River. ‘Washington.
May 25,1907........0..... do..oi s do............ Kid Valley, Wash-"' 961
ington. l
May 24,1907........ South Fork of .....do............ Toutle, Wash ........ | U 336
Toutle River. l
October 3,1908.. ... Big Creek........... Columbia River...| Sec. 14, T. 7N, R. 7 |.......... 2.8
‘ W., Oregon.
Dol do. .ol do............ 2 miles southeast of | @ —9.29 32
3 Knappa, Oreg.
Cctober 2, 1908 . ... Yellowstone Creek \ Big Creek..._..... Sec. 14, T. 7N, R. 7 b —4.4 3.2
| W., Oregon, near
i mouth.

a Below notch in a board 22.8 feet from west end of suspension bridge.
b Below notch in alder on right bank.

CLARK FORK DRAINAGE BASIN.
DESCRIPTION.

Clark Fork of Columbia River rises in the Silverbow Mountains,
Montana, about 18 miles southwest of Butte. For about 40 miles it
flows northward, but near Garrison, near Powell County, it turns to
the northwest and maintains this general course through a distance
of about 125 miles until it reaches St. Regis, in Missoula County,
where it turns abruptly to the northeast. At Paradise, in Sanders
County, it resumes its northwesterly course, passing between the
Ceeur d’Alene and Cabinet ranges, crossing the ‘‘panhandle” of Idaho
in Bonner County, flowing through Lake Pend Oreille, and entering
Washington near the town of Newport in Stevens County. From
Usk to the international boundary line its course is northward, and
just beyond the boundary it turns and flows directly west to its
junction with the Columbia. From source to mouth, its length,
exclusive of windings, is, roughly, 420 miles, and its drainage area
measures 25,800 square miles.

To the river thus described various names have been applied in the
past @ and may still be used locally. The Bitterroot in this decision
refers to a portion of the main stream so called, and not to the tribu-
tary known as the Bitterroot River.

The Land Office maps of Montana, Idaho, and Washington on
which the Clark Fork drainage area is shown indicates more than
150 tributary streams, but by far the greater number of these are
very short, and scarcely a dozen can be called rivers. The most
important are listed in the table following.

aClark Fork: river in Idaho, Montana, and Washington. (Not Bitter Root, Bitterroot, Clarke, Clarks
River, Deer Lodge. Deerlodge, Hell Gate, Hellgate, Missoula, Silver Bow, nor Silverbow.)
See Third Report U. S. Board of Geographic Names, Washington, 1907, p. 51.

11947—10—-6
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Frinctpal tributaries of Clark Fork of Columbia River.

From the south and west. From the north and east.
Flint Creek. Little Blackfoot River.
Rock Creek. Big Blackfoot River.
Bitterroot River. Flathead River.

Thompson River.
Vermillion Creek.
Priest River.
| Salmon River (British Columbia).

The river leaves the Silverbow Mountains near the Continental
Divide at an elevation of about 5,000 feet above sea level and flows
through a valley 3 or 4 miles wide, bounded by rolling hills. At
Garrison it is 4,300 feet above sea. From Garrison the valley gradu-
ally narrows to a mile or less at Missoula (elevation 3,200 feet), broad-
ens out just west of Missoula near the mouth of the Bitterroot, and
again narrows as the river approaches the Mission Range. Many of
the peaks in this range exceed 8,000 feet in altitude. At Paradise
the stream is about 2,500 feet above sea level, and at Pend Oreille
Lake the elevation is but 1,900 feet.

Much of the region drained by Clark Fork and its tributaries is well
timbered, especially in the mountains, and the drainage area includes
parts of the Lewis and Clark, Helena, Hell Gate, Missoula, Lolo,
Bitterroot, Cceur d’Alene, and Cabinet national forests.

As might be expected, a great deal of snow lies in the mountains
from November to June, and many of the streams are frozen over in
the colder months. During the greater part of the year, however,
the streams are open, because of the milder climate on the western
slope of the Continental Divide.

Irrigation in the Bitterroot Valley has been developed quite ex-
tensively. A large private enterprise near Hamilton is now nearing
completion. The United States Reclamation Service is irrigating the
Flathead Indian Reservation by diverting water from the smaller
streams. A project to dam Flathead River and develop power for
pumping water from the lake is now under way. One hundred thou-
sand acres will be irrigated on the Flathead.

Reservoir sites available for storage are numerous. The Mission
Range has several that will be used by the Reclamation Service;
also good storage reservoir sites are to be found on the Bitterroot
and upper Little Bitterroot.

The drainage basin contains many valuable power streams. On
a few streams power plants have already been installed and more
are under construction.

The run-off records extend back to 1898. During this period, 1899
was the wettest year and 1905 was the dryest.
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The following gaging stations have been maintained in this river
basin (all in Montana except as indicated):

Clark Fork at Missoula, Mont. (1898~1907).
Clark Fork at Priest River, Idaho (1903-1905).
Clark Fork at Newport, Wash. (1904-1908).
Big Blackfoot at Bonner (1898-1905).
Bitterroot near Grantsdale (1902-1907).
Bitterroot near Missoula (1898-1904).

Flathead Lake at Holt (year 1900).

Flathead Lake at Polson (1900, 1901, and 1908).
Flathead River near Polson (1907-1908).
Stillwater near Kalispell (1906-1907—4 months).
Whitefish near Kalispell (1906).

Little Bitterroot Creek near Dayton (1908).
Crow Creek near Ronan (1906-1908).

Mud Creek near Ronan (1908).

Mission Creek near St. Ignatius (1906-1908).
Dry Creek near St. Ignatius (1908).

Post Creek near St. Ignatius (1906-1908).
Jocko River near Jocko (1908).

Jocko River at Ravalli (1906-1908).

Big Knife Creek near Jocko (1908).

Agency Creek near Jocko (1908).

Finley Creek near Jocko (1908).

East Finley Creek near Jocko (1908).

The Indian Ditch near Jocko (1908).

Valley Creek near Ravalli, Mont. (1908).

Miscellaneous measurements.

Spring Creek at Ronan (1908).
Finley Creek at Arlee (1908).
Pablos Ditch near Ronan (1908).
North Fork of Post Creek (1908).

CLARK FORK AT MISSOULA, MONT.

This station was established July 10, 1898, at Higgins Avenue
Bridge, Missoula, Mont., but was removed May 27, 1899, to the
bridge of the Bitterroot Valley division of the Northern Pacific Rail-
way, about one-half mile downstream. The gage datum has re-
mained unchanged since the gage was removed. The records supply
data for power, irrigation, and general statistical purposes. The
station was discontinued July 1, 1907.

The drainage area at Missoula, including the area drained by the
Big Blackfoot and the main stream and its smaller tributaries is
5,960 square miles. dJust below Missoula, the Bitterroot enters the
river and about 100 miles below is the mouth of the Flathead.
From the source of the stream there are many small water rights, the
water being used for irrigation. At Bonner, where the Big Blackfoot
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enters, the Missoula Light and Power Company develop 5,000
ultimate horsepower and are entitled to the entire flow of the river.
Another plant is under construction on the Big Blackfoot.

As the climate is mild, this stream usually freezes only partly over
during the colder months.

Estimates at this station are subject to slight error. The swift-
ness of the river at high stages may cause the channel to shift. In
low water it is comparatively sluggish. ‘

Undoubtedly the greatest crest flow occurred in June, 1908, but no
records are obtainable.

The following measurement was made May 1, 1907: Width, 280
feet; area, 1,260 square feet; gage height, 5.50 feet; discharge, 5,070
second-feet.

Daily gage height, in feet, of Clark Fork at Missoula, Mont., for 1907.

[Thomas E. Westby, observer.]

[

Day. [ Jan, | Feb. | Mar. | Apr. [ May.| June. ’ Day. Jan. ! Feb. | Mar. | Apr. | May. | June.
; ! .

552 772116, .. 3.82 16.62)7.28 | 7.42

545 | 8.25 7.18

5.40 | 8.32 7.65

5.40 | 8.15 7.85

5.40 1 8.05 7.40

5.40 1 &20 7.18

5.45 1 8.30 7.58

5.68 1 8.52 8.02

5.85 1 8.42 8.68

6.28 | 7.98 8.58

|

6.68 | 7.58 | 8.58

7.05 1 7.72 . B.55

7.00 | 7.80 8.50

700 | 7.02 8.50

6.92 ) 7.42 8. 50

Note.—River frozen over January 1 to February 22. During this time there was an open channel in
the center of varying width. The gage heights for this period were taken to the water surface through
a hole in the ice. The thickness of ice varied from 0.3 to 1.1 feet.

Rating table for Clark Fork at Missoula, Mont., for 1907.

| :
Gage Dis- I Gage Dis- Gage Dis- | Gage ! Dis-
height. charge. | height. | charge. ||height. charge. |[height., charge.
- {
Feet. ‘ Sec.-ft. Feet. | Ser-ft. Feet. + Secft. Feet. | Sec.-ft.
3.70 | 1,930 4.70 3,420 5.70 5,810 7.40 12,100
3.80 | 2,050 4.80 3,620 580 . 6,100 7.60 12,900
3.9 2,170 4.90 3,830 5.90 6,400 7.80 13,700
4.00 | 2,300 5.00 4,050 6.00 | 6,710 8.00 14,500
4.10 2,430 5.10 4,280 6.20 7,370 8.20 15,300
4.20 2,570 5.20 4,510 6. 40 \ 8,110 8.40 16,100
4.30 2,720 ‘ 5.30 4,750 6.60 , 8,900 8. 60 16,900
440 | 2,880 5.40 5,000 6.80 | 9,700 8.80 17,700
4.50 3,050 | 5.50 5,260 7.00 10, 500 9. 00 18,500 |
4. 60 : 3,230 5.60 5,530 7.20 11,300 |
| i

NoTe.—The above table is not applicable for ice or obstructed-channel conditions. It is based on sixteen
discharge measurements made during 1904-7, and is fairly well defined.
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Monthly discharge of Clark Fork at Missoula, Mont., for 1907.

[Drainage area, 5,960 square miles.]

Discharge in second-feet, Run-off.
‘ ; - Accu-
Month. Depth in ‘
Per s N racy.
. - | incheson | Totalin
Maximum. Minimum. i Mean, sgllil]aere drainage | acre-feet.
; ' area.
January.......o...oo i a770 0.129 0.15 7,300 | D.
February. .. ... oo ai, 700 . 285 .30 94,400 | C.
March... .. 7,550 1,950 3,010 . 505 .58 185,000 | B.
April . 8,980 4,400 6, 540 1.10 1.23 389,000 | B.
May... 18, 400 5,0 10, 500 1.7 2.04 646,000 | B.
June.... ... | 17,200 11,200 14,560 ! 2.43 2.71 863,000 | B.
The period . . ... o.|o e IR Tl 1 2,180,000

a Estimated.

CLARK FORX AT PRIEST RIVER, IDAHO, AND NEWPORT, WASH.

The Priest River station on Clark Fork was established June 26,
1903, but was discontinued April 30, 1905. It was located 1,000 feet
downstream from Priest River railroad station and one-fourth mile
below the mouth of Priest River.

Gage records were begun at Newport, Wash., by the United States
Weather Bureau in April, 1904, and they have been continuous from
that date except for the months of December, January, and February
during the last three winters. The winter records are complete for
1903-4, 19045, and 1905-6.

By comparing simultaneous gage readings at Priest River and
Newport from April, 1904, to April, 1905, a very satisfactory relation
has been established. The monthly discharges of Clark Fork at
Priest River have also been compared with those of Columbia River
during the winter months when records were obtained at both stations,
the following percentages being obtained.

Comparison of the flow of Clark Fork at Priest River with that of Columbia River at

The Dalles.
|
( December.' January, | February.
’ Per cent. Per cent. Per cent.
10084 e e 14.0 13.5 11.
0 11.7 12.0 11.9
0056 . il ; 12.9 12.0 11.0

MEBI. - oo l 12,9 | 12.5 ‘ 1.4

In this manner complete records of Clark Fork at Priest River
have been obtained since June 26, 1903. The rating table for New-
port is based upon measurements made at Priest River and has been
applied from May 1, 1905, to December 31, 1908. Gage heights at
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Newport have been published in the Weather Bureau reports of
“Daily river stages of the principal rivers of the United States” as
follows:

1904, Part VII, page 184.
1905-6, Part VIII, page 68.

Discharge measurements of Clark Fork at Priest River, Idaho, tn 1903, 1904, and 1905.

Area of | Gage | Dis-

Date. Hydrographer. Width.| Seetion. height. | charge.

Feet. Sq. ft. Feet. | Sec.-ft.

. 22,400 | 59.40 | 126,000

14,100 | 53.85 ! 72,000
9,440 | 48.48 | 38,900
6,290 | 45.15| 17,800
5,920 | 44.81{ 16,200

5,720 | 44.39 | 14,300
16,700 | 56.00 | 89,400
10,600 | 49.92 | 45,300

7,230 | 46.33 | 22,800
1905.
January 19e....| Laurgaard and Costeel ............... .. ... ... 715 3,900 | 42.52 7,850
February 3b...| C. Costeel....... ... .. ... ... ... 704 3,500 | 41.85 5,419
aRiver one-fourth frozen over. b River frozen 400 feet along north bank.

Daily gage height, in feet, of Clark Fork at Newport, Wash., for 1907 and 1908.

[United States Weather Bureau, observer.)

I

Day. Jan. | Feb. | Mar. | Apr. | May. | June. { July. | Aug. | S8ept. | Oct. Nov. | Dec.
1.8 2.3 6.5 14.6] 15.7 9.0 4.9 1.3 1.0 1. ..
1.8 2.2 6.5 14.7( 158 9.5 4.5 1.2 I
1.8 2.2 6.4 14.8 | 15.8 9.4 4.2 1.2 A
1.8 2,3 6.4 15.0 ) 15.8 9.3 4.1 11
1.8 2.4 6.4 153 157 9.3 3.9 11
1.8 2.5 6.4 154 157 9.1 3.8 1.0 P N
1.8 2.7 6.4 157 156 9.0 3.7 1.0 VN R
1.8 2.8 6.5 15.8 ¢ 15.4 8.9 3.6 .0 0 e
1.8 2.9 6.7 16.0 | 152 8.9 3.5 —-0.9 ) —.1]......
17 3.0 6.9 16.2 | 150 8.8 34| — .8 —.1]......
1.7 3.2 7.5 16.5( 14.8 8.7 3.3 — .8 —.2......
1.6 3.2 7.8 16.6 1 14.5 8.5 32| —.8) —.20......
1.5 3.3 8.0 16.6 | 14.2 8.4 31— .7 —=.3|.....
1.4 4.0 8.2 16.6 | 13.8 8.3 31— .7 —4]......
1.4 4,1 8.5 16.7 | 13.5 8.1 3.1 — .7 —4|......
1.3 4.5 88| 16.3| 13.3 7.9 31— .7 —.4 -
1.3 4.9 9.3 16.6| 12.9 7.8 291 — .6 —.4(......
1.3 5.2 9.7| 16.5) 12.6 7.6 29| — .61 —.5]......
1.2 55| 10.4 16.3 12.3 7.4 29| — .61 —.5......
1.2 57| 112 16.0 | 12,0 7.2 29|~ .5 —.6 ...
1.3 581 12.0 | 158 | 117 7.0 281 — .5 —.6|......
1.4 59| 12.7| 157 11.4 7.0 27— .5 —.6{......
1.7 6.2 13.3 15.6 | 11.0 6.9 2.6 — .4 —6 ...
2.0 6.3 13.7 1 15.6 | 10.8 6.8 2.4 — .4 —.61.
2.2 6.5] 14.1| 15.6 | 10.5 6.5 2.3 — .4| —.6
2.3 6.5 14.4] 156 ] 10.0 6.4 21— 4] —.5 ...
2.3 6.6 | 14.5| 157 9.7 6.2 1.8 | — 4| —.b5 .. ...
2.3 6.5 14.5) 156 9.3 6.0 1.6 — .3 —.5 ...
2.3 6.5 14.6 | 15.7 8.9 5.7 1.4 — .2 —5......
2.3 6.5 14.6| 157 8.5 5.4 1.3~ .1 —.5 ...,
2.3 e 14.6 {....... 8.3 5.2 [ooo... S O ORI IO,
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Daily gage height, in feet, of Clark Fork at Newport, Wash., for 1907 and 1908—Cont’d.

[United States Weather Bureau, observer.)

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1908.
D P P P -0.9 0.8 7.71 12.1] 17.0 6.5 11 —0.5}+0.21|......
- .8 .8 7.8 12.1 ( 16.0 6.3 1.1 | — .4 2l
- .8 .8 7.9 125 | 154 6.1 1.0| - .5 2.
— .7 .8 8.0 12.81 14.5 5.6 8| —.5 2.
— .6 .8 8.1 13.1| 14.0 5.4 T - .6 2.
— .6 .8 84| 13.9| 14.0 5.1 T - T 12 PO
- .5 .8 86| 146 13.8 4.8 61— .8 A
— .5 .8 9.0 | 152 | 13.4 4.6 6 — .8 dg
— .5 .8 9.4 16.4| 13.0 4.4 61— .8 P U PO
— .5 .8 9.8 | 17.4 | 12.5 4.0 61— .8 P U PO,
— .4 9 10.0| 185} 12.0 3.7 B - .7 P O PO
— .4 9 10.1 19.0 11.5 3.5 A -7 [ O D
— .4 1.o| 10.4| 20.0 11.0 3.4 41 —-.6 P O PO
— .3 1.1} 10.6 [ 20.6 | 10.6 3.1 41— .5 VN PO
— .3 1.2 | 1L.o| 2.2 10.1 3.0 A - .4 VI O
— .3 1.4 10.9| 21.7 9.6 2.8 Bl—- .3 -
— .2 1.8 1.0} 217 9.4 2.7 B - .3 ~
1 2.1 11.1 217 9.2 2.6 20— .21~
.0 2.7 11.2 | 2L.7 9.0 2.5 dp - .20~
.1 3.1 1.2 | 2L.5 8.9 25— .11—.1|~
.3 3.7 1.4 21.2 8.9 24— .21 — . 1{~ .20 ...
.4 4.4 | 11.4| 21.0 8.9 22— .21 — .1 —.2|......
.4 4.9( 1.5 | 21.0 8.5 20— .21 — .1 — .1 |.....
.6 54} 1.5} 21.0 8.2 1.8 — .2+ .1~ .1 ......
1 6.0 11.5| 20.5 7.9 1.7(-.3 .1 Ol
.6 6.5 11.6 | 20.0 7.4 L7 —.3 .1
W7 6.8 11.7 | 19.5 7.1 1.5 — .3 .1
.7 7.2 1.8 | 19.0 7.0 1.4 — .4 .1
7 7.41 11.9 | 18.5 7.0 1.2 - .4 .1
.7 7.6 | 12.0 18.0 6.9 1.1} - .5 .2
Bl 120 {....o.e 6.7 1.1 ]....... .2
Relation of gage heights of Clark Fork at Priest River, Idaho, and Newport, Wash.
‘ |
Priest i| Priest Priest Priest
River | NeWPOrt | pyoer | Newport | Rjoen | Newport || oo | Newport
oo | e | e b | e | e e | b
height. | “®'81% | height. gt l height. €0t | height. | Me80t
Feet. Feet. Feet. Feet. ‘ Feet. Feet. Feet. Feet.
41.00 —3.55 | 46.00 2.95 ‘ 51. 00 9.15 56. 00 15.00
42.00 —2.25 47.00 4.25 || 52.00 10.30 57.00 16.20
43.00 — .95 48.00 5. 50 53. 00 11. 50 58.00 17.35
44.00 + .35 49.00 6.75 'l 54.00 12.65 59.00 18. 55
45,00 1.65 50. 00 7.95 " 55. 00 13.85 60. 060 19.70

Note.—The above table was obtained by plotting the daily readings at the two gages from May 1, 1904
to April 30, 1905, and is well defined between gage heights 42 feet and 57 feet, Priest River gage.
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Rating table for Clark Fork at Newport, Wash., from 1904 io 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. | height.| charge. | height.} charge. \ height. | charge.
I
Feet. | Sec.ft. Feet. Sec.-ft. Feet. | Sec.-ft. . Feet. Sec.ft.
—2.00 6,700 0.40 12,880 2.80 21,510 | 7.40 42,840
—1.90 6,900 .50 | 13,190 2.90 | 21,920 || 7.60 | 43,880
—1.80 7,100 .60 13, 3.00 22,330 |' 7.80 44,940
—1.70 7,310 .70 13,810 3.20 23,150 \ 8.00 46, 00C
—1.60 7,520 .80 | 14,130 3.40 | 23,990 8.20 | 47,080
—1.50 7,740 .90 14,450 3.60 24,830 |1 8.40 48,160
—1.40 7,960 || 1.00 | 14,770 3.80 | 25,690 8 60 | 49,260
—1.30 8,190 1.10 | 15,100 4.00 | 26,55 | 880 | 50,360
—1.20 8, 420 \ 1.20 15,430 4,20 27,430 9.00 51,480
-1.10 8. 660 ‘ 1.30 15,770 4,40 28,310 | 10. 00 57,200
—1.00 8,900 I 1.40 16,110 4.60 29,220 11. 00 63,030
— .90 9,150 1.50 16, 460 4.80 30,140 ' 12.00 ‘ 69, 060
— .80 9,410 1. 60 16,820 5.00 31,070 13.00 75,340
— .70 9,670 | 1.70 17,190 5.20 32,010 14.00 82,020
— .60 9,940 \ 1.80 17, 560 5.40 32,970 15. 00 89, 300
— .50 | 10,220 | 1.90 | 17,940 || 560 | 33,930 \ 16.00 | 97,300
— .40 10, 510 2.00 18,320 5.80 34,890 17.00 | 106,300
— .30 10,800 2.10 18,710 6.00 35,850 18.00 | 116,000
-~ .20 11,090 2.20 19,100 6.20 36,830 19.00 | 126,000
— .10 11,380 2.30 19,490 6. 40 37,810 20.00 | 136,500
.00 11.670 2.40 19,890 6.60 38,790 21.00 | 147,000
.10 11,970 2. 50 20,290 6.80 39,790 22,00 | 158,000
.20 12,270 ‘ 2.60 20,690 7.00 40,790
.30 12,570 || 2.70 21,100 7.20 41,810 ‘

NoTE.—The above table is not applicable for ice or obstructed-channel conditions above gage height

—1.0 foot.

water periods in the winter.

River and is well defined.

Monthly discharge of Clark Fork at Newport, Wash., for 1903 to 1908.

[Drainage area, 24,000 square miles.]

Below this it is applicable to the partly ice-covered conditions that usually exist during the low-
It is based on 11 discharge measurements made during 1903-1905 at Priest

Discharge in second-feet. -/ Run-off. \
| ~/ . -
Month. . Degthin r‘;g;'
. : ini er square | inches on otal in :
Maximum. | Minimum. | Mean. ‘mile. drainage | acrefeet.
area. |
‘ ;
1903.

126,000 117,000 | 122,000 5.08 0.94 | 1,210,000 | A.
114,000 44,800 73,900 3.08 3.55 4,570,000 | A.
43,900 19,400 28,900 1.20 1.38 | 1,780,000 | A.
19,000 14,300 15,800 . 658 .73 940,000 | A.
16,600 14,200 15,500 . 646 .74 952,000 { A.
18,100 15,400 | 16,100 L 671 .75 0 957,000 | A.
17,200 ‘ 15,100 16,500 . 688 .79 | 1,010,000 A.

126,000 14,200 |.......... } ........................ 11, 400,000
14,800 ] 11,900 13,200 . 550 .63 812,000 A.
11,700 10,400 11,000 . 458 .49 633,000 A.
15,400 10,800 13,500 . 562 .65 830,000 A.
58,300 13,500 31,300 1.30 1.45] 1,860,000 | A.
92,000 60,000 74,500 3.10 3.57 | 4,580,000 | A.
93,000 | 70,100 85,000 3.54 3.95 | 5,060,000 \ A,
68,700 + 32,200 49,800 2.08 2.40 | 3,060,000 | A.
32,000 14,300 21,500 . 896 1.03 | 1,320,000 A.
14,300 9, 11,900 . 496 .55 09,000 + A.
9,740 8,510 9,060 .378 .44 557,000 @ A,
November-.... 8,960 7,960 8,440 . 352 .39 502,000 | A.
December................ 8,510 7,830 8,180 .341 39 503,000 | A.

The year. .......... 93,000 | 7,830 28,100 1.17 15.94 | 20,400,000 ]
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Monthly discharge of Clark Fork at Newport, Wash., for 1903 to 1908—Continued.

Discharge in second-feet. Run-off. }
‘Accu-
Month. Depth in . racy
Maximum. | Minimum. | Mean. Peinsg: are ]gt?aixelsa(g)g aq,c‘gg?fleé?.
area.
{
1905
January.................. 8,510 5,700 7,790 0.325 0.37 479,000 | A.
February........ .- 8,370 5,860 7,320 .305 .32 406,000 | A.
March.. ........ . 11,800 8,200 | 10,000 L417 .48 617,000 | A.
April. ..o . 17,100 11,400 | 12,700 .529 .59 756,000 | A.
May. . .......... .. 30,100 16,500 | 22,200 925 | 1.07 | 1,360,000 A.
Tune. ...l 50,400 30,600 | 43,800 L8 | 2.03 | 2,610,000 A.
July. ... 42,300 19,900 | 30,600 1.28 1.48 | 1,880,000 | A
August. ... 19,900 10,200 14,100 .o88 .68 | 867,000 | A.
September o 10,200 7,960 8,840 . 368 .41 526,000 | A.
October. ... ... - 9,940 %,190 9,330 “3%0 | .45 574,000 A.
November. - 9,670 9,150 9,47 395 ' 44 564,000 , A.
December. 9,150 7,740 8,510 355 41 523,000 | A
The year 50,400 5,700 | 15,400 | .64l 8.73 / 11,200,000
1906. \ ) . J
January.................. 7,960 7,100 7,500 . 312 .36 461,000 | A.
February........ - 9,940 7,520 8,230 .343 | .36 457,000 | A.
o 6,700 9,210 L384 | L4 566,000 | B.
10,500 | 17,900 . 746 83| 1,070,000 | A
, 36,600 1.52 1.75 | 2,230,000 | A
36,800 | 41,800 1.74 1.94 | 2,490,000 | A
19,500 | 29,000 121 1.40 | 1,780,000 | A
12,000 | 14,100 .58 68 867,000 | A
8,900 | 10,200 425 .47 607,000 | A.
! 8,420 8,610 .359 -4l 520,000 | .
. i 8,420 | 15,700 654 T 934,000 | A.
........................ 15,500 .646 74 953,000 | B.
............ 17,900 744 | 10.11 | 13,000,000
............ 12,800 ‘533} .61 787,000 | B.
............ 17,700 738 71 983,000 | B.
15,400 | 17,400 12 84 | 1,070,000 | A.
19,100 | 28,700 1.20 1.34 | 1,710,000 | A.
| 37,800 | 57,900 2.41 | 2.78 | 3,560,000 | A.
. 86,300 | 96,200 400 | 4.47 | 5,720,000 | A
47,600 | 75,800 3.16 3.64 | 4,660,000 | A
32,000 | 44,900 1.87 2.16 | 2,760,000 | A.
15,800 1600 . 1.05 | 1,340,000 | -
9,150 | 11,300 471 .54 695,000 | A
I 9,940 | 11,000 .458 51 655,000 | A
[ | 11,200 467 | 54| 630,000 | B
............ L. 34000 1.42 [ 19.25 | 24,600,000
/ ............ 9,210 .384J .44 566,000 | B
lmiinnin 7,410 2309 | .33 426,000 | B.
| 9,150 | 11,500 L479 .55 707,000 | A.
I 14,100 | 22,400 933 1.04 | 1,330,000 | A.
| 44,400+ 59,300 2.47 2.85 | 3,650,000 | A.
I 69,700 121,000 5.04 | 5.62 | 7,200,000 | A
39,300 © 61,900 2.58 2.07 | 3,810,000 | A
15,100 23,700 988 1.14 | 1,460,000 | A
10,200 | 12,500 521 .58 744,000 | A
9,410{ 10,800 50 52| 664,000 | A
11,100 11,sool L 492 .55 702,000 | A
| ............ 9,910 113 .48 609,000 | B.
The year. .......... ‘ ........................ | 30,100 1.2 17.07 f‘ 21,900,000
i

Note.—Discharges for June 26 1903, to April 30, 1905, are based on gage heights at Priest River; since
May 1, 1905, on the records at Newport, except those for the winter months since December, 1906, which
have been estimated on percentages of the discharge at The Dalles.
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BITTERROOT RIVER ¢ NEAR GRANTSDALE, MONT.

Bitterroot River rises in the high mountains that form the bound-
ary line between Montana and Idaho, lows northward, and unites
with Clark Fork a short distance below the city of Missoula. Its
drainage area comprises about 1,550 square miles. Its tributaries
are all small. Those from the east drain comparatively low hills
and add little to the supply of the river, but the west side branches
are numerous, drain precipitous and heavily wooded areas, and
their discharge is regulated by many small lakes fed by banks of
snow, remnants of which continue far into the summer. From
Hamilton to Missoula, a distance of 48 miles, the fall of the river is
350 feet, or 7.3 feet to the mile.

The river affords a few possible power sites, but these will proba-
bly remain undeveloped for some time, as construction cost would
be heavy. The water of the stream is extensively used for irriga-
tion, and the valley is probably the best irrigated in the State. Log-
ging is carried on to some extent on this river.

The gaging station was established April 25, 1902, to obtain
information as to the quantity of water available for irrigation, and
was discontinued December 31, 1907. It was located on the high-
way bridge 2 miles southwest of Grantsdale and 5 miles southwest
of Hamilton. Two large ditches, the New Hedge and the Republi-
can, are taken out of the stream some distance above the station,
and a large project to irrigate 50,000 acres is now nearing completion.
The water is taken from Rock Creek, a small tributary rising in Lake
Como.

The channel is straight above and below the station. The current
has a medium velocity at moderate stages, but is extremely swift at
high water. The bed of the stream is composed of bowlders and is
shifting. The river is partly frozen over during a month or more in
the winter. The datum of the standard chain gage remained un-
changed. HEstimates obtained are very good.

Discharge measurements of Brtterroot River near G'rantsdale, Mont., in 1907.

. : Areaof | Gage | Dis-
Date. Hydrographer. Width. | cootion. height. | charge.

. Feet. Sq. ft. Feet. | Sec.-ft.
May6.......... J.E.Stewart. . ... 186 610 3.60 2,370
October12.....}..... [ 1o O 165 244 1.91 ] 333

a Owing to a misinterpretation of the decision of the United States Geographic Board, this river was called
Clark Fork in Water Supply Paper 214, Surface water supply of north Pacific coast drainage for 1906.
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Daily gage height, in feet, of Bitterroot River near Grantsdale, Mont., for 1907.

[T. J. Holt, observer.;

Jan. { Feb. | Mar. { Apr. | May. | June. | July. | Aug. { Sept. | Oct. | Nov. | Dec.

Day.

gage heights are to

9.
<y

Nore.—River gorged and ice conditions generally, January 14 to February 1

water surface.

Rating table for Bitterroot River near Grantsdale, Mont., for 1907.
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It is based on 2

discharge measurements made during 1907 and the form of previous curves and is well defined between

Nor1e.—The above table is not applicable for ice or obstructed-channel conditions.
gage heights 1.9 and 6.5 feet.
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Monthly discharge of Bitterroot River near Grantsdale, Mont., for 1907.

[Drainage area, 1,550 square miles.]

Discharge in second-feet. Run-off.
Month. - Depth in T ‘?gg}‘
. T er square | inches on ‘otal in .
Maximum., | Minimum. | Mean. mile, drainage | acre-feet.
area.
1907.
January 1-13............ 685 430 a54] 0. 349 0.40 33,300 | C
February 12-28........... 932 085 @793 .512 .53 44,000 | B
March. . .. ... 1,210 430 694 . 448 52 42,700 | A
i 3,840 880 2,010 1.30 1.45 120,000 | A
9,430 1,730 5,610 3.62 4,17 345,000 | A
11,800 4,380 7,250 4.68 5.22 431,000 | A
7,39 1,800 4,040 2,61 3.01 248,000 | A
1,730 315 518 60 49,400 | A
September. ... 830 350 583 .376 42 34,700 | B
October. . .. 430 280 367 . 237 27 22,600 | B
November.. . . 390 280 351 . 226 .25 20, B
December............... 470 280 351 . 226 .26 21.600 [ B
The year........... 11, 800 280 1,950 1.26 17.10 | 1,410,000

a Means for January 1 to 13 and February 12 to 28 taken as means for the months.
FLATHEAD RIVER NEAR POLSON, MONT.

Flathead River rises on the western slope of the Continental
Divide in the southeastern part of British Columbia and takes a
general southerly course, passing through Flathead Lake to Dixon,
Mont., where it turns abruptly and flows westward to its junction
with (lark Fork, about 3 miles southeast of Paradise. It is a large
stream with a number of important tributaries, chief among which
may be mentioned the Middle and South forks, which rise in the
Rocky Mountains, in the Lewis and Clark National Forest, flow
northwestward, the Middle Fork uniting with the main stream about
6 miles southwest of Belton and the South Fork near Columbia
Falls; Stillwater River, which enters near Kalispel; Swan River,
which comes into Flathead Lake; Little Bitterroot River, which
drains the northwestern part of the Flathead Indian Reservation;
and Jocko River, which drains the southeastern part of the reserva-
tion. The valleys of the Middle and South forks and the main stream
above Columbia Falls are very mountainous, but from Columbia Falls
to the lake the valley is broad and fertile, and the stream is sluggish.
Below the lake the river traverses the Flathead Indian Reservation,
with its wide expanse of irrigable land. The river is not subject to
sudden fluctuations in volume, as the lake serves to regulate its flow.

From August 23 to September 26, 1908, the lake level fell steadily
from 2,881.1 feet to 2,880.2 feet, as determined by a gage at Polson..

The gaging station was established July 23, 1907, at Michels Ferry,
& miles below Polson. In the vicinity of the station the river has a
fall of 240 feet in 6 miles. In 1908 the mean discharge was 12,100
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second-feet, and as it is possible to equalize the flow, an enormous
amount of power can be developed. At the Newell dam site, located
by the United States Reclamation Service, the stream flows from a
narrow canyon whose bounding cliffs reach a great height. It is
proposed to utilize the power for a pumping project to irrigate the
lands of the Flathead Indian Reservation. There are no diversion
canals taken from the river. The gage datum has not been changed
since the station was first established, and estimates obtained at
this station are excellent, as there is no appreciable change in the
channel. Gaging conditions are little affected by ice and good win-
ter records are obtained.

Discharge measurements of Flathead River near Polson, Mont., in 1907 and 1908.

|
. - Area of = Gage Dis-

Date. Hydrographer. Width. section. | height. | charge.

1907. Feet. Sq. ft. Fect. | Sec.-ft.
August 10...... J.E. Stewart. ... 455 ,020 6.97 | 15,200
September 9....[. ... L Lo 445 3,230 5.35 8,880
October 15.....|..... QO e 424 2,670 3.92 5,550

1908.
January 24e .. .| J. E. Stewart.... . .. ... 395 1,740 ‘ 1.48 2, 340
April 17 . ... Stewart and Richards .. 400 2.340 | 3.06 4,340
May 200 . ... .. R.Richards .. ... ... i 485 5,710 J 10.24 | 31,550
June 276 ) Q0 .l 487 6,442 ' 11.69 | " 43.600
August 21 .. ... do..o.. il 440 3,300 | 5.00 R, 380
November 11 ..| Richardsand Hueh ... ....... .. ... . ... ....... 395 2,200 | 2.90, 4,030

a A little shore ice.
b Observations could be made for only about 140 feet from each shore, as car touched the water in mid-
stream,

Daily gage height, in feet, of Flathead River near Polson, Mont., for 1907.

- [P. Michell, observer.]

T | [ } : '
Day. [Jul_v. Aug. Sept.k Oct. I\‘ov.‘ Dec. \‘ Day. ‘July."Aug. Sept. Oct.rNov.}De&
T i i T .
81 54| 44930 2 6.5 50| 3.8 25, 215
81 | 54! 45|30 | 2 6.4 | 40| 37 25| 215
8.0 } 5.4 4.4]29 | 2 6.3 | 491 37| 251 2.1
7.9 | 54| 43129 f 2. 6.2 | 49! 3.7 2.4 ...
T8 5'4\ 43f290 21 | 61 4.8} 3.6 2.4
7.7 D54 43128 21 ! 60 | 470 3.6/] 2.3
75 ' 53l 42l28 2 58 47| 3.6| 2.3!
7.351 53] 4.2 2.8 | 2 9.2 57 | 47| 3.5 2.2
7.15 | 53| 4228 2 9.1 57 47! 35| 2.3 .
7.0 ' 52| 41|28 2 9.0 57 ' 46. 3.5, 2.3
[
6.9 “ 52| 41|28 , 2 89 56 | 46 3.4 2
6.9 521 41]27 2 88 55 | 46 34| 2
6.8 | 51 40|2.75 2. 87 55 | 46| 34| 2
67 1 51| 40027 215129 8655 | 46| 3.3 2
6.6 ' 51 39|26 215 30.......... 8.4]55 | 46| 3.3 2
| ‘ ‘ T PO 83 5.4 |...... 3.0} ____________
| ! B

Nore.—The river was below the gage December 19, 1907, to January 23, 1908, on which date a new low
water gage was installed.
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Daily gage height, in feet, of Flathead River near Polson, Mont., for 1908.

[P. Michell, observer.]

Day. Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1.4 1.45| 2.0 7.7 [10.25 | 10.4| 6.7 3.7 3.2 2.95 [ 2.9
1.3 1.45| 2.0 7.8 [10.3 10.4 | 6.6 3.6 3.2 2.95| 2.8
1.3 1.5 1.6 8.0 |10.6 10.4 | 6.5 3.5 3.1 2.95| 2.8
1.3 1.45 1.6 82 {10.6 10.3 [ 6.3 3.4 3.0 2,951 2.75
1.4 1.45 | 1.75| 83 [10.75| 10.3 | 6.0 3.3 2.95| 2.95| 2.75
1.5 1.3 1.75 | 8.45|10.9 10.3 | 6.9 3.2 2.8 3.0 | 275
1.5 1.3 2.0 8.55 | 11.35 | 10.3 | 6.9 3.1 2.8 3.0 2.6
1.5 1.3 1.9 8.9 1125 10.2 1 6.7 4.0 2.9 3.0 2.6
1.5 1.3 1.9 9.2 |[13.7 10.2 | 6.4 4.0 2.9 3.0 2.6
1.5 1.3 1.9 9.5 | 14.1 10.2 | 6.2 3.5 2.9 3.0 2.6
1.5 1.45| 2.0 9.7 |14.3 10.2 | 6.0 3.5 2.9 2.9 2.6
1.5 1.45] 2.0 |10.0 | 14.6 10.1 ] 5.9 3.5 2.9 2.9 2.6
1.5 1.45| 2.0 |10.2 | 14.6 10.1 | 5.7 3.5 2.9 2.9 2.6
1.5 1.45| 2.3 |10.2 | 14.6 10.1 | 5.6 3.5 2.9 2.9 2.6
1.5 1.45| 2.6 |10.2 | 14.6 10.0 | 5.4 3.5 2.9 2.9 2.5
1.5 1.45| 2.9 |10.3 | 14.55 9.9| 5.3 3.751 2.9 2.9 2.5
1.5 1.5 3.2 |10.4 |14.3 9.8 5.2 3.7 2.9 2.9 2.5
1.5 1.5 3.5 | 10.4 | 13.9 9.7 5.1 3.65 2.9 2.9 2.4
1.5 1.6 3.9 1104 | 13.7 9.5 ! 5.0 3.6 2.9 2.9 2.4
1.5 1.6 4.3 110.25 | 13.4 9.3 | 5.0 3.6 2.9 2.9 2.4

... 1.5 1.6 4.9 110.2 | 13.45 8.7 5.1 3.65 | 2.9 2.9 2.3
... L5 1.6 5.6 |10.1 |13.1 8.6 | 4.55| 3.5 3.0 2.9 2.3
5 L5 1.5 5.9 |10.0 | 12.9 8.0} 4.55| 3.5 3.0 2.9 2.3
51 L5 1.5 6.3 110.0 | 12.6 8.0} 4.3 3.5 3.0 2.9 2.25
.5 1.5 1.5 6.8 9.95 | 12.35 7.9 4.2 3.45| 3.0 2.9 2.25
1.5 1.5 1.6 7.0 9.95 | 12.4 7.6 | 4.1 3.45 | 3.0 2.9 2.25
1.5 | 1.5 1.6 7.4 |10.0 | 11.7 7.5 | 4.0 3.45| 3.0 2.9 2.2
1.5 1.45) 1.8 7.5 | 10.1 | 1.7 7.4] 3.9 3.3 2.95 | 2.9 2.2
1.4 1.45| 1.8 7.6 |10.1 | 11.6 7.31 3.9 3.25| 2.95| 2.9 2.2
1.4 ... 1.9 7.65|10.1 | 11.4 6.9 3.7 3.2 2.95 | 2.9 2.2
1.4 ‘ _______ 2.0 j....... 10.2 |....... 6.8 3.8 ....... 2.95 |....... 2.2
|

Rating table for Flathead River near Polson, Mont., for 1907 and 1908.

Gage Dis- Gage Dis- Gage Dis- Gage .| Dis-
height.| charge. [[height.| charge. | height.| charge. | height.| charge.
Feet. | Secft. Feet. | Sect. Feet. | Sec.ft. Feet. | Sec.-ft

1.30 2,280 2.80 3,880 4.30 6,380 6.60 13,

1.40 2,360 2.90 4,020 4.40 6,610 6. 80 14,490
1.50 2,440 3.00 4,160 4,50 6,850 || 7.00 15,360
1.60 2,530 3.10 4,300 4.60 7,080 7.20 16,270
1.70 2,620 3.20 4,450 4.70 7,340 7.40 17,220
1.80 2,710 3.30 4,600 4.80 7,600 7.60 18,190
1.90 2,810 3.40 4,750 4.90 7,870 7.80 19,180
2.00 2,910 3.50 4,910 5.00 8,150 8.00 20, 200
2.10 3,020 3.60 5,070 5.20 8,720 9.00 25,520
2.20 3,130 3.70 5,230 5.40 9,330 10.00 31,200
2.30 3,250 3.80 5,400 5.60 9,970 || 11.00 37,230
2.40 3,370 3.90 5,570 5.80 10,640 | 12.00 43,630
2.50 3,490 4.00 5,750 6.00 11,350 || 13.00 50,530
2.60 3,620 4.10 5,950 6.20 12,080 || 14.00 57,700
2.70 3,750 4.20 6,160 6.40 12,850 || 15.00 65, 000

Nore.—The above table is applicable only for open-channel conditions.

It is based upon 9 discharge

measurements made during 1907-8, and is well defined below gage height 9.0 feet and fairly well above.
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Monthly discharge of Flathead River near Polson, Mont., for 1907 and 1908.

Discharge in second-feet.
Total run- | ...y
Month. off in Araccy
Maximum.{ Minimum. | Mean. | 2T e-feet.
1907.
July 23-81. oo i 26, 600 21,800 24,300 434,000 | A.
August...o....ooooooo. 20,700 9,330 13,900 855,000 | A.
September.. 9,330 7,090 8,290 493,000 | A.
October 6,850 4,160 5,520 339.000 | A.
November................ 4,160 3,130 3,620 215,000 | A.
Decembera.. ... ... il 3,130 2,810 3.000 184,000 | A.
The period. ... .oooiiiiii i ai e 2,520,000
1908.
JanuUAry .. ... i 2,810 2, 360 2,450 156,000 | B
February................. 2,440 2,280 2,420 139,000 1 A
March. . .................... 2,910 2,280 2, 460 151,000 | A
Aprilo.. ..ol 18, 400 2,530 7,040 419,000 | A
May.. ...l 33,600 18,700 29,000 | 1,780,000 1 A
June..... ..o 62,100 32,700 48,800 | 2,900,000 | B
July. ..ol 33, 600 14,500 27,100 | 1,670,000 | A
August.. ...l 14, 900 5,230 9,570 ,000 | A
September................ 5,750 4,300 4,940 204,000 | A
Qctober.................. 4,450 3,880 4, 251,000 | A
November... . ............ 4,160 4,020 4,060 242,000 | A
December................ 4,020 3,130 3,480 214,000 | A
Theyear............... 62, 100 2,280 12,100 | 8.800,000

a Discharges interpolated December 19, 1907, to January 22, 1908.
STILLWATER RIVER NEAR KALISPEL, MONT.

Stillwater River rises in the northern part of Flathead County and
flows southeastward through several lakes into Flathead River.

The gaging station, which was established September 25, 1906, and
discontinued May 31, 1907, was located at the Reiter wagon bridge
2 miles from Kalispel. The flow is controlled by dams above. The
measuring section is below the mouth of Whitefish River and includes
the flow of that stream. The intake of the city waterworks is between
the mouth of Whitefish and the gage. Owing to the extreme slug-
gishness of the Stillwater above the mouth of the Whitefish, it is
impossible to make measurements; hence the flow of the Stillwater
is obtained by subtracting the flow at the Whitefish station from that
at this station. This gives the amount available for irrigation.

