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SEDIMENTATION AND CHEMICAL QUALITY OF SURFACE
WATERS IN THE WIND RIVER BASIN, WYOMING

By B.R. Colby, C. H. Hembree, and F. H. Rainwater

ABSTRACT

This report gives results of an investigation by the U. S. Geological Sur-
vey of chemical qualityof surface watersand sedimentation in the Wind River
Basin, Wyo. The sedimentation study was begun in 1946 to determine the
quantity of sediment that is transported by the streams in thebasin; the prob-
able sources of the sediment; the effect of large irrigation projects on sedi-
ment yield, particularly along Fivemile Creek; and the probable specific
weight of the sediment when initially deposited in a reservoir. The study of
the chemical quality of the water was begun in 1945 to obtain information on
the sources, nature, and amounts of dissolved material that is transported
by streams and on the suitability of the waters for different uses. Phases of
geology and hydrology pertinent to the sedimentation and chemical quality
were studied. Results of the investigation through September 30, 1952, and
some special studies that were made during the 1953 and 1954 water years
are reported.

The rocks in the Wind River Basin are granite, schist, and gneiss of Pre-
cambrian age and a thick series of sedimentary strata that range in age from
Cambrian to Recent. Rocks of Precambrian and Paleozoic age are confined
to the mountains, rocks of Mesozoic age crop out along the flank of the Wind
River and Owl Creek Mountains and in denuded anticlines in the floor of the
basin, and rocks of Tertiary age cover the greater part of the floor of the ba-
sin. Deposits of debris from glaciers are in the mountains, and remnants of
gravel-capped terraces of Pleistocene age are on the floor of the basin. The
lateral extent and depth of alluvial deposits of Recent age along all the streams
are highly variable.

The climate of the floor of the basin is arid. The foothills probably re-
ceive a greater amount of intense rainfall than the areas at lower altitudes.
Most precipitation in the Wind River Mountains falls as snow. The foothill
sections, in general, are transitional zones between the cold, humid climate
of the high mountains and the warmer, drier climate of the basin floor.

Average annual runoff in the basin is about 3.6 inches on the basis of ad-
justed streamflow records for the Bighorn River near Thermopolis. Runoff
from the mountains is high and is mostly from melting of snow and from
spring and early summer rains. It does not vary greatly from year to year
because annual water lossesare small in comparison to annual precipitation.
In the areas on the floor of the basin, where runoff is low, the runoff is most-
ly the result of storms in late spring and early summer. The annual water
losses nearly equal the annual precipitation; therefore, runoff is extremely
variable, in terms of percentage changes, from year to year and from point
to point during any 1 year.
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Large areas of the Wind River Basin contribute little sediment. Streams
rising in the Wind River Mountains carry negligible amounts of sediment in
large volumes of water. After these streams leave the mountains, they pick
up some sediment from their channels, from irrigation return flows, and
from inflow of tributaries on the basin floor. At the junction of the Wind and
Popo Agie Rivers, the streamflow averages about 86 percent of the flow at
Thermopolis, but the sediment discharge averages only about 16 percent of
the sediment discharge at Thermopolis. In contrast, about 7 percent of the
water and 56 percent of the average sediment discharge of the Bighorn River
at Thermopolis come from Fivemile Creek. Nearly all the sediment dis-
charged by Fivemile Creek comes from within the Riverton irrigation proj-
ect; during 1949 and 1950 about 87 percent came from the bed and banks of
Fivemile Creek.

Relative sediment yields from the different geologic areas and from dif-
ferent tributary drainage basins were estimated and were expressed in per-
centages of the average sediment discharge of the BighornRiver at Thermop-
olis.  The area underlain by Precambrian rocks covers 14 percent of the
basin, yields 59 percent of the water, and yields much less than 1 percent of
the sediment. In contrast, the area underlain by rocks of Quaternary age
covers 16 percent of the basin, yields about 63 percent of the sediment, bt
only about 2.5 percent of the water.

Measured suspended~sediment discharge of the Bighorn River at Ther-
mopolis from October 1, 1946, to September 30, 1951, totaled 23,510,800
tons, an average of 4,702, 000 tons per year. The maximum measured year-
ly sediment discharge was 5,733, 000 tons (1947 water year), and the mini-
mum before the closure of Boysen Dam on October 11, 1951, was 3, 606, 000
tons (1949 water year). Maximum monthly measured sediment discharge for
the same period was 1, 652, 000 tons (June 1948), and the minimum was 8, 044
tons (January 1951).

The median particle size of depth-integrated sediment samples collected
at Thermopolis and analyzed in a dispersion media ranged from 0.145 to
0. 001 millimeter. According to an unweighted average, 74 percent of the
measured sediment load at Thermopolis is finer than 0. 062 millimeter.

The specific weight of a relatively uncompacted deposit that might be
formed from the measured suspended sediment that was discharged by the
Bighorn River at Thermopolis from March 1946 to September 1951 was com-
puted by a method based on the median particle size of the sediment. The
computed specific weight of 58 pounds per cubic foot would convert the sedi-
ment load to an average of 3,700 acre-feet per year.

Computations of total sediment discharge for 8 sediment stations cover a
range in streamflow of 20 to 8, 360 cfs (cubic feet per second) and a range of
measured suspended-sediment discharge of 194 to 366,000 tons per day.
Ratios of computed instantaneous total sediment discharge to measured
suspended-sediment discharge wereas low as 1.05 and as high as 1.75. The
results of the computations were used to estimate average ratiosof total sed-
iment discharge to measured suspended-sediment discharge for most of the
stations in the basin. A plot of unmeasured sediment discharges (the differ-
ence between computed total sediment discharge and measured suspended-
sediment discharge) against water discharges shows that the unmeasured
sediment discharge increased in approximate proportion to water discharge
for 3 streams, as about the 1.2 power of the water discharge for 2 streams,
and as about the 1.5 power for another stream. The percentage of unmeas-
ured sediment dischargebecomes small for large flows that containhigh con~
centrations of suspended sediment. Computed size distributions of the total
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sediment discharge were about the same as those of the measured suspended
sediment at the contracted sections but usually indicated much coarser sizes
than those of the measured suspended sediment at the normal sections.

The chemical quality of the surface water in the Wind River drainage ba-
sin differs widely fromone stream toanotherand is variable inmany streams
from headwaters to mouth. Geologic factors, runoff and streamflow char-
acteristics, and irrigation practices largely determine the nature and amount
of the dissolved minerals that are transportedby the Wind River and its trib-
utaries.

Chemical analyses of the water at 22 selected locations depict the effect
of geology on the quality of the waters. These waters ranged from a dilute
(specific conductance of 50 micromhos), calcium bicarbonate type in a moun=-
tain stream to a highly mineralized (specific conductance of 4, 420 micro-
mhos), calcium and sodium sulfate type in a creek in the more arid region.
Three and four years of water-quality records for the Wind River at Riverton
and the Bighorn River at Thermopolis, respectively, established the relation~-
ships between salinity and water discharge at these locations. In general,
the periods of low dissolved-mineral concentration were associated with pe-
riods of high runoff, whereas higher dissolved-mineral concentrations cor-
responded with days of lower flow. However, maximum salinity did not co-
exist with minimum water discharge but occurred at somewhat higher flows.
The water-quality relations in drains of the Riverton project show that the
mineral content and geochemical character of the applied water are altered
appreciably by evapotranspiration, by dissolving accumulated salts in the
irrigated lands, and by solution of sodium and calcium sulfates from the soil
and mantle rock.

During the period included in this investigation before the closure of Boy-
sen Dam, streamflow removed about 748, 000 tons of dissolved material from
the Wind River drainage basin annually. Computations of discharges of ma-
terial in solution from fivedrainage areas within the basinshow that the rate
of dissolving and of discharge of dissolved material is more dependent on
precipitation and runoff than on the mineral and physical properties of the
soil and rocks. Irrigation is particularly effective in dissolving and trans-
porting large quantities of salt.

Because of their low salinityand other favorable characteristics, many of
the waters are suitable for domestic and some industrial uses. Four differ-
ent methods for classifying water for irrigation were applied to results of
analyses from several of the present sources of supply. All methods con-
curred in showing that the waters were of good quality for irrigation. Most
of the waters were so dilute that little leaching would be required with their
application.

INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

.

The investigation of sedimentation and of the chemical quality
of surface waters in the Wind River Basin in west-central Wyo-
ming was undertaken as a part of the program of the Department
of the Interior for development of the MissouriRiver basin. The
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overall plan for the Missouri River basin includes the develop-
ment of irrigation and hydroelectric power and the storage and
regulation of floodwaters. One of the requirements for success-
ful planning of economically feasible projects in the basin is re-
liable informationon fluvial sediments and on the chemical qual-
ity of the water.

This study of sedimentation was made to determine the quan-
tity of sediment that is transported by the streams in the Wind
River drainage basin, the probable sources of the sediment, and
the probable specific weight of the sediment when initially depos-
ited in a reservoir. The chemical quality of the water was in-
vestigated to obtain information concerning the nature and a-
mounts of dissolved material in the waters and the suitability of
the waters for different uses. This report summarizes the re-
sults of the study to September 30, 1952, and, in addition, in-
cludes some special studies that were made during the 1953 and
1954 water years,

On March 15, 1946, the GeologicalSurvey installed a sediment
station on the Bighorn River at Thermopolis, Wyo. Since that
time, 31 additional sediment stations have been established and
operated on a daily basis for different periods of time on the
streams in the Wind River drainage basin.

The records of measured suspended-sediment discharge do
not, of course, show the total sediment discharge of most
streams. Hence, a few computations of unmeasured sediment
discharge were made for each of eight stations. The results of
these computations were used as the basis for estimating average
percentages of unrmeasured sediment discharge at the different
sediment stations.

Sediment discharges at the sediment stations, even for the
short periods of available record, give a measure of the quantity
of sediment that is transported by the streams at the points of
measurement. Particle-size analyses of suspended-sediment
samples furnished information that aids in computing the amount
of unmeasured sediment discharge and the probable initial spe-
cific weight of the sediments after deposition.

The network of sediment stations in the Wind River Basin was
arranged so that the sediment loads at the stations would delin-
eate the source areas as well as the approximate amount of sed-
iment that each area contributes to the total: sediment load as
measured in the Bighorn River at Thermopolis, Wyo., about 21
miles downstream from Boysen Dam.

The purpose of the chemical-quality section of this report is
to present the available information on the water quality of the
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Wind River Basin that will further proper development, control,
and use of the water resources of the area. In the study the fol-
lowing items were considered: the nature and amounts of min-
eral constituents in solution; the geologic, hydrologic, and cul-
ural factors that influence and determine the water quality; the
amount and probable source of the salts discharged by the
streams; and the suitability of the water for domestic, industrial,
and irrigational uses.

Basic chemical-quality data were obtained at 10 scheduled
sampling stations, which were operated from 1} to 5} years.
These data were supplemented with 85 analyses of water from
48 other locations. The records for the station near Dubois fur-
nish information on the quality of the water near the headwaters,
and the records for the station at Thermopolis furnish informa-
tion on the quality of the water that leaves the basin. The sta-
tions on Fivemile and Muddy Creeks were established for col-
lection of data on the relationship of irrigation to water quality.

The field studies made during the investigation provided a
background of information that was essential to the understanding
and interpretation of the sediment and chemical-quality base
data. Pertinent published reports were reviewed in the study of
the geology and its relationship to the sediment and minerals
that are carried in suspension and in solution by the streams of
the Wind River Basin.

PREVIOUS INVESTIGATIONS

In 1938 the Corps of Engineers, U. S. Army, started a study
of suspended sediment in the Bighorn River and its tributaries.
This study continued through 1944, and some results of the study
are contained in a report on the Yellowstone River and tributar-
ies.l/ The stations at which sediment discharges were meas-
ured for areas in the Wind River drainage basin and the periods
of operation were as follows:

Bighorn River at Thermopolis....,...... April1938 to May 1945
Wind River at Riverton................. May 1940 to May 1945
Fivemile Creek near Shoshoni..December 1939 to October 1940

y United States Army, Corps of Engineers, 1946, Review
report on flood control and other purposes, Yellowstone River
and tributaries, Wyoming, Montana, and North Dakota, supple-
ment VI, Silt studies.
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Data for these years cannot be compared directly with meas-
urements made after 1946 because of the difference in methods
of sampling, types of samplers, and procedures for computing
monthly sediment discharges.

Results of the sediment, erosion, and quality-of-water inves-
tigations made by the Geological Survey from 1946 to 1948 were
made available in a preliminary unpublished report.g/ Chemical
quality of ground water in the Riverton irrigation project has
been discussed by Durum (Morris and others, 1956).

PERSONNEL AND ACKNOWLEDGMENTS

This investigation was made by the Geological Survey in co-
operation with other agencies of the Department of the Interior.
The investigation was conducted by the Water Resources Division
of the Geological Survey, under the general supervision of P. C.
Benedict, regional engineer. The investigation of sediment ac-
cumulations in smallreservoirs was made under the supervision
of H. V. Peterson, staff geologist. .

Chemical analyses of water samples were made under the
supervision of H. A. Swenson, Lincoln, Nebr. The chemical-
quality, sediment, and streamflow stations were operated under
the supervision of T. F. Hanly, Worland, Wyo.

Unpublished records of water discharge were furnished by
F. M. Bell, district engineer, Denver, Colo.

