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PREFACE.

By Avrrep H. Brooks.

The following report presents the results of six years of observa-
tions on water supply of the Yukon-Tanana region. - Unfortunately
the records are very unequally distributed, both geographically and
as to length of observations. Records of run-off have been obtained
for six years at Fairbanks, for five years in the Birch Creek district,
for three years in the Fortymile district, and for shorter periods in
other districts. Moreover, although this report throws light on the
water supply of the entire Yukon-Tanana region, yet large areas in
this region have not-been visited by the engineers who have carried
on this investigation. It is believed, however, that the data pre-
sented make it possible to estimate the run-off of streams which
have not been gaged and will serve as a valuable guide to the
hydraulic engineer who is seeking a supply of water. It need hardly
be added that such use of the report will not take the place of the
careful measurement of water supply that must precede any exten-
sive installations. Such use, however, should make this report of
great value to the placer-mining industry of the region.

Mr. Ellsworth and his associates deserve great credit for the results
here achieved. Much of the work was carried on under great diffi-
culties because of the unsettled condition of the region. The engi-
neers have for the most part worked alone. Their investigations
outside of the established mining camps have involved journeys
which have put their physical endurance to severe tests and have
involved considerable hardship.

In view of the demands for surveys in other parts of Alaska it is
necessary for the present to discontinue stream gaging in the Yukon-
Tanana region. For this reason this summary report has been pre-
pared in the hope that it will meet the more pressing demands for
information about the water supply. It is hoped that before long
money will be available to resume the work in some parts, at least,
of theYukon-Tanana regiem, for it is believed that at least 10 years’
observations should be m in every district where extensive use
of water supply is likely to bd dwde.

- 9



SURFACE WATER SUPPLY OF THE YUKON-TANANA
REGION, ALASKA, 1907 TO 1912.

By C. E. ELLswortH and R. W. DAVENPORT.

INTRODUCTION.
SCOPE OF INVESTIGATION.

A study of the surface water supply of the Yukon-Tanana region
was begun in 1907 and was continued each season till the end of that
of 1912. The essential part of the information thus obtained has been
made available for general distribution as soon as practicable after
the close of each field season through the medium of the annual report
on the mineral resources of Alaska. A detailed report of the work
of 1907 and 1908 was also published as Water-Supply Paper 228.
Now that water-supply studies are to be discontinued indefinitely in
this region it is desirable that.all the data accumulated shall be
brought together in one volume, with such additions and revisions
as seem proper in the light of more complete knowledge.

The points at which gaging stations have been maintained were
determined largely by the location at which gage observers were
available. Many streams on which records of daily discharge were
highly desirable were so isolated as to be beyond reach with the small
allotments available. Further, many stations could not be located
at the most desirable points for obtaining accurate results or even
with reference to the places at which information was most likely to
be requested. The duration of the records (one year to six years) is
insufficient to show the extreme limits of flow that should be expected.
Notwithstanding all this, however, it is believed that the records, if
used with proper care and with due allowance for accuracy, duration,
and location, will satisfy most of the needs of miners. It should
be emphasized that before any extensive development is undertaken
on any stream these records should be supplemented by a more
detailed study of the particular water supply.

11



12 SURFACE WATER SUPPLY OF YUKON-TANANA REGION, ALASKA,

DIVISION OF WORK AND ACKNOWLEDGMENTS.

The hydrometric surveys, the results of which are published in this
report, were carried on under the appropriation for the investigation
of the mineral resources of Alaska by engineers detailed for this
purpose from the water-resources branch of the United States Geo-
logical Survey. The work has been under the general supervision of
Alfred H. Brooks, geologist in charge of Alaskan work.

The first work of this nature to be undertaken in the Yukon-Tanana
region was begun in the Fairbanks district in June, 1907, by C. C.
Covert, who established a few regular gaging stations and made a
general reconnaissance of that district until September 23 of that
year.

During the season of 1908 work was continued by C. C. Covert and
C. E. Ellsworth. In March, 1908, Mr. Covert went to the Fairbanks
district to gather data on the spring run-off from the melting snow,
and later in the season he extended the work to the Rampart and Hot
Springs districts. In June Mr. Ellsworth and Mr. Covert met at
Circle and made a reconnaissance trip across country to Fairbanks
and established a few regular gaging stations in the Birch Creek
basin. On August 1 Mr. Ellsworth went to the Rampart and Hot
Springs districts, where he continued the work until September 22.
Mr. Covert and the rest of the party remained in the Fairbanks district
until the end of August, when they started back to Circle, arriving
there September 15. Much credit for the amount of data obtained
and the extended territory which the party was able to cover is due
to George Neuner, jr., field assistant, who made many of the measure-
ments, and to C. E. Anderson, who acted as cook and packer.

The work of 1909 was carried on by Mr. Ellsworth from April 1 to
September 12. As many of the old stations as possible were con-
tinued and a few new ones were established. Two trips were made
up Tanana River as far as McCarty’s, in addition to the work in the
Fairbanks, Rampart, Hot Springs, and Circle districts.

On April 1, 1910, Mr. Ellsworth and G. L. Parker arrived at Fair-
banks and commenced field work in that district. Early in June,
after having commenced the investigation in the Fairbanks and Circle
districts, Mr. Ellsworth proceeded to Eagle and studied the water
supply in the Fortymile, Eagle, and Seventymile districts until the
later part of September. Mr. Parker continued work in the Fair-
banks, Circle, and Salchaket districts for the remainder of the season.
In view of the needs and possibilities of the several districts, the slow
means of transportation, and the scanty funds awsilable, it was
decided to discontinue the work in the Rampart and Hot Springs
districts.
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In 1911 the work was carried on by Mr. Ellsworth and E. A. Porter,
who arrived at Eagle in the middle of April and spent most of the
time until May 27 in installing a gage and determining the flow of
Yukon River, in establishing several minor stations, and in making -
general plans for the season. Mr. Ellsworth then went to Circle and
continued the field work until August 22. Mr. Porter continued
field work in the Fortymile, Eagle, and Seventymile districts until
about the middle of September.

The investigations of 1912 covered about the same areas as in 1911.
Mr. Ellsworth and R. W. Davenport arrived at Eagle May 19 and
commenced field work which ended about the middle of September.
Mr. Ellsworth continued the investigations in the Fairbanks and
Circle districts, and Mr. Davenport took up similar work in the
Fortymile, Eagle, and Seventymile areas.

J. C. Hoyt engingeer in charge of surface water supply investiga-
tions, has given valuable advice regarding general plans for field
work and the preparation of reports.

For gage readings and assistance in making discharge measure-
ments in the Little Chena River basin special credit is due to Sherman
White in 1907 and 1908 and to T. J. Shaw in 1910.

It would be almost impossible to give individual credit to all who
assisted in the work. The most hospitable treatment and kindly aid
have been extended at all times by residents of this region to members
of the Survey. Individual credit for assistance in obtaining gage
readings and discharge measurements is given in connection with the
published data.

Particular acknowledgment is due to the following persons who
through cooperation or definite assistance contributed directly toward
the prosecution of the work: Mr. John Zug, superintendent of the
Alaska Road Commission; Mr. C. W. McConaughy, chief engineer of
the Chatanika Ditch Co.; Mr. Falcon Joslin, president of the Tanana
Valley Railroad Co); Mr. Herman Wobber, Fairbanks Creek; Mr.
"Martin Harris, Chena Lumber & Light Co., Chena; Mr. W. H. Par-
sons, general manager of the Washington-Alaska Bank; Mr. F. G.
Manley, Baker Hot Springs; Mr. A. V. Thorns, superintendent of the
Manley mines, Baker Hot Springs; Mr. M. E. Koonce, Rampart;
employees of the Northern Commercial Co. and the Mammoth Creek
Mining Co., Circle; and Louis Greul, Fairbanks.

PUBLICATIONS.

The geology, topography, mining industry, and general features of
the area have been discussed at length by geologists and others
detailed from the United States Geological Survey. The following
is a partial list of the reports that have been published. Those
marked with an asterisk (*) are out of stock at the Survey but can
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be purchased from the superintendent of documents at the prices
stated.

Reports of an expedition to the Copper, Tanana, and Koyukuk riversin the Terri-
tory of Alaska, by H. T. Allen, 1887, 172 pp.!

*Geology of the Yukon gold district, Alagka, by J. E. Spurr. Eighteenth Annual
Report, pt. 3, 1898, pp. 87-392. $2.15.

A reconnaissance in the White and Tanana river basins, Alaska, by A. H. Brooks.
Twentieth Annual Report, pt. 7, 1900, pp. 425-494.

The Mount McKinley region, Alagka, by A. H. Brooks, with descriptions of the
jgneous rocks and of the Bonnifield and Kantishna regions, by L. M. Prindle. Pro-
fessional Paper 70, 1911.

*The geography and geology of Alagka, a summary of existing knowledge, by A. H.
Brooks, with a section on climate by Cleveland Abbe, jr., and a topographic map
and a description thereof by R. U. Goode. Professional Paper 45, 1906, 327 pp. $1.

*Methods and costs of gravel and placer mining in Alaska, by C. W. Purington.
Bulletin 263, 1905, 362 pp. 35 cents.

*Geographic dictionary of Alaska, by Marcus Baker; second edition, prepa.red
by James McCormick. Bulletin 299, 1906 690 pp. 50 cents

Railway routes in Alaska. 62d Oong 3d sess., H. Doc. No. 1346.1

*The coal resources of the Yukon, Alaska, by A.J. Collier. Bulletin 218, 1903,
71 pp. 15 cents.

*The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, by L. M.
Prindle. Bulletin 251, 1905, 89 pp. 35 cents.

Yukon placer fields, by L. M. Prindle. Bulletin 284, 1906, pp. 109-131.

Reconnaissance from Circle to Fort Hamlin, by R. W. Stone. Bulletin 284, 1906,
pp. 128-131.

The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M
Prindle. Bulletin 295, 1906, 27 pp.

The Bonnifield and Kantishna regions, by L. M. Prindle. Bulletin 314, 1907, pp.
205-226.

*The Circle precinct, by A. H. Brooks. Bulletin 314, 1907, pp. 187-204. - 30 cents.

*The Yukon-Tanana region, Alaska; description of the Fairbanks and Rampart
quadrangles, by L. M. Prindle, F. L. Hess, and C. C. Covert. Bulletin 337, 1908,
102 pp. 25 cents.

*Qccurrence of gold in the Yukon-Tanana region, by L. M. Prindle. Bulletin 345,
1908, pp. 179-186. 45 cents.

*The Fortymile gold-placer district, by L. M. Prindle. Bulletin 345, 1908, pp.
187-197. 45 cents.

*The Fairbanks gold-placer region, by L. M. Prindle and F.J. Katz. Bulletin 379,
1909, pp. 181-200. 50 cents.

*Water supply of the Yukon-Tanana region, 1907-8, by C. C. Covert and C. E.
Ellsworth. Bulletin 379, 1909, pp. 201-228. 50 cents.

*Gold placers of the Ruby Creek district, by A. G. Maddren. Bulletin 379, 1909,
pp- 229-233. 50 cents.

*Placers of the Gold Hill district, by A. G. Maddren. Bulletin 379, 1909, pp 234~
237. 50 cents.

*Gold placers of the Innoko district, by A. G. Maddren. Bulletin 879, 1909, pp.
238-266. 50 eents. . ) 4

The Innoko gold-placer district, Alaska, with accounts of the central Kuskokwim
Valley and the Ruby Creek and Gold Hill placers, by A. G. Maddren. Bulletin
410, 1910, 87 pp.

1 Not a publication of the U. 8. Geol. Survey.
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Sketch of the geology of the northeastern part of the Fairbanks quadrangle, by
L. M. Prindle. Bulletin 442, 1910, pp. 203-209.

The auriferous quartz veins of the Fairbanks district, by L. M. Prindle. Bulletin
442, 1910, pP- 210-229.

Placer mining in the Yukon-Tanana, region, by C. E. Ellsworth. Bulletin 442,
1910, pp. 230-245.

Occurrence of wolframite and cassiterite in the gold placers of Deadwood Creek,
Birch Creek district, by B. L. Johnson. Bulletin 442, 1910, pp. 246-250.

Water supply of the Yukon-Tanana region, 1909, by C E. Ellsworth. Bulletin 442, -
1910, pp. 251-283.

The Koyukuk-Chandalar gold region, by A. G. Maddren. Bulletin 442, 1910, pp.
284-315.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G: L. Parker.
Bulletin 480, 1911, p. 172.

Water supply of the Yukon-Tanana region, 1910, by C. E. Ellsworth and*G. L.
Parker. Bulletin 480, 1911, p. 217.

Mineral resources of the Bonnifield region, by S. R. Capps. Bulletin 480, 1911,
p. 235.

Gold placer mining developments in the Innoko-Iditarod region, by A. G. Maddren.
Bulletin 480, 1911, p. 270.

The Bonnifield region, Alaska, by S. R. Capps; including geologic and topographic
reconnaissence 1aps. Bulletin 501, 1912, 162 pp.

- *Placer mining in the Fortymile and Seventymile river districts, by E. A. Porter.
Bulletin 520, 1912, pp. 211-218. 50 cents.

*Water supply of the Fortymile, Seventymile, and Eagle districts, by E. A. Porter.
Bulletin 520, 1912, pp. 219-239. 50 cents.

*Placer mining in the Fairbanksand Circle districts, by C. E. Ellsworth. Bulletin
520, 1912, pp. 240-245. 50 cents.

*Water supply of the Fairbanks, Salchaket, and Circle districts, by C. E. Ellsworth.
Bulletin 520, 1912, pp. 246-270. 50 cents.

*The Rampart and Hot Springs regions, by H. M. Eakin. Bulletin 520, 1912 PP-
271-286. 50 cents.

*The Ruby placer district, by A. G. Maddren Bulletin 520, 1912, pp. 287-296.
50 cents.

*Gold placers between Woodchopper and Fourth of July creeks, upper Yukon
River, Alagka, by L. M. Prindle and J. B. Mertie, jr. Bulletin 520, 1912, pp. 201-210.
50 cents.

A geologic reconnaissance of the Fairbanks quadrangle, Alaska, by L. M. Prindle,
with a detailed description of the Fairbanks district by L. M. Prindle and F. J.
Katz and an account of lode mining near Fairbanks by P. S. Smith. Bulletin 525,
1913, 220 pp.

The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 19183,
119 pp.

A geologic reconnaissance of a part of the Rampart quadrangle, Alaska, by H. M.
Eakin. Bulletin 535, 1913, 38 pp.

A geologic reconnaissance of the Circle quadrangle, Alagka, by L. M. Prindle.
Bulletin 538, 1913, 82 pp.

The Yukon-Tanana region south of latitude 66° (except a small
triangular area north of the Fortymile quadrangle), embracing an
area of over 40,000 square miles, has been entirely covered by topo-
graphic surveys on a scale of 1:250,000 (approximately 4 miles to the
inch) with 200-foot contour intervals. (See fig. 1.) The Fortymile
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quadrangle was surveyed in 1898 and the remaining areas during
1903 to 1910. An area of about 500 square miles, covering the most
important part of the Fairbanks mining district, was topographically
surveyed on a scale of 1:62,500 with 25-foot contour intervals in
1907. The following is a list of published maps covering this and
adjacent areas:

Fortymile quadrangle; No. 640; scale, 1:250,000; by E. C. Barnard. Price 10
cents a copy or $6 a hundred. -

Fairbanks quadrangle; No. 642; scale, 1:250,000; by T. G. Gerdine, D. C. Wither-
spoon, and R. B. Oliver. Price 50 cents a copy.

154°
=

50 o 50 100 150 200 Miles

F16urE 1.—Index map showing loc;ﬁon;f}luadmngles in Yukon»’i‘a.nam region.

Rampart quadrangle; No. 643; scale, 1:250,000; by D. C. Witherspoon and R. B.
Oliver. Price 20 cents a copy or $12 a hundred.

Fairbanks district; No. 642A; scale, 1:62,500; by T. G. Gerdine and R. H. Sargent.
Price 20 cents a copy or $12 a hundred.

Yukon-Tanana region, reconnaissance map of; scale, 1:625,000; by T. G. Gerdine.
Contained in Bulletin 251, 1905. Not published separately.
" TFairbanks and Birch Creek districts, reconnaissance maps of; scale, 1: 250,000; by
T. G. Gerdine. Contained in Bulletin 251, 1905. Not published separately.

Circle quadrangle, Yukon-Tanana region; No. 641; scale, 1: 250,000; by D. C. With-
erspoon. Contained in Bulletin 295. Price 50 cents a copy.

Upper Tanana River and Ladue Creek region; scale, 1:250,000; by D, C. Wither-
spoon and J. W. Bagley. In preparation.

The Bonnifield region; scale, 1:250,000; by J. W. Bagley, D. C. Witherspoon, and
C. E. Giffin. “Contained in Bulletin 501; not published separately.
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GENERAL FEATURES OF YUKON-TANANA REGION,
GEOGRAPHY.!

The Yukon-Tanana region comprises the part of east-central
Alaska bounded by Yukon and Tanana rivers and the international
boundary between Canada and Alaska. (See PL.1.) It covers an
area of over 40,000 square miles with a maximum north and south
extent of about 175 miles. The distance from the boundary to the
junction of the two rivers is nearly 300 miles.