Daily gage height, in feet, of Stillwater River near Kalispel, Mont., for 1907.

| {
Day. Jan. | Feb. | Mar. | Apr. i May. [l Day. : Jan. | Feb. | Mar. | Apr. | May.
! ! —_

1.55 | 1.58 | 2.0 l 1.9 3.65 || 16l 1.4511.6 | 1.7 |3.05| 5.7
L5215 120 | 1.9 3.68 || 17.. ... 1.42 | 1.7 1.68 | 3.15 ¢ 6.75
4 L6 [ 1.5 1.95 1 2.0 3.5 18, o | L4217 117 2.9 | 69
1.6 (1.5 1.95 | 2.0 3.4 190l 148 1.7 | L7 |3.2 6. 85
. 1.58 | 1.55 | 1.95 1 2.1 | 35211200 o il... | .5 | 1.7 | 1.78]3.28| 7.2

15 [1.65]20 |21 3.5 L5 | 1.7 |19 |34 7.25

1.5 | 1.58 | 1.95 | 2.1 3.7 ., L85 | 1.8 | 1.8 |3.45| 6.8

1.4 (1.6 | 1.8 | 2.3 3.55 1.556 1 1.85 | 1.8 | 3.45 6.3

1.4 1.65 | 1.75 | 2.75 | 3.8 1.58 (2.0 | 1.78(3.35| 5.9

1.4 |1.656| 1.8 |26 4.15 415520 |1.88]3.3 5.55

145115 118 2.65] 4.7 1.55 120 | 17832 5.12
J 15 {1.45 1 1.75 | 2.7 4.9 L 1.5512.05 | 1.82 ) 3.2 4.9
q L5 1.4 [ 1.7 |2.7 4.85 . 1.6512.0 | 1.8 | 3.2 4.78
JL5 | L5 |17 |28 4.95 16 | 1.9213.25 ! 4.85

1.45 | .52 | 1.7 | 2.85 | 5.1 D N P, 1.85 | 3.5 5.15

L65 .. .... 1.85 |...... 5.65
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LITTLE BITTERROOT CREEK NEAR DAYTON, MONT.

Little Bitterroot Creek rises in Little Bitterroot Lake, near Marion,
Mont., flows in a general southeasterly direction, and unites with
Flathead River 12 miles north of Dixon. It is about 50 miles long,
has numerous small tributaries, and drains an area of about 600 square
miles. Several reservoir sites have been surveyed in the upper part
of the stream, about 15 miles above the gaging station. Near Hub-
bart the stream has a sheer fall of about 50 feet and is bounded by
high cliffs.

The gaging station was established April 18, 1908, near Dayton,
at McDonald’s ranch, 12 miles north of the Warm Springs, on
the Flathead Indian Reservation, and the results will be used by
the United States Reclamation Service to determine the amount of
water available for irrigating portions of Little Bitterroot Valley.
Above the station a few small tributaries add to the volume of the
creek and several ditches take water from it. The water is not all
appropriated.

The datum of the gage has not changed since it was established.
The channel is not likely to shift. This river freezes over in winter.

Discharge measurements of Little Bitterroot Creek near Dayton, Mont., in 1908.

i

Areaof | Gage Dis-

section. |height. charge.
i

Date. \ Hydrographer. Width.

| Feet. ‘ Sq.ft. Feet. gSec.-ﬂ.
. . R ! 6.10 133

April 18 Stewart and Richards 35 | h8.7

May 21. . R. Richards 29 64.7 5.97 133
June 28 ...do 23 53.1 5.50 85.6
August 22e...._ ... .do .- .. 23 20. 6 4.34 20.8
November 10e.| Huch and Richards............o.... ..o 26 J 28.9 4.41 11.5

a Measured by wading.

Daily gage height, in feet, of Little Bitterroot Creek near Dayton, Mont., for 1908.

[A. P. McDonald, observer.]

Day.| Apr. : May. June.[ﬂept.[ Oct. } Nov.| Dec. || Day. | Apr. May.‘June. Sept.| Oct. | Nov.| Dec.
I

e _

4.4 | 4.45] 4.32 N 4.2 |46 |435] (@

4.35 4.45| 4.3 - N1 I R 4.25 | 4.5 1435 |......

4.4 4.4 4.3 ....| 6.05 A1 42 |44 |44 |......

4.4 4.4 4.38 1) 19....1 6.3 6.0 ...... 4.6 | 4.4 145 |......

1 4.35| 4.4 4.3 1/ 20....1 6.5 6.0 (...... 4.35 4.4 | 445 ...,

4.3 | 4.4 4.3 21....1' 7.0 6.0 ...... 4.3 |44 (4.5 |......

43 | 4.45| 4.3 }122....06.95] () {...... 4.3 | 4.4 | 4.45)......

4.3 | 4.4 4.3 23....0 7.0 ...l 425145 144 (...

4.3 ‘4.4 4.4 24....0 7.2 oo 4.35 | 4.45 | 4.4 |......

43 | 4.4 4.35 (| 25....1 6.8 |......|...... 4.35| 44244 |......

4.3 ’ 4.4 4.3 26....] 6.45 | ... ]...... 4.35 1 4.4 | 4.4 |......

4.4 | 445 432 |[27....16.2 |.... ... 4.4 | 4.4 |44 {......

©4.45 4.4 4.32 (1 28.... 59 [...... 5.5(4.45 | 4.4 | 4.4 |......

! 1 4.5 ‘ 4.451 4.3 29....05.8 ..ol 4.4 | 4.4 | 4.4 |...0..

' 4.7 1435] 43 30....0 5.7 |l 4.35 | 4.4 | 4.42 ... ..

i t i Bl e e 4.4 |l
' |

a River frozen entirely across December 16 to 31. . .
b No record from May 22 to September 6; the maximum stage, as estimated from high-water marks,
was 7.85 feet, and occurred probably about June 2.
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Rating table for Little Bitterroot Creek near Dayton, Mond., for 1908.

] |
Gage Dis- | Gage Dis- |, Gage Dis- || Gage Dis-
height. | charge. ||height.| charge. {height. | charge. [ height. | charge,
| )

Feet. | Sec.t. Feet. | Sec.ft Feet. | Secft Feet Sec.ft.
4.10 13 ‘ 5.10 58 1 6.10 138 | 7.10 250
4.20 16 5.20 64 6.20 148 | 7.20 262
4.30 19 ‘ 5.30 71 6.30 158 7.30 274
4.40 23 || 540 78 6. 40 169 7.40 286
4. 50 27 5. 50 85 f. 50 180 7.50 298
4.60 31 5. 60 93 6. 60 191 7.60 311
4.70 36 5.70 101 6.70 202 7.70 324
4.80 4 || 58 110 | 6.80 214 1| 7.80 337
4.90 46 5.90 119 6. 90 226 7.90 350
5.00 52 6.00 128 7.00 238 i

N

Note.—The above table is not applicable for ice or obstructed channel conditions. It is based on
4 discharge measurements made during 1908 and is fairly well defined below gage height 6.5 feet.

Monthly discharge of Little Bitterroot ('reek mear Dayton, Mont., for 1908.

. Discharge in second-feet. |
| Total Acet-
Month. p o —— —-—- - run-off in racy
. | Maximum. | Minimum. l Mean, | acre-feet.
| .
April 18-30. .. oo ! 262 101 177 4,550 | B.
May.......... . 158 97 134 8,240 | B.
June.......... . 344 82 124 7,380 | C.
July.......... .. 80 46 61.3 3,770 | C.
August....... .. 44 21 29.5 1,810 { C.
September.... - 31 13 19.3 1,150 | B.
OCHODET .+« ettt e et e e e e ! 36 19 23.3 1,430 | B.
|
Theperiod. ... ..ot iiiiiiiiiiaaaan, ( e o RN U 28, 300

Note.—There is no record from May 21 to September 6. During this period the estimate has been
based on the high-water mark, and two subsequent gage heights, in addition to a comparison with the
discharge of neighboring streams.

CROW CREEK NEAR RONAN, MONT.

Crow Creek rises in the eastern part of the Flathead Indian Reser-
vation and flows in a generally southwesterly direction, entering
Flathead River about 3 miles below the mouth of the Little Bitter-
root.

The gaging station which was established September 21, 1906,
for the purpose of obtaining data for use in connection with a pro-
ject to irrigate the Flathead Indian Reservation, is located about 4
miles south of Ronan at the highway bridge on the stage road from
St. Ignatius to Ronan. Investigations in connection with this pro-
ject have been carried on by the United States Reclamation Service
since the summer of 1907.

No important tributaries enter the creek above the station and no
water is diverted. Mud and Spring creeks empty into Crow Creek
several miles below. The current is very sluggish and during the
winter months the discharge is affected by ice. 'The gage datum has
not been changed since the station was established.

11947—10——7
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This station affords good conditions for obtaining accurate dis-
charge data, as the channel does not change appreciably except
during flood stages.

Discharge measurements of Crow Creek near Ronan, Mont., in 1907 and 1908.

: Areaof | Gage | Dis-

Date. ‘Hydrographer. ! Width. section. | height. | charge.

1907. Feet Sq. ft. Feet. | Sec.ft.
May2a... ..... J.E. Stewart. ... ..ot 30 30.4 1.22
May 24.........| Robert Follansbee... .. 42 135 3.34 173
June?7.. 49 216 5.08 353
July 24 38 99 2.81 126
August9a...._. 30 50 1.90 67
September 10a. 30 30.2 1.39 4.6
October 14a _ 27 19.9 1.09 25.3

1908.
April 16e...... Stewart and Richards.................cooooiiial 36 56.8 1.96 68.3
May 19e... ... R. Richards. ... - 27 60. 8 3.03 146
June29%a. .. ...l .... do........ 39 103 3.50 151
July 19ae.......| J. E. Stewart. 38 87.6 3.03 121
August 24a. . .| R. Richards . 27 17.0 1.34 33.5
October6......I..... do........... .. 33 19.2 b.95 22.5
November 12 ¢. Richards and 1iuch 37 49.2 1 d1.61 ‘, 19.8

I
a Measured by wading. ¢ Creek full of ice.
& Qbserver’s gage reading. d Gage height probably affected by ice conditions.

Daily gage height, in feet, of Crow Creek near Ronan, Mont., for 1907 and 1908.

[A. McIntyre, observer.]

Day. Jan. | Feb. | Mar. ‘ Apr. | May. | June. | July. { Aug. | Sept. ' Oct. | Nov. ‘ Dec.
| iml ]
1.40 | 1.20 | 4.80 | 4.65( 2.25 |....... 1.20 |....... 0. 88
1.40 | 1.25| 535| 430’ 220 1.70 |, 1.20| 0.98 .88
.70} 1.30| 5.05| 4.75| 2.18| 1.60 | 1.22 .92 .88
1.60 [ 1.30| 465 540 2.12| 1.50 1.20 .92 .88
1.40| 1.30| 4.60| 5.12| 2.18| 1.501 1.15 .90 .88
1.45| 1.20] 495! 462! 2.05] 1501 1.10 .90 .88
1.30 ¢ 1.35| 4.95| 4.30) 1.98| 1.50 | 110 .90 .88
1.25| 1.50 | 5.68 | 4.10| 1.90| 1.40. 1.10 .90 .88
112 195! 510 4.10) 1.8 | 1.40 1.10 .90 .88
1.35F 2.45| 4.55| 4.20| 1.90| 1.40 1.10 .90 .88
1.38| 2.98( 4.18) 4.00| 1.80] 1.38 ‘ 1.10 .90 .88
1.30) 2.8 428} 3.92) 1.80| 1.45' 1.10 .90 .88
130 2.58] 4.85| 400| 1.80| 1.45| 1.10 .90 .88
1.60 | 2.35| 4.55| 4.05 1.78 | 1.38| 1.10 .90 .88
1.721 2.60 | 4.18 ] 3.70 | L70! 1.35| 1.05 .90 .88
1.78 | 3.45| 4.28 ¢ 3.25| 1.68| 1.35 1.05 .90 .86
1.72 | 4.45| 428 | 3.32| 1.68| 1.35| 1.05 .90 .85
1.55| 4.80 | 4.12| 3.20} 1.62| 1.30| 1.02 .90 .85
1.48 | 4.88 |..._... 3.05 1.60 | 1.30| 1.00 .90 .80
1.40 | 5.35 |....... 2.92 | 1.58] 1.30| 1.00 W90 ...,
1.30 | 495| 460 3.00 | 1.52| 1.30 | 1.00 .90 .85
1.35| 4.38) 4.70| 3.02} 1.52; 1.30| 1.00 .90 .90
1.45) 3.8} 4.80 ) 2.88, 1.45) 1.30| 1..00 .90 .90
1.55 ] 3.42| 4.55| 2.65| 1.50| 1.251 1.00 .90 .90
1.40 | 3.00 | 415 ) 2,75 ....... 1.22 | 1.00 290 ...,
1.40 | 2.45] 4.40 | 2.60( 170 1.20 1.00 .90 .85
1.40 | 2.35| 4.8 | 2.50| 1.70| 1.22| 1.00 .90 .90
1.35| 2.80 | 4.92| 2.45| 1.78| 1.25 .98 .88 .90
1.30 | 3.15| 5.00| 2.40} 1.80| 1.20 .98 .88 .90
1.25| 3.50 | 5.20| 2.40( 1.80| 1.20 .98 .88 |.....
........................................... 4000 ......0 2,321 1.781..... 98 Ll
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Daily gage height, in feet, of Crow Creek near Ronan, Mont., for 1907 and 1908—Cont’d.

Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Deec.
[
0.90| 0.80 | 1.65 4551 3.90} 1.80| 1.20| 0.95| 1.40 |......
.90 .80 2.25) 6.10] 3.80 | 180 1.20 .95 1.40 ......
.85 .80 | 3.05| 5.40| 3.90| L70| 1.05 .95 1.40 |......
.95 .80 | 2.95| 58| 3.956} 1L.70 | 1.00 .95 1.40)......
.95 80| 2.85| 6.0 3.80| 170 | 1.00 95| 1.40 ......
95 .80 3.00 3.50 | L60| 1.00 L9510 1.40 [......
80 .80 | 3.65 3.15| 1.60 | 1.00 .95 1.351......
80 .80 | 4.75 2.85| 1.50 | 1.30 .95 | 1.35|......
.80 4.70 . 2.751 1501 1.25 .95 1.351......
80 .80 3.95 2.60 1 1.45] 1.05 .95 1.30'......
.80 | 3.75 2.45| 1.50 | 1.00 .08 | 1.30
1.20 . 60 2.45| 1.50 | 1.00| 1.08| 1.45
1.25 . 2.50 | 1.50| 1.00] 1.40| 1.20
1.50 5 2.40 | 1.50 | 1.00| 1.75| 1.20
1.55 235! 1.40( 100 1.55, 1.20
1.85 3.00 ] 1.40 | 1.00; 1.40 | 1.10 ..
1.95 4.95| 1.40| 1.20] 1.40 | 1.10 .
1.80 3.20 | 1.40| 1.45| 1.30 | 1.10 .
....... 2.8 | 140 450 1.30( 1.20
2.20 2.45 ) 1.40| 2.65] 1.35) 1.20 i ......
1.00 | 2.40 2.60 | 1.40| 2.00, 1.40{ 1.20|......
90 | 2.¢0 2.50 ) 1.40) 1.70| 1.40| 1.20 | .....
85| 2.80 2.40 | 1.40 | 1.55| 1.35| 1.20......
90 | 3.10 2.35| 140 1.45| 1.32| 1.05|......
90 | 2.90 2.25) 1.40 | 1.40| 1.30! 1.05|......
90 | 2.90 2.20 | 1.30 | 1.30| 1.30 | 1.00 |......
90 | 1.90 2,10 130} 1.20( 1.30| 1.00'......
851 1.80 2,16 1.30| 1.20 | 1.30| 1.00 |......
80 ) 1.65 2.10 ¢ 1.30 ) 1.05 1.35 1.00 {......
80! 1.55 2.05| 1.32}| 1.00 1.35| 1.00......
{1 ORI PO 1.8 | 1.30 |....... 135 oo
!

NotE.—Creek frozen entirely across, January 7 to February 25, 1907. Average ice thickness, 12 inches.
Ice conditions at gage March 5, 1907. Partial ice conditions during December, 1907. The gage was washed
out by exceptionally high water, June 6, 1908; the maximum stage was estimated from high-water marks
as 10.85 feet and occurred probably on either June 5 or 6, 1908.

Rating table for Crow Creek mear Ronan, Mont., for Jonuary 1, 1907, to June 5, 1908.

| |
Gage Dis- | Gage Dis- ‘? Gv_a%e Dis- ‘ Gage Dis-
- height. | charge. \‘height. charge. {fhelg t. | charge. | height.| charge.
' I
| 4
Feet. Sec.ft. l Feet. Sec.-ft. Feet. | Sec.-ft. Feet. | Sec.-ft.
F IR AR AR A AR A
.90 2 .00 o3 .
MR ER| R iR B[ oM
.10 29 | 2.20 8| .
A A A R A AN A
W 2 250 105 I 3.60 193 1 5.40 392
1.50 47 ‘ 2.60 12 | 3.70 202 ]1 5. 60 417
peloziin) omligl omoim @
.70 5 . 80 1 3. 2 3
1.80 62 | 2.90 134 “ 4.00 232 ){ 6.20 495
i

NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 9 dis-
charge measurements made during 1907-8, and is fairly well defined.
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Monthly discharge of Crow Creek near Ronan, Mont., for 1907 and 1908.

Discharge in second-feet.
Total Accu-
Month. run-off in racy
Maximum. | Minimum. | Mean. | 2ere-feet.
1907.

JLE:3 200 T:3 - G RN R 25.0 1,540 | D.
Februaryo... . ..o i J R 20.0 1,110 | D.
March. .. 119 25 39.8 2,450 | B.
ATl e 61 30 43.7 2,600 | B.
B I 386 33 148 9,100 | B.
JUne ..o 427 244 306 18,200 | B.
JULY e e 392 93 196 12,100 | B.
August . 89 44 62.8 3,860 | B.
Septemb 59 33 41.1 2,450 | B.
Octobher. 34 24 27.5 1,690 | B.
Novemb 24 20 21.2 1,260 | B.
December. 21 18 20.0 1,230 | C.

The year. . ... . .. i e e 79.3 57, 600
............................................. 27 18 2L 5 1,320 | B.
....... 150 18 57.0 3,390 | B.
....... 314 54 179 11,000 | B.
....... 1,400 151 536 31,900 | D.
....... 250 55 109 6,700 | B.
....... 52 32 37.5 2,310 | B.
....... 271 22 42.0 2,500 | C.
....... 59 23 34.0 2,090 | C.
......................................... 39 20 24.2 1,440 | C.

.............................................. " 62,600

o Estimated. b Discharges interpolated June 6 to 28.

NoOTE.—From June 29, 1908, to November 30, 1908, the discharge was obtained by the indirect method
for shifting channels.

MUD CREEK NEAR RONAN, MONT.

Mud Creek, a small tributary of Crow Creek, rises about 6 miles
southeast of Flathead Lake and flows southwestward.

The gaging station, which was established April 17, 1908, to obtain
data for irrigation, is located 3 miles northwest of Ronan. The
United States Reclamation Service will probably use the water on
the Flathead project. The Pablo ditch, the only one of importance,
diverts water from the creek a few miles above the station. No
changes have been made in the gage, as the current is very sluggish
and it is difficult to obtain accurate results.

Discharge measurements of Mud Creek near Ronan, Mont., in 1908.

|

X7 Area of | Gage Dis-
Date. Hydrographer. Width. section. | height. | charge.
Feet. Sq. ft. Feet. | Sec.-ft.
AMpril 17........ J.E. Stewart. ... 5.5 4.3 2.14 4.4
ay 20.... .| R. Richards... 10 1.3 2.54 9.2
June 27. N P do............ 1.5 43.7 4. 40 39.9
July 20... .| Hoyt and Stewart.. 10.5 32.6 3.59 23.6
August 21...... R. Richards.................. ... 5.5 12.2 3.10 9.8
November 11...| Richards and Huch 5.5 11.4 2.90 6.2




CLARK FORK DRAINAGE BASIN. 101

Daily gage height, in feet, of Mud Creek near Ronan, Mont., for 1908.

[F. O. Geffrey, observer.]

Day. Apr. | Aug. | Sept. | Oct. | Nov.| Dec. Day. Apr. | Aug. |Sept. | Oct. | Nov. | Dec.
32 30 {30 30 2.85 31 126 |3.05}29 2,95
33 130 /30 |30 2.9 31 1255130529 2.8
433 125 (30 [30 2.8 3.05|25 |305]3.0 2.8
133 125 130 30 2.95 305127 |30 |30 /......
3.35|245 |30 |30 2.8 305|130 |30 |30 ......
3.251245)1305|30 2.95 30 130 {30 (30
131 {24 (30530 2.9 30531 {30 |30
1815124 |305]|30 2.9 305305130 129 |
31 |24 /30 {295 29 30530 |30 295/
31 |23 (30 {295 2.9 31 130 |30 |29
15 D P 31 12330 |29 2.9 305130 [30 |295 ......
1 A 31524 130 (295 29 30 {30 (30 (29
B A AT 325125 |30 |29 2.95 3.0 |30 [30 {30
)V S R 32 (25 (30 (29 2.9 3.05 30 [30 |30
S 3.2 |25 (30 {295 29 3.0 |...... 3.0 |......
b L R 315125530 |29 2.95

NoTE.—Gage heights for May to July are believed to be very much in error and are not published.

Rating table for Mud Creek near Ronan, Mont., from August 1 to December 20, 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height,| charge, ||height.! charge. | height.| charge. || height.| charge.
1
Feet. | Sec.ft. Feet. | Secft. || Feet. | Secft. [ Feet., | Sec.ft.
2.30 2.5 2.60 4.0 l 2.90 7.0 [ 3.20 11
2.40 3.0 2.70 5.0 1 3.00 8.0 3.30 13
2.50 3.5 | 2.80 6.0 “ 3,10 9.0 3.40 15
| |

Note.—The above table is not applicable for ice or obstructed-channel conditions, It is hased upon 2
discharge measurements made during 1908, and is fairly well defined above gage height 2.8 feet.

Monthly discharge of Mud Creek near Ronan, Mont., for 1908.

Discharge in second-feet.

Total Ac-
Month. run-off in | eu-
Maximum, | Minimum, | Mean, | 2cre-feet. |racy.
7 5 6.29 175 | C.
14 8 9.77 601 C.
9 2.8 5.30 3151 C.
85 8 8.10 498 | C.
8 7 7. 60 452 | C.
7.5 6 6. 89 260 | C.

a Discharge for April estimated from a measurement made April 17,
MISSION CREEK NEAR ST. IGNATIUS, MONT.

Mission Creek rises in the western slope of the Mission Range and
flows in a general northwesterly direction into Flathead River about
3 miles above Dixon. Its only important tributary, Dry Creek,
enters it just above St. Ignatius.

The gaging station which is located opposite the home of A. A.
Booke, about 1 mile downstream from St. Ignatius, was established
September 21, 1906, to obtain data for use in connection with water
power and irrigation projects. Two or three small ditches, which
are used to irrigate about 800 acres near St. Ignatius Mission, divert
water above the gage.



102 SURFACE WATER SUPPLY, 1907-8.

A few miles above the station where the stream flows out from
mountains it has a fall of nearly 1,000 feet and affords an excellent
opportunity for water-power development.

The gage was washed out July 5, 1907, and on July 24 a new gage
was installed a short distance downstream and with a datum 0.30
foot lower; on January 25, 1908, this gage was lowered 0.39 foot.
The gage was again destroyed by high water June 7, 1908, and was
replaced June 26, 20 feet farther downstream at a different datum.

The current is swift and the records of flow are but little affected
by ice during the winter months. The channel shifts during high
water, but at ordinary stages the conditions for obtaining accurate
discharge data are good.

Discharge measurements of Mission Creek near St. Ignatius, Mont., in 1907 and 1908.

[Miss A. Annie Booke, ahserver.]

. Areaof | Gage Dis-
Date. Hydrographer. Width. o height. | charge.
Sq. ft. Feet. | Sec.-ft
21.6 0.61 33
33.4 1.09 109
56 1.70 267
74 1.52 197
. 36. 4 1.08 125
Septemher .............................................. 26 28.3 .72 78
October14.....] .. .cd0 o e i 26 19.0 38 41.8
1908.
January 25..... J.E. Stewart. ....oeeiieii i it 11 8.0 .24 9.6
April16....... .| Stewartand Richards. ... .. ... ... ... ... 12 8.7 .46 18.0
May 19..... JR.Richards. ... ool 28 29.8 1.19 85. 4
July 19.. ... L O E. Stewart. ..o 32 56.8 3.36 211
August24......| R.Richards. ... ... ..o il 25 35.1 2.89 69.6
October6......l..... 1< 1T R 24.5 27.1 2.81 46.6
November 7....| Huchand Richards......... ..., 235 26. 4 2,80 38.8

NoOTE. —Measurements in 1908 were made by wading. Gage datum was lowered 0.30 foot July 24, 1907,
and 0.39 foot January 25,1908. After June, 1908, a new gage was used, having no relation to previous gages.

Daily gage height, in feet, of Mission Creel: near St. Ignatius, Mont., for 1907 and 1908,

[Miss A. Annie Booke, observer.]

Day. ’ Jan. | Feh. , Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
1.90 | 2.20) 1.30 |....... 0.45 | 0.25 | .....
2,00 { .90 [ 1,30 0.80 .45 25| 0.05
1.50 | 1.95] 1.30 .80 .25 05
1,30 2.40....... .80 45 25 05
1.40 | (o) 1.25 .78 .45 20 05
1 . 80 45 .20 05
1 . 70 45 .20 05
1 .00 {oaoa... 45 220 ...,
1 . 80 .42 .20 05
1 . 75 .40 |....... 05
145 ..., 1.00 80 .38 20 05
1.50 |-...... .98 .80 .35 20 05
1.50 |....... .92 ¢ N 20 .05
1.30 |....... .90 .70 35 15 05
.50 0., L90 ...l 30 10 I......

a The gage was washed out July 5, 1907; a new gdge was installed July 24 a short distance downstream,
and with a datum 0.30 foot lower.
b Creek frozen to the bottom at the gage, January 8 to 20, 1907.
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Daily gage height, in feet, of Mission Creek near St. Ignatius, Mong., for 1907 and 1908—

Continued.
; ;
Day. Jan. | Feb. | Mar. | Apr. | May. | June. { July. | Aug. | Sept.{ Oct. | Nov. | Dec.
1.20 | 1.50 .
1.30 | 1.50
1,40 | 1.50
1.60 | 1.50
1.60 | 1.50
1,451 1.50
1.25 1 1.50 |.
1.20 | 1.50
1.10| L50
1.02 ) 1.40
1.00 | 1.60
1.0 | 1.80
110 | 2.05
1.16 0 2.20
1.22 ] 2.10
1.35 .......
.90 3.00 | 2.80( 2.8 I....... 2.75
1.15 3.00 | 2.80| 2.8 | 2.80| 2.75
1.50 3.00 | 2.80( 2,80 | 2.8 | 2.75
1.70 3.00 | 2.80....... 2.80 | 2.75
1.60 3.00 | 2.8} 2.8 2.80 | 2.75
1.70 | 7.28 | 3.52 | 3.00 ) 2.80| 2.80| 2.80 | 2.75
2,15 (b) 3.38| 3.00 | 2.85| 2.80| 2.80| 2.75
210 L., 3.40| 3.00| 2.8 2.8 |....... 2.75
1.90 [...... 3.35 [c.enn.n 2,80 2.80| 2.80 | 2.7
1.50 | 6.90 | 3.50{ 2.95( 2.80| 2.80| 2.80( 2.75
.25 .20 25 150 |....... 3.40 | 2.95| 2.80|....... 2,8  2.75
.25 220 .. 1.25 §....... 3.40 ] 2.95| 2.8 2.8 | 2.80| 2.75
25 .25 32 22| ...... 3.40 | 2.90 |....... 2.80 | 2.80 |......
25 .25 381 L.28(....... 3.50 [ 290 2.8} 2.85| 2.80| 2.75
25 .25 45 (e 3.40 | 2.90( 2.80 | 2.85| 2.80 | 2.74
2.85| 2.8 | 2.80[|......
2,831 2.8 | 2.8 2.70
3.00 |....... 2,78 2.70
3.10| 2.851 2.80| 2.70
3,051 2.8 | 2,8 | 2.70
3.00 | 2.8 2.80] 2.70
3.00 ) 2.8 [....... 2.70
2.95| 2.8 | 2.78{ 2.70
2901 280 2.75| 2.70
2.90 | 2.80| 2.75(......
2,901 2.8 2.75| 2.70
....... 2.8 275 0., ...
2.8 | 2.801 2.75} 2.70
2.8 | 2.801....... 2.70
2.8 ' 2.8 | 2.75| 2.70
....... P 2.80 {.......{ 2.70

a Water was below the gage December 21, 1907, to January 24, 1908.

b The gage was destroyed by high water June 7, 1908. On June 26 a new gage was installed 20 feet farther
downstream at a different datum. The gage height of June 10 was determined by high water marks and
is referred to the new datum.

¢ The gage was lowered 0.39 foot January 25, 1908.

Rating tables for Mission Creek near St. Ignatius, Mont.
JANUARY 1 TO JULY 4, 1907.2

Gage Dis- " Gage Dis- Gage Dis- } Gage Dis-
height. | charge. | height,| charge. || height.| charge. {/ height.| charge.
|

Feet. Sec.~ft. ” Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft

0.30 13 0.90 75 1. 50 207 2.00 36!

.40 19 1.00 92 1.60 236 r 2.10 405

50 27 1.10 110 1.70 267 2.20 442

.60 36 1.20 131 1.80 300 ' 2.30 480

.70 47 l 1.30 154 1.90 334 | 2.40 519
.80 60 J 1.40 | 180 ‘

a This table is not applicable for ice or obstructed-channel conditions. Tt is based upon 5 discharge
measurements made during 1906-7, and is well defined between gage heights 0.5 foot and 1.8 feet.
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Rating tables for Mission Creek near St. Ignatius, Mont.—Continued.

JULY 2¢ TO DECEMBER 31, 1907.2 N

Gage | Dis- || Gege | Dis- | Gage | Dis- | Gage | Dis-
height. | charge. ‘ height.‘ charge. | height.| charge. || height.| charge.
| .
|
Feet. l Sec.-ft. Feet. | Sec-ft. Feet. | Sec.-ft Feet. | Secft. | .
0.00 1 || 040 13 | 0.80 87 || 1.20 1441
10 18 50 | 5 -90 1 1.30 160
120 26 160 64 | 1.00 14 | 140 177
.30 34 '! .70 1 75 L1 | 129 ” 1.50 195
i | |
JANUARY 25 TO JUNE 6, 1908.0
i 1
0.20 8 H 1.60 142 || 3.00 wo | 480 726
.30 LT 158 || 3.10 2| a0 830
“30 15 || 180 174 || 320 42 | 520 874
.50 20 | L% 191 1| 3.30 463 || 540 18
-60 26 | 2000 200 (| 340 481 | 560 962
.70 34 | 210 227 || 350 55 | 58 | 1,006
.80 43 | 2020 245 || 3.60 526 || 6.00 | 1,050
90 55 | 230 263 || 3.70 547 || 6.20 | 1,09
1,00 6 | 2.40 282 |l 3.80 58 || 640 | 1,142
1.10 74 | 2.50 301 3.90 589 6.60 1,188
1.20 8 | 2.60 320 || 4.00 610 || 6.80 | 1,234
L3 | e || 270 340 || 4.20 634 || 7.00 | 1,280
1.40 13 | 280 360 || 4.40 608 || 7.20 | 1,326
1.50 \‘ 127 H 2.90 380 | 4,60 72 || 140 | 1,372
JUNE 2 TO DECEMBER 31, 1908.c
)
2.70 25 |l 310 i 120 | 3.50 25 | 3.9 440
2.80 a4 | 320 | 1 || 360 307 || 4.00 487
2.90 66 | 3.30 ' 186 || 3.70 350
300 | 2 | 340 | 224 | 380 394
{ i

aThis table is not applicable for ice or obstructed-channel conditions. It is based on 4 discharge
measurements made during 1907, after July 24, and is well defined between gage heights 0.4 foot and 1.5 fee t

bThis table is not applicable for ice or obstructed-channel conditions. Itis based on 3 discharge
measurements made during 1908, and is well defined between gage heights 0.2 foot and 1.5 feet.

¢ This table is not applicable for ice or obstructed-channel conditions. It is based on 4 discharge
measurements made during 1908, and is well defined between gage heights 2.7 feet and 3.5 feet,

Monthly discharge of Mission Creek near St. Ignatius, Mont., for 1907 and 1908.

| ‘
! Discharge in second-feet. ‘\

Total
Month. 7 run-off in ﬁ%cyu.'
Maximum.| Minimum. | Mean. acre-feet.
| |
1907.

January e . ... e 32 10 16.9 1,040 { C.
February..... ... ... ...l . 21 13 14.4 800 | B.
.............. 34 16 l 20.2 1,240 | B.
.............. 54 27 36.7 2,180 | B.
.............. 236 41 103 6,330 | B.
442 154 | 236 14,000 | A,
550 160 293 18,000 | B.
160 75 107 6,580 | A.
______________ 87 51 70.9 4,220 1 A,
.............. 48 36 38.5 2,370 | A.
.............. 30 14 ] 21,1 1,260 C.
......................................... 14 10 ] 11.8 726 ' D.

.................................... 550 | 10| 808 58,700 |

a Discharge estimated at 10 second-feet, January 8 to 20.
b Discharges for July 5 to 23 were estimated with the aid of a hydrograph.
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Monthly discharge of Mission Creek near St. Ignatius, Mont., for 1907 and 1908—Cont’d.

‘ Discharge in second-feet.
i Total Acet
Month. run-off in
: | acre-feet. |{T2CY+
Maximum., Minimum. | Mean. -
January ... ...l 10 8 9.87 607 B.
February.... e ... 10 8 9.03 519 | B.
March....... . e 11 8 9.97 613 | A.
April.... ... e . 86 10 29.7 1,770 | A,
May. ... ..... e e 236 53 120 7,380 | A.
Juned......... e .. 2,000 218 823 49,000 | D.
July......... . 440 92 230 14,100 | A.
August...... 92 55 73.5 4,520 | A.
September... 120 44 58.6 3,490 | A.
October.... 55 # 47.7 2,930 | A.
November. 44 34 41.3 2,460 | C.
December. . . 34 25 29.5 1,810 | C.
The year 2, 000 8 124 89,200
a Discharge estimated January 1 to 24. b Discharges estimated June 7 to 25.

DRY CREEK NEAR ST. IGNATIUS, MONT.

Dry Creek rises on the western slopes of the Mission Range in the
southeastern part of the Flathead Reservation and flows north-
westward.

The gaging station, which was established April 16, 1908, to obtain
data for use in connection with a project to irrigate land in Mission
Creek wvalley, is located opposite Felman’s ranch, about 3% miles
southeast of St. Ignatius. The creek is the outlet of St. Marys Lake,
which will be used as a reservoir to store the entire flow of the stream.

The current is swift. The bed of the stream is composed of coarse
gravel and bowlders, and some of the water—1 or 2 second-feet—sinks
into the ground and is lost before it reaches the gage. At low and
medium stages none of the water reaches Mission Creek, and during
the winter and early spring it ceases to flow at the gage. Above the
station one small ditch diverts water for irrigation. The only
tributary is a small creek which enters from the right a short distance
below the station. The conditions are fair for obtaining accurate
discharge data.

Discharge measurements of Dry Creek near St. Ignatius, Mont., in 1908.

Area of | Gage Dis-

Date. Hydrographer. Width.| gestion. height. | charge.

Feet. Sq.ﬁft. Feet. | Sec.ft.

.| J. E. Stewart.. 7 4 1.15 6.9

R. Richards. 13 9.7 1.90 27.3

June 26........}..... do......... 15 21.9 1.30 73.1
July 19.. Hoyt and Stew 15 17.2 1.10 43.6
Aungust 24.. R. Richards... - 9 4.2 .25 5.4
October 6......|..... do. i e 1.2 3.2 .08 2.6
4.14 | 21.25 4.1

November 7....; Richards and Huch 8

a Gage height probably wrong.
Nore.—Measurements were made by wading.
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Daily gage height, in feet, of Dry Creek near St. Ignatius, Mont., for 1908.

[Henry Felsman, observer.]

|
Day. Apr. | May. | June. | July. ; Aug. | Sept. Oct. Nov.
1.3 2.4 1.2 0.8 0.15 0.3 0.2
1.4 2.8 1.0 7 (a) .3 .2
L6 2.5 1.1 .7 .3 .35
1.7 2.6 1.0 .8 .25 N
1.6 4.0 1.3 T .23 7
L7 (v 1.4 .6 .1 7
L9 | (&) 1.8 .6 .1 .6
2.2 3.0 1.3 .6 .1 .6
2.2 3.0 1.4 .6 .1 .7
2.1 3.0 1.4 .5 .1 .65
2.0 3.0 1.4 .5 .1 .1 .6
1.9 2.9 1.4 .5 .1 .25 .5
19 2.9 1.4 .5 .1 .2 .5
1.9 2.9 1.4 .4 .1 .2 .5
19 2.8 1.4 .4 .1 .3 .5
.15 2.0 2.9 1.6 4 .15 .45 .55
.15 2.0 2.8 1.4 .3 .18 .5 4
.2 1.9 2.7 1.3 .3 .7 .5 .5
.2 1.9+ 1.4 1.4 .3 .7 .45 ]
.3 1.8 L7 1.3 .3 .8 .4 .55
.35 1.9 1.2 1.3 .3 .8 .3 .5
.4 1.8 1.0 1.4 .3 .75 .3 .5
.6 1.8 .9 1.3 .3 .78 .3 .5
.7 1.8 .9 1.2 .3 .6 .3 .4
.6 1.8 .9 1.0 .3 .6 .3 .45
.5 1.9 1.2 1.0 .25 .5 .3 .4
.45 1.9 1.2 .9 .2 .45 .3 .3
4 2.0 1.2 .9 V2 .4 .25 .3
.4 2.0 L0 1.2 .2 .3 .25 | .2
.3 2.2 L1 .9 1.3 .2 (c)
........ 2.4 l .8 .15 ‘{ [
| i .
a Water below the gage. b Water over the gage. ¢Creek dry.

Rating table for Dry Creek near St. Ignatius, Mont., April 16 to June 7, 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. | height.| charge. | height.| charge. || height.| charge,

Feet. | Sec.ft. Feet. | Secft. Feet. | Sec.ft. Feet. | Sec.-ft.
6 2 63 109

1.10 1.90 7 2.70 3.50

1.20 8 2.00 31 2,80 68 3. 60 116
1.30 10 2.10 35 2.90 73 3.70 123
1. 40 12 2.20 39 3.00 79 3.80 130
1.50 15 2.30 43 3.10 85 3.90 137
1.60 18 2.40 48 3.20 9 4.00 144
1.70 2 2.50 53 3.30 97

1.80 24 2.60 58 3.40 103

Norte.—The above table is not applicable for ice or obstructed-channel conditions. Tt is based upon 2
discharge measurements made during 1908 and is not well defined.

Monthly discharge of Dry Creek near St. Ignatius, Mont., for 1908.

Discharge in second-feet.
Total 1400,
Month. run-off in
: - acre-feet. | T8¢y
Maximum. | Minimum. | Mean. "
2N o1 B L ) 21 7 12.2 363 | C.
May.... 48 10 27.3 1,680 | C.
June. 250 48 119 7, D.
July.. 92 28 54.7 3,360 | C.
August.. 28 3 1.5 707 | C.
September. 17 1 6.93 412 D.
October..........coo.ooo.. 7 3 5.16 317 | D.
NoOVember.. ...ttt 5 0 3.13 186 | D.
Theperiod............ .. oo e 14,100

Nore.—Discharges were obtained by the indirect method for shifting channels June 8 to November 30;
June 6 and 7 estimated.
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POST CREEK NEAR ST. IGNATIUS, MONT.

Post Creek rises on the western slope of the Mission Range and
flows southwestward to Mission Creek. It is the outlet of Lake
McDonald, and it is possible to equalize the flow of the stream
throughout the year by storage in the lake.

The gaging station, which was established September 21, 1906, to
obtain data for use in connection with irrigation and power projects,
is located at the home of Joseph Allard, about 10 miles north of St.
Ignatius, Mont.

Two small ditches divert water above the gage to irrigate a few
acres. The North Fork, the only important tributary, enters 2 or 3
miles below the gage.

The current is swift and the records of flow are but little affected
by ice during the winter months. The channel is permanent and
the conditions for obtaining accurate discharge data are good. The
gage datum has remained unchanged.

Discharge measurements of Post Creek near St. Ignatius, Mont., in 1907 and 1908.

. : Area of | Gage | Dis-

Date. Hydrographer. Width. | cection. | height. | charge.

1907. Feet. | Sq.ft. Feet. | Sec.-ft.
May2.......... J. E. Stewart 20 21.2 1.37 4.0
May 24..._..... .. 26 36.8 2.14 139
June 7 31 64 2.80 290
July 24......... 27 2.55 | 236
August9....... 26 34.8 2.06 128
September 10... 24 28 1.76 78.0
October 14. ... 20 18. 4 1.38 36.2

1908.

January 25a.... 18 15.6 1.16 20. 4
April16........ 20 21.2 1.42 52.1
ay 19......... 26 37.1 1.88 112

July 19a....... 33.5 48.2 2.01 138
August 24a_. ... 29 25.0 1.36 47.7
October 6a.... |..... do.......o.. 22 18.3 1. 10 311
November 9a. .| Huch and Richards 22 17.8 1.10 29.7
Do.b ..] R. Richards............ e . 14 15.7 1.10 12.7

a Measured by wading.
b Measurement of a small channel which was opened up during the flood in June and was not discovered
until November 9.
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ed June 6 by high water and replaced June 26 at the same datum. The max-

Daily gage height, in feet, of Post Creek mear St. Ignatius, Mont., for 1907 and 1908.
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Imum stage as estimateg from high-water marks was 8.48 feet, and probably occurred about June 10.
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Rating tables for Post Creek near St. Ignatius, Mont.

JANUARY 1 TO AUGUST 13, 1907.c

Gage Dis- ‘ Gage Dis- Gage Dis-
height. | charge. ‘height. charge. | height. | charge.

" I
Feet, | Secft. Feet. | Secft. Feet. | SecHt.
120 35 | 190 99 2,60 244
' 1.30 39 [ 2.00 116 2.70 269
1.40 44 2.10 134 2.80 295
1.50 51 | 2.20 153 2.90 322 -
1.60 60 i 2.30 174 3.00 350
1.70 71 |, 2.40 196 3.10 380
. 1.80

84 ” 2.50 220 | 3.20 412

1.20 25 1.50 47 1.80 84
1.30 31 || 1.60 58 1.90 99
1.70 70 2.00 116

APRIL 1, 1908, TO DECEMBER 31, 1908. ¢

0.90 22 ‘ 2.10 156 3.30 464
1.00 25 2.20 178 ‘ 3. 40 493
1.10 29 | 2.30 201 3.50 522
1.20 35 |1 2.40 225 3.60 552
1.30 2 1 2.50 250 3.70 582
1.40 50 1 2. 60 275 3.80 612
1.50 60 2.70 301 3.90 643
1.60 72 2.80 327 ‘ 4.00 674
1.70 85 2.90 354 || 4.20 738
1.80 100 3.00 381 ‘ 4. 40 803
1.90 17 3.10 408 4.60 869
2.00 136 3.20 436 }

aThis table is not applicable for ice or obstructed-channel conditions. It is based upon 6 discharge
measurements made during 1907 and is well defined above gage height 1.7 feet.

b This table is not applicable for ice or obstructed-channel conditions. It is based upon 1 discharge
measurement made after the high-water period and also the form of the previous curve.

¢This table is not applicable for ice or obstructed-channel conditions. It is based upon 6 dischargs
ingz}suiem%ngs Irtxade during 1908 and the form of the 1907 curve, and is well defined between gage heights

.0 foot and 3.0 feet.

Monthly discharge of Post Creck near St. Ignatius, Mont., for 1907 and 1908.

Discharge in second-feet.

Total
Month. ——— — — | rup-offin AU
s acre-feet. 12¢Y-
Maximum. [ Minimum. | Mean. .
. _ ' R
| |
1907 i
JANUATY - o \eoeieeeeeee e ee ! a 40,0 2,460 | C.
February a 40.0 2,220, C.
March 37.2 2,290 | B.
April.. Ll 45. 4 2,700 | B.
May. o 106 6,520 | B.
June.. ..ol 261 15,500 | A.
July be il 259 15,900 | B.
Auvgust. ..o 116 7,130 | B.
September... ... ... ... 55.7 3,310 | B.
October_......... ... ..o 33.7 2,070 | B.
November. ... ... ... ... ... ...... ... © 28.6 1,700 | B.
December...... .. ... 28 25 26.8 1,650 | B.
|
TRE YOar. . oo oot b, I 87.4 61, 400

i | 8

¢ Estimated. b Discharges for July 4 to 7, 1907, estimated by the aid of a hydrograph.
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Monthly discharge of Post Creek near St. Ignatius, Mont., for 1907 and 1908—Cont’d.

Discharge in second-feet. “

Total Ace
Month. - . run-off in rac;}.
Maximum. | Minimum.' Mean, | 3cre-feet.

