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SEDIMENTATION AND CHEMICAL QUALITY OF WATER IN. THE
POWDER RIVER DRAINAGE BASIN, WYOMING AND MONTANA

ABSTRACT

In the spring of 1946 the United States
Geologlical Survey began a systematic investl-
gation of fluvial sediments and dlssolved
minerals in streams of the Powder River draln-
age basin in Wyoming and Montana. This report
gives the preliminary results that were ob-
tained prior to October 1, 1950. As part of
the investigation, eight sediment statlons
and seven chemical-quality stations were op-
erated for perlods of 4 months to about 43 yr.

A reconnalssance study was made of the geol-
ogy of the area and 1its effect on sedimenta-
tlon and the chemical quality of the water.
The rocks in the basin range in age from pre-
Cambrian to Recent. Mesozolc and Tertiary
rocks underlle the areas outside the moun-
tains, which are also the areas of high sedi-
ment yileld.

The topography of the Powder River drainage
baslin ranges in type from rugged mountains to
semiarid plains. The mountainous areas are
underlain by pre-Cambrian and Paleozolc rocks,
which are very resistant to erosion. Most of
the drainage basin is a part of the Great
Plains province. Precipitation 1s low over
the plains, and most of the runoff is in di-
rect response to storms. Practically all
streams rising in the plains are ephemeral or
intermittent. Rocks underlying the plains
areas are mostly erodible shales, siltstones,
and sandstones; and the stream valleys have
~alluvial fills that are susceptible to ero-
sion.

Average annual runoff varies from less than
1 in. over most of the plains area to more
than 15 In. near the crest of the Bighorn
Mountains. Most of the flow of the Powder
River originates in the mountains. The moun-
taln streams are clear and have steep gradi-
ents. Streams In the plains have low gradl-
ents and usually flow in sandy-bottomed,
shifting channels.

Since Aprill 4, ‘1946, records of suspended-
sediment discharge have been obtalned at
Arvada, Wyo. Similar records have been ob-
tained at the gaging station on the Middle
Fork Powder River above Kaycee since April 22,
1949, gnd at six other gaging stations in the
Powder River drainage basin since the spring
of 1950. The average annual discharge of sus-
pended sediment at the Arvada station for the
period of record was about 5,500,000 tons,
and the average annual water discharge was
about 200,000 acre-ft, which 1s only two-
thirds of the average annual discharge for
the perlod of stream-flow records at Arvada.
The concentrations and discharges of suspended

sediment were low at gaging statlons on Clear
Creek near Arvada, Crazy Woman Creek near
Arvada, and the Middle Fork Powder River
above Kaycee. Most of the water that passes
these stations comes from the mountains; much
of this water 1s melted snow. Records of sus-
pended-sedlment discharge obtained at sedi-
ment stations during the water year 1949-50
are not representative because the water dis-
charge for that year was nearly as low as the
lowest annual discharge for the perlod that
is covered by stream-flow records.

The study shows that the mountaln areas
have relatively high runoff and are minor
sources of sediment. In contrast, the plains
areas have low runoff and are major sources
of sediment. The effects of falrly rapid ero-
sion can be seen in most of the plains areas,
but more rapid rates of erosion probably oc-
cur in badland areas, at gullies that are ac-
tlvely eroding, and on the outside edge of
stream meanders. Erosion of alluvium from the
valleys of main streams probably supplies
much of the sediment that is transported by
the Powder River.

The specific welght of a sediment deposit
that mlight be formed from the suspended sedi-
ment of the Powder River at Arvada, Wyo., was
computed to be 56 1b per cu ft when the de-
posit has not been compacted during a perlod
of many years or under the weight of appreci-
able quantities of overlying deposits. This
specific weight was based on the particle-
size analyses of suspended-sediment samples
from the Powder River at Arvada and on the
relation between medlan particle size and
speclfic weight of sediment deposits in res-
ervolrs. From Aprll 4, 1946, to September 30,
1950, the measured suspended-sediment dis-
charge at Arvada was 26,146,000 tons. The in-
itial volume of this quantity of suspended
sediment after deposition at 56 1b per cu ft
would be 21,420 acre-ft.

Three different squations were applied to
compute discharge of sediment as bed load for
the Powder River at Arvada. Results based on
two of the equations were used to compute an-
nual bed-load discharges of 190,000 tons and
160,000 tons at Arvada.

The chemical quality of the water in the
Powder River drainage basln differs .widely
from one stream to another and is varilable in
each stream from headwaters to mouth. Geolog-
ic factors largely determine the nature and
the amounts of dlssolved solids that are
transported by the Powder River and its trib-
utaries. In mountainous regions that are un-
derlain by lgneous rocks of pre-Cambrian age
the river water 1s dilute, and the mineral
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content 1s composed mainly of calcium and
carbonate; the concentration of dlssolved
solids for a water from thls source is often
less than 100 ppm. Whers the Powder River
drains an area of erodible shales and sand-
stones of Tertiary and Mesozolc age, the riv-
er water 1s much more concentrated, and the
mineral content consists largely of sodium
and sulfate. The concentration of soluble
salts in thls water sometimes exceeds 2,000
ppm. The chemical pattern of water in tribu-
tary streams varies from headwaters to mouth
owing to geologlic factors or to cultural 1n-
fluences, such as return irrigation flows.

The chemical analyses of over 100 water
samples that were collected from three sta-
tions on the Powder River and from four sta-
tions on tributary streams during the perlod
November 1945 to September 1950 show the qual-
ity of the water under varying conditions of
flow. The periods of higher salt concentra-
tions corresponded approximately with inter-
vals of low water discharge, whereas days of
lower salt concentrations were assoclated
with days of high runoff. A basin salinity
study of low flows established a salinity-
discharge relationshlip for important streams
in the basin.

As a source of irrigation suppllies, the
main stem waters at Arvada are rated, on the
average, as permlssible, as defined by
Wilcox's classification of irrigation waters.
Of 27 samples of water that were collected at
Arvada during discharges of 1,5 to 2,110 cfs,
1 was rated as good, 17 as permissible, and 9
as doubtful for irrigation. The waters in
tributary streams, in general, are of better
quality.

The main stem waters contain objectionable
amounts of dissolved minerals for ordinary
domestic uses, whereas the trlbutary waters
are, as a rule, of more satisfactory quality.

INTRODUCTION

Purpose and Scope of Investigatlon

The investligation of sedimentatlion and of
the chemical quality of surface waters in the
Powder River drainage basin was undertaken as
-2 part ‘of the program of the Department of
the Interior for development of the Missourl
River basin. The over-all plan for the basin
includes the development of irrigation and
hydroelectric power and the storage and regu-
lation of flood waters. One of the require-
ments for successful planning of economically
feasible projects 1n the basin 1s rellable
information on fluvial sediments and on the
chemical quallty of the water.

The study of sedimentation in the.Powder
River drainage basin was begun to determine
the quantity of sediment that 1s transported
by the Powder River and its major tributaries,
the probable speciflc welght of the sediment
deposit as initially laid down in a reservolr,
and the probable sources of sediment. This
progress report summarizes the results to
September 30, 1950.

On April 4, 1946, the Geological Survey in-
stallel g sediment station on the Powder
River at Arvada, Wyo. Since that time seven
additional sediment stations have been estab-
l1ished on the Powder River and tributaries.

The stations and the dates on which the-col-
lection of samples was begun are as follows:

South Fork Powder Rlver near

Kaycee, WyO.seeseeesnesess May 17, 1950
Powder Rlver at Sussex, Wyo. March 3, 1950
Powder River at Arvada, Wyo. April 4, 1946
Powder River near Locate,

Monteccessesosescensaneess March 3, 1950
Middle Fork Powder River

above Kaycee, Wyo......... April 22, 1949
Middle Fork Powder River

near Kaycee, Wyo.......... March 3, 1950
Crazy Woman Creek near

Arvada, WyO..eeeeeeseesess March 2, 1950
Clear Creek near Arvada,

Wyoiceeeeeeeeeessannsnesss March 2, 1950

The records of suspended-sediment discharge
for the Powder River at Arvada, Wyo., were

supplemented by computed rates of sedlment

that is discharged as bed load.

Sediment discharge data collected at these
stations for a sufficlent period of time will
glve a measure of the probable quantity of
sediment that will be transported by the
streams over a long-term period. Size analy-
ses of suspended-sediment samples, together
with analyses of bed-material samples, will
furnish data for computing the probable ini-
tial specific weight of the suspended sedi-
ment after deposition 1in a reservoir.

The network of sediment stations %s arrang-
ed so that a comparison of the sediment loads
measured at the stations will show the gener-
al areas where sediment yield 1s high. Pre-
liminary fleld studies have been made to se-
lect the specific areas and the types of ero-
sion that contribute most of the sediment to
the Powder River. More intensive studies
should be made before engineering works that
are designed to reduce sediment yleld are
started.

In this study of the chemlcal quality of
waters 1n the Powder River dralnage basin the
following four ltems were consldered: the
geochemistry of the basln waters, the quality
of the water in relation to stream discharge,
the rating or classification of these waters
for irrigation, and the use of the waters for
domestic needs. Of these 1tems, the classifi-
cation of the basin waters as to thelr suita-
bility for irrigation was given the most at-
tentlon inasmuch as thls information has a
direct bearing on further agricultural devel-
opment of the basin.

Seven sampling stations for chemical-qual-
1ty studies were established on the Powder
River and key tributaries in the period from
1945 to 1949 to determine the quality of
water. Stations on the Powder River were op-
erated at Sussex, Wyo., at Arvada, Wyo., and
near Locate, Mont. Statlans maintained on
tributaries were the Middle Fork Powder River
near Keycee, Crazy Woman Creek near Arvada,
Clear Creek near Buffalo, and Clear Creek
near Arvada, all in Wyoming. The statlons on
the Powder River .furnish information on the
change in the quality of the water in the
river from headwaters to the mouth. The sta-
tlion near Locate measures the quallty of the
water that leaves the basin. Tributary sta-
tions except Clear Creek near Buffalo were
establlished at points near the mouths of
these tributaries.



A salinity study was made September 10 to
14, 1949, to determine the chemlcal character
of the water in the basln during a period of
low flow.

The geologic studies made during the inves-
tigation provide a background of Information
that 1s essential to the understanding and
interpretation of the base data, both on: sed-
iment and chemical quality. The material car-
ried by the streams in solutlion, in suspen-
sion, and as bed load was origlinally derived
from the rocks in the basin. The geologlc
studies, therefore, included a review of per-
tinent published reports and a reconnalssance
of the basin to study the rocks and their re-
lationship to the sediment and minerals that
are carried in suspension and in solution by
the streams.

Previous Investigations

In 1938 the Corps of Engineers, U. S. Army,
started a study of suspended sediments iIn the
Powder River and 1ts tributaries. This study
continued through 1944, and some of the re-
sults of the study are contained in Supple-
ment VI of a report on the Yellowstone River
and tributaries by the office of the Corps of
Engineers (U. S. Army, 1946, pp. Té and T12a)
at Fort Peck, Mont. The sediment stations and
thelr periods of operation are as follows:

Powder River at Arvada, Wyo. May to June
1938.
Powder River at Moorhead,
Mont.seceaeeeeeoeneeeeesss April 1938 to
April 1946
Middle Fork Powder River
near Kaycee, Wyo.e.vee.... May 1938 to
January 1940
South Fork Powder River
near Kaycee, Wyo.......... May 1938 to
March 1940
Clear Creek at Buffalo, Wyo. April 1938 to
March 1939

Many reports on the geology of the Powder
River basin have been published, but most of
them have been concerned primarily with oil
and gas resources. So far as 1s known, geol-
ogy has not been used to help in solving the
sedimentation and quality-of-water problems
of the area.

Personnel and Acknowledgments

This investigation 1s one of several being
made by the U. S. Geological Survey in co-
operation with other agencles of the Depart-
ment of the Interior. The investigation was
conducted by the Water Resources Division of
the Geologlcal Survey, C. G. Paulsen, chief
hydraulic engineer, and S. K. Love, Chief of
the Quallty of Water Branch, Washington,

D. C., and was under the general supervision
of P. C. Benedict, regional engineer, Lincoln,
Nebr.

The analytlcal work on the chemical quality
of surface waters was supervised by H. A.
Swenson, assisted by personnel of the office
at Lincoln, Nebr.

Records of suspended sedlment were obtained
by personnel of the office at Worland, Wyo.,
under the supervision of T. F. Hanly.
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Unpublished records of water discharge were
furnished by F. M. Bell, district engineer,
Geologlcal Survey, Denver, Colo., and Frank
Stermitz, district engineer, Geological Sur-

'vey, Helena, Mont.

POWDER RIVER DRAINAGE BASIN

Location and Extent

The Powder River and its tributaries drain
an area of about ‘13,400 sq mi (Congressional
documents, 1934, p. 26) 1n northeastern
Wyoming and southeastern Montana. More than
half of the drailnage basin is in Wyoming. The
Powder River dralnage basin is bounded on the
southwest by the Bighorn Mountains. The rest
of the boundary is formed by low divides that
separate the basln from the dralnage basins
of the Tongue, Little Missouri, Belle Fourche,
Cheyenne, North Platte, and Bighorn Rivers.

The South Fork, largest tributary of the
Powder River, rises in the Rattlesnake Range
near Ervay, Wyo., and flows northeastward to
its junction with the Middle Fork a few mlles
east of Kaycee, Wyo. The Powder Rilver, formed
by the junctlon of the South and Middle Forks,
flows eastward to a point a short distance
downstream from Sussex, Wyo., where 1t turns
abruptly and flows northeastward iInto an al-
luvial valley bordered by badlands (fig. 1)
to join the Yellowstone River near Terry,
Mont. The Powder River, including the South
Fork, 1s about 480 miles long (Congressional
documents, 1934, p. 26).

The principal tributary streams entering
the Powder River downstream from Sussex are
Crazy Woman Creek, Clear Creek, the Little

‘Powder River, and Mizpah Creek. (See fig. 2.).

All these streams except the Little Powder
River drain areas to the west of the Powder
River.

Topography

The topography of the Powder River drainage
basin ranges from rugged mountains to semi-
arid plains. (See fig. 3.) Mountains, pla-
teaus, uplands, lowlands, badlands, and river
terraces form the varied landscape of the
basin.

Except for a very small area drained by the
Tongue River, the east slope of the Bighorn
Mountalns in Johnson and Natrona Counties,
Wyo., 1is drained by streams tributary to the
Powder River. The altitude of the Bighorn
Mountains ranges from about 9,000 ft on the
south to 13,165 ft at the top of Cloud Peak
near the northwest corner of Johnson County.
Cloud Peak 1s the culmination of a rugged
area of granite ridges and glacial cirques in
the high central part of the Bighorn Moun-
talns. Most of the clrques are now free of

~ice, but a few at the base of Cloud Peak still

contain remnants of once large mountaln gla-
ciers. The erosive actlion of the mountain
glaciers--large rivers of moving ice--is evi-
dent on most of the topographic features of
the central area.

The south part of the Bighorn Mountains 1is
an extensive plateau dissected by deep stream-
cut canyons. The plateau, built on the sedi-
mentary rocks that arch over the crest of the



Figure 1,--Powder River 2 miles downstream from mouth of Crazy Woman Creek. This is a typical section of the river valley
upstream from the mouth of Clear Creek. Note the flood plain and the higher terraces. At this point the flood plain 1is
about 5 ft above the stream, and the next terrace 1s about 12 ft above the stream. A gravel-capped terrace can be seen
through the opening in the trees on the right and about 50 ft above the stream. Note the cut banks and wide flat stream
bed. :
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mountalns, 1s an area of forests and associ-
ated parks.

— . The front range, which stands about 2,000
ft above the plains and extends along the
east slde of the mountains, 1s a large hog-
back of plainward-dipping sedimentary rocks.
The west side of the front range is a rather
abrupt slope or cliff.

A westward-facing cliff of red rock, called
the red wall, runs along the south and south-
east flank of the Bighorn Mountains from a
point north of Barnum southward to the head
of Buffalo Creek. The red wall is a hogback
of eastward-dipping red siltstone strata and,
because of its color, 1s the most striking of
the many hogbacks along the east side of the
mountains.

The greater part of the Powder River drain-
age basin lies to the east of the mountains
and is a part of the Great Plains province.
In this area the rolling uplands are at a
much higher elevation than the main streams.
Parts of the uplands are level and receive
sufficlient precipitation for dry farming, but
most of the uplands are used for grazing, ow-
ing to a lack of precipitation and to the
sloping topography.

Probably the most distinctive type of topog-
raphy in the drainage basin is the badlands,
which form a border around the uplands and
usually separate them from the lowlands along
the rivers. However, at some places the bad-
lands extend to the banks of the streams. Al-
though they may be only narrow bands, in some
places they are an almost impassable area of
sharp ridges and steep canyons that extend
several miles back from the streams.