WIND RIVER BASIN
GEOGRAPHY

The Wind River drainage basin in west-central W yoming (pl. 1)
occupies most of Fremont County and small parts of Natrona and
Hot Spring Counties. The Wind River drainage basin almost
coincides with the Wind River Basin, which is a distinct topo-
graphic basin about 150 miles long and 70 miles wide and which
has an area of about 7, 800 square miles. Runoff and the sediment

_2_7 Hembree, C. H., and others, Sedimentation and chemical
quality of water in the Bighorn River drainage basin, Wyoming
and Montana. [Manuscript report in open files of U. S. Geol.
Survey.]
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and dissolved mineral discharge from the basin are measured
at Thermopolis, which is downstream from the "wedding of the
waters'' where the name of the river changes from Wind to Big-
horn. The drainage area upstream from this station is 8,080
square miles. The Wind River Basin is bounded on the north by
the Owl Creek Mountains, the southern tip of the Bighorn Moun-
tains, and the eastward extension of the Absaroka Mountains,
on the west and southwest by the Wind River Mountains, on the
south by Beaver Rim, and on the east by the Rattlesnake Range
and a region of high plains (fig. 1) . The Wind River Basin com-
prises approximately one-fourth of the Bighorn River drainage
basin. Riverton, population 4,142, and Lander, population
3, 349, are the 2 principal centers of population. Lander is the
county seat of Fremont County. Other incorporated towns and
their populations are Hudson 293, Shoshoni 891, Pavillion 241,
Dubois 279, and Lost Cabin 73. (All population figures are from
the 1950 published records of the Bureau of the Census.)

The Chicago, Burlington & Quincy Railroad passes through
the northeastern part of the basin. A spur line of the Chicago
and North Western Railway runs from Bonneville through Riv-
erton to Lander, It connects with the Chicago, Burlington &
Quincy Railroad at Bonneville. Several buslines and the Fron-
tier Airlines serve the basin,

Three United States highways and two State routes form a
good network of paved roads in the basin. U. S. Highways 20
and 26 from Casper enter the basin from the east. At Shoshoni
U. S. Highway 20 turns north down the Wind River and leaves
the basin through the Wind River Canyon. U. S. Highway 26
roughly parallels the Wind River from Shoshoni upstream and
passes out of the basin toward Teton National Parkover Togwotee
Pass. U. S. Highway 287 from Rawlins enters the basin from
the southeast, passes through Lander, and joins U. S. Highway
26 at the Wind River Diversion Dam. From this junction, the
two U. S. Highways follow the same route up the Wind River.
State Route 320 connects Lander and Shoshoni through Riverton.
State Route 28 from historic South Pass enters the basin from
the south and joins U. S. Highway 287 at Perrin, a few miles
southeast of Lander. These highways are oil-surfaced, all-
weather roads. In addition, the basin has several county roads,
some of which are hard surfaced.

In terms of yearly monetary value, the oil-and-gas industry
is the most important industry in the basin. The yearly gross
value of oil and gas produced in the basin is usually double the
gross value of the products of farming and ranching. Revenue
from the tourist trade is important in the economy of the basin.
Mineral industries based on coal, gold, radioactive ores, tung-
sten, and phosphate are potentially important.

388176 O - 56 -2
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GEOLOGY

The rocks exposed in the Wind River Basin are granite,
schist, and gneiss of Precambrian age and a thick series of sed-
imentary strata that range in age from Cambrian to Recent.
(See table 1.) The oldest rocks are exposed in the mountains,
and successively younger rocks crop out with distance from the
mountains toward the axis of the basin. (See pl. 3.)

Rocks of Precambrian and Paleozoic age are confined to the
mountains. Igneous and metamorphic rocks of Precambrian age
are exposed near the crests of the mountains and in the deep
canyons that are cut into the flanks or, like the Wind River Can-
yon, through the mountains. The Paleozoic rocks are mostly
limestones and sandstones. These rocks crop out along the
flanks of the Wind River and Owl Creek Mountains and in a few
small areas on the floor of the basin.

Rocks of Mesozoic age crop out along the flank of the Wind
River and Owl Creek Mountains and in denuded anticlines in the
floor of the basin. On the basis of their composition and area of
outcrop, the rocks of Mesozoic age may be roughly divided into
three groups. The first group is comprised of the formations of
Triassic and Jurassic age and the Cloverly formation of Creta-
ceous age. This group is composed of shale, siltstone, and
limestone. Gypsum is present in many of the beds. The second
group is comprised of a great thickness of alternating thin beds
of sandstone and thick beds of shale that have been divided into
the Thermopolis and Mowry shales, the Frontier formation, and
the Cody shale. The third group, comprised of the Mesaverde
and other post-Cody Cretaceous rocks, is a series of interbedded
sandstones and shales.

Rocks of Tertiary age cover the greater part of the floor of
the Wind River Basin. The Fort Union formation of Paleocene
age crops out in only a few places and consists of sandstone,
shale, siltstone, and some coal. The oldest rocks of Eocene
age in the basin have been named the Indian Meadows formation.
These rocks crop out in a small area near the Wind River in the
northwestern part of the basin. The Wind River formation of
Eocene age covers most of the floor of the basin and consists
mainly of shale, siltstone, and standstone (fig. 4). Rocks of
Tertiary age that are stratigraphically above the Wind River
formation crop out in the northwestern part of the basin and a-
longBeaver Rim in the southeastern part. They are mostly silt-
stone and other fine-grained rocks.

Deposits of glacial debris (fig. 5) are in the mountains and
along the base of the mountains, and remnants of gravel-capped
terraces of Pleistocene age (fig. 2) are on the floor of the ba-
sin, The glacial deposits are limited in area, but the terrace
remnants occu .y a lar-e jrart of the basin.
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Table 1l.--Summary of exposed rock formations in the Wind River Basin
/Branson and Branson, 1941; Brown, 19495 Hares and others, 1946; King, 1947; Love,
1939 and 1948; Love and others, 1945 and 1955; Reeside, 194kh; Thomas, 193L and
1948; Thompson and others, 1949; Tourtelot, 1948; Van Houten, 1950; and Weller

and others, 19487

Age Formation and member Remarks
? Recent Glacial deposits in the mountains,
] Terrace and flood-plain deposits of
§ gravel, sand, silt, and clay along
g Pleistocene the streams, Some areas of wind-
blown deposits,
< Unconformity- Lad
White massive soft tuffaceous sand-
Miocene 1) stone and marl,
N Gray to brown coarsely bedded volcanic
Wiggins formation conglomerate interbedded with white
blocky tuffaceous claystone,
Oligocene f White to pale-pink blocky tuffaceous
Wh}te Ri.\_rer claystone, siltstone, sandstone, and
q\ima on | Jenticular arkosic conglomerate.
AR
s : Green and olive-drab andesitic con~-
Q
3 Tepee Trail formation glomerate, sandstone, and claystone.
[
8 Brightly variegated tuffaceous clay-
) E £ i stone and sandstone grading later-
B Aycross formation ally into greenish-gray sandstone
E and shale,
Eocene ]
£ 4 | Lost Cabin member | pAssemblage of interbedded yellowish,
Eg red, tan, and gray siltstones, sand-
:\-5: 8 | Lysite member stones, shales, and claystones,
=
< Red to variegated claystone, shale,
In gi:mn;zie_igws sandstone, and beds of large boul-
Unconformity: ders., Some algal ball limestone.
Gray and buff sandstone, siltstone,
Paleocene Fort Union formation shale, thin interbedded subbitu-
minous coal, and carbonaceous shale,
conformity:
Light-gray and brown sandstones and
Lance formation interbedded gray shales, claystone,
and carbonaceous shale,
Gray soft marine shale, with many gray
Lewis shale and brown lenticular sandstone beds;
many concretions,.
Light-gray shale, sandstone, and car-
Meeteetse formation bonaceous shale; thin seams of coal
) in the upper half of the formation.
2 Alternating white to buff massive and
g | Oretaceous Mesaverde formation thin-bedded sandstones and shales;
2 sometimes crossbedded.

Cody shale

Shaly sandstone, dark-gray marine
shales, calcareous shale, and a few
thin beds of bentonite,

Frontier formation

Gray and black interbedded sandstone
and shale. Thin subbituminous coal
beds are present.

Mowry shale

Soft black nonsiliceous shales at base
grade up into hard siliceous shale;
contains beds of bentonite and
quartzitic sandstone,
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Recent alluvial deposits are along all the streams in the ba-
sin. The lateral extent and the depth of these deposits are high-
ly variable, but, in general, the thickness and areal extent in-
crease downstream.

RESUME OF THE PHYSIOGRAPHIC DEVELOPMENT

OF THE WIND RIVER BASIN

Orogenic movements that created the Rocky Mountains start-
ed late in Mesozoic time and continued into the Tertiary. The
building of the mountains coupled with attendant and subsequent
erosiondetermined the present-day topography of the Wind River
Basin. Aggradation in the Central Plains east of the mountains
and in the intermontane basins occurred during and after the up-
lift of the mountains. In the Wind River Basin, isolated rem-
nants of late Tertiary rocks (fig. 3) and the basinward sloping
surfaces of these remnants indicate that the aggradation culmi-
nated in deposits of sediment that were about 3, 500 feet thick.
Projection of the sloping surfaces across and above the present
floor of the basindefinesin a general way the altitude of the floor
at the time of maximum fill (Darton, 1906).

The high sediment concentration and the dissolved-mineral
load of the Bighorn River at Thermopolis, before the construc-
tion of Boysen Dam, and of many of the tributaries to the Wind
River reveal that, in general, degradation of the basin, which
began in Tertiary time, still continues. At present, waste wa-
ter from the irrigation projects and the runoff from storms
gather up and transport large quantities of the easily eroded or
dissolved sedimentary deposits that compose much of the sur-
face of the basin floor.

The present course of the Wind River has been interpreted to
mean that,at some time in the past, the upper part of the Wind
River was tributary to the Sweetwater River (Branson and Bran-
son, 1941, p. 147). The former course of the Wind River is
apparently delineated by a low gap in Beaver Rim, southeast of
Lander. The present Wind River turns abruptly northward near
Riverton and leaves the basin through the Wind River Canyon.
One explanation of the peculiar bend is the assumption of capture
of the Wind River by a tributary of the ancestral Bighorn River.
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CLIMATE

The Wind River Basin, owing to the large increase in altitude
between the basin floor and the mountains, has wide local dif-
ferences in temperature and precipitation. These differences
in climate greatly affect the amount of sediment and dissolved
minerals carried by the streams and in conjunction with other
factors partly determine the areas that will furnish most of the
sediment and salts to the streams.

Precipitation in the Wind River. Mountains is relatively high
and falls mostly as snow. Climatological data are not available
for the areas of medium and high altitudes, but precipitation at
some localities in the Wind River Mountains probably exceeds
40 inches a year (Oltman and Tracy, 1949, p. 7). The distri-
bution of average annual runoff (pl. 2) gives an indication of the
increase in precipitation with altitude.

" Oltman and Tracy (1949, p. 8) have shown that annual pre-
cipitation in the Wind River Mountains increases rapidly with
increase in altitude. The relationship that they determined for
a line passing through Riverton and Lander to the top of the
range was an increase of precipitation of 6 inches per 1, 000-foot
increase in altitude.

The climate of the floor of the basin is arid. For the water
years 1924 to 1952 the U. S. Weather Bureau Stations at Diver-
sion Dam, Pavillion, and Riverton recorded annual precipitation
that averaged 9.81, 9.26, and 9. 32 inches, respectively. Dur-
ing this same period the annual precipitation ranged from 5.75
to 15. 54 inches at Diversion Dam, 5.23 to 15.04 inches at Pa-
villion, and 5.72 to 13.21 inches at Riverton. The records
show that there were more years of below average precipitation
than there were years of above average precipitation. (See ta-
ble 2.)

The foothill areas probably receive a greater amount of high
intensity rainfall, with resultant higher rates of runoff, than the
areas at lower altitudes. The foothill sections, in general, are
transitional zones between the cold, humid climate of the high
mountains and the warmer, drier climate of the plains.