The Yukon-Tanana region forms part of the central plateau prov-
ince of Alaska. It is an upland which may be termed a dissected
plateau, diversified by many broad valleys and their smaller tribu-
taries and characterized by broad flat interstream areas, above which
rise numerous rounded domes and some good-sized mountain masses. -
The surface of the upland maintains remarkable uniformity of alti-
tude throughout considerable areas; it stands at an altitude of 3,000
to 3,500 feet in the eastern part of the region, gradually falls off west-
ward to the vicinity of Fairbanks, where it is only about 2,000 feet
in altitude, and rises again to 3,000 feet near the Yukon at Rampart.
In many parts of the region flat-topped spurs stand below the general
level.

The domes, which rise above the general level, are irregularly dis-
tributed and attain altitudes of 4,000 to 5,000 feet Some mountains-
. with well-defined crest lines also stand 4,000 to 5,000 feet above sea
level; among them are the Glacier Mountains, in the Fortymile
region, 5,000 to 6,000 feet high; the Crazy Mountains, near Circle,
3,000 to 3,600 feet high; the White Mountains, in the Beaver Creek
drainage basin, 3,000 to 4,000 feet high; and the Sawtooth Mountains,
near Rampart, nearly 5,000 feet high. The domes are almost entirely
composed of stocks of igneous rock and owe their present prominence
to the resistance to weathering of these rocks. Some of the moun-
tains are made up of igneous rocks and some of closely folded sedi-
ments, but in both types the relief is due to the greater resistance to
erosion of their constituent rocks.

GEOLOGY.?

Two dominant structural trends of Alaska, one southeast and
northwest and the other northeast and southwest, intersect the
Yukon-Tanana region and give to the province an important struc-
tural position. Numerous individual formations also possess com-
plicated structures. The field has been one of sedimentation,
diastrophism, widespread metamorphism, abundant intrusion, and
volcanic action, Its position, furthermore, in the basin of the

1 Prindle, L. M., Katz, F. J., and Smith, P. 8., A geological reconnaissance of the Fairbanks quadrangle,
etc.: U. 8. Geol. Survey Bull. 525, pp. 17-18, 1913,
2Idem, pp. 30-32.

42913°—wsp 842—15——2
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Yukon, one of the great drainage systems of the world, has subjected
it to long-continued and intricate fluviatile modeling. As it lies
outside the widely glaciated region, its topography is due almost
exclusively to subaerial denudation. Finally, its bedrock is mantled
with unconsolidated deposits, which, though but the product of an
episode of geologic history, are nevertheless of great importance
with reference to the distribution of placer gold.

The rocks include essentially two great groups, one of metamorphic
completely folded schists of pre-Ordovician age, and another, uncon-
formable in its relation to the schists, made up of folded argillites,
quartzite, conglomerate, sandstone, altered volcanic rocks, and lime-
stone ranging in age from Ordovician to Carboniferous. Besides
these two groups some areas of Lower Cretaceous quartzites and
* slates and of Eocene friable sandstones, shales, and lignitic coal are
found. Igneous rocks are represented in this field by many large
areas of granites and by dikes of varied composition. The uncon-
solidated materials of the province are primarily the alluvial deposits
of the valleys and the terrace deposits of gravel, sand, and silt which

are developed along Yukon and Tanana rivers.

The mineral resources of the region consist of placer gold, found
in the Fairbanks, Birch Creek, Fortymile, Hot Springs, and other
districts, and of auriferous and other metalliferous lodes which occur
*at many places but have been developed only in the Fairbanks district.

Most of the developed gold deposits occur in the older schistose rocks
and in areas where intrusive rocks are abundant. Gold has, how-
ever, been found in other associations. About $75,000,000 Worth of
gold has been mined in the Yukon-Tanana region. Some silver
has been recovered incidental -to gold mining, and antimony, silver-
ead, and tin ores have been found. Lignitic coal is widely distributed
n the region, but no extensive coal fields have been discovered.

CLIMATE.
GENERAL FEATURES.

Abbe,! in his very comprehensive discussion of climate in Alaska,
divides Alaska into eight climatic provinces, whose pronounced cli-
matic differences he ascribes to mountain ranges, the Japan current,
and other physical features. He describes the interior province as
comprising the central plateau region between the Rocky Mountain
system on the north and the Pacific Mountain system on the south,
thus including the Yukon-Tanana region at its very heart. The
meager meteorologic records in the interior prior to 1903, summa-
rized by Abbe, have been materially increased since that date, so that
" more definite conclusions regarding the climate may now be drawn.

1 Abbe, Cleveland, jr., U. 8. Geol. Survey Prof. Paper 45, pp. 133-200, 1906,
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TEMPERATURE.

The Yukon-Tanana region is characterized by extreme ranges in
temperature, both annual and monthly. The annual range is shown
by the records to vary from 120° to 164°. The greatest extreme
monthly ranges occur in January and February and frequently
exceed 90°. The maximum temperatures reported at the stations
range from 85° to 96° and the minimum from —50° to. —76°. The
maximum, minimum, and mean monthly temperatures at Eagle from
1905 to 1912 and at Fairbanks from 1904 to 1912 are shown in the

following tables:
Monthly temperature at Eagle, 1905 to 1912. .
Maximum.
Year. Jan, | Feb. Mar Apr. | May. | June.| July. | Aug.|Sept.| Oct. | Nov. | Dec. nAuJali.

Mean.

47.4

58.2

49.5

...... 183
84784 106 Ta2lal el 20,7
5.8 6.6 23.4] 444 55. 26.2
31| 50 21.2 43.8 55.6 34,0
88 16.4 32.2] 47.7 51.2 19 282

The period..| —23.6{ — 8.5 11.6 25.2 47.6‘ 58.1 59.6| 53.0‘.41. 2.5 2.8— 8.4 23.3
Monthly temperature at Fairbanks, 1904 to 1912.

Maximum. -

Year. Jan. | Feb. | Mar.| Apr. | May. | June, July. | Aug. [Sept.| Oct. | Nov. | Dec. | A%y
........................................... 62| 52| 28| =
............. 60| TR s9| s3] 40 33

%i°[a67| 58| si1| 84| s| 7| 7| 8| 37| 30
....... 35( 64| 80| 79| s2| st| 63| a2 38| 20|
3’| 36| 55| 74| s3] 70| so| e4| 51 46| 3}
14| 43| 54| | w| 82| 6| 7| 49| 2| B
35| 44| 58 76| 86| /| 7| 7W| 4| 25| 32
3| 30| 54| 59| s2| 84| 85| 8| 67| 35| 28
40| 47| 60| 76| 87| 8| 7| 64| 53| 229|....
3| 47| 64| 81| s7| 8| s5| sof 67 46| 43| 87
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Morihly temperature at Fairbanks, 1904 to 1912—Continued.
i Minimum. )

Year. Jan. | Feb. | Mar.| Apr.| May.| June, July.| Aug.|Sept.| Oct. | Nov. | Dec. n%],lall'

= Mean.
........................ 39.5/ 28.0|—10. 6’ 10. 8|
47.2(...... 52.0, 54.8 38,2 23.3| 12.6—13.4
7 49.4f 60.4 60.4} 55.6/ 440 31.2 .0/—16.7
. 2 49.8 57.2( 59.6/ 55.4 42.5 19.0/ 2.6(— 3.5
. 2 48.6| 58.20 59.9) 54.3| 37.8 21.8 7.0/— .4
. 2, 47.1 57.2) 60.8 44.0/ 40.0/ 21.6— .8 4.6
. 3 48.8 57.5 61.2| 54.1| 45.7| 24.2|— 1.0;—12.8|
. 5] 42.8) 57.2| 64.5| 46.4| 45.4] 35.3|— 2.7|— 5.
( 51.6] 53.9] 60.9f 55.2( 45.6/ 26.6] 1.9f-.....|-...-.
The period. . ——17.8I 1.4 10.3] 27.5 48.2| 54.7| 61.4] 52 5] 42.11 25.7 1. 0‘— 7.4 25.2

The long intensely cold winters of the interior have resulted in
great depths of permanently frozen ground, some alluvial deposits
having been reported to be frozen for more than 300 feet below the
surface. Favorable conditions with respect to material and drainage
have governed the distribution of frozen ground to some extent,
however, and considerable areas are believed to be unfrozen. In the
short, compa,ra,twely cool summers the depth to which the frozen
ground is thawed does not often exceed 3 or 4 feet.

In the winters ice 3 to 6 feet thick usually forms on the larger lakes
and streams. Streams like the Yukon, which have an appreciable
current, freeze in most places to a depth of 3 to 4 feet. At some
rapids, however, as on the Yukon a short distance below Dawson,
Yukon Territory, and on other streams, the water never freezes.
Quiet bodies of water sometimes freeze to a depth of 6 feet.

On the smaller streams ice formed in the channel frequently
obstruets the water underneath and causes it to overflow the surface,
where it freezes, thickening the mass greatly. These accumulations
of ice, known as glaciers, often form in masses so great that they are
not entirely thawed until fai into the summer. In many places they
seriously obstruct mining, and in others they favor it by prolonging
and equalizing the stream flow.

The freeze-up of the navigable streams has such an important
economic effect upon commerce in Alaska that it has resulted in the
general recognition of two seasons—the ‘‘open,” during which the
Yukon is open to navigation, and the ‘‘closed,” during which the
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Yukon is either filled with floating ice or is frozen over. In the
following tables are given records collected by agents of the Northern
Commercial Co. on the break-up and freeze-up of Alaskan streams.
The dates given show remarkable uniformity as compared with those
of streams in more southern latitudes. ’

In April and early in May the sun gradually becomes higher and
its rays warmer until the accumulated snow and ice begin to melt.
The tributary streams slowly increase their discharge into the large
streams, raising the ice sheet until it can no longer remain intact and
breaks away from the shore. .This parting of the ice from the shore,
or the break-up, indicates that the open season is at hand and is a
momentous event for the people of the interior. Once broken up,
the ice starts on its way to the sea, attended by an almost unimagin-
able spectacular display of tremendous forces. From bank to bank
the huge moving ice cakes grind upon each other with an awe-inspiring
exhibition of resistless force. At places the ice pack is obstructed,
but sooner or later it forces its way past the obstacles and moves on,
carrying away every movable thing in its path. When, after 7 to 12
days, the river is finally free, the ‘‘open season’ has commenced and
the river boats may venture from their winter quarters. The records
show that on the Yukon the break-up usually occurs about May 12
and that navigation may start about May 20.

The date of the freeze-up is not quite so uniform as that of the
break-up, but it usually occurs near the last of October or the first of
November. The ice commences running in the river, and with the
increasing cold the mass grows in size until it solidifies in a com-
plete sheet and becomes anchored to the shore. Thereafter the
river is closed to navigation.

Dates of break-up and freeze-up on Yukon River, its tributaries, and St. Michael Bay.

[Furnished by the Northern Commercial Co.]
Stations on Yukon River.

Dawson. Eagle. Circle.

Year.

Break- | Freeze- | Break- | Freeze- | Break- | Freeze-
up. up. up. up. up. up.
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Dates of break-up and freeze-up on Yukon River, its tributaries, and St. Michael Bay—Con.
Stations on Yukon River—Continued.

Rampart. Fort Gibbon. Andreafski.
Break- | Freeze- | Break- | Freeze- | Break- | Freeze-
up. up. up. up. up. up.

Year.

Stations on tributary streams of the Yukon.
Fiftymile River at White- Tanana River at | Koyukuk River at
horse, Yukon Territory. Lake Fair 3 Bettles.
Lebarge,
First boat; Last boat TYm'(t(x))n
. |First boa erritory . .
Break: lefi for | left for | opened. Break- Freeze- | Break- | Freeze-
UP- | Dawson. | Dawson. up- up. up. up.

St. Michael Bay.

Break- | Freeze- Break- | Freeve-

Year. up- up. Year. up. up.

Nov. Nov. 1
Nov. Dec. 7
Nov. Nov, 21
Nov. 16 Oct. 25
Nov. Oct. 81
Dec. Nov. 7
Dec. Nov. 22
Nov. Nov. 2 -
Nov. Do.
Oct. Nov. 1
Nov. Do.
Nov. Nov. 4
Nov. Nov. 9
Nov. Oct. 31
Nov. Nov. 1
Nov. Nov. 4
Nov. 14 Nov. 7




GENERAL FEATURES, 23

PRECIPITATION.

Study of the stream-flow and rainfall data of the Yukon-Tanana
region shows that they have an exceptionally direct relationship.
Therefore, since a large and well-equalized water supply is of very
great economic value to the mining industry in this region, the quan-
tity and distribution of the rainfall has great significance, and any
study of the run-off of this region would be very incomplete without
a careful consideration of the precipitation. :

Precipitation stations which have been established for longer or
shorter periods in the Yukon-Tanana region, Yukon Territory, and
British Columbia are listed on page 24, with their latitudes, longi-
tudes, and approximate elevations. The stations in Alaska have
been maintained by or in cooperation with the Weather Bureau, and
those in Canada have been maintained by the Canadian meteoro-
logic service. The longest record in the Yukon-Tanana region has
been kept at Eagle, where observations are available for 8 complete
years and for 65 discontinuous months. Dawson has a continuous
record for 11 years and 7 months and Fort Gibbon a very broken
record which includes 4 complete years and 91 discontinuous months.
The lengths of the different records decreasé from those above men-
tioned to ones extending over but two or three months, ~

The following tables show the daily precipitation at Eagle and
Fairbanks from 1906 to 1912. They also show, for shorter periods,
the precipitation at stations which are closer to the mining regions
and which it is believed portray conditions in these localities more
accurately. In the winter records where snowfall was not reduced
to.melted snow by the observer, the equivalent rainfall has usually
been assumed as one-tenth of the snowfall.

The more complete records show that precipitation occurred on
120 to 140 days in the year and that over half of it fell in the
summer. The rains in the region, however, are not excessive, and
few of them exceed 1 inch in a 24-hour period; in fact, they are
notable for being but slight showeis with a mere trace of precipitation.
Sometimes these showers occur almost daily and yet are not sufficient
to replenish the flow of the steadily falling streams.

During the winter months snow ordinarily accumulates to a
depth of about 3 feet. With the advent of the warm days of April
and May it melts, usually causing high stages on the streams in the
later part of May. On the northern slopes of the mountains, where
the snow is protected from the rays of the low-hanging sun, it remains
in patches until far into the summer.

The tables give the monthly precipitation, in inches, at all stations
maintained in the Yukon-Tanana region from 1903 to 1912. The
same data are given for stations in Yukon Territory from 1901 to 1912,
The scattered records prior to 1903 have been compiled by Abbe.
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On page 39 is given a table summarizing the mean monthly precipi-
tation at stations in the Yukon-Tanana region and Yukon Territory
where records have continued over 24 months. The table also shows
the length of the record and the mean yearly precipitation for each
station. The average mean monthly precipitation at seven Weather
Bureau stations in the Yukon-Tanana region and the fluctuation of
annual rainfall at some of these stations are shown graphically in
figures 3 and 2 (pp. 41 and 40), respectively.

Precipitation stations in Yukon- Tanana region.

Approxi-

Index mate

Station. letter on | Latitude. | Longitude.| elevation

PL IV. ahove sea

level.a
o r’ o 7 Fed_

Central.... 65 33 145 49 950
le.. ... 65 50 144 04 500
Charity Creek 65 23 146 16 2, 800
Chicken Creek. 64 05 141 56 1,400
Cleary....... 65 05 147 26 1,000
Crooked Cree 64 55 141 40 1,000
Discovery Fork JG. 64 40 141 19 1,500
Fagle......... . 64 45 141 10 850
. Eagle Creek. J L. 65 27 145 28 2, 600
Fairbanks... T 64 50 147 44 450
Faith Creek. . 65 17 146 23 1,400
Fort Gibhon. . | L 65 12 152 00 300
Hot Sprines.. . M 64 58 150 40 350
Kechumstiuk AN 84 07 142 2,000
Miller House 0 85 32 145 14 1,700
North Fork P 64 30 142 10 1,400
Poker Creek Q 65 08 147 28 750
Rampart.... R 65 30 150 15 350
Summit House. .| 8... 65 02 147 26 2,300
Tanana Crossing T 63 24 143 24 1,450

@ The elevations are estimated from the available topographic maps, which are hased on a datum deter~
mined by barometer. They may therefore be considerably in error but probably show the relative
elevations of stations with sufficient accuracy.

Precipitation stations tn Yukon Territory and British Columbia.

Approxi-

Station. Latitude. | Longitude. mate
elevation.

N . ° ! ° 7 Feet.
Atlin, British Columbia.... . 59 45 133 46 2,300
Dawson, Yukon Territory.. 64 05 139 28 1,100
‘Whitehorse, Yukon Territory. 60 46 135 00 2,150
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Daily precipitation, in inches, at Eagle, 1906-1912.

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

~
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Daily precipitation, in inches, at Eagle, 1906-1912—Continued.