Climate

The Powder River basin, owing to the range
in altitude from about 2,300 ft to more than
13,000 ft, has wide local differences in tem-
perature and precipitation. These differences
in climate not only affect the amount of sed-
iment that 1is transported by the streams but
also partly determine the areas that will fur-
nish most of the sediment to the streams.

As shown by figure 4, relatively heavy pre-
cipitation, most of which is snow, occurs in
the high mountalns. Climatological records
are not avallable at high altitudes, but pre-
cipitation at some localities in the moun-
talns probably exceeds 30 in. a year. The
lines of average annual runoff in figure 4
give an 1ndication of the increase in precip-
itation with altitude.

The climate of the lower mountain slopes
and foothills is less humid, but the climate
does vary in the foothill belt because of
differences in altitude and topographic fea-
tures. The foothill section, in general, is s
transitional zone between the cold, humid
climate of the high mountains and the rela-
tively warmer and more arid climate of the
plains.

The. climate of the rest of the basin 1is, in
general, one of less precipitation and of
greater variation in temperatures. The plains
section has @ semlarid climate with an aver-
age precipltation less than 15 in. annually.

Solls and Vegetation

The solls of the Powder River drainage ba-
sin are represented by a large number of
broad soil groups, which follow vegetational
and climatic differences without regard to
geological conditions (Thorp, 1939, p. 42).
They are: solls of the humld mountains,
soils of the subhumid foothills, and solls of
the semiarid plains. Only small areas of soil
were developed over many of the rock forma-
tions of the mountains. In the higher part of
the mountains the soils, where they occur,
are well-developed Podzols. The solls in the
foothills and semlarid plains are mainly
Chernozem and Chestnut soils, but possibly
the soils of the more arid part of the plains
may be grouped with the Brown soils (Dunnewald
and others, 1939, p. 32). The Chernozems are
mainly restricted to narrow areas in the foot-
hills.

The solls of the older terraces and alluvial
fans have a dark grayish-brown surface layer,
a very heavy brown gumbo upper subsoil layer,
and & thick accumulation of silty lime in the
alluvial substratum. Alluvial gravel from
many types of rocks 1s present at different
depths.

The soils of the younger terraces and allu-
vial fans range in color from light grayish-
brown to black, have little clay or gumbo in
the upper subsoll layers, and have only a
moderate accumulation of lime in the subsoll.
In most areas these solls are underlain by a
series of old burled soils, which are exposed
in many places in high stream banks and road
cuts.

The soils of the flood plains are composed
of water-deposlted sillts, sands, clays, and
gravels; all are more or less calcareous.
Near the mountalns the soils are dark or have
a pilnk tinge, owing to organlc material or
fragments of parent rocks. The farther the
soils lie from the mountains, the more uni-
form 1s their pale-gray color.

The solls of the uplands in the plains area
are mostly shallow, and their color and tex-
ture are due to the character of the parent
materials. The surface color of the solils 1is
gray, graylsh-brown, or reddish-brown. The
surface soils are sandy, silty-clay, or clay
loams.

In the open areas of the mountalns the soils
are dark brown and black, and the surface
soils are usually about 1 ft thick. The color
of the subsoll depends upon the parent rock.
In the forested areas under a thin layer of
partly decomposed pine needles, the soil 1is
light grayish-brown loam to a depth of 3 or 4
in. Below this layer the soil is lighter-col-
ored.

The native vegetation of the Powder River
basin 1s as varied as the solls. Large areas
in the mountains are covered by forests. The
most common tree is the lodgepole pine, but
the western yellow pine, limber pine, Engel-
mann spruce, alpine fir, red cedar, and aspen
are common. Willows grow in some of the mead-
ows along the streams. The open areas in the
forests are covered with many kinds of pas-
ture grasses.

The vegetation of the semlarid plains 1s a
typical arid-land cover of grasses, sagebrush,
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pricklypear, and rabbitbrush. The most common
grasses are gramagrass, wheatgrass, junegrass,
and buffalograss. Greasewood 1s common on
saij-impregnated soils. Cottonwoods grow
along some of the streams, especlally the
Powder River. Near the mountains where suffi.
clent molsture is available, there are dense
thickets of plum, chokecherry, haw, and other
bushes.

GENERAL GEOLOGf OF THE POWDER RIVER DRAINAGE
BASIN

Exposed Rocks

The rocks exposed in the Powder River
drainage basin are granite and schist of pre-
Cambrian age and a thick series of sedimen-
tary strata-that range in age from Cambrian
to Recent. (See table 1.) Outcrops of pre-
Cambrian and Paleozolc rocks are confined to
areas in or near the mountains. The rocks of
pre-Cambrian age are igneous and metamorphic
and erode slowly. These of Paleozolc age are
mostly limestones and sandstones that are
relatively resistant to erosion.

Rocks of Mesozolc age crop out principally
along the.east flank of the Bighorn Mountains
and over large areas in the southwest part of
the basin (fig. 5). On the basis of different
erosional characteristics, the sedimentary
rocks of the Mesozolc era may be divided, In
general, into three groups. The first group,
comprised of the Triassic and Jurassic forma-
tions and the Cretaceous Cloverly formation,
has a small area of outcrop and is not an im-
portant source of sediment even though some
of the formations are highly erodible. The
second group, made up of the Thermopolls and
Mowry shales, the Frontier formation, and the

Table 1l.--Summary of exposed rock formations
pl. 47; Hares and others, 1946; Love, 1945;
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Cody shale, 1s composed of a great thickness
of alternating thin beds of sandstone and
thick beds of highly erodible shale. The
third oup, comprised of the Mesaverde,
Lewls (or Bearpaw), Foxhills, Lance (or Hell
Creek) formations, is a series of interbedded
sandstones and shales. Except for local areas,
such as the headwaters of Salt Creek, this
group 1s considered to be a minor source of
sediment because of 1its relatively small ares
of outcrop, even though some of the beds of
shale and sandstone erode rapidly.

Rocks of Cenozoic age cover theigreater
part of the plalns section of the basin north

. of Bussex. (See fig. 5.) Those of Paleocene

and Bocene age conslist of sandstone, shale,
slltstone, and some coal. Part of the terrain
underlaln by these rocks 1s rolling, and ero-
sion appears to be at moderate rates. The un-
equal resistance to erosion of the fine-
textured materials and the sandstones has
caused the formation of steep broken topog-
raphy along many of the lnterstream divides
and of badlands along the streams. Small
patches of rocks younger than Eocene and old-
er than the Recent alluvisal deposits occur in
and adjacent to the mountains, but, because
of the small area of outcrop, they are not
significant as a source of sedliment.

River Terraces

A knowledge of the history of river ter-
races in the Powder River dralnage basin is
essential to an understanding of the causes
of past and present rates of eroslon and dep-
osition. Although some preliminary fleld work
has been done, additional information still
is needed before a satisfactory discussion of
the river terraces can be prepared.

in the Powder River drainage basin (Darton, 1906,
Thompson, 1949; Brown, 1949; Wegemann, 1918, p. 13;

Reeside, 1944; Thomas, 1948, pp. 79-92; Love and Weltz, 1951)

Age Formatlon and member Remarks
Glacial deposits in the mountains. Terrace and flood-
Quaternary plaln deposits of gravel, sand, and sllt along the
O streams.
nconformity
White River(?) formatlon
Oligocene and younger unnamed Sands, volcanic ash, gravels, and boulders.
rocks.
n Unconformity
o Sandstone, drab-colored; drab-colored to variegated
S Moncrief member claystone and shale; and numerous coal beds. Mon-
Eocene al crief member consisting of conglomerate of pre-
b 5} E' Cambrian rock fragments, sandstone, and drab shale.
o} - ’ Kingsbury member consisting of conglomerate of
b B Kingsbury member Paleozolc rock fragments, sandstone, and variegated
& B : claystone.
° Uniconformity -
& o 8 Tongue River Sandstone, light-colored, masslve; drab-colored shale;
8.3 member and numerous coal beds. On the east side of the
Paleocene ‘g-‘; Powder River basin the Fort Union 1s, in places,
P E Lebo member divided into three members: the Tongue River mem-
4:3 ber at the top, the Lebo member in the middle, and
é“* Tullock member the Tullock member at the base.
Unconformity
Lance Hell Creek: Sequence of dark marine shales (Lewis, Bearpaw), fol-
formation formation lowed by marine sandstone (Fox Hills), and then by
Cretaceous Fox Hilils Fox Hills nonmarine dsrk-colored claystone and shale and coal
sandstone sandstone beds called Lance in Wyoming part of basin, except
Lewis Bearpaw near Black Hills, and in Montans part of basln,
shale shale where Hell Creek formatlon is used.
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Table l.--Summary of exposed rock formations in the Powder River dralnage basin--Continued

Age Formation and member Remarks
=} Teapot sandstone
S member
L2 Sendstone, alternating white to buff, massive, cross-
5g bedded, coal-bearing, with a mlddle zone of marine
5 g shales. In northern part of basin Teapot member 1is
2% | Parkman sandstone not recognized.
= member
% Shannon sandstone Sandstone, shaly; dark-gray marine shales; calcareous
Pl member shale; thin limestones; and a few thin beds of
g= bentonite.
o
Cretaceous
£l Wall Creek sandstone
jig a member Sandstone and shales, interbedded, gray and black.
4‘::, ’5.?. Thin sub-bituminous coal beds are present.
[ LYRE
&
Mowry shale, hard, black, siliceous, weathers silvery
Mowry and Thermopolls gray; underlain by soft black Thermopolis shale
shales, undivlded that has Muddy sandstone member 200 ft above base.
Inyan Kara group includes Fall River sandstone at
top, Fuson shale iIn middle, and Lakota sandstone at
Inyan Kara group and base along eastern margin of Powder River basin;
Cloverly, Morrison, and
Unkpapa formations, un- Cloverly formatlon used along southern and western
divided margins. Morrison formation consists of green to
varlegated claystone and thin limestones in Black
Hills.
In descending order, green glauconitic shale, red
Jurassic sandstone and siltstone, gray sandstone, green
Sundance and Gypsum Spring shale, and lentlcular white sandstone. At base 1s
formations, undivided Gypsum Spring formatlon consisting of red silt-
stone and gypsum with some white dolomite and lime-
stone beds.
Unconformity-
<] Claystone, ocher-colored; purple to red siltstone;
;.3 Popo Agle member and limestone conglomerates.
Y =
L Alcova limestone
Triassic g)g member Limestone, thin, crinkly light-gray.
=6y
S Red Peak member Siltstone, reddish.
Unconformity(?) Undivided Triassic and Permlan rocks along the south
and west mergins of the Powder River basin.
Permlan
Unconformity
] Pennsgl- Tez;lgép sandsggne and Sandstone, thick; underlain by red shale and lime-
o| Vvanian sden formation, stone and red to gray sandstone.
& undivided
E -Unconformity
3 Missis- Limestone and dolomlite, massive, blue-gray, cherty.
5 sippian | Madison formation Locally includes dolomite and sandstone of
o Devonlan(?) ags.
Unconformity
Ordovician Bighorn dolomite underlain by equivalents of Flathead
Unconformity. sandstone and Gros Ventre and Gallatin formations
along west margin of Powder River basin.
Cambrian
Unconformity-

Pre-Cambrian

Granite, schist, and gnelss.
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PHYSICAL CHARACTERISTICS OF THE POWDER RIVER
4ND ITS TRIBUTARIES

The physical characteristics of a stream
are contrclled by many factors. Outstanding
among the factors are types of rock materlal,
climate, topography, and vegetation. Although
the factors are interdependent, types of rock
materlal and climate play the leading role in
determining the characterlstics of a stream;
type and density of vegetation as well as

minor topographlc features are dependent upon
them. In describing the characterlstics of

the streams, only types of materlal and topog-
raphy assoclated with the streams will be dis-
cussed. Climate and vegetation have been de-
scribed in previous parts of this report.

The approximate slopes, differences in al-
titude divided by lengths of channel, of the
Powder River and its tributaries are listed
in the following table:

Table 2.--Approximate average slopes of the Powder River and major tributariles

Rivers and selected reaches

Approximate slope
in feet per mils

South Fork POWAer RIVer....eeeeieceeerrensssseossnosrssscssssssonssonssssssesssnns 10
Powder River from junction of the Mlddle and South Forks to moutheseeseecsocssnse 7
Middle Fork Powder River
From headwaters to mouth of Red ForKeieeeeeosreeescasassstosessoscsscsccscranes 110
From mouth of Red Fork to junction with the South Fork.:e.seeeeseesceseccanes 9
BUff8lo CreeKe :ieeeseeesceesssosnasscansascsassorsesssososnscosossossossanoasos 90
BOAVEr CrEeKeevetssoesearssoessocasanessssssccsessssnesosasassnnssssssnnsnss 140
REBA FOrK.eeeeeeesosereesronssossevossssssssssscesssanssassssssssssstssoscosscs 110
North Fork Powder River
From headwaters to Mayoworth.e.eseeeeseeesseessesascscsssancancncasennne 110
From Mayoworth to mouth.ceeeeeecerennnacasoonsnscstcatsocccsasoncsccssses 30
Salt Creek from Midwest to mouth....cecereesnecesessencecsrsarscncscarsoncscnans 10
Crazy Woman Creek
From headwaters to junction of the North and Middle FOrksS.:..cececesersscenas 150
From junctlon of the North and Middle Forks to mouthe..ccioceciveveccceccense 10
Clear Creek
From headwaters to mouth of ROCK CreeK.cecececsscescrasisaccasncsasscscsssnance 220
From mouth of Rock Creek to junction wilth the Powder River......ceeeceecccen 13
Little POWAEr RIVEIit.eecetesrstsstosscnesnsnsossnsssssssscsssoscsssocsseasnssanes 7
MIizZpah CreeKeeceesoeeeoeessocaososssosnensassnsasossssssosascosssossasnsscscsssnons 8

Powder River

The Powder River 1s formed by the junction
of 1ts Middle and South Forks, 2 miles down-
stream from the junction of the Middle and
North PForks and 6 miles east of Kayces, Wyo.
Above thelr junction the three Forks drain an
area of about 2,220 sq mi (Follansbee, 1923,
p. 101). The Powder River, therefore, is from
its inception a large river. However, it is
merely an extension of the South Fork in that
it has all the characteristics of that stream
and practically none of the characteristics
of the Middle Fork. The Powder River, then,
begins as a wide, flat, meandering stream
that flows on a sand-covered stream bed be-
tween predominantly low stream bhanks. Through-
out most of its length, it is bordered by a
wide, low flood plain and a series of ter-
races that blend into alluvial fans that ex-
tend down from the bordering hills. (See
fig. 1.) At some points, where the river 1s
cutting laterally into flood-plain deposits
that predate the present flood plain, the low
stream banks give way on ome slde to high
banks.

Except for the alluvium of the flood plain
and terraces, the valley of the Powder Rlver
is underlain, for the most part, by sand-
stones, siltstones, and shales of the Fort
Unlon and Wasatch formations of Tertiary age.
Similar badland topography 1s developed from
both formations. However, badlands developed
from the Wasatch formatlion are more extensive,
but this is probably due to geographical lo-~
cation rather than to any major difference in
the erodibility of the two formations.

Northward from Sussex the difference in al-
titude between the valley floor and the high-
lands increases and reaches a maximum about

half way between Sussex and Arvada. Badland
topography increases with the Increase in re-
lief and reaches maximum development along
the river east of Buffalo. Here the badlands
extend several miles back from the river, but
they gradually become more subdued downstream.

During July, August, and September there 1s
little or no flow in the Powder Rlver between
Sussex and the junction of Clear Creek. Con-
sequently, during these months almost all sed-
iment carried into the Powder River by tribu-
taries upstream from Clear Creek 1s deposited
in the channel. Part of this channel fill is
moved downstream by spring floods and is re-
placed later by material transported from up-
stream. For many mlles below its junction
with the Powder River, the summer flow of
Clear Creek, a stream which carries little
sediment, flushes from the channel of the
Powder River the finer sediments that are de-
posited during spring floods.

The flow of Powder River is maintained al-

. most entirely by tributary streams from the

Bighorn Mountains to the west. The Little
Powder River is the only major tributary to
the Powder River from the east.

South Fork Powder Rilver

The South Fork Powder River rises 1n the
Rattlesnake Range near Ervay, Wyo., in the
extreme western part of Natrona County and
flows northeastward to its junction with the
Middle Fork, 6 miles east of Kaycee. East of
the Rattlesnake Range the South Fork flows
through an area of high rolling plains, which
are deeply trenched by tributary streams. The
headwaters of the tributary streams are sep-
arated by low divides from the headwaters of



streams tributary to the Bighorn and North
Platte Rivers. Wallace, Cave, and Willow
Creeks are the major tributaries to the South
Fork.

The South Fork flows across many kinds of
rocks, but about three-fourths of its drain-
age area 1s underlain by shales of Cretaceous
age. )

For most of 1ts length the South Fork flows
in a wide valley that 1s flanked by low
rounded hills. Leading down from the hills
are valleys, which in the past were cut by
streams and partly refilled with alluvium.
Many of these valleys are now the sites of
deep gullies, which carry large volumes of
sediment-laden water into the South Fork dur-
ing and following heavy rains.