The average distribution of precipitation within the year in
the interior of the basin is rather uniform. Almost 50 percent
of the annual precipitation on the floor of the basin falls during
April, May, and June, which is also the time of the melting of
most of the snow in the mountains., An additional 20 percent of
the precipitation falls in September and October. About 19 per-
cent of the annual precipitation occurs in May, which is the



WIND RIVER BASIN

17

Table 2.--Annual precipitation by water years at selected U. S. Weather
Bureau Stations
/Figure in parentheses is altitude, in feet/

Precipitation, in inches

Water : > T
Fort Diversion < Middle

year | Dubois Washakie lander Dam Pavillion |Riverton Fork
(6,917) | '”cp3y | (5:562) | (s '5qyy | (554bO) | (L,95L) | g ncy

1918 | 20.2L | vevevens | 13205 | cevveenns | vanens eee |eoveeeas | 18,68
1919 LEN NN NN ] LR NN NN NN ] 7.’-‘»7 L RO RN LA N NN 7.39 10'58
1920 LI NI ) Ses s s 17088 LI B N ) IR N NE NN NI IEE NN NN ] LN NN
1921 S0 e0 0000 e 19058 11098 ®Seeo008s0 CIC AR A N e®es 000
1922 | veeeees | sevsenes | 1161 6.70 ceeneonss |eesences [esesnen
1923 | seeeeen | covennes | 19.90 13.09 cevesenee 17.25 |eecenss
192l | T7.22 16.72 9.93 9.69 9.83 | 19.12
1925 | 8,15 8.46 8.87 9.1h 9.94 | 11.65
1926 8.2 12,90 5.75 8.21 10.65 20.53
1927 | cevecve | soveecas | 14a72 11,25 12,04 10,21 | 17,13
1928 7488 | ceconees | 10,12 8.29 5.70 7.3%9 15,19
1929  5.09 | eeeeens .| 17.24 10,33 7.01 9.30 | 23.61
1930 9.70 17.10 | 17.58 12,73 13,12 10.30 | 20.89
1931 | 7.4t 14.76 | 12.97 10.62 7.72 7.62 | 15.39
1932 9.20 10.2L 8.78 6.88 5.23 6,20 | 13.21
1933 | 7.89 12,49 | 15,13 8.90 9.16 9.86 | 18.28
1934 | 8.6 9.77 | 10.89 6,31 6.35 6,59 | 12,72
1935 | 6.L49 12,57 | 13.98 9.31 6.86 8.97 | 18.88
1936 | 7.87 11.55 | 11.74 8.45 6,42 7.24 | 18,90
1937 8.33 14.33 | 17.08 9.21 9.71 10.97 | 22,00
1938 9.65 9.85 11.80 8.73 8.68 9.38 17,44
1939 | 8.3L 10.k1 | 11,04 7.77 8,45 8,10 | 15.02
1940| 8.56 9.97 | 10.51 9.70 7.82 7.82 | 15.68
1941 | 15,28 15.5L | 18.94 12,33 12,20 13.21 | 23,94
1942 9,68 12,14 | 1y 8.30 8.73 9.99 | 16,53
1903 | cvoenns 10,38 1h.66 7022 7.12 10,60 | 19.ub
19L4h | weeevee | 17032 | 19.57 14,75 15,04 12,07 | 22,42
1945 15,09 13,56 | 15,75 13.10 14,07 11.78 | 20.36
1946 8.89 10,47 11,50 8,87 9.57 9.09 17.21
947 | 11,37 19.03 | 19.91 15.5h 14,38 12,77 29,63
1948 8,82 10,38 11.76 10.75 8,58 7.48 16,60
U9 | 9.26 10,38 | 12,98 10,77 8,12 5.72 | 18.k6
1950 14,09 15,31 | 18.39 12,42 10,21 11,10 2L.26
1951 9,67 9.45 | 13.20 8.20 9.15 7.54 | 17.k2
1952 | 6,01 9.58 | 13.15 9.19 9.95 8,70 | 20,22
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month of greatest rainfall. Few recorded data are available on
intensity of rainfall in the basin, but the available records indi-
cate the possibility of rainfall of moderately high intensity dur-
ing the summer months.

SOILS AND VEGETATION

The effect of altitude on climate, which in turn affects the
soils and vegetation, is evident in the Wind River Basin. The
great variety of soils in the basin is due to the differences in
climate and in kinds of parent material. The soils range from
the types formed in the arid climate of the basin floor to the
types formed in the subhumid climate of the mountains. Thorp
(1931, p. 283-302), from his study of the effect of climate on
soils in northern and northwestern Wyoming, divided the soils
of the region into several major soil groups. He found that the
soils in the foothills and semiarid plains are mainly Chernozem
and Chestnut, that Brown soils are present in the more arid
part of the plains, and that the Chernozems are restricted main-
ly to areas of subhumid climate in the foothills. In the higher
parts of the Wind River Mountains the better developed soils
occur in only small areas. Most of these true soils are Gray-
Brown Podzolic, but some are Alpine Meadow and Podzols.

The soils of the flood plains are developed from water-
deposited silts, sands, clays, and gravels; all are somewhat
calcareous. These soils are usually light gray, but near the
mountains they range from reddish brown to very dark grayish
brown, owing to organic material.

The soils of the terraces and alluvial fans range in color
from light grayish brown to black. These soils are but slightly
leached and are rich in mineral plant nutrients but low in or-
ganic material. The soils of the older terraces and alluvial fans
have a claypan immediately underlain by a thick accumulation of
gypsiferous and calcareous material. In contrast, the soils of
the younger terraces and alluvial fans have little clay in the up-
per subsoil layers and only a moderate accumulation of lime in
the subsoil.g/

In the areas of the basin floor away from the streams, re-
sidual soils have developed on bedrock. These soils are mostly

3/ United States Bureau of Indian Affairs, 1950, Detailed
land planning and classification report on the Indian Reservation
lands in the Wind River Basin: Missouri River Inv. Staff Rept.
102, p. 6-11.
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shallow, and their color and texture depend on the parent ma-
terials. Large areas in the uplands, like the mountains, have
no true soil cover but have only bare rock at the surface.

The native vegetation of the Wind River Basin, like the soils,
changes with altitude. In the mountains, especially in the Wind
River Mountains, large areas are covered with forests, which
consist mainly of coniferous trees. The most common tree is
the lodgepole pine, but there are many other kinds, such as
limber pine, Engelman spruce, Douglas fir, and aspen. (See
fig. 5.) The mountain parks are covered with many kinds of
meadow grasses. Willows grow along most of the streams in
the mountain meadows.

The floor of the basin is characterized by semiarid types of
vegetation, of which sagebrush is the predominant type. (See
fig. 4.) The mostabundant grasses are bluegrass, niggerwool,
junegrass, wheatgrass, gramma, Indian ricegrass, and needle-
and-thread grass. Growths of willows and cottonwoods are
scattered along the streams.

HYDROGRAPHY

PHYSICAL CHARACTERISTICS OF THE STREAMS

The physical characteristics of a stream are controlled by
many factors. Outstanding among them are types of rock ma-
terial, climate, topography, and vegetation. Although the fac-
tors are interdependent, types of rock material and climate are
particularly important in determining the characteristics of a
stream; type and density of vegetation as well as minor topo-
graphic features are dependent on these two factors.

WIND RIVER

The Wind River rises in the northwestern end of the Wind
River Mountains and flows southeastward for more than 100
miles to its junction with the Popo Agie River a short distance
downstream from Riverton, Wyo. The Wind River begins as a
mountain stream and maintains the characteristics of a moun-
tain stream over most of its length. From its source at Togwo-
tee Pass to 81 miles downstream, the Wind River has an average
slope of about 200 feet per mile. (See pl. 4.) From this point
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to DiversionDam the mean fall of the river is more than 25 feet
per mile. From Diversion Dam to its junction with the Popo
Agie River, the Wind River has an average slope of 15 feet per
mile. The Wind River flows in a valley that gradually widens
from canyonlike proportions in the headwaters to substantial
flood plains in the lower reaches. Over most of its length up-
stream from Riverton the Wind River flows over a stream bed
of gravels and boulders, which tend to prevent channel erosion.

Tributaries of the Wind River upstream from Riverton in-
clude the Du Noir River, Horse Creek, North Fork, Crow Creek,
two Dry Creeks, Dinwoody Creek, and Bull Lake Creek., Dry
Creek is the only one of these tributaries that enters the Wind
River between Diversion Dam and Riverton. (See pl. 1.)

The streams that enter the Wind River from the south drain
the northern side of the Wind River Mountains. Most of these
streams originate in the summit area of the mountains, which
is underlain by granitic rocks, and flow through an area under-
lain by rocks of Paleozoic and Mesozoic age. (See fig. 5.) The
stream channels are cut in gravels of Quaternary age and ap-
pear to erode very slowly.

The North Fork and the East Fork Wind River rise in the high
areas of the Absaroka Mountains. They have characteristics
that are similar to those of the streams that enter the Wind
River from the south. (See fig. 6.) The average slope of the
North and East Forks and of the streams that enter the Wind
River from the south is about the same as that of the upper 8%
miles of Wind River, about 200 feet per mile.

Streams that are tributary to the Wind River from the north
and that enter the Wind River downstream from the North Fork
and upstream from Riverton differ considerably from the streams
that enter from the south. Most of these streams from the north
rise in the Absaroka Mountains and flow through areas underlain
by Tertiary volcanic and sedimentary rocks. The Tertiary sed-
imentary rocks are easily eroded, and in some areas they have
been dissected into badlands. The streams generally carry
little flow, but heavy rainfalls occasionally cause high dis-
charges of short duration.

Downstream from its confluence with the Popo Agie River,
the Wind River flows northward and leaves the basin through the
Wind River Canyon. Before the completion of Boysen Dam at
the head of the Wind River Canyon, the Wind River downstream
from Riverton followed a meandering course on an average slope
of 8 feet per mile to the head of Wind River Canyon. From this
point to Thermopolis the Wind-Bighorn River has an average
slope of 15 feet per mile. However, its gradient at the upper
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most part, by the Wind River formation. Small areas at the
head of Canyon and Deer Creeks, headwater tributaries, are
underlain by Mesozoic and Paleozoic rocks, respectively. In
general, the topographic relief of Poison Creek drainage basin
is lower than the relief of the other basins tributary to the Wind
River. The average slope of Poison Creek is about 22 feet per
mile.

PoisonCreek, like most of the streams that entered the Wind
River downstream from Riverton, has been generally aggrading
from its mouth to some distance upstream (fig. 9). The forma-
tion of Boysen Reservoir, which Poison Creek now enters west
of Shoshoni, will probably increase the distance that aggrada-
tion extends upstream. Aggradation may not have been continu-
ous before the construction of Boysen Dam. Probably much of
the aggradation in the lower reaches of Poison Creek, as well
as in other streams that drain the floor of the basin, represents
a temporary storage of sediment between major storms. If this
is true, then the bed of the stream undergoes gradual aggrada-
tion followed by very rapid degradation. Whether the net result
for a period of say 100 to 200 years is aggradation or degrada-
tion is unknown. However, the lake behind Boysen Dam will
certainly cause aggradation in the lower reaches of Poison
Creek by decreasing the gradient.

BADWATER CREEK

Badwater Creek drains the southern slopes of the Owl Creek
Mountains and flows into Boysen Reservoir opposite the mouth
of Muddy Creek. All but one of the tributaries of Badwater
Creek drain areas north of the stream. Alkali Creek, an inter-
mittent stream that rises north of Arminto and flows westward,
joins Badwater Creek near Lysite. Bridger Creek, which joins
Badwater Creek downstream from Lysite, is, on the basis of
runoff, the principal tributary of Badwater Creek. In the moun-
tains, Badwater Creek and its tributaries drain areas that are
mostly underlain by resistant Precambrian and Paleozoic rocks.
The streams, consequently, are relatively clear until they leave
the mountains. Badwater Creek and its tributaries that rise in
the mountains are slowly eroding the upper reaches of their
valleys. The downstream parts of the valleys are underlain by
Tertiary rocks and Quaternary flood-plain material.

Badwater Creek has an average slope of 34 feet per mile and
forms a rectangular drainage pattern. (See pl. 1.) Little run-
off enters from the south. Probably as the ancestral stream
eroded downward, it was pushed southward by the unequal and



26 SEDIMENTATION AND CHEMICAL QUALITY OF SURFACE WATERS

decidedly preponderant supply of alluvial material from the
southern slopes of the Owl Creek Mountains. Slow southward
migration of the stream is probably continuing.

Flow in the upper reaches of the stream and tributaries is
sustained by snowmelt and ground-water inflow, but appreciable
flow in the lower reaches of the main stream is only in direct
response to heavyrainstorms. Most base flow of the stream is
used for irrigation along the upper reaches, and there is little
return flow. For considerable periods no flow passes the gaging
station at Bonneville.

MUDDY CREEK

Muddy Creek rises in the Owl Creek Mountains and flows
southeast on an average slope of 24 feet per mile along a course
about 5 miles northeast and essentially parallel to Fivemile
Creek. Before 1950 Muddy Creek was an intermittent stream
in its lower reaches. However, in 1950 the Bureau of Reclama-
tion completed an addition to the Riverton irrigation project,
and since that time waste water has been released into the chan-
nel of Muddy Creek.

Throughout most of its length, the channel of Muddy Creek is
cut in alluvial deposits. Most of the upper part of its drainage
is underlain by Mesozoic rocks, and the lower part is underlain
by the Wind River formation. Muddy Creek contributed large
sediment loads to the Wind River even before waste water from
irrigation entered its channel. Some sediment was carried
during periods of snowmelt; much sediment was carried during
stormflows, which are usually of short duration though some-
times of high intensity. However, when waste water started
flowing down the channel, the sediment load was increased
greatly. The stream is now (1954) widening its channel by e-
roding the banks.

DRY COTTONWOOD CREEK

Dry Cottonwood Creek rises in the Owl Creek Mountains and
flows eastward on an average slope of 57 feet per mile to enter
Boysen Reservoir about 2 miles upstream .from the dam. The
lower 7 miles of the stream has a gradient of 17 feet per mile.
Almost all the flow of Dry Cottonwood Creek comes from tribu-
taries that rise on the southern slopes of the Owl Creek Moun-
tains and that flow southward to join the parent stream at the
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foot of the mountains. Most of the tributaries start as springs
and do not exceed 10 miles in length. Dry Cottonwood is an e-
phemeral stream, which is usually dry. Most of its yearly nat-
ural flow comes in 2 or 3 days and is the result of storms. Be-
ginning in 1951 waste water from irrigation has entered the
creek channel several miles upstream from the gaging station.

TRIBUTARIES DOWNSTREAM FROM BOYSEN RESERVOIR

Red CanyonCreek and Buffalo Creek, tributaries that are not
a part of the Wind River drainage basin, empty into the Bighorn
River upstream from the gaging station at Thermopolis. These
stream.s enter the Bighorn River just downstream from the
"wedding of the waters,' where the name of the river changes
from Wind to Bighorn. Buffalo Creek heads along the north
slope of the Owl Creek Mountains and flows across an area un-
derlain mostly by Paleozoic rocks. Red Canyon Creek derives
its name from the red color of the Chugwater formation and
other closely related formations of Mesozoic age that underlie
most of its drainage area. Because of their relatively small
drainage areas, the creeks have only small amounts of stream-
flow. However, the erodible nature of the alluvium along the
streams and their steep gradients plus other factors cause the
sediment concentration to be rather high when flow does occur,
Nevertheless, the total sediment load contributed by these two
streams and by minor tributaries in the canyoun is probably not
great.