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

ERERNE BY

.
.
.
.
.
.
.
.
.
.
.
.
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Daily preeipitation, in inches, at Eagle, 1906-1912—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | SBept. | Oct. | Nov. | Dec.
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Daily precipitation, in inches, at Eagle, 1906-1912—Continued.

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

Daily precipitation, ¢n inches, at Fairbanks, 1906-191 2.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Deec.

.10
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Daily precipitation, in inches, at Fairbanks, 1906-1912—Continued.

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

42| 21| v .u| .s2| .e6| .73| .| L53| .47| .51| .65
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Daily precipitation, in inches, at Fairbanks, 1906-1912—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. ! Sept. | Oct. | Nov. | Dec.

1909.

pERRNE NRRER
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Daily precipitation, in inches, at Fairbanks, 1906-1912—Continued.

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

1.22| 3.15
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Daily precipitation, in inches, at Poker Creek, 1907-1909.

Aug.

Sept.

Oct.

Nov.

Day.

Aug.

Sept.

Oct.

Nov.

Teb.

June.
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Daily precignita',tion, in inches, at Poker Creck, 1907-1909—Continued.

Day. Jan. Feb. | Mar. | Apr. | May. | Juae. | July. | Aug.

.68 .09 .03 .42 L1 1.22 2.01 2.01

Daily precipitation, in inches, at Cleary, Faith Creek, and Summit Roadhouse, 1907.

Faith Creek, | Summit Road-

Cleary. house.

e June 25-30.
42913°—wsp 342—15——3
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Daily precipitation, in inches, at Charity Creek, 1908.

Day. Apr. | May. | June. | July. | Aug.

a 33 inches of snow on ground at end of April.

Daily prectpitation, in inches, at Miller House, 1909, 1910, and 1911.

1909 1910

1911

Day.
Sept. | Oct. | Nov. | Dec. | June. | July. | Aug. | Sept. | June.

July.
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’ Darly precipitation, in inches, at Chicken Creek, 1911-12.

35

Day.

June.

July.

Aug.

Sept.

Oct.

Nov.

Dec.

Jan.,

Feb.

@ One-tenth of snowfall,
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Daily precipitation, in inches, at Crooked Creck, 1911 and 1912. :

1911

1912

Day.

July. | Aug. | Sept. | Oct.

a Oct. 1-10.

Daily precipitation, tn inches, at Discovery Fork, 1911 and 1912.

1911

1912

e May 17-31,
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Monthly precipitation, in inches, at stations in Yukon-Tanana region, 1903~-1912.

[Rainfall or melted snow is given in the first line; snowfall in the second line. Melted snow as a rule is
taken as one-tenth of the snowfall.]
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Monthly precipitation, in inches, af stations in Yukon-Tanana region, 1908-1912—
Continued.

Station. Year.| Jan. | Feb, | Mar. | Apr. | May. |June.|July. | Aug. | Sept.| Oct. | Nov.| Dec. An-
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a Sept. 1-22.
Monthly precipitation, in inches, at stations in British Columbia and Yukon Territory,
R 1901-1912.
Station. | Year.| Jan. | Feb. | Mar. | Apr. | May. | June.|July. | Aug. | Sept.| Oct. | Nov.| Deec. xﬁf;,i
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Mean monthly precipitation at stations in Yukon-Tanana region and Yukon Territory.

Length
Station. of Jan. | Feb, | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov.| Dec. | Year.
record.
Yr.m.
Circle....... 1 1810.90{0.43 | 0.40 { 0.78 | 0.39 | 1.22 | 1.83 | 1.63 | 1.97 | 0.40 | 0.75 | 0.83 | 11.53
Eagle....... 8 66| .51 | .38 .51} .49 | .89 |1.48|2.10{2.28{1.81 {1.01 | .52| .51 ] 11.99
Farrbanks...! 5 32]1.20| .38 | .62| .18| .48 |1.74|1.51 {1.65|1.42| .78 60| .97 11.53
FortGibbon| 4 91| .79! .59 .56 | .21 | .92 .84} 2.05}2.49 | 1.17 78 58| .59 | 1157
Kechumstuk| 2 37| .28 13 18| .25|1.1311.91 2,20 1.8 |1.03 63 40| .21110.21
North Fork.] 1 17 .63 26 18| .40 |1.66(2.33 |2.13|2.04 1.5 91 421 .29 {12.58
Rampart....] 6 18| .71 57| .28 .61 |1.211.62]|1.64|1.131.77 59| .73 1.4
Atlin, Brit-
ish Colum-
........ 6 15 8 | .94{1.00( .30| .37 8211.03|1.3311.25}1.01 {138 .95 11.24
Dawson,
Yukon
Territory .f11 7| .92 .70 | .57| .65 .94 {1.082.01 1.58 |1.55 | 1.04 | 1.14 | 1.31 | 13.49
‘Whitehorse,
Yukon
Territory .| 5 4] .61{ .33 .47} .60| .35|1.303.32(1.53[1.00| .53 .95 .26 11.25

Precipitation records have not been kept long enough and are not
widely enough distributed over the area to justify conclusions in
rdgard to the laws governing the rainfall. However, they indicate
certain characteristics and well-defined tendencies which will be
briefly noted.

The precipitation during a given period at the different stations,
though frequently differing widely in total amount, exhibits to a
slight degree the influence of certain general phenomena. The
differences in totality are readily explained by a consideration of the
way the storms occur, a large portion of the precipitation falling in
storms that are very generally distributed but that differ considerably
in their intensity. In addition to the rather infrequent general rains
there are frequent small showers which are very local in their nature.
- The monthly or annual rainfall is the summation of these irregular
distributions and obviously its amount may vary widely at different
stations if the period of the record is not long.

The mean annual rainfall, however, as shown in the longer records,
is remarkably uniform from the headwaters of the Yukon, at Atlin,
British Columbia, to the mouth of the Tanana, at Fort Gibbon.
Hence the physical factors producing the rainfall are probably very
similar over this entire area. It seems safe to assume that the mean
annual rainfall in the Yukon-Tanana region is approximately 12
inches.

As might be deduced from the foregoing observations, the local
variation in annual rainfall is relatively wide. The extreme varia-
tion recorded is at Rampart, where a minimum of 5.32 and a maxi-
mum of 15.53 have occurred. The record at Dawson, Yukon Terri-
tory, is the most uniform, but this is believed to be due simply to
chance, for it is unlikely that Dawson differs physically from other
stations. The data are insufficient for making a definite estimate of
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the limiting extremes of annual rainfall or for determining any rela-
tion between extremely dry and wet periods. (See fig. 2.)
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Ficure 2.—Fluctuation of annual rainfall at Alaska stations.
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FIGURE 3.—Average mean monthly precipitation at seven Weather Bureau stations in the Yukon-
Tanana region.
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The distribution of the rainfall throughout the year also varies con-
siderably. A single annual record may show no well-defined tendency
in distribution except the greater fall in the summer months. How-
ever, a very definite distribution is shown by the monthly means for
a number of years, and especially by the average of these means for
anumber of stations. (See fig. 3.) The composite record shows that
July and August have the highest precipitation and that February,
March, and April have the lowest. In the four months, June, July,
August, and September, about 59 per cent of the annual rainfall
occurs. It is interesting to note that the rainfall in the Yukon-
Tanana region, both in distribution through the year and in amount,
is comparable to that of the semiarid States on the eastern slopes of
the Rocky Mountains.

The records are far too inadequate for deductions regarding the
effect of elevation on rainfall. During the summer the higher moun-
tains have often been observed to be enveloped by fog and storm
clouds to a considerably greater extent than the lower country, and
a higher precipitation on them seems probable. The streams head-
ing in the higher mountains appear to have a slightly greater. run-off
than those with lower drainage basins. It therefore seems very
likely that elevation increases rainfall. It is doubtful, however,
whether it does so materially.

VEGETATION.

In the Yukon-Tanana region the climatic records show that the
mean monthly temperature exceeds 50° for but three months in the
. year, June, July, and August, and that as a rule the temperature
drops to the freezing point in each of these months. Also it has been
noted that the ground remains permanently frozen over large areas
and during the summers is thawed to shallow depths only. From
these facts it is evident that conditions are not generally favorable
for a very great plant growth during one season. The most common
kind of vegetation is the thick covering of moss, which is found very
extensively over all interior Alaska. Underneath this moss there is
a thick turf known as tundra, which consists of a wet spongy mass of
moss roots and accumulated vegetable matter.

Spruce trees grow very extensively over the area and are of great
economic importance both for construction purposes and for fuel.
Most of the trees are rather stunted because of the frozen ground,
but exceptional specimens measure as much as 3 feet in diameter at
the base. Large trees are a pretty good indication that the ground
is thawed, thus affording an opportunity for deep root growth. The
greater part of the timber of commercial value is feund below an
elevation of 2,000 feet (see Pl II), although many small clumps of
" trees suitable for making the ordinary 12-inch sluice-box lumber are
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found above that altitude and very many more large enough for fuel
grow in favored localities up to 2,500 feet.

Thick stands of spruce timber 6 to 18 inches in diameter occupy a
narrow belt along most of the course of the Yukon and Tanana rivers
in this region. Some of the larger tributaries of these rivers also
have fair growths of commercial-size spruce, which, however, has
been considerably depleted on those in reach of the mining districts.
Chena River has probably furnished more lumber than any of the
other tributaries of the Tanana. Fairbanks received nearly its
entire supply of saw logs from that source and each summer thou-
sands of logs are floated down the river and through the Chena Slough
to the mills to be sawed for local use.

The Fairbanks district uses annually between 60,000 and 80,000 cords of wood,

and the annual product of the three sawmills is probably between 6,000,000 and
8,000,000 board feet.!

Birch trees a foot or less in diameter grow in thick clumps over
many small areas and are particularly valuable for fuel. Cot-
tonwood groves are frequently seen along the larger streams and
adjoining slopes, and many of the trees attain diameters of 6 to 12
inches at the base. Some scattered tamaracks also grow in this
area. ‘

One of the determining factors in the mining industry is the timber
supply, not only for fuel but for constructing flumes, mine supports,
and buildings. So far demands have been fairly met by the
local growth, but large inroads on this have now been made by both
legitimate uses and by forest fires, and the distance timber has to
be transported is gradually increasing with a corresponding increase
in cost. Most of the wood sold for fuel probably brings from $10 to
$15 per cord delivered at the mines, but some of it may sell as low
as $6 or as high as $20 per cord, depending on distance from market,
labor conditions, and kind of wood. Rough sawed lumber varies
widely in value, ranging perhaps from a minimum of $40 per thou-
sand feet board measure at the Fairbanks mills to as much as $200
per thousand for whipsawed lumber at the more isolated camps.

Most of the higher ridges, except such as are particularly rocky
and barren, bear a growth of thick, tough brush, locally known as
“buck brush.” Insome of the gullies and ravines cutting the moun-
tain slopes and in fringes along many of the smaller streams grow
almost impenetrable thickets of alders and willows. Beyond this the
spruce prevails, being generally largest and best on the bottom lands
adjoining the larger streams. Exceptionally, however, the best
growth is near the timber line and the trees diminish in size toward
the bottom laads, on which thrive the smaller species of vegetable
growth.

1 Railway routes in Alaska: 62d Cong., 3d sess., H. Doc. No. 1346, p. 51, 1913.
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From early in June until the frosts occur in August grass suitable
for grazing can generally be found on the southern slopes and bottom
lands. On areas that have been burned over red-top grass springs
up in abundance and grows waist-high in some favored localities.
Many berries grow abundantly during the summer; blueberries are
found nearly everywhere; small but fine-flavored cranberries can
be gathered in many places, and in some localities raspberries and
_ currants are abundant.

Experience has shown that many varieties of vegetables can be
profitably grown for local use. In the vicinity of Fairbanks agri-
culture is extensive, and in nearly every small town and in many
outlying districts gardening has proved successful. Oat hay grows
luxuriantly in the Tanana Valley and in favored localities along the
Yukon, and, if cut green and properly cured, furnishes excellent
forage.

TRANSPORTATION.

From Seattle to the Yukon-Tanana region there are three main
routes of travel, all of which, compared with the means of transpor-
tation in the States, are very slow and expensive, though more com-
fortable than is popularly supposed. The first, commonly known as
the Dawson route, comprises 1,000 miles of ocean travel from
Seattle to Skagway by the “inside passage,” which is protected from
the rough sea by many small islands. From Skagway to White
Horse, at the head of navigation on Yukon River, the trip of 110
miles is made by rail over the White Pass, thence down the Yukon
by steamboat to Dawson, a distance of 460 miles. Here passengers
and freight are ordinarily transferred to American boats for the
remainder of the trip to Fortymile, Eagle, Circle, Rampart, Tanana,
and other interior points. At Tanana, at the mouth of Tanana
River, about 700 miles below Dawson, most of the freight and pas-
sengers for Fairbanks, Hot Springs, and other mining centers of the
Tanana Valley are transferred to smaller boats. that ply Tanana
River. Fairbanks, on the Chena Slough, 275 miles above Tanana, can
be reached by river steamers, except at low water, when a transfer
is made at the mouth of the Chena Slough, 12 miles below Fairbanks,
to the Tanana Valley Railroad. At favorable stages of water small
steamers navigate as far as the mouth of Delta River, and one steamer
reached the mouth of the Nabesna above the Tanana crossing. With-
out delay at transfer points the trip from Seattle to Fairbanks can
be made in about two weeks. A much longer time is taken in return-
ing by the same route because of the slow progress going upriver
against the current. This route is open for travel from the éarly
part of June until the later part of September.

The second route from Seattle is 2,700 miles by ocean boat to St.
Michael, thence by river steamers over 800 miles up the Yukon to
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the mouth of the Tanana, then to the several distributing points along
those streams. This route is the more favorable for freight because
of the somewhat cheaper rates, but it has the disadvantage of a shorter
season and of taking three to four weeks for the inward trip. In
going out from Fairbanks to Seattle the time required is about the
same as going upriver via Dawson and Skagway. Freight rates from
Seattle to Fairbanks are from $50 to $150 per ton, with an average
of about $75, depending on classification. Passenger rates are about
$130 first class and $100 second class.

The third, or overland, route is used mainly in the winter. Ocean
boats make frequent and regular trips from Seattle to Cordova or
Valdez, a distance of about 1,200 miles, requiring from four to six
days. From Cordova the route leads by the Copper River Railroad
to Chitina (131 miles from Cordova), then 264 miles by stage to
Fairbanks. From Valdez the journey of about 360 miles is made
entirely by stage. For passengers and mails this route is used exten-
sively during the winter months, but its cost is so great that only
urgent freight can bear the expense.

The Tanana Valley Railroad has 46 miles of narrow-gage track
between Fairbanks, Chena, and Chatanika. Wagon roads have been
built from Fairbanks to the more important producing creeks. Win-

" ter roads have been constructed from Fairbanks to Circle and Hot

Springs, and a fairly well defined summer trail leads from Fairbanks
to the Miller House in the Birch Creek district. The principal mines
adjacent to Rampart and Hot Springs a reconnected with Yukon and
Tanana rivers by fair wagon roads.

The Birch Creek mines are reached by a wagon road from the
Yukon at Circle to the Miller House, a distance of about 50 miles.
Summer and winter trails leading to more isolated diggings connect
with the wagon road at various points.

The Fortymile and Seventymile placers are very inaccessible and
can only be reached in the summer by poling boats and pack animals.
Most of the freight is transported during the winter, when the frozen
swamps and rivers furnish solid footing for horses and sleds.

About 16 miles of wagon road, built from Eagle to the summit of the
divide at the head of American Creek, has become nearly impassable
from lack of maintenance.

Even the mines most favorably connected with roads and river
steamers are so handicapped by excessive operating costs that only
the richer can be worked at a profit. The proper development of
the low-grade placer ground in the Yukon-Tanana region must await
the construction of rail and wagon roads and lower transportation
charges. )

All the principal towns are connected by telegraph both locally
and with outside points.
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WATER-SUPPLY CONDITIONS AND THEIR ECONOMIC EFFECT.
SEASONAL DISTRIBUTION.

Precipitation in the form of rain or snow is the primary source of
all water supply. In the Yukon-Tanana region the chief factor influ-
encing the distribution of this supply is the imperviousness of the
frozen ground, which prevents any cousiderable underground storage
and makes the run-off less uniform than it is in warmer climates,
where the main source of supply during low-water periods is derived
from rainfall and melting snow which has seeped into the ground and
has percolated to a final junction with the surface watercourses at a
lower elevation. This source, however, is relatively insignificant in
this latitude.

The winter accumulations of snow and ice are of great value in
~ drift mining, in which a few weeks of abundant spring flow commonly
suffice to wash the gold-bearing gravels hoisted during the entire
winter. In the open-cut works, however, where the progress is
directly dependent on the water supply from day to day, the spring
flow is of little value, for it comes at a time when the ground is ordi-
narily covered with ice and snow, and work of this nature is impos-
sible. Of course many of the mines lie in the lower valleys, where
the ice disappears before the winter accumulations in the upper valleys
and hills are exhausted, but even at these the spring floods are gen-
erally of such short duration that they are not usually considered a
very valuable asset.

An additional supply of water, though one of minor importance,
is that derived from the thawing of frozen ground during the summer.