Easlly eroded material, sloping land,
sparse vegetation, and rainfall of high in-
tensity combine to make the South Fork one of
the major contributors of sediment to the
Powder River.

Middle Fork Powder River

The Middle Fork Powder River originates in
the southern part of the Bighorn Mountains
and flows northeastward to its junction with
the South Fork east of Kaycee. All 1ts major
tributaries except Buffalo Creek rise in the
mountains and have characteristics of moun-
tain streams for most of thelr length. In the
mountains they flow over stream beds of grav-
el or boulders and carry very small quanti-
ties of suspended sediment. At the foot of
the mountains they leave the areas underlain
by Paleozoic rocks and flow across areas un-
derlain by the more erodible Mesozoic rocks
where their gradient decreases and where they
begin to acquire some of the characteristics
of sediment-carrying streams. (See fig. '6.)
Important perennial tributaries of the Middle
Fork are Buffalo Creek, Beaver Creek, Red
Fork, and the North Fork Powder River. In the
spring and summer most of the flow of these
streams is diverted for irrigation.

Salt Creek

Salt Creek and its principal tributariles
rise to the south of the town of Midwest and
drain an area underlain princlpally by Cre-
taceous shales. It flows in a general north-
westward direction to join the Powder River
near Sussex. It has a total drainage area of
about 840 sq mi {Follansbee, 1923, p. 101).
Along Salt Creek and some of its tributaries,
especially in the lower reaches, there are
broad alluvial flood plains and .high cut
banks, but the land back from these major
streams is cut Into extensive areas of bad-
lands by a network of deep gullies. (See
flg. 7.) During the summer the creek flows
only in ralny weather. After heavy storms it
becomes a large and heavlly sediment-laden
river. Salt Creek, like the South Fork Powder
River, 1s potentially one of the largest sed-
iment-contributing streams in the Powder
River drainage basin.

Crazy Woman Creek

The tributary forks of Crazy Woman Creek
rise in pre-Cambrian granites near Hazelton
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Peak. They flow to the east and leave the
mountains in deep canyons cut 1n the Paleozolc
and Mesozolce rocks that compose the front
range. After leaving the mountains, the
streams flow through an area of rolling hills
carved in Cretaceous shales before entering
areas underlain by Tertiary rocks. After en-
tering the plains area, the three forks join
and flow north and east to joln the Powder
River upstream from Arvada. Because most of
the summer flow of the stream is used for ir-
rigation, only a small part of it reaches the
Powder River.

Clear Creek

Clear Creek and its principal tributarles,
Rock and Piney Creeks, rise near Cloud Peak
and flow eastward through an area underlain
by granitic rocks and leave the mountains by
way of canyons cut 1n relatively narrow out-
crops of Paleozole rocks. Downstream from
Buffalo, Rock Creek joins Clear Creek, which
is in turn joined by Piney Creek at Ucross.
From the mountains to its junction with the
Powder River, downstream from Arvada, Clear
Creek flows on a heavy bed of gravels between
low banks. Wide flats on each side of the
stream are used extensively for the cultiva-
tion of irrigated crops. The flow of Clear
Creek during the irrigation season is con-
trolled and augmented by storage in several
lakes in the mountains and in Lake De Smet, a
large off-stream reservolr 10 mlles north of
Buffalo. Lake De Smet had no surface outlet
and was high in dissolved solids until inlet
and outlet canals were built about 1921 be-
tween the lake snd Piney Creek near Kearney.
In 1949 the dissolved solids concentration of
the lake water had been reduced to about 800
ppm, and the lake is an excellent habltat for
rainbow trout. The flow from the lake into
Piney Creek 1s controlled by gates at the
north end of the lake.

Little Powder River

The Little Powder River rilses in the up-
lands near Gillette and flows almost due
north to join the Powder River downstream
from Broadus, Mont. Most of the area drained
by it is underlain by the Fort Union forma-
tion of Tertiary age. Along the lower reaches
of the river there are broad flats, but in
some areas the land back from the stream is
cut into badlands by gullies. The flow of the
stream except during storms is usually not
sufficient to carry large sediment loads.
There are small diversions from the stream
for irrigation, mostly of hay meadows.

Mizpah Creek

Mizpah Creek rises in the uplands to the
west of Broadus and flows northeastward to
join the Powder River at Mizpah, Mont. The
total drainage area of the creek is small in
comparison with its length, and for the great-
er part of the year it is a dry stream chan-
nel. During heavy storms it probably carrles
a large volume of sediment into the Powder
River. Along the upper part of Mizpah Creek
water is diverted by spreader dikes. The sed-
iment carried by the water 1s deposited and
is gradually bullding up the flood plain.
This type of irrigation 1s also practiced on
other minor tributaries of the Powder River.



Figure 6.--Middle Fork Powder River above the junction of Red Fork.
The river at this point still has some of the characteristics of a
mountain stream, but evidence of the sediment transported during high
flows 1s given by the raw stream banks.

Figure "7.--Sediment-filled reservoir on Salt Creek near the town of
Midwest. Dredge keeps a cooling water pool open for the power
plant. Note the gullies and badlands in the background.
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EROSIONAL AND DEPOSITIONAL PROCESSES IN AN
AREA NEAR THE MOUTH OF SALT CREEK

All the processes by which sediment may be
moved from its place of origin to a temporary
or flnal place of deposition are actlve in
the Powder River basin.

Erosional or depositional features are bet-
ter understood if the relation of the feature
under study to the rest of the system is
known. In order to study erosional and dep-
ositional processes in detail, a small area
near the mouth of Salt Creek was selected. In
this restricted area erosion 1s active in the
form of gullying, sheet or rill erosion, bank
cutting, and soll creep. Moreover, depositlon-
al forms that go hand in hand with erosion
are well-exhibited.

Figure 8 1s an aerial view of the terrailn
near the confluence of the Powder River and
Salt Creek. The Powder River flows from right
to left In the figure. A deep gully in the
center of the area joins Salt Creek at co-
ordinates 7.4,6.3. The divide of one of the
headwater tributaries o1 this gully is a nar-
row ridge at coordinates 1.4,14.0. The ridge
itself 1is a product of erosion of nearly hor-
izontal shaly siltstones. To understand the
processes by which sediment moves, 1s tempo-
rarlly deposited, and is again moved, one
should trace the sediment from its origin on
the divide until it reaches Salt Creek..

. The accumulation of fine rock debris at the
foot of the steep slope that leads down from
the top of the divide 1s the result of a com-
bination of factors. The slope 1s too steep
for weathered bedrock material to remain in
place; nevertheless, weathering 1s an impor-
tant part of the process of removing material
from the bedrock slope. The freezing, thawing,
wetting, and drying of the surface loosen a
thin layer of material that 1is carried to the
foot of the slope by gravity or water or by
both.

Material has accumulated at the foot of the
bare bedrock slope because of the change from
a steeper to a gentler declivity. The gravi-
‘tational force 1s sharply decreased, and the
capacity of the water that flows from the
steeper slope is insufficient to carry its
load of sediment on the gentler gradient.
Part of the sedliment 1s deposited and an al-
luvial cone is built. Material will be added
to the alluvial cone until the slope is in-
creased enough to Insure a velocity of flow
great enough to transport the debris supplied
by the bedrock slope.

Sheetwash alded by rain splash is the main
cause of the downslope movement of sedliment
across the alluvial cone. However, there 1is
also a mass movement of the material in the
alluvial cone. This mass movement is soil
creep, which is a type of mass transport at a
speed so slow as to be imperceptible to the
eye. Soll creep is caused by. the force of
gravity and 1s aided by water lubrication.

The sediment moving over the surface of the
alluvial cone enters the gullies that are eat-
ing into the foot of the cone. (See fig. 8,
coordinates 1.8,13.6.) These gullies are ad-
vancing headward by caving and slumping of
the headwalls as a result of undercutting and
by the weakening of the coherence of material
at the base of the headcut by the wetting
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action of surface and ground water. The sedi-
ment entering the gully from the alluvial
cone and eroded from the gully itself is car-
ried downstream mainly because of the in-
creased carrying capaclty of the constricted
flow.

Part of the sediment eroded from the head-
most gully 1s transported to Salt Creek with-
out deposition, but part of it is temporarily
deposited in the reach between coordinates
2.9,12.8 and coordinates 7.2,12.3. (See fig..
8.) Deposition in this reach 1s caused by the
reduction of the sediment-carrying capacity
of the flow by decrease in slope, retardation
of the flow by vegetation and by spreading,
and reduction of flow by infiltration.

From the headcut at coordinates 6.2,12.3
(flg. 8) to Salt Creek the gully is being
widened by bank cutting and by the action of
water that enters the gully over the tops of
the banks. (See flgs. 9 and 10.) Along most
of this reach, a balance exists between deg-
radation and deposition, but at the extreme
upper end the channel 1s being deepened,
whereas at the lower end it 1is being aggraded.
Fleld inspection and information furnished by
a local resident indicate that the headcut of
this gully has advanced headward about 380 ft
in the last 30 yr. If this advance began at
the present mouth of the gully and has pro-
gressed at a constant rate, the gully must
have begun to develop more than 500 yr ago.

Relation of Local Base Level to Gully
Formation

The mechanics of gully cutting are fairly
well established, but the causes that start a
gully are not well known. Land mlsuse has
been advanced as one of the causes of gully-
ing. This includes any use of the land that
has destroyed the protective vegetative cover.
Another cause that has been suggested 1s a
slow climatic change. Elther of these can
cause gullying and probsasbly are the most com-
mon causes, but a third cause of gullying- has
not received the attention it merits. This
cause 1s the change in temporary base level
at the mouth of a tributary valley.

Playfair's law of accordant junction implies
that the gradients of main streams are gentler
than those of tributaries that join them. Be-
cause maln streams tend to attaln grade early
in the degradational part of the evolution of
most geomorphic units, this 1s the relation
generally observed.

Even though the gradients of the tributar-
ies are as steep as or steeper than those of
the maln stream, the smaller volume of flow
will at times prevent the tributary streams
from maintaining accordance. Where a wet-
weather, intermittent tributary joins a
stream that has perennial flow, the differ-
ence in volume of flow in the main stream and
in the tributary is great. During and immedi-
ately after rains, a discordance or hanging-
valley type of waterfall may be formed at the
junction of the wet-weather and perennial
streams. If the wet-weather stream has a fair-
ly large drainage area, the waterfall may ad-
vance an appreciable distance up the tribu-
tary valley. Between rains the perennial
stream persistently deepens its valley while
no erosion is occurring in the wet-weather
stream. Discordant junctlions resulting from



Figure 8.—--Aerial photograph of area near mouth of Salt Creek. Photo by
Fairchild Aerial Surveys, Inc., for Bureau of Reclamation.
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Figure 9.--Heatcut of gully that joins Salt Creek near 1ts mouth.

Figure 10.--Gully shown in figure 9 near confluence with Salt Creek.
Compare the rounded profile of the top of the gully wall and the gen-
eral eroded appearance of the walls with those 1in above photograph.
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the above causes are common in arid and semi-
arld reglons.

The gully that joins Salt Creek at coordi-
nates 7.4,6.3 (fig. 8) probably was started
by undercutting of its stream channel by a
meander of Salt Creek. The evidence in the
fleld and from flgure 11 indicates that pre-
vious to Interception of its channel by the
meander bend the stream emptied into the
Powder Rlver or possibly Salt Creek at about
coordinates 7.0,3.4. (See fig. 8.) An exten-
sion of the top or bank proflle of the gully
(fig. 11) would intercept the surface of the
dissected alluvial fan at about coordinates
7.0,4.0. (See fig. 8.) The close parallelism
of gradient between the present gully bottom
and the top of the gully bank (fig. 11) is
additional evldence that the gully was start-
ed by an abrupt change In the temporary base
level.

RUNOFF

Stream-Flow Records

Although records of stream flow have been
obtained by the U. S. Geological Survey at 29
gaging stations (fig. 12) in the Powder River
drainage basin, most records are for short
periods. The records were obtalned primarily
to determine water supply for irrigation.
Winter records often are Incomplete. There
are unmeasured diverslons upstream from most
gaging statlons. As a result, the runoff of
the Powder River dralnage basin is Iincomplete-
ly defined by the stream-flow records that
are now avallable.

Figures of average discharge in cubic feet
per second per square mile and the years for
which the average was computed are listed in
table 3 for each of 12 gaging stations. Drain-
age areas above the gaging stations are also
glven. The figures of average discharge ar®
unad justed for irrigation diversions, but rec-
ords for Clear Creek near Buffalo do include
an estimated diversion for electric power of

sbout 7 cfs. Because flgures of average dis-
charge are based on records for different per-
lods, they are not dlrectly comparable so fig-
ures of average dlscharge during a 5-year per-
1od that ended September 30, 1950, are also
listed. Table 3 shows that discharge per
square mlle varles widely within the Powder
River drainage basin.

Distriﬁution of Runoff

Figure 4 shows the approximate areal distri-
bution of average annual runoff as based on
stream-flow records prlor to September 30,
1944 (Colby and Oltmen, 1948, pl. 2). Average
annual runoff from the entire Powder River
dralnage basin 1s a little less than 1 in. It
is less than 0.5 in. over much of the basin.
Along the crest of the Bighorn Mountalns it
1s at least 15 In. and may be as high as 25
in. for small dralnage areas at high alti-
tudes. The large differences 1In runoff are
partly due to differences In the amount and
rates of preclpitation; but land slopes, tem-
perature, vegetal cover, and soil types also
affect the dlstributlion of runoff over the
basin. In a general sense, the distribution
of runoff In the basin is governed primarily
by topography.

In the large areas of low runoff, most
stream flow occurs during the late spring or
during the summer and is caused by occasional
rains of moderate to heavy Intenslity. Streams
from these areas receive little ground-water
discharge and are dry much of the time. Run-
off from the areas of high runoff follows a
different pattern. Stream flow 1s high during .
May, June, and July when the streams are fed
by melting snow. During the remainder of the
year the runoff is falirly uniform, and base
flow of the streams in the mountains is well-
maintained.

Figure 13 shows varlations in annual dis-
charge in acre-feet per square mile for Clear
Creek near Buffalo and for the Powder River
at Arvada. The annual discharge for Clear

Table 3.--Average dlscharge at gaging statlons on the Powder Rlver and 1ts tributaries

Average Mean discharge
ggm;:; Dr:iz:ge Years for which | discharge Oct. 1, 1945,
(r1 Gaging station name (square average (cfs per to Sept. 30,
123 . miles) is computed square 1950 (cfs per
mile) square mile)
3 Powder River at (near) Arvada,
WyYOeeeeoeeeoonoacasnoasnnsnns 6,050 1917-50 0.069 0.047
4 Powder River at Moorhead, Mont. a 8,030 1939-50 .066 . 069
6 Powder River near Locate, Mont. | a 12,900 1935-50 . 0869 0857
9 Middle Fork Powder River near
Kaycee, WyO.eeeeeeeeeeeennannn 980 1939, 1941-50 .16 .16
12 North Fork Powder River near
Mayoworth, WyO.eeseeeevereane 69 1943-50 .56 .52
17 Crazy Woman Creek near Arvada,
WyOeeeeeeeeesnocosososnnssnnse 956 1940-43 .066 Ceesseserteseeny
18 Middle Fork Crazy Woman Creek
near Greub, WyOeeeseoeevesase 82.7 1945-50 .24 .29
19 Clear Creek near Buffalo, Wyo.. 120 1918-27, 1939-50 | h .64 b .51
21 Clear Creek near Arvada, Wyo... 1,110 1940-50 .20 .19
23 Rock Creek near Buffalo, Wyo... 60.0 1946-50 .62 .62
26 Piney Creek at Kearney, Wyo.... 106 1942-50 .95 .86
28 Little Powder River at Biddle,
MOnteeeserevnooesrsencennnnnns a 1,540 1939 -42 .016 cesesessnserans

a Approximate figure.

b Includes about 7 cfs diverted into power company pipe-line about 1} miles upstream from

gage.
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EXPLANATION

Gaging stations

South Fork Powder River near Kaycee, Wyo.

Powder
Powder
Powder
Powder
Powder
Middls
Middle
Middls

River at Sussex, Wyo.

River at (near) Arvada, Wyo.

River at Moorhead, Mont.

River near Mizpah, Mont.

River near Locate, Mont.

Fork Powder River above Kaycee, Wyo.
Fork Powder River at Kaycee, Wyo.
Fork Powder River near Kaycsee, Wyo.

Red Fork near Barnum, Wyo.

North Fork Powder River near Hagzelton, Wyo.
North Fork Powder River near Mayoworth, Wyo.
Narth Fork Powder River near Kaycee, Wyo.