RUNOFF

Average annual runoff in the Wind River drainage basin is a-
bout 3.6 inches on the basis of adjusted streamflow records for
the BighornRiver near Thermopolis. The adjustments were for
net loss owing to irrigation and for estimated runoff between
Wind River Canyon and Thermopolis. Within the basin, average
annual runoff ranges from less than 0.25 inch to more than 40
inches. Lowest annual runoff is from areas below 6, 000 feet in
the basin, where precipitation averages less than 10 inches an-
nually. The highest runoff is from the mountains at altitudes a-
bove 11,000 feet, where annual precipitation probably averages
more than 45 inches and moisture losses are low. A few small
glaciers are on the slopes of high mountains at the headwaters
of Dinwoody and Bull Lake Creeks in the areas from which run-
off is highest., Oltman and Tracy (1949) discussed the runoff in
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the Wind River drainage basin in detail and showed the distribu-
tion of average annual runoff by lines of equal runoff that are
reproduced on plate 2.

Runoff from the mountains is generated mostly by melting of
snow and by spring and early summer rains. Because annual
water losses are small in comparison to annual precipitation,
runoff from the mountains does not vary greatly from year to
year. In the valley areas, where runoff is low, the runoff is
generated mostly by storms in late spring and early summer.
The annual water losses nearly equal the annual precipitation;
therefore, in terms of percentage changes, runoff is extremely
variable from year to year and from point to point during any
year.

During many years runoff from the basin floor is negligible,
but a general intense rain like that of July 1923 produced runoff
from the basin floor as well as from higher areas. Flow of the
Wind River at Riverton increased from about 4, 500 cfs on July
22 to a peak of 11,400 cfs on July 25. Peak discharge at Ther-
mopolis was 29, 800 cfs on July 24. Estimated peak discharges
on Muddy and Badwater Creeks were 16,300 and 18,600 cfs,
respectively. Such a flood as that of July 1923 may occur only
once in many years, but it does increase considerably the long-
time average runoff and sediment yields from drainage areas on
the basin floor.

STREAMFLOW RECORDS

Many published records of streamflow for the Wind River
drainage basin are available. Periods of record totaling 417
station years are shown by the bar graphs on chart 1. (Not all
these records are continuous during the winter.) In addition,
records of flow were obtained during 1949 and 1950 on many
drains and wasteways along Fivemile Creek in connection with
the measurement of sediment discharges. Locations of the
streamflow stations are shown on plates 1 and 5. Some short
periods, usually less than about 1} years, of streamflow rec-
ords on natural streams were omitted from chart 1. A few
small diversions tabulated in special reports of the State Engi-
neer of Wyoming on diversions from the Wind and Bighorn Riv-
ers also are not shown. All the records of streamflow that are
mentioned above have been released or are being prepared for
publication by the Geological Survey or by the State Engineer of
Wyoming or by both. A detailed inventory of published stream-
flow records befere October 1, 1944, is given in Water-Supply
Paper 1077 (Colby and Oltman, 1948, p. 54-56, 136-138). The
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inventory lists periods of streamflow record together with all
published sources of the records and gives average annual dis-
charges for many of the gaging stations. Periods of gaging-
station operation to September 30, 1950, have been tabulated by
Oltman and Tracy (1951).

In the Wind River Basin streamflow does not vary greatly
from year to year on major streams, because these streams
receive most of their flow from the mountains. (See fig. 10.)
In a period of 35 years the annual flow of Bull Lake Creek near
Lenore (adjusted for storage in Bull Lake Reservoir since 1936)
ranged only from 490 to 1, 290 acre-feet per square mile. The
annual flow of the Bighorn River at Thermopolis ranged from 61
to 288 acre-feet per square mile during a period of 46 years.
In contrast, the streamflow that originates from areas at lower
altitudes is known to be extremely variable from year to year.
The short record, water years 1948-52 only, for Badwater
Creek at Bonneville has a range in annual discharge from 3.6 to
22.2 acre-feet per square mile. Unfortunately, no long-term
records of flow of streams that are not fed principally by pre-
cipitation in the mountains and foothills are available. The lack
of such records is, in itself, an indication of the low and unde-
pendable flow of streams that rise at low altitudes in the Wind
River drainage basin.

An overall picture of the relative amounts of streamflow at
principal gaging stations in the basin is given by plate 6. The
figures in the circles are approximations of the average flow in
terms of average streamflow of the Bighorn River at Thermop-
olis. They are not based entirely on measured streamflow at
the gaging stations; they are intended to represent the average
flow at the respective points after depletions for the irrigated
acreages that existed at the end of the 1951 water year, just be-
fore Boysen Dam was closed, The measured average flow at
Thermopolis during a 41-year period from October 1, 1910, to
September 30, 1951, was 1, 360, 000 acre-feet annually.

Of course, many of the streams, particularly those that drain
the drier parts of the drainage basin, have very short periods
of record. Wherever the records were too short to establish
dependable averages or the diversions for irrigation have been
changing rapidly, the average streamflow was partly estimated
and may, therefore, be somewhat inaccurate. However, the
figures of average percentages do indicate the relative contribu-
tions of water from the different parts of the Wind River drain-
age basin. The percentages do not represent undepleted flow of
the streams; they represent expected average discharges at the
respective points under present development of irrigation and
storage.
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Plate 6 shows that most streamflow in the Wind River drain-
age basin originates in the mountainous areas that are drained
by the upper Wind River, by Wind River tributaries from the
south, and by the Popo Agie River and tributaries. The average
estimated combined flows of the Wind River near Crowheart and
the Popo Agie River near Riverton slightly exceed the average
flow of the Bighorn River at Thermopolis. Thus, exclusive of
the inflow from the Popo Agie River, the Wind-Bighorn River
from the Crowheart gaging station to Thermopolis loses more
water than it gains. From the mouth of the Popo Agie River to
the present site of Boysen Dam, the natural inflow to the Wind
River probably is only 2 or 3 percent of the flow at Thermopo-
lis. (Most of the flow of Fivemile Creek near Shoshoni and part
of the flow of Muddy Creek near Shoshoni are not natural flows
but are waste and return flows from irrigation.)

Flow of most streams in the Wind River drainage basin is
regulated very little by storage in reservoirs., Bull Lake Creek
from the reservoir to its mouth is the principal exception. The
flow of Bull Lake Creek below Bull Lake Reservoir, which has
a usable capacity of 152,000 acre-feet, is almostentirely regu-
lated by reservoir storage. Storage in this reservoir also reg-
ulates appreciably the flow of the Wind River from the mouth of
Bull Lake Creek to Diversion Dam about 4} miles downstream.

Pilot Butte Reservoir (usable capacity 31,500 acre-feet)
stores some of the water that is diverted through the Wyoming
Canal by Diversion Dam for irrigation and for power develop-
ment,

Ray Lake, an offstream reservoir having a usable capacity
of 7,500 acre-feet (Harbeck, 1948, p. 72), and Washakie Res-
ervoir, which has a usable capdcity of 7,940 acre-feet (U, S.
Geol. Survey, 1952, p. 196), impound water from the South
Fork Little Wind River. Shoshone Lake on Shoshone Creek is a
relatively small reservoir that has little effect on the flow of the
North Popo Agie River.

Where the Wind River leaves the Wind River Basin at the en-
trance to Wind River Canyon, the flow has been controlled since
October 11, 1951, by Boysen Reservoir (p. 21).

Many small lakes in the mountains provide natural storage
and a few of them have small dams to furnish controllable arti-
ficial storage, but they have little effect on the flow of the
streams. In the valley, small reservoirs and water-spreading
works, usually on intermittent streams, control small flows and
have some local effect on streamflows.
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Flow of many streams in the Wind River drainage basin is
greatly affected by diversions for irrigation and by return flow
from irrigated areas. In the foothills, many scattered meadows
and pastures are irrigated; but the individual projects are small,
and the net diversions do not appreciably change the flow of any
but small streams. Much more extensive acreages are irri-
gated on the valley floor near Lander and Riverton. According
to the Bureau of Reclamation 5/ the growth of irrigation in the
Wwind River drainage basin by decades can be summarized by
the following table:

Development of irrigation in the
Wind River drainage basin

Year Acres irrigated
1880 5,400
1890 17,625
1900 22, 260
1910 54,195
1920 65,693
1930 72,920
1940 121,605
1950 134,413

About one-third of the irrigation in the Wind River drainage
basin during the past 30 years has been from the Popo Agie Ri-
ver main stem and tributaries. Only a few thousand acres have
been irrigated from the Wind River and its tributaries below the
mouth of the Popo AgieRiver. (See table 3.) During 1949 about
14,000 acres were irrigated upstream from the Diversion Dam
on the Wind River. Slightly more than half of the total irriga-
tion in the basin was with water that was diverted from the Wind
River into the Wyoming Canal and into other canals between the
the Crowheart gaging station and Riverton.

Nearly half the irrigated acreage in the entire Wind River
drainage basin was irrigated either from the Wind River above
the canal at Diversion Dam or from the Popo Agie River and
tributaries. Irrigation from these sources probably has no great
effect on the yield of sediment in the basin although it does reg-
ulate streamflow to an appreciable degree. In contrast, the
irrigation of land north and west of Riverton by water that is
diverted from the Wind River at the Diversion Dam and between
the dam and Riverton does greatly increase the sediment pro-
duction and also affects streamflow markedly.

_§7 United States Bureau of Reclamation, 1950, Summary of
accomplishments on Interior Missouri Basin Field Committee
program for Wind River Basin, Wyo.: Big Horn Dist., Cody,
Wyo.
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Table 3.--Irrigated acreages in the Wind River drainage basin from
reports of the Bureau of the Census, U. S. Department of Commerce

Acres irrigated
1919 1929 1939 1949

Source of water

Irrigation water diverted
from--

Wind River upstream
from the Popo Agie
River.iceeceeceseces 43,620 51,789 73,157 | a 83,000

Popo Agie River.scec.. 22,073 21,131 | L8,LL8 40,219

Wind River downstream
from the Popo Agie
River.o..‘..‘.ac..,b LA N N 3 seev o b6,300 b)-‘-,ooo

Approximate total in
basiN,eseieasssssaneas (69,000 |c76,000 {a 128,000 a 127,000

& Irrigated acreage based on combination of published figures
and acreages indicated by map,

b Irrigated acreage based on map published by Bureau of the
Census,

¢ Includes estimated acreage irrigated by diversions down-
stream from the Popo Agie River,

Major irrigation development in this area north and west of
Riverton began in 1905 and 1906 when the Indian Service,_started
projects that were later extended and developed into the River-
ton Valley Irrigation District and the LeClair-Riverton Irriga-
tion District (U. S. Cong., 1934, p. 37-38). In 1920 the Bureau
of Reclamation began construction of the Riverton project. Ir-
rigation began in 1925 but was developed slowly, and only 15, 000
acres in the project were irrigated in 1935.6/ By 1950 the ir-
rigable land served by the project was 52, 000 acrés. Since
then, the project has been extended considerably.

Return flows and waste water from the Riverton project col-
lected in a large bowl-shaped depression about 20 miles west of
Riverton and formed Ocean Lake. In 19427/ a channel was dug
from Ocean Lake so that the lake would drain into Fivemile
Creek about 12 miles southeast of Pavillion (pl. 5). Since the
outlet channel was dug, the depth and area of Ocean Lake have
been relatively stable. Topographic maps prepared in 1950
show a lake surface of 9.6 square miles. Ahnual outflow from
Ocean Lake averaged 14, 630 acre-feet during the 4-year period
that ended September 30, 1952,

§7 Schroeder, K. B., and Miller, C. R., 1953, A plan of
channel erosion control, Fivemile Creek, Riverton project,
Wyoming: U. S. Bur. Reclamation Proj. Plan. Div., p. 2.

7/ 1dem, p. 20.
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The flow of the Wind River between Diversion Dam and Ri-
verton is considerably augmented by return to the channel of
water that had been diverted for irrigation or power production.
This return flow ranges in quantity from small ground-water
flow and small surface wastes to the major flow of Pilot waste-
way, which returned 124, 700 acre-feet of water to the Wind Ri-
ver during the 1950 water year (U. S. Geol. Survey, 1953, p.
216).

Since 1935 Fivemile Creek has been more affected by return
flow and waste water from irrigation than any other stream in
the drainage basin, although Muddy Creek beginning in 1950 and
Cottonwood Creek beginning in 1951 have also carried large a-
mounts of return flow in proportion to their natural flows. Dur-
ing 4 years of record, the average annual discharge of Fivemile
Creek above the irrigation project was about 1, 270 acre-feet
(drainage area, 143 square miles) compared to about 83, 360
acre-feet (drainage area, 222 square miles) at the Shoshoni
gaging station about 2 1/4 miles upstream from the mouth.
Flow of Fivemile Creek is discussed in more detail in the sec-
tion, "Sediment yields by drainage areas."

FLUVIAL SEDIMENT

Complete information on the fluvial sediment of a basin or
stream would include all the physical and chemical properties
of the sediment as well as information on quantities of sedi-
ment. Complete information is always desirable though not of-
ten obtained. However, the minimum information required for
a satisfactory analysis of the effects of sediment on streams or
structures on streams includes rates and quantities of discharge
of measured suspended sediment and of bed-load sediment,
particle-size distribution and mineral composition of the sedi-
ment, approximate specific weight of deposits that might be
formed from the sediments, and sources of the sediment. Aft-
er definition of terms and a brief explanation of procedure for
obtaining the sedimentation data, the data collected by the Geo-
logical Survey before October 1, 1952, are presented and dis-
cussed,

DEFINITION OF TERMS

As the definitions of terms that relate to fluvial sediment are
not completely standardized, some of the terms in this report
are defined as follows:
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Sediment is fragmental material that originates mostly from
rocks and is transported by, suspended in, or deposited from
water or air, or is accumulated in beds by other natural agen-
cies.