1908. |
January . ... iiiiiiiiiiieiaoe 25 20 22.6 1,390 | B.
February. . ... . ... 30 22 25.1 ‘ 1,440 | C.
March. ... .. i 35 27 30.7 1,890 | C.
April.. L 103 29 53.7 \ 3,200 | B.
My . e 178 72 123 7,560 | A.
June. 2,200 121 832 49,500 | D.
July... . 238 90 166 10,200 | B.
August. . . 85 35 51.3 3,150 | A.
Septembe R 85 29 44.2 2,630 | A.
October - 35 25 26.5 1,630 | A.
November................ R, 27 27 27.0 1,610 | A.
December. . ... .. ... ... 27 22 25.4 1,560 | A.

TRE VAT . - eeeee e 2,200 i 20| 119 \ 85,800 l

JOCKO RIVER NEAR JOCKO, MONT.

Jocko River rises in the eastern part of the Flathead Indian
Reservation and flows in a general northwesterly direction into
Flathead River near Dixon.

The station, which was established August 20, 1908, to obtain
data for irrigation, is located near the highway bridge on the road
between Jocko and Ravalli about 11 miles northwest of the Jocko
Agency. The Reclamation Service is now irrigating the Jocko
Valley. - Big Knife and Blodgett creeks enter the Jocko River above
the gage, and Finley, Agency, and Valley creeks enter below the
station. A few small ditches divert water from Jocko River between
its source and Ravalli, and the waters of its tributaries are used to
some extent for irrigation near the Jocko Agency. Indian Ditch,
diverted from the East Finley, is the largest ditch now in operation.
Five thousand acres are to be irrigated in the upper Jocko Valley.

Measurements are made by wading at low water and from the
highway bridge in flood season. The channel is not likely to shift
in ordinary stages.

Although the waters of this stream are being used for irrigation,
its power possibilities could be developed. The river carries a good
supply of water at a rapid fall and in many places is bounded by
high cliffs.

Discharge measurements of Jocko River near Jocko, Mont., in 1908.

t

Area of Gage‘ Dis-

Date. Hydrographer. } Width. section. |beight. l charge.
!
Feet. Sg.ft. | Feet. | Sec.ft.
Juneb..........l C.E.Hewitt............... ...l 532 {a12.25 | 6,200
August 20b._... R. Richards... c...| 50 65.7 7.32 141
October 70.....1..... do.............. ce.o] 485 54.3 7.12 95.7
November 65. ; Richardsand Huch..........................o...... 48.5 | 53.81 7.20| 121
|

a Gage height obtained from high-water marks. Discharge estimated from floats.
b Measured by wading.
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Daily gage height, in feet, of Jocko River near Jocko, Mont., for 1908.

[C. E. Hewitt, observer.]

JOCKO RIVER AT RAVALLI, MONT.

This gaging station is located about 400 feet downstream from a
point opposite the railroad station at Ravalli. It was established
October 18, 1906, to obtain data for use in connection with irrigation
and power development. '

Several small ditches divert water above the gage for irrigation.
The total diversion probably does not exceed 1 per cent of the dis-
charge of the stream.

The current is swift and the flow is but little affected by ice during
the winter months. The channel shifts during very high water, but
is permanent at ordinary stages. The conditions for obtaining
accurate discharge data are good. The gage datum has remained
unchanged.

Discharge measurements of Jocko River at Ravalli, Mont., in 1906, 1907, and 1908.

|
s Areaof | Gage | Dis-

Date. Hydrographer. Width. section. | height. | charge.

1906. Feet. Sq. /1. Feet. | Sec.-f1.
October 18_.. .. Follansbee and Richards................ ... ... .. 46 80 1.69 150
November20a.| R. Richards.......... ... ... ... 67 120 2.14 317

1907.
May3.......... . 45 104 2.28 | 382
May 25.. 50 181 3.60 887
June8... 50 283 4.50 1,900
July 22 46 122 2.75 509
August9....... 45 92 2.32 334
September 10.. 45 84 2.02 232

1908.
January 23e....| J. B. Stewart.. ... .. ... ...l I S 1.37 94
April 20........| Stewart and Richards 46 | 108 2.30 323
May 22.. R. Richards..................... 50 129 2.90 520
June25.........\..... do........... 52 172 4,64 825
July 19.. Hoyt and Stewart. 52 134 3.60 459
August 20.. R. Richards..... 46 101 2.74 261
Qctober 7......|..... do. . oo 41 99.7 2.48 222
November 6 a..| Richards and Huch 57 80.8 2.52 194

a Meastured by wading.
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SURFACE WATER SUPPLY, 1907-8.
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Daily gage height, in feet, of Jocko River at Ravalli, Mont., for 1907 and 1908.

Day.

112

and probably occurred

d out June 2 by high water and was replaced June 25 at the same datum. The

ge hei§hts for May 30 to July 21 are uncertain, as the gage settled about June 1 and was not cor-
No ice at this station.

a Ga

b The gage was washe 2
highest stage of the flood was determined by high-water marks to be 7.63 feet,
about June 10.

rected until July 21.
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Rating tables for Jocko River at Ravalli, Mont.
OCTOBER 18, 1906, TO JUNE 1, 1908.2

Gage Dis- Gage ' Dis- [ Gage Dis- Gage Dis-
height, | charge. i height. | charge. I height. | charge. | height.| charge.
i

Feet. | Sec.ft. Feet. | Sec.-ft. Feet. | SecHt. Feet. | Sec-ft.
1.30 92 2.20 292 3.10 655 4.00 1,280
1. 40 108 || 2.30 324 3.20 705 || 4.10 1,380
150 24 || 2.0 358 || 3.30 760 | 420 | 1400
1.60 142 | 2. 50 394 3.40 815 || 4.30 1,610
1.70 162 | 2.60 432 3.50 875 4.40 1,730
1.80 184 I} 2,70 472 |} 3.60 940 4. 50 1,860
1.90 208 | 2.80 514 || 370 | 1,010 |

2.00 234 | 2.90 558 | 3.8 | 1,000 |

2.10 262 | 3.00 | 605 3.90 1,180 \‘ I

! i
JUNE 10, 1908, TO DECEMBER 31, 1908.0
I

Feet. | Sec.~ft. || Feet. | Sec~ft. || Feet. | Sec.-ft. \ Feet. | Sec.-ft.
2.00 130 2.80 266 3. 60 4 4.40 731
2.10 145 2.90 286 3.70 486 4.50 770
2.20 160 3.00 307 | 3.80 518 4.60 810
2.30 176 3.10 329 3.90 551 4.70 850
2.40 193 3.20 352 4.00 585 4.80 890
2.50 210 3.30 376 4.10 620

2.60 228 3.40 401 4.20 656 |

2.70 247 3.50 428 4.30 693

o This table is not applicable for ice or obstructed-channel conditions.
measurements made during 1566-1908 and is fairly well defined. .
b This table is not appiicable for ice or obstructed-channel conditions.
measurements made after June 25, 1903, and is well defined between gage heights 2.5 feet and 5.0feet. Above

gage height 5.0 feet, it is somewhat uncertain.

Monthly discharge of Jocko River at Ravalli, Mont., for 1906 to 1908.

113

It is based upon 9 discharge

It is based upon 5 discharge

Discharge in second-feet. Total
run-off in
Month. acre-feet.
Maximum. | Minimum. [ Mean.

262 152 179 4,970
493 162 224 13,300
208 173 188 11,600
JANUATY . oo oeeee i 184 152 166 10,200
February............... 324 173 200 11,100
March.................. 324 196 246 15,100

April. 472 234 344 20,
ayo. 1,500 308 842 51,800
Junea. 1,860 815 1,190 70, 800
July.... 1,180 358 36, 000
August................ 376 262 312 19,200
Septembe 277 234 245 14,600
October.................. 234 184 208 12,800
November. . .. 184 162 177 10, 500
December.. ... ... 162 142 157 9,650
e JOAT« . v e ol 1,860 142 389 282, 000

1908.

January... ... Liii... 142 108 125 7,690
February. ..o 514 92 131 7,540
March. ..o 142 92 114 7,010
April. o 605 124 238 14,200
3 20 760 324 550 33, 800
Juned. 7,500 731 2,410 143,000

JULY « e eee e et e e 693 T 329 479 29,
Aungust. ... 329 286 302 18, 600
September 428 228 286 17,000
October.. 247 210 220 13, 500
November. - 210 193 200 11, 900
Decemberd._ . ... .. 193 160 172 10, 600
Theyear. . ... ..o i 7,500 92 436 314,000

Accu-
racy.

|

PEEPEOORIEER  REE

FRE b O R

a Discharge estimated for days when gage was not read.
b Discharges estimated June 2 to 24 and December 1 to 31.

11947—10 8
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BIG KNIFE CREEK NEAR JOCKO, MONT.

Big Knife Creek is a small stream that rises in the mountains and
flows in a westerly direction until it joins the Jocko River about a
mile north of the Jocko Agency.

The station, which was established August 19, 1908, is located
near the small highway bridge which spans the creek about 24 miles
northeast of Jocko.

There are no ditches diverted from this stream. The water may
possibly be utilized by the Reclamation Service. As the creek has
a high altitude, it freezes over in cold weather. The gage datum
has remained unchanged. The channel does not shift, except in
extremely high water.

Discharge measurements of Big Knife Creek near Jocko, Mont., in 1908.

|
Area of | Gage Dis-
section. |height. | charge.

|
Date. Hydrographer.

l

Sq.ft. Feet. | Sec.ft.
22.3

August1....... | C.E. Hewitb. ... o X 13.4 (........

August19.... .. R. Richards . I 3 9.5 0.83 14.8
October 8__.._.|..... do............... . . 8.8 .73 13.0
November 5....| Richards and 1Tuch . 8.7 . 69 11.0

Note.—Measurements made by wading. .
The following additional gage heights were obtained: August 22, 0.81 foot; August 26, 0.81 foot; August
30, 0.81 foot; September 2, 0.80 foot; September 4, 0.79 foot; September 8, 0.77 foot; October 19, 0.71 foot.

AGENCY OREEK NEAR JOCKO, MONT.

Agency Creek is a small stream that rises in the Mission Range
and flows in a westerly direction until it joins Jocko River near
Agency.

The station, which was established August 19, 1908, is located
about 2 miles east of Jocko, just above the intake of the Matt ditch—
the largest ditch leaving the stream. Smaller ditches are diverted
below. The stream has a steep grade and a rapid flow. It partially
freezes over during the colder months. Its flow is controlled by
the melting snow in the mountains.

Discharge measurements of Agency Creek near Jocko, Mont., in 1908.

|
Ao - Areaof | Gage | Dis-
Date. Hydrographer. Width. section. | height. | charge.
. Feet. Sq. ft. Feet. | Sec.-ft.
August 5....... C.E Hewilt .. .. ...l 16 19.1 ... 13.8
August 19...... R. Richards FU . 14 8.05 0.81 10.2
October 8......|. ... do.......o.l 187 7.14 T 7.6
November 5....| Richards and Huch | 17 7.47 .74 8.0

Note.—The following additional gage heights were obtained: August 22, 0.80 foot; August 26, 0.79 foot;
August 30, 0.79 foot; September 4, 0.77 foot; September 8, 0.76 foot; September 21, 0.98 foot; Sepcember 25,
0.85 foot; October 18, 0.55 foot.
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FINLEY CREEK NEAR JOCKO, MONT.

Finley Creek, a tributary of Jocko River, is formed by its Kast
and West forks, which rise in the Mission Range and unite about
one-eighth mile above the gaging stations.

The station, which was established August 19, 1908, is located at
the ford 2% miles south of Jocko and 3} miles east of Arlee, and is
300 feet south of the Northern Pacific Railway. No ditches of
importance are diverted from this creek, but possibilities are good
and the Reclamation Service will utilize this water on the Jocko
project.

The stream freezes over in the winter. The gage datum has
remained unchanged. The accuracy of the measurements is good.

Discharge measurements of Finley Creek near Jocko, Mont., in 1908.

[
' Width. Area of | Gage Dis-

Date. Iydrographer. section. |height. | charge.

Sq. feet. | Feet. | Sec.-ft.
23.1 14.8

August 10.._... C.E.Hewitt....ooooooiiii 140231 L 3
August19......| R. Richards .. 11.4 1.29 153
October 8......[..... do. ... .. 8.55 1.21 9.5

November 5....| Richards and Huch | 9.25 1.20 10. 4

NoTeE.—Measurements made by wading.
The following additional gage heights were obtained: August 26, 1.27 feel; August 30, 1.25feet; September
21, 1.31 feet; October 18, 1.30 feet; October 27, 1.22 feet.

EAST FINLEY CREEK NEAR JOCKO, MONT.

East Finley, a small creek rising in the Mission Range and fed
by melting snow in the mountains, unites with the West Fork to
form Finley Creek.

The station, which was established August 18, 1908, to obtain
data for irrigation, is 4 miles southeast of Jocko, 4} miles east of
Arlee, and is located just above the intake of the Indian ditch. This
ditch, is the only diversion and in low water takes practically the
entire flow of the stream. The gage is permanent and the datum
has remained unchanged.

Discharge measurements of East Finley Creek near Jocko, Mont., in 1908.

. - Areaof | Gage Dis-
Date. Hydrographer. Width. section. | height. |charge.
Feet. Sq. ft. Feet. | Sec.-ft.
August4.......| C. E. Hewitt.. 8.5 6.32 |........ 12.8
August 18 R. Richards. 8.0 5.85 1. 40 9.4
October 8......|..... do......... 12 7.7 1.39 7.7
November Richards and H 12 9.2 1.43 8.3

Nore.—The following additional gage heights were obtained: August 24, 1.39 feet; August 26, 1.37 feet;
August 30, 1.38 feet; September 21, 1.68 feet; September 25, 1.52 feet; October 18, 1.64feet. Measurements
made by wading.
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INDIAN DITCH NEAR JOCKO, MONT.

This station, which was established August 18, 1908, is located
on the ditch just below its intake, 50 feet below the East Finley gage.
The gage is in the flume and measurements can be made there or in
the ditch. The data obtained are to determine the amount of water
now used in the ditch. The ditch is about 4 miles long and irrigates
land in the vicinity of Jocko Agency. The Reclamation Service con-
templates enlarging it and increasing its capacity. During the irri-
gating season the ditch carries about 6 second-feet. Accuracy of
measurements is fair.

Discharge measurements of Indian ditch near Jocko, Mont., in 1908.

) i} " Area of | Gage | Dis-
Date. Hydrographer. Width. cotion. | height. charge,

Feet. Sq. ft. Feet, | Sec.ft.
. 4.03

August 18 ... 8.0 0.28 5.5
QOctober 8. ..... 7.5 5.35 .44 6.6
November 5.... 4.9 2.28 40 5.7

The followingadditional gage heights were obtained: August 24,0.29 foot; August 26, 0.28 foot; August 30,
0.28 foot; September 21, 0.57 foot; September 25, 0.45 foot; October 18, 0.54 foot.

VALLEY CREEK NEAR RAVALLI, MONT.

This station was established August 20, 1908, at the crossing of the
highway between Jocko and Ravalli. It is 3 miles east of Ravallj,
8 miles west of Arlee, and near the mouth of the stream, which. is a
tributary of Jocko River. It was established in order to obtain
comparative results. The gage is read only at times when the engineer
visits it.

Data obtained on this creek are for use in connection with irrigation
projects. An ordinary staff gage is placed on the left bank above
the bridge. Measurements are made by wading.

Discharge measurements of Valley Creek near Ravallt, Mont., in 1908.

: Areaof | Gage | Dis-
Date. Hydrographer. Width. section. | height. |charge,
Feet. Sq. ft. Feet, | Sec.-ft.
August 20...... R. Richards. ... ..o i 14 12.4 1.24 22. 4
October 7......|..... [5 Lo 18 14.9 1.16 18.9
November 6....| Richardsand Huch...... ... ... ... ... .. 16 13.7 1.15 19.1

NoTE.—Measurements made by wading.
ng f(lylll%\}ring additional gage heights were obtained: September 15, 1.18 feet; October 14, 1.31 feet; Novem-
ber 20, 1. ee
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MISCELLANEOUS MEASUREMENTS.
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The following miscellaneous discharge measurements were made

in Clark Fork basin during 1908:

Miscellaneous measurements in Clark Fork drainage basin in 1908.

: : Gage Dis-
Date. Stream. Tributary to Loeality. height. |charge.
Feet. | Sec.-ft.
April 17........ Spring CreeK......cc.oeeeat.. Ronan, Mont......|[........ 12.7
.- . do........ ....do... 13.2
..do. ..do. 18.6
..do. ..do. 17.8
...do. ..do. 16. 1
do... ..do. 16.2
November 12...{..... do R [+ TP A 18.8
April 16.. .| North Fork of Post Creek ..do. 2.9
May 19.........0..... do... ..do. 20.2
July 19... IR P do.. cdon e 20.6
October 6......[..... do... PR U< DO PO 6.5
November9....|..... do........ ...do...... 59
Aprit 20........ Finley Creek Arlee, Mont............... 10.0
May 20.........{..... [ 1 O IR o [« DY (¢ DO R, 69.8

SPOKANE RIVER DRAINAGE BASIN.
DESCRIPTION.

Spokane River rises in Lake Cceur d’Alene in western Idaho, at
an elevation of 2,124 feet above sea level, flows westward and north-
westward and empties into Columbia River in the north-central part
of Lincoln County, Wash. The river is used for both water power
and irrigation. Large power plants are located at the falls at Spokane
and at Post Falls, Idaho, and a large plant has recently been com-
pleted 9 miles below Spokane. The total water power developed from
this stream aggregates 45,000 horsepower. Irrigation is practiced in
the valley of Spokane River and its tributaries.

The mean annual rainfall at Spokane is 17 inches, an amount which
is fairly representative of the drainage area.

The following gaging stations have been maintained in this river
basin:

Spokane River at Spokane (1896 to 1908).
Little Spokane River near Spokane (1903 to 1905).

Hangman Creek at and near Tekoa (1904 and 1905).
North Fork of Hangman Creek near Spokane (1904 and 1905).

SPOKANE RIVER AT SPOKANE, WASH.

This station was originally established October 17, 1906, and the
records are practically continuous since that date, although the loca-
tion of the station has been changed from time to time in order to
secure better gaging conditions. The station is above the mouth of
Hangman Creek, and there are no important tributaries above the
station. The present location is at Martha street crossing, one-
fourth mile above the Mission Street Bridge, a cable station being
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established at this point April 11, 1904. The gage was located on the
piers of the Mission Street Bridge and was read until March 1, 1907.
Since that date the gage at the cable has been used for daily observa-
tions. The gages at Mission street and Martha street were read
simultaneously during March, 1907, to determine the relation be-
tween them, and the records for January and February have been
‘teduced to Martha street gage. The datum of the Martha street gage
is 1,851.926 feet above sea level.

The data at this station are valuable in connection with both water
power and irrigation development. The water power developed
within a short distance of the gaging station probably aggregates
45,000 horsepower.

The conditions at the present gaging site are favorable for good
results. The channel is not always stable, and slight changes occur
which make it necessary to modify the rating curve from time to
time, particularly for the lower stages.

Excessive and damaging floods are hardly possible on this stream,
as the flow is controlled by natural storage in Lake Ceeur d’Alene.

Discharge measurements of Spokane River at Spokane, Wash., in 1907 and 1908.

. Gage height.
1 R
| " Area of . Dis-
Date. ' Hydrographer. Width.) sovtion. | Mission | Martha | charge.
street ‘ street .
gage. J gage.
T |
1907. l Feet. | Sq.ft. Feet. | Feet. |Secft.
January 5.. ... "H.D.McGlashan. ... ................ 209 2,650 570 | 2152 8,620
April 23...... .. L L6 251 3,710 10.10 l 25.70 | 20,500
|
1908. \ J
Septemberda. | L.R.Allen.......................... 202 1,720 |.......... | 17.25 | .1,740
R D \

a Made with defective meter; discarded.

NoTE.—To determine the gage heights of measurements made 1904-1906, referred to Martha street
gage, see table of relation of gage heights, page 119.

Daily gage height, in feet, of Spokane River at Spokane, Wash., for 1907 and 1908.

[A. C. Lingle, observer.]

|
Day. Jan. | Feb. | Mar. | Apr. | May. , June. | July. | Aug. | Sept. | Oct. ‘ Nov. | Dec.

17.58 | 17.40
17.57 | 17.34
17.61 | 17.35
17.60 | 17.35
17.56 | 17. 44
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Daily gage height, in feet, of Spokane River at Spokane, Wash., for 1907 and 1908—Cont’d.

Day. Jan. Feb. | Mar. | Apr. | May.

June.

{ 1
July. ) Aug. | Sept. |

?

Oct.

|
' Nov. EDec.

26. 30

26. 22

26.23
26. 10
25. 90
25.73
25. 52

25.30
25.12
24.99
24,87
24.70

24. 58
24, 50
24.39

25.10
25.67
26. 15
26.70 | 24.27
27.04 | 24.22

27.25 24.18
27.35 24.10
27.25 ) 24.02
27. 10 24.00
26.90 { 23.90

23.54
23.64

17.35

17.29
17.25
17.35
17.37
17.35
17.35

—
~

1:11.78 l 17.64 | 17.60 | 17.30

17.65 |
17.64

17.68
17.75

17.23

17.58 | 17.42
17.55 | 17.38
17.70 | 17.47
17.45 | 17.50

17.30 | 17.60

Note.—All gage heights refer to Martha street gage. The river does not freeze at this point, as there is
an underground flow of water through the gravel, which comes back into the river above the station.

Table of relation of gage heights on Spokane River at Spokane, Wash.

Mission Martha
street street
gage gage.
Feet. Feet.
0.00 15.25 |
1.00 16. 35 J
2.00 17. 45
3.00 1R. 55
4.00 19. 60
5.00 20. 65
6.00 21.70 r

Mission
street
gage.

N

PrS©emNg
888888

ot

Martha |
street |

gage.

Note.—The above table is based on comparative readings of the two gages, March to July, 1907, and
at times of four discharge measurements and is well defined.
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Rating table for Spokane River at Spokane, Wash., for 1907 and 1908..

Gage Dis- || Gage Dis- Gage Dis- Gage Dis-
height. | charge. | height.| charge. || height.| charge. {|height. charge.
|
| |
Feet. | Sec.ft. l Feet. | See-ft. || Feet. | Sec.ft. ” Feet. | Sec.ft.
17.00 1,630 |l 18.30 3,325 | 19.60 5,450 || 21.80 9,750
17.10 1,740 | 18.40 3,475 | 19.70 5,625 '22.00 10,200
17.20 1,860 )18.50 3,625 | 19.80 5800 | 22.20 | 10,650
17.30 1,980 | 18.60 3,775 | 19.90 5975 | 22.40 | 11,150
17.40 2,100 |/ 18.70 3,925 | 20.00 6,150 | 22.60 1 11,650
17.50 21225 | 18.80 4,075 || 20.20 6. 550 ‘22.80 112,150
17.60 | 2/350 || 1890 | 4,225 || 2040 | 6,950 \ 23.00 | 12,650
17.70 2,475 | 19.00 4,400 || 20.60 7,350 ’ 24.00 \ 15,350
17.80 2,600 |l 19.10 4,575 |l 20.80 7,750 | 25.00 | 18,275
17.90 | 2725 11920 | 4750 | 2100 | 8130 | 26.00 1 1, 550
18.00 2,875 | 19.30 4,925 {l 21.20 8,550 | 27.00 | 25050
18.10 3,025 || 19.40 5.100 |/ 21.40 8,950 |; 28.00 ‘ 28, 650
18.20 3,175 | 19. 50 5,275 | 21.60 9,350 H
! L ‘

Norte.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 24dis-
charge measurements made during 1906-1908, that were referred to the Martha street gage, 20 others referred
to Mission street gage, and the relation between the gages, and is well defined.

Monthly discharge of Spokane River at Spokane, Wash., for 1907 and 1908.

[Drainage area, 4,000 square miles.]

Discharge in second-feet. Run-off.
Month. b Depth in Total ég;u-
R s er square | inches on otal in .
Maximum. | Minimum, | Mean. mile. drainage | acre-feet.
area.
9,730 3,900 6,820 1.70 1.96 419,000 | A.
13, 500 3,940 7,540 1.88 1.96 419,000 | A.
14,700 9,750 12,400 3.10 3.57 762,000 | A.
22, 300 12,300 | 17,400 4.35 4.85| 1,040,000 | A.
25,800 16,900 21,400 5.35 6.17 { 1,320,000 | A.
21,000 7,470 | 14,100 3.52 3.93 839,000 | A.
7,430 2, 4,610 115 1.33 283,000 | A.
2,660 2,120 2,380 . 595 .69 146,000 | A.
2,820 2,250 2,460 615 . 146,000 | A.
2,600 2,290 2,460 615 71 151,000 | A.
2,480 2, 2,250 562 .63 134,000 | A.
2,350 2,000 2,130 532 61 131,000 | A.
25,800 2,000 8,000 2.00 27.10 | 5,790,000
2,350 2,020 2,150 .538 .62 132,000 | A.
2,880 1,920 2,240 560 .60 129,000 | A.
16, 100 3,250 8,900 2.22 2. 56 547,000 | A.
26, 300 8,310 15,200 3.80 4.24 904,000 | A.
23,700 5,000 [ 19, 4.80 5.53 | 1,180,000 | A.
14,900 4,580 | 12,200 3.05 3. 40 726,000 | A.
3,480 2,190 2,720 680 .78 167,000 | A.
2,410 1,920 2,140 535 .62 132,000 | A.
2,040 1,680 1,850 462 .52 110,000 | A.
2,240 1,740 1,930 . 482 .50 119,000 | A.
November.. .. 2,440 2,030 2,320 . 580 .65 138,000 | A.
December................ 2,540 2,220 2,390 . 598 N .69 147,000 | A.
The year........... 26, 300 1,680 6,100 1.53 20.77 | 4,430,000

OKANOGAN RIVER DRAINAGE BASIN.
DESCRIPTION.

Okanogan River rises in Okanogan Lake, in British Columbia, and
flows southward, entering Columbia River near Brewster, Wash.
Its course in Canada lies through a series of narrow lakes. The
drainage area is comparatively rough and mountainous, and is tim-
bered except along the river. The rainfall is approximately 20 inches
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per annum. The principal tributaries in the United States are
Similkameen and Conconully rivers and Antwine, Bonaparte,
Salmon, and Johnson creeks.

The main stream is navigable from Brewster to Riverside, except
during low-water periods, while the tributaries are used largely for
irrigation.

The following gaging stations have been maintained in this river
basin:

Sinlaheekin Creek near Loomis (1903 to 1905).

Johnson Creek near Riverside (1903 to 1907).
Salmon Creek near Malott (1903 to 1908).

JOHNSON CREEK NEAR RIVERSIDE, WASH.

Johnson Creek is a very small stream, but as the water rights are
not settled a record of its flow was necessary in the development of
the Okanogan project. This station, which was established May 30,
1903, and abandoned December 31, 1907, was located near the mouth
of the stream. The equipment consists of a rectangular weir, 8 feet
long. On March 7, 1907, the crest of the weir was level, but the zero
of the gage was one-tenth higher than the crest of the weir during
1905 to 1907. The post to which it was fastened probably had been
raised by ice. The datum of the gage was 1,228.63 feet above sea
level.

© Daily discharge, in second-feet, of Johnson Creek near Riverside, Wash., for 1907.
[Mrs. D. T, Williams, observer.]
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Nore.—These discharges were obtained from the Ceppoletti weir formula, using gage heights corrected
to give head on crest of weir.
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Monthly discharge of Johnson Creek near Riverside, Wash., for 1907.

[Drainage area, 66 square miles.]

Discharge in second-feet. Run-off, \
i
Month, Depthin | ‘};c";}‘
. . Per square | inches on otal in :
Maximum. | Minimum, { Mean. Tile, drainage acre-feet,
area.

5.3 2.8 4.06 0. 062 0.07 250 | B.

7.9 2.6 5.28 . 080 .08 203 B.

9.5 7.6 8.04 . 122 .14 494 { B.

8.4 5.6 6.94 . 105 12 413 B.

7.1 1.3 3.77 . 057 .07 232 | B.

5.3 1.7 2.84 . 043 .05 169 B.

3.4 17 2.49 .038 .04 153 | B.

2.8 1.4 2.21 . 033 .04 136 | B.

4.0 2.8 3.43 . 052 .06 204 | B.

4.4 3.4 3.90 . 059 .07 240 ¢ B.

. 5.6 4.4 4.88 Q74 .08 200 | B.
December. . 19.3 4.2 7.87 112 .13 453 | B.

The year........... 19.3 1.3 4.60 070 .95 3,330

SALMON CREEK NEAR MALOTT, WASH.

This station, which was established May 27, 1903, is located on
the stage road between Malott and Conconcully, 14 miles from
Malott and 11 miles from Conconcully, and is 6 miles above the
mouth of the stream. The waters of this creek are used for storage
in the development of the Okanogan project of the United States
Reclamation Service, which has recently been completed. About
20,000 acres of land have been brought under irrigation and are at
present open to settlement under the terms of the reclamation act.

The conditions at the station are favorable for good results if a
sufficient number of measurements are made each year. The bed of
the creek, however, is not stable, and a number of rating curves have
been used. The measurements have been made by the engineers of
the Okanogan project, and the results furnished to the Geological
Survey, but they are too incomplete to form an accurate basis for
estimates of flow.

Discharge measurements of Salmon Creek near Malott, Wash., in 1907 and 1908.

: Area of | Gage Dis-
Date. Hydrographer. Width. section. | height. | charge,
1907. Feet. Sq. ft. Feet. | Sec.-ft.
April 7......... O.Laurgaard..............ooiiiiiiiiii 23 25 0.74 14
April18e_......| H. D. MeGlashan..............oooiiaiiioienn. 24 30 .94 32
1908.
May9b........ Laurgaard and Albertson........................... 26 46 1.68 99
June 8..oooon o 0L 25 64 2.15 194

a Operation of sawmill above station interfered with measurement.
5 Made 4 feet below regular section.
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Daily gage height, in feet, of Salmon Creek near Malott, Wash., for 1907 and 1908.

[Forrest Jones, observer.]

t
Day. , Jan. | Feb. | Mar. [ Apr. | May. | June. | July. \ Aug. | Sept. | Oct. | Nov. | Deec.
| — —
\ |
0.64| 0.67' 0.67| 1.38( 2.58| 1.38| 0.69 | 0.79| 0.71 | 0.69 | 0.67
.62 .67 ‘ .69 | 1.46 | 2.42) 1.33 .75 .78 .69 .75 69
.58 .62 71 1507 2.25 ) 1.33 .75 .82 .69 .75 67
.58 .64 .69 1.54| 2.251 1.33}| 1.00 .83 .71 77 68
58 .67 .69 1.67F 2.19| 135| 1.00 83 .73 .75 71
.60 .67 .67 L.64| 2.08| 1.29| 1.02 79 .67 .75 71
.62 .65 .67 | LT71 2.05 1.25 1.05 75 .71 .75 69
.62 .65 .71 1.88] 1.96] 1.21] 1.05 74 .69 .75 67
.60 .64 757 200 1.91| 1.19) 1,06 71 69 .75 64
.62 .67 .83} 1.98¢ 1.96| 117 | 112 69 67 .74 67
.62 .67 .8 | 2,00 1.8 | 117} 108 71 .69 .75 62
.60 .64 .92 1.92| 2.08| 1.08| 1.05 83 .68 .71 58
.62 .67 .98 1.83] 2.00| 1.08) 1.02 79 .67 .75 60
.60 .67 1.06 1.92 1.83 | 1.10 .99 75 .69 .67 58
.58 .67 1.00; 2.10| 1.75| 1.08 .96 83 .67 .69 62
58 .58 105| 2.27) L71| 1.09 .94 1.06 .67 .69 67
.60 62| 1.00| 2.32| 1.67| 1.08 L9211 1.00 .67 .67 67
.62 62 1.08{ 221! 1.67  1.08 .90 96 .68 .54 67
.62 67 | 1.08| 250 | 1.67| 1.10 .90 83 .69 .62 69
.62 .67 | 1.05| 2.67| 1.67| 1.08 .88 79 68 .65 67
.64 .67 108! 2.54) L58; 1.06 .92 79 .67 .71 67
.62 .69 | 1.12| 2,42 160 | 1.00 .88 77 .67 .74 62
.64 .67 1 117 | 2.38| 1.62 .96 .83 75 .69 .71 67
.62 67| 1.25| 2.35| 1.67| 1.00 83 79 .67 71 69
.64 64 1.29) 2.33] L71 .96 75 .67 73 69
.67 .64 | 1.31| 2.31 1.56 92 87 .75 .69 74 67
.67 .67 | 1.33| 2.31] 1.52 90 90 .73 .69 71 68
.64 69| 1.35( 2.33] 1.50 88 .73 71 73 71
....... .69 | 1.33 | 2.40| 1.50 75 .8 .71 .71 71 71
....... .67 L33 2.42| 1.46 .71 .83 .69 .67 .67 W71
....... L oeeol L6 |l W75 81|l 6Tl .69
54 W71 73| 1.3l 1.94| 1.05 .79 69 .59 71 62
58 .73 69| 1.46| 1.90| 1.05 75 67 .60 73 62
56 .73 67! 1.67| 1.90| L00 67 67 .58 71 54
58 .75 .75 1.54] 1.88) 1.00 73 64 .58 67 55
58 .75 75| 1.54| 1.88 .92 92 62 .59 .67 56
60 NE] 711 1.58 | 2.09 .83 .98 62 .50 69 58
58 .79 67| L77| 2.14 .74 .96 58 .50 67 58
56 W77 69 1.67 2.21 791 100 60 .44 69 62
58 .79 75 1.62| 2.25 .82 | 1.05 60 .44 71 60
60 .79 75 1.67 2.25 .81 1.00 62 .42 67 61
.62 .78 .81 1,981 2.23 .79 .96 60 42 .69 62
.62 .79 .88 1 1.96| 2.12 751 1.00 58 40 .67 64
.60 .79 L00| 1.83 | 2.00 .79 .96 59 41 .67 62
.62 L8111 1,081 1.79| 1.96 .83 .94 58 .40 .67 60
62 .82 117! L71] 1.92 .85 | 1.05 60 .40 .69 58
.67 79 1.33| 1.94 1.84 941 L00 .58 .40 .67 58
.67 771 133] 179} 1.8 1.02 .98 .58 .40 .67 60
.64 711 133} 175| 1.83| 1.08 .96 .59 .46 .71 59
.64 69| 1.31} 1.71| 1.797| 105 .94 .60 ! 1.29 .67 58
67 64| 1.42} 167 173 L00 .92 .60 .75 .71 .58
58 .67 67| 125 1.75| 1.58 88 96 .58 .71 75 60
.58 .67 751 1.25] 1.8 1.50 83 92 .58 .67 117 58
60 .64 79| 121 1.83| L.48 75 83 .59 .67 | 1.00 58
59 .67 92| 1.21| 1.8 | 1.38 75 % .58 .69 96 58
62 .64 92 119 1.92| 1.42 67 94 .58 67 83 60
60 .67 .88 1,12 1.85| 1.29 58 96 .59 .67 73 58
62 .69 83 1.14 1 1.81 1.21 83 .60 .67 71 58
64 el 771 L14| 1.8 1.17 64 71 .58 .69 71 59
60 .69 79 L1741 196 | 112 67 67 .59 .67 70 56
. L7510 121 1,921 1.08| .83 69 .58 .71 71 50
T3 1.96 | ...... 83 67 |..enno. N7 P 54

NotE.—The creek never freezes at the gage.
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Rating tables for Salmon Creek near Malott, Wash.

1906 AND 1907.¢

Gage Dis- ‘ Gage Dis- Gage Dis- Gage Dis-
height. | charge. »lheight. charge. || height.| charge. (| height.| charge.
|

FPeet, | Sec.ft. ‘ Feet. Sec.-{;tl. Fl'ese;(t). Sec.l-gi. J‘ g'eg). Secé-{’g

0.40 5 1.10 . 3
.50 7 " 120 53 1.90 174 ‘ 2.60 343
.60 9 1.30 66 ! 2.00 194 2.70 371
.70 2 | 1.40 8L || 2.10 215 \ 2.80 400
.80 17 1.50 98 2.20 238 |1 2.9 432
.90 24 1 1.60 116 \ 2.30 263 |

1.00 31 | 170 134 ’ 2. 40 289 [

1908.%>

0.40 3 1 .90 22 || 140 72 | 180 | 149
.50 5 1.00 29 1.50 85 \ 2.00 167
.60 8 110 37 1.60 100 2.10 185
.70 12 1.20 48 1.70 115 2.20 204
.80 17 1.30 60 ‘ 1.80 l‘ 131 2.30 224

a This table ig,not applicable for ice or obstructed channel conditions. It is based on 5 discharge meas-
urements made in 1905-1907, and is well defined between gage heights 0.7 foot and 2.6 feet.
b This table is not applicable for ice or ebstructed channel conditions. It is based on discharge meas-
urements made during 1903-1908, and is not well defined.

Monthly discharge of Salmon Creek near Malott, Wash., for 1906 to 1908.

[Drainage area, 152 square miles.}

Discharge in second-feet. Run-off.
Depth in | Accu-
Month. . Per square | incheson | Totalin |rac
Maximum. | Minimum. | Mean. mile. drainage | acro-feet. ¥
area.

14.5 1.1 12.6 0.083 0.10 75| C.
22.0 8.2 12.2 . 080 .08 6781 C.
84.0 10.8 16.4 .108 .12 1,010 { C.
109 41 70.3 . 462 .52 4,180 | B.
386 52 109 Nevi .83 6,700 | B.
260 91 158 1.04 1.16 9,400 | B.
91 19.1 43.5 . 286 .33 2,670 | B.
25 7.0 12.0 . 079 .09 738 | C.
10.2 5.8 7.63 . 050 .06 454 | C.
13.5 7.8 10.1 . 066 .08 621 | C.
November. 78 1.7 19.9 .131 .15 1,180 | C.
Deeember. . .............. 13.5 6.2 11.5 . 076 .09 707 | C.

The year........... 386 5.8 40.3 . 265 3.61 29,100

1907.

January.................. 1.1 8.4 9.29 .06l .07 571 | C.
February...... i1 8.6 9. 54 . 063 07 5307 C.
March......... 12.5 8.6 10.8 071 .08 664 | C.
April..._...... 74 11.1 35.3 .232 .26 2,100 | B.
May._ ................ 363 78 214 1.4 1.63 13,200 | B.
June... 338 91 166 1.09 1.22 9, B.
July... 78 12.5 426 .280 .32 2,620 | C.
August. ... 43 11.7 26.1 172 .20 1,600 | C.
September........ 37.0 11.7 17.2 .113 .13 1,020 | C.
October..._..... 13.5 1.1 11.6 076 .09 713 | C.
November.... ... 15.5 7.8 12.9 .085 .09 768 | C.
December................ 12.5 8.6 11.1 .073 .08 682 | C.

The year........... 363 7.8 47.2 . 310 4.24 34,300

1908. *

7 12.5 6.2 10.1 066 .08 621 | C.
12.5 6.2 9.16 . 060 .06 527 ( C.
23.0 9.6 15.7 .103 .12 965 | C.
75.0 10.8 35.7 . 235 .26 2,120 | C.
163.0 61.0 125 .822 .95 7,690 | B.
214.0 35.0 131 . 862 .96 7,800 | B.
35.0 6.2 20.0 .132 .15 1,230 | C.
33.0 10.8 22.5 . 148 .17 1,380 | C.
11.6 7.4 8.17 . 054 .06 486 | C.
..... 59.0 3.0 9.11 . 060 .07 560 | C.
November .. 45.0 10.8 14.2 .093 .10 8451 C.
December................ 9.6 5.0 7.62 . 050 .06 469 | C.

The year........... 214.0 3.0 34.0 .224 3.04 24,700
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MISCELLANEOUS MEASUREMENTS.

The following miscellaneous measurements were made in the
Okanogan River drainage basin in 1907:

Miscellaneous measurements in Okanogan River drainage basin in 1907 .

Date. Stream. Tributary to— Locality. hgz%& ch];irsg-c.

Feet. | Sec.t.

April 17.. ... .. Okanogan River...._. Columbia River....._. ngh\gay bndhge Riv- 10—3.25 2,000
erside, Was

April16..... ... i Loup Loup Creek. . ..| Okanogan River...... Malott ’“ ash........ .l ... .. b 26

April19.. .. . | Chiliwist Creek.......|..... [ R [0 J AAAAAAAA b7

e Below 40d. spike on top of stump on left bank, 25 feet below bridge. Extreme low water is about 1
foot below this gage.
b Estimated.
METHOW RIVER DRAINAGE BASIN.

METHOW RIVER AT PATEROS, WASH.

Methow River rises on the eastern slope of the Cascade Mountains
in the northern part of Okanogan County and flows southeastward,
uniting with Columbia River near Pateros. It is about 60 miles long,
and its drainage basin, which lies west of the Okanogan basin and
east of that of Lake Chelan, comprises about 1,700 square miles.
The most important tributaries of the Methow are its East Fork,
which joins it near Winthrop, and Twisp River, which enters from the
west at Twisp.

The country is rough and mountainous and lightly forested. The
mean annual rainfall ranges from 70 to 80 inches on the summit of
the Cascades to about 15 inches at the mouth of the river. Irrigation
is not practiced except on the lands lying contiguous to the streams.

The gaging station, which was established November 9, 1903, is
located about 1 mile above the mouth of the river and the town of
Pateros. No tributaries enter in the immediate vicinity of the sta-
tion. During the winter months observations are sometimes com-
plicated by ice, although the difficulty has not been serious. The
conditions at the station are favorable for good results, and it is
believed the records are as reliable as could be expected with the few
measurements it has been possible to obtain during the past two
years.

It is notable that the conditions which caused damaging floods on
nearly all other streams draining the Cascade Range on November
14 to 16, 1906, did not have any effect on this river.

Discharge measurements of Methow River at Pateros, Wash., in 1907 and 1908.

: Areaof Gage | Dis-
Date. Hydrographer. Width. section. | height. | charge.
|
1907. Feet. | Sq.fi.  Feet. ‘ Sec.t.
April 15........ H.D.MecGlashan. ... ... 171 568 ‘

I

545] 1,480

1908. !
September 30...| L. R. Allen.. ... ... . i 145, 292 3.94 ‘ 391
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Daily gage height, in feet, of Methow River at Pateros, Wash., for 1907 and 1908.

[W. Plessinger, observer.]
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Ice

Channel about one-third frozen over from

River was not entirely frozen over.

Nott.—Ice conditions from January 1 to February 28, 1907.

reached a maximum thickness of 15 inches along the edges.

January 15 to February 26, 1908.



Note.—The above table is not applicable for ice or obstructed channel conditions.

METHOW RIVER DRAINAGE BASIN,

Rating table for Methow River at Pateros, Wash., for 1907 and 1908.

7
Gage J‘ Dis- Gage Dis- l[ Gage 1 Dis- Gage Dis-
height. / charge. || height.| charge. |jheight.| charge. !/ height.| charge,
Feet, | Secft. | Feet. . Secft. || Feet. | Sec.ft. || Feet. | SecHt.
3.70 324 5.00 1,072 6.30 2,726 8.20 6,264
3.80 354 5.10 1,166 6. 40 2,884 6. 40 6,674
3.90 388 5.20 1,266 6. 50 3,050 6.60 7,088
4.00 426 5.30 1,372 6. 60 3,216 8.80 7, 506
4.10 468 5.40 1,484 6.70 3,386 9.00 7,930
4.20 515 5.50 1,602 6.80 3, 560 9.20 8,356
4.30 569 5.60 1,724 6.90 3,738 9.40 8,785
4.40 627 5.70 1,854 7.00 3,920 9.60 9,215
4. 50 690 5.80 1,988 7.20 4,294 9.80 9,646
4.60 756 5.90 2,128 7.40 4,676 10.00 10,080
4.70 826 6.00 2,272 7.60 5,066 11.00 12,340

4.80 902 6.10 2, 420 7.80 5,460
4.90 984 6.20 2,572 1 8.00 5,860
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It is based on 6 dis-

charge measurements made during 1905-1908, and the form of previous high-water curves, and is well de-

fined between gage heights 4.0 feet and 11.6 feet.