The summer low-water flow of the streams that rise in the higher
and more rugged mountains is kept up by the melting of large bodies
of ice and snow in the sun-protected gulches and rock crevices. The
rainfall, however, is not so well conserved in these streams as in more
gently sloping valleys and pondage areas, where the run-off, in per-
centage of the rainfall, even though less than in higher regions, may
be so distributed as to furnish the better supply.

The moss that forms a heavy covering over most of the country
probably regulates the distribution of the run-off during the summer
as much as any factor. It is quite generally the opinion among the
older residents of the country that the flow of the creeks does not
hold up as well after a rain now as when work first commenced.
That probably is due in part to the fact that the moss covering on
the older creeks has been largely removed by fires and other agents.
Another reason may be that present-day methods of mining require
more water than those practiced in years gone by, and thus the low-
water conditions are now more thoroughly realized.
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EFFECT OF TOPOGRAPHY.

The topography of the Yukon-Tanana region controls to a great
extent the available water supply. The upland area, constituting
an old valley floor, has been dissected by numerous streams, all of
which necessarily rise at about the same level because of the com-
paratively uniform elevation of the original land surface. Most of
the mines are situated near the heads of the small streams which do
not furnish sufficient water to supply their needs. Auxiliary supplies
of water can be obtained only from creeks whose sources lie at about
the same altitude as the stream whose supply is to be augmented.
Therefore a ditch or pipe line must have its intake near the head of
the creek, where the drainage basin is small and the supply uncertain.
The source of a gravity supply must of course be higher than the
place at which it is used; for hydraulic mining, where the water
is used under pressure, the source should be several hundred feet above
the point of utilization. The streams all have about the same grade
and drop rapidly for a short distance near their heads and then take
a more moderate grade through their central portions.

Another serious drawback is the lack of natural storage basins
above the mines that could with reasonable expense be made to
conserve the excess water from rains or melting snow. As a result
the water supply available for mining is the daily flow of the stream
at the point of diversion. The total run-off during the mining season
on many of the smaller streams (from which the supply must neces-
sarily be drawn because of the altitude of the mines) would, if dis-
tributed uniformly, be ample for ordinary mining. These streams,
however, because of the frozen soil, steep slopes, and lack of natural
storage, are very flashy. They rise rapidly after a rain but fall back
to a low stage almost as quickly and then very slowly diminish until
the next rain.

WINTER SUPPLY.
WINTER GLACIERS.

In the interior of Alaska, where from about the first of November
until the first of May the mean monthly temperature is below freez-
ing, the stream flow must necessarily be derived from ground-water
sources and must reach the surface in the form of springs. On the
‘smaller streams and on many with catchment areas as great as 300
or 400 square miles the underground supply is insufficient to main-
. tain a free channel. In the autumn and early in the winter the ice
gradually freezes deeper and deeper until it extends to the bed of the
streams. This forces such part of the run-off as is unable to find its
way through the thawed gravels beneath the channel to rise through
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the ice to the surface, where it spreads out and freezes rapidly,
forming large bodies of ice locally known as winter glaciers. Some
such ‘‘glaciers” reach thicknesses of 15 to 20 feet and extend over
large areas, especially in valleys where the gravels are shallow and
the underground cross sectiob of the channel is constricted by reefs
of bedrock approaching the surface.

| RUN-OFF.

On Minook, Hutlinana, and Hoosier creeks an open flow is main-
tained for some distance during the winter by thermal springs and
similar conditions of winter flow are said to occur on other streamg
in this region. Such springs are probably deep—seated and are not
typical of the country as a whole.

In order to gather some idea of the amount of run-off from the
Yukon-Tanana region during the winter several discharge measure-
ments were made early in the spring. It is believed that they
were all taken before any increased flow from melting snow or ice
had reached the streams. They therefore probably represent very
closely the minimum surface run-off past the measuring sections for
the season from the basin above the point of measurement. The
results of these measurements are given in the following table:

Winter discharge measurements in the Yukon-Tanana region, 1909-1911.

Dra bi Discharge
" N Tainage is- per
Date. Stream and locality. area. | charge. | square
mile.
1909. o Sgq.miles.| Secft. | Sec.f1.
Apr. 20 | Hutlinana Creek above Cairo CreeK. ... .. ..oovooiiioiuanaaaaa. 42.7 a0.4 |..........
May 1| Yukon Riverat Rampart.........c.coiiiimniiimiiiiiaiaann. 206,000 |10, 900 0.053
1910. .
Apr. 6 | Tanana River, 3 miles below Chena........cocccviiivaaanana.. 4,450 .185
’ 8 | Chatanika River below Poker Creek. .- b 1.91 . 0042
17 | Salcha River at mouth............... .. 64.5 .030
21 | Chatanika River below Faith Creek 132 0.0 .0
1911.
Apr. 24 | Yukon Riverat Eagle. ... ..o ooiiiiiiiiiiiioiiiiianiinn. 122,000 . (10,100 .083

@ This flow was entirely from hot springs which rise in the creek bed just above the gagmg station.
Abave the springs the creek was frozen solid.

The above table shows clearly that iri the winter the surface run-off
per square mile from small basins is less than from larger ones. If
the measurements are accepted as typical they furthermore show that
ordinarily streams draining areas less than 200 or 300 square miles
would have no free surface discharge.
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SUPPLY AVAILABLE FOR MINING PURPOSES.

Prior to the recent beginning of quartz mining in the Fairbanks
district, drift mining was the main industry in that region from about
October 1 to May 1. With the exception of twe or three outfits on
Fairbanks and Ester creeks, that do some sluicing during the winter,
work was confined to hoisting the pay gravel to the surface, where it
was accumulated in large dumps and was washed early in the summer
when the water supply was increased by melting snow and ice.

With the advance of quartz mining the necessity of obtaining a
continuous supply of water for washing the crushed rock will confront
the mill operators. The smaller streams do not maintain a definite
surface-channel flow beneath the ice, and each stream presents a
problem peculiar to itself. From 500 to 1,000 gallons of water are
required to wash a ton of ore. The average duty of a miner’s inch
would be about 15 tons of ore per 24 hours, which is about the
capacity of the average 5-stamp mill. Unless there is a sufficient
flow in the mine that can be pumped to the mill the water in the
winter must be obtained by intercepting the flow through the gravels
in the stream bottoms. The existence of such flows and the best
means of diverting them can be determined only by an intimate
knowledge of local conditions. It will probably be found more eco-
nomical to locate the mill near the water supply and transport the
ore downhill than to build the mill at the mine and pump the water
to any considerable elevation. On creeks where much prospecting
or placer mining has been done a sufficient knowledge of the amount
of underground flow in the winter should be available to determine
the feasibility of using it for milling.

On Ester Creek, where sluicing was continued throughout the
winter of 1910, the ground was thawed, and a small flow of water
was encountered in the mine. A 3-inch pump kept the mine drained,
and by turning the exhaust into the sump hole warm water was fur-
nished for sluicing. In order to conserve this supply and have a
continuous head, the water as it drained from the tailing pile was
directed into a settling reservoir, where it was warmed by the exhaust
from a pump that raised it again to the sluice. Steam pipes were
laid along the sluice boxes, and no serious difficulties were encoun-
tered with ice even where the temperature was as low as 60° below
zero. Similar methods have been employed on Fairbanks Creek.
These examples serve to show what can be accomplished in main-
taining a sufficient flow of water for mining from a small source
under extremely low temperatures. Small mills of 5 to 10 stamps,
such as are likely to be operated in the Fairbanks district, will not
require such large quantities of water as are needed for placers.
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STREAM FLOW.
TERMS USED.

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
in 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; (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 in most general use for all classes of work, and
from it the quantity expressed in other terms may be obtained. It
is an abbreviation of ‘‘cubic foot per second,” and may be defined as
the unit for the rate of flow of water flowing in a stream 1 foot wide
and -1 foot deep at the rate of 1 foot a second. To obtain the actual
quantity of water it is necessary to multiply the number of second-
feet by the time.

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

‘““Run-off (depth in inches on drainage area) ” 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
expressed in depth in inches.

The ‘‘miner’s inch,” the unit used in connection with placer mining,
also expresses a rate of flow and is applied to water flowing through an
orifice of a given size with a given head. The head of the water and
the size of the orifice differ in different localities, thus making the
miner’s inch a most indefinite and unsatisfactory unit. Owing to the
confusion arising from its use, it has been defined by law in several
States. The California miner’s inch is in most common use in the
United States and was defined by an act of March 23, 1901, as follows:
“The standard miner’s inch of water shall be equivalent or equal to
1% cubic feet of water per minute, measured through any aperture
or oriﬁce.” This miner’s inch corresponds to the so-called ‘‘6-inch
pressure’’ and is one-fortieth of a second-foot.

" ““Sluice head” is a term used commonly among placer miners in
expressmg the rate of flow through a series of sluice boxes that is
‘necessary to separate the gold from the gravel. It is not a definite
term because the rate of flow necessary varies with the size of the
ﬁfﬁce boxes, the grade at which they are placed and the character

St the gravel A sluice head under the varying conditions has been
f6und t6 vary from 0.75 second-foot to 2.50 second-feet. ‘

42913°—wsp 842—15——4 )
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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 Mar. 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 a second ; equals 488.8 gallons a minute;
equals 646,317 gallons a day.

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 for one day equals 86,400 cubic feet.

1,000,000 United States gallons a day equals 1.55 second-feet.

1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 43,560 square feet.

1 cubic foot of water weighs 62.5 pounds. T

1 horsepower equals 550 foot-pounds a second.

1 horsepower equals 76 kilogram-meters a second.

1 horsepower equals 746 waitts.

1 horsepower equals 1 second-foot falling 8.80 feet. k)

13} horsepower equals about 1 kilowatt.

To calculate water power quickly: Se—c"f—t'l(i—imt:net horsepower on water wheel

realizing 80 per cent of theoretical power.

FIELD METHODS.

On account of the intense cold of the winter season in interior
Alaska the-stream flow during that period is very small and is con- -
sequently of little economic value for mining or power purposes. The
data of stream flow given in this paper were collected during the
summer and no attempt has been made to estimate the winter flow.

Discharge measurements and gage heights are the basic data from
which the daily discharge of a stream may be determined.

Discharge measurements of streams in open channels may be made
(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, and (3) by
measurements of the velocity of the current and of the area of the
cross section. The method chosen depends on the 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.—The slope method involves the use of empirical
formulas derived by Chezy and Kutter, which make the discharge a
function of the slope, the cross section, the wetted perimeter, and a-
coefficient which depends for its value upon the roughness of the
stream bed. It is most commonly used for measuring large streams
which have a uniform slope or for estimating the flood discharge of a
stream when the only data available are the cross section, the slope
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as shown by marks along the bank, and a knowledge of the genera]
conditions. It is in general only roughiy approximate and is seldom
used by the engineers of the United States Geological Survey. More
complete information regarding the method may be obtained from
textbooks on hydraulics. '

“Weir methods.—The weir method makes the dlscha,rge dependent
upon the head of water flowing over the crest of a weir, the length of
crest, and certain coefficients determined by the type of the weir.
Standard types of weirs for which accurate coefficients have been
determined by experiment give very satisfactory records if properly
maintained.! The proper installation of weirs in the Alaskan work
is usually out of the question on account of expense, the torrential
character of the run-off, and the temporary nature of the stations.

Velocity method.—By the velocity method the two factors required
to determine the discharge of a stream past a section perpendicular
to the mean direction of the current are the mean velocity of flow
normal to the section and the area of the cross section. Direct
observations of depth and velocity are made at definite points. The
distribution of these points across the section is determined by the
uniformity and smootbness of flow and the depth and width of the
stream. In general they should not be spaced farther apart than 5
per cent of the channel width nor more than the approximate mean
depth at the time of measurement.

The measuring points divide the total cross section into strips at
each end of which the depth and velocity are known. The discharge
through any strip is assumed to equal the product of the average of
the depth at the two ends multiplied by the widthof the stripmultiplied
by the average of the mean velocities at the two ends of the strip.
The sum of the strip discharges is the total discharge of the stream.

Depths for the determination of the area may be obtained by
sounding with a rod or a cable.

The principal methods of measuring the velomty of flow are by
floats and current meter.

Floats are not used by the engineers of the United States Geological
Survey except under unusual conditions, but as float-measurements
can readily be made by the prospector the method is described below.

The floats in common use are the surface, subsurface, and tube or
rod floats. A corked bottle with a flag in the top and weighted at
the bottom makes one of the most satisfactory surface floats, as it is
affected but little by wind. In flood measurements good results can
be obtained by observing the velocity of floating cakes of ice or débris.
In all surface-float measurements the observed velocity must be

1 The determination of discharge over the different types of weirs and dams is treated fully in ** Weir
experiments, coefficients, and formulas ”’ (U 8. Geol. Survey Water-Supply Paper 200), and in text-
books on hydraulics.
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multiplied by 0.85 to 0.95 to reduce it to the mean velocity. The
subsurface and tube or rod floats are intended to give directly the
mean velocity in the vertical. Tubes give excellent results when the
channel conditions are good, as in canals.

- If it is desired to estimate roughly the discharge of a small creek
or canal, a portion of the channel is selected which is straight and of
nearly uniform cross section and through which the water flows
smoothly. The length of this stretch, or ‘‘run,” should be 50 to 200
feet, but in many places it is necessarily less than this because of
conditions in the channel. Floats of any simple type may be used.
A number of determinations of their time of passage over the ‘‘run”
are made and the average time in seconds for one passage is com-
puted. The length of the ‘‘run’’ divided by this time and multiplied
by 0.85 will give the approximate mean velocity in feet per second
through the section. The average depth multiplied by the width of
the stream gives the area of its cross section in square feet; this
multiplied by the mean velocity will give the approximate discharge
in second-feet.

If a more reliable estimate is desired, the location of the floats in

the section may be determined, the depth of the stream at these
points may be ascertained by sounding or from a developed cross
section, and the discharges of the elementary sections may be com-
puted, as already described. In a large stream the coefficient for
reducing surface velocity to mean velocity may be determined by
taking occasional vertical velocity curves across the section with a
current meter. If sufficient care is taken and conditions are good, a
float measurement may possess a high degree of accuracy.
" The Price current meter is used by the United States Geological
Survey almost to the exclusion of meters of other types to determine
the velocity of flow of water in open channels. The small Price
acoustic and electric meters were the types used in the work in thé
Yukon-Tanana region. (See Pl. IIT, A.) 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 revolu-
tions is indicated acoustically or electrically. The 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 revolu-
tions for each run. These data form the basis of a meter rating table
which gives the velocity of moving water in feet per second for any
number of revolutions in a given period. .

Meter measurements of the flow of a stream may be made from a
bridge, from a cable and car installed especially for the purpose, from
boats, or by wading. The majority of the measurements published
in this report were made by wading with the acoustic meter attached
to arod. (See Pl III, B.)
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" Three methods of measuring the velocity were used. In the first
the meter is held at the depth of the thread of mean velocity, which
has been fourtd by repeated experiments to be located at about 0.6
of the total depth. In the second method the mean of the velocities
obtained at 0.2 and 0.8 depth is taken as the mean. This method
has been shown to give the mean velocity very accurately, and it is
now used very extensively by the United States Geological Survey.
In the third method the meter is held near the surface, usually 1 foot
below, or low enough to be protected from the wind or other dis-
turbing influence. The coefficient for reducing this velocity to the
mean has been found to be from about 0.85 to 0.95, depending on the
stage, the velocity, and the conditions of the channel. This method
was used principally for boat measurements on large streams or on
streams at flood stages.

The determination of the flow of an ice-covered stream is difficult,
owing to diversity and instability of conditions during the winter and
also to lack of definite information in regard to the laws of flow of
water under ice. Very few discharge measurements were made of
streams under ice conditions in the Yukon-Tanana region. In these
an electric meter suspended by a cable was used, observations of
velocity being made at sufficiently short intervals in the vertical to
determine the mean.

A prime essential for obtaining accurate stream-flow records is a
good gaging station. To make the record, when obtained, most val-
udble, it should be made at the point on a stream where the record
of flow is most likely to be needed either in the present or the future.
Other requisites for good stations are (1) a permanent stream bed,
(2) freedom from backwater, (3) good measuring conditions, and (4)
one channel at all stages. Since gage heights are recorded for the
purpose of showing the fluctuations of the stream, they should be’
observed at frequent intervals, and consequently the station should
be located near an available observer. The sparse settlement of the
Alaskan placer regions and the transient character of the inhabitants
have made proximity of the observer the ruling consideration in the
establishment of most stations, in many places to a partial exclusion
of the desirable requisites mentioned above. Where practicable, the
gage heights were obtained twice a day, but in many places they
could be read but once a day, and in some places only once in several
days. :

OFFICE METHODS.

At the end of each season the field or base data, consisting of gage-
height records, discharge measurements, and full notes are assem-
bled. The discharge measurements are plotted on cross-section
paper and rating curves are drawn. The rating tables prepared
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from these curves are then applied to the tables of daily gage heights,
and from these the monthly discharge and run-off are computed.