Figure 12.--Map showing locations of gaging stations in the Powder River drainage basin.
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North Fork Crazy Woman Creek near Buffalo, Wyo. “-'
North Fork Crazy Woman Creek near Greub, Wyo.
Cragy Woman Creek near Buffalo, Wyo. N
Crazy Woman Creek near Arvada, Wyo. o Ekalaka
Middle Fork Crazy Woman Creek near Greub, Wyo.
Clsar Creek near Buffalo, Wyo.
Clear Creek at Buffalo, Wyo.
Clear Creek near Arvada, Wyo.
North Fork Clear Creek near Buffalo, Wyo.
Rock Creek near Buffalo, Wyo.
South Pork Rock Creek near Buffalo, Wyo.
South Piney Creek at Willow Park, Wyo.
Piney Creek at Kearney, Wyo.
Piney Creek at Ucross, Wyo.
Little Powder River at Blddle, Mont.
29 Little Powder River near Broadus, Mont.
L
In operation on Sept. 30, 1950
) a
Discontinued prior to Sept. 30, 1950
as®
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Creek near Buffalo includes the estimated
flow that 1s dlverted around the gaging sta-
tion and through a power plant. During the
period for which stream-flow records are
avallable, the trend of discharge has been
downward.

The range in water discharge and the dura-
tion of different rates of flow are shown for
the Powder River at Arvada (near Arvada prior
to May 191¢) by the duration curve on figure
14.

Diversions and Storage for Irrigation

The flow of the Powder River and its tribu-
taries is appreciably controlled by storage
and diversions for irrigatlion. Some idea of
the effect of irrigation can be obtalned from
the number of acres that are irrigated. Ac-
cording to fileld observations and to reports
of the Bureau of the Census (1942, pp. 329,
653, 654) 70,000 acres were irrigated by di-
versions from streams In the Powder River
drainage basin during 1939, the last year for
which information 1s published. About 10,000
acres were along Prairie Dog Creek in the
Tongue River basin. Probably more than 35,000
acres were lrrigated by diversions from Clear
Creek and 1ts tributaries. Nearly 10,000 acres
were lrrigated by diversions from the Middle
Fork and its tributaries, and only a slightly
smaller acreage was irrigated by diversions
from streams in Crazy Woman Creek basin.

In the Powder River drainage basin only Lake
De Smet, usable capacity 25,000 acre-ft
(Harbeck, 1948, p. 71), has a usable capacity
larger than 5,000 acre-ft. Kearney Lakes and
Cloud Peak Reservoirs and several smaller res-
ervolrs have a total usable capacity of about
10,000 acre-ft.

FLUVIAL SEDIMENT

Complete information on the sediment. yield
of a drainage basin would include rates and
quantities of discharge of the sediment that
1s transported both in suspenslon and as bed
load, the particle-size distribution of the
suspended sediment and of the bed load, the
mineral composition of the sediment, and the
principal sources of the sediment. This prog-
ress report contains measured rates and quan-
titlies of suspended sediment and the results
of particle-size asnalyses of suspended and
deposited sediments. Computed rates of sedi-
ment discharge as bed load are also given for
the Powder River at Arvada.

Definition of Terms

As the definitions of terms that relate to
fluvial sediment are not completely standard-
1zed, some of the terms in this report are
defined as follows:

Sediment 1s fragmental material that origi-
nafeg from weathering of rocks and is trans-
ported by, suspended in, or deposited by water
or alr, or is accumulated in beds by other
natural agencies.

Fluvial sediment 1s sediment that is trans-
ported by, suspended in, or deposited by
water.

Suspended sediment or suspended loasd 1ls sed-
iment that moves In euspensfon In weter and
is maintained in suspension by the upward com-
ponents of turbulent currents or by colloidal

suspension.

Bed load or sediment discharged as bed load
incTudes both The sediment Eﬁag moves along
in essentially contlnuous contact with the
stream bed (contact load) and the material
that bounces along the bed in short skips or
leaps (saltation load).

Sediment sample 1s a quantlty of water-sed-
iment mixture that 1s collected to represent
the average concentration of suspended sedi-
ment, the average size distribution of sus-
pended or deposited sediments, or the specific
welight of deposited sediment.

Depth-integrated sediment sample 1s a sedi-
ment sample that 1s accumulated continuously
in a sampler that moves vertlically at a con-
stant transit rate and that admits sedlment-
water mixture at a velocity about equal to
the stream veloclty at every point.

Sediment discharge 1s (a) rate at which dry
welght of sediment passes a section of a
stream or (b) quantity of sediment, as mea-
sured by dry weight or by volume, that 1s dis-
charged in a given time.

Sediment rating curve 1s a curve of relation
between water discharge and discharge of sed-
iment. Usually the relation 1s between water
discharge and suspended sediment, but 1t can
be between water dlscharge and discharge of
bed load or between water discharge and total
sediment discharge (sum of sediment discharge
in suspension and as bed load).

Specific weight of sedlment deposit 1is
weight of solids per unit volume of deposit
in place.

The size classification used in this report
is the classification recommended by the Amer-
ican Geophyslcal Union Subcommittee on sedi-
ment terminology (Lane and others, 1947, p.
937). According to this classification, clay-
size particles have dlameters between 0.0002
and 0.004 mm, silt-size particles have diam-
eters between 0.004 and 0.062 mm, and sand-
size particles have diameters between 0.062
and 2.0 mm.

Agcording to Twenhofel and Tyler (1941, p.
110):

"The median, or median diameter, is the mid-
point in the size distribution of a sediment
of which one-half of the weight 1s composed
of particles larger in dlameter than the me-
dian and one-half of smaller diamster. The me-
dian dlameter may be read directly from the
cumilative curve by noting the diameter value
at the point of Intersection of the 50-percent
line and the curve."

" Water discharge 1s the discharge of natural
water of a stream. The natural water contalns
both dissolved solids and suspended sedlment.

Measurement of Suspended-Sediment Discharge

Discharge of suspended sediment 1s propor-
tional to the product of water discharge and
average concentration of suspended sediment.
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Procedures for gaging the flow of streams are
fairly well standardized and are explained in
Wate§-8upply Paper 888 (Corbett and others,
1943).

Concentration of suspended sediment in the
Powder River basin was determlined from depth-
integrated sediment samples. These samples
were collected elther with the US DH-48 hand
sgmpler or with the US D-43 sampler except
when the temperature was below freezing at
which times a modified Colorado River sampler
was used.

At sediment-measuring statlons, samples
were usually collected by local observers at
one vertical in the stream cross section,
called the dally sampling station, once or
twice a day except during perlods of high or
rapidly changing concentration or discharge
when samples were taken more frequently. In
addition, englneers periodically collected
samples at the daily sampling station and at
three to five verticals in the cross section
of each stream. These verticals were spaced
to represent equal quantities of water dis-
charge. Concentratlions of samples from the
different verticals were averaged to get the
concentration for the cross section. At some
measuring stations, the concentratlon of sam-
ples that were collected at the daily sam-
pling station varied consistently or errati-
cally from the average concentration of the
croass~gectlon samples. At such stations, cor-
rectlions were applled to adjust concentra-
tions that were based on samples at the daily
sampling station to concentratlons for the
cross section.

The suspended-sediment samples were welghed
in the laboratory. After the sediment had set-
tled, the supernatant water was drawn off.

The residue was filtered or evaporated, and
the sediment was dried and welghed. Correc-
tlons were applled for any appreciable quan-
tity of dlssolved solids that remained with
the sediment after the water was evaporated.

Daily mean concentrations of suspended sed-
Iment were computed by plotting the concentra-
tion of samples from the dally sampling sta-
tion on the gage-helght graph, drawing a
smooth curve through the plotted points, and
plcking the mean dally concentrations for the
daily sempling station from this curve. If
the concentration at the daily station usual-
ly differed appreciably from the average con-
centration for the c¢ross section, a coeffi-
clent, either variable or else constant
throughout the year, was applied to adjust
the concentration at the daily sampling sta-
tion to conform with the concentration. for
the cross section of the stream.

Discharge of suspended sediment in tons per
day usually was computed by multiplying daily
concentration in parts per million by mean
daily water discharge in second-foot days and
by 0.0027. The constant 0.0027 1s correct on-
ly when the welght of a cubic foot of water-
sediment mixture is about 62.5 1b. On days
when both concentration and water discharge
were changing rapidly, each day was subdivid-
ed, and sedliment discharge was computed for
parts of the day. For days when no samples
were collected, the dally discharges of sus-
pended sediment were estimated on the basis
of water dlscharge, concentration for adja-
cent days, weather records, and records for
other stations.

Suspended -Sediment Records

Since April 4, 1946, records of suspended-
sediment discharge have been collegted for
the Powder River at Arvada, Wyo. Similar rec-
ords have been obtalned at the gaging station
on the Middle Fork Powder River above Kaycee
since April 22, 1949, and at six other gaging
stations in the Powder River drainage basin
since the spring of 1950. These records have
been computed to September 30, 1950, and are
summarized in table 4. Monthly and annusl
figures of suspended-sediment discharge are
in tables 14 to 21. Locations of the stations
are shown on fligures 2 and 12. Records of
suspended-sediment discharge at most stations
were obtained only during the water year 1949-
50, when stream flow was far below normal.

Suspended-sediment dlscharge fluctuates
with changes in any one of several interre-
lated variables, which include water dis-
charge, turbulence and temperature of the
flowing water, and the availabllity of sedi-
ments of each slze range. Resulting fluctua-
tions 1in discharge of suspended sediment are
large and rapid and have only a general rela-
tion to water discharge. (See figs. 15 to 22.)
Except, perhaps, at very high discharges or
overbank flows, the sedlment discharge gener-
ally increases more rapldly than the water
discharge because the concentration also
tends to Increase with water discharge. For
this reason, discharge of suspended sediment
is usually less than average during years of
average water dlscharge, for an occaslonal
year of high sediment dlscharge 1s likely to
raise the average annual sediment dlscharge
considerably asbove the median annual dis-
charge. On streams, such as Salt Creek and
the South Fork Powder River, on which most of
the stream flow 1s caused directly by runoff
from an occasionel rain, the sediment ‘dis-
charge during one short period of storm run-
off may exceed the average annual sediment
discharge of the stream.

Table 4 shows that concentrations and dis-
charges of suspended sediment were low at gag-
ing stations on Clear Creek near Arvada,

Crazy Woman Creek near Arvada, and the Middle
Fork Powder River above Kaycee during the per-
iod of sediment records. Most of the water
that passes these statlions comes from the
mountains.

Suspended-sediment dlscharge measured at
the gaging station on the Powder River at
Arvada during a 5-year perlod endling Septem-
ber 30, 1950, averaged about 5,500,000 tons
per year. (See table 4.) This sediment dis-
charge was transported by an annual water dis-
charge of about 200,000 acre-ft, which 1s two-
thirds of the average annual discharge for
the period- of stream-flow records. The aver-
age concentration by weight was 2 percent. As
the drainage area upstream from Arvada 1is
6,050 sq mi, 200,000 acre-ft of water repre-
sents an average depth of 0.62 in. over the
drainage area. The annual runoff during the
5-year period that ended September 30, 1950,
would be about 0.7 in. after adjustment for
net irrigation diversions.

Though little direct relationshlp exlsts be-
tween amount of runoff and quantlty of sedi-
ment that is eroded, yet the maxlimum amount
of erosion 1s effectively limited by the
amount of runoff. In any area where the annual
runoff averages less than 1 in., the average
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Figure 21.--Relation of suspended-sediment discharge to water discharge, Crazy Woman Creek near Arvada, Wyo.,
Mar. 15, 1950, to Sept. 30, 1950.
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Table 4.--Summary of records of suspended-sediment discharge for the Powder River drainage basin

Number Drainage Water Suspended- Average
on map area dis- sediment |COmCen-
(rig. Gaging station (square Perlod of record charge discharge tra—*
12) miles) (acre- (tons tion

feet) ( ppm)
1 South Fork Powder River
near Kaycee, Wyo....... 1,150 [May 17 to Sept. 30, 1950 4,110 76,640 13,700
2 Powder River at Sussex,
WYOieeseeeeooaosannanns 3,090 [|Mar. 1 to Sept. 30, 1950 99,780 | 1,500,000f 11,000
3 Powder River at Arvada,
WyO.ieeooneoessonsnannns 6,050 | Apr. 4 to Sept. 30, 1946 120,600 | 3,774,000| 23,000
Water year 1946-47 274,800} 5,323,000{ 14,200
Water year 1947-48 248,900 { 9,428,000| 27,800
Water year 1948-49 184,000} 4,883,000| 19,500
Water year 1949-50 131,700} 2,738,000f 15,300
6 Powder River near Locate,
MOnt.eeeeseeeeseceesess|a 12,900 |Mar. 1 to Sept. 30, 1950 255,900 | 4,310,000] 12,40Q
7 Middle Fork Powder River
above Kaycee, Wyo..e... 450 | Apr. 22 to Sept. 30, 1949 27,780 70,600 1,870
Water year 1949-50 49,680 108,800 1,610
9 Middle Fork Powder River
near Kaycee, WyOieeooo. 980 |Mar. 1 to Sept. 30, 1950 66,600 363,400 4,010
17 Crazy Woman Creek near .
Arvada, WyOeeeeeeoeeons 956 |Mar. 15 to Sept. 30, 1950 27,000 107,300 2,920
21 Clear Creek near Arvada,
WYOeeeeeoorooasonsasnene 1,110 |Mar. 21 to Sept. 30, 1950 | 81,630 52,670 470

% Weighted with water discharge.
a Approximate flgure.

annual depth of soil that can be eroded from
a drainage basin cannot exceed a fraction of
an inch. If a cubic foot of the soll of a
drainage area weighs 80 1b and the maximum
concentration of sediment cannot reasonably
be expected to exceed 250,000 ppm by weight,
the maximum depth of erosion that accompanies
1 In. of runoff can be computed as follows:

1. An Inch depth of water on a square foot
of area is 62.4 1b divided by 12 or 5.2 1b.
(The assumption is made here that 1 in. of
runoff is clear water only, because much sed-
iment may be deposited from the water before
the water 1s measured.)

2. At 250,000 ppm, three-quarters of the
sediment-water mixture 1s water and one-quar-
‘ter is sediment. Hence, 5.2 1b divided by 3
or 1.73 1b of sediment will be in the mixture.
(If the specific gravity of the sediment 1s
2.65, the water-sediment mixture would cover
a square foot of area to a depth of 1.126 1in.)

3% 1.73 1b divided by 80 is 0.0216 or the
fraction of a foot of soil that could be erod-
ed from a square foot of area by 5.2 1b of wa-
ter. This is equivalent to 0.26 in.

The concentration of 250,000 ppm would be
attained only when the soll was very easily
erodible and the intensity of runoff was ex-
ceptionally high. A much more usual concentra-
tion would be 50,000 ppm, which would indicate
a depth of erosion of 0.04 in. per inch of
runoff.

Of course the average depth of net erosion
over a large dralnage basin can be computed
from the measured sediment yield of a drainage
basin, but 1t will normally be somewhat less
than the average depth of erosion ‘that may be
expected for many small dralnage areas wlthin
the large drainage basin. On large drainage
areas the average depth will be reduced by in-
clusion of areas where only small amounts of
erosion occurred and may be further reduced by

deposition in some parts of the basin or may
be increased by channel scour.

Nothing in thils discussion should be inter-
preted to mean that erosion removes even an
approximately uniform depth of soil from ei-
ther large or small areas. It 1s intended on-
1y to establish a rough limit of possible
depths of erosion that may be expected to ac-
company an inch of runoff. Also, the depths
of erosion that are dlscussed here are for
drainage areas without inflow of water from
outside the areas.

Size Composition of Suspended Sediment

At all gaging stations where records of sus-
pended-sediment discharge were obtalned, rep-
resentative samples were collected periodical-
1y for particle-size analyses. One or both of
two general types of particle-size distribu-
tions were determined from a sample. One type
showed particle sizes according to settling
velocities in native water in which the degree
of flocculation may have been about the same
as 1n an assumed pool or reservoir. The other
type of particle-size distribution was the
classification of particles by their settling
diameters when the particlés were completely
dispersed. For particle sizes smaller than
0.031 mm, the difference between the two types
of particle-size distributions 1s large. The
difference 1s due to flocculation of the soil
particles, which 1s caused by the calclum and
magnesium cations from dissolved sollds in
the native water. Average size distributions
of samples for which duplicate portions were
analyzed in native water and in dlstilled wa-
ter are plotted on figure 23 for the Powder
River near Arvada. Also plotted 1s the curve
of average particle slze for all samples ana-
lyzed in distilled water. Average particle
sizes were not weighted with sediment dis-
charge; they are simply arithmetic averages
of the size distributions of the samples. Me-
dian particle sizes were taken from flgure 23
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and from similar flgures for other stations
where sediment records have been collected.
They are listed In table 5.

Particle sizes as analyzed in native water
are helpful in estimating the rates and loca-
tions of sediment deposition in slowly moving
parts of a stream and in reservoirs. However,
the degree of flocculation in a reservoir may
not be the same as in the sedimentatlon cylin-
der in the laboratory.