Above gage height 4.5 feet it is the same as the 1906

table.
Monthly discharge of Methow River at Pateros, Wash., for 1907 and 1908.
[Drainage area, 1.710 square miles.]
T - T g I
Discharge in second-feet. Run-off.
Month. " K Degth in a ‘?;:;‘
. . er square | inches on | Total in .
Maximum. | Minimum. | Mean. Tnile. drainage | acre-feet,
area.
1907.
January . ..ooeeeiiiii i e a 403 0. 236 0.27 24,800 | C.
February......ooooooviidoiana bl a 451 . 264 .27 25,000 | C.
March... ... 598 542 566 .331 .38 34,800 | A.
Aprilbo.. ...l 2,970 598 1,600 .936 1.04 95,200 | B.
May..comemeaneacannannn. 11,600 2,420 6,790 3.97 4.58 418,000 | A.
June. ... coeceianeaanan. 11,900 4,110 6,360 3.72 4.15 378,000 | A.
Jaly. . oo, 4,870 | 1,540 2,770 1.62 1.87 170,000 | A.
August.. ...l 1,480 658 916 . 536 .62 56,300 | A.
September............... 690 447 619 . 362 40 36,800 | A.
October. ............. ... 658 468 541 . 316 .36 33,300 | A.
November................ 515 447 473 L2717 .31 28,100 | A.
December................ 492 388 453 . 265 .31 27,900 | B.
The year- . ........liieeeeeeeadoioie. 1,830 1.07 14.56 | 1,330,000
468 339 402 .235 .27 24,700 | B.
5156 324 418 .244 .26 24,000 | B.
542 371 441 . 258 .30 27,100 ; A.
1,990 542 1,170 . 684 .76 69,600 | A.
6,260 2,270 4,410 2.58 2.97 271,000 | A.
10,700 3,830 6,840 4.00 4.46 407,000 | A.
5,460 1,270 3,220 1.88 2.17 198,000 | A.
1,170 6! 794 . 464 .53 48 800 | A.
R . 627 407 486 . 284 .32 28,900 | A.
October.................. 407 388 400 .234 . 24,600 | B.
November............... 542 407 450 . 263 .29 26,800 | A.
December................ 447 354 411 .240 .28 25,300 | B.
The year........... 10,700 l 324 1,620 . 947 12.88 | 1,180,000

a Discharges estimated.

b Discharge interpolated April 8 to 15.
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MISCELLANEOUS MEASUREMENT.

A measurement of the Pateros ditch at the highway crossing, near
K. K. Parker’s ranch, near Pateros, April 15, 1907, gave a discharge
of 3.8 second-feet. Water surface was 1.92 feet below top of bridge
floor.

CHELAN RIVER DRAINAGE BASIN.
CHELAN RIVER AT CHELAN, WASH.

Chelan River, which enters Columbia River at Chelan Falls, forms
the outlet of Chelan Lake, a narrow body of water, 48 miles long,
lying at an elevation of 1,080 feet above sea level. The area con-
tiguous to the lake is exceedingly rough and mountainous and lightly
forested.

The mean annual rainfall at Chelan is 13 inches.

This station was established November 6, 1903. It is located just
below the outlet of Chelan Lake, 4 miles northwest of Chelan Falls,
in the town of Chelan.

The data obtained at this station are valuable principally for use
in water-power development, as the river has a fall of 380 feet in the
4 miles between the outlet of the lake and the junction of the river
with the Columbia.

Sufficient measurements have not been made to give good results
at this station, as the channel appears to be somewhat shifting. The
flow of the river is partially controlled by a dam at the foot of the
lake.

Discharge measurements of Chelan River at Chelan, Wash., in 1907 and 1908.

N Area of | Gage Dis-
Date. Hydrographer. Width, section. |height. |charge,
1907. Feet. Sq. ft. Feet. | Sec.-ft.
January 2...... H.D.McGlashan ... i 206 1,460 5. 50 920
April 20...ooolfeean. L TSRS, 219 1,640 | 6.40 | 1,960
1908.
October 1a..._. L.R.oAlen.. ...l 292 1,040 5. 55 861

a Made with defective meter, discarded.

Note.—Measurements were made at different section from that used in 1903-1906.
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CHELAN RIVER DRAINAGE BASIN.
Daily gage height, in feet, of Chelan River at Chelan, Wash., for 1907 and 1908.

[G. L. Richardson, observer.]
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Rating table for Chelan River at Chelan, Wash., for 1907 and 1908.

Gage

height.

Dis-
charge.

GG N G o e
SLEBR=IERIZEER

Dis- Gage Dis- Gage Dis- Gage
charge. || height.! charge. | height.| charge. | height.
Sec.Hft. Feet. | Sec.-ft. Feet. | Secft. Feet.

370 | 5.70 1,020 7.00 2,480 8.60
405 5.80 1,090 7.10 2,630 8.80
440 ‘ 5.90 1,170 7.20 2,780 9.00
480 | 6.00 ,260 7.30 2,940 9.20
520 6.10 1,360 7.40 3,100 9. 40
565 6.20 1, 460 7.50 3,270 9. 60
610 6.30 1,570 7.60 3,450 9.80
660 6. 40 1,680 7.70 3,630 || 10.00
710 6. 50 1,800 7.80 3,810 10.20
765 6. 60 1,920 7.90 3,990 || 10.40
820 6.70 2,050 8.00 4,170 10. 60
380 6,80 2,190 8.20 4,550 || 10.80
950 6.90 2,330 | 8.40 4,930 || 11.00

Sec.-ft.
5,310
5, 690
6,070

- 6,450
6,830
7,210
7,600
8,000
8, 400

g

sast

>
]

—

Note.—The above table is not applicable for ice or obstructed channel conditions. It is based on 11
discharge measurements made during 1903-1908, and is fairly well defined between gage heights 5.5 feet

and 10.3 feet.

Monthly discharge of Chelan River at Chelan, Wash., for 1907 and 1908.

[Drainage area, 950 square miles.]

Discharge in second-feet. Run-off.
|
Month. Depth in Accu-
Maximum. | Minimum. | Mean. | Persquare| incheson | Total in racy.
axl - ) ean. mile. drainage | acre-feet.
area.
1907.

January.................. 950 660 799 0.841 0.97 49,100 | C.
February................. 1,170 888 935 .97 49.300 | C.
March.. 1,170 1,020 1,100 1.16 1.34 67,600 | B.
April. 2,560 1,610 1.69 1.89 95,800 | B.
May.. 8,600 2,700 5,770 6.07 7.00 355,000 | B.
June. 9,400 6,070 7,540 7.94 8.86 449,000 | B.
July.... 7,020 4,080 5,350 5.63 6.49 329,000 | B.
August. . 3,990 1,170 2,320 2.44 2.81 143,000 | B.
September. 1,310 1,170 1,220 1.28 1.43 72,600 | B.
October.................. 1,170 1. 1,010 1.06 1.22 62,100 | B.
November. 850 440 627 660 .74 37,300 | C.
December................ 500 370 411 433 .50 ,300 ) C.

9,400 370 2,390 2.51 34.22 | 1,740,000
588 480 544 .573 .60 33.400 | C.
520 440 484 .509 .55 27,800 | C.
3,450 480 1,600 1.68 1.94 98,400 | B.
3,100 1,410 1,900 2.00 2.23 113,000 | B.
5,310 2,700 4,040 4.25 4.90 248,000 | B.
9,800 5,400 7,470 7.86 8.77 444,000 | B.
7,600 3,310 6,940 7.31 8.43 427.000 | B.
5,120 1,520 2,440 2.57 2.96 150,000 | B.
1,520 915 1,210 1.27 1.42 72,000 | B.
880 440 730 .768 .89 44,900 | B.
1,060 422 677 LT3 .80 40,300 | B.
915 610 ! 772 .813 .94 47,500 | B.

9,800 422 | 2,400 { 2.53 34.49 | 1,750,000

|

WENATCHEE RIVER DRAINAGE BASIN.

WENATCHEE RIVER AT CASHMERE, WASH.

Wenatchee River rises in Cady Pass, at an elevation of 4,500 feet,
flows southeastward, passing through Wenatchee Lake at an eleva-
tion of 1,870 feet and emptying into Columbia River at the town of

Wenatchee,
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With its tributaries it drains a stretch of the eastern slope of the
Cascade Mountains about 40 miles long and the territory north of
the Yakima River drainage basin, from which it is separated by the
Wenatchee Mountains. The river has a number of tributaries,
among which may be mentioned North Fork River, which flows into
Wenatchee Lake near its head, and Chiwawa, Nason, Chumstick,
Icicle, Peshastin, and Mission creeks. The upper part of the drain-
age area is heavily forested, but the lower part consists of timberless
hills and ridges, in most places covered with sagebrush.

The mean annual precipitation at Wenatchee is 16 inches, a large
part of it being in the form of snow. During portions of the winter
the streams are icebound.

Irrigation has been extensively practiced in the lower portion of
the area, but is confined to the valley lands contiguous to the streams.
The Wenatchee Valley has become justly famous for its apples and
other fruits, and lands for orchards are valued at $1,000 per acre and
upward.

The gaging station, which was established July 26, 1904, is located
at the upper highway bridge in Cashmere, one-half mile below the
mouth of Mission Creek, and 8 miles above the mouth of the river.

The data obtained at this station are used in connection with the
development of irrigation and water power. The Great Northern
Railway has recently built a hydro-electric plant to run the trains
through the Cascade tunnel by electric power.

The conditions at the station are not at all favorable for good
results, and it is somewhat doubtful if the datum of the gage has been
maintained absolutely since the station was established. During
the summer of 1907 the hichway bridge was rebuilt and the gage
removed. A temporary gage was installed by the observer Novem-
ber 17, 1907. 'The observer reports that this temporary gage was 1
foot above the gage datum as determined by water levels. This
temporary gage was destroyed March 16, 1908, and on April 7, 1908,
the observer installed a temporary gage which was used until Sep-
tember 28, 1908, when a permanent gage was installed and the cor-
rections for the temporary gage determined. The gage heights have
been corrected to correspond with the original gage datum.

The lowest discharge on this stream occurs during the winter
months, when the headwaters are icebound.

Owing to uncertainty regarding the accuracy of the gage heights,
estimates of monthly discharge for 1907-8 are withheld until more
information can be obtained. ;

The following measurement was made September 28, 1908: Width,
109 feet; area, 344 square feet; gage height, 0.90 foot; discharge,
665 second-feet.
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Daily gage height, in feet, of Wenaichee River at Cashmere, Wash., for 1907 and 1908.

[A. C. Jones, observer.]
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MISCELLANEOUS MEASUREMENT.

A measurement of Mission Creek at the bridge one-fourth mile
above the mouth near Cashmere, April 13, 1907, gave a discharge of
194 second-feet. Water surface was 3.05 feet below an 8d. nail in
east {ace of cottonwood tree on left bank, 25 feet below the bridge.

YAKIMA RIVER DRAINAGE BASIN.
DESCRIPTION.

Yakima River rises in Keechelus Lake in the northwestern part of
Kittitas County and flows southeastward for about 150 miles to its
junction with the Columbia—8 miles northwest of Pasco and 4 miles
above the mouth of Snake River. Its drainage area comprising 5,270
square miles, extends southward from the Wenatchee Mountains
within 20 miles of Columbia River and includes a stretch of nearly 100
miles of the eastern slopes of the Cascade Range. It has many tribu-
taries, the most important coming from the west, as is shown by the
following table:

Principal tributaries of Yakima River.

From the south and west. From the north and east.
Big Creek. Kachess River (Kachess Lake).
Taneum Creek. Clealum (Clealum Lake).
Man-as-tash Creek. Teanaway Creek.
Wenas Creek. Swauk Creek.
Naches River (draining about 50 miles of | Kittitas Creek.
Cascade Range). Cherry Creek.

Tieton River.

Cowiche Creek.

Atanum Creek (forming northern bound-
ary of Yakima Indian Reservation.

Toppenish Creek (draining Yakima In-
dian Reservation).

Satus Creek.

The country at the headwaters of these streams is densely forested
and very mountainous. The general eievation of the summit of that
portion of the Cascade Mountains drained by them is 5,500 feet above
sea level. Keechelus Lake is 2,458 feet above sea level, Kachess
Lake is 2,230, Clealum Lake 2,130, Ellensburg 1,545, NorthYakima
1,090, and Kiona 515 feet.

The agricultural lands of this basin lie in four distinct valleys. The
upper one, which begins just below the mouth of Swauk Creek, is
known as the Kittitas Valley. It is somewhat oval in shape, about
30 miles long by 16 miles wide. Ellensburg is its chief city. Below
the valley the river flows in a narrow canyon, from which it emerges
into Selah Valley. From Selah valley it passes through a narrow
gap into Yakima and Moxee valleys. Below the Moxee Valley the
river has cut its way through the Atanum and Rattlesnake ridges,
forming a short narrow canyon known as Union Gap. Below Union
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Gap the river flows to its mouth through a wide valley, unbroken
except for the Toppenish Ridge, which lies south of the river approx-
imately at right angles to its course.

The mean annual rainfall at Clealum is 28 inches, at Ellensburg
10 inches, at North Yakima 9 inches, and at Sunnyside 7 inches. The
greater part of the precipitation occurs in the winter as snow. The
snowfall near the summit of the Cascade Range frequently aggregates
25 or 30 feet in one season.

Irrigation has been practiced in this valley for many years, and
ditches of all sizes—from the individual ditch watering a few acres on
the banks of the creeks to large canals that extend for 60 miles and
cover 40,000 or 50,000 acres of land—have been in successsful oper-
ation for a number of years. The products produced cover the entire
range of irrigated agriculture, from hay and grain in the upper portion
of the valley to the fancy fruits raised throughout the lower portions
of the basin. Irrigated orchards in the vicinity of North Yakima
have attained a value of $1,000 to $3,000 per acre. It is recognized
that only through the development of storage can the fullest use of
the waters be made. (See Pl. ITI, B, p. 36.)

The United States Reclamation Service has undertaken the general
development of this valley. The principal storage reservoirs are
found in Lakes Keechelus, Kachess, Clealum, and Bumping, and at
McAllister Meadows on Tieton River. The development of the
projects will be made in several units. The first was accomplished by
the purchase of the Sunnyside Canal, which diverts water from the
Yakima River below Union Gap. The second unit is the Tieton
project, which diverts water from Tieton River for the benefit of land
to the west of North Yakima. As Tieton River is the principal tribu-
tary of the Naches, whose natural flow has been entirely appropriated
for irrigation through private enterprises, the water to be taken from
the Tieton will be replaced by the release of water from the Bumping
Lake reservoir. The third unit, on which work is progressing at
present, is the Wapato project, which contemplates the enlargement
and extension of two canals built by the United States Indian Service .
and the development of small storage reservoirs on the headwaters of
Toppenish Creek. The lands to be irrigated are largely included in
the Yakima Indian Reservation.

The intensive agriculture of this valley has rendered necessary the
development of water powers. Several water-power plants are in
successful operation, the largest being the plant of the Wapatox
Company. Water is taken from Naches River in a long canal and
used both for water power and irrigation.

Records of stream flow have been maintained in this valley since
1893. The year 1905 was the driest year since records have been
obtained; 1903 was a wet year.
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The following gaging stations have been maintained in this basin:

Yakima River near Martin (1903 to 1908).

Yakima River at Easton (1904).

Yakima River at Clealum (1906 to 1908).

Yakima River at Umtanum (1906 to 1908).

Yakima River at Selah Gap, near North Yakima (1897, 1898, 1904, and 1905).
Yakima River at Union Gap, near Yakima (1893 to 1908).
Yakima River near Wapato (1908).

Yakima River at Prosser (1904 to 1906).

Yakima River at Kiona (1895 to 1908).

Yakima River near Richland (1906 to 1908).

Kachess River near Easton (1903 to 1908).

North Fork of Clealum River at Galena (1907).

Clealum River near Roslyn (1903 to 1908).

Naches River near Nile (1904 to 1908).

Naches River at Tieton Gap (1905).

Naches River near North Yakima (1893 to 1908).

Bumping River near Nile (1906 and 1907).

Tieton River at McAllister Meadow, near Naches (1908).
Tieton River at headworks, near Natches (1906 to 1908).
Tieton River near Naches (1902 to 1908).

North Fork of Atanum Creek, near Tampico (1907 to 1908).
Atanum Creek at The Narrows, near Tampico (1908).
Atanum Creek near Yakima (1904 to 1908).

South Fork of Atanum Creek, near Tampico (1907 to 1908).
Toppenish Creek near Toppenish (1908).

Satus Creek near Alfalfa (1908).

In addition to the data collected at the river stations, records of the
principal canals diverting water from the Yakima River and tribu-
taries were kept during the irrigating season of 1904 and 1905. The
following regular canal stations have been maintained:

New Reservation canal near Yakima (1904 to 1908).
0O1d Reservation canal near Wapato (1904 to 1908).

Sunnyside canal near Yakima (1904 to 1908).
Kiona canal near Kiona (1904, 1905, and 1908).

Lake gages have also been observed, as follows:

Lake Keechelus near Martin (1906 to 1908).
Lake Kachess near Easton (1905 to 1908).
Lake Clealum near Roslyn (1906 to 1908).
Records of evaporation have been obtained in Lake Kachess (1907
and 1908), and also in Sunnyside canal at Zillah (1907 and 1908).

LAKE KEECHELUS NEAR MARTIN, WASH.

A gage was established in Keechelus Lake January 12, 1906. It is
located just above the outlet of the lake, 4 miles northeast of Martin,
on the state road over Snoqualmie Pass.

The gage as originally established was 300 feet from the outlet of
the lake at an arbitrary datum. When the dam at the outlet was
completed in the winter of 1906-7, the gage was moved, and now
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indicates the height above the sill of the outlet tunnels in the dam.
All records have been corrected to this later datum, which is
2,457.00 feet above sea level.

Daily gage height, in feet, of Lake Keechelus near Martin, Wash., for 1907 and 1908.

[Christian Hansen, observer.)

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. iSept. ! Oct. | Nov. | Dec.
1907.
3.68 | 4.60| 3.09| 7.46 (1197|1127 {11.15| 7.91| 6.66| 3.56 | 7.63
3.62 | 4.56| 3.09| 7.51(11.78| 11.26 | 11.14 | 7.74| 6.72| 3.60| 7.86
3.56 | 4.37| 2.74| 7.55|11.55 | 11.26 | 11.12 | 7.55 | 6.80 | 3.55 | 7.91
3.52 | 4.22 ) 2.42) 7.76 | 11.47 ) 11.33 } 11.12 | 7.35 | 6.88 | 3.48| 7.86
3.84 | 4.12| 2.45| 812 )11.34 | 11.25 | 11.10| 7.16 | 6.92| 3.46 | 7.84
410 4.07| 2.49| 8.60|11.26 | 11.19 | 11.10| 6.95 | 7.00 | 3.44| 7.72
4.31| 400 2.49| 9.18 | 11.21 | 11.14 | 11.12| 6.75 | 7.08 | 3.43 | 7.62
5.05 | 3.94! 2.50( 9.90|11.26( 11.11 | 11.14 | 6.56 | 7.15 | 3.38 | 7.45
5.52 | 3.91| 2.6210.48 | 11.38 | 11.04 | 11.14 | 6.33 | 7.15 | 3.32 | 7.28
5.17 | 3.80( 3.12| 10.90 | 11.47 | 11.03 | 11.14 | 6.14| 6.98 | 3.30 | 7.14
4.69 | 3.69{ 3.18 | 11.16 | 11.56 | 11.14 | 11.14 | 5.86 | 6.84| 3.24 [ 7.04
4.24 | 3.64 | 3.26(11.18 | 11.60 | 11.21 | 11.14 | 5.65 | 6.69 | 3.20 | 6.96
3.77 1 3.62 | 3.33| 11.18 ) 11.55 | 11.24 1 11.13 | 5.50 | 6.50 | 3.16] 6.91
3.56 | 3.57 | 3.90|11.17 | 11.47 { 11.28 | 11.14 | 5.37 | 6.23 | 3.16| 6.78
3.76 | 3.51| 4.00 | 11.34 | 11.38 | 11.30 | 11.12 | 5.29 [ 5.99 | 3.14 [ 6.61
4.06 | 3.50| 4.05] 11.62 | 11.30 | 11.30 | 11.10 | 5.26 | 5.74 | 3.12( 6.42
4.37 | 3.431 5,96 12.11 | 11.26 | 11.28 | 11.05 | 5.43 | 5.52 | 3.15| 6.21
4.67 | 3.41| 6.04) 12.06 | 11.50 | 11.28 | 10.85 | 5.55 | 5.30 | 3.14 | 6.06
4.53 | 3.38 | 6.28( 12.09 | 11.66 | 11.27 | 10.65 | 5.72 | 5.10 | 3.16 | 5.86
4.54 ] 3.36| 6.46| 11.98 | 11.58 | 11.26 | 10.45 | 5.82 | 4.91 | 3.26 | 5.74
4.54 | 3.32| 6.5111.81 | 11.53 | 11.25 | 10.25 | 5.90 | 4.74| 3.36 | 5.76
4.55 | 3.29| 6.59|11.62 | 11.51 | 11.24 | 10.05 | 6.00 | 4.56 | 3.68 | 5.82
4.57 | 3.25| 6.8211.55 | 11.50 | 11.23 | 9.85 | 6.08 | 4.40 | 4.02 | 6.04
4.54 | 3.21 7.01 | 11.52 | 11.47 | 11.22 | 9.66 | 6.16 | 4.26 | 4.52| 6.70
4.56 | 3.19 | 7.09 | 11.48 | 11.45 | 11.20 | 9.46 | 6.23 | 4.11| 4.98 | 7.09
4.60 | 3.14{ 7.12| 1156 | 11.39 | 11.20 | 9.24 | 6.28 | 3.98 | 5.41 | 7.36
4.62| 3.11| 7.21]11.60| 11.37 | 11.18 | 9.01 | 6.36 | 3.86 | 5.57 | 7.44
4.62 | 3.141 7.34|11.70 | 11.35 | 11.17 | 8.79 ' 6.44 | 3.72 | 5.68| 7.44
3.14) 7.39} 11.81 | 11.34 | 11.16 | 8.57  6.50 | 3.64| 6.26 | 7.36
3.13( 7.41|11.88 | 11.30 | 11.15 | 8.34! 6.58| 3.56 | 7.32| 7.33
3.10 [....... 11.98 |....... 11.14| 811 ....... 3.64 |....... 7.14
3.88 | 3.40|10.89 | 12.32 | 12.00 | 11.97 [ 11.32 | 6.14 | 1.31| 4.00| 8.65
3.82 | 3.40| 10.78 | 12.42 | 11.98 | 11.97 | 11.30 | 6.12 | 1.29 | 4.40| 8.84
3.75| 3.39(10.68 | 12.42 | 11.91 | 11.93 | 11.29 | 6.09 | 1.24 | 4.45 | 8.94
3.74 | 3.42|10.62 | 12.38 | 11.88 | 11.89 | 11.24 | 6.05 | 1.20 | 4.65 | 9.07
3.83 | 3.61 | 10.53 | 12.36 | 11.86 | 11.86 | 11.01 | 6.02 | 1.18 | 4.80| 9.16
3.82 | 3.74 | 10.46 | 12.36 | 11.90 | 11.86 | 10.64 | 6.00 | 1.16 | 5.00 | 9.26
3.74 | 3.84|10.32 | 12.45 | 12.05 | 11.93 | 10.02 | 6.00 | 1.14| 5.10| 9.36
3.66 | 3.94|10.22 | 12.67 | 12.40 | 11.96 | 9.86 | 5.96 | 1.12| 5.20| 9.46
3.62F 4.04)10.12 § 12.48 | 12.66 | 11.96 | 9.77 | 5.94) 112 | 530 9.58
3.59 | 4.16 | 10.07 | 12.30 | 12.76 | 11.92 | 9.48 | 5.74 | 1.12} 5.40 | 9.67
3.59 | 4.36| 10.05 | 12.19 | 12.74 | 11.92 | 9.34| 5.55 | 1.10| 5.40| 9.76
3.54 | 4.6210.42 | 12.06 | 12.62 | 11.90 | 9.26 | 5.37 | 1.10| 5.40| 9.98
3.50 | 5.29 | 10.84 | 11.88 | 12.47 | 11.93 | 9.16 | 5.19  L.14| 5.35 | 10.30
3.50 | 7.15 | 11.26 | 11.79 | 12.47 | 11.86 | 9.03 | 4.66 | 1.28 | 5.30 | 10.48
3.50 | 8.69 | 11.50 | 11.86 | 12.50 | 11.84 | 8.88 | 3.79 | 1.64 | 5.30 | 10.60
3.48 | 11.32 | 11.67 | 11.94 | 12.31 | 11.97 | 8.76 | 3.62 | 2.04 ) 5.40 | 10.68
3.48 | 12.05 | 11,94 | 11.92 | 12,18 ) 11.87 | 8.62 | 3.45| 2.10| 5.60 { 10.75
3.47 | 11.96 | 12.51 | 11.96 | 12.09 | 11.81 | 8.35 | 3.10 | 2.10| 6.22 | 10.81
3.43 | 11.75 | 12.87 | 12.03 | 11.96 | 11.77 | 8.12| 2.85 | 2.10| 6.56 | 10.88
3.40 | 11.56 | 12.97 | 12.09 | 11.89 | 11.71 | 7.85 | 2.55 | 2.20 | 6.78 | 10.99
3.38 (11.40 | 12.75 | 12.10 | 11.83 | 11.67 | 7.63 ( 2.36 | 2.20 | 6.92 | 11.08
3.36 | 11.25 | 12.45 ( 12.04 | 11.79 [ 11.63 | 7.38 | 2.18 | 2.20| 7.02 | 11.15
3.33 | 11.31 | 12.33 | 11.94 | 11.76 | 11.59 | 7.12| 1.98 | 2.30| 7.10|11.21
3.32 | 11.44 | 12.31 | 12.08 | 11.70 | 11.56 | 6.84 | 1.78 | 2.40 | 7.22{11.30
3.32 ) 11.47 | 12.40 | 12.20 | 11.92 } 11.51 | 6.62; 1.65) 2.50 | 7.34 1137
3.43 | 11.40 | 12.29 | 12.10 | 12.04 | 11.46 | 6.35 1.53 | 2.60| 7.58 | 11.43
3.42 1127 { 12.22 | 12.09 | 12.11 | 11.41 | 6.17 | 1.46 | 2.60 | 7.80 | 11.60
3.42 | 11.18 ( 12,18 | 12.06 | 12.06 | 11.38 | 6.08 | 1.40 | 2.70 | 7.98 | 11.60
3.41 (11,12} 12.14 | 12.09 | 11.99 { 11.36 | 6.13 | 1.37 ( 2,90 | 8.21{11.52
veee-..| 1L06] 12,18 | 12,04 | 11.95 | 11.34| 6.16 | 1.290 | 3.05 | 8.46 | 11.48
ceeeer 10,96 [een.... 12,00 |....... 11.34 | 6.14 |....... 375 ... 11.46
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Table showing volume of storage on Lake Keechelus near Martin, Wash., for 1906-1908.

hgiz .| Storage. ) hgizé < | Storage. : h(é}iz S | Storage. hgiz%et. Storage.
Feet. l Acre-feet.|| Feet. | Acre-feet.|| Feet. | Acre-feet. Feet. | Acrefeet.
0.00 ‘ 0 4.00 5,688 8.00 11,5680 12.00 17,690
1.00 | 1,403 5.00 7,140 9.00 13,090 13.00 19,250
2.00 2,818 6.00 8,610 10. 00 14,610 14.00 20, 820
3.00 4,246 7.00 19,090 11.00 16,140 15. 00 22,400

1
NoTe.—This table has been used to determine the amount of water stored in or drawn from the lake,
and, in connection with the records on Yakima River at Martin, to compute the inflow into the lake.

YAKIMA RIVER NEAR MARTIN, WASH.

This station was established October 18, 1903. It is located at the
outlet of Lake Keechelus, 4 miles northwest of Martin station on the
Northern Pacific Railway.

The data here obtained are used by the United States Reclamation
Service in their general studies for the reclamation of lands in the
Yakima River valley. Lake Keechelus is at present used as a
storage reservoir. A temporary timber dam has been constructed,
which will be replaced later by a permanent dam high enough to
fully develop the storage capacity of this area.

The conditions at the station are favorable for obtaining good
results. During the winter months, although the lake freezes, the
flow at the station is under open-channel conditions on account of the
rapid velocities which obtain here. The datum of the gage, which
is 2,448.76 feet above sea level, has not been changed since it was
installed, although a number of rating curves have been necessary.
The flood of November 14, 1906, changed the channel somewhat,
and later an attempt was made to improve channel conditions by
shattering some of the larger bowlders above and below the station
with dynamite.

Discharge measurements of Yakime River near Martin, Wash., in 1907 and 1908.

. : Areaof | Gage Dis-
Date. Hydrographer. Width. section. | height.| charge.
. 1907. Feet. Sq. ft. Feet. | Sec.-ft.

April2......... 112 205 7.02 249

ay29......... 120 381 8.70 1,150

Junel2........ 117 267 7.78 563

August8....... 102 126 6.39 79

October 29..... 106 158 6. 68 139
1908.

July 18......... 115 242 7.61 475

August 19...... 111 189 7.16 309

November 16.. . 103 127 6. 46 105
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SURFACE WATER SUPPLY, 1907-8.

Feb.

Heeoon ¢

Jan.

Daily gage height, in feet, of Yakima River near Martin, Wash., for 1907 and 1908.
Day.

138

g the day and allowed
possible to work.

, water was shut off durin,

tember 17 to 10 a, m. October 9.

1907.a

a Outflow from lake was shut off January 8 to 18, while gravel and bowlders were being taken from bed

of stream near gaging section for a crib dam then under construction at lake outlet.

b Flow shut off at lake on days when gage height is not given.

While dam was under construction, January 19 to April 16,
to run nights, Sundays, and some other periods when it was jm:

Water was shut off from Sep
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Rating tables for Yakima River near Martin, Wash.
JANUARY 19 TO DECEMBER 31, 1907.¢

Gage Dis- Gage Dis-
height. | charge. || height.| charge.
Feet. Sec.-ft. Feet. Sec.-ft.
6.30 63 7.80 567
6.40 80 7.90 618
6. 50 99 8.00 672
6. 60 120 8.10 728
6.70 146 8.20 788
6.80 173 8.30 853
6.90 203 8.40 922
7.00 .234 8.50 993
7.10 268 8.60 1,068
7.20 306 8.70 1,144
7.30 344 8.80 1,221
7.40 386 8.90 1,299
7. 50 430 9.00 1,378
7.60 474 9.10 1,458
7.70 520
1908.0
6.20 62 ] 6.90 215
6.30 76 7.00 245
6.40 93 || 7.10 217
6. 50 112 7.20 312
6.60 134 7.30 350
6.70 158 7.40 390
6.80 ! 186 7.50 430

a This table is not applicable for ice or obstructed-channel conditions. It is based on five discharge
measurements made during 1907 and is well defined between gage heights 6.4 feet and 8.7 feet. The 1906
rating table is used from January 1 to 7.

b This table is not applicable for ice or obstructed-channel conditions, It is based on three discharge
measurements made during 1908 and the higher 1907 measurements, and is well defined between gage
heights 6.4 feet and 8.7 feet. Above gage height 7.5 feet the table is the same as for 1907,

Monthly discharge of Yakima River near Martin, Wash., for 1906 to 1908.

[Drainage area, 56 square miles.]

; : Natural dis- R T
Observed discharge in B ; un-oft;
Run-off in acre-feet. charge in depth
second-feet. second-feet. ilr)l
inches (Accu-
Month. N s on | racy.
Maxi- | Mini- . bl o
Mean. [Observed.! Stored. | Natural. | Mean. |persq.| age
mum. | mum. Do | aroa.
1906.
January. .. .. 492 134 | 250 15,400 | + 1,360 16,800 | 273 4. 88 563, A.
February . 357 185 | 255 14,200 | — 340 13,900 | 250 4. 46 4.64 | A.
March. R 263 161 | 200 12,300 | — 29 12,300 | 200 3.57 412 1 Al
April . 968 326 | 581 34,600 | + 2,080 36,700 | 616 1100 12.27 | A.
May... 1,000 438 | 682 41,900 | — 715 41,200 | 670 11.96 | 13.79 | A.
June 565 306 | 416 24,800 | — 1,000 23,800 [ 400 7.14 7.97 | A.
July... 302 86 | 177 10,900 | — 1,380 9,520 | 155 277 319 A.
August. ... 83 56 67.3 4,140 | — 603 3,540 57.5 1.03 119 ) A,
September. 86 52 68.9 4,100 | + 56 4,160 69.9 1.25 1.40 | A.
October. ... 565 83 | 265 16,300 | + 2,720 19,000 | 309 5.52 6.36 | A.
November. . 6,150 0| 979 58,300 | + 1,080 59,400 | 999 17.84 | 19.90 | B.
December....... 770 0 272 16,700 | + 4,520 21,200 | 346 6.18 7.12 | A.
The year..| 6,150 0] 351 254,000 | + 7,730 | 262,000 | 362 6.46 | 87.58
1907.
Januarye....... 968 0| 249 15,300 | — 3,770 11,500 | 187 3.34 3.85 | A.
Februarya...... 1,360 0| 490 27,200 | + 1,420 28,600 | 515 9.20 9.58 | A.
Marcha......... 567 149 | 360 22,100 | — 2,200 19,900 | 324 5.79 6.68 | A.
Aprile 577 0| 267 15,900 | + 6,310 22,200 | 373 6. 66 7.43 | A.
May... ... 1,400 452 | 886 54,500 | + 6,960 61,500 1,000 17.86 | 20.59 | A.
June. ..o} 1,270 321 | 548 32,600 | — 1,050 31,500 [ 529 9.45 | 10.54 | A.
July............ 348 88 | 168 10,300 | — 242 10,100 | 164 2.93 3.38] A.

a The daily discharges for January 19 to April 16, while dam was under construction, were obtained by
di%gributing (;;he flow while the gates were open over the entire twenty-four hours. The rating table for
1907 was used.
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Monthly discharge of Yakima River near Martin, Wash., for 1906 to 1908—Continued .

. : Natural dis- .
Obseggggnfgizgzgrge n Run-off in acre feet. charge in %1%;?1? ’
. second-feet. in
inches | Aceu-
Month. M dron racy.
- ini- ean, ain-
xﬁﬁ x&% Mean. (Observed., Stored. | Natural. | Mean. | persq. | age
. : mile. | area.
1907.

August......... 317 68 [ 172 10,600 | — 4,610 5,990 97. 4 1.74 201 | B
September. ... .. 291 0] 130 7,740 | — 2,280 5,460 89.1 1.59 177 | B
October......... 287 0| 144 8,850 | — 4,300 4,550 74.0 1.32 1.52 | A
November...... 301 103 | 153 9,100 | + 5,400 14, 50 244 4.36 4.8 1 A
December....... 395 268 | 348 21,400 | — 268 21,100 | 343 6.12 7.06 1 A

The year..} 1,400 0] 326 236,000 | + 1,360 | 237,000 | 328 5.80 | 79.27

1908.

January........ 366 169 | 265 16,300 | -- 4,680 11,600 | 189 3.38 3.90 { A.
February....... 164 136 | 147 8,460 | -- 780 7,680 | 134 2.39 2.58 | A.
March... . 979 ol 319 19,600 | 412,800 32,400 | 527 9.411 10.85 [ A.
April. .. 1,430 0| 466 27,700 | + 343 3 470 8.39 9.36 | A.
May.. 1,010 479 | 695 42,700 | — 281 42,400 | 690 12,321 1420 A.
June. 1,800 548 | 884 52,600 | — 68 52,500 | 882 1575 | 17.58 | A.
July.. 667 180 | 463 28,500 | — 955 27,500 | 447 7.98 9.20 | A.
Augus 592 101 | 261 16,000 | — 7,850 8,150 | 133 2.38 2.74 | A,
September 452 99 | 190 11,300 | — 7,000 4,300 72.2 1.29 1.44 | B.
October 151 69 88.7 5,460 | + 3,510 8,960 | 146 2,61 3.01 | B.
Novemb 316 0 117 6,90 | 4+ 6,950 13,900 | 234 4.18 4.67 | B.
December... 291 0 46. 5 2,860 | + 4,580 7,440 | 121 2.16 2.49 | A.

The year..| 1,860 0 329 238,000 | + 6,550 | 245,000 | 337 6.02 | 82.02

Note.—The amount of water stored has been computed from the gaze height and storage table for Lake
Keechelus. The ‘““natural’” run-off in acre-feet and mean discharge represent the flow into the lake, less
evaporation, or the run-off and discharge that would have occurred had the lake been held at a constant
level.

YAKIMA RIVER AT CLEALUM, WASH.

This station, which was established August 25, 1906, for the purpose
of determining the most economic method of operating the storage
reservoirs contemplated and under construction on the headwaters
of Yakima River by the United States Reclamation Service, is
located just above the town of Clealum, 6 miles above the mouth of
Teanaway River, and 3 miles below the mouth of Clealum River.
The flow obtained here is taken in conjunction with that at Umtanum
and Union Gap in the distribution of stored waters.

The flood of November, 1906, partly destroyed the bridge and the
gage equipment. The datum was maintained, although the channel
conditions were so altered that another rating was required. Since
that date the conditions have been more favorable for good results
than they were before, and the data are reliable. Ice conditions,
which obtain for a short period during the winter months, affect to a
small degree the accuracy of the data. At such times, and where
other meafs fail, the data are usually supplied by interpolation.
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Discharge measurements of Yakima River at Clealum, Wash., in 1907 and 1908.
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a There was some slush ice in the river January 1 to 12; river frozen January 12 to 20, average thickness

of ice about 4 inches.

¢Gage chain broken. No reading made.

b The river was clear of ice throughout the year except a little shore ice January 31 and February 1.
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Darly gage height, in feet, of Yakima River at Clealum, Wash., for 1907 and 1968—Con.

Day. [ Jan. ' Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2.051 1.99 \ 3.67| 5.12| 7.12| 472 | 2.78| 2.28| 2.08| 1.68| 2.00
2.02| 227 38 492| 7.06| 470 2.72| 230 2.15| 1.8 | 2.08
2.02| 3.02( 419 478 | 6.651 472 2.75| 232| 2.10| 1.8} 2.15
2.05| 4.37| 442! 468 6.42| 4.68| 275 252 1.98| 1.8 | 2.22
1.99 | 455 | 455 | 4.8 | 6.40| 465 262 2.65| 2.05. 1.8 | 2.20
2071 549 4.45| 512 6.30 | 492 262 2.72! 2.05| 1.78| 2.20
2.07| 499 4671 508 575 498| 2.65| 2.62| L92| 1.8 | 2,15
207 519! 517) 508| 532 460 2.65| 2.52| 1.92 2.05) 2.08
2.07| 502| 577| 525 508 4.35| 2.80 | 250 | 1.65 | 2.25| 2.02
2.05| 475, 619 522 490| 420, 275 2.40| 1.65| 2.35| 2.00
2.02| 4.57 \ 6.20 | 520 455| 4.00| 2.78| 2.32| 1.65| 2.8 | 1.92
1.99 | 4.35 58| 512, 438) 390, 2.75| 2.22| 1.62| 3.18! 195
1.97 | 4.39' 5.57| 518 430 3.80| 278 2.18| L52| 3.30| 1.95
1.99 | 4.67. 539 534 435{ 3.70| 2.72| 212 | 1.50| 3.30| 2.08
2.02| 4.67; 532 570 4.68( 3.62| 275 2.08| 1.48| 3.02| 2.18
207 | 452 J 5.07) 572 4.98 3.50| 270 | 205 1.40| 2.82| 242
212 435 4.8 | 548 505 3.28| 2.60| 2.05( 1.45| 2.65 | 2.58
2.07 | 417 \ 479! 5351 4.92| 3.15| 2,92 2.00| 1.42| 2.55| 2.70
212 | 4.05; 469 525 | 475 3.00| 3.15| 1.98| 1.50 | 2.50 | 2.72

. 4397 | 4.72( 5.20| 4.78¢ 2.95| 3.08| 1.82 1.78) 2.45; 2.60
3.87 froseees 4.95 [....... 290 | 2.98{....... 192 |....... 2,52

Rating table for Yakima River at Clealum

, Wash., for 1907 and 1908.

Gage Dis- Gage Dis- Gage Dis-~ Gage ‘ Dis-

height. | charge, | height.| charge. | height.]| charge. ||height. 1 charge.
Feet. Sec.-ft Feet, | Sec.-ft ’ Feet, | Sec.-ft. Feet, | Sec.-ft.
1.40 280 2,60 910 3.80 2,065 5.00 4,190
1.50 315 2170 985 3.90 2,190 5.20 4, 650
1.60 350 2.80 1,060 4. 00 2,330 5.40 5,125
1.70 385 2.90 1,140 4.10 2,480 5.60 5,615
1.80 430 3.00 1,225 4.20 2,635 5.80 6,110
1.90 475 3.10 1,315 ‘ 4.30 2,800 6.00 6, 620
2 00 & 525 3.20 1,415 4.40 2,975 6.20 7,130
2.10 580 | 3.30 1,515 | 4.50 3,150 6.40 7,640
2.20 | 640 ' 3.40 1,615 1 4.60 3,350 6. 60 8,150
2.30 ‘ 700 3.50 1,720 4.70 3,550 6.80 , 660
2. 40 765 l 3.60 1,830 \ 4.80 3,750 7.00 9,170
2.50 835 | 3.70 1,945 ‘ 4.90 3,965 7.20 9, 690

I

Note.—The above table is not applicable for ice or obstructed-channel conditions.

discharge measurements made during 1907-8 and is well defined.

Monthly discharge of Yakima River at Clealum, Wash., for 1906 to 1908.

|Drainage area, 500 square miles.]

1t is based on 12

. . Natural dis- | Ryn-
Obsers\éggn((ljl.sf(ezgixrge n Run-off in acre-feet. charge in off;
’ second-feet. depth
in
Month. inches
Maxi Mini Ob: Voan s} 0111
axi- ini- - per rain-
mum. | mum. Mean. | . ooq. | Stored. Natural. | Mean. square| age
1mile area
1906.
August 24-30. ... 506 472 501 L L P e e
September. 440 484 28,800 | — 2,490 26, 300 442 | 0.884 0.99
October. ........ 472 | 1,420 87,300 | 413,000 | 100,000 | 1,630 | 3.26 3.76
November. .. 981 | 55,580 | 332,000 | + 5,200 | 337,000 |b5,660 | 11.3 12.61
December. ... _.f........|........ 51,400 86,000 | — 3,630 82,400 | 01,340 | 2.68 3.09

a Estimated.

Accu-
racy.

b Mean natural discharge November and December has been taken as 25 per cent greater than combined
natural discharge at Martin, Easton, and Roslynstations and the actual flow at the station computed from
these values. Gage heights published for November 29 to December 30 were probably very much in error.
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Monthly discharge of Yakima River at Clealum, Wash., for 1906 to 1908—Continued.

. s Natural dis- Run-
Obseg:&gx?gg?rge n Run-off in acre-feet. charge in off;
g . second-feet. depth
in
; Accu-
Month. inches
. Mean a on |Tacy-
Maxi- | Mini- Ob- per rain-
mom. | mum. Mean. served. Stored. | Natural. | Mean. square | age
mile. | area.
1,640 713 | 1,060 65,200 | — 5,620 59,600 969 | 1.94 2.24 | A.
3,790 688 | 1,920 | 107,000 | + 4,160 111,000 | 2,000 | 4.00 4.16 | A.
1,850 970 | 1,310 ! — 7,250 73,400 | 1,190 | 2.38 2.74 | A,
4,010 | 1,020 | 2,430 | 145,000 | +17,900 | 163,000 | 2,740 | 5.48 6.11 | A.
8,860 | 3,350 | 6,570 | 404,000 | +16,500 | 420,000 | 6,830 | 13.7 15.79 | A.
7,950 | 1,780 | 3,350 | 199,000 3 199,000 | 3,340 | 6.68 7.45 | A,
2,060 9 | 1,170 71,900 | — 2,970 68,900 | 1,120 | 2.24 2.58 | A.
779 394 644 39,600 | —10,100 29, 500 480 . 960 1.11 | A.
765 408 593 35,300 | — 9,720 25, 600 430 . 860 .96 | A,
536 357 445 27,400 | —11,400 16,000 260 . 520 .60 | A
1,210 332 519 30,900 | +11, 400 42, 300 711 1.42 1.58 | A.
1, 520 910 | 1,220 75,000 | + 2,130 77,100 1,250 | 2.50 2.88 | A,
The year..| 8,860 332 | 1,770 (1,280,000 | + 4,530 |1,290,000 | 1,780 | 3.56 48.20
1908.
592 858 52,800 | —10,900 41,900 681 | 1.36 1.57 | A.
510 565 32,500 | — 1,130 31,400 546 | 1.09 1.18 | A,
452 | 2,180 | 134,000 | +40,500 | 174,000 = 2,830 | 5.66 6.52 | A,
1,670 ,460 | 206,000 | + 4,170 | 210,000 | 3,530 | 7.06 7.88 | A.
3,510 | 4,760 | 293,000 | + 8,690 | 302,000 4,910 ! 9.82 11.32 | A.
2,800 5,200 | 315,000 | + 542 | 316,000 | 5,310 | 10.6 11.83 | A.
1,140 | 3,050 | 188,000 | — 4,080 | 184,000 | 2,990 | 5.98 6.89 | A.
910 | 1,080 66,400 | —21,200 45,200 735 | 1.47 1.70 | A.
439 783 46,600 | —23,000 23, 600 397 .794 .89 A.
October......... 610 280 441 27,100 | + 1,570 28,700 467 .934 1.08 | A.
November...... 1, 520 368 712 42,400 | 423,000 65,400 { 1,100 | 2.20 2.46 | A
December....... 1,000 485 650 40,000 | + 3,390 43, 400 706 | 1.41 1.63 | A.
The year..| 9,480 280 | 1,990 |1,440,000 | +21,600 1,470,000 | 2,020 | 4.03 | 5495

NoOTE.—The amount of stored water at this station is the sum for Lakes Keechelus, Kachess, and Clealum.
YAKIMA RIVER AT UMTANUM, WASH.