The discharge measurements at a gaging station when plotted with
the discharges in second-feet as abscissas and the corresponding gage
heights in feet as ordinates, define curves which are generally more
or less parabolic in form. Where measurements may be made
repeatedly at the same section, curves of area in square feet and of
mean velocity in feet per second may also be constructed to the same
scale of ordinates as the discharge curve. These curves aid in
extending the discharge curve beyond the limits of the plotted dis-
charge measurements, in avoiding errors in the form of the discharge
curve, and in determining erroneous measurements. Discharge, area,
and mean velocity curves of Fortymile River at Steel Creek are shown
in figure 4.

A gaging station on an ordinary open channel without backwater
-will have one rating curve so long as the relation between gage
heights and discharge is not altered. The rating curves are, there-
fore, directly dependent on the permanency of the channel. Streams
in general present throughout their courses to a greater or less degree
all conditions of permanent, semipermanent, and shifting channels.
These conditions are evident in the plotting of discharge measure-
ments and in the construction of rating curves. Corresponding to
the character of the channel a station may have (1) a permanent rat-
ing, (2) a rating which is changed only at extreme high water, (3)
a rating which is frequently changing and which requires discharge
measurements and changes in rating at intervals dependent on the
frequency or rate of the change. Although each class of rating is
represented in the Yukon-Tanana region, the majority belong to the
second class. Most of the smaller streams of interior Alaska have
comparatively steep grades and wide fluctuations in stage. At low
stages they usually meander through a wide gravel flood plain or
through channels cut in the muck. Such channels can not well resist
the erosive action of a good-sized freshet and during such may
undergo radical changes. In a season with frequent freshets condi-
tions approach those described in the third class. Discharge meas-
urements should then be made frequently, and even with this pre-
caution the daily estimates may be largely approximate.

EXPLANATION OF TABLES AND USE OF DATA.

For each gaging station there is given a table of discharge measure-
ments and a table showing the gage height, the daily discharge, the
mean monthly discharge, the mean monthly discharge in second-feet’
per square mile, the run-off in depth in inches from the drainage area,
and the accuracy.
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The discharge-measurement table gives the results of all discharge
measurements made at the station. The gage heights give the daily
fluctuations of the stream. They represent the elevation of the sur-
face of the water above the arbitrary datum of the gage and not above
the bed of the stream. The daily discharges are determined by
application of a rating table to the gage heights.

At many stations it was impracticable to obtain an unbroken
gage-height record. At some stations readings could be obtained
only occasionally, and at others longer or shorter breaks in the
record necessarily occurred. Whenever it was considered feasible
the daily discharge for these periods has been estimated. These
estimates have been based on the records obtained at the station
itself, on the records of neighboring stations where conditions were
comparable, and on a general knowledge of conditions.

For each drainage basin there are given all miscellaneous discharge
measurements made in the basin at points other than the regular
stations. The wide fluctuation of the streams render these miscel-
laneous data of rather uncertain value. With a few exceptions they
represent the flow of the various streams at medium or low stages.
Records at regular stations on neighboring streams should be studied
and extreme precautions should be taken before basing any impor-
tant work on these measurements.

ACCURACY" OF DATA.

The accuracy of stream-flow data depends primarily on the natural
conditions at the gaging stations and on the methods and care with
which the data are collected.

The effect of poor channel conditions on the rating has been
discussed. In a normal season errors from this cause should not
be great at a station which is carefully established and rated.

Practically all current-meter measurements made under fair
conditions are well within 5 per cent of the true discharge at the
time of the observation. As the errors of meter measurements are
largely compensating, the mean rating curve, when well defined, is
much more accurate than the individual measurements. Numerous
tests of the accuracy of current-meter work show that where condi-
tions are good it compares very favorably with results from standard
weirs.

The accuracy of the gage heights depends on the reliability of the
observers, and this, with very few exceptions, is believed to be good.
It is obvious that when a stream is frequently changing in stage, one
reading or two readings per day may not give the mean height for
the day. It seems probable, however, that errors from this source
are compensating if the stage does not have a diurnal cycle and are
greatly decreased in the monthly mean, although the reading for a
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single day may be considerably in error if taken by itself. This is
especially likely to be true in the values of the maximum and mini-
mum. The maximum should be increased considerably for many
stations, and the minimum value should be taken as a mean of seven
days or more rather than for one day.

The records of mean monthly discharge per square mile in second-
feet and the run-off in depth in inches may be subject to errors
resulting from a drainage area which is not well defined by available -
maps and to the wide variation in contribution to run-off over the
drainage area.

In the table the line designated ‘“Accuracy’ shows the degree of
reliability which it is believed the record possesses. It 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
probable reliability of the observer, and knowledge of local conditions.
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 footnotes.

REGULAR GAGING STATIONS.

In the following lists are given the names of gaging stations main-
tained in the Yukon-Tanana region by the United States Geological
Survey and cooperative parties and the duration of the records at
each station. Numbers are assigned the stations to aid in identi-
fying their location on Plates X to XIII (in pocket). The stations
are grouped under river basins in downstream order, tributaries of
main streams being indicated by indention. The main stem of any
stream is determined by the drainage area; that is, the headwater
stream having the largest drainage is considered the continuation of
the main stream and local changes in name are disregarded. (See
PLIV)

Yukon River basin: No. on plate.
Yukon River at Eagle, 191112 . ccrmmmniaiineanmiccaceceaaaaccaaaann 1
Fortymile River basin:
Main stem of Fortymile River: :
Dennison Fork at mouth, 1912 .. coeuainin i ciaeteaann. 2
South Fork of Fortymile River at Franklin, 1910-1912................ 3
Fortymile River at Steele Creek, 19101912 .. ... oooeeeoiiaaaao.. 4
South Fork of Fortymile River basin:

Mosquito Fork at Kechumstuk, 1916-1912.......... s 5
Kechumstuk Creek at mouth, 1910-1912. . ... ...ceeiaen. 6

Gold Creek at mouth, 1911....co vuemimi i 7

* Walkers Fork above Poker Creek, 1912. . coeeonen oo 8
Walkers Fork above Cherry Creek, 1911 ... ....... .. ... ...... 9
Walkers Fork above Twelvemile Creek, 1910........................ 10
Wade Creek at claim ““No. 10 abeve,”” 1910-1912................. 11
Buckskin Creek above Fortyfive Pup, 1910-1912.................... 12

Fortyfive Pup at claim No. 13, 1910-1912. ... covnneeineiaaaaa.. 13
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Fortymile River basin—Continued.
South Fork of Fortymile River basin—Continued.

No. on plate.
North Fork of Fortymile River at the ‘“‘kink,’”” 1910-1912.............
North Fork of Fortymile River above Middle Fork, 1910..._...._.....
Confederate Creek at mouth, 1912 ... ... ... .. ... ... ... ...

Hutchinson Creek below Confederate Creek, 1911-12..................

Hutchinson Creek below Montana Creek, 1910-1912_ . _...._ ... .....
Montana Creek at claim “No. 7 above,” 1910-1912....... ... ...

King Solomon Creek at Liberty Cabin, 1911-12..... .. . . ... c.cooo..
Liberty Fork at mouth, 1911-12.. ... ..o oo i i

Dome Creek at Auburn Mining Co. camp, 1912.....

Steele Creek at mouth, 1910-1912. ..o co oo ieea e
Canyon Creek below Squaw Gulch, 1912... ... .. .. . .. .. . .........

Canyon Creek, 1 mile below Squaw Gulch, 1910......__.

Canyon Creek, 2 miles below Squaw Gulch, 1911......

Squaw Gulch at claim ‘“No. 1 above,”” 1910-1912.._..... ... ......

Misgsion Creek basin:

Migsion Creek above Oregon Creek, 1911.....couioooioiiiin i iannn.
Mission Creek above Colorado Creek, 1910. . ... .o
Wolf Creek above Swanson’s dam, 1911_ . . ... . cceieeiinenaen...
American Creek at claim ““No. 8 above,”” 1910-1912..................
American Creek at United States pumping plant, 1910-11............
Discovery Fork below Star Gulch, 1910-1912....................

Seventymile River basin:
Seventymile River above Flume Creek, 1910, 1912.. ..

Seventymile River at the falls, 1910-1912_ ... .. ... . ... ... .. ...
Flume Creek one-fourth mile above mouth, 1910-1912. . ... _........
Alder Creek at claim ‘“No. 7 above,” 1910-1912. .. ... ... ..........
Barney Creek above ditch intake, 1910.......... ... .. ... ...,
Barney Creek ditch below forks, 1912 ... ....... ..... e
Sonickson Creek above ditch intake, 1910-1912...... ... ... ... ......
Washington Creek above dam, 1912. . ... ... ... .. ... oiainn.

Crooked Creek below Eldorado Creek, 1910-1912..

Fox Creek at Rolf’s claim, 1911-12_ .. . . ... iiiiiiinannn.

Birch Creek basin: .

Birch Creek above Twelvemile Creek, 1911........ ... ... ... ... ...,

Birch Creek below Twelvemile Creek, 1911-12........

Birch Creek below Great Unknown Creek, 1912. ... ... ... ... ......
Birch Creek below Clums Fork, 1910-11... ... ... ... ... . ...,
Birch Creek above Sheep Creek, 1911-12... . ... ... . .. ............
Birch Creek at Fourteenmile House, 1908-1912.. .. ... ... ... ..........
Mastodon Fork of Eagle Creek above ditch intake, 1909..............
Fryingpan Creek below forks, 1910 - ... ..oooiieeemomiiiiiiiaaa..

Great Unknown Creek at mouth, 1912, . ... ... ... ... ... ......

Clums Fork below Munson Creek, 1912. .. ... ... iiiiiieeaaan.
Lawson Creek at mouth, 1912. .. . cveeiiiiiiiiiiiiiiieaaann.
Buckley Bar Creek at mouth, 1911-12. . .._..ioi iuiiiiiiiiiiannn,

Sheep Creek at mouth, 1911-12. ... ciiieininir i iaieaeaas

Bachelor Creek below Costa Fork, 1909-10. . ..........oceinan...
Porcupine Creek above ditch intake, 1910....... ... .. . ... ... ...
Porcupine Creek below ditch intake, 1912...... .. .. .. ... ......

Porcupine Creek below Bonanza Creek, 1908-1912

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50
61
62
53
54
b5
b6
57
58
59
60
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Birch Creek basin—Continued.
Birch Creek at Fourteenmile House, 1908-1912—Continued. No. on plate.
Crooked Creek at Central House, 1909-1912_ . ... ... ... ... ... .... 61
Bonanzs Creek above ditch intake, 1908—1910 ................... 62
Bonanza Creek below ditch intake, 1911-12...................... 63
Independence Creek at claim “‘No. ¢ above,” 1911.............. 64
Mammoth Creek at Miller House, 1908-1910_ 1. . ......... ... ... 65
Miller Creek at mouth, 1911-12.. . . ... ...oocoiieiaiiaane 66
Deadwood Creek above Switch Creek, 1909-1912. . _............. 67
Portage Creek, 4 miles above Medicine Lake, 1912............... 68
Porcupine ditch atintake, 1912. .. .. . .l . .. ... . ..... 69
_ Bonanza ditch at intake, 191019121+ e oL 70
Bonanza ditch below junction with Porcupine branch, 1912.._. .. 71
Bonanza ditch at outlet, 1911-12.. /_...___. e 72 .
Mammoth Creek dlversmn ditch, 1910 ...... e e 73
Beaver Creek basin: _ |
Nome Creek, 4 miles above Moose Creek, 1912 .......................... 74
Nome Creek above Ophir Creek, 1911-12.. .]. PO e 75
Hess Creek basin: !
Troublesome Creek below Quail Creek, 19081-1910....3. ................... 76
Quail Creek at claim’“No. 7 above,” 1909 ............................ 77
Quail Creek at claim ‘“No. 9 below,” 1909—10. R 78
Mmook Creek basin: "
Minook Creek above Little Minook Creek, 1908—9. T 79
Hoosier Creek at claim “No. 11above,’? 1908-9...................... 80
Little Minook Creek at claim “No. 9 above,’”1908-9. . _....._....... 81
Hunter Creek at claim “No. 17 above,”” 1908_ ... .. .............. 82
Streams tributary to Tanana River (mlscellaneous basins):
Banner Creek at mouth, 1909-10. ... ...l .. . loiiiiiiiiiiiiaaaaa. 83
Salcha River near mouth, 1909-10........ e 84
Junction Creek above Moose Lake outlet 1909-10, 1912............... 85
Chena River bagin: |
Chena River above Shamrock Creek, 1912.. .. ... | .. ... ... ... .... 86
Chena River above Little Chena River, 1910-1912.. ... ... . ........... 87
North Fork of Chena River above Monument Creek, 1912............ 88
North Fork of Chena River below Monument Creek, 1912............ 89
Monument Creek at Chena Hot Sprmgs, 1012+l 90
Little Chena River above Sorrels Creek, 1907-8,1910. ... ... ......... 91
Little Chena River below Fish Creek, 1908 19106 cee oo 92
Sorrels Creek above Elliot Creek, 1907—8 1910, e 93
Elliot Creek at mouth, 1907-8, 191Q ............................. 94
Fish Creek below Solo Creek, 1910—1912 ............................. 95
Tish Creek above Fairbanks Creek, 1807-8. ..o eee oo 96
Fish Creek at mouth, 1908, 1910_... .. ... ........ooooiiiiioii... 97
Miller Creek at mouth, 1908, 1910....................... ... ... 98
Tolovana River basin: } .
Washington Creek above Aggie Creek, 19087 ........cocoemiunen i ... 99
Washington Creek below Aggie Creek, 1908 ............................. 100
Aggie Creek at mouth, 1908........... P 101
McManus Creek at mouth, 1907, 19101912, .. .oeem i e e ceaaann 102
Chatanika River below Faith Creek, 1907-8, 1910-1912. . coiiiiiiaa.. 103
|
|
|
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Tolovana River basin—Continued. No. on plate.
Chatanika River below Poker Creek, 1907-1912...................o....... 104
Chatanika ditch near outlet, 1910. ... . ... ittt 105
Faith Creek at mouth, 1907, 1911-12...........ooeuiiaiiiitiia . 106
Smith Creek above Pool Creek, 1911, ... ... ... ... ... . ..., 107
Pool Creek at mouth, 1911 .. ... .. i 108
Charity Creek above Homestake Creek, 1910, 1912................ 109
Homestake Creek at mouth, 1910,1912. ... ... ... ... ... ... 110
Kokomo Creek above Alder Creek, 1907.. ... . ... ... ... ..., 111
Goldstream Creek at claim ‘‘No. 6 below,”” 1907 ... ... ... ..., 112
Baker Creek basin:
Baker Creek at road crossing, 1908. ... ... ..o 113
New York Creek at Thanksgiving ditch intake, 1908-9................ 114 .
Qalifornia Creek at Thanksgiving ditch intake, 1908-9. .......... 115
Thanksgiving ditch near outlet, 1908-9..... ... ... ... 116
California branch of Thanksgiving ditch near outlet, 1908........ 117
Pioneer Creek above What Cheer Bar ditch intake, 1908-9....... 118
What Cheer Bar ditch at intake, 1909. ... ... ... ... .. ..... 119
Hutlinana Creek above Cairo Creek, 1908-9. ... ... .. ............ 120
Hutlinana Creek below Cairo Creek, 1908_ .. ... .. .. . .. .. ...... 121
Paiterson Creek basin: .
Sullivan Creek above Tofty ditch intake, 1908-9. .. ... ... ... . ... ... 122

YUKON RIVER DRAINAGE BASIN.
DESCRIPTION.

The Yukon River basin comprises the greater portion of the vast
area lying between the Pacific Mountain system on the south and the
Rocky Mountain system on the north. Over half of it lies in Canada,
its tributaries rising far to the southeast in the rugged mountains of
northeastern British Columbia and the Yukon Territory. The
stream meanders northwesterly across the international boundary as
far as the Arctic Circle, near which it gradually turns southwest and
flows to Bering Sea. Heading in an area some portions of which are
little more than a score of miles from the coast, it carries its drainage
over 2,000 miles before finally discharging it into the sea. The fol-
lowing table, showing the approximate lengths and drainage areas
of some of the principal rivers of North America, shows the Yukon to
rank fifth in size of drainage area.

" Length and drainage area of the principal rivers of North America.

A :
. Approxi- | it ren
Rivers. lma?lal of drainage
ength.
- g basin.

Miles. 8¢. miles.

MiSS]sslppl With MiSSOUri. .. ..o it iiiiiiiiaeereccasennaananaeanns 6,000 l 244,000
Mackenzie .......... 2,900 677,000
St. Lawrence........ 2,600 565,000
Winnipeg and Nelso: 3,800 486,000
Yukon, with Lewes and Teslin . . 2,300 330,000
Coloradoand Green ... ..... ...l 2,000 300,000
Columbia ............. .- 1,200 259,000

Ohio and Allegheny 1,000 210,000
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The main Yukon is formed by the junction of the Pelly and Lewes,
about 1,500 miles above the mouth. The chief tributaries below this
junction in downstream order are the White, Stewart, Porcupine,
Chandalar, Tanana, and Koyukuk.