Absolute particle sizes, measured by set-
tling velocitles of dispersed particles in
distilled water, are probably the most sult-
able size distributions for computing the spe-
cific weight of sediment after it is deposited
in a reservolr. Sediment particles, even
though they may flocculate to a larger set-
tling diameter in the process of deposition,
may, after they are deposited in a reservoilr,
still retain the physical properties of the
individual particles. Floccules can be dis-
persed by mechanical agltation. Therefore, the
bonds that hold together the individual sedi-
ment particles are not strong enough to give
a floccule the physical properties of an in-
dividual sediment particle. For this reason
the determination of specific weights that are
based on particles sizes should be computed
from particle sizes obtained by analysis of
dispersed particles.

Until 1950 the particle-size analyses both
in native and in distilled water were made wilth
the bottom-withdrawal tube. During 1950 many
samples were analyzed for particle size by the
sieve-plpette method. In this method particles
coarser than 0.0625 mm are separated from the
finer particles by a combination of wet and
dry sieving. The coarser portion 1s then
welghed and discarded or 1s subdivided into
different size classifications by dry sieving.
The flner portion is analyzed according to
sedimentation diameters by the pipette method.

The suspended sediment transported by the
Powder River is mostly fine materlal. (See
fig. 24.) The average percentage of particles
smaller than the lower 1limit of sand size
(0.062 mm) was between 81 and 89 percent for
all stations except the South Fork Powder
River near Kaycee for which 97 percent of the
suspended sediment was filner than sand. The
particle-size curves of figure 24 were based
‘on average sizes that were not weighted with
elther water or sediment discharge except that
samples for size analysis were collected much
more frequently at high discharges than at low
discharges. Median particle sizes (table 5)
based on the average size distributions for
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the different sampling stations were all
smaller than 0.009 mm for samples that were
analyzed in a dispersion medium. Medlan parti-
cle sizes of duplicate samples are for compar-
lson between themselves only. For some sta-
tlons they are based on only one of two sam-
ples, and these samples were collected when
the concentration was high. The sizs distribu-
tions of individual analyses are listed in
tables 22 to 29.

Specific Welght of Fluvial Sediment

Estimates of rates of reservoir depletion
by sediment deposition require a knowledge of
the probable location and specific weight of
the deposited sediments. The location of the
deposited sediments 1is dependent upon Inflow-
outflow relatlonships or elevation of water
surface in the reservolr, sedimentation diam-
eter of particles In transport, mineral con-
stituents In solutlon, and effect of density
currents. The specific weight of sediment de-
posits depends upon the type of material in
transport, primary particle size, effect of
change 1n concentration of the mineral con-
stituents in solutlon, degree of sorting, and
amount of consolidation.

The rate of deposition of sediment in the
upper reaches of a reservoir is a function of
the stream velocity (turbulence) and settling
dlameter of the material in transport. The
coarse material will be deposited where the
backwater begins, and much of the finest ma-
terial wlll eventually reach the downstream
end of the reservoir because of density cur-
rents or reservolr drawdown or both. The res-
ervoir operation may thus result in deposi-
tion of coarse and fine material in alternate
lenses at the same location.

The specific welght of sediment deposits in
reservoirs Increases with compaction. If all
sediment particles have about the same specif-
ic gravity, the specific weight of sediment
deposits depends upon the porosity of the de-
posit. Theoretically, if the sediment parti-
cles are uniform spheres and touch one anoth-
er, the porosity depends upon the arrangement
of the partlicles and not on the particle size.
However, the porosity changes greatly when
particles of different sizes are intermixed,
as the smaller partlcles partly f111 the pores
between the large particles. Deposits of sllts
and clays have greater poroslty and smaller
specific weight than deposits of larger par-
ticles partly because the range in size may
be greater in the coarser deposits.

Table 5.--Median particle sizes from unweighted average size distributions of suspended sediment
for stations in the Powder River drainage basin

Sediment station

South Fork Powder River near Kaycee, Wyo......
Powder River at Sussex, WyoO.ceeeiesseossossesns
Powder River at Arvada, WyoO.ceoeeseesevcevscss
Powder River near Locate, Mont.c.cececeaeseses
Middle Fork Powder River above Kaycee, Wyo....
Middle Fork Powder River near Kaycee, Wyo.....
Crazy Woman Creek near Arvada, WyOe.ceeeecsesse

Clear Creek near Arvada, WyOeceeesscesaaansaes

Duplicate samples A11 samples
“Analyzed in Analyzed in analyzed in a
native water | distilled water |dispersion medium
(millimeter) (millimeter) (millimeter)

0.010 a 0.0018 a 0.001
.011 .0035 .0040
.016 . 0057 .0058
.012 .0034 .0030
.015 .0089 .0084
.021 .0245 .0080
.015 .0140 a .003

I I T I T T s .0062

a Estimated by extrapolation.



9g~

999

99.8

99.5

99.0

8

o~
o

PERCENT FINER
*
o

' EXPLANATION

50
40 -~
30 === = South Fork Powder River near Kaycee, Wyo. H
20 = ———= Powder River at Sussex, Wyo. i
-~ —— Powder River at Arvada, Wyo.
. Powder River near Locate, Mont.
0 " =——+—— Middle Fork Powder River above Kaycee, Wyo. [
— — Middle Fork Powder River near Kaycee, Wyo.
5 ——e:—— Crazy Woman Creek near Arvada, Wyo. N
seseseeecse Clear Creek near Arvada, Wyo.
L i ] L 4 L i1 " i " 3 " 3
2 | T 1T 1111 I Tt 11
| 2 3 4 S5 6189 2 3 4 5 67869 2 3 4 %5 67809
0.001 - 0.0l ‘ 0.l .o

DIAMETER IN MILLIMETERS

Figure 24.--Average particle-size distributions of all suspended-sediment samples analyzed in dispersion medium.



An increase in specific weight and a reduc-
tion in volume of deposits are usually accom-
plished by squeezing out part of the intersti-
tlal water and by closer packing of the sedi-
ment partlicles. The smaller the pore spaces
are, the lower is the permeablility and the
slower is the release of the interstitial wa-
ter. Hence, fine-gralined deposits usually com-
pact at a much slower rate than coarse-gralned
deposits. The rate and the smount of iIncrease
of specific weight depend not only on the par-
tlicle size of the deposits but also on the
method of operation of the reservoir. Consol-
idation is probably rather rapid .in the first
few years after deposition but decreases with
time.

The determination of an average flgure for
the specific welght of a deposit that might
be formed from the sediment in transport 1is
necessary to ascertaln the space the sediment
will occupy in a reservoir. The accuracy of
the determination is affected not only by res-
ervolr operation but also by the inaccuracies
introduced 1n measuring the total sediment
discharge. At present only the suspended sed-
iment is measured; the bed load must be esti-
mated. Only an approximate figure for the av-
erage specific welght, which the material
will assume on deposition, can be computed.

Medlan Particle-Size Method

The specific welght of a deposlit that might
be formed from a suspended sediment was com-
puted by a method based on the median parti-
cle size of the suspended sediment. This meth-
od is believed to be superior to others that
apply specific welghts to different size
grades because it 1s simple and is based on
actual measurements of specific welights.

This method was applied as follows: The
medlian particle size of each sample that was
analyzed in a dispersed state was plotted
against the Instantaneous suspended-sediment
discharge in tons per day. (See fig. 25.) The
curve of flgure 25 was so drawn that on the
basis of the avallable particle-size analyses
an average of about 50 percent by weight of
the particles within each of several ranges
of sediment discharge would be finer than the
median size indicated by the curve. For pre-
determined class Intervals of suspended-sedi-
ment discharge, the corresponding median par-
ticle sizes were taken from the curve of fig-
ure 25 and were listed in table 6.

Flgure 26 shows the relation between the me-
dian particle size and the specific welght of
- relatively uncompacted sediment deposits in
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reservoirs in the Powder River drainage basin
and other dralnage basins. The data from
which the figure was prepared are in table 30.
These data are for samples that were all or
nearly all collected near the surface of sub-
merged sediment deposits. Thus the specific
welghts of the samples are representative of
natural deposits that have been formed, prob-
ably within a few years of the sampling time,
and that have not been compacted materislly
by overlylng deposits.

The specific weight of a deposit that might
be formed from the suspended sediment of the
Powder River at Arvada was then computed as
shown in table 6 and was found to be 56 1b
per cu ft. This specific weight, which is for
a sediment deposit that has not been compacted
during a long period of time or under the
welght of apprecilable amounts of overlying de-
posits, was used to convert tons of suspended
sediment to acre-feet of sediment. (See table
7.) The computed volume, 21,420 acre-ft, in-
dicates the probable maxlmum space that would
be occupled by the suspended sediment that
was discharged by the Powder River at Arvada
from April 4, 1946, to September 30, 1950,
after deposition in a reservolr.

Size-Distribution  Method

A second method of computing the specific
weight of a deposit that might be formed from
suspended sediments is the size-distribution
method. This method consists of dividing the
sediment into size fractions and computing
the specific welght of the deposit from the
percentages of each size fraction and from
the density of each size fraction.

To determine the average distribution of
sand, silt, and clay in the suspended sedi-
ment of the Powder River at Arvada, the per-
centages of these size fractions were taken
from the particle-size analyses that were
made 1n distilled water. The percentages of
each size fractlon were plotted agalnst the
suspended-sediment discharge in tons per day.
Average curves were drawn through the plotted
points. If these three curves are assumed to
represent adequately the variations in the
size distributions of suspended sediment with
sediment dlscharge, the average percentage
distribution of clay, silt, and sand can be
determined as follows:

1. Select class intervals of suspended-
sediment discharge in logarithmic progression.

2. Tabulate for each class interval the per-
centage of sand, silt, and clay as shown by

Table 6.--Specific welght based on median partlcle size for the Powder River at Arvada, Wyo.,
Oct. 1, 1946, to Sept. 30, 1950

Suspended-sediment discharge Medi Specific Total tons.
e an
Middle of welght divided by
?%23: 12:e§:a% class interval Total tons ?;Sziiithiﬁe (pounds per specific
L v (tons per day) cubic foot) welght
0- 3,500 1,750 597,000 0.0059 63 11,264
3,500- 14,000 8,750 1,810,000 .0078 55 32,909
14,000- 58,000 36,000 5,420,000 .0090 56 96,786
58,000- 150,000 104,000 5,630,000 .0098 57 98,772
150,000-1,600,000 875,000 9,420,000 .0100 57 165,263
TOtAleevaocooforncensrsononnans 22,877,000 PN 404,994

Specific weight 1n pounds per cubic foot = E%g%lgg%?g = 56.49.
?
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Table 7.--Volume of suspended-sediment dlscharge at 66 1lb per cu ft, Powder River at Arvada, Wyo.

Period

Apr. 4 to Sept. 30, 19046cevcvrcesessssssvnssasse
Water year 1946-47.c.ceeecsterocsenarscnascnens
Water year 19047-48..ccttectcorocsecsscscssscnns
Water year 1048-40..cccetcersstcnnrcsnsasscnnns
Water yoar 1949-50..cceseecssscscessnoosscsnnss

Totaleeessocecassscssssossnsarssosscsnssses

Suspended -sediment Volume of
discharge deposlted sediment
(tons) (acre-feet)
3,774,000 3,090
5,323,000 4,360
9,428,000 7,730
4,883,000 4,000
2,738,000 2,240
26,146,000 21,420

the average curves of percentage of each slze
fraction versus suspended-sediment discharge.

~ 3. Complle a frequency table of suspended-
sediment discharge from the dally sediment
dlscharges during the four complete water
years of sediment records of the Powder River
at Arvada to determine the different tonnages
of suspended-sediment discharge in each class
interval of suspended-sediment discharge.

4. Compute the average percentage distribu-
tion of sand, slilt, and clay from the tonnages
and percentages in each class Interval.

By this method of weighting with sediment
discharge, the average percentages of sand,
silt, and clay in the suspended-sediment dis-
charge of the Powder River at Arvada during
the period of 4 water years that ended Septem-
ber 30, 1950, are 20, 43, and 37 percent by
welght, respectively. Clay was assumed to in-
clude all particles finer than 0.005 mm; silt,
those between 0.005 and 0.05 mm; and sand,
those between 0.05 and 1.0 mm. These are the
size ranges for which Lane and Koelzer (1943,
p. 49) state densities of 93, 65, and 30 1b
per cu ft for the sand, silt, and clay frac-
tions 1 yr after deposition in a reservolr in
which the sediment deposit 1s always or near-
ly always submerged. Expressed in cubic feet,
the volume occupied by 1 1b of the deposit
that might be formed from the suspended sedi-
ment of the Powder River at Arvada would be

0.20 0.43 0.37 _
93 + 5 + 0 = 0.0211

and the specific weight at the end of 1 yr
would be _ 1 __ or 47 1b per cu ft.
0.0211

The size-distributlion method of computing
the initial specific weight of the sediment
deposit that might be formed from the suspend-
ed sediment of the Powder River was also ap-
plied to the slze ranges and the initial den-
sities as determined by Parker Trask and re-
ported by Lane and Koelzer (1943, pp. 30-31).
In these size ranges, clay includes all par-
ticles flner than 0.004 mm; silt, those be-
tween 0.004 and 0.062 mm; and sand, those be-
tween 0.062 and 0.5 mm. The sand, silt, and
clay percentages computed by welghting with
sediment discharge are 19, 46, and 35 percent
by welght, respectively. In cubic feet the
volume occupled by 1 1b of sediment deposit
wlth these percentages of the three size frac-
tiens and with the initial densitles as re-
ported by Trask would be

0.19 0.46

0.35
g8 Yt &7

+ 15 = 0.036

and the initial specific weight would be
1 or 28 1b per cu ft. This low figure for
0.036

initial specific weight 1s for sediment depos-
its that were formed during "a very short set-
tlement period."

Sediment Transported as Bed Load

Because sediment transported as bed load in
the Powder River has not been measured, empir-
ical formulas developed from extensive labora-
tory experiments and limited fleld data were
used to compute the approximate discharge of
sediment in the form of bed load. Selectlon
of independent theoretical approaches to bed-
load determinatlions was somewhat simplified
by the fact that nearly all are based on the
concept of shifting layers of bed material
that are kept in motion by the shear of the
moving fluid. Bed-load formulas by Einstein
(1950), Du Boys (1879, pp. 149-195), and
Schoklitsch (Shulits, 1935, pps 644-687) were
used.

A representative cross section of the Powder
River at Arvada, Wyo., was determined by aver-
aging three cross sections (fig. 27) near the
recording gage. Water levels for five repre-
sentative water discharges that ranged from
20 to 12,000 cfs were taken from a stage-dls-
charge rating table. Mean depths and widths
for the selected discharges were obtained
from the average cross section. (See fig. 28.)

The slope of the water surface was deter-
mined between the recording gage at Arvada and
the highway bridge 2,100 ft downstream from
the gage. Thirteen observatlions of the slope
ranged from 4.70 to 5.86 without apparent cor-
relation with water discharge. An average
slope of 5.28 ft per mlle, or 0.001 was used
in the computations.

A median particle diameter of 0.228 mm or
0.00898 in. was taken from the average parti-
cle-size distribution curve of the bed mate-
rial (fig. 29) and was used in Du Boys' and
Schoklitsch's formulas.

Du Boys' Formula
Boyer and Laursen (1950, pp. 815-817) pro-
posed the following form of the Du Boys' for-
mila for computation of sediment discharge as
bed load:

K
4 qs, = ';% (yS)2

in which qg = rate of bed-load transport in

pounds per second per foot of
width

K = a constant

d = median particle diameter of the
bed material in millimeters

y = mean depth in feet

S = hydraulic slope
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The units were assigned for convenlence, as
the formula is not dimensionally correct. K
was evaluated (fig. 30) as 20,000 on the ba-
8is of data from the Niobrara and Middle Loup
Rivers in Nebrasks.

Rates of bsd-load discharge as computed
from this formula for flve different water
discharges are shown in table 8 and are plot-
ted against water dlscharge in figure 31.

Schoklitsch's Formula

Shulits (1935, pp. 644-646, 687) presented
the Schoklitsch bed-load formula as follows:

6 = 86.7 1.5 BD )
= D; S (Q - 0.00532 S§
in which bed load in pounds per second

median diameter of the particles
in inches

slope of energy gradient

width of stream in feet

G
D
S
B
Q = water discharge in second feet

Thls formula was developed by analyzing
data from flume experiments in which the bed
materlial was uniform quartz grains. A minimum
fluid force i1s assumed to be necessary to
start particle movement. Thils forrmla was cho-
sen for its simplicity and because 1t contains
no constants that must be evaluated by data
from other streams.

The rates of sediment discharge as bed load
at four different rates of water discharge
were computed and are listed in table 8. Rates
of sediment discharge are plotted agalnst wa-
ter discharge in figure 31.