This station, which was established August 25, 1906, is located at
Umtanum Siding, in the canyon of Yakima River between the Selah
and Kittitas valleys, 1 mile above the mouth of Umtanum Creek.
The station has great value in the general scheme of reclamation
undertaken by the United States Reclamation Service, for the records
indicate the amount of water available from Yakima River for the
Selah and Moxee valleys, and show also the amount passing the
Kittitas Valley after all seepage waters from irrigation are returned
to the river. The records are also extensively used during the irri-
gating season at this point in conjunction with those at Clealum and
Union Gap in studying the most economic method of operating
storage reservoirs which are contemplated and under construction
for the irrigation of the valley.

The conditions at this station are favorable for good results and
the data obtained are reliable. A riffle control is located about 100
yards below the gaging section, and although high floods will change
the cross section at the point of measurement these changes are
counterbalanced by corresponding changes in velocity; thus the gage
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[Joseph B. Freeman, observer.]
May. | June

of Yekima River at Umtanum, Wash

gage January

the winter months are rendered somewhat uncertain by ice condi-
tions, but as these conditions do not prevail for very long periods and

donot oceur at critical stages the errors due to thiscause are not great.

Discharge measurements of Yakima River at Umtanum, Wash., in 1906

height is always a stable index of the flow.
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The river began to freeze January 1, and the ice went out February 9.

19 to 23.

bNo record February 21 to 27.

Maximum thickuoess, 2 feet.
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Daily gage height, in fect, of Yakima River at Umtanum, Wash., for 1907 and 1908—Con.

Jan ‘ Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
4.08| 3.62| 3.80| 5.00| 6.22 | 5.85 5.45 | 3.8 | 5.85| 3.15| 3.40 | 3.50
4.06 | 3.65| 3.70 | 4.90| 6.45 6.25 5.36 | 3.8 3.781 3.15| 3.38! 3.50
4.05| 3.65] 3.68| 4.85) 6.70; 6.52 | 5.30) 3.88| 3.62) 3.14] 3.32 | 3.50
4.04 | 3.62| 3.70| 4.95{ 6.70 | 6.98 | 5.25 | 3.88 | 3.42| 3.12| 3.32 | 3.49
4,04 | 3.60 ! 3.74| 5.10| 6.40 | 7.38| 5.28 | 3.70| 3.40 | 3.18 | 3.29 | 3.45
4.02| 3.60| 3.82| 5.20| 6.18| 7.50| 5.30 | 3.75 ) 3.40| 3.34| 3.30| 3.42
3.99 ! 3.58 | 4.15| 5.55| 6.00) 7.45) 5.30 | 3.75| 3.40 | 3.30 | 3.30 | 3.42
3.98 | 3.56 | 4.55| 5.72| 5.85| 7.18 | 5.30| 3.70| 3.40| 3.35| 3.35| 3.52
3.951 3.56| 5951 590 580! 6.95| 5.41 ) 3.72| 3.451 3.48| 3.351 3.55
3.90| 3.56| 6.30| 5.85| 6.00! 6.8 | 5.441 3.70| 3.58 | 3.46| 3.35| 3.55
3.88"' 3.56{ 7.40, 5.80 | 6.25 | 6.78 | 5.58| 3.62| 3.62| 3.42| 3.35 3.59
3.88 3.76| 6.85| 5.8 | 6.321 6.45| 5.72} 3.60| 3.70 | 3.40| 3.35| 3.54
3.87 3.70| 6.40| 6.20| 6.30 | 6.15| 5.48 | 3.58 | 3.60| 3.38{ 3.35 3.50
3.83, 3.70 ) 6.20 6.85 6.38 1 5.90) 5.25] 3.60! 3.60, 3.38) 3.55| 3.50
3.82, 3.68| 6.10| 7.30| 6.42| 5.72| 508 | 3.65( 3.52| 3.30 | 3.66 | 3.55
3.79 ) 3.63 ] 5.95| 7.50 ) 6.40 | 550} 4.90| 3.68! 3.50 ) 3.30 | 3.76| 3.55
3.78 | 3.60 | 5.60| 7.25| 6.35| 5.32| 4.79 | 3.70| 3.42| 3.30| 4.10] 3.55
3.76 | 3.60 5.60| 6.70 | 6.30 | 5.20 | 4.65 3.70 | 3.40| 3.25 4.22 | 3.54
3.75 | 3.62| 6.00 , 6.50 | 6.30 | 5.20| 4.62] 3.68 | 3.35 3.20 | 4.30 | 3.50
3.75 | 3.66 | 6.25 6.30 | 6.42 5.25 4.60 | 3.65| 3.30 | 3.19 4.25 3.55
3.75| 3.74| 6.15| 6.28 6.50 | 545 | 4.52| 3.65; 3.30 | 3.18| 4.08| 3.55
3.74 | 3.78| 5.8 | 6.18 | 6.45 | 570 4.42 | 3.65( 3.29 | 3.18| 3.90 | 3.68
3.70 | 3.78| 5.65| 6.10| 6.32| 5.62| 4.28 | 3.65 | 3.26 | 3.18 | 3.88 | 3.70
3.70 | 3.79 | 5.45| 5.78 | 6.18 | 5.47| 4.18 | 3.82| 3.25| 3.15] 3.8} 3.8
3.70 |....... 5.36 | 5.88| 6.05| 5.40| 4.05 | 3.95| 3.25| 3.15 3.80 | 3.88
3.68 [....... 5.30 |.c.nenn 5.88 [....... 4.00 1 3.90 |....... 3.28 |....... 3.80

Rating table for Yakima River at Umtanum, Wash., for 1906 to 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height.| charge. | height.| charge. || height.| charge. | height.| charge.
Feet. Sec.t. Feet. Sec.ft. ‘ Feet. Sec.-ft. Feet. Sec.-t.
2.90 260 3.90 1,150 '} 4.90 2,550 5.90 4,710
3.00 320 | 4.00 1,260 i 5.00 2,720 6.00 4,980
3.10 390 ¢ 4.10 1,380 5.10 2,900 6.20 5,520
3.20 470 | 4.20 1,510 ‘ 5.20 3,100 6.40 6,080
3.30 550 4.30 1,640 5.30 3,300 6.60 6,670
3.40 640 | 4.40 1,770 5.40 3,510 6.80 7,280
3.50 730 ‘ 4.50 1,910 5.50 3,730 7.00 7,910
3.60 830 4.60 2,060 5.60 3,960 7.20 8,580
3.70 930 4.70 2,220 5.70 4,200 7.40 9,290
3.80 1,040 ‘ 4.80 2,380 5.80 4,450 7.60 | 10,030

NoTE.—The above table is not applicable for ice or obstructed channel conditions.

It is based on 10

discharge measurements made during 1906, 1907, and 1908, and is well defined between gage heights 3.0

feet and 7.1 feet.

Monthly discharge of Yakima River at Umtanum, Wash., for 1906 to 1908.

[Drainage area, 1,540 square miles.]

Discharge in second-feet. Run-off.
. Accu-
Month. Depth in
Per racy.
: incheson | Total in
Maximum. | Minimum.{ Mean sg[gﬁere drainage | acre-feet.
° area.
1906.
August 25-31....... ..., 369 290 326 0.212 0.06 4,530 | A.
September. . . 502 302 368 .239 27 21,900 | A.
October...... 6,080 470 1,370 .890 1.03 84,200 | A.
Novembera.. ... 41,000 1,260 | , 980 5.83 6.50 534,000 | C.
December................ 4,660 1,690 2,570 1.67 1.92 158,000 | A.

@ Discharges for November 15 and 17 to 27 have been estimated, by the aid of a hydrograph, following
the rate of rise and fall at the station at Union Gap and on Clealum River at Roslyn.

11947—10

10
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Monthly discharge of Yakima River at Umtanum, Wash., for 1906 to 1908—Continued.

Discharge in second-feet. Run-off.
Month. Per Depth in . ‘?:Cc;,l'
Maximum. | Minimum.| Mean. sgllﬁiere lgfaiﬁzgg ;Iég;?fleé?.
. area.
1,590 1.03 1.19 97,800 | C.
3,490 2.27 2.36 194,000 | B,
2,740 1.78 2.05 168,000 | A.
4,450 2.89 3.22 265,000 | A.
8,420 5.47 6.31 518,000 | B.
3,520 2.29 2.56 209,000 | B.
1,170 760 .88 71,900 | B.
577 375 .43 35,500 | A,
691 .449 .50 41,100 | A.
554 .360 .42 34,100 | A.
676 .439 .49 40,200 | A.
1,480 . 961 L1 91,000 | A.
2,450 1.58 21.52 1,770,000
1,160 753 .87 71,300 | A.
880 571 .62 50,600 | A.
3,440 2.23 2.57 212,000 | A.
4,740 3.08 3.44 282,000 | A.
5,730 3.72 4.29 352,000 | A.
5,400 3.51 3.92 321,000 | A.
3,060 1.99 2.29 188,000 | A.
979 . 636 .73 60,200 | A.
770 . 500 .56 45,800 | A.
510 .331 .38 31,400 | A.
864 . 561 .63 51,400 | A.
813 . 528 .61 50,000 | A.
2,360 1.53 20.91 | 1,720,000

@ Discharges for periods when there were ice conditions, or when gage was not read, have been estimated
Iﬁv multiplying the discharge at Clealum by the following coefficients: January 1 to February 9, 1.50;

ay 21 to 31, 1.25; June, 1.05; July, 1.00; August 1 to 9, 0.90; Comparisons of the discharge at the two
stations for periods covered by the records indicate that these are the most probable ratios.

YAKIMA RIVER NEAR YAKIMA, WASH.

This station, which is located at Union Gap, a narrow gap in the
lower Yakima-Moxee valleys, was established August 14, 1893, but
discharge can be computed only from August 19, 1895, as the records
are fragmentary prior to that date. The stationisof greatimportance
in determining the discharge, asit isunaffected by the diversionsfor the
large irrigated areas above and below. It is just below the mouth of
Atanum Creek and above the head gate of the New Reservation canal,
the distance between these points being less than one-half mile. The
discharge at this point is approximately equal to the sum of the dis-
charge of Yakima River at Umtanum and Naches River at North
Yakima, Atanum Creek, the return waters in the Selah and Moxee
valleys and the waste from the North Yakima power canal. The
records show also the amount of water available for the Sunnyside,
the Old and the New Reservation canals, all of which have their
intakes a short distance below.

The records were fairly reliable until the flood of November 15,
1906, which so deepened the channel at the measuring section that
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the current is very sluggish at low water. The flood also deepened
a small channel near the left bank, which previously did not carry
water except at flood periods, but which now carries a considerable
portion of the flow even at medium stages. On account of these
changes it has been impossible since the above date to obtain reliable
estimates of discharge. The record of gage heights is nearly com-
plete for 1908, but no rating table can be applied to them, as no
measurements were made during 1908. The discharge has been
computed, however, by adding the flow of the three canals to the
flow over the Sunnyside dam.

The datum of the gage has not been changed since the station was
established, but a number of rating curves have been used on account
of changing conditions.

The river frequently freezes during the winter months, and ice
jams are common in the vicinity of the station. The discharge can
seldom be corrected for these conditions and is therefore liable to
some error.

Discharge measurements of Yakima River near Yakima, Wash., for 1907.

Area of | Gage Dis-
Date, Hydrographer. Width. cection. |height.|charge.

February 20....| W. C. Muldrow

February 22......... do........ 300 2,490 7.69 9,780
March13.......]..... L U T 242 1,850 5.92 4,950
March 26.......| H. D. McGlashan.......... 240 1,700 5.37 3,810
May3..........feenen do..ii 346 2,440 7.60 9, 460
Juned.........|.....do.. 381 2,720 8.42 | 14,000
August6....... do........ 231 1,260 3.50 946
September 26 ..} J. C. Stevens...... ... .. oiiiiiiiiiiiiiiiia. 226 1,270 3.50 883

Dazly gage herght, in feet, of Yakima River near Yakima, Wash., for 1907 and 1908.

[Hugh Kennedy, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
5.5 491 7.0 5.3 7.5 8.9 5.8 3.7 3.5 3.5 3.55 | 4.75
5.5 4.9 6.9 5.4 7.5 8.6 5.7 3.7 3.55 3.5 3.55| 4.8
5.4 4.81 6.9 5.4 7.6 8.4 5.6 3.65( 3.9 3.45] 3.55| 4.7
5.4 4.71 6.9 5.5 7.9 8.3 5.5 3.6 3.9 3.45| 3.55| 4.65
5.4 4.6 | 6.4 5.55 1 8.1 8.3 5.4 3.6 3.8 3.45| 3.55| 4.6
5.2 50| 6.3 5.6 8.7 8.0 5.4 3.6 3.8 3.5 3.55| 4.5
5.0 5.3| 6.3 5.7 9.0 7.9 5.5 3.55| 3.8 3.5 3.55| 4.5
4.9 6.31 6.25] 575| 9.1 7.6 5.2 3.6 3.8 3.45| 3.55| 4.4
4.8 6.9 6.2 5.8 9.3 7.3 50 3.65| 3.8 3.451 3.55| 4.35
4.9 7.3 6.1 5.9 9.1 7.1 4.9 3.6 3.7 3.45| 3.55| 4.35
4.9 7.71 6.15| 6.1 9.0 7.0 4.9 3.6 3.7 3.4 3.55 | 4.35
5.0 7.3 6.1 6.1 8.3 6.9 4.8 3.6 3.751 3.4 3.55( 4.3
4.9 7.01 6.0 6.151 7.9 6.9 4.7 3.6 3.75| 3.5 3.55| 4.3
4.7 6.8 5.9 7.8 8.1 6.65 | 4.7 3.6 3.7 3.5 3.55| 4.4
4.5 6.6 6.1 8.0 8.5 6.5 4.65| 3.5 3.75| 3.45| 3.5 4.5
4.4 6.5| 6.2 8.2 9.15| 6.3 4.6 3.4 3.7 3.5 3.5 4.4
4.4 6.3| 6.3 8.2 9.1 6.0 4.55| 3.4 3.7 3.5 3.5 4.2
4.5 6.0| 6.0 8.15]| 9.6 5.9 4.5 3.4 3.75| 3.5 3.55| 4.1
4.5 6.1 59 7.9 9.4 6.0 4.4 3.35| 3.8 3.5 3.5 4.1
4.5 7.0 5.8 7.6 9.0 6.0 4.4 3.351 3.75| 3.5 3.551 4.1

NoTE.—From January 15 to February 17, 1907, the river was frozen about one-third the width to a thick-

ness of about 7 inches.
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Daily gage height, in feet, of Yakima River near Yakima, Wash., for 1907 and 1908—Con.
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a This table {s not applicable for ice or obstructed-channel conditions.
measurements made during 1905-6, and is well defined between gage heights 3.5 feet and 7.7 feet.
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Rating tables for Yakima River near Yakima, Wash.—Continued.

FEBRUARY 10, 1907, TO APRIL 30, 1908.b

b This table is not applicable for i

Gage Dis-
height.! charge.
Feet. | Sec.-feet.
3.30 720
3.40 810
3.50 900
3.60 1,000
3.70 1,110
3.80 1,220
3.90 1,330
4.00 1,450
4.10 1,580
4.20 { 1,720
4.30 1,860
4.40 2,000
4.50 2,150

|
|

|

Gage Dis- Gage [ Dis- H Gage Dis-
height.| charge. ! height. ( charge. M height.| charge.

i
Feet. | Sec-feet. || Feet. | Sec.-feet. ‘ Feet. | Sec.-feet.
4. 60 2,300 5.90 4,780 ‘ 7.40 8,990
4.70 2,460 6. 00 | 5,000 7.60 9,730
480 | 20630 || 610 | 5230 || 7.80 | 10,520
4.90 2,810 6.20 ( 5,470 | 8.00 11,420
5.00 2,990 6.30 5,720 8.20 12,320
5.10 3,170 [ 6.40 598 | 840 | 13200
5.20 3,350 6. 50 6,250 | 8.60 | 14,320
530 | 3,530 J 6.60 | 6520 | 8.80 | 15370
5.40 3,720 | 6.70 | 6,800 9.00 16,470
5,50 3,920 | 6.80 7,080 9.20 | 17,590
5.60 4,130 || 6.90 ( 7,370 9. 40 18,710
5.70 4,340 [ 7.00 | 7,670 ‘ 9. 60 19,830
5.80 4,560 | 7.20 8,330 |

: ] I

ce or obstructed-channel conditions.
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It is based on 8 discharge

measurements made during 1907, and is fairly well defined between gage heights 3.5 feet and 8.5 feet.

Monthly discharge of Yakima River near Yakima, Wash., for 1907 and 1908.

[Drainage area, 3,300 square miles.]

Dbischarge in second-feet. Run-off.
Month. P Degth in Total 1 ;&acécyu-
; P er square | inches on 0 n *
Maximum. | Minimum. , Mean mile. drainage | acre-feet.
area.
1907.

January..... , 400 1,640 2,430 0.736 0.85 149,000 | C.
February. 12,800 1,890 6,740 2.04 2.12 374,000 | C.
March.- 7,670 3,350 5,040 1.53 1.76 310,000 | B.
April. 14,300 3,530 8,430 2.55 2.84 502,000 | B.
May..... 19,800 9,350 14,100 4,27 4.92 867,000 | C.
June..... 15,900 4,780 7,640 2.32 2.59 455,000 | B.
July....... 4,560 1,110 2,470 .748 .86 152,000 | B.
August...... 1,110 765 930 . 282 .33 57,200 | B.
September. . 1,330 900 1,110 . 336 .37 ,000 | B,
October. ... ... ... ... 950 810 884 . 268 .31 54,400 | B.
November. . 2,460 900 1,170 . 355 .40 69,600 | B.
December. . ............. 2,990 1,580 | 2,160 . 655 .76 133,000 | B.

The year........... ' 19,800 765 | 4,430 1.34 18.11 | 3,190,000

1908. 1

January........_ ... ..., | 2,300 1,220 1,710 .518 .60 105,000 | C.
February. .. e 1,580 1,160 1,340 . 406 .44 77,100 | C.
March..... 17,600 1,450 5,570 1.69 195, 342,000 | C.
April...... 16,500 3,530 7,090 2.16 2.40 422,000 | C.
May....... 000 7,570 9,750 2.95 3.40 600, A.
June..... .. 17, 400 6,140 10,400 3.15 3.51 l 619,000 | A.
July....... 10,300 2,320 6,490 1.97 2.27 399,000 | A.
August...... 2,170 1,260 1,580 479 .35 J 97,200 | B.
September 1,480 1,030 1,190 . 361 .40 70,800 | B.
October 1,540 915 1,120 . 338 .39 ,900 | B.
Novembe 3,200 1,140 2,100 . 636 .71 125,000 | A.
December............... 2,020 1,160 1,610 . 488 .56 ,000 | A.

The year........... 17,600 915 | 4,160 J 1.26 9 17.18 | 3,020,000

Notk.—Discharges for May to December, 1908, were obtained by adding the flow of the Sunnyside, Old
and New Reservation canals to the flow over the Sunnyside dam.
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YAKIMA RIVER NEAR WAPATO, WASH.

This station, which was established April 25, 1908, is located
at the headgate of the Sunnyside canal, which is owned and operated
by the United States Reclamation Service. The flow at this point
1s controlled by a conerete diversion dam 500 feet long, of ogee cross
section 7 feet high, (See Pl. VI.) The gage readings show the head
of water on the crest of this dam and are obtained by means of a
hook gage. The discharge measurements are made from a cable
which spans the river 500 feet below the dam. A sluiceway in the
dam is closed by means of flashboards during the irrigating season.
On this account two rating curves have been developed; one for
the sluiceway open and the other for the sluiceway closed. There
is also a fish ladder near the sluiceway through which a small quan-
tity of water flows all the time.

The results obtained at this station, when added to the diversions
measured in the Sunnyside canal, the Old and New Reservation
canals are comparable with records formerly obtained at Union
Gap. The Old Reservation canal diverts water from the right
bank of Yakima River, one-half mile above this station; the New
Reservation canal takes it from the same bank 2 miles above. The
Union Gap canal (Lombard Horseley ditech) diverts water from
the Moxee Valley, which is carried to Union Gap to irrigate lands
to the east and south of this station. During the irrigating season
the natural flow at this point is augmented by the release of stored
waters in Lakes Keechelus, Kachess, and Clealum, where temporary
dams have been constructed and operated by the Reclamation
Service.

The records obtained here are as reliable as can be obtained by
calibration of a permanent overflow dam by means of a current
meter, and, although the river is subject to freezing during the
winter months, the ice conditions do not interfere with records at
this point. ‘

Discharge measurements of Yakima River near Wapato, Wash., in 1908.

Date. Hydrographer. Width. ség%ﬁ)gf. hﬁe‘riz%&. clPaiZe.

Feet. Sq. ft. Feet. | Sec.-ft.

May4d......... H. D, MeGlashan . . .. ..o.oeeroee e e 292 1,820 | 22.85 | 8,030
June20........ J.C.Stevens. ... .. .. ... .l..ii..o. 290 1,770 | e2.51 7,420
July24....._.. Hoytand Allen. ... .. ... ... . ... ... 271 1,340 | el1.52 3,440
July 30........ Allenand Oakes. ........ ... ... .. ..ol 270 981 a,78 1,460
August 7....... C.F, Gleason....... e e i 272 808 | @.47 910
August15... .. {..... Aol 265 610 | b.29 460
August 23......]..... do........ .- 266 604 b.26 415
September 8. .. L. R. Allen. . e e 264 598 1 b.,29 370
September 16. [ C. F. Gleason .. .. ... ... o oo 261 536 b.20 290
September 26. /.. ... [ 10 R 260 475 b.12 220
November 4...| Allenand Gleason.......coveieiemirneeaenraenann.. 213 1,050 | ¢1.01 1,770

a Sluiceway open. & Sluiceway closed.
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Daily gage heights, in feet, of Yakima River near Wapato, Wash., for 1908.
{W. R. Newland, observer.]

| ]
Day Jan. % Feb. | Mar. | Apr. j May.  June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
R
I Y o54)| 2.43] 2.44| 0.65| 0.40| 0.10] 0.51] 1.00
| iR o276l 2,40 2.78 62| .34| .09 92 97
J 2.36 | 2.91 60 .34 .06 96 90
2.35 | 2.87 5| .36 .05| 1.01 88
2.34 | 2.61 48| .37 .03 93 82
2.46 | 2.31 46| .36( .01 86 80
2.80 | 2.24 48| .35| .14 82 80
3.08 | 2.26 51| .30 .18 80 82
3.64 1 2.30 54 2| .17 78 82
4.05 | 2.28 47 02] .16 76 79
4.26 | 2.24 39 02| .18 74 74
4.26| 2.20 34 02| .28 72 78
4.09 | 2.36 33 03| .30 71 80
3.87 | 2.46 34 02| .42 70 84
3.84 | 2.58 34 13 .52 69 83
3.80 | 2.43 281 .21 | .521 .68| .80
3.58 | 2.53 23 .26( .50 .70{ .78
3.12| 2.28 20| .29| .49| Lo1| .75
2.82| 2.10 18| .28 2! 1.28] (o)
2.60 | 1.94 261 .26 30| 1.28 | (e)
2.45| 1.82( .30| .21 26| 1.30 | (a)
2.18| 1.71| .26| .14 231 1.32| (o)
2.04| 1.65| .28] .10 20 | 1.40 Ea)
1.99 | 1.53| .28| .05 19| 1.39] (o)
2.07| 1.40| .24| .13 16 1.35] (a)
2.44| 1.28| .22 .14 15] 1.24| .89
2.56 | 1.18| .22| .14 12 1.14| .92
2.40 | 1.04 22 .12 09| 1.10| .96
2.30 | .90 34| .14 13| 1.05| .98
2,23 .82 .48 .11| .22/ 104 .97
....... 74| 6.l a8l .94

a Gage frozen in from December 19 to 25.
Norte.—The sluiceway was closed August 9 to October 18, inclusive, and open at other times.

Rating tables for Yakima River near Wapato, Wash., for 1908.
SLUICEWAY OPEN.c

|
Gage\ Dis- Gage Dis-
height.: charge. |height.| charge.
|

I
Feet. | Sec.ft. ‘ Feet. Sec.-ft.
0. 00 / 360 1.90 4,820
L1000 440 2.00 5,200
.20 540 2.10 5,600
.30 660 2.20 6,000
.40 l 800 1 2.30 6, 420
.50 960 2. 40 6,860
.60 1,130 2.50 7,320
.70 1,310 }‘ 2.60 7,800
.80 1,510 2.70 8,280
.90 1,730 | 2.80 8,760
1.00 1,970 | 2.90 9,260
1.10 2,220 3.00 9,760
1.20 2,480 3.20 10, 760
1.30 2,760 3.40 11,780
1.40 3,060 | 3.60 12,820
1.50 3,380 3.80 13,880
1.60 3,720 4.00 14, 980
1.70 4,080 4.20 16, 100
1.80 4,440 4.40 17,220

SLUICEWAY CLOSED.?

0 00 130 .40 550
.10 210 .50 700
.20 310 .60 860
.30 420 .70 1,020

e This table is not applicable for ice or obstructed-channel conditions. It is based on 5 discharge
measurements made during 1908, and is well defined between gage heights 0.4 foot and 3.0 feet.

& This table is not applicable for ice or obstructed-channel conditions. It is based on 4 discharge
measurements made during 1908, and is fairly well defined.



152 SURFACE WATER SUPPLY, 1907-8,

Monthly discharge of Yakima River near Wapato, Wash., for 1908,

Di i -feet.
ischarge in second-fee Total

Month. run-off in [ACCU
i acre-feet. |T8CY
Maximum. | Minimum. | Mean. ’

17
ADPEIL25-80 . .o oo 9,460 6,420 7,550 89,900 | A.
. 10,800 6,420 8,620 530,000 | A.
June.... 16, 400 5,160 9,390 559,000 | A.
July... .. 9,310 1,390 5, 470 336,000 | A.
Angust... 1,220 290 599 36,800 | B.
September. 146 316 18,800 | B.
October. .... - R 896 138 459 28,200 | B.
November. . .. ..o 3,060 977 1,950 116,000 | A.
Pecember. .. .. ... 1,970 1,110 1,560 95,900 | A.

THE POFIOA - - - eenemoeeee e T o I 1,810,000 1

| |

YAKIMA RIVER AT KIONA, WASH.

This station, which was established August 20, 1895, is located
in the town of Kiona, 23 miles above the mouth of the river. No
tributaries enter in the vicinity of this station.

The chief value of the data lies in the fact that they cover a long
period and are accurate. Much water is diverted from the river,
both above and below the station. At the medium and high stages
the total amount of diverted water is but a small per cent of the flow
of the river, but at low stages this condition is reversed, and the water
passing Kiona consists in large part of return water from irrigation.
The data obtained here are, however, of value as indicating the flow
at Prosser, which, on account of certain water rights, becomes of con-
siderable importance. Between Prosser and Kiona, a distance of 14
miles, there is only one diversion of consequence, the Kiona canal.
There is also a wasteway from the extremity of the Sunnyside canal
where the amount wasted is measured, but as it flows in a natural
channel to the river from the point of measurement a part of the
water is again diverted in small ditches for irrigation. During the
irrigating season little or no surface water reaches the river from this
wasteway, although a large part of it, doubtless, finds its way through
the gravel bed of the arroyo.

The flow at the gaging station is controlled by a riffle about 1,000
feet below the bridge, and this has made the development of a perma-
nent rating curve possible. The gages have been altered during the
life of the station, but all gage heights have been corrected to a uni-
form datum. During the winter months a small amount of ice is apt
to form in the vicinity of the station, but only in exceptional seasons
does this ice interfere with the determination of flow. The data of
1907-8 are not greatly complicated by ice conditions.
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YAKIMA RIVER DRAINAGE BASIN.

Discharge measurements of Yakima River at Kiona, Wash., in 1907 and 1908.
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This ice went out February 5, forming an ice gorge
inches thick. The main channel was clear throughout the year.

1 the river froze about one-fourth way across from each bank, the ice va
There was probably ice obstruction during the latter

inches in thickness.

height.

y
b There was slush ice Januar,

a On Januar
of slush ice from January 1 to February 5, b
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Daily gage height, in feet, of Yakima River at Kiona, Wash., for 1907 and 1908—Con.

Day. Jan. | Feb. ; Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
4.701 9.20| 8.00| 8401 10.82 | 8.40 | 3.45| 3.22| 3.42| 4.48| 4.73
4.8 ] 10.80 | 800 | 878 [10.70 | 820 | 3.40| 3.38| 3.80 | 4.50 | 4.66
5.00]10.90| 800| 8.80]10.2z| 815| 3.32| 3.40| 3.95| 4.49 | 4.92
5001 .80 9.00) 8.8 | 9.45| 7.8 3.20) 3.45] 3.88 | 4.84 | 4.65
500 | 9.10 | 10.30 | 9.00 [ 8.90 7.50 | 3.15| 3.54| 3.8 4.86 4. 59
4.90 | 9.00]11.00| 9.10) 850 7.18 | 3.12| 3.58| 3.83) 5.62| 4.70
4.9 | 8.6011.20| 9.00| 810( 7.00( 3.05{ 3.56 | 3.87 | 5.65| 4.75
4.90 | 8.20 | 10.75 890 7.70| 6.72| 3.00| 3.55 3.86 5.73 4.82
4.80 | 810]10.10| 8.90| 7.45} 6.52| 3.05| 3.40} 3.88 | 580 | 4.90
490! 9.00| 9.70| 9.00| 7.30| 6.40 | 3.12( 3.37 | 3.77| 5.31| 4.80
4.90| 9.00| 9.50| 9.40| 7.68 | 6.18 | 3.25| 3.38 ) 3.79 |....... 4,60
4.90| 860 9.00| 9.65| 8.20( 5821 3.25| 3.42| 378 | 4.60| 4.8
510| 8.30| 890 9.22 820 ( 565 3.22| 3.45| 3.80| 420 500
5.20 | 7.90) 8.50 | 9.00| 7.95 5,157 3.15} 3.46 ) 3.75| 4.00] 5.05

_______ 7.70 | 8.15( 8.8 1 7.75| 500} 3.20| 3.50 | 3.78 | 4.42| 5.10
....... 750 fo.oo...] 873 ... 495 3.05|.......] 3.78|.......] 5.08

Gage Dis- Gage Dis- f Gage Dis- Gage Dis-
height.| charge. || height.| charge. \height charge. | height.| charge.
Feet. | Secft. || Feet. Sec.-ft. ‘ Feet. | Sec.-ft. } Feet. | SecHt.
2.80 245 || 410 990 || 5.40 | 2,420 ’ 7.40 5,970
2.90 280 4.20 1,070 | 5.50 2, 560 ! 7.60 6,390
3.00 315 4,30 1,160 \ 5.60 , 700 7.80 6,830
3.10 355 4. 40 1,250 5.70 2,850 8.00 7,270
3.20 400 4,50 1,350 \ 5.80 3,000 8.20 7,710
3.30 450 4.60 1,450 5.90 3,160 8.40 8170
3.40 500 4.70 1. 560 . 6. 00 3,320 8. 60 8,630
3.50 555 4.80 1,670 | 6.20 3,650 8.80 9,110
3.60 620 4.90 1780 | 6.40 3,990 1 9.00 9,590
3.70 690 || 5.00 1,900 | 6.60 4,350 (1 10.00 | 12,100
3.80 760 5.10 2,020 6. 80 4,740 ! 11. 00 14,950
3.90 835 5.20 2,150 7.00 5,140 ‘ 12.00 -18,150
M 4.00 910 5.30 2,280 7.20 5,550
1 |

Nore.—The above table is not applicable for ice or obstructed-channel conditions.

60 discharge measurements made

Monthly discharge of Yakima River at Kiona, Wash., for 1907 and 1908.

[Drainage area, 5,230 square miles.]

Tt is based on about
uring 1897-1908 and is well defined above gage height 2.5 feet.

@ Open-channel discharges have been reduced 15 per cent to allow for ice conditions.,

Discharge in second-feet. [ Run-off.
Month. Depth in g%‘iu-
Maximuin, | Minimum. | Mean. Pell'nsi 3are l(?faizzgg ge‘;fff‘e;%
area.
1907.
January ... ...l 3,080 0. 589 0.68 189,000 | C.
-February ¢ 7,770 1.49 1.55 432,000 | C.
March 10,100 4,540 6,220 1.19 1.37 382,000 | A.
13,000 4,540 9,000 1.72 1.92 536,000 | A.
18,200 9,590 13,700 2.62 3.02 842,000 | A.
15, 000 5,550 | 7,970 1.52 1.70 474,000 | A.
5,140 620 ! 2,190 .419 .48 135,000 | A.
555 245 350 067 .08 21,500 | B.
872 280 593 113 18 35,300 | B.
588 245 437 084 10 y B.
2,150 355 1,100 210 23 65,500 | A.
3,990 1,670 2,590 495 57 158,000 { B.
The year............ 18, 200 245 4,580 876 11.83 | 3,300,000
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Monthly discharge of Yakima River at Kiona, Wash., for 1907 and 1908—Continued.

Discharge in second-feet. Run-off.
Month. . Depth in ‘}ggs‘}'
c er square ! inches on | Total in *
Maximum. | Minimum.| Mean. mile. drainage | acre-feet.
area.
3,000 1,560 2,180 0.417 0.48 134,000 | B
2,150 1,070 1,690 .323 35 97,200 | B.
14, 700 ,780 6,010 1.15 1.33 370,000 | B.
15, 600 3,990 7, 1.52 1.70 473,000 | B.
11,200 7,270 9,420 1.80 2.08 579,000 | A.
16, 600 , 760 9,920 1.90 2,12 590,000 | A.
10, 200 1,840 | 6,070 1.16 1.34 373,000 | A.
1,670 315 | .127 15 40,900 | A.
655 391 | 530 .101 11 31,500 | A.
872 298 613 117 13 37,700 | A.
3,000 805 1,740 .333 37 104,000 | A.
2,020 1,370 1,680 321 37 103,000 | A.
16, 600 298 4,040 | 72 | 10.53 | 2,930,000

YAKIMA RIVER NEAR RICHLAND, WASH.

This station was established July 28, 1906, and has been main-
tained during irrigating seasons only.
- The data are of particular value in showing the amount of water
that is contributed by the Yakima to Columbia River during the
irrigating season, after the irrigation requirements have been satisfied.
It is located below all important diversions. In 1907 it was located
at Richland Ferry, 8 miles above Kennewick, 24 miles above the
mouth of the river. As conditions were poor it was necessary to use
temporary gages which were washed out at the first rise in the fall,
and the station was discontinued as soon as the river rose to a height
where measurements could not be made by wading. During 1908 it
was located at the bridge 3 miles below its former position, but an
insufficient number of measurements were made to form the basis of
an estimate of flow. The gage heights, however, will be applicable to
a rating curve developed later, as the channel conditions are stable.

The following measurement was made August 13, 1907, 1,000 feet
above the bridge:

Width, 140 feet; area, 142 square feet; gage height, 2.50 feet;
discharge, 199 second-feet.

Daily gage height, in feet, of Yakima River near Richland, Wash., for 1907 and 1908.

[Ralph Bremmer, observer.]

1907. 1908.

Day.

Aug. | Sept. | Oct. ’ Nov. | Dec. | Aug. | Sept. | Oct. | Nov. | Dee.

2.40 2.88 3.40 2.52 2.68 3.00 4.15
2.28 2.92 3.20 2.61 2.62 3.20 4.20
2.35 2.89 3.60 2.70 2.70 3.70 4.05
2.50 2.86 3.40 [........ 2.70 2.70 3.90 4.20
2,68 2,82 340 Jovervonedurrrneedd 270 270 4,10 4.06
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156
Daily gage height, in feet, of Yakima River near Richland, Wash., for 1907 and 1908—Con.
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Daily gage height, in feet, of Kachess Lake near Easton, Wash., for 1907 and 1908—Con.

Table showing volume of storage on Kachess Lake near Easton, Wash., for 1905-1908.

NoTe.—This table has been used to determine the amount of water stored in, or drawn from, the lake,

and in connection with the records on Kachess River, to compute the inflow into the lake.
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KACHESS RIVER NEAR EASTON, WASH.

This station, which was established October 14, 1903, is located
one-half mile below the outlet of Lake Kachess and 2 miles northwest
of Easton. The river receives no important tributaries.

This station is of great value, as the records determine the amount
of water available for storage in Lake Kachess, which forms one of
the principal reservoirs under consideration by the United States
Reclamation Service, and will probably be the first one constructed
on the headwaters of Yakima River.

The channel is open throughout the entire year at this point. The
current is swift and ice does not form. The channel conditions at
the station are not favorable for a high degree of accuracy. The bed
is composed of gravel and cobblestones and at low stages it is difficult
to measure depths accurately. The datum of the gage, which is
2,178.41 feet above sea level, has not been altered since it was estab-
lished, and except for slight modifications at the low stages a single
discharge curve has been used.

The flow is under artificial control, the lake being used for storage
by the Cascade Canal Company prior to its acquisition by the United
States Reclamation Service.

Discharge measurements of Kachess River near Easton, Wash., in 1907 and 1908.

. e} Area of | Gage Dis-
Date. ‘ Hydrographer. Width. section. | height. | charge.
|
1907. ‘ Feel. | Sq. feet. | Feet. | Sec.ft.
April1... .| H. D. MeGlashan et 69 98 3.72 159
May 28,......._|..... s I, 77 272 | 6.00| 1,010
June 11. Stevens and MeGlashan. 74 165 4.64
August 7. .{ H. D, McGlashan....... 58 56 3.13 43
1908. ,
July 17......... L.R.Allen. ... ... 73 163 4.72 482
August 19.. ... C. F. Gleason. - .- 70 101 3.87 225
September 19...| L. R. Allen.. ... e . 68 108 3.97 230
November 17.._|..... Ao 56 56 3.21 51

Daily gage height, in feet, of Kachess River near Easton, Wash., for 1907 and 1908.
[H. A. Shandy, observer.]

Day. Jan. | Feb. | Mar. | Apr. \ May. June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

J

|
4.00 | 3.8 | 420 3.70; 4.7 6.051 4.20] 3.00( 3.78| 3.68| 3.20| 4.15
4.00 | 3.8 | 4.25| 370 4.75| 6.10( 4.20( 3.00f 3.77| 3.9 3.20( 3.95
4.05( 3.90| 415] 3.70| 48 6,00 410 3.00) 3.77| 3.95| 3.19| 3.90
4.00( 3.90; 415| 3.70| 49 590 | 410 3.10| 3.76 | 3.94| 3.19| 3.8
4.00 | 3.95| 405| 3.70| 50 5.8 | 410| 3.10| 3.76| 3.93| 3.18| 3.90
4.00| 3.95| 405) 3.70| 5.1 575 410| 3.00| 3.75 3.90| 3.20! 3.90
.00 | 3.95| 405 3.8 525 560 400| 300| 3.75( 3.8 | 3.30| 3.85
.95 | 4.05| 4.05)| 3.80| 5.45 5.50 | 4.00] 3.00; 3.75 3.80 | 3.251 3.80
00 | 415) 405! 3.80| 5.65| 5.40] 400 3.00| 3.74 | 3.75| 3.30 | 3.75
.90 | 4.45| 4.05| 3.90| 5.65| 5.35) 3.95| 3.00 3.74) 3.70| 3.31| 3.75
3.85| 460 405 400 575| 420} 3.95| 3.00! 3.74| 3.64| 3.31| 3.8
3.8 460! 405| 400! 565| 3.90] 3.95| 300 373 3.61 | 3.31, 3.8
3.8 455| 405| 4.00| 555 3.80 | 3.90| 3.00| 3.73| 3.58 | 3.25| 3.8
3.80 | 4.50 | 4.05| 4.10 5.55| 3.60f 3.90| 3.20; 3.73| 3.50 | 3.28) 3.90
3.8 ! 4501 405! 415! 5701 3.1571 3.90! 3.30!) 3.72) 3.42! 3.27! 395
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It is based on 29 dis-

bstructed channel conditions.

and is well defined.
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Daily gage height, in feet, of Kachess River near Easton, Wash., for 1907 and 1908—Con.
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Above gage height 3.5 feet the table is the same as the 1906 table.

Norte.—The above table is not a
charge measurements made durin
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SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Kachess River near Easton, Wash., for 1905 to 1908.

[Drainage area, 63 square miles.]

N 5 Natural dis-
Obsersvece(oln%_s[cel;?rge m Run-off in acre-feet. charge in  Run-off;
: second-feet. deilr)lth
Month. inches |Accu-
Maxi Mini. Mean dr%?n- TBey-
axi- ini- per
mum. | mum, | Mean. |Observed. Stored. | Natural. | Mean. square ;%:
mile. -
1905.
October... . 310 130 | 257 5,800 | +3,510 19,300 | 314 4.98 5.74
Novembe: 258 154 | 192 11,420 | —2,460 ,960 | 151 2.40 2. 68
December. . 193 130 | 161 9,900 | +2,820 12,700 | 207 3.29 3.79
1906.
January........ 280 140 | 173 10,600 | +3,190 13,800 | 224 3.56 4.10 | B.
February.. 294 214 | 263 14,600 — 714 13,900 | 250 3.97 4.13 | B.
March. . ... 266 176 | 206 12,700 | —1,590 11,100 | 181 2.87 3.31 | B.
April. ... 695 227 434 25, 800 +7,340 33,100 | 556 8.83 9.85 | A.
ay..- 735 140 | 401 24,700 | +7,110 31,800 | 517 8.21 9.46 | A.
June. 410 214 | 325 19,300 — 184 19,100 | 321 510 | 5.60 | A,
July.. 322 71| 211 13,000 | —7,830 5,170 8.1} 1.33 1.53 | B.
August. ... 176 62 | 131 8,000 | —6,610 1,450 23.6 .375 .43 | B.
September. 140 62 92.8 5,520 | —3,350 2,170 36.5 . 5679 .65 | B.
October.... 475 62 | 168 10,300 | 46,900 17,200 | 280 4.44 5.12 | B.
November. . 2,300 62 | 798 47,500 | +5,580 53,100 | 892 14.16 15.80 | A.
December....... 580 240 | 337 20,700 | —7,540 13,200 | 215 3.41 3.93 | A.
The year..| 2,300 62 | 205 213,000 | +2,300 | 215,000 298 ' 4.7¢ | 64.00
1907.
January... 253 176 | 202 12,400 | —1,240 11,200 | 182 2. 89 3.33 | B.
February 410 201 | 303 16,800 | +2,130 18,800 | 340 5.40 5.62 | B.
March ... 308 164 | 229 14,100 | —3,020 11,100 181 2.87 3.31 | A.
April.... 458 164 | 301 17,900 | 44,980 22,900 | 385 6. 11 6.82 | A.
ay.. 1,090 442 | 831 51,100 | +6,510 57,600 | 937 14. 87 17.24 | A,
June. .. 1,040 42 | 384 22,800 | +5,140 | 27,900 | 469 7.44 8.30 | A.
July... 294 29 | 143 8,790 | —1,470 7,320 | 119 1.89 2.18 | A.
August. ... 272 29 | 123 7,560 | —5,530 2,030 33.0 .524 .60 | A,
September . 183 159 | 170 10,100 | —7,440 2,660 | 44.7 | .710 79 | A.
October. ... 230 42| 111 6,820 | —5,640 1,180 | 19.2 | .305 .35 | A.
November. . 266 54 | 113 6,720 | +3,450 10,200 | 171 2.71 3.02 1 A.
December....... 322 176 | 226 13,900 +1,770 15,700 | 255 4.05 4.67 | A.
The year..| 1,090 29 | 261 189,000 | — 354 | 189,000 | 261 4.15 56. 23
1908.
January........ 308 96 | 185 11,400 | —3,890 7,610 | 122 1.94 2.24 | B.
February.. 118 76 92.5 5,320 | — 351 4,970 86.4 | 1.37 1.48 | A.
March... 780 76 | 368 22,600 | +6,380 | 20,000 | 472 7.49 8.64 | A.
ﬁpril . 715 240 | 432 25,700 | +2,150 | 27,800 | 467 7.4 8.27 | A.
ay... 615 253 | 486 29,900 | +8,000 | 37,900 | 616 9.78 | 1L.28 | A.
June. .. 1,440 350 | 764 45,500 | + 368 | 45,900 | 771 | 12:24 | 13.66 | A.
July... 758 201 395 24, 300 — 478 23,800 | 387 6.14 7.08 | A.
August. . 227 76| 193 11,900 | —7,920 3,880 64.7 | 1.03 1.19 | A.
September. 380 12 | 167 9,940 | —7,860 2,080 35.0 . 556 .62 | B.
October. ... 118 39 69. 5 4,270 — 632 3,640 | .59.2 . 940 1.08 | B.
November. .. 253 45 | 119 7,080 | 42,360 9,440 | 159 2. 52 2.81 | B.
December....... 176 122 | 140 8,610 | — 956 7,650 | 124 1.97 2.27 | A.
The year..| 1,440 12 i 284 ‘ 207,000 | —2,830 | 204,000 | 280 | 4.45 ‘ 60. 62

NORTH FORK OF CLEALUM

RIVER AT GALENA, WASH.

This station, which was established June 16, 1907, is located at
Galena post-office, just below the mouth of Camp Creek, 1 mile above
the mouth of Boulder Creek and 5 miles above the junction of North
and Middle forks of Clealum River.
present data to form an estimate of the flow, but the gage heights are
complete for the low-water season of 1907, and it will be possible later
to develop a discharge curve to which these heights can be applied.