The drama,ge areas of the Yukon at various points along its course
are shown in the following table:

Drainage areas of Yukon River at different poinis along its course.

Distance inag
Above— . from Dl:r ©
mouth.a oa.

YUEON TERRITORY. Miles. 8¢. miles.*
2, 7,630
'1,534 115,000
1,432, 122,000
1,157 177,000
914 206,000
0 330,000

a Distances as determined by Northern Navigation Co.

-

Above Eagle the Yukon is in most places confined to one channel
and is characterized by a swift current and occasional rapids. A
general View of the Yukon Valley near Eagle is shown in Plate V, 4.
Below Eagle, in the vicinity of Fort Yukon, the river enters what is
known as the Yukon Flats. For about 200 miles it flows rather slug-
gishly through a wide valley in many channels and sloughs which
frequently shift, causing much difficulty in navigation. The topog-
raphy of the valley then changes again, and to the mouth of the
Tanana the-river flows for over 100 miles through a stretch which
has been called the Lower Ramparts because of the rampart-like walls
which bound it. In its remaining 800 miles the Yukon meanders
through a valley never less than 2 miles wide in many channels and
is marked by numerous islands and sand bars. A more complete
description of the Yukon basin is given by Brooks.!

A station was maintained on Yukon River at Eagle during 1911
and 1912 and daily gage-height records were obtained for the greater
part of the open season. Previous to this very few data on the flow
of the Yukon had been collected. Approximate measurements made
by Dawson ? at the confluence of Pelly and Lewes rivers gave a dis-
charge of 66,955 second-feet late in the summer when the river was
at about mean stage.

Ogilvie,* who made more careful measurements of the Yukon at
the international boundary, gives considerable information as to the

1 Brooks, A. H., The geography and geology of Alaska: U. S. Geol. Survey Prof. Paper 45, p. 64, 1906.

2Dawson, G. M., Yukon districtand British Columbia Geol. and Nat. Hist, Survey Canada Ann. Rept.,
vol. 3, pt. 1, p. 183 1889.

s Ogilvie, 'William, The Klondike Official Guide, Buffalo, p. 56, 1898,
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base of a willow at the top of the left bank 300 feet below the upper
range line. The transit point at the upper end of the range line is
marked by a witness stake and a pile of stones. Seven feet back
from the transit point a 2-inch birch is blazed and marked by three
notches. Two prominent poplars about 6 inches in diameter stand
about 50 feet back of the point and a little downstream.

On April 24, 1911, the vertical velocity of the stream at the ice
holes was determined by a Price current meter, and the discharge
was computed as 10,100 second-feet: This is considered to be near
the minimum discharge at Eagle for 1911 and it probably represents
very closely the minimum from year to year. During May, 1911,
seven discharge measurements were made by means of ice floats.
In 1912 three measurements were made, two by driftwood floats and
one by bottle floats. -

The instruments used for these measurements were a transit and
stop watch. - The passage of ice cakes were timed over a run of 500
feet and their location was determined by a transit on the upstream
range line. Two men decided upon a cake as it crossed the upper
range, and while one man followed it with the transit telescope the
other went down to the lower range and when the float crossed signaled
the transit man and noted the time. For the bottle floats ordinary
beer bottlés, weighted with sand and marked with flags stuck in the
necks, were used. White flags were found to be the most easily visible.
The floats were dropped from a rowboat at intervals of about 75 feet
across the stream above the upper range line.

Observations were also made to determine the coefficient required
to reduce surface velocity to mean velocity. A rowboat with a
sack of rocks as an anchor was employed. The very swift current
of the Yukon, with depths of 20 to 30 feet, made the task diffi-
cult. It was found necessary to use 200 pounds of rocks to furnish
sufficient anchorage. When observations at a point were completed
the rope was cut, the boat pulled to the shore as quickly as possible,
and then hauled back upstream far enough for another trial. The
results of these observations indicated a coefficient of 0.92, somewhat
higher than is found in most streams. This coefficient was used for
the reduction of all discharge measurements. All the measurements
plot within 3 per cent of the mean rating curve, except that of May
19, 1911, which plots 14 per cent greater, probably because of certain
abnormal conditions of ice flow at the time of the measurement.

Besides the records of daily discharge for the period of gage-height
records, there is given a table showing the mean monthly discharge,
run-off in second-feet per square mile, and run-off in inches on the
drainage area throughout 1911 and 1912. The portions of the years
for which daily records were unavailable are based on the personal
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knowledge of conditions of winter flow and on miscellaneous measure-
ments made through the ice. The error involved by such an estimate
can not be great in its effect upon the total, for 77 per cent of the
run-off for 1911 occurred in the 145 days of the gage-height record
and 75 per cent of that in 1912 occurred in 155 days.

The maximum discharge for 24 hours as given by the record was
254,000 second-feet on May 22, 1911. The discharge has undoubtedly
been considerably greater than this. The ordinary winter minimum
has been estimated as about 10,000 second-feet, but this is probably
rather excessive for the extreme minimum. The mean daily discharge
for 1911 and 1912 is computed to be 88,300 second-feet.

The mean annual run-off in depth in inches in 1911 and 1912, dis-
tributed evenly over the drainage area of 122,000 square miles above
Eagle, is 8.18 inches. The rainfall from November 1, 1910, to October
30, 1912, is believed to have been, close to normal. It seems reason-
able to assume from the available precipitation records (p. 23) that
the normal rainfall in this area is approximately 12 inches. If these
assumptions are correct, the run-off from this area exceeds 60 per
cent of the precipitation. Comparison of this result with various
basins in the United States throws doubt on the accuracy of so high a
percentage of run-off. As has already been shown, the drainage area
of the Yukon presents decidedly different conditions from those in
most river basins of the United States.

The extensive areas of frozen ground are an obstacle to percolation,
for when the upper layer-of thawed earth is saturated the rainfall
can only seek its way to the nearest watércourse, and it therefore
escapes with a minimum of the losses which are promoted by perco-
lation. The climate and topography are unfavorable for great losses
by evaporation, and losses due to vegetation are small because the
summer is too short and cool for luxuriant plant growth.

It seems safe to state that the run-off per square mile from the
drainage area of the Yukon above Eagle exceeds that of half the area
of the United States.

Discharge measurements of Yukon River at Eagle, Alaska, 1911-12.

y Gage Dis- Gage Dis-
Date. height. | charge Date. height. | charge.
1911—Continued. Feet. Sec.-ft.
2 11.90 | » 253,300
3.45 | 126,800
9.65 | ¢ 222,900
—2.00 4 68,200

@ Measurement with current meter under ice.
b Measurement with ice floats.

¢. Measurement with floating driftwood.

4 Botfle floats nsed for determining velocities.
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discharge. In December, 1895, the discharge was. estimated at
about 96,000 second-feet, the mean summer flow at about 135,000
second-feet, and the flood flow at 180,000 to 225,000 second-feet.
Results at Eagle, about 12 miles below, show that Ogilvie’s estimate
of a mean summer discharge of 135,000 is approximately correct,
but that his estimates for winter flow and flood flow are too small.

On September 8, 1899, when the Yukon was at a low summer
stage, a discharge measurement made 73 miles above the mouth by
the Coast and Geodetic Survey gave 436,000 second-feet.

Miscellaneous measurements were made of the Fiftymile River at
Whitehorse, Yukon Territory, in 1908 and of the Yukon at Rampart
in the spring of 1909. (See pp. 66—67.)
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FIGURE 5.—Cross section of Yukon River at measuring section at Eagle,
YUKON RIVER AT EAGLE.!

In May, 1911, a gage was established on Yukon River at Eagle,
and gage readings were made from May 9 to September 30, 1911,
and from May 20 to October 21, 1912. The gage consisted of a white
strip about 3 feet wide painted on the rock face of a high bluff just
below the town of Eagle (see Pl. V, A), and graduated in black paint
at intervals of a quarter of a foot, the even feet being marked by
numbers sufficiently large to enable the gage to be read from Eagle,
about half a mile distant, by telescope. The observer read the gage
to one-eighth of a foot.

Discharge measurements were made about 2 miles above Eagle by
floats on a straight stretch of channel about 1,000 feet long whose
cross section was believed to be practically uniform. The river at
this point is about 1,600 feet wide. About midlength of the proposed
run for the float the cross section was determined by cutting holes
through the ice at intervals of 50 feet and making soundings at each
hole. The exposed section was determined by levels and, together
with the section obtained by soundings, was referred to a permanent
bench mark. (See fig. 5.) The bench mark is a notch cut in the

1For a fuller description of this station and its record of discharge for 1913, see Porter, E. A., and

Davenport, R. W., The discharge of Yukon River, at Eagle, Alaska: U. 8. Geol. Survey ‘Water-Supply
Paper 345-F, 1914,
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A. YUKON RIVER AT EAGLE.

B.
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FORTYMILE RIVER BELOW STEEL CREEK.
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A. TYPICAL TOPOGRAPHY, MASTODON CREEK.

B. HYDRAULICKING ON EAGLE CREEK.
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Monthly discharge of Yukon River at Eagle, Alaslca, 1911 and 1912.

Discharge m econd-feet.
g0 1 seeo Run-off (depth
Month. Mean. Persquaremile,| 0 inches).
1911 1912 1911 1912 1911 1912
0.172 | 0.172 0.20 0.20
.123 123 .1 13
.09%0 .090 .10 .10
.098 .098 .11 11
1.28 1,02 1.48 1.18
1.51 1.32 1,68 1.47
1. 46 1.20 1.68 1.38
Al 1.14 1.04 1.31 1.20
Septer ‘869 | .603| 97| .67
OCtOber. e 60, 000 51,000 .492 .418 .57 .48
DL 111 T R 37,000 37,000 .303 .303 .34 .34
DOCOIBET oo oo 28000 | 28000 .230| .230| 27| o1
BN ST 2T RN PR PR RPPIN PR N 8.84 7.35

Daily gage height, in feet, and discharg? wn, second-feet, of Yukon River at Eagle, Alaska,
or 1911-12.

[Drainage area, 122,000 square miles. Observers: Jay Mattison, 1911; W. P. Thrall, 1912.}

. May. June. July. August. September. October.
Day. | Gage | Dis- | Gage | Dis- | Gage| Dis- | Gage | Dis- Gago | Dis- | Gage | Dis
height.| charge. [height.| charge. [height.| charge. (height.| charge. {height. charge. |height.| charge.
8.9 210,000, 7.9 4.9 L5
8. 0| 196,000 7.8 4.8 2.0
7.5| 188, 000; 7.1 4.5 4.5
6.9| 180,000 7.0 4.8 4.
6. 4] 172,000 6.9 5.0 3.8
6.5 174,000 6.8 5.5 3.2
6. 4| 172, 000) 7.0 5.5 3.0
6.0| 166,000, 7.1 5.0 2.5
6.9 180,000  7.2| 1 4.9 2.1
6.8} 178,000 7.4 4. 4 1.9
6. 6| 175,000 8. 6| 4.2 - L5
6. 5| 174,000 8.2 4.0 1.5
6.2| 169,000, 7.4 4.1 2.0
7.0} 181,000 7.0 4.1 L9
6. 4] 172,000 6.0 4.9 1.6 X
6.2| 169,000, 6.2 3.9 1.4
6.5/ 174,000, 7.8 3.9 1
7.0 181,000, 9.0 4.2
8.0/ 196,000 8.9 4.8 1
8.2| 199,000 7.2 4.6
8,4| 202,000 6.6 4.5
8. 5| 204, 000 6.0 4.2
8.1| 198,000 5.9 4.0
7.8] 193,000, 5.9( 1 3.9
7.4| 187,000, 5. 5 3.5| 1
6.5 174,000 6.0 3.0 125,000). ......
7.0] 181,000 5.6 2.5
7.8| 193, 000 5. 5| 2.2
8.0| 196, 000) 5.5 2.0
8.0| 196,000, 5.4 1.9
............... 5. 8i 1. 5]
....... 184,000(. ......| 178,000|.......
....... L5l....... 1.46)....... L14.......] 0.89 ......| ceennn-

42913°—wsp 342—15——5
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Daily gage height, in feet, and discharge, in second-feet, of Yukon River ai Eagle, Alaska,
999 ’ ’ Jor 1311—12—Conunuedf

May. June. July. August. September. October.
Day. .
Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis-
height.| charge. |height.| charge. [height.| charge. (height.| charge. [height.| charge. jheignt charge.
1912,
1.. 10.2| 229, 000) 3.7 134, 000f 7.5| 188,000 64,000
10.2| 229,000 3.5l 132 000f 6.5 63,500
10, 2| 229,000 3.0 125 000) 6.1 1 62,000
9. 4} 217, 000 2.8 122 000) 5.0 59,000
7.8| 193,000 2.8 122 000 4.5 58, 000
5.9( 165, 000] 3.2( 128, 000] 4.2| 57,000
4, 5| 146,000 4.0, 138 000 3,9 56,000
3.3 129, 000| 4.8 150,000 4,7 65,000
2. 6| 120, 000| 4,8 150,000, 4,0 54,000
2.5 3.7 53,000
2.5 3.2 52,500
2.7 4.5 52,000
3.1 4.7 51,500
3.5 132,000 3.8( 136, 000] 5.7 51,000
3.8 136,000 3.7| 134,000 5.0
4.1| 140,000,  3.5| 132,000, 3.0,
6.2| 169, 000| 3.2| 128,000 2.8
- 7.0/ 181,000/  3.0| 125,000, 2.2
6. 8| 178,000 2. 8] 122, 000) 2.0
20........ 3.6 133,000 6.3] 171,000, 2. 8] 122,000 2.0
A........ 3. 4} 130, 000; 5.7| 162,000 2, 8| 122,000 1.9
22 ... 3.2] 128, 5. 4] 158,000 3.2| 128,000 1.7
23eiiennan 3.5| 132, 000| 6.0| 166,000 4.3| 143,000, 1.4 1
24........ 3.7} 134,000| 7.0] 181, 000 6.0| 167, 000] 1.2
250 e 4. 5| 146, 000 7.1/ 182,000 6.2| 169,000 .8
26...cceen 5.2| 155, 000) 7.1 182,000 5.8 164,000(.......
b7 SO 6.4} 172,000  6.2| 169,000  5.4] 158,000{.......
b/ 7.1} 182, 000| 5.5/ 160,000 7.1} 182,000. ......
P2t 7.9| 194, 000) 4.8 150,000 10.0} 226,000|.......
30........ 8.8| 208,000  4.0| 138,000 10.9| 240,000 .......
3l........ 9.8( 223,000.......]........ 8.0f 196,000i.......
Mean dis-
charge..|....... 161,000|....... 160,000 ...... 147,000|........ 127,000. ...... 73,600]....... 53,900
Second-
feet per
square
mile....|....... 1.32)....... 1.320....... 1.20....... 1L04....... 0.603)....... 0. 442
Run-off
(depth
in inch-
es on
drainage|
area)...
um. .
Minimum)..
Accuracy

@ Jee commenced running.
YUEON RIVER AT RAMPART.

A cross section and a discharge measurement were obtained on
May 1, 1909, just above the mouth of Rampart Creek, which is a
small tributary from the south at the lower end of the town of Ram-
part. The bed is thought to be semipermanent and the channel is
straight for at least 1,000 feet above and below the point of measure-
ment. The banks on each side are high, with long gentle slopes.
The left slope is of cemented gravel and bowlders; the right is of
small gravel and is liable to slight changes. At the time the cross
section was made the ice varied in thickness from 4 to 41 feet, which
was probably the maximum for the winter. The width of the sec-
tion at the highest level of the ice was 1,560 feet, and its width at the -
water’s surface was 1,300 feet, so that for 250 feet the ice was in
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contact with the bed. The stage of the river at the time of the first

ice cover in the fall was considerably higher than at the time of the
measurement, and as the water lowered its width decreased and the

ice sheet fell, coming into contact with the previously submerged

sloping bank. The greatest depth of water below the bottom of the

ice was found to be 15.9 feet at a distance of 420 feet from the left

edge of the ice.

On May 19 and 21, 1909, two float measurements were made by
timing ice cakes over a 500-foot range. The distance of the ice cakes
from the shore was estimated, but it is believed no large error was
introduced by this, for the velocity and section were very uniform.
The measurements are considered to be only approximate. The
stage was considerably above the mean for the summer.

Discharge measurements of Yukon River at Rampart, 1909.

o Dis. @ Drai Discharge
: ean age rainage| per
Date. Width. | Area. | igeity. | charge. | height. | area. | square
mile,
Feet. Sql. ft. |Ft.pr.sec Secft. Feet. 8q. mi. | Sec.ft.
MAY Leveonineemiiaecinenens 1,360 | 11,700 0.93| 10,900| a5L.6| 206,000 0.05
Mayl19. .o oiiiiiniiiiennnne. 1,750 58,100 6.32 | 367,000 80.9 | 206,000 1.78
May 21 . iiiiiiiiaaaas 1,750 58,500 6.31 | 369,000 81.1 206,000 1.79

a Bottom of the ice.
FIFTYMILE RIVER AT WHITEHORSE, YUKON TERRITORY.