Einstein's Formula

Einstein (1950) approached the problem of
bed-load movement by & method different from
that used by most investigators. He combined
certain variables into dimensionless expres-
slons for the probability that a given parti-
" cle would be moved from its position in the
bed surface. He developed a formula to com-
pute the total sediment discharge of bed-load
material, the material that is transported
elther in suspension or as bed load and that
hag particle sizes within the range of sizes
that are found in significant gquantities in
the stream bed. The formula is complex, and
its solutlion requires supplementary graphs
for evaluating integrals and for determining
other quantities that are included in the for-
mila. A part of the formula can be used to
compute bed-load discharge. However, the bed
load as defined by Einstein (1950, p. 4) is
not the same as the bed load as defined on
page 22 of this report. His definition seems
to limit the bed load to bed material that

moves in a layer immediately above the stream
bed and only two particls diameters thick.

Rates of bed-load discharge were computed
with the Einstein formula for three different
water discharges. The computed discharges of
sediment as bed load are shown in table 8 and
are plotted on filgure 31.

Figures of bed-load discharge (table 8) as
computed by the three different formulas are
not directly comparable. The constant of the
Du Boys formula was evaluated from bed-load
discharges that were computed as the differ-
ence between total sediment discharge and
suspended-sediment discharge as measured by
the Geologlcal Survey. Thus the Du Boys for-
mula as evaluated should glve bed-load dis-
charges that can be added to suspended-sedi-
ment discharges to compute total sediment
discharge. According to Shulits (1935, p. 645),
Schoklitsch's formula computes "that portion
of the total solids load of a river which is
transported (not in suspension}! along the riv-
er bed by the tractive force of the stream."
Bed-load sediment discharge as computed by
the Schoklitsch formula should be approximate-
ly the same as the difference between suspend-
ed-sediment discharge as measured by the Geo-
logical Survey and total sediment discharge
of a stream. Only a part of Einstein's formu-
la was used, and the bed-load discharge com-
puted with it should, by definition, he only
the discharge of material that moves in a
layer two particle diemeters thick and just
above the stream bed. As Einstein's formula
is based on a definitlon of bed load that dif-
fers widely from the definition that is used
in thils report, average annual discharge of
bed load was not computed with hls formula.

The Geologlical Survey measures suspended
sediment with samplers that do not collect
water-sediment mixture within about 0.3 ft of
the stream bed. Hence measured suspended-sed-
iment concentrations tend to be slightly low
because the concentration of suspended sedi-
ment near the bottom of a stream is usually
higher than the average concentration of the
stream. However, except for shallow depths,
the error 1s negligible, and bed-load dils-
charge computed from a formula like
Schoklitsch's can be added to the measured
discharge of suspended sediment to obtain to-
tal sediment discharge. '

Gilbert (1914, p. 11) concluded that the
capacity of a stream to transport sediment as
bed load varies on the average with the 3.2
power of the mean veloclity 1f the slope 1s
constant. The computed discharges of bed-load
sediment (table 8) increase as approximately
the 2.8 power of the velocity. As Gllbert
found a range of about 2.0 to 5.0 in the pow-
er of the velocity, the bed-load discharges
of table 8 are considered to be in good agree-
ment with Gilbert's conclusion as to the change
iIn discharge of bed-load sediment with veloclty.

Table 8.--Computed rates of discharge of bed-load sediment for the Powder River at Arvada, Wyo.

Water discharge Average velocity Bed-load discharge, in tons per day
(cfs) (ft per sec) Du Boys Schoklitsch Einstein
20 0.69 24 R I
100 1.38 91 36 ceeseesssssssessns
400 2.23 500 398 331
3,000 5.82 3,580 3,620 4,210
12,000 8.29 - 19,500 14,800 13,900
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Sedlment Discharged Annually as Bed Load

The relationship between water discharge
and-bed-load dlscharge as computed with the
Du Boys' and Schoklitsch's formulas can be
represented fairly well by strailght lines on
the logarithmic scales of figure 30. The
slopes of the lines indicate that the bed-
load discharge increases as about the 1.05 or
1.10 power of the water discharge. The sus-
pended-sediment discharge increases approxi-
mately as the square of the water discharge.
(See fig. 17.) Thus the ratio of bed-load dis-
charge to suspended-sediment discharge de-
creases rapldly with Increase in water dis-
charge.

The stralght-line relatlonships deflned by
bed-load computations that were made with the
Du Boys' and Schoklitsch's formulas were used
to compute annual discharge of sediment as
bed load for the Powder River at Arvada. The
flow-duration curve covering 33 yr of stream-
flow records of the Powder River at Arvada
(fig. 14) was used to define the percentags of
time that the flow was within each of 19 class
intervals of flow. Bed-load discharges corre-
sponding to the middle water discharge of each
class interval of flow were taken from the
straight lines of figure 31. The products of
these bed-load discharges and the percentages
of time when the flow was within each interval
were added, and the sum was divided by 100 to
obtaln average annual discharge of sediment
as bed load. Bed-load discharge per year was
also computed for the 4-year period that ended
September 30, 1950, from a duration curve of
water discharge for this 4-year period. All
the computed average annual discharges of sed-
iment as bed load are shown in table 9. The
average speciflc weight of bed-material sam-
ples from the Powder River basin (table 32)
was about 90 1b per cu ft. This specific
welght was used to change the tonnage of bed-
load discharge per year to yearly volume of
bed-load sediment after deposition in a res-
ervolir.

Table 9.--Computed annual discharge of bed-
load sedliment, Powder River at Arvada, Wyo.

Average annual discharge of
bed-load sediment

Bed-load 33-year period |4-year period
formla Acre- Acre-
Tons, feet Tons feot
Du Boys...... | 190,000 98 140,000 70
Schoklitsch.. | 160,000 82 110,000} 58

The bed-load discharges computed from Du
Boys' formula agree reasonably well with
those computed  from Schoklitsch's formula. Ac-
cording to these formulas, the discharge of
sediment as bed load (table 9) amounts to on-
ly about 175,000 tons per yr on the basis of
the water dlscharge during the period of
stream-flow records for the Powder River at
Arvada and about 125,000 tons per yr on the
basis of the water discharge for a 4-year per-
iod that ended September 30, 1950. During the
4-year perlod, the computed discharge of bed-
load sediment was only 2.2 percent of the sus-
pended-sediment dlscharge by weight and 1.4
percent by volume after deposition in a res-
ervoig.
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Sources of Sediment Transported by the Powder
River

Rates of eroslon vary widely wlthin the
Powder Rlver drainage basin. Major sources of
sediment, areas where rates of erosion are
high, can be correlated with different fac-
tors such as topography, vegetative cover,
type of runoff, or typss of rocks that under-
lle an area. Perhaps the large areas with
high rates of erosion can best be delineated
on the basls of the kinds of the underlying
rocks.

Unfortunately, the sediment records during
the spring and summer of 1950 are not repre-
sentative data. As flgure 13 shows, the water
dlscharge for the water year ending September
30, 1950, was close to the lowest annual dils-
charge for the period that 1s covered by
stream-flow records. Presumably, the suspend-
ed-sediment discharge for 1950 was far below
the average annual sediment discharge. Hence
the available records of suspended-sediment
dlscharge must be used with caution in delin-
eating the major source areas of sediment
that is transported by the Powder River.

Areas Underlain by Paleozoic and Pre-Cambrian
Rocks

In ‘the Powder River drainage basin the
streams dralning areas that are underlain by
pre-Cambrien and Paleozoic rocks are clear
streams in relatively stable channels. They
are typical mountain streams transporting lit-
tle sediment either in suspension or as bed
load. High flows are seasonal and are caused

.mostly by snow melt. Some of the channels are

in deep canyons, but the present rate of ero-
sion in these canyons 1s slow. The areas un-
derlain by Paleozolc and pre-Cambrian rocks
are in the Bighorn Mountains except for a
very small area in the Rattlesnake Range.

(See fig. 5.) These areas are an insignificant
source of the sediment that 1s transported by
the Powder River.

Areas Underlain by Mesozoic Rocks

As the streams leave the mountains and en-
ter the areas that are underlain by Mesozoic
rocks, they begin to erode thelr channels
more actively and soon become discolored with
sediment. The Middle Fork Powder River is a
good example of a mountain stream that begins
to carry appreciasble quantities of sediment
after flowing for a few mlles across an area
that is underlaln by Mesozole rocks. Much of
the sediment carried by the Middle Fork above
Kaycee 1s derived from the channel, but dur-
ing periods of storm runoff the minor tribu-
taries that draln areas underlain by Mesozoic
rocks discharge significant quantitles of sed-
iment that were eroded from the land surface
and from ephemeral stream channels.

A large part of the sediment transported by
the Powder River is contributed by streams
whose dralngge areas are almost completely
underlain by Mesozoic rocks. The largest of
these streams (fig. 5) are Salt Creek and the
South Fork Powder River. (A very small area
at the source of the South Fork is underlain
by Paleczolc rocks, and a small percentage of
the drainage area farther downstream is under-
lain by Tertiary rocks.) Both these streams
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have high concentrations of suspended sediment
as 1s shown by the sediment record for the
South Fork near Kaycee and by the large in-
crease In sediment discharge from the stations
on the Mlddle Fork near Kaycee and on the
South Fork near Kaycee to the station on the
Powder River nsar Sussex. Although part of
this increase 1s due to scour of the channels
between these statlons, most of the Increase
during and following periods of storm runoff
1s due to the sediment that 1is discharged by
Salt Creek and small streams. The sediment
transported by Salt Creek and nearby small,
intermittent streams is derlved bhy sheet and
rlll erosion, channel scour, and gully cut-
ting. (See p. 15 and fig. 8.)

Records of suspended-sediment discharge for
the South Fork Powder River are much too short
to show adequately the high rates of sediment
discharge that may occur. The records summa-
rized in tables 4 and 14 cover only periods
of relatively low flow and correspondingly
low concentrations of suspended sediment. Sus-
pended-sediment samples were collected on May
3, 6, and 11 outside the period of dailly rec-
ords. The concentrations of the samples to-
gether with estimated water discharges indi-
cate an average suspended-sediment discharge
of 50,000 tons per day for these 3 days. In
contrast, the total sediment discharge from
May 17 to September 30, 1950, was 76,640 tons.

The effects of fairly rapid rates of ero-
slon can be seen in most of the areas that
.are underlaln by Mesozolc rocks, but the fast-
est rates of erosion probably occur in bad-
land areas, at gullies that are actively erod-
ing (fig. 8), and at stream meanders. The eas-
1ly eroded soils, valley alluvium, and friable
rocks of the areas that are underlain by Meso-
zolc rocks, plus the relatively steep land
slopes and sparse vegetation, make these areas
a major source of the sediments that are
transported by the Powder River.

Areas Underlain by Tertiary Rocks

More than half of the Powder River drainage
basin is underlain by Tertiary rocks. These
rocks underlie most of the basin north of
Sussex, Wyo., and outside the ‘mountains ex-
cept for an area east and northeast of Little
Powder River that 1s underlain by Mesozoic
rocks.

Clear Creek and its major tributaries are
clear mountain streams when they enter the
area that is underlain by Tertiary rocks. As
they flow across this area, they begin to
pick up small asmounts of sediment from their
channels, which are mostly boulder-lined and
are fairly stable. During periods of storm
runoff, the tributaries draining this area
discharge sediment into the perennial streams,

but the concentratlion of suspended sediment
at the mouth of Clear Creek near Arvada nor-
mally 1s low. It averaged less than 500 ppm
for the few months of suspended-sedlment rec-
ords during 1950. (See tables 4 and 21.)

The tributarles of Crazy Woman Creek trans-
port very little sediment untll they leave
the mountains and flow across a narrow area
that 1s underlain by Mesozolc rocks, where
they begin to plck up a noticeable amount of
sediment. Soon after leaving this narrow ares,
the tributaries join to form Crazy Woman
Creek, which flows for its entire length
across an area that 1s underlain by Tertiary
rocks. Crazy Woman Creek has progressively
higher concentrations of suspended sediment
toward its mouth. Some of the sediment comes
from the channel, some from return flow from
irrigation, and some from small tributaries.
Except during perilods of runoff from intense
rains, only a small tonnage of suspended sed-
iment 1s discharged into the Powder River by
Crazy Woman Creek. (See table 4.)

The only measure of suspended sediment
ylelds from much of the area that 1s under-
lain by Tertlary rocks is the increase in the
sediment dlschsarge of the Powder River from
Sussex downstream. From March 1 to September
30, 1950, the suspended-sediment discharge of
the Powder River was nearly three times sas
large near Locate as at Sussex. Almost all
the increase in sediment from Sussex down-
stream was derlved from the general areas
that are underlain by Tertliary rocks. Specif-
ically, a large part of the increase probably
came from Quaternary alluvium along the chan-
nel. At least during the water year that end-
ed September 30, 1950, the sediment yield
from the areas that are underlaln by Tertiary
rocks was greater than the sediment yileld of
all other parts of the Powder River drainage
basin, largely because of the size of these
areas. The rate of erosion may not have been
as high from the areas that are underlain by
Tertlary rocks as from those that are under-
lain by Mesozolc rocks.

CHEMICAL QUALITY OF THE WATER

Plen of Study

The chemlcal quality of water in the Powder
River and its tributarles 1s defined from the
analyses of 127 samples that were collected
in the period November 1945 to September 1950.
Main stem stations and the Middle Fork Powder
River were sampled approximately monthly,
whereas other tributary stations were sampled
about once every 3 months. During the perlod
September 10 to 14, 1949, samples were col-
lected at 29 points for chemical analysis in
connectlon with a basin salinity study of low
flows. Records of sampling are shown in the
following table:

Station operation records

Drainage Fleld-sampling program
ares Number
Station (square of Period of collection [APProximate
miles) samples :
: _ Main stem
Powder River at SussexX, WyOeeecseesvenooas 3,000 10 |[Nov. 1949 to Sept. 1950 [Monthly.
Powder River at Arvada, WyOe.eesesvivenss 6,050 27 May 1946 to Sept. 1950 Do.
Powder River near Locate, Mont...........}a 12,900 22 |Nov. 1945 to Sept. 1950 Do.

- a Approximate figure.
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Field-sampling program

Dralnage
Station area Number .
(square of Period of collection [|APPToximate
miles) samples schedule
Tributaries
Middle Fork Powder River near Kaycee,

WO eeeooereesosoecessosssasccansnnncns 980 25 May 1946 to Sept. 1950 |Monthly.
Crazy Woman Creek near Arvada, Wyo...... 256 5 Dec. 1949 to Sept. 1950|Tri-monthly.
Clear Creek near Buffalo, WyO.eeeeenoess 120 4 Dec. 1949 to Sept. 1950 " Do.
Clear Creek near Arvada, WyOe.ececeeeseees 1,110 5 Dec. 1949 to Sept. 1950 Do.
Basin salinity studye.eecerevscecececseaes | a 13,400 29 Sept. 10 to 14, 1949 ceeceacsranas

a Approximate filgure.

A plan of study was selected that would fur-
nish analytical data at key stations on the
Powder River and 1ts major perennial tribu-
taries. The stations on the main stem at
Sussex, Arvada, and Locate (fig. 32) provide
information on the chemical character of the
river water along a course of about 318 miles.
Stations on tributary streams were installed
at points close to the confluences of these
tributaries with the Powder River. Analyses
of samples of water from a trlbutary stream
near 1lts mouth show the quality of the water
that is leaving the drainage basin. The loca-
tion of sampling points was coordinated with
the needs of planning agencies for informa-
tion on the quality of water that may be im-
pounded for irrigation.

The determinations of specific conductance,
percentage of sodium, and boron were made for
stations where samples were taken regularly,
as these measurements have a dlrect bearing
on the rating or classification of irrigation
water. Silica, iron, calcium, magnesium, so-
dium and potassium, bicarbonate, sulfate,
chloride, fluoride, and nitrate were also re-
ported, together with pH and hardness, &as
these constituents and properties affect the
suiltability of the water for general use.
Tables 33 and 34 show chemical analyses and
water discharges.

Composition of River Water

The composition of a river water 1is depend-
ent primarily upon the geological formations
that are traversed, and it varies with time
and place. River water 1s thus 1n unstable
equllibrium end is undergoing continuous

change by chemical reaction of various kinds.
The rivers carry the weathering products in
the form of ionic solutions or as colloidal
dispersions. The amount of these materials
varies according to the climate and to the
chemical composition and physical properties
of rocks and solls in the catchment area.
Clarke (1924, p. 69) points out that a river
water is the average of all 1lts tributaries
plus the influence of rain and ground water.

Geochemlstry of the Basin Waters

The varied geology and topography of the
Powder River drailnage basin cause wlde fluc-
tuations in both composition and salinity of
the waters in the basin. Clear Creek, which
has its source in the Bighorn Mountains,
flows for several miles through a region of
pre-Cambrian granites. Near Buffalo, Wyo.,
this stream has the chemlcal characteristics
of a typical mountain water; the mineral con-
tent and hardness are low, and bicarbonate
exceeds sulfate. The Little Powder River, on
the other hand, heads in upland country and
drains an area that is largely underlain by
Tertiary sandstones and shales. Water from
the Little Powder River near Broadus, Mont.,
has high mineral content and hardness and con-
tains much more sulfate than bicarbonate. The
percentage composition of the mineral solids
in several waters that have been in contact
with principal rock ‘types is shown in table 10.