Fluvial sediment is sediment that is transported by, sus-
pended in, or deposited from water.

Parts per million (ppm) is a unit for expressing concentra-
tion of sediment. It is computed as one million times the ratio
of the weight of sediment to the weight of water-sediment mix-
ture. Note that this definition is not exactly comparable to the
definition of parts per million in chemical-quality terminology;
the weight of the water-dissolved solids-sediment mixture is
used as the base for sediment concentration, whereas the weight
of clear water-dissolved solids solution is used in chemical
computations.

Suspended sediment or suspended load is sediment that moves
in suspension in water and is maintained in suspension by the
upward components of turbulent currents or as a colloid,

Bed load or sediment discharged as bed load includes both
the sediment that moves along in essentially continuous contact
with_the stream bed (contact load) and the material that bounces
along the bed in short skips or leaps (saltation load).

Sediment sample is a quantity of water-sediment mixture that
is collected to represent the average concentration of suspended
sediment, the average particle-size distribution of suspended
or deposited sediments, or the specific weight of deposited sed-
iment.

Depth-integrated sediment sample is a suspended-sediment
sample that is accumulated continuously in a sampler that moves
vertically at a constant transit rate and that admits the water-
sediment mixture at a velocity about equal to the stream veloc-
ity at every point of its travel. Present depth-integrating sam-
plers normally collect a water-sediment mixture only from the
surface to a point about 0. 3 foot from the stream bed. The part
of the stream traversed by depth-integrating samplers is called
in this report the ""sampling zone' or the ""sampled zone."

Sediment discharge is (a) rate at which dry weight of sedi-
ment passes a section of a stream or (b) quantity of sediment,
as measured by dry weight or by volume, that is discharged in
a given time.

Measured suspended-sediment dischargeis the sediment dis-
charge that can be computed directly from the water discharge
and the concentration of depth-integrated sediment samples.
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The water discharge includes not only the water discharged
through the sampling zone but also the water discharged below
the sampled zone.

Unmeasured sediment discharge is the difference between
the total sediment discharge of a stream and the measured
suspended-sediment discharge. It includes sediment that is
discharged as bed load and part of the suspended sediment that
is discharged below the sampling zone.

Normal section, for want of a better term to contrast with a
contracted section at which total or nearly total sediment dis-
charge of a stream is measured, is any relatively unconfined
section of a stream, even though one or both banks may be
somewhat stabilized and parts of the bed may be cohesive ma-
terial rather than unconsolidated sediment. Ideally, a normal
section should be in an alluvial reach of the stream.

Specific weight of sediment deposit is weight of solids per
unit volume of deposit in place.

The particle-size classification is the classification recom-
mended by the American Geophysical Union Subcommitiee on
sediment terminology (L.ane and others, 1947, p. 937). Ac-
cording to this classification, clay-size particles have diam-
eters between 0.0002 and 0.004 millimeter, silt-size particles
have diameters between 0.004 and 0.062 millimeter, and sand-
size particles have diameters between 0.062 and 2.0 millime-
ters.

According to Twenhofel and Tyler (1941, p. 110): "The me-
dian, or median diameter, is the mid-point in the size distri-
bution of a sediment of which one-half of the weight is composed
of particles larger in diameter than the median and one-half of
smaller diameter. The median diameter may be read directly
from the cumulative curve by noting the diameter value at the
point of intersection of the 50 percent line and the curve. "

Water discharge of a stream is the flow of the stream and
includes the sediment and dissolved solids that are contained in
in the water.

COLLECTION AND ANALYSIS OF SEDIMENT SAMPLES

Gilbert (1914) divided the sediment load of streams into two
general groups, bed load and suspended load. He clearly show-
ed that suspension of sediment particles is due to the "upward
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SUSPENDED SEDIMENT

Since March 1946, the Geological Survey has collected sedi-~
ment samples from the Bighorn River at Thermopolis, Wyo. A
total of 31 additional stations in the Wind River drainage basin
has been established and operated for different periods of time.
(See chart 2.) Unscheduled sediment samples have also been

Refer- ] . Water years

M0, Sediment staton 1946 | 1947 [ 1048 | 1949 [ 1950 | 1951 | 1952
1| Wind River near Dubois [l
3 | North Fork Wind River near Dubois B

18 | Wind River at Riverton

30 | Beaver Creek near Arapahoe
31 | Popo Agie River near Riverton
32 | Kirby Draw near Riverton 11
33 | Muskrat Creek near Shoshoni

34 | Fivemile Creek above Wyoming Canal
near Pavillion

35 | Fivemile Creek near Pavillion 11
36 | Powerline wasteway near Pavillion
37 | Pavillion drain near Pavillion

8 Ocean drain at Ocean Lake Outlet
near Pavillion
39 | Ocean drain near Pavillion

40 | Dudley wasteway near Pavillion [
41 | Kellett drain near Pavillion
42 | Dewey drain near Pavillion

43 | Fivemile 76 drain near Riverton

44 | Sand Guich drain and wasteway
near Riverton L]

45 | Fivemile Creek near Riverton 1]
46 | Lost Wells Butte drain near Riverton
47 | Coleman drain near Shoshoni

48 | Sand Gulch near Shoshoni

49 | Eagle drain near Shoshoni

50 | Lateral P-34.9 wasteway near Sheshoni
51 | Fivemile Creek near Shoshoni

52 |Lateral P-36.8 wasteway near Shoshoni |l
53 | Paison Creek near Shoshoni
56 |Badwater Creek at Bonneville
57 | Muddy Creek near Pavillion i
58 | Muddy Creek near Shoshoni

59 | Dry Cottonwood Creek near Bonneville IM

61 | Bighorn River at Thermopolis

WY, [
Periodic record Daily record

Chart 2. --Periods of operation of scheduled sediment stations in the Wind River
drainage basin.
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collected on other tributary streams (tables 4 and 5). Periods
of operation of the scheduled stations to September 30, 1952,
are shown on chart 2, Monthly and annual figures of suspended-
sediment discharge are given in tables 6 to 37. Suspended-
sediment discharges by days, months, and water years are
presented or will appear in the U, S. Geological Survey Water-
Supply Paper series, ''Quality of Surface Waters of the United
States.' Locations of the stations are shown on plates 1 and 5.

Suspended-sediment discharge depends on many interrelated
physical phenomena. Probably the most important of these are
water discharge, turbulence, temperature of the water, and the
particle size of available material. The interaction and varia-
bility of these and other phenomena cause wide fluctuations in
discharge of suspended sediment. A plot of suspended-sediment
discharge versus water discharge for the Bighorn River at
Thermopolis (fig. 13) shows only a general relationship between
the variables. Before the closure of Boysen Dam, the sediment
discharge at Thermopolis and, hence, the concentration, in-
creased rapidly with discharge to about 1, 500 cfs. Above a wa-
ter discharge of about 1,500 cfs the suspended-sediment load
and water discharge increased at about the same rate. Usually
the suspended-sediment concentration of a stream increases at
a faster rate at the lower water discharges because the trans-
porting power of a stream increases with rising stage at a pow-
er greater than one, As long as the supply of sediment par-
ticles of a sizethat the stream is competent to transport is suf-
ficient to meet the carrying capacity of the stream, the increase
in concentration will be at a rapidrate. The transporting power
of a stream is undoubtedly always more than can be utilized be-
cause of the limited sediment supply of a size that the stream
can transport. The deficiency in the sediment supply probably
explains the tendency of the plot of sediment discharge versus
water discharge to approach a 45-degree slope above 1, 500 cfs.

Measured suspended-sediment discharge of the Bighorn Riv-
er at Thermopolis from October 1, 1946, to September 30,
1951, totaled 23, 510, 800 tons, an average of 4, 702, 000 tons per
year. The maximum measured yearly discharge was 5,733, 000
tons for the 1947 water year, and the minimum measured year-
ly discharge, before the closure of Boysen Dam, was 3, 606, 000
tons for the 1949 water year. (See table 37.) Maximum month-
ly suspended-sediment discharge for the same period was
1,652, 000 tons for June 1948, and the minimum was 8, 044 tons
for January 1951, The maximum daily load was 330, 000 tons in
September 1950, and the minimum was 6 tons in January 1950,

The drainage area of 8,080 square miles upstream from
Thermopolis is large enough to impart some regularity to the
water and sediment discharge at Thermopolis. The cycdlic
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pattern of water and sediment discharge and weighted mean con-
centration is readily apparent from plate 7. This pattern also
reflects the effect of runoff from the mountains. The runoff
from the mountains fluctuates very little from year to year and
is characterized by maximum flows in the late spring and by
minimum flows in the winter. (See p. 28.) The trap efficiency
of Boysen Reservoir is well illustrated by the large decrease in
sediment discharge after October 1951. The increase in sedi-
ment discharge during the spring of 1952 is probably the result
of the flushing action of clear water released from Boysen on
sediment deposits along the river downstream from the dam.
Part of the increase is due perhaps to stormflow from Red Can-
yon and Buffalo Creeks.

The uniformity of flow and sediment discharge shown by plate
7 immediately suggests the possibility of some type of rating
curve (fig. 14). Yearly loads at Thermopolis may be approxi-
mated from figure 14.

Weighted annual mean concentrations for Thermopolis before
the closure of Boysen Dam varied from 2,140 ppm during the
1951 water year to 2,890 ppm during the 1948 water year. The
weighted average from October 1, 1946, to September 30, 1950,
was 2, 510 ppm. The water discharge at the station in the 1951
water year was 807,157 cfs days. If the weighted mean concen-
tration of 2,510 ppm is applied to the water discharge for 1951,
the sediment discharge would be 5, 470, 000 tons. This is com-
pared to 4,667,000 measured tons. If a long-term weighted
mean concentration is used, the error in the computed load in
this one example is not large in comparison with the possible
error in measured daily sediment loads.

SIZE COMPOSITION OF SEDIMENT

Particle-size analyses of sediment samples were an integral
part of the sediment investigation. (See tables 38 to 72). Dur-
ing the period June 20, 1946, to June 11, 1952, a total of 134
suspended-sediment samples was collected at the Thermopolis
station specifically for particle-size analysis. These depth-
integrated samples are representative of the average concentra-
tion and particle sizes at the cross section for the time of col-
lection. Representative depth-integrated samples were also
collected and analyzed for most sediment stations in the basin.
In addition, depth-integrated samples for particle-size analysis
were collected at several unscheduled sediment stations (table
1)
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Figure 14. --Relation of streamflow to suspended-sediment discharge by water
years, Bighorn River at Thermopolis.
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During special studies on Fivemile Creek near Riverton and
near Shoshoni, point-integrated samples were collected and an-
alyzed for size (tables 48, 54, 60, and 62). Some of the analy-
ses of the point-integrated samples were used in studies of bed-
material transport. They also help show the efficiency of the
artificial flume at Fivemile near Shoshoni and of the natural
contracted section at Fivemile near Riverton to suspend the to-
tal sediment discharge of the stream.

Bed-material samples were collected at selected sediment
stations and were analyzed for particle size. In the computation
by the method of Colby and Hembree (1955, p. 66-111) of total
load at a normal section, the size distribution of the bed mate-
rial must be known. Particle-size analyses of bed-material
samples are listed in tables 46, 52, 57, 63, and 72.

A study of the particle-size analyses of depth-integrated sam-
ples collected at Thermopolis (table 70) shows that the median
particle size of the samples analyzed in a dispersion media
ranged from 0.145 to 0,001 millimeter. According to an un-
weighted average, 74 percent of the measured sediment load at
Thermopolis is finer than 0. 062 millimeter, which is the lower
limit of sand. Almost half, or 11 percent, of the sand fraction
is very fine sand (from 0. 062 to 0. 125 mm).

The percentages of suspended sediment finer than 0. 062 mil-
limeter are given in table 73 for most of the sampling stations
in the Wind River drainage basin. The number of samples used
to compute the average is an indication of whether or not the
figure shown in the ""Percent-finer" column is representative of
the stream at the station. A single sample from a station is not
likely to be representative of the stream, though it might be.

In August 1952 an artificial contraction was built upstream
from the sampling station at Fivemile Creek near Shoshoni. The
increased turbulence created at the sampling station by the arti-
ficial contraction caused an apparent increase in the average
sand fraction of the measured suspended sediment from 37 to 50
percent. Assume that these averages are accurate and that the
method of sampling and the size distribution of total sediment
discharge of the stream at the station were the same when both
averages were established, then the percentage of sediment finer
than sand sizes was decreased from 63 to 50 by the increase in
the sand fraction. Hence, 63 divided by 50, or 1.26, indicates
that the additional sediment load that was measured after the
contraction was constructed was about 26 percent of the meas-
ured sediment load without the contraction. Thus the unmeas-
ured load at the gaging station before the construction of the
flume must have been a significant fraction of the total load.
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Table 73.--Average percentages of measured suspended sediment
finer than 0,062 millimeter, Wind River drainage basin
/Percent firer is not weighted with water or sediment

discharge/
Number Percent
Station of f;;l:;”
samples
P 0,062 mm

Bighorn River at ThermopoliS.eseceseccees 100 7h
Dry Cottonwood Creek near Bonneville,... 6 89
Muddy Creek near ShoShONi..e.seseeseeses 96 7h
Muddy Creek near PavillioN......eeeecees 38 80
Badwater Creek at Bomneville....eseeeseo 51 86
Fivemile Creek near ShoShONi...eseseesss 173 a 63
Do........l..‘....I‘...I...I“o..... b29 CSO
Fivemile Creek near RivertoN.......see.. | b128 63

Fivemile Creek above Wyoming Canal near
PAVAi1liON. e ouevocecenvcessansssennsoss 36 85
Poison Creek near ShoshONi..eeecsccscsas 13 96
Muskrat Creek near ShOSHONi...eeeeescsss 2 98
Popo Agie River near Riverton......esess 20 80
Beaver Creek near Arapaho€......eeeeesse 7 8L
Little Wind River near Arapahof......... 1 30
Little Popo Agie River at Hudson,....... 1 17
Wind River abt RiVEItON.e..eeseseseseesss 21 61
Dry Creek near MOrtoN.....ececeeeesscases 1 93
Wind River near Crowheart....ceeseeeeses 1 h
Crow Creek near Crowheart.....oeeeeseees 1 Lh
Wind River near BurriS'ocolooﬂloootooooo l 50
North Fork Wind River near DUbOiS....... 1 58
East Fork Wind River near Duncan........ 1 32
North Fork Wind River near DuUncan....... 1 56
Wind River below DubOiS..e.esesescesesss 3 8L
Horse Creek at DubOiS.eesceceicscscccocss 1 L5
Wind River near DuboiS.eeeerecscacssesso 1 72

a Percentage based on samples collected before con-
struction of an artificial contraction upstream,

b Samples probably represent total load.

c Percentage based on samples collected subsequent to
construction of an artificial contraction upstream.
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In general, the median particle size of the suspended sedi-
ment transported by the Wind River decreases in a downstream
direction. In the Wind River Basin, streams draining areas of
high sediment yield transport sediment finer than that from a-
reas of lower sediment yield. Fivemile Creek is an exception
because it is undergoing an adjustment to an unnatural volume
of streamflow and much of its sediment load comes from the
deposited material of the flood plains in the lower reaches.