It is not possible with the
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The following measurement was made June 16, 1907:

Width, 35 feet; area, 180 square feet; gage height, 5.24 feet; dis-
charge, 250 second-feet.
Daily gage height, in feet, of North Fork of Clealum River at Galena, Wash., for 1907,

[C. H. Homan, observer.]

i [
Day. | June.| July. Aug. Sept.i Oct. ‘Nov.i Dec. | Day. llune.}July. Aug. | Sept. | Oct. ‘Nov. Dec.
! 1
1.0 1522425416 | 3.29 | 3.24 . ‘ 3 4.05|3.24 | 3.15 |.
2 ol "5.19 [ 4.43 | 4.11 | 3.27 | 3.25 8 i . 4.04 1 3.24 | 3.15 . ...
3. 4.0313.25|3.25 N ¥ 4041324315 ......
4., 4.01]3.25 ) 3.24 N . 4.0213.23]3.16 |......
5. 4,00 | 3.26 | 3.24 L7241 ¢ 3. 400 | 3.23 1 3.17 1......
!
6., 4.00 | 3.26 | 3.23 5 3.39 | 3.4513.22 13,17 |......
7.. 3.49 1 3.27 | 3.21 3.39 | 3.40 | 3.21 | 3.17 |......
8. 3.48 | 3.27 1 3.19 | + 3.38 13.33]3.19 | 3.18 |......
9.. 3.48 | 3.27 | 3.18 4.15 | 3.33 l 3.19 (3.18 ......
10.. 3.47 1 3.26 | 3.17 | 4.29 1 3.3213.1813.19 |......
1., 4.00 | 3.25 | 3.17 ‘ 4.28 (3.32(3.183.20 |......
12, 4.03 1 3.25 | 3.16 4.16 1 3.32 | 3.18 | .24 I..._..
13.. 3.45 [ 3.24 1 3.16 3.43 | 3.3113.19 | 3.28 |.__...
14 3.44 1 3.24 1 3.15 3.4213.31[3.21]330]......
15.. 4,02 13.2413.15 3.42 13,30 1 3.23 | 3.341.._...
3.45 ... .. 3.24 ... .. ! ......
i

CLEALUM LAKE NEAR ROSLYN, WASH.

Observations of the height of Clealum Lake were begun January
25,1906. Four gages have been used at this point:

Gage No. 1 was in operation January 25 to March 31, 1906. On
the later date this gage was washed away by waves during a storm
on the lake. As the gage was not referred to any bench mark and the
datum is lost for that period, the heights reported are not comparable
with subsequent records.

Gage No. 2 was installed May 4, 1906. It is located above the out-
let of the lake and indicates the true height of the water surface of
the lake.

Gage No. 3, which was installed June 17, 1907, is attached to the
abutment of the dam located about 200 feet below the outlet of the
lake. The zero of this gage coincides with the top of the sill on the
bottom of the outlet tunnels in the dam. It was expected that when
water was stored the natural fall between the outlet and the dam
would be obliterated and the gage readings on Nos. 2 and 3 would
then be comparable.

Gage No. 4 is a stilling box gage installed November 9, 1907, at the
same datum and locality as No. 3. The datum of the gage No. 2 is
0.45 foot below the datum of gage No. 3, and it was the intention to
correct all previous heights observed on gage No. 2 to the datum of
gage No. 3. Since gage No. 3 was installed the records on No. 2 were
inadvertently suspended, except from July 7 to November 9, 1907,

11947—10—11
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when simultaneous records were kept. On March 4, 1908, the flash-
boards were placed in the dam and storage of water began. By
March 15, 1908, the water had reached sufficient height to obliterate
the natural fall of the water surface between the outlet of the lake and
the dam, and although observations were taken on gage No. 3 they
have been made comparable with the datum of No. 2 by correcting
them +0.45foot. This will hold until such time as the water is drawn
down to about 5 feet on gage No. 3, when the fall between the outlet
and the dam will again be visible. The observed heights from May 4,
1906, to June 17, 1907, and from July 7 to November 9, 1907, and the
corrected heights from March 15 to December 31, 1908, are given in
the first table. From June 17 to July 7, 1907, and from November 9,
1907, to March 14, 1908, the observations from gage No. 3 (or No. 4)
are given in the second table. They are not comparable, except in
an approximate way, with those in the first table. Simultaneous
readings taken between July 7 and November 9, 1907, do not reveal
a consistent relation between the two gages, as the fall is variable,
depending upon the number of flashboards in place and upon the
amount of water allowed to pass the dam.

The normal water surface of Clealum Lake is at an elevation of 2,130
feet, and the area of the lake is 2,200 acres at that height. The zero
of gage No. 2 is 2,122.30 feet above sea level.

Daily gage height, in feet, of Clealum Lake near Roslyn, Wash., for 1906. (Gage in lake.)

[U. S. Reclamation Service, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. Sept.‘ Oct. | Nov. | Dec.

‘ I
1 . 1.7 3.6 3.0
2... 4. 1.7 3.5 2.9
3.. 4, 1.8 3.4 2.8
4... .9 4. 1.8 3.2 2.7
5... .71 5. l 1.9{ 30 27
.4 4. 2.0 3.0 2.7
.2 4. ! 2.0 3.1 2.7
.1 4. 2.0 3.2 2.6
.2 4. 1.9 3.2 2.7
. 1.9 3.4 2.6
1.9 4.2 2.6
1.9 4.4 2.5
1.9 5.9 2.5
2.0 [....... 2.5
25 U 2.5
....... I I Y
.............. 7.8 2.5
‘ .............. 6.1 2.5
[P IO, 5.6| 2.6
....... LR PR B 9 (] 2.6
3.0 4.4 2.6
3.0 4.1 2.7
2.8 3.9 2.8
2.7 3.6 2.8
2.8 3.6 2.8
| 7.0f 33| 28
6.4 3.3 2.8
.- 4.5 3.2 2.7
....... 3.4 2.7
....... 3.0 2.7
a3.7 ..., 2.7

i

o Estimated, from approximate relation determined for gage height on lake and river.
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Daily gage height, in feet, of Clealum Lake rie(;cr Roslyn, Wash., for 1907 and 1908. (Gage
in lake.)

[Albert D. Nichols, observer.)

Day. Jan, | Feb. | Mar. | Apr. | May. | June. | July. ! Aug. | Sept. | Oct. | Nov. | Dec
|
|
1907. ‘
) 2.7 2.5 1.7 4.9 6.4 3.6 3.6 3.0 |.....
2 { 2.7 2.5 1.7 5.1 6.1 3.6 3.6 3.0 |.....
b ZR R 2.6 2.4 1.8 5.3 5.7 3.6 3.6 3.0 [......
L 2.6 2.4 1.8 5.7 5.5 3.6 3.6 3.0 |......
F: T 2.5 2.3 1.9 6.0 5.5 3.6 3.6 3.0 |......
B 2.5 2.2 2.0 6.1 5.3 |...o... 3.6 3.6 3.1 ...
T 2.5 2.2 2.0 6.0 5.2 J....... 3.6 3.6 3.1 |......
sl [ 2.4 2.2 | 20 | 62 | 50 |36 36 | 3.6 | 31 |11
Qi 2.4 2.2 2.1 6.2 4.8 3.6 3.6 3.6 3.1 ...
100l 2.3 4.3 2.2 2.4 6.1 4.6 3.6 3.6 3.4
2.3 4.2 2.2 2.7 5.8 4.5 3.6 3.6 3.2
2.3 4.0 2.1 2.9 5.7 4.5 3.6 3.6 3.0
2.2 3.8 2.1 3.0 5.2 4.4 3.6 3.6 2.9
2.2 3.7 2.1 4.5 5.2 4.3 3.6 3.6 2.9
2.2 3.5 2.1 4.6 5.5 4.0 3.4 3.6 2.9
1
2.2 3.3 2.1 4.8 6.4 3.8 ! 3.4 3.9 3.6 2.9
2.1 2.7 2.0 5.1 6.7 3.4 3.8 3.6 2.9
2.1 2.6 2.0 5.0 6.7 3.4 3.8 3.6 2.9
2.1 25 1.9 4.8 6.4 3.3 3.8 3.6 2.9
2.2 2.5 1.9 4.6 6.6 3.2 3.8 3.6 2.9
2.3 2.6 1.9 4.5 6.0 3.2 3.8 3.6 2.9
2.3 2.6 1.9 4.7 5.7 3.2 3.7 3.6 2.9
2.3 2.7 1.8 5.0 5.5 3.2 3.6 3.6 2.9
2.4 2.7 1.8 5.3 5.5 3.2 3.6 3.6 2.9
2.5 2.8 1.7 5.4 5.5 3.2 3.6 3.6 2.9
2.5 2.8 1.7 5.4 5.5 3.2 3.6 3.6 2.9
2.4 2.7 1.7 5.3 5.6 3.2 3.6 3.6 2.9
2.4 2.7 1.7 5.2 5.7 3.3 3.7 3.6+ 2.9
2.4 |....... 1.7 5.0 5.9 3.4 3.7 3.6 2.9
A S D, 1.7 4.9 6.1 3.5 3.6 3.6 2.9
2.4 |....... 1.7 Jeeel... 6.3 |.......] 3.6 3.6 |....... 2.9
14.05 | 14.15 | 12.85 | 10.25 | 6.85 6.65 | 12.45
13.95 | 14.30 | 12.85 | 9.95 6.85 7.25 ( 12.45
13.95 | 14.02 | 12.85 | 9.25| 6.85| 7.55 | 12.35
13.85 | 13.95 | 12.75 | 8.55 | 6.85| 7.95| 12.35
13.85 , 13.45 | 12.75! 8.05| 6.85 | 8.25]|12.25
14.15 | 13.45 1 12.75! 7.55| 6.85 8.45| 12.25
14.45 ' 13.45 | 12.75 | 7.25| 6.85 | 8.5512.25
14.95 13.45 | 12.75( 7.35| 6.85 | 8.55 | 12.25
15.45 13.95|12.75 1 7.45| 6.75! 8.65!12.25
15.75 | 14.05 | 12.75 | 7.45| 6.35 | 8.85 | 12.25
15.75 | 14.15 1 12.75 | 7.45| 6.35 | 8.95| 12.25
15.65 | 14.15 | 12.65 | 7.45 | 6.05 | 8.95 | 12.25
15.65 ! 14.25 1 12.65 | 7.45| 5.85! 9.0512.35
15.05 : 14.25 ( 12.65 | 7.45| 5.75( 9.05 | 12.35
15.05 | 14.05 | 12.65 | 7.55 |....... 8.95 | 12.35
i
14.95  14.55 | 12.65 | 7.45] 5.95] 8.95 12.35
14.75 I 14.35 [ 12.65 | 7.45| 5.95| 9.05 ] 12.35
14.45 I 13.95 | 12.65 | 7.45| 5.95| 9.55 | 12.25
14.15 1 13.75 | 12.65 | 7.45{ 6.15 | 10.85 | 12.25
13.95 i 13.65 7 12.65 | 7.35|....... 11.75 | 12.25
13.85 ' 13.55 | 12.65 | 7.35 |. . .
13.65 | 13.45 | 12.65 | 7.35 |. . . .
13.65 | 13.45 | 12.65 | 7.35 .35 | 12.75 | 12.25
13.85 | 13.45 | 12.65 | 7.25 | 6.35 | 12.85 | 12.25
13.95 | 13.45 | 12.65 | 7.25 | 6.45 | 12.75 | 12.25
i
14.15 | 13.35 | 12.65 | 7.25 | 6.45 | 12.65 | 12.25
14.25 | 13.15 | 12.55 | 7.15| 6.45 | 12.65 | 12.45
13.95 | 13.05 | 12.45 | 7.15| 6.45 | 12.55 | 12.45
13.95 | 12.95 | 12.05 | 7.05 | 6.45 | 12,55 | 12.45
14.05 | 12.95 } 11.05 | 7.05 | 6.45 | 12.45 | 12.45
...... 12.95 | 10.65 |.......| 6.45].......|12.35

e Estimated, from approximate relation determined for gage height on lake and river.
b Gage heights for 1908 computed from readings on gage No. 3 by adding 0.45 foot, the difference in
elevation between gages No. 2 and No. 3.

Note.—These gage heightsrefer to gage No. 2, in the lake.



164 SURFACE WATER SUPPLY, 1907-8.

Daily gage height, in feet, of Clealum Lake near Roslyn, Wash., for 1907 and 1908. (Gage
at dam.)

[Albert D. Nichols, observer.]

|
\
[ 1907. ‘ 1908.
Day. | —_—
] June. | July. | Aug. | Sept. | Oct. | Nov. . Dec. { Jan. | Feb. | Mar.
22 26! 23 21 o ‘ 3.1 31| =20 2.0
21] 27| 23| 920l 33| 31 1.9 2.0
200 28| 23| 20|l 330 3.0 1.9 2.0
201 29 23, =200 330 30| 19 L9
2.0 29| 23| 19| il io32| 30| 20 2.2
Lo| 28| 23| 1nel...... 3.2 29| =20 2.2
17| 28| 23| 19|l 311 29| 20 2.2
1.6 2.7 2.3 L9l 3.0/ 28 2.0 2.2
L5 27, 23{ 1.9 2.9 ‘ 271 20 2.2
sl 27| 23| 19|78 29, 27| 19 2.2
160 27, 23 19| L8 2.9 2.6 19 2.2
L6 26| 23| 19| 1.8 291 26| 19 2.7
.50 34| 23| 19| 18 2.9 26| 19 3.4
1.5 28, 23| 19| 1.83| 30| 26| 1.9 45
14 28] 22| 19| 1.83| 28| 26| 1.9 |.......
2.7 22| 19] wnss| 27| 26| 20
277 22| 19| 18 251 26| Lo
27| 23| 1.8] 1.8 25 26| 19
2.7] 23| 1.6| 1.82| 24, 25| 19
26 23| L7 19 2.4, 24| 19
2.6 2.4( 17| 20 2.4 231 19
2.6 24| 17| 21 2.4 23| 19
261 240 16| 21 251 22| Toi
26| 2.3 16| 22 271 22 1.9
2.4 23| 16| 23 29| 21 1.9
2.4] 23| 16l 25 29 21
2.4 22! 16! 25 3.0 21
241 22| 17, 26 31| 2.1
2.4 22! 17| 27 31| 20
240 210 2l 28 310 20
2.3 |l 2.0 |.cn... 31| 20

NoTe.—These gage heights refer to gages Nos. 3 and 4, at the dam, the datum of which is 0.45 above that

of gage No. 2.

November 10, 1907, to March 14, 1908.

For purposes of computing storage, the fall between the gages has heen assumed to be 0.85

Table showing volume of storage on Clealum Lake near Roslyn, Wash., for 1906 to 1908.

| i

' Gage \ Gage Gage

lheig%lt.\ Storage. ' heig%t. Storage. ‘ heig%t, Storage.
Feet, | Acre-feet. || Feet. | Acre-fect.! Feet. | Acre-feet.
1. 00 1,980 5.00 10,220 9.00 18,990
2.00 , 6.00 12, 360 10.00 21,270
3.00 6,030 7.00 14,540 11.00 23.580

i 4.0 8110 || 800 | 16,750 || 1200 | 25.920

i

Nore.—This table is for gage No. 2, on the lake.

CLEALUM RIVER NEAR ROSLYN, WASH.

This station, which was established October 10, 1903, is located
at the outlet of Clealum Lake, which is to be utilized for storage by
the United States Reclamation Service.

The data obtained are of great value in connection with the de-
velopment of irrigation in the Yakima Valley, and particularly in
determining the economic storage capacity of this area.
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The conditions at the station are favorable for good results, and a
permanent rating curve has been developed. There was a little
dead water at low stages, but this difficulty has been removed by
relocation of the cable on August 20, 1908, about 500 feet below the
former site. The datum of the gage has remained constant since
the station was established. Ice does not interfere with the determi-
nation of flow during the winter months.

During the winter of 1907 the Reclamation Service completed a
temporary timber dam for storage. The outflow of the lake is there-
fore under artificial control.

Before the dam was constructed the lake was used for storage by
the Cascade Lumber Company, and the flow during the summer
months was therefore partially under control, although the dam was
of temporary construction and was replaced each season.

Discharge measurements of Clealum River near Roslyn, Wash., in 1907 and 1908.

I - e TT T T
Dafte. | Ilydrographer. Widthf ézgf?ogf ,h(e}iggL:%;. ’ ckglrsg-e.
| o e S
1907. ‘ Feet. | 5¢.. | Feet, | sect,
Aprild.. ... ... H.D. MeGlashan. .. ........oiiiiiii i ' 701 422
May 20......... ‘ ..... do. i 1:»2 1, 290 6 50 i 3.870
October 30a....".. ... & | 102 110
1908. |
July 20......_.. Allen and Gleason ... ... .. ... ... ... ! 131 938 4.20 1,660
August 18.... .. C.F.Gleason. ... ... it 124 660 2.29 525
Auguast 200, .| L. doL e ' 132 356 2.26 496
September 7b.. Allen and Gleason.... . ... ... ... .. ...l : 132 418 2.87 728
Do.b... ..., oL 132 418 2.87 | <677
September 195 | C. F. Gleason.................... il 126 1.55 256
November 180 . L. R. Allen.. . ... i | 126 ‘ 268 1.51 €236
a Measured by wading. vMade with defective meter; discarded.

b Measured at new section, 500 feet below old one.

Daily gage herght, in feet, of Clealum River near Roslyn, Wash., for 1907 and 1908.
[Albert D. Nichols, observer.]

I I i
Day. Jan.  TFeb. } Mar.  Apr. | May. | Jurpe. | July. | Aug. ‘l Sept. | Oct.  Nov. | Dec
e e
1907, ‘ ‘ '

Tooioiiinnns o2t I'28l 20 42 69| 39. 20| L7| 15 L1, 26
2 2.4 ... | 28 20 43 64 37 21, L7\ L5, 12| 27
3 2.3 L.l 27 21 46, 59 36, 22| LT| L5| 12| 2.7
4ol 2.3 ... | 2.7 21 50\ 57 3.6 20| L7| L4| L3| 27
Boeeieiaaas 2.2 ... 2.6 22 54, 57| 36| 21| L7| L4| 1.3| 26
6o 2.2 (... 2.5 2.3 6.41 5.5 3.5 2.1 1.7 1.4 1.3 2.5
e 2.2 ... ‘25 23 637 52, 33| 21| L7! 14| 13| 25
8 3 TR 25 23 64| 50, 32| 21| L7} 14, 13| 24
9ot 2.1 ... 25 24 66, 48] 31| 21| L7| 1.4, L3] 24
100l 2.0 407 2.5 ‘ 2.7 ‘ 6.3 4.5 3.1 2.0 1.7 1.4 1.3 2.4
b I 2.0 &8! 2.5 | 3.0/ 611 44| 32 20| 17| 11 13| 22
12000 2.0 3.7, 24| 32| 57| 45| 32| L9| 17| 14| 13| 2.2
JE U 1.9 | 350 24 33| 54| 43 31 1a| U7] U3| 1.3 22
ool .90 34| 24| 36| 53| 41| 31| L9| L7| 13| 13| 22
15 i, 19| &2' 24| 3.8/ 61| 38| 30| L8| L7 L3 1.3 22
16 .eicnenenens L9 31| 224 40 69| 3.6 29| L8| L7| 13| 13| 21
b ST 1.8 30| 23, 42/ 69| 36| 29| 18| L7 13| 13| 21
18 L8 29| 23 &1‘ 7.0 3.7 28| L8| 17| L2| 13| 20
L TR 1.8 2.8 22‘ 390 68 40| 28| L7| L7| 1| 13, 20
20, e, Lo 281 22! 37 67l 43! 27, n7! 18l 11l 1.4 19
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Daily gage height, in feet, of Clealum River near Roslyn, Wash., for 1907 and 1908—Con.
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Note.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 32

discharge measurements made during 1903
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(Month[y discharge of Clealum River near Roslyn, Wash., for 1906 to 1908.

[Drainage area, 205 square miles.]

Natural dis-
Obserszggn(g_stglégrge in Run-off in acre-feet. charge in ~ Run-off;
g second-feet. deilx)lth
Month. | 7 » mglﬁes ‘:aeci,u'
| ean : :
Maxi-  Mini- | 30 Ob- Stored. | Natural. | Mean. | _P¢T d;.aleﬂ
mum. mum. served. | © : . * | square arg
mile. a
1906.¢
January......... 785 296 401 24,700 | + 2,050 26, 800 436 | 2.13 2.46 | B.
February 885 6 644 35,800 [ — 1,030 34,800 627 | 3.06 3.19 | B.
March. .. 995 | 328 | 1,494 30,400 | + 2,700 33,100 538 | 2.62 3.02 | A.
April. . 13,320 o L1170 1,800 | 107,000 | + 2,970 | 110,000 | 1,850 | 9.02 10.06 | A.
May. '3,320 0 1,170 | 2,020 | 124,000 | — 2,120 | 122,000 ; 1,980 | 9.66 11.14 1 AL
e g Ve U A TR TR IR | e
I 2 41, — 3,08 . . 3. 5 .
Augustb. . 302" 130 | 318) 19,600 | — 1,010 | 18600 | 302 | 1.47 | 1.70 | B
Septembe 360 | 265, 289! 17200 | + '8pd| 18000 302 | 1.47 | 1.64| B.
October. .. 4,040 | 206 | 831! 51100 |+ 3,500 | 54,600 | 888 433 | 499 A.
November 17,700 | 650 | 2,650 | 158, — 1,460 | 157,000 | 2,640 | 12.88 14.37 | B.
December. ...... 650 460 522 32,100 | — 612 31, 500 512 | 2.50 2.88 | A.
The year. ( 17,700 130 990 715,000 | + 816 716, 000 992 4.84 65. 50
1907.
January......... 530 328 426 26,200 | — 612 25, 600 416 | 2.06 2,38 | B.
February c.. 1,360 ........ 726 40,300 | + 612 , 900 736 3.59 3.74 | B.
March. ... 695 392 509 31,300 | — 2,030 29, 300 477 | 2.33 2.69 | A.
April. .. 1,800 392 1,070 63,700 | + 6,620 70, 300 1,180 5.76 6.43 | A.
Moy 4400 | 1,500 | 3,210 | 197,000 | + 3, 200,000 | 3,250 | 15.85 | 18.27 | A.
June. ... 4,280 1,110 1,880 112,000 | — 4,480 108, 000 1,820 8.88 9.91 | A.
e T ) W CTRDRE) TR ) e b
SL. ... . N .
September...... 328 | 236 | 292| 17,400 0 17,400 | 202 1.42 1.58 | C.
October. ._.. 236 106 170 10,500 | — 1,450 9,050 147 L7117 .83 | B.
November . 425 130 228 13,600 | + 2, 16,100 271 1.32 1.47 | B.
December....... 650 360 489 30,100 | + 628 30,700 499 | 2.43 2.80 | A.
Theyear..| 4,400 106 | 843 | 611,000 | -+ 3,540 | 615000 | 840 | 4.14 | 56.25
1908.
January........ 460 265 351 21,600 | — 2,300 19,300 314 | 1.53 1.76 | B.
February. .. . 236 208 216 12, 400 0 12, 400 216 1.05 1.13 | B.
March.. .. 1,360 208 605 37,200 | +21,300 58,500 951 | 4.64 5.35 | A.
Avpril ... .. 3,440 530 | 1,430 85,100 { + 1,680 86,800 | 1,460 | 7.12 7.94 | A,
May . 2,980 | 1,570 | 2,240 | 138,000 | + 968 | 139,000 | 2, 11.02 12.70 | A.
e R VR T It e e |d )RR E
uly...... . 5 0 9. .
August. .. "940 392 | ‘544 | 33,400 | — 5,411 | 28,000 | 455 oo 2.56 | C.
September 885 208 379 22,600 | — 8,120 14, 500 244 | 1.19 1.33 | B.
October. .. 425 84 232 14,300 | — 1,310 13,000 211 1.03 1.19 | B.
November 835 236 374 22, +13,700 36, 000 605 | 2.95 3.29 | B.
December....... 425 236 319 19,600 | — 236 19, 400 316 | 1.54 1.78 | B.
The year..| 5,380 84 937 | 681,000 | +17,800 | 699,000 962 ‘ 4.69 63.95

e Discharges have been recomputed for gage heights of less than 2.1 feet, using the 1907-8 table. These
values supersede those given in W. S. P. 214, p. 56.

b Discharges have been interpolated from June 10 to July 17, inclusive, and from July 19 to August 4, for
days on which gage was not read.

¢ Mean discharge for February 1 to 9 has been estimated at 400 second-feet, by comparison with other
stations and considering the rise of Clealum Lake. The flow during August and September, 1907, and dur-
ing July and August, 1908, is too high, as the dam at the outlet of Lake Clealum was under construction
and repair, The water was usually shut off during a part of each twenty-four hours on working days.

NACHES RIVER NEAR NILE, WASH.

Naches River rises in the western part of Kittitas County, Wash.,
and flows southeastward into the Yakima above the town of North
Yakima. It is about 50 miles long and receives the drainage from a
strip of the eastern slope of the Cascade Range extending from Green
Pass southward for about 50 miles. It has a number of tributaries,
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among which may be mentioned Bumping River, Rattlesnake Creek,
Tieton River, and Cowiche Creek. Of these the Tieton isthe most
important. The headwater streams drain a very mountainous
country (Pl. V, 4 and B).

This station, which was established June 25, 1904, is located 1%
miles above the mouth of Tieton River, and one-half mile above the
headgate of the Selah Valley canal, the highest diversion from
Naches River.

The records of flow obtained at this station are of considerable
value, in connection with the irrigation projects in the valley. The
waters of the river are entirely used for irrigation during the summer
months. The United States Reclamation Service proposes to divert
the entire flow of Tieton River and replace this amount by construct-
ing a storage reservoir at Bumping Lake on the headwaters of the
Naches, and the station data are necessary to facilitate the intelligent
and economical distribution of storage waters.

The gage was destroyed by the flood of November 15, 1906, but it
was replaced at the same datum on January 28, 1907. The gage
datum has not been changed since the station was installed, although
changes in the stream bed have made it necessary to revise the rating
curve at various times. During the winter months the river is fre-
quently icebound, although no ice gorges form so as to affect the gage
heights at the station. Anchor ice frequently forms in the bed of the
stream and the water freezes over in the quieter portions of the gaging
section. The records of winter flow, therefore, are not as reliable as
could be desired, and where they have affected the results due allow-
ances have been made.

Discharge measurements of Naches River near Nile, Wash., in 1907 and 1908.

{ 1
i Areaof Gage Dis-
Date. Hydrographer. ‘ Width.! Sootion.  height. ! charge.
‘ |
1907. E Feet. ‘ Sq. ft. \ Feet. | Sect.
| 180 ‘ 276 . 3.34 594
d | 193 438 3.80 | 1,260
March 2. MecGlashan and Muldro 189 33, 3.50! 981
May 6 . D. McGlashan. ... ... 202 6951 5.501 3,850
June 23. Stevens and McGlashan. .. . 194 410" 4.35 | 1,780
August 19 J H.D.McGlashan..................... . . 186 171 2.91 355
September 27. .| J. C. Stevens.............. e 182 147 2.80 255
October25..... H.D.MeGlashan. ... ... ... ... 181 126 2.68 1 192
|
1908. |
April20. ... ... H.D.McGlashan................o ... e 202 799 6.25 6,180
July 16.........| Allenand Gleason......... e . 198 502 4.88 , 760
August12......) C. F. Gleason..... . 173 160 3.46 530
August29._ ... do.......... 164 139 | 3.35 418
September 18. .| L, R, Allen... .. 156 110 3.09 266
November 12...] Allen and Gleaso ‘ 161 137 3.23 357

a River{rozen along edges and ice running.
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|W. H. Johnson, observer.]
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YAKIMA RIVER DRAINAGE BASIN.

Jan. | Feb. | Mar. | Apr. } May.

Daily gage height, in feet, of Naches River near Nile, Wash., for 1907 and 1908.

Day.

Slush ice was flowing during January.

a From January 4 to about February 10 the river was frozen one-third of the width from each bank

to a maximum thickness of 8 inches.
b River frozen January 31 to February 4; ice reached a thickness of 6 inches.
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Rating tables for Naches River near Nile, Wash.
NOVEMBER 16, 1906, TO MARCH 17, 1908.2

Gage Dis- ‘ Gage Dis- Gage Dis- Gage Dis-
iheight. charge. \ height. | charge. || height.| charge. || height.| charge.
‘ N
Feet. | Sec.-ft. Feet. | Sec.ft. Feet. | Secft. Feet, | Secft.
2. 60 160 3.60 920 4.60 2,200 5. 60 4,040
2.70 210 | 3.70 1,020 4.70 2,360 5.70 4,250
2.80 265 3.80 1,130 4.80 2, 520 5.80 4,470
2.90 330 3.90 1,245 4.90 2,690 5.90 4,690
3.00 400 4.00 1,365 1| 5.00 2,870 6.00 4,920
3.10 475 4.10 1,490 5.10 3, 6.20 5,390
3.20 555 4.20 1,620 5.20 3,250 6. 40 5,870
3.30 635 4.30 1,750 5.30 3,440
3.40 725 4.40 1,890 5.40 3,640
3.50 820 4.50 2,040 5.50 3,840

MARCH 18 TO DECEMBER 31, 1908.b

3.00 24 | 3.90 | 1,020 || 480 | 2 570 | 4,710
3.10 274 || 400 | 10160 || 490 { 2780 || 58 | 4970
3.20 332 || 410 | 1,300 || 500 | 3000 | 59 | 5240
3.30 308 | 4.20 | 1,450 || 510 | 3,230 | 6.00 | 5510
3.40 474 || 430 | 1,610 | 520 | 3,460 || 6.20 | 6,060
3.50 562 [ 440 | 1,780 || 530 | 3,700 || 6.40 | 6,620
3.60 662 | 450 | 1,960 || 540 | 3,940
3.70 774 || 460 | 2,150 || 550 | 4190
3.80 894 i 470 | 2,350 !| 5.60 | 4,450

e Thig table is not applicable for ice or obstructed-channel conditions. It is based on 10 discharge
measurements made during 1906-7, and is well defined.

b This table is not applicable for ice or obstructed-channel conditions. It is based on 6 discharge
measurements made during 1908, and is fairly well defined.

Monthly discharge of Naches River near Nile, Wash., for 1906 to 1908.

[Drainage area, 636 square miles.}

Discharge in second-feet. Run-off.
Month. Depth in e
Maximum. | Minimum. Mean. P exx‘rfi g.m igg}%lgg ;%?égtll
area.
o \
- A i -

840 390 513 0.807 0.93 31,500 | B.
2,020 585] 1,010 1.59 1.66 56,100 | B.
2,380 730 996 L.57 1.81 61,200 | B.
4,740 2,020 | 3,250 5.11 5.70 | 193,000 | B.
4,220 1,69 , 2,810 4.42 510| 173,000 | B.
2200 1090 | 1,53 2,41 269 | 91,000 A
1,000 390 676 1.06 1.22 41,600 | A.
330 235 | 289 .454 .52 17,800 | A.
330 235 | 267 .420 A7 15,900 | A.
1,090 235 | 458 .720 .83 28,200 | A.
21,100 460 3,620 5.69 6.35| 215,000 | B.
2,010 468 | 2 151 174 1200 | B

21,100 235| 1,370 2.15 20.02 | 984,000
801 372‘ 560 .895 1.03 35,000 | B.
2,280 635] 1,420 2.23 2.32 78,900 | B.
1,490 725 7 1.57 1.81 61,300 | B.
3,440 772 2,020 3.18 3.55| 120,000 | B.
5,440 2,520 [ 4,050 6.37 7.34 | 249,000 | A.
4,970 1,750 | 2,660 4.18 4.66 | 138,000 | A.
1,750 555 1, 1.67 1.92 65,200 | A.
555 330 419 .65 .76 25,800 | A.
September........._...... 400 265 325 L5611 .57 19,300 | A.
October. . ................ 265 185 220 .346 .40 13, A
November................ 1,130 210 325 .511 .57 19,300 | A
December. . .............. 1,020 330 592 .931 107 36,400 | A

Theyear........... 5,440 185 1,220 1.92 26.00 | 882,000
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Monthly discharge of Naches River near Nile, Wash., for 1906 to 1908—Continued.

— o ——
Discharge in second-feet. i Run-off.
Month. . Depthin | ﬁgy‘,‘
s s er square | inches on otal in :
Maximum. | Minimum. | Mean. mile. drainage | acre-feet.
area.
555 265 438 0.689 0.79 26,900 | B
475 265 337 . 530 .57 19,400 | B
3,440 330 1,110 1.75 2.02 68,200 [ B
6, 060 662 2,350 3.70 4.13 140,000 | A
3,700 2,150 2, 4.48 5.16 175,000 | A
6, 340 2,150 3,720 5.85 6.53 221,000 | A
4,450 1,020 2,570 4.04 4.66 158,000 | A
894 398 .893 1.03 34,900 | A,
398 224 294 . 462 52 17,500 | B
474 224 277 .436 50 17,000 | B
1,160 332 642 1,01 1.13 38,200 | A
274 411 . 646 74 25,300 | A
6,340 224 1,300 ‘ 2.04 27.78 941, 000

NACHES RIVER NEAR NORTH YAKIMA, WASH.

This station was first established August 14, 1893, and has been
maintained continuously since that date, except during the intervals
when gages and gaging equipment were put out of commission by
floods. A

The data obtained represent the contribution of this drainage area
to the flow of the Yakima after all irrigation requirements have been
satisfied. The entire flow of the river during the summer months
is diverted for irrigation in the Niches and Yakima valleys. The
station is located below the lowest diversion for irrigation at Union
Canal, one-half mile above the mouth of theriver. The North Yakima
power canal, however, diverts 80 to 200 second-feet past the gaging
station continuously. The location of the measuring section has
been changed several times. At first measurements were made at
the railroad bridge; then from the highway bridge 200 feet above
the railroad bridge; and still later from a cable and car between the
two bridges. Gages have been maintained below the railroad
bridge and on the highway bridge, and on the cribwork which extends
as a protection for the approach to the railroad bridge on the right
bank. )

The conditions have never permitted of a permanent rating curve.
The stream is subject to heavy floods, and during such times the bed,
which is composed of gravel and cobblestones, changes so materially
that a new rating is required after each high water. The present
location of the station was chosen June 18, 1908, when a gage was
installed on the right bank, 800 feet above the railroad bridge. The
datum of the gage bears no determined relation to the earlier gage
datums. The river at this point is spanned by a long cable reaching
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from the high bluff on the left bank to an artificial dike on the right
bank. At all ordinary and medium stages a permanent rating
curve can be developed, but it is likely that an excessive flood will
make it necessary to develop an entirely new rating curve.

During the winter months ice conditions interfere with the deter-
mination of flow to a considerable extent. The ice which forms in
the river frequently jams at the railroad bridge, and during such pe-
riods it 1s necessary to interpolate the records of flow.

Discharge measurements of Naches River near North Yakima in 1907 and 1908.

Date. ] ; ' Areaof | Gage | Dis-

I Hycrographer. Width. ’ section. ‘height. charge.
e s —

1907. Feet. Sq. ft. Feet. | Sec.-ft.
February 19....; W. C. Muldrow 195 706 | @7.27 2,300
March 1.. d 200 746 | @ 7.43 2,7
March 8... 195 680 | 27.16 2,150
March 21. . 188 603 | 2 6.81 1, 460
March 30. . 186 565 , 6.50 1,190
April 30... 205 \ 852 l b 8.02 4,090
June 3.... . 250 1,080 | ©8.83 | ¢6,480
August 5_. . . 162 208 | b4.72 430
August 24 do 48 84| b3.72 170
September 26d. J. C. Stevens. .. ... .. ... il 42 69 | b3.65 149
October 22. ... H. D. MeGlashan. ... . .. ... ... ... 47 75 1 3.40 111
November 84....... Q0 e e 46 711 v3.76 183

1908.

April 14........ . 205 756 | e8.40 | 4,210
July 12.. . . All 194 760 | 76,00 \ 4,320
July 22.. 191 580 | 75.00 | 2,550
July 28.. 172 436 | £4.10 | 1,190
August 6. . 166 376 | 73.91 970
August 14__. 160 305 | f3.43 505
September 1.. 149 244 ) 73.05 280
September 13 9. 148 223 | 2.9 162

Do........]o.... 148 2231 12.90 201
November 13 g. 156 280 | 73.29 349

a From temporary stafl gage.

b From chain gage established Mareh 13, 1907.

¢ Partly estimated.

d Measured by wading.

e From staff gage installed December 10, 1907, 50 feet upstream from the bridge.
f From new gage 800 feet above railroad bridge.

g Measurement made with defective meter—discarded.

NoTE.—Beginning July 12, 1908, measurements were made at new section, 800 feet above railroad bridge.

Daily gage height, in feet, of Naches River near North Yakima, Wash., for 1907 and 1908.

[Mrs. A. M. Cole, observer.]

1 Jan. | Feb. ‘ Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

7.3 8.2 7.4 6.6 7.9 9.3 6.9 48| 3.4 3.5 3.5 5.9

7.2 7.4 7.4 6.7 7.9 9.1 6.9 471 4.3 3.4 3.6 5.8

7.1 8.2 7.2 6.7 8.2 8.8 6.9 48| 4.2 3.3 36 5.7

7.1 84 7.2 6.8 8.3 8.7 7.0 471 41 3.4 3.6 5.5

7.1 8.9 7.1 6.9 8.6 8.7 6.8 46| 40 3.5 3.6 54

[ 7.2 88 7.1 6.8 8.7 8.5 6.6 44| 40 3.5 3.6 5.2
T 7.3 8.9 7.1 6.9 8.8 8.3 6.4 4.3{ 40 3.6 3.6 5.1
- S 8.4 8.2 7.1 6.8 8.85| 81 6.2 43| 3.9 3.5 3.6 4.9
Qi 8.2 8.2 7.1 7.1 8.9 7.9 6.1 441 3.8 3.4 3.8 ...
100l 7.9 7.1 7.7 8.9 7.8 6.0 45! 3.9 3.4 3.8 5.4

aTIce conditions 1907: First freeze, January 9. An ice jam formed, having a depth of 4 feet in the middle,
solid 15 feet on each bank. Ice partially out January 21, but not entirely clear until about February 10.
Gage covered with ice from January 10 to 21.
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Daily gage height, in feet, of Naches River near North Yakima, Wash., for 1907 and
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Uo........
2l

age was in-
and a few

This chain gage replaced

A vertical staff g:

stalled on the pile foundation of an old concrete pier on right bank about 50 feet upstream from end of old

bridge.

Datum the same as previous chain gage.

the bridge was removed and with it the chain gage.

1907,

Note.—On March 30, 1907, a new chain gage was installed at the new toll bridge to replace the one de-
The gage was set at same datum as chain gage.

stroyed by the flood of November, 1906,
On June 18, 1908, a new vertical staff gage was installed about 800 feet above railroad bridge,

days later a new chain gage was installed reading the same as vertical gage.

On December 10,

a temporary stafl gage installed November 22, 1906,
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Rating tables for Naches River near North Yakima, Wash.
NOVEMBER 15 TO DECEMBER 31, 1906.2

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. ||height.| charge. | height.| charge. ||height.| charge.
Feet. | Sec.ft. Feet. | Sec.ft. Feet. | Sec.ft. Feet. | Sec.-ft.
7.20 1, 600 8.20 3, 590 9.20 6,720 10.20 11,920
7.30 1,750 8.30 3.850 9.30 7,110 10. 30 12, 640
7.40 1,910 8.40 4,120 9.40 7,520 10. 40 13. 400
7.50 2,080 8. 50 4,400 9. 50 7,960 10. 50 14,160
7.60 2,250 8. 60 4,700 9. 60 8,420 10. 60 14,920
7.70 2, 440 8.70 5,010 9.70 8.910 10.70 15, 680
7.80 2, 650 8.80 5,330 9.8" 9, 440 10. 80 16, 440
7.90 2,870 8.90 5,660 9.90 10,000 10.90 17,220
8.00 3,100 9.00 6,000 10.00 10,600 | 11.00 18, 000
8.10 | 3,340  9.310 6, 350 10.10 11,240 | !
i | i
JANUARY 1 TO DECEMBER 9, 1907.b
Feet. | Sec.-ft Feet. | Sec.ft. Feet. | Sec.ft. Feet, | Sec.ft.
3.30 4.60 350 5.90 760 7.40 2, 540
3.40 105 4.70 3875 6.00 810 7.60 2,970
3. 50 120 4.80 400 6.10 870 7.80 3,430
3.60 140 4.90 425 6.20 940 8.00 3,940
3.70 160 5.00 450 6.30 1,010 8.20 4, 510
3.80 180 5.10 475 6. 40 1,090 8.40 5,110
3.90 200 5.20 500 6. 50 1,180 8.60 5,730
4.00 220 5.30 530 6 60 1,280 8.80 6,370
4.10 240 5.40 565 6.70 1, 400 9.00 7,050
4.20 260 ||* 5. 50 600 6.80 1,530 9.20 7,750
4.30 280 5. 60 640 6.90 1,670 9. 40 8,450
4.40 300 * 5.70 680 1| 7.00 1,820 9. 60 9,150
4,50 325 \ 5.80 720 7.20 2,150
DECEMBER 10, 1907, TO JUNE 18, 1908.¢
|
Feet. | Sec.t. Feet. | Sec.-ft. Feet. | Sec.t. Feet. | SecHt
6.70 1,400 7.40 2,350 8.20 3,860 9. 60
6.80 1, 520 7. 50 2, 520 { 8.40 4,280 9.80 7,900
6.90 ‘ 1,640 7.60 , 700 8. 60 4,730 10. 00 8, 500
7.00 L770 1 7.70 2,8%0 [ 8.80 5,200 10.20 9,120
7.10 1,900 7.80 3,080 || 9.00 5,690 10. 40 9,770
7.20 2,040 7.90 3,270 9.20 6,200 10. 60 10, 450
7.30 2,190 8.00 3, 460 ’ 9.40 6,730
) ,
JUNE 19 TO DECEMBER 31, 1908.¢
| |
Feet. Sec.~ft. | Feet. | Sec.-ft Feet. | Sec.ft. Feet. | Sect.
2. 60 120 3.60 650 4. 60 1,910 {i 5.60 3.610
2.70 148 3.70 750 4.70 2,070 5.70 3,790
2.80 178 3.80 860 4.80 2,230 5.80 3,970
2.90 210 || 3.90 970 4.90 2,390 5 90 4,150
3.00 248 4.00 1,080 5.00 2, 560 6.00 4,330
3.10 294 4.10 1,200 5.10 2,730 6.20 4,710
3.20 348 4.20 1,330 5.20 2,900 6.40 5,
3.30 410 ‘| 4.30 1,470 5.30 3,070 6. 60 5,470
3.40 480 4. 40 1,610 5. 40 3,250
3.50 560 4.50 1,760 5.50 3,430

a This table is not applicable for ice or obstructed-channel conditions. It is based on 2 discharge
measurements made during November, 1906, and the 1907 table, and is fairly well defined. It is used
because the gage heights for this period refer to a datum 0.30 foot below the one used before and aflter.

bThis table is not applicable for ice or obstructed-channel conditions. It is based on 12 discharge
measurements made during 1907 and is well defined. This table applies to gage heights from the chain
%agte established March 30, and to those from the temporary gage, which have been corrected tothe same

atum.

¢This able is not applicable for ice or obstructed-channel conditions. It is based on 1 discharge
measurement made during 1908 and the 1907 low-water measurements and is fairly well defined. Below
gage height 6.7 feet it is the same as the previous table. This table is for the staff gage, which was set
to read the same as the chain gage at low stages, but as the fall between the gages became greater at high
water a different table is necessary.

@ This table is not applicable for ice or obstructed-channel conditions. It is based on 6 discharge
measurements made during 1908 and is well defined above gage height 2.9 feet. It gives the discharge
for gage heights on chain gage 800 feet upstream from railway bridge.
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Monthly discharge of Naches River near North Yakima, Wash., for 1906 to 1908,

[Drainage area, 1,120 square miles.]