It is seen from table 10 that the granite-
type water in Clear Creek near Buffalo, Wyo.,
1s a calcium carbonate water of low mineral
content, and that silica composes much of the
mineral solids. The limestone-type water ls

Table 10.--Percentage composition of waters that drain from principal rock types, Powder River
drainage basin

Granite-type Limestone-type Gypsum-type Shale-type
Mineral constituent water l/p water 2 water ;yp water 4/
Silica (S102)eccescscsccncnsscnns 27.6 6.4 1.4 0.3
Calcium (Ca)eveeeocennsosonnnnnes 23.2 20.4 16.7 6.9
Magnesium (Mg)eeeeeveeeneenasenas 2.2 10.8 5.5 3.8
Sodium and potassium (Na + K).... 1.2 1.2 7.6 20.3
Carbonate (CO3)eeeereccscnnnsnnns 37.0 54.6 14.0 8.1
Sulfate (S04)ecescecscsesccencans 7.4 3.6 52.8 60.0
Chloride and nitrate (Cl + NO3z).. 1.4 3.0 2.0 .6
TOb8leeeeeeceosnnosnnasnons 100.0 100.0 100.0 100.0
Dissolved s0lids (ppm)..ceescocss 43 158 727 2,020

1/ Clear Creek near Buffalo, Wyo.

2/ Middle Fork Powder River near Barnum, Wyo.
3/ Middle Fork Powder River above Kaycee, Wyo.
4/ Little Powder River near Broadus, Mont.



4q°

43°

46°

as®

107°

EXPLANATION

Schedulo’ station

®
Basin solinity study

30 Miles

oEkaloka

46°

o SHERIDAN

4s8°

o
> Mayowor th

G4
Sord

Susse: .

WY OMING

Index map of Montang and Wyoming
showing the Powder River drainage basin

oCASPER
107*

44°

43°

Figure 32.--Map of the Powder River drainage basin in Wyoming and Montana, showing chemical-
quality statlons.

106",

50

105°



a calclum carbonate water of moderate concen-
tration but contalns less silica and more mag-
nesium than the granite-type water. The Middle
Fork Powder River near Barnum, Wyo., drainas an
area that is underlain by the limesténes in
tke Phosphorla and Madison formations and by
the porous Bighorn dolomite. Downstream in

the vicinity of Kaycee the river water has
been altered in chemical character from a
limestone-type to & gypsum-type (CaSO4°2H20)
water. This change occurs because the river
crosses an area that 1s underlain by gypsum
beds, gypsiferous shales, and siltstones. A
typical shale-type water 1s 1llustrated by

the water in the Little Powder River near
Broadus, Mont. This water contalns conslder-
able amounts of sodlum sulfate that have been
leached from Tertlary -and Cretaceous shales
and sandstones above Broadus. The composition
of several waters in the basin is shown graph-
i1cally in figure 33, in which cumulative per-
centages of the major mineral constituents

are plotted.

Many of the basin waters are mlxtures of
those characteristic of two or more rock
types. An example of a mixed type 1s the wa-
ter in North Fork Crazy Woman Creek above
- Billy Creek, near Buffalo. This stream has its
headwaters in pre-Cambrian granites and flows
successively over Paleozolc limestones and
dolomites and over an area that 1is underlain
by Cretaceous shales. The composition of this
creek water at the bridge on United States
Highway No. 87 near Buffalo i1s as follows:

S111ca (5102)cveerevennrenenennnes 9.
Calcium (Ca)eeesoeccsaseoscoccnnnoa 16
Magnesium (Mg)..eeveevesesonsonans 5
Sodium and potassium (Na + K)..... 7
Carbonate (COZ)eeceerserescnssenns 32
Sulfate (S04)eeesececensessenasaes 25
Chloride and nitrate (Cl + NO3)... 1

Tot8leseeeosoasoeeanssoseoes 100.0

Dissolved so0lids (ppm)ececeeecesss

In the above analysls it 1s seen that both
carbonate and sulfate are present in signifi-
cant amounts. Also, the percentage of silica

~1s intermediate between that present in a
granite water and that reported for a lime-
stone water.
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Table 11 lists the percentage compositions
of 27 water samples that were collected at
low flows 1n connectlon with a salinity study
in the Powder Rilver basin.

Chemlcal Quality and Stream Discharge

The chemlcal quallty of water in a flowing
stream varles from day to day or from hour to
hour depending upon the stage of the stream.
As a general rule, the salinlty of a river
water 1ls highest during periods of low water
dlscharge and lowest during perlods of high
runoff. This 1s so because the low or base
flow of the stream is sustained by ground-
water inflow that has leached the soluble min-
erals of rock and soll particles in reaching
the stream. At high stages and during floods
the salt concentration of the base flow 1s di-
Juted by snow melt or surface runoff, and the
resultant solution is much less concentrated.
An exception to this normal occurrence is ob-
served on occaslons when a rise in stage is
localized in a tributary stream, and the main
stem remains practically unaffected. The re-
duction in salinity of the tributary water
may not be sufficlent to offset materially
the concentration of salts in the primary
stream.

Analyses of water in the Powder River and
its tributaries at discharges that approxi-
mate the mean for the period of record are
shown graphically, in equlvalents per million,
in flgure 34. Welghted average analyses for
main stem and tributary waters are not shown
inasmuch as daily or subdally samples were
not collected. The calculation of welghted
values that are based on monthly or quarterly
sampling 1s not possible.

Powder River Main Stem

From Sussex, Wyo., to its confluence with
the Yellowstone River near Terry, Mont., the
Powder River meanders over a course of approx-
imately 350 miles. A study of the quality of
water In the main stem of the Powder River
at low stage was made during the perlod Sep-
tember 11 to 14, 1949, and these results are
reported in the following table:

Quality of the Powder River water at low flow

a DiStZPc; Date Daily mean Tons per acre-foot

Station oynstream 1rom |  geptember discharge Dissolved Sulfate
Sus(fnﬁ’esv;yo ) 1949 (crs) solids ¢

Sussex, Wyo.veereocoass 0 11 tereressacee 2.49 1.31
Arvada, Wyo.eeeeeeaones 119 12 2.0 3.17 1.85
Moorhead, Mont....:.... 165 13 54 1.54 .89
Broadus, Mont.......... 212 13 seeesescanes 1.65 97
Locate, Mont..veeeeeens 318 14 44 2.00 1.20
MOUbN.eeeeeereeaneacans 350 14 seectssossas 2.19 1.32

In all reaches of the river the amount of
sulfate In the water exceeded 50 percent of
the total mineral content and ranged from 53
percent at Sussex to 60 percent at the mouth.
The increase in the concentration of dissolved
solids at the Arvada station was due partly to
discharges from Crazy Woman Creek, about 12
miles upstream, and partly to accretions from
other sources between Sussex and Arvada. The
decrease 1n salinity at Moorhead 1is explained
by the discharge of less concentrated water
from the mouth of Clear Creek. At Locate the

salinity of the water again increases, large-
ly as the result of salt contribution from
the Little Powder River. The composition of
the main-stem water is shown graphically in
figure 35.

The variation in salt concentration with
discharge during the 12-month period that end-
ed September 30, 1950, is shown for the
Sussex, Arvada, and Locate stations in flgures
36 to 38.
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Table 1l.--Percentage composition of water in the Powder River drainage basin during low flow

Station Silica Calcium | Magnesium s;gé:§;f3§ Carbonate | Sulfate a;%hiiztiie Dizg%éged

(8102) (Ca) (Mg) (Na + K) (C03) (804) (C1 + NO3) {ppm)
South Fork Powder River near Kaycee, Wyo... 0.8 11.7 2.8 16.8 4.1 52.1 11.7 1,960
Powder River at SussexX, WyOeseesssesceansss .5 12.5 4.2 14.0 5.4 52.5 10.9 1,830
Powder River at Arvada, WyOeeesescecosnceen .3 10.2 4.2 15.8 3.9 58.4 7.2 2,330
Powder River at Moorhead, Mont...cecccev... 5 11.2 7.4 10.2 11.8 58.1 1.0 1,130
Powder River near Broadus, Mont...ceeceeees o7 10.3 6.6 12.2 10.2 58.9 1.1 1,210
Powder River near Locate, Mont...eeeeescens .7 9.4 5.4 15.0 8.3 59.6 1.6 1,470
Powder River at mouth near Terry, Mont..... 6 9.6 4.4 16.1 7.5 60.0 1.8 1,610
Middle Fork Powder Rlver near Barnum, Wyo.. 6.4 20.4 10.8 1.2 54.6 3.6 3.0 158
Middle Fork Powder Rlver above Kaycee, Wyo. 1.4 16.7 5.5 7.6 14.0 52.8 2.0 727
Middle Fork Powder River at Kaycee, Wyo.... 1.1 12.7 5.2 12.6 10.2 49.9 8.3 1,010
Middle Fork Powder River near Kaycee, Wyo.. .6 12.4 4.9 13.5 10.2 51l.2 7.2 1,090
Beaver Creek near Barnum, WyO..ceceeeossens 2.0 14.8 7.0 6.9 14.0 54.4 .9 845
Red Fork near Barnum, WyoO.:.esescecococscess 2.5 15.2 7.5 9.0 29.5 29.5 6.8 387
North Fork Powder River near Mayoworth, Wyo 2.4 13.4 6.4 10.1 2l1.2 46.3 .2 623
North Fork Powder River near Kaycee, Wyo... 7 9.4 5.2 15.2 8.5 59.4 1.6 1,660
Salt Creek near SusseX, WyOesseoeeosssccanns 2 6.9 3.0 21.1 3.9 60.8 4.1 3,750
North Fork Crazy Woman Creek above Billy ’

Creek, near Buffalo, WyO.ececeeeeesoesans 9.7 16.8 5.7 7.7 32.9 25.8 1.4 155
North Fork Crazy Woman Creek below Middle

Fork near Buffalo, WyO..ceceeeseesoaccasse 1.7 12.6 7.4 8.9 14.7 53.8 .9 754
Crazy Woman Creek near Buffalo, WyO....s... 5 11.0 7.2 10.1 7.8 62.3 1.1 1,380
Middle Fork Crazy Woman Creek near Greub,

WYOeeseesesaoetoasscssassasssnnssacssssns 5.3 20.9 6.3 3.0 28.1 35.8 .6 302
Polson Creek near Greub, WyOiecsoesosecoacos 5 14.3 4.4 10.3 3.9 65.8 .8 3,250
South Fork Crazy Woman Creek near Greub, '

WYOieeeossossssacsecsocssscsoscsnnssssnas 1.6 11.1 6.8 11.9 16.7 51.3 .6 881
Clear Creek near Buffalo, WyOe.cessesceoves 27.6 23.2 2.2 1.2 37.0 7.4 1.4 43
Clear .Creek near Arvada, WyOeecscessocoosse 5 11.3 7.6 9.6 10.0 60.1 .9 1,170
Piney Creek at Kearney, WyO....caseeeccceens 9.6 24.5 6.1 .8 45.4 12.3 1.3 114
Lake De Smet, WyOiceeeeserecosencceansncsnns 1.4 7.6 6.3 16.2 14.3 52.8 1.4 698
Little Powder River near Broadus, Mont..... .3 6.9 3.8 20.3 8.1 60.0 .6 2,020

es
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A Powder River at Sussex, Wyo., 115 cfs, March 3, 1950.
B Powder River at Arvada, Wyo., 261 cfs, April 4, 1947,
C Powder River near Locate, Mont., 288 cfs, July 17, 1950.
0 Middle Fork Powder River near Kaycee, Wyo., 145 cfs, April 6, 1950,
E Crazy Woman Creek near Arvada, Wyo., 57 cfs, July 5, 1950. e
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Clear Creek near Arvada, Wyo., 86 cfs, December 7, 1949,

Figure 34.--Graphical analyses of water in the Powder River and tributaries.
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Figure 36.--The relation between discharge and concentration, Powder River at Sussex, Wyo., 1949-50.
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Figure 37.--The relation between discharge and concentration, Powder River at Arvada, Wyo., 1949-50.
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Tributaries

Chemical analyses (tables 33 and 34) for
the tributary stations--Middle Fork Powder
River near Kaycee, Crazy Woman Creek near
Arvada, Clear Creek near Buffalo, and Clear
Creek near Arvada--show the normal concentra-
tion-dlscharge pattern. In general, the per-
lods of high runoff correspond with periods

59

of lower salinity, and days of low flows are
assoclated with intervals of higher salini-
tles. These relationships are plotted graph-
ically in figures 39 to 42.

The concentrations of dissolved solids and

. sulfate In low flows were determined for trib-

utaries to the Powder River and are reported
in the following table:

Quality of tributary water at low flow

Station
L

Middle Fork Powder River near Barnum, Wyo........
Middle Fork Powder Rlver above Kaycee, Wyo..ee...
Middle Fork Powder River at Kaycee, Wyo.eiooeeon.
Middle Fork Powder River near Kaycee, Wyo...oo..n
Clear Creek near Buffalo, WyOeeeeeeereseosecoanne
Clear Creek near Arvada, WyOe..ceeeeeeocessnnonnes

Date Daily mean Tons per acre-foot
September discharge Dissolved

1949 (cfs) solids Sulfate
10 ceeessenes 0.21 <0.01
i0 40 1.03 .52
10 cesesevens 1.37 .69
11 12 1.48 .76
11 20 .06 <.01
13 62 1.59 .96

Except for the Barnum and Buffalo stations,

the amounts of sulfate constituted at least
50 percent of the mineral sollids in the water.

Chemical Quality and Irrigation

The following statements have been largely
drawn from publications in the field of irri-
gation, particularly the subject of the qual-
ity of water for irrigation (Wilcox, 1948;
Scofield, 1936; Israelsen, 1950; Chemical and
Engineering News, 1951).

The interpretation of the analysis of an ir-
rigation water has been described as emplrical
in the sense that an explanatlion of the analy-
sis is based on field observation, experlence,
and plant-tolerance research. It would appear
that the rating or classification of an irri-
gation water under such circumstances would
be wholly arbitrary, but the agreement among
workers in this field 1s good.

Irrigation waters contain dissolved materilal
that consists principally of cations (calelum,
magnesium, sodium, and potassium) and anions
(carbonate, bicarbonate, sulfate, chloride,
fluoride, and nitrate). The nature and concen-
tration of the cations in a water are lmpor-
tant, as the reactlions of the cations with
the soll determine the suitability of both
soll and water for agricultural use.

Calcium and magnesium tend to keep a soil
permeable and in good tilth, whereas sodium
produces the opposite effects. Sodium appar-
‘ently increases the osmotic concentration of
the cell sap in plants and thus retards desic-
cation. Also, in high concentrations the so-
dilum ion is toxic to plants. The percentage
of sodium is the ratio of sodium to the total
cations (as equivalents) in the irrigation
water and determines the adverse effect of

--80dium on the soil. Potassium occurs usually
in low concentrations in irrigation water,
and the reactlion of potassium with the soill |
is similar to that of sodium, but the effects
are not as harmful. However, potassium 1s es-
sential to plant growth and is one of the ma-
Jor food elements. ’

The effects 6f the anions on soils are not
too well understood. The hydrogen ion concen-
tratlon of the water 1s determined chiefly by
carbonate and bicarbonate, which buffer the

water. Sulfate has no characteristic action
on the soil other than to increase the salin-
ity. Chloride inhiblts the growth of most
crop plants and becomes definitely toxic to
many crops at moderate concentrations. Only
traces of nltrate are present, as a rule, in
surface waters, and these concentrations have
little effect on the soil.

With the exception of boron, the minor con-
stituents in water are not of great importance
in their relation to the soil or to plants.
Boron, which has no noticeable effect on soil,
1s an essential element for normal plant
growth. At concentrations only slightly above
optimum, however, 1t 1s exceedingly toxic to
many plants. Boron is toxlc to certaln plants
when present in concentrations that are re-
quired for optimum growth of other plants.

The irrigation of some types of frult trees
with water of 1 ppm of boron causes harmful
results, whereas the application of water of
1 to 2 ppm boron to alfalfa promotes maximum
growth.

The characteristics of an irrigation water
that must be known In order to make an estl-
mate of the quality are: the total mineral
concentration, either in terms of electrical
conductivity units (micromhos per centimeter
at 25 C) or dissolved solids, in parts per
million; the percentage of sodium; and the
concentration of boron. In the interpretation
of the analysis it 1s assumed that the water
willl be used under average conditions as to
soll, permeablility, infiltration rate, drain-
age, texture, salt tolerance, climate, and
crops. This method for the interpretation of
water analyses 1s not directly applicable
where unusual situations are found. It has
been observed that the application of even an
"excellent" rated water may present a salinity
problem 1f dralnage is poor and the ground-
water table is less than 2 ft below the sur-
face. In general, adequate drainage improves
soll structure and increases and perpetuates
the productivity of soils. In connectlion with
salt tolerance of crops, a water of muich high-
er salinity can be used in the growth of sugar
beets than of green beans.