Since 1902 the White Pass & Yukon Railroad Co. has kept daily
records of the stage of Fiftymile River at Whitehorse and of the
dates of opening and closing of navigation. In the spring of 1908
members of the United States Geological Survey, on their way to
the interior of Alaska, made the following measurements of the river
at this point:

Miscellaneous measurements of Fiftymile River at Whitehorse, Yukon Territory, 1908.

: Discharge
Date. hﬁiﬁ&. Discharge. Dga;?;ge Der square
Inches. Secft. Sgq. miles. Sec.-ft.
TUNB 10« e e oo e 4,490 7,630 0.588
JUDO 16+ - - oo 163 5,100 7,630 .668

FORTYMILE RIVER DRAINAGE BASIN.
DESCRIPTION.

Fortymile River is tributary to Yukon River in the Yukon Territory
at longitude 140° 30’ west and latitude 64° 30’ north, about 50 miles
below Dawson, Yukon Territory, and about the same distance above
Eagle, Alaska. The main river rises in Alaska and enters Canadian
territory about 23 miles above its mouth. Some of its southern tribu-
taries also rise in Canadian territory. Of its total drainage area of
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6,350 square miles, about 4 per cent lies in Canadian territory. The
area is roughly fan-shaped, the extreme diametric dimensions being
approximately 100 miles. The stream flow is predominantly from
west to east. About 40 miles in an air line from its mouth the river
divides into North and South forks, and again these subdivide some-
what symmetrically into other forks. These tributaries will be
described more in detail on later pages.

On the north the tributaries interlock with those of Mission Creek
and Seventymile and Charley rivers in high, rocky ridges, of which
Glacier Mountain is the most prominent. From the west Good-
paster, Volkmar, and Healy rivers take the adjoining drainage from
mountains equally rugged. In the southeast the streams head
in a country of relatively low relief at a distance of only a few
miles from Tanana River. Ladue Creek and Sixtymile River form
the opposing drainage on the east and southeast, the moderately low
dividing range being accentuated by several large dome-shaped
mountains.

A prominent feature of the lower Fortymile basin is the well-defined
bench which marks the elevation of an earlier valley floor. In the
vicinity of Steel Creek this bench is about 500 feet above the stream
bed. The planes of the present and of the older valley floors coincide
near the mouth of Kechumstuk Creek at an elevation of about 2,000
feet above sea level. A view of the Fortymile Valley just below Steel
Creek is shown in Plate V, B.

MAIN STEM OF FORTYMILE RIVER.
DESCRIPTION.

The main stem of Fortymile River, as determined by the area of
drainage, consists of sections named in downstream order Dennison
Fork, South Fork, and Fortymile River, Dennison Fork joining
Mosquito Fork to form the South Fork.

Dennison Fork has its source in a country characterized by wide
swampy valleys which slope gently into fairly high mountains. The
ridge separating its drainage from that of Tanana River parallels the
Tanana at a distance varying from 4 to 10 miles. Its drainage area
of 1,540 square miles is about equally divided between two forks
which unite to form the main stream about 12 miles above its mouth.

DENNISON FORK AT MOUTH.

This station was located about one-half mile above the junction
with Mosquito Fork, one-half mile below the mouth of a small
tributary from the right known as Deep Creek, and 24 miles south of
Chicken post office.

A gage was installed and one discharge measurement was made
in 1911. This gage was carried out by the high water of June 17,
1912, and a second was installed by the observer on June 19, all
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1912 measurements being referred to the latter. The relation between
the two gages was determined approximately from the 1911 measure-
ment and all gage readings before June 17 were reduced to the datum
of the 1912 gage.

" The drainage area of Dennison Fork is nearly one-fourth that of
Fortymile River at the mouth. Some prospecting has been done
in its basin, but no attractive discoveries have been made and
there are practically no settlers in the entire area. The meager
records give some idea of the character of its flow. It is believed that
the run-off for June, 1912, was abnormally large and that the dis-
charge of 6,500 second-feet on June 17 is nearly the maximum for
this stream. It is estimated that the minimum summer discharge is
less than 100 second-feet.

Discharge measurements of Dennison Fork at mouth, 1911 and 1912.

Gage Dis-
Date. height. | charge.

Feet. Sec-ft.
139

0.80

1.05 203
2,08 807
1.87 625

Daily gage height, in feet, and discharge, in second-feet, of Dennison Fork at mouth, for 1912.
[Drainage area, 1,540 square miles. Observer, J. V. Anderson.]

June. July. August. June. July. August
+ + +3 +3 3 3
o . p=i . < . N g .

AR AN SRR AR AN R CANE AN AR AN AN
A bt a H a1 8| 4 a1 8
2151915 || g |5 2|5 |&|%d
S 4 ) 3 = =z 4 ,% & 4 S =
<] =] < [=] S a <] A &} A < a

) DR A 3.50

2.. .1 3.40

3. .| 3.60

4, 2.80

5. 2.50

6. .| .40
7.. .| 3.2 Mean dis-
8. .13.00 charge....|...... 2,690 |...... 330 |.oooiiannns
9.. 2.65 Second-feet :
100 cccnn.-. 2.50 persquare
mile......|...... 168 [...... 0.214 |......]......
1230 Run-off
2.65 (depth in
2.95 inches on
2.90 drainage
. 3.00 Area)...-cfeenen- 1.56 ...... 011 ... |,
Maximum._.|...... 6,500 |...... 970 ool ]oeenos
g. % Minimum. .|...... 1,020 |...... 148 ... f....s

Accuracy...|-..... C |...... B |..o.eeen-s
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SOUTH FORK OF FORTYMILE RIVER DRAINAGE BASIN.

DESCRIPTION.

Mosquito Fork, which joins Dennison Fork from the north to form
South Fork, heads at an elevation of 3,000 to 4,000 feet in a ridge
paralleling Tanana River about 20 miles from that stream and flows
generally northeast for about 75 miles. Its drainage area comprises
1,120 square miles. Chicken Creek, the first tributary above the
mouth, though of small drainage area, is economically important as
a gold producer. Gold Creek joins from the north about 20 miles
above Dennison Fork, and Kechumstuk Creek enters from the same
side about 8 miles farther upstream. Near the mouth of Kechumstuk
Creek, at an elevation of about 2,000 feet, an abrupt decrease in
stream gradient is noticeable, and the valley above this place widens
and becomes swampy. The valley floor narrows again about 8 miles
above, at a point where a spur from the south approaches the stream.
This spur marks the lower end of the flat swampy area known as
Mosquito Flats, which constitutes a large portion of the upper drain-
age area of Mosquito Fork. These flats extend along the stream for
about 20 miles, and at some places are 12 to 14 miles wide. They
are a tangle of lakes and sloughs, and it is said that during a wet
season they are practically covered with water.

The principal tributaries to South Fork below the junction of Denni-
son and Mosquito forks are Atwater Creek, Walker Fork, Napoleon,
Franklin, Buckskin, Uhler, and Butte creeks. The largest of these
is Walker Fork, and it is also the most important because of the
placer gold produced by its tributaries. The more prominent of these
are Poker, Davis, Cherry, and Twelvemile creeks, Liberty Fork, and
Wade Creek.

SOUTH FORK AT FRANKLIN.

This station was located about 50 yards above the miouth of
Franklin Creek and 75 yards from the Franklin road house. It was
established on July 9, 1910, and records have been obtained for
three seasons. Discharge measurements were made from a boat
at high stages and by wading at low. Freshets, which bring gravel
down Franklin Creek and deposit it below the gage, have caused
slight changes in the control and, consequently, in the ratings, but
the discharges are nevertheless believed to be very reliable. The
maximum discharge for the period of the records was 12,600 second-
feet on June 17, 1912. This is reported by the settlers to have been
the highest stage for many years. The discharge reached a minimum
of 134 second-feet on August 4 and 5, 1910.
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Discharge measurements of South Fork of Fortymile River at Franklin, 1910-1912.

G Dis- Gage Dis- .
Date. heiﬁet. I charge. Date. hei;it. charge.
Feet. Sec.-ft. 1911—Continued. Feet. Sec.-ft.
2.7 51 15 5.40 4,130
2.22 5.04 4,890
2.20 2.33 455
3.88 2.05 204
2.77
4.9 3,860
4.30 2.50 522
5.26 2.82 1,100
4.17 3.75 2,210
2.75 6.21 6,550

Daily gage height, in feet, and discharge, in second-feet, of South Fork of Fortymile River
at Franklin for 1910-1912.

[Drainage area, 3,180 square miles. Observer, John Roberts.)

July. August. | September. July. August. |September.
3 . - . - . - . - . - .
Doy, (S|SB |83 8| ™ 252|838
215|151 8|2) 8 218|132\ 5|3!8§
S| 2| | 2| 8| 8 12| % 8|88
¥ . J
& A (<] =] S =] S =] S A S =]
2.25 | 179 | 2.50 420 324 1 2.67 | 631 | 2.67 631
2.25 | 179 | 2.50 420 324 | 2.67 | 631 2.62 566
2.23 | 166 | 2.54 468 324 { 2.67 | 631 2.62 566
2.21 | 153 | 2.54 468 324 | 2.67 | 631 2.58 516
2,211 153 ]2.50 420 324 | 2.67 | 631 ) 2.58 516
2.17 | 134 | 2.50 420 282 | 2.62 | 566 | 2.58 516
2.17 | 134 | 2.50 420 237 |1 2.62{ 566 | 2.58 516
2.25 | 179 | 2.50 420 2371 2.62 | 566 | 2.54 468
5.38 15,120 | 2.50 420 237 | 2.58 | 516 | 2.54 468
4.79 4,060 | 2.50 420 237 | 2.54 | 468 | 2.50 420
237 | 2.54 | 468 |......|......
3.92 (2,530 | 2.50 420
3.54 1,900 | 2.50 | 420 :
3.23 (1,420 | 2.50 420 502 {...... 911 f......| 487
2.92 | 968 | 2.54 468
2.79 | 787 | 2.54 468
mile_.....|J...... 0.158 |......[0.286 |......| 0.153
2.73 ) 709 | 2.58 516
2.77 | 761 | 2.58 516
2.83 | 842 | 2.67 631
2.83 | 842 2.67 631
2.73 | 709 ] 2.67 631
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Daily gage height, in feet, and discharge, in second-feet, of South Fork of Fortymile River
at Franklin for 1910~1912—Continued.

" May. June. July. August. September. October.
Day.
. Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage ‘ Dis- | Gage | Dis-
height.|charge./height.|charge, |height. charge. height.icharge, height. charge. height.|charge.
4.77 | 3,240 | 2.20 340 | 2.20 340 | 2.00
4,27 | 2,560 | 2.20 340 | 2.20 3401 2.00
4.07 | 2,300 | 2.20 340 | 2.20 340 | 2.00
3,97 | 2,170 | 2.20 340 | 2.10 265 | 2.00
4.01 2,210 | 2.20 340 | 2.10 2651 2.00
4,12 | 2,340 | 2.20 340 2.10 2.00
3.82 (1,950 ( 3.00| 1,040 | 2,10 2.00
3.77 11,910 [ 3.20] 1,250 | 2.00 2.00
2.90 940 | 2.65 705 | 2.00 2.00
2.50 5751 2.75 795§ 2.00 2.00
2.50 575 | 2.70 750 | 2.00 2.05
2,50 576 | 2.70 750 | 2.15 2.20
2.50 575 | 2.65 705 | 2.20 2.30
2.50 575 |~ 2.60 660 | 2.30 2.40
2.40 495 | 4.75| 3,210 | 2.30 2.40
2.40 495 1 5.40 | 4,140 [ 2.30 2.40
2.40 4951 5.10 | 3,700 | 2.30 2.30
2.40 495 | 4.00 | 2,210 | 2.40 2.30
2.40 495 | 3.35| 1,420 | 2.40 2.20
2.30 415 2.65 705 | 2.40 2.20
2.30 4151 2.60 660 | 2.40
2.30 415 2.50 575 | 2.30
2.30 4151 2.40 495 | 2.25
2.30 4151 2.35 455 | 2.30
2.20 340 | 2.30 415 | 2.20
2.20 340 | 2.30 415 | 2.20
2.20 340 | 2.25 378 | 2.15
2.20 340 | 2.25 378 | 2.10
2.20 340 | 2.20 340 | 2.10
2.20 340 2.20 340 | 2.10
P . 2.20 340 | 2.10 5170 (RN PR R PR
Mean dis-
charge. .[....... 3,600 |.......| 970 |.......] 932|....... 336 |.cuu.-. P I (R S
Second-feet per
square mile. .|....... 113 |....... 0.305 |....... 0.293 |cceeans] 0.106 |....... 0.094 [....ooifaiannns
Run-off (depth
in inches on
drainage area)
Maximum......
Minimum.
Accuracy.......

Discharge estimated.
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" Daily gage height, in feet, and discharge, in second-feet, of South Fork of Fortymile River
at Franklin for 1910-1912—Continued.

May. June. July. August. September. October.
Day.
Gage | Dis- | Gage | Dis- | Gage | Dis- | Ga, Dis- | Ga Dis- Gage Dis-
height.|charge. height.|charge. height.|charge. height. charge. height.|charge./height.|charge.
2.65 735 | 4.50 (3,260 3.15{ 1,380 2.20| 440 2.60 820 | 2.60 820
2.80 930 | 5.15| 4,170 | 3.05] 1,260 ; 2.30 5201 2.60 820 | 2.60 820
2.90 {1,060 | 7.5 | 7,600 | 3.00] 1,190 | 2.45 660 | 2.60 820 | 2.45 660
3.1011,320| 7.2 | 7,180 | 2.75 865 | 2.50 710 | 2.60 820 | 2.40 610
3.10 | 1,320 | 6.4 | 5,960 | 2.50 550 | 2.50 | 710 2.50 710 | 2.40 610
3.20 { 1,450 | 5.60 | 4,800 | 2.40 450 | 2.65 875 2.50 710 | 2.30 520
3.30 | 1,580 | 4.80 | 3,680 | 2.40 450 | 2.90 ] 1,150 [ 2.50 710 2.25 480
3.751 2,210 | 4.20| 2,840 | 2.50 550 | 2.90)1,150 [ 2.60{ 820| 2.20 440
4,70 | 3,540 | 3.85| 2,350 | 2.45 500 | 2.90 11,150} 2.70 930 | 2.20 440
4.40 | 3,120 | 3.65 2,070 | 2.40| 450( 2.80 1,040 | 2.80| 1,040 | 2.15 405
4,75 | 3,610 | 3.45[ 1,790 | 2.35 405 3.85}2,350 | 2.85)1,100} 2.10 370
4.70 | 3,540 | 3.45| 1,790 | 2.30 360 | 6.50 6,100 3.00 ] 1,260 | 2.10 370
4.70 | 3,54 4.15( 2,770 | 2.30 360 | 5.25| 4,310 2.95(1,200{ 2.10 370
4.80 | 3,680 | 5.20 | 4,240 | 2.20 290 | 3.95| 2,490 | 2.85 ceeeaas
4.60 | 3, 7.0 |6,90 ]| 2.20 290 | 3.60 | 2,000 | 2.65
4.2512,910 | 8.1 |8,560| 2.20 290 | 3.25| 1,560 | 2.55
4.10 | 2,700 | 10.5 (12,600 | 2.20 250 | 3.00| 1,260 |.......
3.90 | 2, 10.0 {11,700 | 2.20 290 | 2.90 ) 1,150 | 3.20 | 1,500
3.55|1,930 { 84 |9,040| 2.10 230 | 3.001%1,260} 3.55| 1,930
3.55| 1,930 | 8.4 |9,040| 2.10 230 | 2.90 | 1,150 { 3.85 | 2,350
3.5511,930| 7.2 | 7,180 | 2.10 230 | 2.901 1,150 | 3.60 | 2,000
3.40 1 1,720 7.1 | 7,040 ) 3.551,930 ) 2.80) 1,040 | 3.50 | 1,860
3.20 | 1,450 | 7.0 | 6,900 | 2.85(1,100| 2.70 930 | 3.20 | 1,500
3.10|1,320| 6.0 |5, 2.80 11,040 | 2.70 930 3.05 1,320
3.00 | 1,190 | 5.25 | 4,310 | 2.70 930 [ 2.70 930 | 2.85 | 1,100
3.00 | 1,190 | 5.00 | 3,960 | 2.60 820 | 2.70 930 | 2.85 ] 1,100
2.90 | 1,060 | 4.80| 3,680 | 2.50| 710] 2.80{ 1,040 | 2.85 | 1,100
2.80 930 | 4.751 3,610 | 2.40 610 | 2.80 | 1,040 [ 2.85 | 1,100
4.85| 3,750 | 4.55| 3,330 | 2.30 520 | 2.80 | 1,040 | 2.85 | 1,100
6.1 | 5,640 | 3.95]| 2,490 | 2.30 520 | 2.70 930 | 2.80 | 1,040
4.80 | 3,680 |....... ciesees| 2,40 610 | 2.70 930 |.......
Mean dis-
charge. .
Second-feet per
square mile. . |..
Run-off (depth
in inches on
drainage area)
Maximum......
Minimum......
Accuracy..

FORTYMILE RIVER AT STEEL CREEK.