SPECIFIC WEIGHT BASED ON MEDIAN PARTICLE SIZE

The diameter of the sediment particles of a sediment depos-
it, along with other factors, largely determines the specific
weight of the deposit, If a deposit were made up of spheres of
uniform size, the specific weight would vary with the arrange-
ment of the particles and not with their size. However, it is
highly improbable that anatural deposit will be of uniform par-
ticle sizes; usually a sediment deposit is a mixture of particles
of many different sizes.

Particle sizes in deposits tend to become more uniform with
a decrease in median size. Therefore, deposits of material
whose sediment particles approach clay size usually have great-
er porosity and smaller initial specific weight than do deposits
that are composed mostly of sand sizes. Also, the smaller in-
itial specific weight of deposits that ar e composed mostly of
particles of clay size are probably duein part to the low specific
gravity of some of the clay minerals and the colloidal properties
of the particles. Deposits of sand usually are composed of non-
uniform particle sizes and, consequently, are more likely to
have the voids between the larger particles filled with particles
of smaller size.

A relationship of specific weight of sediments deposited in
reservoirs to median particle size is shown in figure 15. The
samples on which the relation is based were collected from res-
ervoirs in several drainage basins. All or nearly all these
samples were collected near the surface of submerged deposits
and, as such, are representative of natural deposits that have
not been compacted to any great degree by overlying deposits.
Additional information on these samples is given by Hembree
and others (1952, p. 82-87).

The specific weight of a deposit that might be formed from
the measured suspended sediment that was discharged by the
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Bighorn River at Thermopolis from March 1946 to September
1951 was computed by a method that is based on the median par-
ticle size of the sediment. The median particle size of each set
of depth-integrated samples that were analyzed in a dispersion
media was plotted against the instantaneous sediment discharge
in tons per day (fig. 16). The curve in this figure was so drawn
that about 50 percent by weight of the particles of all samples
within each of several ranges of sediment discharge would be
finer than the median size that is indicated by the curve. The
median particle sizes for corresponding class intervals of
suspended-sediment discharge were taken fromthe curve of fig-
ure 16 and were listed in table 74.

The specific weight of a relatively uncompacted deposit that
might be formed from the suspended sediment discharged by the
BighornRiver at Thermopolis was determined from the relation-
ships shown by figures 15 and 16. The computation procedure
is indicated by table 74. The computed specific weight of 58
pounds per cubic foot can be used to convert tons of suspended
sediment, measured at Thermopolis, to acre-feet of sediment.
The volume of relatively uncompacted sediment that might be
formed from the 23,510,800 tons of suspended sediment that
was measured at Thermopolis from October 1, 1946, to Septem-
ber 30, 1951, is 18,600 acre-feet and averages about 3,700
acre-feet per year.

Table Th.--Initial specific weight based on median particle size, Bighorn River at
Thermopolis, March 1946 thrcugh September 1951

Suspended-sediment discharge
Middle of class | Total tons | Median particle | Specific weight | Total tons divided
interval in class size (mm) (1b per cu ft) | by specific weight
(tons per day) interval

L 3,182 0.0230 63 50

19l 17,266 0220 62 278

358 3L,368 0200 62 Ssh

660 91,080 -0190 61 1,193

1,21) 201,52 <0175 61 3,304

2,250 59k, 000 0160 60 9,900

l,170 1,547,070 0150 60 25,768l

7,705 1,826,085 0140 59 30,952

2 2,579,250 .0130 59 43,716

26,350 5,559,850 0120 58 95,859

48,600 7,047,000 L0115 58 121,500

90,000 6,300,000 .0110 57 110,526

166,000 2,158,000 0110 57 37,860

306,500 613,000 .0110 ST 10, 75k

cesscssssscsses | 28,571,675 | convesseraasess | sesescscncenans 4s2,530

28,571,675

Specific weight, in 1b per cu ft = 32,536 = 58
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DIAMETER, IN MILLIMETERS

Figure 16. --Median particle size versus suspended-sediment discharge,
Bighorn River at Thermopolis.
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SEDIMENT ACCUMULATIONS IN SMALL RESERVOIRS

BY N. J. KING AND K, R, MELIN

A full understanding and evaluation of the erosion and the
long-term movement of sediment in the Wind River Basin re-
quire some quantitative data on the upland sources of sediment;
therefore, studies have been made of several pilot upland areas.
In planning these studies, emphasis was placed on (1) delinea-
tion and comparison of the areas of erosion and sources of sed-
iment, (2) the relative influence of the local and areal factors
in the progress of erosion, and (3) the processes by which sedi-
ment is moved from the upland to the main streams. Results of
these studies are a prerequisite for effective action on conser-
vation of land and on protection of downstream developments.
However, for the Wind River Basin, as well as other areas,
little information is available. Because the Bureaus of Land
Management and Indian Affairs have active land-conservation
programs on the extensive area in the Wind River Basin under
their management, basic information of this kind has been much
in demand.

As conditions are diversified and erosion processes are com-
plex in areas as large as those of the major subbasins on which
the sediment stations are maintained, detailed investigations
could notbe made on such areas in the Wind River Basin. There-
fore, studies were made in several small basins, each typical
of a part of the upland, so that some approximate indexes might
be formulated for appraisal of the upland. These smaller areas
conform closely in size and conditions to those in which an ero-
sion control structure in upland areas is usually built. Gener-
ally, the study units are small enough and sufficiently homoge-
neous that the influence of precipitation, topography, geology,
soil, vegetation, and other factors can be determined with rea-
sonable accuracy.

Studies were based on sediment accumulations in stock-water
and other small reservoirs. Records of runoff and sediment
deposition are maintained on the reservoirs and are correlated
with the records pertaining to characteristics of the reservoir's
drainage basin. In an intensive study, such as that of Graham
Draw, determinations are made of runoff by maintaining records
of water stage in the reservoir and of sediment yield by making
recurrent surveys on established ranges. In the drainage basin,
progress of erosion is measured on established ranges, precip-
itation is determined by the conventional gages, and an index of
each of the other factors is obtained by appropriate, systematic,
and recurrent observations.
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GRAHAM DRAW EROSION STUDY

Graham Reservoir, which lies about a mile north of the
Moneta Post Office, has a catchment area of 3.12 square miles.
It is on Graham Draw, which is a tributary of Poison Creek in
the east-central part of the Wind River Basin. (See pl. 1.)

The drainage areais roughly rectangularand is about 23 miles
long and 13 miles wide. Its maximum relief is about 430 feet.
Typical of many basins of this size, the Graham drainage area
contains two rather distinct units that have contrasting topog-
raphy and erosional features: a belt of dissected bedrock table-
land, buttes, and cliffs along the basin boundaries; and a central
area of slight relief, which slopes gradually to the valley of
Poison Creek. Surface runoff from the upper dissected slopes
converges into three main forks, called in this study the East,
Middle, and West Forks. All three forks have cut meandering
channels across the alluvial slope to their junction, which is in
the desilting basin of the main reservoir. The channels, for the
most part, are steep-banked gullies, though in some short
reaches they are wide and shallow. The channels carry flow
only in direct response to rainstorms or melting of snow. The
annual precipitation in the Graham catchment area, as deter-
mined from records for the nearest Weather Bureau Stations
and from those obtained in this study, averages about 8 inches.

The drainage basin is underlain by the Wind River formation,
which consists of shale, siltstone, and sandstone. In the central
area, the bedrock is covered by a blanket of alluvium, 5 to 10
feet thick, which was derivedfrom erosion of the boundary area.
Soils in the drainage basin, like some of those on the uplands of
the Wind River Basin, have not developed a recognizable struc-
ture or profile, and except for being unconsolidated they are
scarcely distinguishable from the underlying rock. Thus the
soils range in character from rather coarse grained and highly
permeable on the areas of sandstone to fine grained and rela-
tively impermeable on the areas of shale or of alluvium from
shale.

Vegetation is generally sparse. Examinations made by the
Bureau of Land Management show that the density ranges from
less than 1 percent to about 20 percent and averages about 15
percent. The type of vegetationvaries with type of soil and rock
and consists mainly of big sage and grass on the sandy or
medium-textured soil and of salt sage and dwarf sage on the
fine-textured soil. Because the drainage basin is crossed by a
public-stock driveway, which was heavily used in the past, the
vegetation probably has been somewhat depleted and, in general,
is sparser than that of adjacent areas.

388176 O - 56 - 5
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The Graham study at present (1954) includes maintenance of
records on three reservoirs--Graham Reservoir, on the main
stream at the lower end of the drainage basin; and one reservoir
each on the East Fork and West Fork. When the study was
started in 1946, only the Graham Reservoir had been built. The
West Fork Reservoir was built in 1947 and the East Fork in 1949,

Graham Reservoir was built in 1940 and had an initial capac-
ity of 25.6 acre-feet. Its capacity in 1947 was 19.2 acre-feet.
The reservoir has no outlet except an overflow spillway. At the
head of the reservoir is a low, auxiliary dam, which forms a
desilting basin in the channel upstream. The West Fork Reser-
voir had an initial capacity of 3.1 acre-feet, and the area of its
drainage basin is 0. 38 square mile. The East Fork Reservoir
had an initial capacity of 12.6 acre-feet, and the area of its
drainage basin is 0. 81 square mile. The only outlets from these
reservoirs are overflow spillways.

The reservoirs are equipped with staff gages on which water
stages areread. Changes in stage are applied to capacity curves
to ascertain the amount of runoff from the basin. The sediment
level in the reservoirs is determined by soundings or rod read-
ings along established ranges, and the volume of sediment is
computed.

A system of permanent ranges was established on which level
readings are made periodically to determine the amount of ero-
sion or deposition. These ranges cover both channels and col-
luvial slopes. Also, several are spaced successively on the
main drainage courses so that erosion and movement of sedi-
ment can be traced from the head of the drainage basin to the
reservoir.

During most of the period of study, three nonrecording pre-
cipitation gages have been maintained in the drainage basin. In
addition to these, a recording precipitation gage has been main-
tained since 1950, Gages are maintained for only part of the
year, generally from April to October.

When the study was started, a line transect, 300 feet long,
was established for vegetation counts. In 1949, the observa-
tional system was expanded to include 14 additional locations,
which were distributed a quarter of a mile apart along the legal
landlines. Each plot consists of 4 quadrants, 1 foot square.
Recurrent counts are made of all the plants in each of the quad-
rants. The vegetation counts are made by the Bureau of Land
Management.
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RAINFALL AND RUNOFF

During the 7 years of record, flow into the reservoirs has
been limited to the period from April through October, and ap-
preciable amounts of inflow have occurred only during the peri-
od from June through September. Although winter storms infre-
quently may cause small flows in the channels, no inflow to the
reservoirs has occurred. Therefore, for this report, precipi-
tation for only the 7 months, April through Qctober, is consid-
ered.

The records of precipitation and runoff for 1947-53 and clas-
sification of the daily precipitation for each season are summa-
rized in table 75. Also, a hydrograph showing the precipitation
and the fluctuations of the reservoir contents for 1947 and 1948
indicates the rainfall-runoff relations inthe basin. (See fig. 17.)
The total runoff included outflow through the spillway of Graham
Reservoir. Outflow occurred three times in 1948. The volumes
of outflow were estimated on the basis of observations of the
spillway and probable duration of flow. The estimates are sub-
ject to some error.

Precipitation varies considerably from season to season.
Runoff, although consistently representing a small fraction of
the seasonal precipitation, does not fluctuate in conformity with
the seasonal precipitation. Rather, the runoff is dependent on
the size of the storms and probably even more on short-period
intensities within a storm.