Discharge in second-feet. Run-off.
Month. P Depth in .
- er square | inches on Total in Accu-
Maximum.| Minimum. | Mean. mile. drainage | acre-feet. |racy.
area.
1906.
January..............o.. 800 285 395 0.353 0.41 24,300 | B
February._ .............. 2,190 525 | 1,030 . 920 .96 57,200 | B
Marcho.......ooooiaall 2,340 720 982 . 877 1.01 60,400 | B
S o)« | S 4,500 1,900 | 3,120 2.79 3.11 186,000 | B
;5 R 4,890 1,470 | 3,040 2.71 3.12 187,000 | B
June. _..oeoiioiiiiiio... 2,630 910 | 1,550 1.38 1.54 92,200 | B
July. oo 1,210 185 646 577 67 39,700 | C
August.....ooooooiiio.l 150 30 67.6 . 060 .07 4,160 | C
September............... 185 30 74.8 . 067 .07 4,450 | C
October.............o.... 1,570 45 386 . 345 .40 23,700 | C
November............... 21,900 525 | 4,290 3.83 4.27 255,000 | C
December................ 4,700 1,600 | 2,440 2.18 2.51 150,000 | B
The year........... 21,900 30 | 1,500 1.34 18.14 | 1,080,000
1907.
Januarye. ... ... oot 950 . 848 .98 58,400 | C.
Februaryb..... ....... oo 2,520 2.25 2.34 140,000 | B.
arch.................... 2,540 1,180 1,680 150 1.73 103,000 | B
April.... ...l 6,050 1,280 | 3,490 3.12 3.48 208,000 | B.
May. ..o 8,620 3,680 | 6,100 5. 45 6.28 375,000 | B.
June_.....oo.oiollo. 8,100 1,820 | 3,600 3.21 3.58 214,000 | B.
July. ...l 1,820 375 830 741 .85 51,000 | B.
August.. ... 400 90 224 .23 13,800 | B.
September 280 105 184 .164 .18 10,900 | B.
October. . ... 140 90 105 . 094 1 6,4 B.
November 940 120 231 . 206 .23 . 13,700 | B.
December................ 2,190 425 840 . 750 .86 51,600 | B.
The year.......... 8,620 9 | 1,730 1. 54 20.85 | 1,250,000
1908.
January.................. 810 475 620 . 554 .64 38,100 | B.
February......... e 600 450 527 471 51 30,300 | B.
March.................... 4,730 565 | 2,100 1.88 2.17 129,000 | B.
April..o.oll 9,770 1,520 | 4,090 3.65 4.07 243,000 | B.
May. . i 6,200 3,460 | 4,570 4.08 4.70 281,000 | B.
June...ceeeivnnniaaen.. 8, 500 2,900 | 4,970 4.44 4.95 206,000 | B.
July. ..o ool 5,280 860 | 3,230 2.88 3.32 199,000 | A.
August. .. ... ...l 860 248 492 .439 .51 30,300 | A.
September............... 248 178 219 .196 .22 13,000 | A.
October........oocevanean 805 148 268 . 239 .28 16,500 | B.
November. .c....coo....on 1, 760 348 762 . 680 .76 45,300 | A.
December................ 560 120 366 .327 .38 22,500 | B.
The year........... 9,770 120 | 1,850 1.65 22.51 | 1,340,000
' ]

a Discharge estimated from other stations in vicinity. .
b Discharge for February 1 to 10 taken as sum of Naches River near Nile and Tieton River near Naches.

Note.—Discharge 1906-1908 does not include water diverted above the gaging staiion by the North
Yakima power canal, which amounts to from 80 to 200 second-feet.

TIETON RIVER AT M ALLISTER MEADOWS, NEAR NACHES, WASH.

This station was established August 28, 1908. It is located 9
miles above the headworks of the Tieton canal and 800 feet above
McAllister Meadows dam site. It is about 1} miles below the mouth
of South Fork of the Tieton and one-half mile above the mouth of
Wildcat Creek.

The data obtained here are useful chiefly to the Reclamation
Service, as it is expected that the McAllister Meadows will be util-
ized as a reservoir. The principal value of the records will be to



176 SURFACE WATER SUPPLY, 1907-8.

determine the relation between the flow at this point and that
obtained at the headworks of the Tieton canal and at the mouth of
Tieton River, where records of several years standing are available.

Discharge measurements of Tieton River at McAllister Meadows, near Naches, Wash.,in
1908.

[
Date. Tydrographer. Width, | Area of h‘;?’f]“;; \c}g‘rﬁg‘e

Feet. Sq. ft. Feet. | Sec-ft.

August 28a....0 C. F. Gleason. . ............c.ooo... 133 | 1.63 315
September 30. 5 T ) O 136 1. 50 278
November 11... R.Allen. ... 91 118 1.30 205

a Measured by wading.

Daily gage heights of Ticton River at McAllister Meadows, near Naches, Wash., 1908.

[H. O. Treadwell, observer.]

i
Day. Aug. Sept. Oct. Nov. l Day. Aug. Sept. Oct. Nov.
1.53 | 1.65 1.58 1.46 | 1.33 1.90
1.58 1 1.45 179 1.48 | 1.32 2.65
1651 1.34 177! 1.45 | 1.3 2.20
1.63 | 1.31 1.60 | 1.49 [ 1.31 2.24
1.66 | 1.30 1491 1.47 | 1.28 2.03
‘167 1.30 1.44 1.50 | 1.26 1.89
170 | 131 1.40 1.44 | 127 1.78
1.63 | 1.32 1.39 i 1.40 | 1.27 1.72
1.51 | 1.36 1.37 1.37 | 1.26|.......
1.63 | 1.37 1.33 | 1.30 | 127 |..... ..
1.65 | 1.3 1.29 | 1
1.67 1 1.35 1.28 1.
1.65| 1.50 1.31 1.
1.68 | 170 1.29 1.
1.67 | 1.46 1.29 1.
1.54 | 1.39 1.50

Rating table for Tieton River at McAllister Meadows, near Naches, Wash., for 1908.
' | i

Gage Dis- Gage Dis-
height. | charge. iheight. charge.

Gage Dis-
height.| charge.

i
|
Feet. | Sec.ft. Feet. | Secft. i Feet. | Secft.
188
|
5
|
!

1.20 1.80 417 2.30 750

1.30 205 1.90 475 2.40 825

1.40 232 2.00 535 2.50 900

1.50 267 2.10 600 2.€0 930
; 1.€0 312 2.20 675 2.70 1,060
|

1.70 ‘ 362

Nore.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 3 dis-
charge measurements made during 1908 and is well defined below gage height 1.6 feet. Above gage height
2.0 feet it is approximate.

Monthly discharge of Tieton River at McAllister Meadows, Wash., for 1908.

. R ‘
Disch: i -feet.
ischarge in second-feet. Total .
Month. run-off in Tacy
Maximum.| Minimum. | Mean. | 2cTe-feet.
September. ... .. ... ... ..... e i 362 205 287 17,100 | B.
October......... - 446 198 239 14,700 | B.
November 1-24 1,020 202 367 17,500 | B.
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TIETON RIVER AT HEADWORKS OF TIETON CANAL NEAR NACHES,
WASH.

This station, which was established March 29, 1906, was moved on
June 27, 1907, to a point about one-half mile above its former posi-
tion. It is now located about 500 feet below the intake of the Tieton
canal, which has recently been constructed by the United States
Reclamation Service, and 15 miles above the mouth of the stream.
There are no tributaries in the immediate vicinity of the station.
Two gages have been used—the one at the cable, where measure-
ments were made; the other at Weisberger's power plant, 1} miles
downstream. The measurements are referred to both gages, and a
rating curve has been developed for each.

The records obtained at this station furnish data of great value
in connection with the general reclamation of the Yakima Valley.
The entire flow of Tieton River at low water will be diverted to
irrigate lands in the vicinity of North Yakima. The amount so
taken will be replaced from the Bumping Lake storage reservoir on
the headwaters of Naches River.

As the velocity of the water is rapid, ice does not interfere with
the determination of flow during the winter season. Great difficulty
has been encountered in obtaining continuous gage observation, as
this portion of the country is uninbabited. The conditions at the
station are not ideal, but it is believed that the results are as reliable
as can be procured under the natural conditions of channel which
exist on this stream.

Discharge measurements of Tieton River at headworks near Naches, Wash., in 1967 and

1908.
] ‘ Gage height.
= Areaof |— — — — - Dis-
Date. Hydrographer. ‘ Width. secti%n. ! At charge.
POWEL 44 cable
house. / “ o

1907. ' Fect. Sq. ft. Feet. Feet Sec.-ft
June27........ Stevens and McGlashan........ PN 100 295 5.35 4.10 1,100
August 20...... H. D.MecGlashan. ... .. ... 90 154 . 2.70 330
September 16 ..] H. J. Doolittle. ... .. . 2.65 317
September 17 .1 ... 3 1 NP PR I 2.55 290
September 25 ._..... do........ 87 138 1.. 2.45 269
September 27 ..| J. C. Stevens..... e 88 141 2.51 271
October 24..... H. D. McGlashan...................... 87 133 2.40 238

1908.
April21.. ...  H. D. MeGlashan............ocooiioe 103 356 6.25 4.65 1,780
July 15......... Allen and Gleason 97 309 5.65 4.30 1,280
August 26...... C.F. Gleason............ 88 167 3.70 2.72 352
September 17a.| L. R. Allen.............. .. 87 147 3.52 2.61 290
November 12a .| Allen and Gleason 85 131 3.35 2,42 235

a Measurement made with defective meter and not used in making rating.

11947—10-—12




[R. James Zell, observer.)

SURFACE WATER SUPPLY, 1907-8.

Daily gage height, in feet, of Tieton River at headworks, near Naches, Wash., for 1907.
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Daily gage heights of Tieton River at headworks, near Naches, Wash., for 1908—Continued,

AT POWER HOUSE—Continued.

Day Jan. | Feb. | Mar. | Apr. { May. { June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
3.29 | 7.25( 4.95| 4.98| 6.60 |....... 4.14 | 3.58 1 3.47 | 3.29 | 3.25
3.32| 6.30| 5.05| 4.90| 6.15 [....... 4.10 | 3.52 | 3.42| 3.66| 3.20
3.2 | 5.58 | 5.90 | 5.00 | 5.85 [....... 4,12 | 3.54 | 3.38| 5.38| 3.12
3.30 | 5.35| 6.40| 5.02| 562 f....... 4.06 | 3.52 | 3.41| 4.42| 3.10
3.24 | 5.00) 6.80 ] 4.98 | 5.40 [....._. 4.32 | 3.52 | 3.40 | 4.54| 3.00
3.22 | 4.78 | 6.75| 4.98 | 515 (....... 4.14 | 3.55| 3.36 | 4.30( 3.00
3.26| 4.78 ) 5.80] 498 500 | ...... 4.08 | 3.54| 3.34[....... 3.00
3.29 1 4.8} 5621 512} 5.05|....... 4.08 | 3.43 1 3.32 |....... 3.05
3.31 | 5.10| 5.68| 5.40 | 5.25 [....... 3.94 | 3.38| 3.31 |....... 3.10
3.30 | 4.95| 5.38| 5.48 | 5.70 |....... 3.80 | 3.34 | 3.29 [....... 3.20
3.37 | 475] 525 540} 590 |....... 3.69 | 3.32} 3.34)....... 3.40
3.42 458 1 5.15| 5.32| 5.52 1. ..... 3.72 | 3.28} 3.32|....... 3.40
3.42 | 4.42| 515 538 | 528 |....... 3.78 | 3.30 | 3.33 |....... 3.40
3.44 | 438 4.95| 530 532 (....... 3.71 | 3.35 | 3.41 |....... 3.40

....... 4304 508} 5.18| 5.68 |.......] 3.64} 3.53| 3.76 |.......| 3.35
....... 4.25 ... 512 ... ool 361 |.._...| 4.10].......] 3.30

NoTE.—During 1908 the channel was not frozen over; January 8-Feb. 10 there was shore ice from 1 to
10 inches thick.

Rating tables for Tieton River at headworks near Naches, Wash., for 1907 and 1908.

AT CABLE.«
Gage Dis- Gage Dis- \ Gage Dis-
height. | charge. | height.| charge. || height.]| charge.
Feet. | Sec.-ft. Feet. | Sec.ft. Feet, | Sec.ft.
2.30 210 3.20 538 4.10 1,100
2.40 238 3.30 586 4.20 1,190
2.50 268 3.40 636 4.30 1,290
2.60 300 3.50 690 4.40 1,400
2.70 334 3.60 745 4.50 1,540
2.80 370 3.70 805 4.60 1,700
2.90 408 3.80 870 4.70 1,880
3.00 448 3.90 940
3.10 492 4.00 1,020
AT POWER HOUSE.?
Feet. | SecHt. Feet. | Sec.ft. Feet. Sec.ft
2.90 128 4.20 550 5.50 1,190
3.00 150 4.30 590 5.60 1,250
3.10 175 4.40 630 5.70 1,310
3.20 200 4.50 670 5.80 1,380
3.30 230 4.60 715 5.90 1,455
3.40 260 4.70 760 6.00 1,540
3. 50 295 4.80 805 6.20 1,730
3.60 330 4.90 855 6.40 1,945
3.70 365 5.00 910 6.60 2,190
3.80 400 5.10 965 6.80 2,460
3.90 435 5.20 1,020 7.00 2,770
4.00 470 5.30 1,075 7.20 3,090
4.10 510 | 5.40 1,130 || 7.40 3,410

a This table is not applicable for ice or obstructed-channel conditions. It is based on 10 discharge meas-
urements made during 1907-8 and is well defined between gage heights 2.4 feet and 4.7 feet.

&This table is not applicable for ice or obstructed-channel conditions. It is based on 6 discharge meas-
urements made during 1907-8 and is well defined between gage heights 3.3 feet and 6.3 feet.



180 SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Tieton River at headworks mnear Naches, Wash., for 1907 and 1908
(at power house).

[Drainage area, 247 square miles.]

Discharge in second-feet. Run-off.
Month. . Depth in I} . fae.c‘;l'
: i e er square inches on otal in .
Maximum. | Minimum. | Mean. mile. ' drainage ! acre-feet.
area.
1907.
July... 955 492 652 2.64 | 3.04 40,100 | A.
August.. 562 268 366 1. 48 1.71 22,500 | A.
Septembe 370 210 289 1.17 | 1.30 17,200 | A.
October. 281 203 243 984 1.13 14,900 | A
November. 610 146 223 903 1.01, 13,300 | B
December. .. ! 910 180 334 1.35 1.56 | 20,500 | A
The period. ........ e P T T [ 128,000
1908. @

January.................. 634 152 259 1.05 1.21 15,900 | A.
February . 292 162 228 .923 1.00 13,100 | A.
March. . 3,170 203 764 3.00 3.56 47,000 | A.
April B 2,460 510 965 3.91 4.36 57,400 | A.
May. R 1,310 845 1,040 4.21 4.85 64,000 | A.
June. . 2,640 910 1, 500 6.07 6.77 89,300 | A.
July.. . 1,920 600 1,250 5.06 5.83 76,900 | B.
August .. A 334 496 2.01 2.32 30,500 | A.
Septembe .l 386 224 320 1.30 1.45 19,000 | A.
October. | 510 227 219 1.13 | 1.30 17.200 | A.
Novembe 1,120 206 372 1.51 1.68 22,.00 | A.
December. . . 295 150 224 .907 1.05 | 13,800 | B.

i

The year........._. \ 3,170 150 641 2.60 35.38 \ 466, 000
| |

a Discharges for 1908 are based on the records at Weisberger’s power house, except November 22 to Decem-
ber 12, when they are based on gage readings at the cable, and from July 15 to August 10, when they have
been interpolated by the aid of a hydrograph, based on the rise and fall of the river at Camp No. 1 of the
United States Reclamation Service.

Monthly discharge of Tieton River at headwor)ks near Naches, Wash., for 1908. (Cable
gage.)

[Drainage area, 247 square miles.]

\ Discharge in second-feet. Run-off.

Month. : P Depth in Total IA

i N i er square | inches on otal in ccu-

!Ma.xunum.‘ Minimum.| Mean. mile. drainage | acre-feet. |racy.

; area.

\ o v | "
September............... 389 238 321 1.30 1.45 19,100 | A.
October. ... 211100 \ 501 235 280 113 1.30 17,200 | A.
November................ 1,070 . 227 373 1.51 1.68 ‘ 22,200 | A

NotE.—These discharges are based on gage readings at the cable, and are included for comparative pur-
poses.

TIETON RIVER NEAR NACHES, WASH.

This station has been located at various points since it was first
established on April 24, 1902. From April 24, 1902, to March 7, 1906,
it was located just below the mouth of Oak Creek. On the latter
date it was removed to a point 200 feet above the mouth of Oak
Creek, thus excluding 19 square miles of drainage area. On March 23,
1907, the station was again moved to the highway bridge at Camp
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No. 1 of the United States Reclamation Service, where construction
of the Tieton Canal tunnels was under way. At this point a power
plant was built for the generation of electric power to be used in the
excavation of the tunnels. As the bridge from which the measure-
ments were made and the gage are both located between the intake of
the canal and the power house, the flow of the canal should be added to
that obtained in the river in order to represent the natural flow of the
stream. It was impracticable to rate the power canal, and on this
account no estimates of the flow at this point have been made since
the power canal was put in operation, July 10, 1907,

Discharge measurements of Tieton River near Naches, Wash., in 1907.

Gage height.

Date. Hydrographer. width, | Areol | clg‘fée.

01d gage. | New gage.
Feet. Sq. ft. Feet. Feet. | Sec.-ft.
February 22....] W. C. Muldrow...........c.o.coooianie. 65 215 4.80 ..ol 461
March 6. .. e 0 et e 70 226 5.35 4,15 562
H.D.McGlashan...................... 73 X 3.85 403
..... O e e 78 5.25 | 1,380
.. .| Stevens and McGlashan................ 77 4.77 913
August 19...__. H.D.McGlashan...................... 71 3.39 249
September21...| R.F. Melin.. ... . .. ... ... ..., 70! 2.92 136
October 24. .... H. D.McGlashan..............oo.ooe 68 ! 2.70 89

a Measurement unreliable becatse of ice in channel.

Daily gage height, in feet, of Tieton River near Naches, Wash, for 1907.
[R. F. Melin, observer.}

Day. Jan. | Feb. I Mar. | Apr. | May. | June. ‘ July.| Aug. | Sept. | Oct. 1 Nov. | Dec
I
i

5.40 | 4.90| 570 | 4.00 ‘ 4.801 5.78 | 4.65| 4.00| 3.19| 2.8 { 2.65 | 3.45
532 4.75| 5.62| 3.90| 4.85| 5.58 |4 72| 4.00| 3.45| 2.8, 2.65| 3.25
540 4.70 ! 5.70| 3.85]| 4.95| 545 4.82| 4.00| 3.30| 2.80 6 2.65| 3.14
538 470 560 3.98| 500! 540 4.65| 4.00| 3.30| 2.8 f 2.60 1 3.05
520 4.65| 5.48 3.95| 5.15| 5.50 ‘ 450 | 3.90 3.35| 2.90 | 2.60 | 3.08
510 | 560 | 5.40 I 3.08 ! 5.25 ] 5.85' 4.50| 3.70 | 3.35] 3.00  2.60) 2.92
5.02, 6.18 | 5.60. 4.05 ‘ 5.35 | 5.22 440 3.65 3.28) 2.80 2.5 | 2.90
5.00 | 6.48 | 545! 4.50' 550 5.12, 4.40| 3.85| 3.26 2.80 | 2.55 2.90
4.90 | 672 530, 4.82 5.40 | 5.10 ‘ 4.45 123.83 | 3.34° 2.70 | 2.50 | 2.80
4.82 i 6.45 | 5.30 w{ 468, 5.35]| 5.00 " 4.50 | 3.55 3.36 | 2.70 |@3.156 | 2.80
4.95° 6.25] 530, 4.62 ‘ 530 | 512" 4.556| 3.43| 3.42 270 | 2.50 | 2.75
4.95 6.08] 530 4.68| 530) 508 4.42) 3.48| 3.21 2.70| 2.50, 2.80
482" 598 530 | 4.95 ( 510 | 4.92 4.32| 3.481 3.10| 2.70| 2.50] 2.70
4.72} 590 | 520 498! 5.12| 478 4.25) 3.50 | 3.00 | 2.70 | 2.50 | 2.70
4.65 ' 578 | 520, 4.95 | 5.40 | 4.68 | 4.25| 3.50| 3.01 270 | 2.5 | 2.62
4.78" 570 520 498 572 4.656° 4.22| 3.50] 3.42 % 2.8 | 250 2.55
4.7 . 570] 518 | 4.8 572| 4.60 4.15| 3.56, 3.20| 2.751 2.50 | 2.55
4.8 562 515 478 575 470 410 3.46| 3.05| 2.85| 2.50 | 2.60
4.8 | 570 510 475 572| 492 ....... 3.42 | 3.00 | 2.75 ’ 2,50 | 2.60
4.85| 5.98| 505, 470 560 | 5.00 ‘ 4.05| 3.46| 2.95 2.70, 2.50 | 2.60
5.08 | 6.05| 500 470 5.381 4.98' 4207 3.45| 2.95 2.70 l 2.50 ' 2.60
5001 6.00 500| 4.97: 5.28| 4.8 420 3.60; 2.95 2.70| 2.50 | 3.20
4.88 5.95| 3.8 | 5.05 522| 470 402, 3.60| 290 2.70{ 2.55 | 3.72
4.80 592 3.76| 500 520| 4.78 400 3.65| 2.93| 2.70 | 2.65| 4.45
475, 6.10| 3.8 | 5.00 5.20, 48| 3.90| 3.60| 2.90, 2.70| 3.22| 4.05
4.70 1 5.95| 3.79  4.95 ....... 4.92 | 3.90| 3.60 | 2.95]e3.30 | 3.70 | 3.88
4.68 | 580 | 3.78, 4.8 525| 528 3.95| 3.30| 2.98) 2.70 | 3.30| 3.70
L N 472 5.38| 505 3.95| 3.20 |....... 2.75 | 3.00 | 3.60
. 4.8 550 498 3.98| 3.20| 2.75| 2.73 | 3.98| 3.45
| 4.8  5.55|....... 3.95| 3.20 2.75! 2.8 | 3.85| 3.30
[ S 4.00 | 3.12 [....... 2.68 |...... 3.20

| |

a Water turned out of canal at time gage was read. Water was diverted past the gage In power canal at
other times after about July 10, 1907.



1t is based on 3 discharge meas-
It is based on 6 discharge meas-

[P. C. Nolin, observer.}

SURFACE WATER SUPPLY, 1907-8.

Daily gage height, in feet, of Tieton River near Naches, Wash., for 1908.0
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pplicable for ice or obstructed channel conditions.

urements made during 1907 and is well defined above gage height 4.9 feet.

is table is not applicable for ice or obstructed channel conditions.
urements made during 1907 and is well defined between gage heights 2.7 feet and 5.3 feet.

a This table is not a

b Thi
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Monthly discharge of Tieton River near Naches, Wash., for 1907.

[Drainage area, 270 square miles.]

Discharge in second-feet. Run-off.
Month. o Depthin | ;‘;%0;1
: P er square | inches on otal in .
Maximum, | Minimum. | Mean. mile. dralnage. | acre-feet.
area. )
January.................. 596 315 408 1.51 1.74 25,100 | B.
February.... .. 1,280 315 786 2.91 3.03 43,700 | B.
735 358 511 1.89 2.18 31,400 | A.
1,200 410 887 3.29 3.67 52,800 | A.
1,930 990 1,470 5.44 6.27 90,400 | A.
2,060 840 1,220 4,52 5.04 72,600 | A.
The period. ........ “ .......................................................... 316,000

Discharge measurements of U. S. Reclamation Service power canal near Naches, Wash.,
i 1907 and 1908.

. Area of | Gage. | Dis-

Date. Hydrographer. Width. section. | height. | charge.

1907. Feet. Sect.
August 19... ... Ray Melin. ... ... o i 6.6 88
October 25. .. .. d 24 130
November 2. 424 122
November 11 24 100
November 13.. 24 103
November 25. .. 26 170

1908.
March 13....... 25 84 (........ 193
September 18... 24 72 4.37 167

Daily gage geight, in feet, of U. S. Reclamation Service power canal near Naches, Wash.,
Jor 1908.

[P. C. Nolin, observer.]
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Note.—The water was shut off December 18 to 20, inclusive, and December 28; no record October 11,
to 13, water probably running.
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NORTH FORK OF ATANUM CREEK NEAR TAMPICO, WASH.

Atanum Creek, which is formed by the union of North and South
Forks, near Tampico, in Yakima County, flows eastward, joining
Yakima River about 10 miles below the mouth of Naches River.
The creek and its south fork make the greater part of the northern
boundary of the Yakima Indian Reservation.

A gaging station was established August 26, 1907, on the North
Fork at Goodman’s ranch, 33 miles above the junction with South
Fork, and 100 feet below the mouth of Nasty Creek. It is above all
diversions from the stream.

The data obtained here have considerable value as the waters of
this stream are extensively used for irrigation throughout the Atanum
Valley by both Indian and white settlers.

The conditions at the station are not favorable for very accurate
results. The station was installed primarily to determine the low-
water flow. The current is swift and there are no facilities for making
measurements except by wading. An estimate of the flow at higher
stages has been made by extending the discharge curve. The records
at the station are not complete, as it was impossible to obtain con-
tinuous observation of gage height.

Discharge measurements of North Fork of Atanum Creek near Tampico, Wash., in
1907 and 1908.

" Areaof | Gage | Dis-
Date. ‘ Hydrographer, Width, section. |height. |charge.
1907. Feet. Sq. ft. Feet. | Sec.At.
August15._.... W. C. Muldrow. ... i 30 35 a) 37
August 26...... H.D.MeGlashan.... ... ... ............... 27 27 1.40 27
1908 |
Mayl.......... H. D. McGlashan 5132
June 26.........; J. C. Stevens. . > -30 | 195
September 14...| L. R. Allen ‘ .30 i 19.6

November 2... [ ..... do..

e Water surface 2.52 feet helow hent staple in upstream face of dead cottonwood, right bank, 300 yards
above Goodman’s ranch. .
b Measurement discarded as it was made at angle of 60° to current where conditions were very poor.

Daily gage height, in feet, of North Fork of Atanum Creek near Tampico, Wash., for
1907 and 1908.

[A. AL Nicol,.observer.]

1907. 1908
Day. - -

‘Sept. Oct. ‘ Nov. | Apr. | May. | June. | July. | Aug. Sept.l Oct. | Nov.

J |

ISR S RIS U [ETI IR B .
29 23| 2.4 16'.....0 1 1.4

| 231 24/ 1.6, L4]....... 1.4
23l 250 L5> nalll 14
2.3 2.5(....... LE’ 14 1.4
2.4 25| 22| 15 L4|...... 1.4
25| 26| 2.1( L5 ......l..... 1.3
24| 29| 21| 15, 14|..... 1.3
24 28] 21l sl U4l 13
2.3 281 21! 15! 14l 1.3
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Daily gage height, in feet, of North Fork of Atanum Creek near Tampico, Wash., for
1907 and 1908—Continued.

1907. 1908.
Day. [ | | [ ]
Sept. | Oct. 'Nov. | Apr. May. 'June ‘July Aug. | Sept. | Oct. | Nov.
I
215 23] 2.9 2,1‘ 15| 14 ... 1.3
2.2 231 28 21/|...... 13 1.4 1.3
23] 23| 27| 21| 15| 13| 14 1.3
2.3 22{ 28, 20| 15| 13| 15 1.3
22! 2.4 28| 20| 15| 13| 15 1.4
211 24| 28 20| 15| 13| 135 1.4
22 22| 26 19| 15| 1.3| 14 1.4
24| 22| 25| 18 15| 13| 14 1.5
2.6 22| 24! 1.8l....... 1.3 1.4 1.5
28] 22| 23| L8l 130 14] 15
2.6 23| 23| 18| 14| 13| 13 1.5
2.4] 23| 22| 18| 14| 13! 13 1.5
441 23| 22| 17| 14| 13! L3 1.4
23] 23| 28| L7] 14] 13: 13 1.4
22| 24| 22| 17 14| L3

2.2 24] 23 17 14

2.2 24| 23| 17| 14

21| 24 22 17, 14

2.1 25, 22| 1.6 L4

..................... 22| 1.6 14
_______ 2.4‘....... 1.6 1.4

Ratmg table for North Fork of Atanum Creek near Tampico, Wash., for 1907 and 1908.

m
Gage ' Dis- |' Gage i Dis- Gage
height. charge. ‘height.‘ charge. || height,
Feet. Sec.-ft. Feet. Sec.-ft. Feet.
1.30 20 | 1.80 73 l 2.30
1.40 27 . 1.90 91 2.40
1.50 \ 36 2.00 112 | 2.50
1.60 46 2.10 137 2.60
1.70 ‘ 58 i 2.20 166 I 2.70

Dis- Gage ‘ Dis-
charge. height,| charge.
Secft. || Feet. | Secft.

197 2.80 | 368
229 [ 200 | 407
262 | 3.00 | 448
296 |
331 | i

|

Note.—The above table is not aprlicable for ice or obstructed-channel conditions.

Tt is based on 4

discharge measurenients made during 1907-8 and is well defined below gage height 1.5 feet.

Monthly discharge of North Fork of Atanum Creek near Tampico, Wash., for 1907 and 1908.
[Drainage area, 66 square miles.]

Discharge in second-feet. ‘1 Run-off.
Month. l Depth in N vt
Maimum. | Minimum. | Mean. |¥°T Sﬂuare lgfai;igg ‘;I(;(;éi-]eé?.
area.
1907.

Septembera. . 27 27 27.0 0. 409 0.46 1,610 | B.
October...... 36 20 25.5 . 386 .44 1, 570 | A.
November 1-6............ 36 20 28.0 .424 .09 333 | A.

3,510
8,530 | B.
12,700 | B.
15,500 | B.
6,760 | B.
2,060 | A.
1340 | A,
1,520 | A.
1,260 | A.

49,700

o Discharge assumed constant during September.
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ATANUM CREEK AT NARROWS, NEAR TAMPICO, WASH.

This station was established June 25, 1908. It is located at a
point in the river locally known as ‘“The Narrows,” 3% miles east of
Tampico and 3 miles below the junction of North and South forks.

The flow here presumably includes all return waters from irriga-
tion in the upper part of the drainage basin; but this presumption
is very doubtful as the situation is greatly complicated by an innu-
merable number of small ditches both above and below the station,
and the records should not be considered to represent the natural
run-off from this drainage area.

Discharge measurements of Atanum Creek at Narrows, near Tampico, Wash., in 1907 and

1908.
Area of | Gage | Dis-

Date. Hydrographer. Width. section. |height. |charge.

1907. Feet. Sq.ft. Feet. | Sec.-ft.
August 16, ... | .t 25 22 .ol 21

1908.
June25........ J.C.8tevens. . ... 28 63 1.88 200
September 14a_| L. R. Allen 28 35 0.89 24
November2... [ .... [ 25 32 0.98 33

a Measured by wading.

Darly gage height, in feet, of Atanum Creek at Narrows, near Tampico, Wash., for 1908.
[F. H. Alm, observer.]

Day.|June.|July.| Aug. | Sept.| Oct. | Nov.| Dec. || Day. | June.|July. | Aug. | Sept.| Oct.| Nov. | Dec.
| SR R 1.8110.9870.90 |...... 1.00 [ 1.00 |} 16.... 0.95| 0.97
2. et 1.80 | .98 | .90 0.8 .98 L98 1117 ... .95 .85
[ T 1.82 | .97 90 | .88 | .98 | 1.00]| 18 .98 .80
L T TR P .96 90 | .88 1 .97 | 1.00 ({19 1.00 .85
[ S . 1.75 | .95 90 8 | .97 1.00 (|20 1.08 90
8. ... 1.681 .93 90 | .85 96 o8 ftal....f......l 129} .90 |......0 .90 {.....4......
i R B 1.68 | .92 9 [ .83 95 | 1.00 | 22 1.07 .95
b U R 1.62 | .90 | .90 | .83 95| 1.00}| 23 1.03 .96
| S 1.60 | .90 |...... .82 95 | 1.00 24 1.00 .97
100........n 1.59 90 | .90 82 95 98 |1 25 1.00 |......
| 5 R . .57 .88 90 | .82 95| 1.00 || 26... .95 | 1.05
12, ..., 1.55 1 .90 |...... .82 94 | 1,00 27... 1.00 | 1.00
13... . 1.56 | .92 90 | .82 94 | 1.00 || 28... 1.00 .97
4., 1.55| .92 .89 | .82 93| 1.00 | 29. .. 1.00 .95
15,0000 .unn 1.55 92| .89 | .88 92 .98 3(11. . 1.00 .95

3l |l 100 .90 ... L02 ..., .95

Rating table for Atanum Creek at Narrows, near Tampico, Wash., for 1908.

Gage Dis- Gage Dis-
height. | charge. || height.| charge.

Feet. Sec.-ft. Feet. Sec.-ft.
0.80 17 1.50 112

.90 25 1.60 134
1.00 35 1.70 157
1.10 46 1.80 181
1.20 59 1.90 206
1.30 74 2.00 232
1.40 92

NotE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on three
discharge measurements made during 1908 and is not well defined.
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Monthly discharge of Atanum Creek at Narrows, near Tampico, Wash., for 1908.

[Drainage area, 116 square miles.]

Discharge in second-feet. Run-off.
Month. . Depth in oty
. N er square | inches on Total in °
Maximum. | Minimum. | Mean. mile. drainage | acre-feet.
! area.
. - - |
June 25-30................ 214 176 192 1.66 0.37 2,280 | B
July ... . 186 35 105 .905 1.04 6,460 | B
August........... o 33 23 26.6 .229 .26 1,640 | B
September. . . 25 24 24.4 .210 23 1,450 | B
October. . 37 19 23.8 .205 24 1,460 | B
November.. 44 27 33.2 .286 .32 1,980 | B
December. .. ... 40 17 31.8 .274 .32 1,960 | B
Theperiod ... ......|-..........|-oeo .. ’ .......... \ ........................ 17,200

ATANUM CREEKX NEAR YAKIMA, WASH.

This station was established May 11, 1904, and was discontinued
December 30 of the same year because of poor gaging conditions.
Observations were again resumed August 27, 1907, at the same point.
The present gage is located just above the Northern Pacific Railway
bridge, and the measurements are made from the bridge during high
water and by wading at low water.

The data obtained at this point are valuable in connection with a
general study of the reclamation of the Yakima Valley now in progress
by the United States Reclamation Service. The creek forms the
northern boundary of the Yakima Indian reservation, and the waters
are extensively used for the irrigation of Indian lands on the south
side and for lands belonging to the white settlers on the north.
Throughout the lower portions of the stream there is a considerable
quantity of return water from irrigation which is measured at this
station.

The station does not furnish favorable conditions, and the gage
readings are not very good. The water at the gage is considerably
disturbed by riffles. No ice forms to interfere with the determination
of discharges.

Discharge measurements of Atanum Creek near Yakima, Wash., in 1907 and 1908.

Areaof | Gage Dis-

Date. Hydrographer. Width. section. | height. | charge.

1907. Sq. ft Feet. | Sec.-ft
June 3.__.. { H. D. McGlashan 83 5.70
August6.... .. ... Lo R 14 3.40 14
August24...... b do. .o, .. . 14 3.38 14
September 26a_| J. C. Stevens 23 3.51 17

1908.
April 15 ... .. H.D.McGlashan............oooiiiiiiiiiiiinan. 17 33 4.50 102
June 17......... J. C. Stevens . 35.5 57 5.54 279
September 16a_) L. R. Allen... ... ..o o il 18 11.6 3.34 10.4

¢ Measured by wading.
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[Hugﬂ Kennedy, observer. |

SURFACE WATER SUPPLY, 1907-8.

Daily gage height, in feet, of Atanum Creek near Yakima, Wash., for 1907 and 1908.
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Note.—The above table is not applicable for ice or obstructed-channel conditions.
discharge measurements made during 1904-1908, and is fairly well defined above gage height 3.3 feet; below

this it is only approximate.



YAKIMA RIVER DRAINAGE BASIN. 189

Monthly discharge of Atanum Creek near Yakima, Wash., for 1907 and 1908.

[Drainage area, 212 square miles.]

[
Discharge in second-feet. Run-off.
Month. b Depth in Total ‘:’a%iu'
P er square | inches on otal in :
Maximum. | Minimum. Mean. mile. drainage | acre-feet.
\ area.
1907. ! I
August 27-31............. | 10.3 10.3 ! 10.3 0.049 0.01 12| B
September . 15 10.3 12.9 .061 .07 768 | B
October . 13 13 13.0 .061 07 799 | B
November 22 15 16.7 .079 09 9941 B
December. . .............. 38 22 30.8 145 17 1,80 B
The period . . ... .. e | 4,550
1908. .
January . ................. ! 46 32 38.8 183 .21 2,390 | B
February........... Lol 74 27 37.3 .176 .19 2,150 | B
March. .. ............ L 419 55 189 .892 1.03 11,600 | B
April ... R 176 98 136 .642 .72 8,090 B
May.. 176 98 146 .689 79 8,980 | B
June. 419 110 261 1.23 1.37 15,500 | B
July.... . 118 4.2 26.5 125 14 1,630 | D
The period. . ....... ..ooooeeeesoeeee ‘ .......... ] ........................ 50,300

SOUTH FORK OF ATANUM CREEK NEAR TAMPICO, WASH.

This station, which was established August 27, 1907, is located at
Shanafelt’s ranch, 2 miles above Tampico and 24 miles above the
junction with the North Fork. It is above all important diversions,
but two or three small ditches divert water for individual tracts of
land above the station.

The data obtained at this station are of value in connection with
the use of the waters of the stream for irrigation by both Indian and
white settlers. This portion of the river forms the northern boun-
dary of the Yakima Indian Reservation.

It was impossible to find a favorable section for the accurate
determination of the discharge. The banks of the stream are very
thickly covered with willows and the channel is not permanent.
The measurements are made by wading at any suitable point that
can be found, or from a private bridge one-fourth mile below
the gage when the river is high. There is a small by-channel whose
waters do not pass the gage but are measured at the bridge. The
discharge at the higher stages has been estimated by extending
the discharge curve.
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Discharge measurements of South Fork of Atanum Creek near Tampico, Wash.,in 1907 and

1908.
Date. Hydrographer. Width. gté%iaog{ h(giz%et. c]gi'sg;e.
1907. Sg. ft. Feet. | Sec.-ft.
August27e_. .. ! 9 1. 16
12 1.97 51
12 1.90 43
September 15. . 3.6 1.15 7.6
November 3.... ‘ 4 1.17 8.7

a Measured by wading.

Daily gage height, in feet, of South Fork of Atanum Creek near Tampico, Wash., for 1908.

[E. A. Shannafelt, observer.]

Jan.

Mar. | Apr. | May. | June. | July. | Aug. | Sept. ! Oct. | Nov. | Dec.
+

1.35 1.2 1,15 1.1 1.2

1.35| 1.25| 115| 1.1 1.2

1.35 ] 1.25 1.15 | 1.1 1.15

1.3 1.25 .15 1.12 1.2

7 13 1.25| 115 1.1 1.25

1.6 1.3 1.25 1.15 | 1.1 1.25

1.6 1.3 125 115 1.1 1.25

1.6 1.3 1.25 | L15] 1.1 1.25

1.7 1.3 1.25 .15 1.1 1.2

1.6 13 1.25 115} L1 1.2

....... 1.6 1.3 1.2 .16 | 1.1 1.2
2.65 1.6 1.3 1.2 1.15 1.1 1.15
2.6 1.6 1.25 1.2 1.15 1.1 1.15
2.5 1.7 1.25 1.2 1.2 1.1 1.15
2,45 1.7 1.2 .15 1.2 1.1 1.0
2.45 1.7 1.2 115 115 1.1 1.2
2.35 1.7 1.2 1.15 1.15 1.1 1.2
2.3 1.6 1.25 1.15 1.15 1.15 1.2
2.3 1.6 1.25 1.15| 115} 115 | 125
2.15 1.5 1.25 1.15 1.15 1.2 1.25

2.15 1.5 1.25 1.156 1.15 1.25 | 1.

2.1 L5 1.25 1.15 1.15 1.3 1.25
1.95| 1.5 1.2 1.15 1.1 1.3 1.2
1.9 15 1.2 1.15 1.1 1.3 1.25
1.9 1.45 1.2 1.15 1.1 1.25 1.25
1.9 1.45 1.25 1.15 1.15 1.25 1.25
1.8, 1.4 1.25 1.15 1.1 1.25 1.25
1.851 1.4 1.2 1.15| 11 1.25 | 1.25
1.8 14 1.2 1.15 1.1 1.25 1.25
1.7 1.35 1.2 1.15 1.1 1.25 1.25
....... 1.35 1.2 ... L1 ... L25

NotE.—The following gage heights were observed during 1907: September 7, 16, and 29, 1.3 feet; Sep-

tember 14, 1.4 feet.

Rating table for South Fork of Atanum Creek near Tampico, Wash., for 1908.

Gage Dis- Gage Dis- Gage | ~ Dis- Gage Dis-

height. | charge. || height.| charge. f height.| charge. | height.! charge.
Feet. | Sec.t. Feet. | Sec.ft. Feet. | Sec.-ft. Feet. | Sec.-ft.
1.00 4 1.50 22 2.00 52 2. 50 101
1.10 6 1.60 27 2.10 60 2.60 113
1.20 9 1.70 32 2.20 68 2.70 126
1.30 13 1.80 38 2.30 78

’ 1.40 17 1.90 45 2.40 89 :

NoTE.—The above table is not applicable for ice or obstructed-channel conditions.

It is based on four

discharge measurements made during 1908 and is well defined between gage heights 1.1 feet and 2.0 feet.
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Monthly discharge of South Fork of Atanum Creek near Tampico, Wash., for 1905.

{Drainage area, 28 square miles.]

Discharge in second-leet. Run-off.
Month. Depth in e
Per square | incheson { Total in .
Maximum. | Minimum. | Mean. mile. drainage | acre-feet.
area.
22 17 18.7 0. 668 0.77 1,150 | B.
22 17 17.9 . 639 .43 639 | B.
73 45 57.3 2.05 2.36 3,520 | B.
120 32 75.1 2.68 2.99 4,470 | B.
32 15 25.6 .914 1.05 1,570 | B.
15 9 11.3 . 404 .47 695 | B.
11 8 9.07 .324 .36 540 | B.
October. ... 9 6 7.55 .270 .31 464 | B.
November. . 13 6 8.13 .290 .32 484 | B.
December. . 11 4 9.74 . 348 .40 599 | B.
The period.. ...... R ST R PP PP 14,100

TOPPENISH CREEK NEAR TOPPENISH, WASH.

Toppenish Creek, which drains the northern part of the Yakima
Indian Reservation, enters Yakima River from the west about 25
miles below the mouth of Atanum Creek.

This station, which was established October 31, 1909, to aid the
United States Reclamation Service in its general study of the water
supply available for the development of the Wapato project, is located
at Prahl’s ranch, 4 miles south and 4 miles west of Toppenish. After
leaving the hills this river spreads into innumerable sloughs, which
traverse the plains, and it is almost impossible to find a point where
all the flow can be measured.

The conditions at this station, although not favorable for refined
results, are such that the entire flow is measured except during ex-
treme high water, when a slough one-half mile south of the station
will probably carry some water. The station was abandoned March 3,
1909, in favor of a point just below the mouth of Simcoe Creek.

Discharge measurements of Toppenish Creek near Toppenish, Wash., in 1908.

s Areaof | Gage Dis-
Date. Hydrographer. Width. section. | height. | charge.
Feet. Sq. ft. Feet. | Sec.Ht.
October 31..... 20 59 2.01 65
November 19... 20 63 2.22 69

Daily gage hetght, in feet, of Toppenish Creek, Toppenish, Wash., for 1908.
[J. C. Prahl, observer.]

Day. Nov.| Dec. Day. Nov. | Dec. ! Day. Nov.| Dec Day. Nov. | Dec
2.4 2.1 1.4 25 i 3.0
2.4 2.2 1.3 || 26.. 3.3
2.4 225 12 i27.. 3.3
2.5 2.3 1.2 | 28.. 2.9
2.3 . 2.3 115 29.. 2.5
2.1 1235 1.15 || 30. 2.25
2.0 2.4 1.3 || 3l......... 2.2
1.4 2.35| 2.0
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SATUS CREEK NEAR TOPPENISH, WASH.

Satus Creek, which drains the southern part of the Yakima Indian
Reservation, unites with Yakima River about 8 miles below the
mouth of Toppenish Creek.

This station was established November 8, 1908, to obtain data for
use by the United States Reclamation Service in connection with
the development of the Wapato project, for which a knowledge of
all streams draining the Yakima Reservation is of great importance.
The station is located 4 miles west and 10 miles south of Toppenish,
a short distance above the mouth of Dry Creek.

In general, conditions on this stream are not favorable for good
results, but the station is located a short distance above a riffle con-
trol, where a stable relation between the gage heights and the flow
can probably be determined. It is isolated, however, and very diffi-
cult to obtain continuous observations of gage heights, only weekly
readings being possible at present.

Discharge measurements of Satus Creek near Toppenish, Wash., in 1908.

Areaof | Gage Dis-
Date. Hydrographer. Width. section. |height. | charge.
Feet. Sq. ft. Feet. | Sec-ft.
November 8....| L. R. Allen.. ... 48 39 0.87 30
November 19...{..... A0 i 52 42 .93 34

The following gage heights were observed during 1908: November 6, 0.85 foot; November 15, 0.90 foot;
November 22, 1.00 foot; November 29, 0.90 foot; December 6, 0.90 foot; December 13, 0.90 foot; December
20, 1.00 foot; December 27, 1.00 foot.

CANALS IN YAKIMA VALLEY.
NEW RESERVATION CANAL NEAR YAKIMA, WASH.

The New Reservation canal diverts water from the right bank of
the Yakima River 6 miles below North Yakima and just below
Union Gap.

The gaging station, which was established May 9, 1904, is located
at a highway bridge 1,000 feet below the head-gate and above all
diversions from the canal. The canal carries a small amount of
water during the winter months for domestic uses, but the station
records are of value only in connection with irrigation.

At present the canal is owned and operated by the United States
Indian Service. The Wapato project of the United States Reclama-
tion Service, by which the lands on the Yakima Indian Reservation
will be irrigated, involves as one of its features the enlargement and
extension of this canal.
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The conditions at the station are not favorable for good results.
The velocity of the water in the canal is slow, and on this account
water grass grows profusely in the bed and on the banks of the canal,
creating back-water conditions at the gage as the season advances.
Several attempts have been made to get rid of this growth, as it
interferes with the operation of the canal, but the attempts have
been only partially successful. Discharges, therefore, must be ob-
tained by the indirect method, which will give reasonably accurate
results if a sufficient number of measurements are available.