This gaging station was located 100 yards above the mouth of
Steel Creek, at the Steel Creek road house, was established June 28,
1910, and has been maintained three seasons. All discharge meas-
urements were made from a boat, in most of them only surface
velocities being taken. The control is permanent and the rating
should be very accurate. (See fig. 4, p.55.) On May 19, 1911, the
gage was taken out by high water, necessitating interpolation of dis-
charges to May 23, when a new gage was installed.

The maximum stage for the period was recorded May 19, 1911, and
indicated a discharge of approximately 37,000 second-feet. The
minimum discharge of 420 second-feet occurred August 10, 1910.

~These values are probably close to the true maximum and minimum
for the summer season at this point.
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Discharge measurements of Fortymile River at Steel Creek, 1910-1912.

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
1910. Feet. Seeft. 1911—Continued. Feet. Sec.ft.
June 29. . oiiiiieiaea.. 7.60 15,900 || July 27...cemeeiiiiminnnacnnn 0.85 - 9
...................... 6.35 | 11,500 || Sept. 3--....iii.iiiii.o.l .90 1,010
July 3leaeeiiiiiinaanenns .10 a 575
Aug. 16, i 1.10 a 1,340 1912.
JUne 8...oeiieciiiininienas 7.73 15,000
1911, July 3.....iilllliiiiill 2.60 2,990
MBY 23eeeenmenenmeaeennnn. 4.52 6,620 || AUZ. 5uucnecenennn eeeenas 1.68 1,850
JUNO Troemeoomeiamaenianns 6.46 11,500
July 8. ...l 3.37 4,170 .

a Velocities taken at 0.6 depth.

Daily gage height, in feet, and discharge, in second-feet, of Fortymile River at Steel Creek

f({)r 1910-1912.

[Drainage area, 5,890 square miles. Observers: T. E. Phillips, 1910; J. C. Kemp, 1911-12]

May. June. July. August. September. October.
Day. . K
Gage | Dis- | Gage | Dis- | G Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis-
height.|charge. height./charge. height./charge. [height.|charge. |height. charge. height./charge.
. 1910.
1 5.3 |8,480 | 0.10 570
4.2 | 5,840 .10 570
3.35|4,130| .10| 570
2.45 { 2,750 .10 570
2.00 {2,200 0.0 520
2.25 | 2,500 |— .05 | 495
1.85 | 2,090 |- .10 | 470
1.4511,610| 0.0 520
1.05 | 1,220 [ 5.0 | 7,740
1.90 { 2,080 | 5.0 | 7,740
1.80 | 1,960 | 3.75 | 4 880 .90
1.951 1,910 | 2.90 | 3,400 .90
1.80 ] 1,960 | 2.25 | 2,500 .8
1.95 (2,140 | 1.80 | 1,960 | .80
1.50 { 1,660 | 1.40 | 1,560 | .80
1.40 | 1,560 { 1,10 1,260 | 2.30
1.25 | 1,410 [ 1.05]1,220| 2.55
1.00 | 1,180 | 1.25] 1,410 | 2.80
.80 | 1,020 | 1.20| 1,360 | 2.40
.70 940 | 1.20] 1,360 | 2.10
.60 860 | 1.35] 1,510
.40 740 | 1.30 | 1,460
.40 740 | 1.10] 1,260
.45 770 1 1.00 | 1,180
.45 770 .95 | 1,140
.60 860 | 1.05} 1,220
.50 | 800 1.00] 1,180
.35 7101 1.001| 1,180
.30 680 .95 1,140
20| 620 .95]1,140
.10 570 .80 | 1,020
Mean dis-
charge. .| ... | ... ..l ...... 12,900 |....... 1,830 |....... 1,750 {....... 1,520 . eoiideiannns
Second-feet per
squaremile. .|.......|.... PR . 2.19 |....... 0.311 |....... 0.297 {oeavn ] 0.258 | ceniifiaailts
Run-oft (depth
in inches on
....... 0.34 |.......] 0.22
....... 7,740 |-...-..| 3,240
....... 470 |.......| 860
....... A ... A
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Daily gage height, in feet, and discharge, in second-feet, of Fortymile River at Steel Creek
Jor 1910-1912—Continued.

May. June. July. August. September. October.
Day. .
Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis-
height. [charge, height. \charge. height.charge. height.|charge./height.|charge. lheight.|charge.
8.2 (17,100 | 1.20 | 1,360
6.5 [11,800 | 1.20} 1,360
6.7 (12,400 .95} 1,140
6.5 ,800 { 2.25 | 2,500
6.2 |11,000 | 2.80 | 3,240
7.2 [13,900 | 4.7 | 7,020
6.2 [11,000 | 4.3 | 6,060
5.1 | 7,980 | 3.40 | 4,220
4.4 16,300 2.70] 3,100
4.0 | 5,400 | 2.00 | 2,200
3.70 | 4,780 [ 1.60 | 1,760
3.10 | 3,720 | 1.40 | 1,560
3.80 | 4,980 |....... 1,310
3.05 | 3,640 .85 | 1,060
3.10 | 3,720 | 1.50 | 1,660
4.0 | 5400| 4.10 5,620 1.40| 1,560 | 1.75 | 1,910
3.70 | 4,780 | 3.75| 4,880 | 2.35 (2,620 | 1.30 | 1,460
3.75 | 4,880 | 2.15 (2,380 | 2.00|2,200| .95 (1,140
3.35 (4,130 | 1.90| 2,080 | 1.90] 2,080 .55 830
2.7513,170 | 1.60| 1,760 | 1.75 | 1,910 4 740
2.30 | 2,560 | 1.10| 1,260 | 1.40
2.85(3,320 ( 1.40 | 1,560 | 1.00
1.75( 1,910 | 1.60 | 1,760 .85
.2 1.60 ( 1,760 | 1.50 | 1,660 .65
1 1.55 | 1,710 .95 | 1,140 .50
6.8 12,700 | 1.40 | 1,560 .90 | 1,100 .45
6.6 (12,100 | 1.25| 1,410 .90 | 1,100 .35
5.5 | 9,000 1.25|1,410 1.45| 1,610 .30
55 19,000 1.45]1,610| 1.50 | 1,660 .30
5.6 ,280 | 1.20 ] 1,360 .95 | 1,140 .30
8.2 (17,100 [.......|..o.... 651 900 | ...._.
charge . .[....... 12,900 |....... 5,680 |....... 2,300 ....... 997 | 1,260 |.......]. ...
Second-feet per
square mile..|....... 2.19 |-eaenns 0.965 |....... 0.390 |....... 0.169 {....... 0.214 |......|....oae
Run-off (depth
in inches on
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Daily gage height, in feet, and discharge, in second-feet, of Fortymile River at Steel Creek
Jor 1910-1912—Continued.

May. June, July. August. September. October.
Day.

Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- Gaﬁe Dis-

height./charge. height./charge. height.[charge height.|charge. height.|charge. height. /charge.
1 4.9 | 7,500 | 2.80]3,240| 1.15{1,310 | 2.10{ 2,320 | 1.65| 1,810
2.. 5.2 8220 2.35(2,620( 1.80{1,960{ 2.15{ 2,380 | 1.70 | 1,860
3.. 8.0 16,400 | 2.75| 3,170 | 2.10 2,320 | 2.10,2,320 | 1.60 | 1,760
4. 6.8 [12,700 | 2.90 | 3,400 | 2.00 { 2,200 | 2.00 | 2,200 | 1.45| 1,610
5.. .90 5.8 | 9,840 2.40]2,680| 1.70|1,860 | 2.05| 2,260 | 1.85| 1,510
6 .10 4.8 (7,260 2.00(2,200{ 1.55] 1,710 2.05}2,260 | 1.30 | 1,460
7 . 45 4.0 [5400| 1.55|1,710| 4.7 |[7,020| 2.00]2,200| 1.30| 1,460
8 .1 620 | 3.30 (4,040 | 1.25| 1,410| 6.6 112,100 | 1.95] 2,140 | 1.20| 1,360
9 L5 | 6,540 | 2.95)3,480 | 1.10| 1,260 | 3.20 {3,880 1.80) 1,960 | 1.10{ 1,260
10.. .0 | 7,740 3.10 | 3,720 .9511,140 | 2.60 2,960 | 1.85| 2,020 1.00| 1,180

5.0 | 7,740 | 3.20 | 3,880 .90 1,100 | 4.2 |5,8401 2.25 | 2,500 L9571 1,140

5.4 | 8740 | 2.95]3480| .95|1,140| 8.9 (19,500 | 2.20{2/440| .90 1,100

5.6 ,280 1 5.2 [ 8220 1.15(1,310] 6.3 [11,200| 1.90| 2,080 .80 { 1,002

6.3 11,200 6,6 |12,100| 1.15| 1,310 3.85{ 5,080 | 1.80 | 1,960 .60 860

55 |9 6.2 11,000 | 1.20 | 1, 3.45 | 4,310 | 1.75[1,910 | .60 860

5.4 | 8,740 9.6 ;22,000 | 1.251,410 | 2.90 | 3,400 | 1.80; 1,960 .40 740

5.6 |9,280 | 12.1 (31,400 | 1.05|1,220| 2.40 | 2,680 | 1.60 | 1,760

5.3 | 8,480 ag 20)200 | .85 | 1,060 | 2.40 | 2,680 [ 2.70 | 3,100

4.8 | 7,260 | (2) (22,600 | .70 | 940 | 3.10| 3,720 | 4.0 | 5,400

3.90 | 5,180 { (s) |22,600{ .65 900 | 3.10 3,720 | 3.95 { 5,290

3.90 | 5,180 } (a) |18,000 .70 940 | 3.10| 3,720 | 3.50 | 4,400

4.0 |5,400| 7.4 [14,500| 4.4 |6,300 | 2.95| 3,480 | 3.10 1} 3,720

4.0 5400} 7.6 115100} 3.40) 4,220 2.60 | 2,960 | 2.70 | 3,100

3.75 | 4,880 | 7.1 {13,600 | 2.55 | 2,800 [ 2.50 | 2,820 | 2.45 | 2,750

2.65 3,030 | 59 [10,100 | 2.15{ 2,380 | 2.60 | 2,960 | 2.10 | 2,320

2.3512,620| 6.0 10,400 | 2.00 | 2,200 | 2.45 | 2,750 | 1.70 | 1,860 |.

1.90 | 2,080 | 5.7 , 2.251 2,500 | 2.40| 2,680 | 1.55 1,710

2.00 | 2,200 | 4.7 | 7,020| 2.35|2,620] 3.00| 3,560 | 1.40 | 1,560

5.2 | 8220| 3.90(5,180 | 1.95| 2,140 | 2.75| 3,170 | 1.40 | 1,560

7.8 [15,800{ 3.35| 4,130 | 1.60| 1,760 | 2.55| 2,800 | 1.40 | 1,560

6.3 (11,200 ..._...{...._.. 1.35 [ 1,510 | 2.25 {2,500 [.......[...__.

....... 6,750 |.......|11,800 |.......} 2,070 |.......{ 4,290 |.......[ 2,500 |.......| 1,310
square mile. .|....... 115 ]....... 2.00 |....... 0.3511....... 0.728 |....... 0.424 |....... 0.222
Rua-off (depth
in inches on
drainage area) 0.84 D.47 |:...... 0.13
Maximum..... 19,500 |.. 5,400 |._..... 1,
Minimum. . ... 1,310 | .. 1,560 |....... 740
Accuragcy...... A A . A

Fu ]éischarge for the period June 18-21 was estimated by comparison with discharge at station on South
ork.
MOSQUITO FORK AT KECHUMSTUK.

Records have been obtained on Mosquito Fork 100 yards below
the mouth of Kechumstuk Creek and about 26 miles west of Chicken
post office for portions of three seasons at a station established July 7,
1910. The control has remained permanent for low stages, but at
high stages it has probably been changed somewhat by repairs on a
diversion dam one-fourth mile below the gage. Measurements were
made by wading and from a raft. The records are thought to be
very accurate. The maximum discharge of 4,030 and the minimum
of 34 second-feet occurred on June 16, 1912, and September 30, 1910,
respectively.

A project has been proposed for diverting water from Mosquito
Fork at Kechumstuk and carrying it by ditch to Chicken for use in
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hydraulic mining. The stream falls rapidly below Kechumstuk and,
if ever the market should warrant, power might be developed by a
ditch diverting it to a lower point in the valley, where the fall could
be concentrated. The records at Kechumstuk should be of value in
the consideration of these projects.

Discharge measurements of Mosquito Fork at Kechumstuk, 1910-1912.

Gage Dis- Gage Dis-
Date. height. | charge. Date. heiZ%nt. charge.
1910. Feel. Sec.-ft. Feet. Sec.-ft.
. 1.24 318 1.40 e 396
.99 273 .42 141
- .21 42 1.53 a 479
- .22 41 1.53 b 492
.60 182
46 140
11 89

@ Measurement by surface velocities; coefficient, 101.6 per cent.
b Velocities at 0.6 depth; coefficient, 90 per cent.

Daily gage height, in feet, and discharge, in second-feet, of Mosquito Fork ai Kechumstuk
Creek for 1910-1912. )

[Drainage area, 824 square miles. Observer, Henry Siemer.]

- July. August. September. October.

Day.
G Gage | Dis- | Gage | Dis- | Gage | Dis-
height. | charge. | height. | charge. | height. | charge. | height. | charge.

56 0.00 70 { —0.15 50
.00 .

50 70| — .20 44
50 | — .50 631 — .25 39
41 —.10 56 foceenenc]eaannnns
447 — .10 56 .o
- .20 4| - .05 63 {........
— .25 39— .05 63 |.
- .20 44 | — .10 56 |.
+ .86 232 — .10 56 |.
.70 198 | — .10 56 |.
.60 174 | — .10 56 |.
.65 185 | — .10 56 |.
.50 152 | — .10 56 |.
.40 132| — .10 56 |.
25 108§ — . 63 |.

persquaremile..........|........
Run-ogi‘ (depth in inches on drainag
area,
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Daily gage hezght in feet, and discharge, in second-feet, of Mosquito Fork at Kechumstuk
Creek for 1910-1912—Continued.

August. |September.{ October. August. |September.| October.

] o i 3 . o . 3 . o .

Da 2151285 8 Day. | S| S| | 8| &
Y- @ .§ ] =] ‘2 & ] .§ ] ) @ §

s 41514154 ¢ 121514

212 | 9|3 2 PR | 2| a) ¥| A

<] =} <] =] t%b =1 S =] S =] <] =

W11 55 || Second-feet

66/ 0.65 185 0.85 232 0.50
64 .60 174 .80 220 .40
64 .50 152 . 2200 .35
64) .45 142 L7500 2000 .30
64 .40p 132 .75 11
63 .04 76 70 198 .04
63 .04 76 .900 2441 .00
63— .04 64 .85 232|— .02
67|— . 10| 56 .85 232|— .02
73+ .07 80 .80 220[-- . gﬁ;

132|— .01 69

257|— .07 60

209{— .13 52 charge..|.c.... 99.8...... 17.21...... 95.2

June. July. August. September.

Day. Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis-
height. | charge. | height. | charge. | height. | charge. [ height. | charge.

130 356
1.35 378
135 (. 378
1.40 400

........ 400

........ 400

BLLES BHBRS B588E 38LLS 8853

&

Bt e e e e e e el e e e et et

<

Mean discharge. ... .........o...fooeiood) 1,900 {o.ooool| 210 |..o...] 292 f........ 459
Second-feet per squaremile. ... ....{........} 231 (... 0.255 ... .} 0.354 | ....... 0.557
Run-off (depth in inches on drainage 0.62

I o
........ 296




FORTYMILE RIVER DRAINAGE BASIN. 9
EECHUMSTUK CREEK AT MOUTH.

This station is located one-fourth mile above the mouth of Ke-
chumstuk Creek, 2 miles below Kechumstuk Indian village and about
26 miles west of Chicken post office. Records were started July 7,
1910. The same location has been used for three seasons, but a
change in rating occurred between the seasons of 1910 and 1911, so
that two ratings have been used, one for 1910 and one for 1911 and
1912, All discharge measurements were made by wading.

The records show that Kechumstuk Creek rises more abruptly and
subsides more quickly than Mosquito Fork above Kechumstuk Creek.
This peculiarity is accounted for by the marked difference in topog-
raphy of the two areas. Kechumstuk Creek lies largely in a rugged
mountainous area, which affords little storage and spills quickly,
whereas the flat swampy basin of the upper Mosquito Fork furnishes
a very efficient reservoir.

Discharge measurements of Kechumstuk Creek at mouth, 1910-1912.

Gage Dis- Gage |- Dis-
Date. heiag'%t, charge. Date. height. | charge.
Feet. Sec.-ft. 1911, Feet. Sec.-ft.
1.89 71 Aug. 2. .ccenniaeaacacanas 1.31 17.8
1.86 64
1.35 12.2 1912,
1.33 10.4 1.96 92
1.80 53 1.50 28
1.74 38 2.70 317
1.66 31 2.50 256
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Daily gage height, in feet, and discharge, in second-feet, of Kechumstuk Creck at mouth

Jor 1910-1912.
[Drainage area, 189 square miles. Observer, Henry Siemer.]
July. August. September. October.
Day. Gage | Dis-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>