Table 75,--Classified seasonal precipitation in Graham drainage basin and runoff
into Graham Reservoir, April through October

Number of days in which
Potal precipitation exceeded Runoff
Year precipitation designated amount in inches I oot
(inches) cre-66
0.25 | 0.50 | 1.0 | 1.5 | 2.0 per Inches
square mile
1947 9.18 1 6 2 1 [ acose 5.2 0.10
1948 4.6l I 3 1 1 1 a16,9 32
1949 7.48 10 3 1 1 | eeees als.ly .29
1950 14,06 N 1 0 0 | eeeee 2,0 0l
1951 3.83 2 0 0 0 [ oeese 0 0
1952 Lo16 3 1 0 0 PPN 0 0
1953 2,97 1 0 0 0 | cease 0 0

a Includes an estimate of water spilled from Graham Reservoir,
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The sediment yields determined by surveys of the reservoirs
are summarized in table 76. Quantities are given for the peri-
od 1940~53, which represents the period of observation of Gra-
ham Reservoir. The total volume of sediment deposited in the
reservoir was determined by probing to reconstruct the original
bottom of the reservoir and then by computing the difference be-
tween the original reservoir capacity and that in 1952. In No-
vember 1249, the volume of the sediment deposit was the maxi-
mum observed; since that time, sediment inflow has not been
significant, and earlier deposits have compacted. A profile of
the Graham Reservoir, showing the reconstructed original bot-
tom and successive surfaces of the sediment deposit, is pre-
sented in figure 18. The profile for August 1953 so closely co-
incides with that for May 1952 that it is not shown on figure 18.

Because the total volume of sediment for the period 1940-53
includes some compacted sediment, this quantity is not compar-
able with the quantities for the shorter periods. Also, because
the sediment surveys were not made at the same time each year,
determination of the annual sediment yields for the periods May
1947 to July 1948 and July 1948 to November 1949 required ad-
justment for amounts of deposition between observations. The
adjustment was made on the basis of the runoff events during
these seasons. Despite uncertainties involved in these adjust-
ments, results show that fluctuations in sediment yields are
large from year to year; long-term records are necessary to
obtain reliable information for areas like the Graham drainage
basin. The annual unit sediment yields for the period May 1947
toNovember 1949 are much greater than sediment yields for the
Poison Creek drainage area, of which Graham Draw is a part.
Evidently, sediment yielded by other tributary basins similar to
the Graham drainage basin, but not controlled by reservoirs, is
held in deposits along the channels of Poison Creek or lower
reaches of the tributaries. Although these deposits may become
temporarily stable or even essentially permanent, they are sub-
ject to movement when a flood occurs on Poison Creek. This
stream, like several others that drain the eastern part of Wind
River Basin, has not had large flows for several years. Thus,
movement of a large accumulation of sediment is probable at
some future time.
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The decrease in volume of the sediment deposit between the
observations of November 1949 and May 1952 amounted to 21
percent of the volume in 1949, During most of this period, the
reservoir was dry. Figure 18 indicates that the compaction
varied from place to place; it was greatest generally where the
the deposit was thickest, but it did not follow a uniform rela-
tionship with the thickness. Near the dam where the thickness
was 9 feet or greater, the compaction amounted to about 15 per-
cent; whereas, near the spillway where the thickness averaged
only about 3 feet, the compaction ranged from 22 to 33 percent.
The greater compaction presumably was due to the concentra-
tion of fine-grained sediment in the spillway area. In contrast,
the deposit at the head of the reservoir, which was about equally
as thick but was made up largely of coarse-grained material,
showed compaction of only 13 to 17 percent.

Erosion and deposition

Over the period of record, observations of changes at refer-
ence points and erosion-measurement ranges yielded little con-
clusive data on the details of erosion or sediment movement,
but they suggest some general trends. First, the quantity of
sediment delivered to the lower end of the drainage basin, even
in as small a unit as the 3.12 square miles upstream from the
Graham Reservoir, does not show all the erosion that is occur-
ring; part of the eroded material is not carried but is deposited
at various places inthebasin, Areasoflocal deposition, whether
in defined channels or on open slopes, seem to be controlled by
the size of the transporting stream and by breaks in gradient
rather than absolute gradient. For example, gravel reaching
the desilting basin of the Graham Reservoir is transported in
the larger gullies on gradients of only 1 percent, whereas fine
sand is deposited in some channels on gradients of 2 percent.
The deposition generally is associated with a reduction in gra-
dient.

Sheet erosion was detected by instrumental observations only
on the steep shale slopes and in a few other local areas, and
evenin these places the amount was generallyless than the lim-
it of possible instrumental error. Observations of gully pro-
gress indicate that, except for one headcut that advanced 40 feet
during the summer of 1949, the growth of the gullies was not
conspicuous, but moderate widening occurred generally. Be-
cause the total length of the gullies in the Graham drainage basin
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is relatively great, widening could account for a large quantity
of sediment. On the basis of the available data and because
material in the silt basin appears far too coarse grained to have
been derived by sheet erosion under existing conditions in the
basin, an estimated 75 percent of the sediment delivered to the
reservoirs and desilting basin was derived by gullying.

Because vegetation was sparse during the period of observa-
tion, its influence on local erosion or deposition was not clearly
shown. Ranges where vegetation was relatively abundant show-
ed practically no erosion, but some of the other ranges that
were almost devoid of any protective cover also showed little or
no erosion. Hence, the results are inconclusive. Establish-
ment of comparative ranges in other drainage basins, where
contrast in vegetative cover is greater, may be necessary to
obtain conclusive data.

SIGNOR DRAW

The study of Signor Draw included measurement of sediment
yield from a reservoir drainage basin of 8.2 square miles.
Signor Draw is a tributary of Conant Creek, which in turn is a
tributary of Muskrat Creek. The reservoir, which was built in
1946, is in sec. 6, T. 33 N., R. 92 W,, about 25 miles south-
west of Moneta. The drainage basin differs from the Graham
drainage basin in having a gently rolling terrain that has prac-
tically no barren escarpments. For the most part, it is under-
lain by relatively permeable rock and soil; it probably has a
relatively low runoff factor,

The study included probing of the sediment deposit in the
reservoir and computing the volume of sediment. The annual
unit sediment yield from the drainage basin determined for the
period 1946-51 is 0. 03 acre-foot per square mile.

MAHONEY DRAW

The study of Mahoney Draw is similar to that of Signor Draw
and is on a reservoir drainage basin of 15. 5 square miles. Ma-
honey Draw is tributary to Muskrat Creek, and the reservoir
lies about 18 miles south of Moneta. The drainage basin, for
the most part, is gently rolling, is fairly well vegetated, and
appears to have a moderately low runoff factor.
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The average annual sediment yield for this basin, determined
for the deposit in the reservoir for the period 1941-51, is 0,03
acre-foot per square mile, the same as that determined for
Signor Draw.

Both the Signor and Mahoney areas show very low sediment
yields, particularly in comparison with data available for other
small areas in the west.

PAINTPOT DRAW

Paintpot Draw is tributary to Coal Draw, which in turn is
tributary to Maverick Spring Draw. It drains an area in the
Wind River Indian Reservation about 20 miles northwest of Pa-
villion. Measurement of the sediment deposit was made on a
reservoir on one of the forks of Paintpot Draw. The drainage
area is 3.7 square miles and is occupied largely by badlands of
the Wind River formation. The sediment deposit, which com-
pletely filled the reservoir, is reported to have accumulated in
a period of 3 years (1938-41). The measurement of the deposit
showed an annual sediment yield of about 2 acre-feet per square
mile. Actually, the yield may have been somewhat greater, be-
cause the reservoir had been breached and some sediment may
have been carried out.

BLUE DRAW

Blue Draw drains a small basin a few miles north of the
Paintpot drainage basin and is tributary to Dry Muddy Creek,
which is one of the main tributaries of Muddy Creek. The basin
is alined along steep, barren slopes of Mowry shale. A series
of reservoirs on the draw are filled with sediment, which is re-
ported to have accumulated within a period of 3 years (1938-41).
Although accurate measurements could not be made of these
sediment deposits, estimates show a sediment yield of 2 to 3
acre-feet per square mile while the reservoirs were functioning.

INTERPRETATION OF DATA

The data that have been collected, although not complete,
show that a wide range of sediment yields occur inthe Wind River
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Basin and provide some information for evaluation of the causa-~
tive factors. Of the causative factors, the types of rock and soil
seem to have the greatest influence on runoff and erosion. This
fact is shown by the sediment yields of Signor and Mahoney
Draws as contrasted with those of Paintpot and Blue Draws. In
all these basins the vegetation is closely related to the rock and
soil types. It is generally very sparse on the areas of shale,
which are the least permeable andhave the highest runoff factor,
and is moderately dense on the areas of the more permeable
rocks,

UNMEASURED SEDIMENT DISCHARGE

Standard methods and equipment for measuring the suspended-
sediment discharge of streams determine only part of the
suspended-sediment discharge and, of course, none of the bed-
load discharge. For swift, shallow streams that flow on sand
beds, the unmeasured sediment discharge may be an appreciable
fraction of the total sediment discharge. Also, this fraction may
change rather rapidly from point to point along a stream. Ac-
cordingly, some determination of the unmeasured sediment dis-
charge of streams in the Wind River drainage basin is necessary
as a basis for cemparison of sediment discharges at different
points in the basin. Also, sediment yields obviously should be
based on total sediment discharges rather than on measured
suspended-sediment discharges. Some measurements of total
sediment discharge have been made on Fivemile Creek near
Riverton and near Shoshoni, and some computations of total sed-
iment discharges at sediment stations on several streams in the
basin have been made. Although these measurements and com-
putations arefar from adequate to determine yearly unmeasured
sediment discharges with good accuracy, they give enlightening
information on these unmeasured sediment discharges.

Nearly total sediment discharge of Fivemile Creek is meas-
ured at the sediment station near Riverton. The sediment is
forced into suspension by the turbulence created in a natural
contracted section, and the measurements made at the sediment
station are considered to be of nearly total load., On4 days dur-
ing 1951, sediment concentrations were determined at about the
same times at a normal section about three-eighths of a mile
upstream from the gaging station and at the daily sampling sec-
tion, which is also the contracted section. As the streamflow is
essentially the same at both sections, the concentration ratios
may be consideredto be equal to the ratios of suspended-sediment
discharge. Ratios of suspended-sediment discharge {(or concen-
tration) at the daily sampling section to suspended-sediment
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discharge (or concentration) at the normal section ranged from
1.07 to 1. 44 and averaged 1. 31 for the 4 days. (See table 77.)
These ratios indicate that the measured sediment discharge at
thenormal section must be increased by 7 to 44 percent to equal
the sediment discharges that were measured on the 4 days at
the daily sampling station where the creek is confined to a nar-
row, steep channel in which the flow is very turbulent.

Similar ratios of suspended-sediment discharge at a con-
tracted section to sediment discharge at a normal section were
determined on Fivemile Creek near Shoshoni for 2 days in Au-
gust 1953. The measured sediment discharges in an artificially
confined section were 1,43 and 1. 56 times the measured sedi-
ment discharges at a normal section 400 to 500 feet upstream
from the contracted section. (See table 77.) Of course, these
2 determinations for Fivemile Creek near Shoshoni as well as
the 4 determinations for Fivemile Creek near Riverton are in-
adequate to define satisfactory average ratios with which to
compute total sediment discharge from the measured sediment
discharge. Also, an unweighted average ratio may be unsatis-
factory.

The total instantaneous sediment discharge of a stream can
be computed from the concentration and the size distribution

Table 77.--Comparison of computed total sediment discharge and
measured sediment discharge, Fivemile Creek near Riverton
and near Shoshoni

/Qc, measured sediment discharge at a contracted section; Qp,

~ measured sediment discharge at a normal section; and Qg,
computed total sediment discharge/

. Ratios of sediment
Water Concentration (ppm) discharge
Date dis(ggzl)”ge Normal | Comtracted | Qo - Qn | Qo | Qt
section section Qo Qn on
Fivemile Creek near Riverton
1951
May 1 71 51,000 Sh,LOO 0.06 1.07 | 1.22
July 6 157 19,500 25,700 o2k 1,32 | 1.32
19 179 21,000 33,300 .30 1.hh | 1.33
Aug. 3 17h 18,000 25,300 .29 1,40 { 1.50
Fivemile Creek near Shoshoni
1953
Aug, 12 289 7,600 10,900 0.30 143 | 1.k2
27 259 5,450 8,510 .36 1.56 | 1.75
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of measured suspended sediment at anormal section plus a
streamflow measurement, water temperature, and particle-size
distribution of bed material at the same section. These data
have been obtained at several sediment stations on streams in
the Wind River drainage basin, but only occasionally has enough
information been obtained at any one time. Bed-material sam-
ples were rarely collected for particle-size analyses. Also, of
course, many of the sediment stations, such as the station Wind
River at Riverton, are operated at cross sections that are not
normal sections. The stream bed at these sections may be
mostly heavy gravel, cobblestones, or consolidated material.
Some data that were available for suitable cross sections have
been used to compute total sediment discharge.

Only at two stations on Fivemile Creek, at each of which
there is a contracted section, can a direct check be made on the
accuracy of the computed total sediment discharges. These
checks can be made for only the 6 days that are listed in table
77. The last column of this table gives the ratios of computed
total sediment discharge tomeasured sediment discharge at com-
parable times at a normal section. These ratios agree reason-
ably well with and average slightly higher than the ratios in the
preceding column. Ratios in these two columns would be equal
if measured and computed sediment discharges were precisely
correct and if all the sediment discharge of the stream were
measured at the contracted section. If not all the total sediment
discharge was measured at the contracted sections, the ratios
in the last column should exceed those in the preceding column
by a small amount.

Agreement between the ratios inthe last two columns of table
77 is good and may be partly fortuitous, particularly in view of
thefacts thatany suspended-sediment concentration thatis listed
in the table is subject to chance error of several percent and
that the average depth in the normal section near Riverton was
only about 0.4 foot. This depth is too shallow to sample satis-
factorily by usual methods and is also too shallow to have rela-
tively uniform hydrologic characteristics across the section.
The agreement (fig. 19) probably can be taken to mean that the
computed total sediment discharges are reasonably accurate
even when based on some relatively unsatisfactory measuring
and sampling sections.