The discharge at this station for 1908 has been added to that of
the Old Reservation canal, the Sunnyside canal, and Yakima River
at Wapato, to give the discharge of Yakima River at Union Gap,
near Yakima.

Discharge measurements of New Reservation canal near Yakima, Wash., in 1905, 1906,
1907, and 1908.

. Area of | Gage Dis-
Date. Hydrographer. Width. section. |height. | charge.
Feet. Sq. ft. Feet. | Sec.Ht.
W. C. Muldrow 60 1. 50 108
.do. 112 2.58 140
Septembe P R 1.97 62
September 27 .. .do. 79 1.83 55
October 24 ..do. 50 1.04 41
1906.
March 22....... J. C.Stevens. . vt 38 21 a. 60 23
June 29........I W.C. Muldrow.. | 40 149 3.55 255
August 3. N . do........... 40 149 3.60 145
August 7..... ... do......... 40 121 3.00 86
September 19 ..|..... Ao, 40 11 2.60 95
November 5....| Muldrow and MecGlashan 40 53 1.29 53
1907.
36 23 .56 16
40 88 2.14 162
40 124 3.00 272
40 153 3.65 163
40 144 3.47 113
40 55 1.29 61
40 104 2.50 214
40 133 3.14 306
39 128 3.13 230
38.5 145 3.58 310
38.5 108 2.64 160
38.5 141 3.52 230
38.5 143 3.60 215
August 22. .. 38 148 3.82 215
September 16 .. 38 134 3.41 168
September 26 .. 37.5 88 2.20 88
October 29..._. 38 46.5) 1.09 34

a Gage height uncertain.

11947—10——13
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[W. H. Hall and P. Benson, observers.]

Daily gage height, in feet, of New Reservation canal near Yakima, Wash., for 1907 and 1908.
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Daily discharge, in second-feet, of New Reservation canal near Yakima, Wash., for 1905,

1906, 1907, and 1908.

Day. June, | July. | Aug. Sept. Day. June, | July. | Aug. | Sept.

148 134 ........

145 138 ...,

142 142 . ...

142 166 |........

138 142 ... .

138 134 |........

131 131 ........

131 131 ...

134 L) O PO,

134 131 |

134 87 |........

138 87 |........

142 T2 ...

142 68 ...,

134 60 .. ...

134 65 1. ......

June.[Aug. Sept. | Oct. Day. April.| May. | June.; Aug. |Sept. | Oct.

201 | 152 50 | 111 208 | 194 60 87 117

201 | 152 50 | 111 194 | 187 |- 60 87 117

208 | 145 55 | 111 194 | 187 96 93 124

208 | 138 55 | 111 187 | 187 50 93 50

215 | 131 55 | 117 187 0 50 99 50

0 131 60} 117 194 0 50 99 50

201 81 60 | 117 201 | 187 45 | 105 50

0 81 65 | 117 208 | 208 45 | 105 50

194 33 65 117 215 | 201 45 | 105 50

194 30 70 | 117 215 | 215 45 | 105 50

0 27 70| 117 222 1 229 45 | 105 50

187 27 75| 117 215 | 252 45 | 111 50

180 27 751 117 201 | 252 45| 111 50

180 65 811 117 201} 260 45| 111 50

194 60 81| 117 201 | 260 45 111 50

201 |...... 50 |...... 50
‘ |

June. | July Aug. May. | June. | July. | Aug.

|

173 268 260 219 268 276
187 268 260 215 248 264
194 268 252 215 248 264
208 268 252 212 244 260
208 276 252 208 244 260
215 276 252 198 252 204
222 284 268 198 236 264
229 284 268 201 256 260
236 276 284 194 252 260
244 276 280 198 260 260
244 276 216 |........ 252 268
236 276 284 |._...... 252 276
240 284 284 ... 236 276
229 284 284 (... 236 268
246 284 288 |........ gg% 260
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Daily discharge, tn second-feet, of New Reservation canal mear Yakima, Wash., for 1905,
1906, 1907, and 1908—Continued.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
306 289 339 209 166 108 39 18
304 287 338 205 176 141 35 18
297 286 324 222 178 142 35 18
289 286 308 218 180 142 31 18
287 285 308 240 180 138 31 18
286 283 307 236 169 138 31 18
327 317 300 224 156 138 31 18
325 352 297 222 153 139 31 18
324 239 293 218 146 136 28 18
317 238 321 224 144 133 28 18
310 238 313 222 144 133 28 18
308 236 311 218 146 128 28 18
307 235 318 215 147 128 24 39
300 234 317 213 150 123 24 39
292 234 345 209 166 102 24 39
290 232 167 . 198 172 150 24 39
289 244 167 196 153 89 24 44
289 243 166 192 159 89 24 39
287 243 166 196 166 89 24 31
286 228 165 192 171 85 24 31
286 227 164 215 172 85 24 28
271 226 201 205 179 81 24 28
269 212 200 197 186 81 21 24
283 212 251 183 186 81 21 24
296 209 248 169 83 77 21 18
296 275 245 167 85 74 21 18
294 275 257 167 88 74 21 18
202 273 221 164 102 82 21 18
290 272 244 164 105 83 21 18
290 271 235 - 164 107 39 21 18
289 | .. ..... 218 ¢ 166 {........ 39 ..., 18

Note.—These discharges were obtained by the indirect method for shifting channels.

Monthly discharge of New Reservation canal near Yakima, Wash., for 1905, 1906, 1907,

and 1908.
Di i d-feet.
ischarge in second-feet, Total .
Month. run-off in racy.

Maximum, | Minimum. | Mean. | 3cre-feet.
5,810 | B.
8,420 | B.
7,990 | C.

22, 200
2,450 | C.
11,800 | B.
10,300 | B.

2 g P (A

AUGUSE - oot ! 152 27 67.8 4,170 | B.
September. 1 111 50 83.1 4,940 | B.
October. .. . 124 50 88.4 5,440 | B.

The period. . . ... .. it 39,100

1907.

My it e e, 268 173 235 14,400 | B.
June. 284 260 2711 16,100 | B-
July...... 288 229 256 15,700 | B.
August 1-10 219 194 206 14,100 | B.

The period....... Y R EESRRRRTREEE Teeenennnns 50, 300
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Monithly discharge of New Reservation canal near Yakima, Wash., for 1905, 1906, 1907,
and 1908—Continued.

Discharge in second-feet.
Month. run-off in
Maximum. | Minimum,. | Mean.

Accu-
racy.

April 15-30 7,870 | B.

AY .o canne . 18,200 | B.
June. 15,200 | B.
July...... 16,000 | B.
August 12,400 | B.
September 9,040 | B.
October 6,460 | B.
November 1,550 | B.
December 1,480 | B.

The period 88,200

OLD RESERVATION CANAL NEAR WAPATO, WASH.

This canal was constructed and is operated by the United States
Indian Service for the benefit of Indian lands on the Yakima Reser-
vation.

A station was first established June 7, 1904, at the Northern
Pacific Railway bridge about 1 mile below the head gate. There is
a slough carrying considerable water that is taken into this canal at
a point 280 feet below the head gate. It is carried to a point about
1,000 feet farther down the canal and there returned to the slough,
which continues parallel to the river and forms both a waste way for
the canal and a channel from which diversions are made for irriga-
tion. On June 23, 1908, a new station was established 300 feet below
the head gate of the canal and below the point where the waters
from the slough are received, and just above the first diversion. The
records at this point are not comparable with those formerly obtained
at the railroad bridge, but they represent the amount of water taken
from the Yakima River. The discharges at the railroad bridge have
been used to estimate the diversions from the Yakima River for
May, June, November, and December, 1908, as the records at the
intake do not cover these results.

Little choice was offered in the selection of the station, as the range
where all the inflow could be measured above all diversions was only
about 50 feet in length. The velocity at this point is sufficiently
swift to prevent the growth of weeds, but it also has the effect of
changing the channel when a large head is diverted into the canal.
For the purposes for which the station was established the data are
sufficiently accurate.

The data are valuable in connection with irrigation and also have
an important bearing on the general hydrographic studies of the
Yakima River system. The discharge at this station during 1908
has been added to that of Sunnyside canal, the New Reservation
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canal, and Yakima River at Wapato, to obtain the discharge of
Yakima River at Union Gap.

Discharge measurements of Old Reservation canal near Wapato, Wash., in 1907.

: Areaof | Gage | Dis-
Date. Hydrographer. Width. | section. | height. |charge.
f
Feet. Sq.ft. Feet. | Sec.-ft.
March 26.......0 H. D. MeGlashan............oooiiiiiiiiiiiiii o] ienesa oo, If 0.50 | 0.8
April 29 . do. . . 14 41 3.20 187
June4.... R T o P . 14 41 3.15 197
August6 ... oo - 14 27 2.20 85
August24_ ... . . .do..... il . 14 30 2.45, 118
October18.....\.....do ... . i 14 25 1.99 i 82
¢ Estimated.
Daily gage height, in feet, of Old Reservation canal near Wapato, Wash., for 1907.
[Jacob Kaler, observer.]
!
Day. May. | June, | July. | Aug. Sept. Day. May. | June. | July. | Aug. | Sept.
........ 17000 4.
2.4 18....... 4.
204 0190l
2.4120....... 4.
3.8 2.4 2.4 || 28....... 4.
4.0 [....o... 3.7, 2.4 2.3 22....... 4.0 ........ 3.3 2.0 |........
4.0 ool 2.4 2.3 | 28....... 4.0 ... ... 3.3 2.0 ........
4.0 |........ 3.0 2.3 Jooaio... 24....... 4.0 3.9 3.3 2.0 [..oool..
3.9 |........ 3.6 |acenannn 2.3 25....... 3.9 3.9 b 1 2 (RN P,
3.9 ..., 3.4 2.9 2.3 26....... 3.9 3.9 3.2 2.0 |..ooooll
..., 3.9 [........ 3.4 |eeean.. 2.3 27....... 3.9 3.9 ........ 2.0 [o.......
3.4 2.8 2.3 28....... 3.9 3.9 2.2 2.0 ...
3.4 2,6 2.3 29....... 3.9 3.9 2.2 2.0 )........
........ 2.6 2.41130....... 3.9 ... 2.2 2.3 ...
3.3 2.3 2.4 |1 31....... 3.9 |........ t 2.2 e
3.3 2.2 [coiaoe. ]
I

NoTeE.—The water was turned in April 4. The patrol of the canal was discontinued September 15.

Daily gage height, in feet, of Old Reservation canal near Wapato, Wash., for 1908.

[P. Benson, observer.]

Day. Apr. | May. | June. | July. | Aug. | Sept. Oct. | Nov. | Dec.
3.7 3.3 3.7 2.7 2.75 1.8 1.6 1.3
3.7 3.3 3.7 2.7 2.7 1.8 1.6 1.3
3.7 3.3 3.6 2.7 2.7 1.8 1.6 1.3
3.7 3.3 3.6 2.8 2.7 1.8 1.6 1.3
3.7 3.5 3.6 2.8 2.7 1.8 1.6 1.3
3.7 3.5 3.54 2.8 2.55 1.8 1.6 1.3
3.7 3.5 3.5 2.8 2.55 1.8 1.6 1.3
3.7 3.8 3.8 2.9 2.5 1.8 1.6 1.3
3.7 3.8 3.8 2.9 2.4 1.8 1.4 1.3
3.7 3.0 3.8 2. 80 2.3 1.75 1.4 1.3
3.7 3.0 3.8 2.85 2.3 1.75 1.4 1.3
3.7 3.0 3.8 2.8 2.3 1.75 1.4 1.3
3.7 3.0 3.8 2.8 2.3 1.75 1.4 1.3
3.7 3.0 3.6 2.8 2.3 1.75 1.4 1.3
3.7 3.0 3.8 2.76 2.4 1.75 1.4 1.3
3.5 3.7 2.9 2.9 2.7 2.5 1.75 1.4 1.3
3.5 3.7 2.9 2.85 2.7 2.6 1.75 1.4 1.3
3.5 3.7 2.8 2.8 2.6 2.2 1.75 1.4 1.3
4.0 3.7 3.0 2.8 2.5 2.2 1.75 1.4 1.3
3.7 3.6 3.0 2,78 2.5 2.2 L7 1.4 1.3
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Daily gage height, in feet, of Old Reservation canal near Wapato, Wash., for 1908—Con.

Day. Apr. | May. | June. | July. | Aug. | Sept Oct. | Nov. | Dec.
3.6 3.6 3.0 2.78 2.7 2.2 1.7 1.4 1.0
3.5 3.4 3.0 2.75 2.65 2.15 1.7 1.4 1.0
3.5 3.4 3.1 2.7 2.65 2.1 1.7 1.35 L0
3.5 3.4 3.1 2.65 2. 54 2.1 1.7 1.3 1.0
3.5 3.3 3.1 2.6 2.5 2.1 1.65 1.3 .9
3.5 3.3 3.6 2.55 2.5 2.1 1.6 1.3 .9
3.5 3.3 3.6 2.5 2.5 2.1 1.6 1.3 .9
3.6 3.3 3.5 2.5 2.6 2.0 1.6 1.3 .9
3.6 33 3.5 2.5 2.6 1.8 1.6 1.3 .9
3.6 3.3 3.5 2.45 2.6 1.8 1.6 1.3 .8
MU B % B R 24 | 28 ..., 16 .l .8

li

Rating table for Old Reservation canal near Wapato, Wash., for 1907 and 1908.

Gage Dis- ’ Gaie Dis- || Gage Dis- Gage Dis-
height. | charge. charge. | height. | charge. |height.| charge.
Feet. Sec.-t. J Feet. Sec.-ft. J Feet. Sec.ft. | Feet. Sec.ft.
0.50 i 1.40 40 ‘ 2.30 105 || 3.20 200
.60 4l 150 46 || 2.40 14 | 3.30 214
.70 7 | 160 52 | 2.50 123 | 340 228
.80 it || 1.70 59 | 2.60 132 | 3.50 242
.90 15 || 180 66 | 2.70 142 | 3.60 258
1.00 20 | 1.9 73 || 280 153 | 370 274
1.10 25 || 2.00 80 || 2.90 164 | 3.80 290
1.20 30 || 2.10 88 || 3.00 175 | 3.90 307
1.30 3% | 2.20 9 | 3.10 187 | 4.00 324
!

Note.—The above table is not applicable for ice or obstructed-channel conditions. It is based on 6 dis-
charge measurements made during 1907, and is fairly well defined.

Monthly discharge of Old Reservation canal near Wapato, Wash., for 1907 and 1908.

Discharge in second-feet.
Total Accu-
Month. run-off in racy.

Maximum. | Minimum. | Mean. | 3cre-feet.
324 307 314 16,200 | B
307 194 247 14,700 | B
307 96 217 13,300 | B
164 80 105 6,460 | B.
114 105 109 3,240 | B

?

........................ Lo 53,900
324 242 253 8,030 | B
BY e .. 274 214 255 15,700 | B
June. ..o . 290 153 207 12,300 | B
July. . . 290 114 204 12,500 | B
AUNSE. oo i e . 164 123 142 8,730 J B
September N .. 148 66 108 6,430 ' B
October. ... ...z, 66 52 60.5 3,720 | B
November. .. 52 35 42.0 2,500 | B
December...................... . 35 11 28.3 1,740 | B

Theperiod. .. ... ...coooiiii i " .......... 71,600
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Discharge measurements of Old Reservation canal at intake, near Wapato, Wash.,in 1908.

|
l Areaof Dis-
Date. . Hydrographer. Width.’ section. ‘heig t. ) charge.
Feet Sq. ft. [ Feet. ! Sec.-.

June23........ J. . SEOVEDS. o oo 18 76 3.09| 198
July 9.......... C. F. Gleason 19 8| 352 24
July 21......... d 17 58 ] 2.02| 135
August 7....... 17 60 217 147
August 15 ... 17 58 2,06 134
August22...... 17 56 \ 1981 137
September 16. . w 541 tse| 118
September 26. . 16.5 43 \ 1.21 82
October 29. .. .. 16 34 .60 45.3

Daily gage height, in feet, of Old Reservation canal at intake, near Wapato, Wash., for 1908.
[Thos. J. Lynch, observer.]

June.| July. Aug.‘Sept. Oct. | Nov. Day. !June. July.| Aug. Sept.\‘ QOct. | Nov.
| i

175 ‘ 2.15

Rating table for Old Reservation canal at intake near Wapato, Wash., for 1908

Gage Dis- Gage Dis- Gage Dis- | Gage Dis-
height.| charge. | height.{ charge. || height.| charge. | height.| charge.
Feet. Sec.-ft “ Feet. Sec.-ft Feet. Sec.-ft. Feet. Sec.-ft.
0.40 36 1.30 88 2.20 148 3.10 212
.50 41 1.40 94 2.30 155 3.20 220
.60 46 | 1.50 100 2.40 162 3.30 228
.70 52 1,60 106 2.50 169 3.40 |. 236
.80 58 ‘ 1.70 113 2.60 176 3.50 244
.90 64 1.80 120 2.70 183 3.60 252
1.00 70 (1 1.90 127 2.80 190
1.10 76 2.00 134 2.90 197
1.20 82 | 2.10 141 || 3.00 204
i

No7te.—The above table is not applicable for ice or obstructed channel conditions. It is based on 9 dis-
charge measurements made during 1908, and is well defined.

Monthly discharge of Old Reservation canal at intake, near Wapato, Wash., for 1908.

! . .
Disch second-feet.
' ischarge in d-feet Total oo -
Month. run-off in racy
Maximum. | Minimum. | Mean, | 2cre-feet.
June 23-30............cooal.... et ; 220 206 210 3,330 | A.
July... . 246 108 176 10,800 | A.
Angust.. 148 113 130 7,990 | A
September. R 144 36 9.5 5,920 | A.
October. . ... v i 70 44 54.5 3,350 | B.
The period. ... oo 31,400

Note.—The discharge at this station for July to October is about 90 per cent of that at the old station
just below. The discharge has therefore been estimated as 230 second-feet for May and 186 second-feet for
June. For November and December the discharge has been assumed to have been the same as at the old
station.
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SUNNYSIDE CANAL NEAR WAPATO, WASH.a

This station was established April 22, 1904, although records of
flow of the canal have been kept ever since it has been in operation.
It is located 500 feet below the intake, and above all deliveries. ~

The Sunnyside canal (Pl. VI) was purchased by the United States
Reclamation Service in July, 1906. It is at present somewhat over
60 miles in length and irrigates nearly 42,000 acres of land. There
are over 250 diversions from the main canal, one lateral—Snipes
Mountain—being nearly 15 miles in length. In its general direc-
" tiomr the canal parallels Yakima River, traversing the country at
richt angles to the drainage lines. The operation of this system
requires that hydrographic work of an exceptional degree of ac-
curacy be carried on. During the irrigating season the general
scheme of operation is effected by dividing the canal and the main
laterals into beats, varying from 3 to 8 miles in length, each in charge
of a patrolman. Gaging stations are maintained at the extremities
of the beats, where the daily flow is obtained. The amount diverted
from the main canal is also measured by means of weirs or special
measuring boxes. A complete discussion of the very interesting
data that have been obtained on this canal system is too lengthy
for inclusion in this report, and only the quantity of water diverted
from Yakima River as measured at the intake is presented in detail.
A summary of the results obtained at other points on the canal is
given and contains some very interesting data on evaporation and
seepage (see below)., Seepage investigations were made both on the
main canal and on certain laterals especially chosen for that purpose.

A new inclined gage wasinstalled April 6, 1907, but the gage heights
for this year refer to the old vertical staff gage used in 1906. On
July 31, 1907, a gaging bridge was erected 600 feet below the intake
of the canal. In the spring of 1908 a new gage was installed just
above this bridge and at a different datum. Measurements and gage
heights for 1908 are referred to this gage.

Mean discharge of Sunnyside canal at various points and the mean losses therefrom during
the five months May to September, 1908.

I
! Loss.
. In- Out- | Differ- | Diver- |
Beat. L flow. | flow. | ence. | sions. Per | Sec-tt.
Sec.-It. | cent of PET BETQ
inflow. | %} 203
*| bed.
Sec.ft. | Sec.ft. | Sec.ft. | Sec-ft.
1] 0to8mile.....oooiaiiii it 612 563 15 34 5.6 0.79
2 | 8 to 17 mile.. - 563 516 47 66 b19 4.2 ...
3 | 17 to 25 mile. . 516 451 65 55 10 1.9 .25
4 | 25 to 30 mile. 451 296 155 134 21 4.7 .93
5 | 30 to 38 mile.... 296 231 65 49 16 5.4 .53
6 | 38 to 42 mile.... 231 197 34 28 6 2.6 .32
7 | 42 to 48 mile.... . R 197 93 104 82 22 11.2 1.19
8| 48to52mile..... . ... ... 93 44 49 48 1 1.1 1
9 (52tos6mile... .. ... e 44 7 37 28 9 20.9 1.38

a Formerly referred toas near Yakima,
bGain; due to unmeasured accretions to the flow from upland drainage and seepage from land above
the canal irrigated from another canal.
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Compearison of losses from main Sunnyside canal with those from certain smaller laterals
in the system.

Loss in
Seepage unit. s;gl?ggréegft Nature of soil.
canal bed.

Lateral 20,50 . o ..ot i 1.05 | Voleanic ash.
Lateral 22,62, main......._........... .78 | Sand.
Lateral 22.62, west branch .68 | Sandy ash.
Lateral 22.62, south branch .64 | Sandy loam,
Lateral 29.65. . ... ... il .63 | Sand and ash.
Lateral 42.62....... .84 | Sand.
Main canal, 0 to 8 mile. .79 | Voleanie ash.
Main canai, 25 to 30 mile .93 | Sand and ash.
Main canal, 30 to 38 mile .53 | Ash and loam.
Main canal, 42 to 48 mile 1.19 | Sand.
Main canal, 52 to 56 mile 1.38 | Porous lava soil.

Discharge measurements of Sunnyside canal near Wapato, Wash., in 1907 and 1908.

. . Area of | Gage Dis-

Date. Hydrographer. Width.| ceetion. height. | charge.

1907. Feet. Sgq. ft. Feet. | Sec.-ft.
April6......... I, D McGlashan .................................. 40 162 | a5.54 198
May 3.. 244 | a7.56 494
June 4. ... 249 4.53 538
August 16. 184 4.25 474
August 31. 199 4.60 489
Do..... 192 4.40 478
September 7. 174 4.00 430
September 16 217 5.00 578
..... 162 3.80 401
September 157 3. 60 371
October 4 148 3.40 326
D 140 3.20 303
131 3.00 282
122 2.80 257
113 2,60 215
105 2.40 190
97 2.20 157
89 2.00 139
57 1.18 80
77 1.62 121
91 2.10 172
148 3.40 380
202 4.58 601
208 4.68 599
213 4.71 603
212 4.70 601
194 4.67 585
July 30. d 49 213 4.70 605
September 7. 1. E. Oakes 46 213 4.80 605
September 16, ' L.R.Alen. . ... 46 212 4.80 597

NotE.—Measurements for 1908 refer to new gage located just above the gaging bridge.

a Referred to inclined gage.

Daily gage height, in feet, of Sunnyside canal near Wapato, Wash.,for 1906 and 1907.

[George Hans, observer.]

1906. 1907.
Day.

Oct.a | Apr. May. | June. | July, l Aug Sept. ‘ Oct.
3.8 2.1 4.25 4.5 4. 55 4.8 4.4 3.75
3.8 2.2 4.25 4.5 4.55 4.7 4.0 3.75
3.8 2.2 4.25 4.5 4.55 4.7 4.2 3.75
3.8 2.4 4.35 4.5 4. 55 4.7 4.2 3.75
3.8 2.4 4.35 45 4.55 4.65 4.1 3.75

a (tage heights for October, 1906, were omitted from the 1906 report.
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Continued.

YAKIMA RIVER DRAINAGE BASIN.
Daily gage height, in feet, of Sunnyside canal near Wapato, Wash., for 1906 and 1907—
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a Gage heights for 1908 refer to a new gage just above the gaging bridge.
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Rating tables for Sunnyside canal near Wapato, Wash.

1907.a

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height. | charge. | height.| charge. |[height.| charge. |/height.| charge,

Feet. | Sec.ft. Feet. | Sec.ft. Feet. | Sect Feet, | Sec.ft.
2.10 151 2.90 258 3.70 383 4.50 511
2.20 163 3.00 273 3.80 399 4,60 527
2.30 176 3.10 288 3.90 4156 4.70 543
2,40 189 3.20 303 4.00 431 4.80 559
2.50 202 3.30 319 4.10 47 4.90 575
2. 60 216 3.40 335 4.20 463
2.70 230 3.50 351 4,30 479
2. 80 244 3.60 367 4.40 495

1908.%
2.90 292 3.50 393 4.10 496 4.70 604
3.00 308 3.60 410 4.20 514 4,80 623
3.10 325 3.70 427 4.30 532 4,90 642
3.20 342 3.80 444 4.40 550 5.00 661
3.30 359 3.90 461 4.50 568
3.40 376 4,00 478 4.60 586

e This table is based on 16 discharge measurements made during 1907 and is well defined.
b This table is based on 12 discharge measurements made during 1908 and is well defined.

Monthly discharge of Sunnyside canal near Wapato, Wash., for 1906 to 1908.

1 Discharge in second-feet.

Total run-

Month. — off in acre ?a‘:}‘;l—
Maximum. | Minimum. | Mean. feet.
18,900 | B.
35,800 | B.
29,700 | B.
42,100 | B.
29,300 [ B.
24,600 | B.
23,700 | B.
204, 000
7. o ‘ 455 151 279 16,600 | A,
ay... 501 30,800 | A.
June. 490 29,200 | A.
July... 526 32,300 | A,
August.. 531 32,600 | A,
September 424 25,200 1 A.
October............coooiiiis 387 23,800 | A.
.......... 190, 000
503 24,900 | A,
600 36,900 | A.
604 ,900 | AL
607 37,300 | A.
645 39,700 | A.
619 36,800 | A.
500 30,700 | A.
75 4, D.
.......... 247, 000

e Discharges for October were omitted from 1906 report.

Nore.—Discharge for November, 1908, estimated. There may also have been a small amount of fiow
during December, 1908.
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KIONA CANAL NEAR KIONA, WASH.

This canal diverts water from the left bank of Yakima River, 5
miles upstream from Kiona, in sec. 10, T. 9 N., R. 20 E. Tt is oper-
ated by the Northern Pacific Irrigating Company. The first system-
atic measurements were made in 1904, the station being established
June 6. The records were interrupted during 1906-7 but were begun
again on May 7, 1908.

The principal value of the records is in making a study of the dis-
charge of Yakima River at Prosser. A station was established at
Prosser May 30, 1904, but on account of the impossibility of measur-
ing the discharge at low water the station was abandoned on Decem-
ber 12, 1906. The flow is under the artificial control of the power
plant and mills located here. The station on Kiona canal was there-
fore established with the intention of accounting for the inflow and
diversions between Prosser and Kiona, since at the latter point re-
liable discharge records of long standing are available. Thedata
herewith represents the amount diverted from Yakima River at this
point.

Discharge measurements of Kiona canal near Kiona, Wash., in 1908.

Dis-
charge.

Area of
section.

Gage

Date. ‘Hydrographer. Width. height

Feet. | Sq.feet. | Feet. | Secft.
5.9 12 2.05 33

May7.......... H.D.McGlashan............c..ooiiii i,
September 9....| L. R. Allen 6 14 2.26 26
September 10...|. ... dO. ... .. it 6 9.9 1.65 16

Daily gage heights at Kiona canal near Kiona, Wash., 1908.

[M. A. McBean, observer.]

! {
Day. May. June.J July. | Aug. |Sept.| Oct. Day. May, | June.|July. % Aug. ! Sept. | Oct.
i

2.30 1 2.10| 1.83 2.4311.902.16 | 2.13 | 1.40
2.20 | 2.10 | 1.80 2.4311.9 (210} 2.14 | 1.4
2.13 1195 1.8 2.41 [1.88(1.98 | 2.14 | 1.40
1.85 1 1.95| 1.79 2.38 [ 1.8811.90 | 2.01 1.40
2.00 | 1.95| 1.78 2,33 11.80 | 1.83 | 2.00 1.20
2.10 | 2.05 | 1.70 2.22 1.8 |1.75|1.95| 1.20
2.04 | 205 1.70 2,181 2.00 | .90} 1.93 | 1.20
2.23 | 205 ...... 2,13 12.00§210] 19| 120
2.23 1 2.05 2.08 1210 1 2.3311.90] 1.20
2.23 | 2.08 2.05 1 2.10 | 2.33 ; 1.80 | 1.20
2.20 | 2.08 2.0512.30 228 1.8 | 1.10
2,22 208 1.65 ([ 27..........12.10 |...... 2.30(2.20 1 1.80 | 1.10
2.22 12.08 2.04 | 2.30 (2.20 1.8 .80
2.21 | 2.10 2.05|2.30 | 2.20 { 1.80 .80
2.20 ) 2.13 2.02]2.30 220 1.8 .80

...... 2.30 | 2.20 ......] .80

I

beNgirE.—Water was turned out on days when gage was not read, and turned out for $he season on Octo-
r 31.

MISCELLANEOUS MEASUREMENTS.

The following miscellaneous measurements were made on streams
and canals in Yakima River drainage basin in 1907-8,
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Miscellaneous measurements in Yakima River basin, Washington, in 1907-8.

. Gage Dis-
Date. Stream. Tributary to— Locality. height. |charge.
Feet. | Sec.-ft.
May 28, 1907........] Yakima River.......| Columbia River.. Easugx, at abandoned 7.30 | 2,760
station.
September 11, 1908...... [6 1T do............ 33 miles below Prosser.| @3.56 | b741
Gibbon, 7 miles below a3, 58 683
Prosser.
Chandler, 64 miles a3, 64 656
above Kiona.
3 miles above Kiona.. a3.68 608
Hiéhway crossingnear|.......... c10
aston.
One-half mile above | d—5,00 404
mouth near Easton.
August 8,1907......[.....do... ... faodon ool d ................. 12
October 29, 1907 .-~ “do,..........|..Tildell Il del Il 2.5
May 28, 1907......0" Mouth near Easton. ... c5
June 16 1907....... Mouth, Galena........ 65
Do Camp Creek......... do 15
Boulder Creek <20
Paris Creek.. <20
Roslyn Creek.. 10
..... d [ 9.1
................... - 2
. Selah Creek......... Above Pleasant Val- 0
ley Irrigation Co.’s
dam, Selah.
)07 N P {6 U TR S do...eennn.nn 7 miles below dam in |.......... .3
canyon.
June 21, 19079...... Bumping River..... Naches River..... 3 miles below Bump- 3.75 840
ing Lake, near Nile.
August 29, 1907 g...|..... L6 L [ do............ do 73
August 30, 1907.....| American River.....| Bumping River... 62
August 31, 1907.....| Rattlesnake Creek. .| Naches River.....| Mouth near Nile. . <20
March 23, 1907. Oak Creek ./ Tieton River. ....| Mouth near Naches....|...... ... 28
May 6, 1907 oL ol do. . i—4.4 136
August 21,1907.....|....doeo ool do. i) cl. 5
April 20, 1908... ... Ao do.. . i—4.65 109
February 23, 1907. .| Tetherow Guleh ....|..... do............ Road crossing sec. 19, |.......... k10
T.14N.,,R. 17 E.
Do......o...... Schuler Guleh ......I... .. do............0..... 15 [ TN (R k7.3
Do.ceaiiainnan Road Gulch.........} Nortli Fork ofCo- | Blair’s homestead.....|.......... k7.2
wiche Creek.
February 24,1907..|.....do..............|..... o Y L& ) k30
Do.cvicennnenn North Fork of Co- |..... 6 - S Campbell ranch near 12,5 83
wiche Creek. Cowiche.
November 11,1907..]..... [< 1 R PR do............ Cowiche............... m,i—3, 12 .9
February 24, 1907 . .| South Fork of Co- | Naches River.....|. ... [ o B n3.5 288
wiche Creek.
November 11, 1907.|..... do..ooaii L do............f..... e 1+ S 0,i—3.03 2.6
August 26, 1907.....| Nasty Creek.........| Atanum Creek....| Mouth, Tampico...... (1) cl
May 1,1908........|..... do..........oo. ..., i T SR R AOn e (#) c5
June 3, 1907........ Wide Hollow Waste.| Yakima River.. Y%,klgla city mill, | p—2.45 71
akima.
August15,1907..... South Fork of Ata- | Atanum Creek ...| 4milesabove Tampico.| (g %) 16
num Creek. ) .
!
a At Kiona.
b Discharge affected by removal of flashboards at dam at Prosser.
¢ Estimated.

@ Below cut’on east face of large cottonwood on left bank of west channel, 15 feet below bridge.

e Below cross cut in 12-inch balsam on left bank, 40 feet below highway bndge

f Below top of hand rail downstream side of railroad bridge about 75 feet above mouth.

g At regular station established June 21, 1907, 3 miles below the outlet of Bumping Lake, to take the
place of former station at dam site. %age readmgs wereobtained. The reference is asplke in a yellow-
pine (llog overhanging the water on left ank, directly back of Tom Fife’s cabin; elevation 10 feet above
gage datum.

h Bi;low an 8-penny nail in stream face of 2-foot cottonwood on right bank, 150 feet above Bumping Trail
Cross:

i Lovgv water.

i Below top of cottonwood stump, right side, just above bridge.

k Snow water from hills.

4 Bfenfh mark is top of floor of footbridge. Mark is on downstream side 4 feet from right bank; elevation
6.78 fee

m Below 8-penny nail in alder stump, right bank, and 50 feet below highway crossing.

» Bench mark is spike in big cottonwood back of store.

o Below 8-penny nail in downstream pile of highway bridge abutment, right bank.

p Below top of first cross timber of flume of Yakima city mill.

4200 feet above intake of upper Conrad ditch and above all diversions.
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Miscellaneous measurements of canals in Yakima River drainage basin, Washington,

wn 1907-8.
Date. ( Canal. Diverts from— Locality. hgiag%%;. c}gisg;e.
‘ Feet. | Sec.-ft.
June 6, 1907......... Selah Moxes. ....... Yakima River....| Flume at Selah Gap....|........ 45
April 29, 1907 .. ... | Union Gap..........[..... A0 1,000 feet above high- |........ 5.7
way bridge, Yakima.
June 4,1907........ ..... [ TR DR i [+ TR BN, 6 ] PR 8.3
Sepwmber 12,1908.. Sunnyside.. . Pmsser, above spillway.! 0.10 4.8
May 6, 1907......... Selah Valley........| Naches River.....{.....do... .............. a—1. 40 77
Do Northwestern Light |..... do.....oeoo.. Naches, abovespillway. b—6. 50 109
and Power Co.
July 16, 1908........ ..... do e Naches.................0........ 115
April 18, 1908....... Yakima Valley or North Yakima......_.. 92 24
Congdon.

DOeraaiaann. Naches—( owiche. ... do.o..o.oooiill 2.31 27
June 6, 1907.. .. .... Parker.............. . PO U do. ...l 49
August 21,1907. ...  Power. ..ol 2,000 feet below intake, 3.29 218

North Yakima.
April 30,1907....... Power waste............. North Yakima......... c—5.70 77
Augustl 21,1907 ....| Old Union.......... ..... Gibson’s ranch, North 1.50 34
) Yakima.
August 22, 1907.....0. ... do.......ielal.. Above junction with [........ 10
power waste, North
Yakima.
April 30, 1907....... 0Old Union lateral e ...| North Yakima......... a—.30 6.6
June 6, 1907... ..| New Union. .. ...do. .| Naches avenue, North 2.53 45
Yakima.
August 22, 1907.._..[..... do...... ...do... N do. ...l 2.51 37
April 30, 1907.... Town... ...do... orth Yakima... .. 1.32 13
June 6, 1907.........1..... d I A0 1.30 12

2 Below top of center timber of bridge under floor, upstream side, at highway crossing one-fourth mile
below head-gate.

b Below top of center timber of bridge under floor, downstream side, three-fourths mile below head-gate.

¢ Below top of guard rail, right end gownstream side of bridge on Fourth street.

d Below bottom of bndge floor at highway crossing, opposite house of . Stewart, Fruitvale.

EVAPORATION STATION AT LAKE KACHESS, WASH.

This station was established December 17, 1905, for the purpose
of determining the evaporation from a water surface in this altitude.
The records obtained here will doubtless be applicable to the other
mountain lakes in this vicinity. The equipment consists of the
usual evaporation pan with a sharp steel point in the center of the
pan, the water surface being set at the level of the point at the time
of each observation. Prior to June 11 the pan was anchored to a
large rock in the middle of the lake about one-fourth mile above the
outlet. On the latter date it was moved to a point near the outlet,
where the water surface would not be subject to the wave action that
interfered with the records at its former location. There is little
difference in the atmospheric conditions at the two localities, and the
records should be comparable.
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Monthly precipitation and evaporation at Lake Kachess near Easton, Wash., for 1907

and 1908.
[H. G. Shandy, observer.]
Mean temperature—
Evapora- | Precipita-
Month. R ¢
tion. tion. Of water | Of water | Of atmos-
in pan. in lake. phere.
1907. Inches. Inches.

June 11-30. ... ... i 0.65 [...ooo..... 57° 55° 50°
July.... R 4.42 0.16 65 63 69
August. R 3.36 0.82 67 66 67
September 1.60 1.21 61 59 55
October. . ..o i 1.90 0.03 56 54 54

Theseason. .. ..........ocooiiiaiann. 11.93 2.22 e

1908.

April. o 0. 47 3.05 40 38 46
May.. .55 2.31 44 45 53
June 1.99 1.34 50 50 67
July.... 3.38 1.80 64 63 84
August... 3.92 .92 66 66 81
September.... 3.35 .46 61 61 75
October...._. 1.55 3.83 52 52 57
November.... . 1.08 3.11 48 48 45
December.......... et .84 8.65 40 40 34
The Period . . .. wnvvemeeeee. . 17.13 25.47 52 52 i 60

EVAPORATION STATION AT ZILLAH, WASH.

During the seasons of 1907 and 1908 an evaporation pan has been
maintained in the main Sunnyside canal at Zillah, Wash. This pan
is of the usual pattern, observations being taken at intervals of two

or three days and immediately after showers.

are believed to be as reliable as is possible with this method.

The data obtained

Monthly precipitation and evaporation at Zillah, Wash., for 1907 and 1908.

Mean temperature—

Evapora- | Precipita-
Month. ¢ -
tion. tion. Of water [ Of water
in pan. in canal.
1907 Inches. Inches.
July 2-31. il 3.48 0.00 70° 70°
AUgUSt. el 4,15 .05 66 64
September. ... ... 2.84 .04 64 64
OCLODET. - .o 1.8 .00 55 56
12.32 09 b,
1.22 .00 50 47
3.41 .63 55 51
4.68 .10 61 57
4.53 1.19 69 66
4.91 .04 66 65
2.02 .02 64 62
20,77 1.98 61 58
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SNAKE RIVER DRAINAGE BASIN.

DESCRIPTION.

Snake River, the largest tributary of the Columbia, rises among
the high peaks of the Rocky Mountains in Yellowstone National
Park, western Wyoming, and northeastern Idaho, heading in the
divide from which streams flow northward and eastward into the
Missouri and southward and westward to the Colorado and the lakes
of the Great Basin. From Shoshone, Lewis; and Hart lakes,in
Yellowstone National Park, the South Fork of the river flows south-
ward, broadening into Jackson Lake (4 miles wide and 18 miles long)
and passing through Jackson Valley (8 miles wide and 40 miles long),
beyond which, near the Idaho-Wyoming line, it enters a long canyon.
In the southern part of Fremont County, Idaho, it receives the
North Fork. Below the junction of the Forks, the Snake flows
westward across Idaho, to a point near Homedale, where it turns
abruptly northward, forming for about 170 miles the boundary
between Idaho and Oregon and for 30 miles more that between
Idaho and Washington. At Lewiston, it crosses into Washington,
flows northwest, west, and southwest, and joins the Columbia at
Pasco Junction.

Practically all the large and most important tributaries of Snake
River have their sources in the high mountains, which are heavily
timbered. The heaviest timbered areas are those at the head of the
South Fork in the Yellowstone Park region, the upper areas of the
Teton, Fall, and North Fork of Snake rivers in southeastern Idaho,
and those of upper Boise and Payette rivers in central Idaho.

Mean annual precipitation has a wide range throughout the Snake
River drainage area. In the higher altitudes the precipitation is
practically all in the form of snow, but the snowfall in the lower
valleys below American Falls, Idaho, is comparatively light. During
the past few years there has been considerable rainfall in this section
and dry farming has been practiced successfully. In the valleys in
the vicinity of Idaho Falls, Blackfoot, and St. Anthony, Idaho, the
temperature ranges from 100° in the summer to 35° below zero in
the winter; in the Twin Falls and Boise valleys the temperature
ranges from approximately 110° in the summer to zero in the winter.

The driest year ever known in this drainage basin occurred in 1905.
The wet years occurred in 1896, 1899, 1904, and 1907.

Snake River is noted for its many feasible storage sites, but only a
very few have been developed. About 300,000 acre-feet can be stored
at Jackson Lake by a temporary dam which has been installed by
the United States Reclamation Service. The largest site is at Swan
Valley on the South Fork of Snake, and the water available for

11947—10——14
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storage is approximately 4,000,000 acre-feet. Feasible reservoir
sites are also found on the North Fork of Snake, Fall, Teton, Boise,
and Payette rivers. Most of these sites will, no doubt, be used at
some future date by the United States Reclamation Service in con-
nection with the Minidoka, Dubois, and Payette-Boise irrigation
projects.

Although irrigation has reached a high stage of development in
the Snake River valley, approximately 6,000,000 acre-feet of water
annually run to waste. Eventually thousands of acres of arid land
will be irrigated by the storage of these flood waters.

The water-power possibilities are almost unlimited, but only a few
sites have been developed owing to the lack of market for power in
large quantities. Large power plants have been installed on Payette,
Boise, and Snake rivers at American Falls, Shoshone Falls, and at
the Minidoka dam, and many other smaller plants are also in use.

The upper drainage basin of the South Fork comprises the timbered,
mountainous country west and southwest of Yellowstone Lake.
The east side of its valley is bounded by the Wind River Range,
from the slopes of which it receives a large number of tributaries,
and the west side by the high Teton Mountains, from which most of
the drainage flows westward through Teton River into North Fork.

Below the junction of North and South forks the Snake receives
many tributaries, the most important of which are listed in the
following table:

Principal tributaries of Snake River.

From the left (going downstream). From the right (going downstream).

South Fork.
Willow Creek.
Blackfoot River.
Port Neuf River.
Raft River.

Goose Creek.

Rock Creek.
Salmon Falls River.
Bruneau River.
Owyhee River.
Malheur River.
Alder Creek.
Powder River.
Imnaha River.
Grande Ronde River.

North (or Henry) Fork.
Teton River.

Malade (or Big Wood) River.
Boise River.

Payette River.

Weiser River.

Salmon River.

Clearwater River,

Palouse River.

The following gaging stations have been maintained in this river
basin (lists of stations on the other tributaries are given elsewhere):

South Fork of Snake River at Moran, Wyo. (1903-1908).
South Fork of Snake River near Lyon, Idaho (1903-1908).
North Fork of Snake River near Ora, Idaho (1902-1908).
Teton River near St. Anthony, Idaho (1903-1908).
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Fall River at Fremont, Idaho (1904-1908).

Blackfoot River near Rossfork, Idaho (1908).
Blackfoot River near Presto, Idaho (1903-1908).

Snake River at Neeley, Idaho (1906-1908).

Snake River near Minidoka, Idaho (1895-1908).

Big Wood River near Shoshone, Idaho (1905-1908).
Boise River at Highland, Idaho (1895-1908). Replaces the Boise station.
Payette River at Horse Shoe Bend, Idaho (1906-1908).
North Fork of Payette River at Lardo, Idaho (1908).
Succor Creek near Homedale, Idaho (1903-1908).

Big Lost River near Chilly, Idaho (1904-1908).

Big Lost River near Mackay, Idaho (1903-1906).
Payette River at Payette, Idaho (1895-1897).

Big Wood River near Gimlet, Idaho (1904-1905).

Big Wood River at Toponis, Idaho (1896-1899).

Big Wood River at Bliss, Idaho (1899).

Little Wood River at Toponis, Idaho (1896~1899).
Little Wood River near Carey, Idaho (1904-1905).
Bruneau River at Grandview, Idaho (1895-1903).
Boise River at Caldwell, Idaho (1895-1896).

Little Camas Creek at Little Camas Store, Idaho (1896).
Port Neuf River at Pocatello, Idaho (1896-1899).
Weiser River at Weiser, Idaho (1895-1904).

SNAKE RIVER.

SNAKE RIVER NEAR BLACKFOOT, IDAHO.

This station is located at a wagon bridge 3% miles north of Black-

foot,

Idaho. Measurements were made during 1908 from the up-

stream side of the bridge. Measurements made during August, 1908,

were

affected by backwater and the gage readings bear no direct

relation to the discharge, as during the period of these measurements
a temporary diversion dam was being built across the river about 100
ya