The procedure (called the modified Einstein procedure) used
to compute these total sediment dischargesis based on a method
that was suggested by Einstein (1950) for the computation of sed-
iment discharge of particles of sizes that are found in apprecia-
ble quantities in the stream bed. The modified procedure was
developed (Colby and Hembree, 1955) to use measurements of



68 SEDIMENTATION AND CHEMICAL QUALITY OF SURFACE WATERS

100,000

Line of perfect ogreemenf\

10,000

IN TONS PER DAY

1000

EXPLANATION

PROCEDURE,

o
Fivemile Creek near Riverton

| ]
Fivemile Creek near Shoshoni

COMPUTED TOTAL SEDIMENT DISCHARGE FROM MODIFIED EINSTEIN

100

1000

10,000

100,000

MEASURED SEDIMENT DISCHARGE, GONTRACGCTED
SECTION, IN TONS PER DAY

Figure 19. --Comparison of computed sediment discharge from modified
Einstein procedure for a normal section with measured sediment discharge

at a contracted section.
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streamflow and of measured suspended-sediment concentration
and particle-size distributions in combination with the Einstein
method so that readily measurable data from one cross section
of analluvial stream could be used to compute the total sediment
discharge of the stream.

The modified procedure is based on an equation for the ver-
tical distribution of velocity plus a trial-and-error method of
approximating the vertical distribution of suspended-sediment
concentration of several particle-size fractions. For each range
of particle sizes, the vertical distributions of velocity and of
sediment concentration are combined into a vertical distribution
of suspended-sediment discharge. With graphical aids, the
suspended-sediment discharge can be integrated from the water
surface to the top of the bed layer to obtain the total discharge
of suspended sediment. For some of the smaller particle sizes,
the vertical distribution of suspended-sediment discharge is
based largely on concentration in the sampling zone as deter-
mined by depth-integrated samples; for thelarger particle sizes
it is based to a considerable degree on the bed-material dis-
charge concept of Einstein (1950), but the method of computing
bed-load discharge has been changed to obtain better size dis-
tributions in the computed total sediment discharge. For each
size range, computed bed-load discharges are added to the total
suspended-sediment discharges to get figures of total sediment
discharge of the stream by size ranges. Finally, the computed
discharges of sediment of all size ranges are added to obtain the
computed total sediment discharge of the stream.

Particle~size distributions of the computed total sediment
discharge are necessarily somewhat inexact. They contain in-
accuracies indeterminations of the size distributions of the sus-
pended and bed-material sediments as well as the errors inher-
ent in the complex mathematical procedure that is based on
uncertain assumptions. However, they frequently approximate
fairly closely the size distributions as shown by the analyses of
suspended-sediment samples that were collected at a contracted
section. (See figs. 20-22,) Usually they show appreciably more
sediment in the coarser sizes than the size distributions of a-
nalyses of depth-integrated samples for the contracted sections.
Samples that were collected near the stream bed at the con-
tracted sections with a Tait-Binckley or a Bureau of Reclamation
sampler seem to indicate that some coarse material sometimes
moves through the section without being adequately sampled with
a depth-integrating sampler. (See tables 49, 50, 55, and 56.)
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Relatively large differences between particle-size distribu-
tions of the total sediment discharge as measuredandas computed
for May 1, 1951, for Fivemile Creek near Riverton (fig. 21A)
were due directly to the computed total sediment discharge ex-
ceeding the measured sediment discharge by 15 percent. Large
differences for Fivemile Creek near Shoshoni for August 27,
1953 (fig. 20B) are due to the fact that the size analyses of the
sediment samples are not representative,

For almost every computation, the particle sizes of the com-~
puted total sediment discharge were appreciably coarser than
the particle sizes of the suspended sediment in the sampling
zone at a normal section (figs. 20-25), In fact, for some of the
shallow cross sections of Fivemile Creek near Riverton, the
size distribution of the suspended sediment from depth-integrated
samples gives very little idea of the size distribution of the total
sediment discharge.

Computations of total sediment discharge were made 1 to 4
times for each of 8 sediment stations. (See table 78.) Except
for the two Fivemile Creek stations that were used for special
studies and have already been discussed, the computations were
based on sections at which the daily samples of suspended sedi-
ment were collected. Thus, except for Fivemile Creek, the
computed total sediment discharges and the computed unmeas-
ured sediment discharges were for the same cross sections as
the measured suspended-sediment discharges.

These computations of total sediment discharge cover a range
in streamflow of 20 to 8,360 cfs and a range of measured
suspended-sediment discharge of 194 to 366, 000 tons per day
(table 78). Ratios of computed total sediment dischargeto meas-
ured suspended-sediment discharge were as low as 1.05 and as
high as 1.75. Although these ratios tend to be low when the
measured suspended-sediment discharge is high, they have an
overall appearance of being somewhat random or inconsistent.
For example, the ratios for the Bighorn River at Thermopolis
do not seem to vary with a change in water discharge, whereas
for Muddy Creek near Shoshoni they increase rapidly with de-
creasing water discharge. However, the unmeasured sediment
discharges when plotted against water discharge, as on figure
26, follow a generally logical pattern in spite of inherent inac-
curacies in the computations and a lack of complete and accurate
base data. The unmeasured sediment discharges increased in
approximate proportion to water discharge for the Popo Agie
River near Riverton, Fivemile Creek near Riverton, and the
Bighorn River at Thermopolis. They increased as about thel. 2
power of the water discharge for Beaver Creek near Arapahoe
and Muddy Creek near Shoshoni and as about the 1.5 power for
Badwater Creek at Bonneville. Scatter of points from the lines
is caused, in part at least, by differences in the size distribu-
tion of the suspended sediment.
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The line for Badwater Creek on figure 26 was used to com-
pute roughly the unmeasured sediment discharge during the wa-
ter years 1948 through 1952. Sediment discharges from the line
were used with groups of days rather than with each individual
day throughout each year. Annual computed unmeasured sedi-
ment discharges ranged from 15,000 tons during the 1952 and
1951 water years to 165,000 tons during the 1948 water year.
(See table 79.) Ratios of computed total sediment discharge to
measured sediment discharge by years also are shown in table
79. These ratios were determined from total annual measured
and unmeasured sediment discharges and are thus weighted with
sediment discharge.

Average computed ratios for 1949, 1951, and 1952 are about
equal and are not far from 1.2. However, the ratios are 1.43
for 1950 and 1. 65 for 1948. These higher computed ratios are
due to low suspended-sediment concentrations for given water
discharges. Much of the sediment in these 2 years, especially
1948, was carried by water from snowmelt. Unmeasured sedi-
ment discharge, at least as computed here, is principally a
function of water discharge, is to some extent a function of size
distribution, andis relatively independent of suspended-sediment
concentration. Hence, it is relatively constant for a given water
discharge and velocity, whereas the suspended-sediment dis-
charge for a given water discharge is directly proportional to
the suspended-sediment concentration.

The general decrease in proportion of unmeasured sediment
with increasing concentrationat other sediment stations is shown
by plotting suspended-sediment concentration against the ratio
of computed total sediment discharge to measured suspended-
sediment discharge. (See fig. 27.) Besides inherent errors in
the computation of unmeasured sediment digcharge, many fac-
tors, such as changing relative depth of sampling zone, changing
local stream slopes, and changing size distributions of the sus-
pended and bed sediments, may cause the points of figure 27 to
scatter somewhat. However, except for the Bighorn River at

Table 79.--Ratios of computed total sediment discharge to measured
sediment discharge by water years for Badwater Creek at Bonneville

Sediment discharge Ratio of total to
Water year Unmeasured Measured measured sediment
(tons) (tons) discharge
1948 165,000 252,300 1.65
1949 41,000 232,700 1,18
1950 27,000 62,700 1.43
1951 15,000 79,042 1.19
1952 15,000 58,625 1.26
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Thermopolis, for which all the computed ratios are nearly the
same, a tendency for the ratio to increase with decreasing con-
centration is shown. The conclusion from figure 27 is that the
percentage of the unmeasured sediment dischargebecomes small
for large flows that contain high concentrations of suspended
sedimernt., Nevertheless, at such large flows the unmeasured
tonnage is much higher than at small flows (fig. 26).

Available information onunmeasured sediment discharge was
used to estimate average ratios of total sediment discharge to
measured suspended-sediment dischargefor most sediment sta-
tions in the Wind River drainage basin. In making such esti-
mates the fact was considered that much of the sediment dis-
charge of tributaries of the Wind River downstream from River-
ton is dischargedat times whenthe suspended-sediment discharge
isvery high, and the relative proportion of unmeasured sediment
islow. The estimates are, of course, for ratios that are weight-
ed with sediment discharge. Estimated ratios weighted with
time would be very much higher, Also, sediment stations, like
the Wind River at Riverton and the Bighorn River near Thermop-
olis and at many times Fivemile Creek near Shoshoni, have beds
of cobblestones or consolidated rock rather than finer alluvial
material. Logically, the ratios for such stations will be appre-
ciably lower than for similar streams with alluvial beds of finer
particle sizes. Those average estimated ratios that entered
directly into computations of sediment yields in tons will be
shown where they are used.

SOURCES OF THE SEDIMENT

Streams and the mass-wasting processes (mass movement of
rock debris) with which they are so intimately associated are the
most important agents of erosion known (Longwell and others,
1950, p. 71). Of course, the streams are the ultimate means of
transporting the products of weathering to the sea, but a large
part of the waste is made available to the streams by the proc-
esses of mass wasting. Inthe mountains where the slopes are
steep, mass movement of rock waste is relatively rapid, and
material is sometimes delivered directly to the larger streams
and tributaries faster than it can be removed. The results are
local but short-lived aggradation. In areas of lower elevation
where the slopes are more gentle, creep, which is the principal
process of mass wasting, is still effective but operates at a
much slower rate, and the slumping of the alluvial banks of
streams is the most noticeable form of mass wasting. The re-
moval of the debris by the streams prevents the stoppage of the
processes of mass wasting and keeps the means of sediment
supply in operation.
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The size and shape of a stream channel and the local slope of
the stream bed constantly undergo adjustments to changes in both
water and sediment discharge. Streamflow and sediment dis-
charge fluctuate through a range, usually a wide range, and the
characteristics of the stream within this range may be consider-
ed to be the regimen of the stream. If the profile and the cross
section of a stream were completely adjusted to the flow and to
the particle sizes and quantities of sediment, the stream would
be at equilibrium. However, changes in the environment of a
stream prevent the actual attainment of equilibrium. Equilibri-
um is merely the goal that all streams tend to approach. If a
stream approaches equilibrium, it is said to be graded. All
graded streams are degrading streams; that is, downcutting con-
tinues but the profile remains essentially constant. Local slopes
of a stream bed are constantly being adjusted so that the stream
can just transport the sediment load. Adjustments in local
slopes and cross sections occur with every flood. Local aggra-
dation in a reach, although usually caused by a decrease in the
transporting power of a stream from the upstream to the down-
stream end of the reach, has the net effect of an attempt by the
stream to increase its slope, and hence its carrying capacity,
downstream from the point of deposition and to decrease its
slope, and hence its carrying capacity, upstream from the point
of deposition.

An increase in water discharge brings an increase in the ca-
pacity of a stream to do work. Consequently, the total amount
as well as the size of the sediment transported by a stream u-
sually increases as the water discharge increases. Most of the
increase in sediment load may come from the beds and banks of
the stream. In general, streams that have steep gradients and
low sediment concentrations are degrading streams, especially
in their upper reaches. Conversely, streams with low gradients
and high sediment concentrations are usually aggrading streams
in their lower reaches.

Rates of erosion vary widely within the Wind River drainage
basin. In the highest mountain areas, the average annual sedi-
ment yield is perhaps 10 or 20 tons per square mile and 0. 01
ton per acre-foot of water. On the floor of the valley, the
amount of erosion is limited principally bythe quantity of runoff.
In some years and in some areas the runoff, and hence the ero-
sion, may be so small as to be unmeasurable. In other years,
runoff, although by no means the maximum possible, may be
0.25 inch, and accompanying sediment yield may be as much as
1,600 tons per square mile. This tonnage corresponds to an
average concentration of about 120 tons per acre-foot of water
or 80, 000 ppm. The fact is noteworthy that high sediment yields
do not come from areas Wwhere annual runoff is very high nor
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from areas where annual runoff is very low. Where runoff is
very high, the readily available sediment has already been erod-
ed; where runoff is very low, the quantity of water is too small
to transport much sediment, even at high concentrations. Some
of the highest sediment yields are from areas, such as Fivemile
Creek, to which water is artifically supplied and in which sedi-
ment is readily available under a climate that produces very low
natural runoff.

One of the principal objectives of the sedimentation studyby the
Geological Survey was to determine the major source areas of
the sediment that is eroded in the basin and is transported to
Boysen Reservoir, Practical measures to control erosion should
be concentrated in those areas from which most of the sediment
is being eroded or along those channels through which most of
the sediment is being transported.

The network of sediment stations was established to delineate
sediment discharge from different areas in the Wind River drain-
age basin. These stations, except for the special study along
Fivemile Creek, were maintained only on streams that carry
appreciable quantities of sediment or have high concentrations
of sediment. Supplementary spot determinations of suspended-
sediment discharges were made during 1953 at many places at a
time of high flow and at a time of low flow to obtain information
on the sediment discharges at places other than regular sedi-
ment sampling stations. Streamflow, concentration of suspended
sediment, and discharge of sediment are given in table 4 for
each of these spot determinations. Locations of the sampling
points are shown on plate 1.

One of the difficulties in determining the principal sources of
the sediment in the basin is that sediment, unlike the water in
which it is carried, may move intermittently along stream chan-
nels. Another way of stating the problem i<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>