Table 12 lists the restrictions of several
classes of 1rrigation water with respect to
electrical conductivity and percentage of so-
dium; table 13 shows limlts of boron for crops
of different tolerances to boron.
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Figure 39,--The relation between discharge and concentration, Middle Fork Powder River near Kaycee, Wyo., 1949-50.
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Figure 40.--The relation between discharge and concentration, Crazy Woman Creek near Arvada, Wyo., 1949-50.
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Figure 41.--The relation between discharge and concentration, Clear Creek near Buffalo, Wyo., 1949-50.
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Figure 42.--The relation between dlscharge and concentration, Clear Creek near Arvada, Wyo., 1949-50.
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Table 12.--Permissible limits for electrical conductivity and percentage of sodium for several
classes of irrigation water

Classes of water Electricel conductivity .
Rating Grade (micromhos per cm at 25 C) Percent sodium
1 Excellentecececascosossanss <250 <20
2 GOOAessseessoossessassasnes 250 to 750 20 to 40
3 Permissiblecsscoccacescses 760 to 2,000 40 to 60
4 Doubtfuleciecccecesenocnsss 2,000 to 3,000 60 to 80
5 Unsultablesceececssenssasse > 3,000 >80

Table 13.--Permissible limits for boron, in parts per million, of several classes of irrigation

water
Classes of water '
Rating Grade Sensitive crops Seml-tolerant crops Tolerant crops
1 Excellente.cececaens <0.33 <0.67 <1.00
2 GOOde cseossressenans .33 to .87 .67 to 1.33 1.00 to 2.00
3 Permissible.ceeseese .67 to 1.00 1.33 to 2.00 2.00 to 3.00
4 Doubtfuleeessocecsss 1.00 to 1.26 2.00 to 2.50 3.00 to 3.75
S Unsuitablecceeseoens >1.25° >2.50 >35.75

It is thought that a better classification
in respect to percentage of sodium i1s obtained
diagrammatically. An abbreviated form of
Wilcox's diagram is shown in figure 43 for wa-
ters In the Powder River drainage basin. Fig-
ure 43 1s further considered under discussion
of the quality of water at individual statioms.

Powder River at Sussex, Wyo.

Of 10 samples of water from the Powder River
at Sussex, half would be rated as 3 (permissi-
ble), and the remaining half would have rat-
ings of 4 (doubtful) or higher. The classifi-
cation is as follows:

concentration would rate these waters as "ex-
cellent" with respect to crop tolerances to
this element.

Powder River at Arvads, Wyo.

The classification of the rlver water at
Arvada indicates that most of the 27 samples
examined have ratings of 3 (permissible) or
better. These waters of better ratings corres-
pond approximately to periods of higher river.
discharges. This correlation 1s shown in the
following table:

Quality of water for irrigation, Powder River

at Arvada
Quality of water for irrigation, Powder River
at Sussex Number Irrigation quality |[Range in daily
of mean discharge
Number Irrigation quality |Range in daily samples | Rating Grade (cfs)
of mean discharge
1 2 Goodececosens 500
samples | Rating Grade (cfs) 17 3  |Permissible..| 90 to 2,110
5 3 Permissible..{ 115 to 301 9 4 Doubtful.....i 1.5 to 482
2 4 Doubtfulescee]esececacncncne :
3 5 Unsuitable... 11 to 109 It is noteworthy that the maximum percentage

The water of higher numerical ratings rep-
resents sampling at periods of low water dis-
charge when flow in the stream consists mostly
of ground water. The rlver water at Sussex has
received substantial contributions of saline
water from Salt Creek. Improvement in the
quality of the water at Sussex is concurrent,
as a general rule, with increase in discharge,
because the salt-laden base flows of the water
in Salt Creek and the Powder River are then
conslderably diluted. The river at Sussex on
May 6, 1950, however, dlscharged 608 cfs of
water, and this water, on the basis of elec-
trical conductivity and percentage of sodium,
would be rated as 4, or doubtful as an irri-
gation supply. This apparent reversal in nor-
mal discharge-concentration relationship may
have resulted from increased flow of very sa-
line tributary water that was discharged from
Salt Creek and the South Fork at a time when
the river was at normal stage. The classifica-
tion of these waters is also shown in figure 43.

The maximum concentration of boron that was
reported was 0.30 ppm, and this low

of sodium for 27 samples that were collected
over wide ranges in river discharge was 48,
but that values less than this were reported
for periods of low flow. Thus, many of the
samp{es that have been classified as "doubt-
ful™ are so rated largely because of high salt
concentrations (as indicated from the electri-
cal conductivities) and not because of unusu-
ally high values for percentage of sodium. The
quality of the river water at Arvada 1s affect-
ed by tributary flow from Crazy Women Creek,
about 18 miles upstream. The graphical presen-
tation of the classes of irrigation water ap-
pears in figure 43.

Boron in the river water at Arvada presents
no problem; the concentration of this element
ranged from 0.05 to 0.35 ppm and averaged 0.23
for 12 samples.

Powder River near Locate, Mont.
Of 22 samples that were analyzed, 18 were

graded as "permissible" or better as listed
below:
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Quality of water for irrigation, Powder River
near Locate

Quality of water for irrigation, Middle Fork
Powder River near Kaycee

Number Irrigation quality |Range in dally Number Irrigation quality |Range in daily
of mean dlscharge of mean discharge
samples | Rating Grade (cfs). samples |Rating Grade (cfs)
1 2 GoOdesssseeee 11,100 7 2 Goodieesannns 98 to 730
17 3 Permissible..| 50 to 1,630 18 3 Permissible.. 0.2 to 356
3 4 Doubtful.....| 10 to 286
1 5 Unsuitable... 0.1

The quality of the water at Locate repre-
sents the quality of the water that is leav-
ing the Powder River drainage basin. Except
at low flows, the river water would be suit-
able for irrigation. During extremely high
discharges, as represented by the flow of
11,100 cfs on March 7, 1949, the river water
would be improved in quality, and the over-
all effect on reservoir storage for irrigation
use would be beneficial. The classification of
the river water at Locate 1is also seen in fig-
ure 43.

Boron concentrations are low; the highest
concentration that was reported was 0.30 ppm.

Middle Fork Powder River near Kaycee, Wyo.

Twenty-five samples of water were collected
for analyses from the Middle Fork at dis-
charges that ranged from 0.2 to 730 cfs. All
samples had a 3 rating (permissible) or better
as follows:

The following table shows that the quality
of the water in the Middle Fork near Kaycee
1s satisfactory even during extremely low
flows:

Quality of water for irrigation, Middle Fork
Powder River near Kaycee

Electrical
Discharge | Percent | conductivity AnEds
(efs) sodium |(micromhos per
cm at 25 C)
0.2 44 1,630 Permissible.
1.7 42 1,830 Do.
2.5 35 1,570 Do.
16 35 1,250 Do.

The uniform quality of the river water is
partly explained by the fact that the Middle
Fork rises in an area underlain by pre-Cambri-
an granites, and all its major tributaries,
except Buffalo Creek, have the characteristics
of mountain streams. Most of the salt content
in the river water near Kaycee 1is probably de-
rived from Buffalo Creek, minor tributaries,
(see fig. 44) and from return irrigation flows.
Figure 43 shows the graphical classification
of water in the Middle Fork.

Figure 44.--Minor tributary of the Middle Fork Powder River above Kaycee.
Encrustration of salts along stream channels occurs frequently along

minor tributaries in this area.



Of nine samples that were analyzed for bo-
ron, elght had concentrations of less than
0.35 ppm; thus boron does not present a prob-
lem.

Crazy Woman Creek near Arvada, Wyo.

Five samples of this creek water were ana-
lyzed, and four were rated as "permissible"
and one as "doubtful." The percentage of so-
dium of 25 to 30 was uniform, whereas the salt
concentration (as micromhos per cm at 25 C)
showed considerably greater variation. The
highest concentration of boron that was re-
ported (based on four samples) was 0.40 ppm
and 1s not consldered to be critical.

Clear Creek near Buffalo, Wyo.

The water in Clear Creek near Buffalo rated
2 (good) on the basis of four samples that
were collected at discharges from 2.3 to 332
cfs. The water at this station was better in
quality than that at other scheduled sampling
points In the basin as is apparent from exam-
ination of flgure 43. Boron 1s not present in
harmful concentrations.

Clear Creek near Arvada, Wyo.

At the mouth of Clear Creek, approximately
80 miles downstream from Buffalo, the creek
water 1s considerably more minerallzed, but
the quallty of the water is nevertheless rated
as 3 (permissible) or better. Of five samples,
two are graded as "good" and three as "permis-
sible"; the latter samples represent waters at
low discharge. The quality of the water at the
mouth 1s influenced by return irrigation flows
that enter Clear Creek In the reach between
the Buffalo and the Arvada stations. Boron 1s
not present in significant amounts.

Chemical Quality and Domestic Use

Any water supply for domestic use should be
clear, -pleasant to the taste, of reasonable
temperature, neither corrosive nor scale
forming, free from minerals that would produce
undesirable physiological effects, and free
from organisms that are capable of producing
intestinal iInfectlons. To accomplish this
ideal, departments of health have from time to
time established standards that govern the
quallty of water under their jurisdiction. The
only Natlion-wide government standards pertaln-
ing to the quality of potable water supplies
are the Drinking Water Standards of the U. S.
Public Health Service (1946). These standards
were first enacted in 1914 under the provi-
sions of the Interstate Quarantine Regulations
and have since been revised in 1925, 1942, and
1946. Specifically, these standards apply on-
ly to the waters that are used for drinking
and culinary purposes on railroad cars, alr-
craft, and vessels in interstate traffic. How-
ever, the standards are generally accepted by
most States for evaluating municipal supplies,
and those standards that pertain to chemical
constituents are reproduced in part in the
following table:

&7

Standards regaerding chemical constlituents

Limits (ppm)

COPPOTreseeseseaserssnsssnsnas 3.0
ZINCecevereesenaassssssnnnnes 15
Iron plus manganess.......e.. .3

Magnesium.esceeeeeeeroarensens 125
Chlorid@.esecssroescscesasennss 250
SULfatEeessesssesonascrenanns 250

Fluorideesseesesescsscesoasns 1.5

Phenolic compounds as phenol. .001

Total S01l1dSceeecccconcnsnsss 500 (1,000
permitted)

Most of the surface waters in the Powder
River drainage basin, with the exception of
the mountain streams, would not meet the sug-
gested 1limits as to sulfate and dissolved sol-
ids. The dissolved solids often exceed 1,000
ppm, and sulfate may constitute more than 50
percent of these sollds. However, it is noted
that waters contalning more than 1,000 ppm of
dissolved solids have been used for years in
many western regions of the United States
without adverse effects. The limits as to
iron (including mangesnese), magnesium, chlo-
ride, and fluoride would not in general be ex-
ceeded. The tributary waters, as a rule, are
of better domestic quality than the main stem
waters.

Rural residents who are accustomed to drink-
ing mineralized waters often find less saline
waters unpalatable. The effects of a change
in water are often related to the physiologil-
cal action of the mineral constituents (Ameri-
can Water Works Association, 1950). When the
mineral character of a drinking water supply
differs appreciably from one previously used,
this difference may affect the mineral balance
of the human body.

SUMMARY OF RESULTS

Rocks in the drainage basin range in age
from pre-Cambrian to Recent. The pre-Cambrian
and Paleozoic rocks crop out in the mountains
and are resistant to erosion. Areas outside
the mountains are underlain by Mesozoic and
Tertiary rocks. Mesozolc rocks underlie the
plains south and west of Sussex and a smaller
area north and east of the Little Powder River.
Both the Mesozolc and the Tertiary rocks erode
readlily.

The Powder River, the South Fork Powder
River, and Salt Creek are sediment-laden
streams that flow on slopes of 10 ft or less
per mile. In the mountains the streams, in-
cluding the headwaters of the Middle Fork
Powder River and Crazy Woman and Clear Creeks,
are clear and fall more than 100 ft per mile
over most of their lengths.

The processes of erosion and deposition are
shown by a gully that 1s an ephemeral tribu- -
tary of Salt Creek near its mouth. A change
in local base level 1s suggested as a probable
cause of gully formation.

Average arinual runoff in the Powder Rlver
drainage basin ranges from a fraction of an
inch over much of the plains area to more than
15 in. near the crest of the Bighorn Mountains.
It averages less than 1 in. over the entire
basin. Much of the runoff in the mountains is
from snow melt. In the plains region, runoff
is caused mostly by surmmer storms. The trend



68

of discharge of the Powder River at Arvada

and of Clear Creek near Buffalo has been
downward during the perlod of stream-flow rec-
ords. About 70,000 acres of land are irrigated
by diversions from streams in the Powder River
drainage basin.

The records of suspended-sediment discharge
show an average of about 5,800,000 tons an-
nually for the Powder River at Arvada during
a perlod of nearly 5 yr that ended September
30, 1950. The averagse annual water discharge
during the period was about 200,000 acre-ft.
The average concentratlon weighted with water
discharge was 2 percent.

Nearly all the records of suspended sediment
at the seven other statlions were for only a
few months of 1950, but some records were ob-
talned during 1949 on the Middle Fork Powder
River above Kaycee. Because the average stream
flow during 1950 was close to the minimum an-
nual flow for many years of record, the sedi-
ment records during 1950 probably are consid-
erably below the average rate of suspended-
sediment discharge. Concentrations and ton-
nages of suspended sediment were very low near
the mouths of Clear and Crazy Woman Creeks.
Welghted average concentrations for the Middle
Fork Powder River were less than 0.2 percent
at the statlon above Kaycee and were about 0.4
percent at the station near Kaycee. From May
17 to September 30, 1950, the average weighted
concentration for the South Fork Powder River
near Kaycee was about 1.4 percent, which is
undoubtedly far below the average concentra-
tion to be expected at this station. From
March 1 to September 30, 1950, the suspended-
sediment discharge of the Powder River was ap-
proximately 1,500,000 tons at Sussex,
2,600,000 tons at Arvada, and 4,300,000 tons
near Locate.

The sediment carried in suspension by the
Powder River 1s composed of fine particles.
For each sampling station the unweighted aver-
age of all particle-size distributions of sam-
ples that were analyzed in a dispersion medium
showed that at least 80 percent of the parti-
cles were finer than 0.062 mm and that the me-
dium sizes were less than 0.009 mm. Particle
slzes were smaller for the South Fork Powder
River near Kaycee than for any of the other
sediment stations and averaged 97 percent
smaller than 0.062 mm.

Particle slzes of the suspended sediment of
the Powder River at Arvada indicate a specific
welight of 56 1b per cu ft for a deposit that
might form in a reservolr without being com-
pacted over long periods of time or under the
weight of appreclable quantities of overlying
deposits. At this specific weight, the sus-
pended sediment discharged at the Arvada sta-
tion from April 4, 1946, to September 30,
1950, would occupy a computed volume of
21,420 acre-ft. :

Although quantities of sediment discharged
as bed load by the Powder River at Arvada can-
not be computed accurately, the computations
indicate that bed-load discharge is only about
2 percent of the discharge of suspended sedi-
ment. Certainly the percentage of the total
sediment discharge that is transported as bed
load at Arvada 1s very small. Additional ob-
servations and computations are planned to ob-
taln a more dependable estimate of the rate
of discharge of bed-load sediment at Arvada.

Nearly all the sediment transported by the
Powder River and 1ts trlbutaries comes from
the plains area, which 13 underlain by Meso-
zoic and Tertiary rocks. Much of it comes
from gullles that are actlvely eroding and
from erosion of alluvial deposits along the
main streams. Studles are being continued by
the Geologlical Survey to delineate more ex-
actly the sources of sediment in the Powder
River basin.

The variation in the chemical quality of wa-
ters in the Powder River drainage basin 1is
largely the result of geologlical influences.
Streams traversing areas of granitic rocks
contain waters of low mineral content, where-
as streams flowing through regions underlain
by shale carry high concentrations of soluble
salts. The chemical quality of the water in
the Powder River and its tributaries is af-
fected also by water discharge, the higher
concentrations of salts as a rule correspond-
ing with periods of low water discharge..

As an irrigation supply, the main-stem wa-
ter at Arvafa would be rated as "permissible®
for all but very low flows. Moat tributaries
to the Powder River except Crazy Woman Creek
furnish water that would be rated from "per-
missible" to "good." The main-stem waters are
objectionsble for general domestic use because
of high concentrations of dissolved solids,
but the tributary waters in most instances
are of better quality.
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Table ll.--Monthly and annual summary of water and suspended-sediment discharge, South Fork Powder River near

Kaycee, Wyo.
Suspended sediment
di“‘g:r . Runoff Daily load Concentration
scharg un t
Month (second- (acre-feet) (i'z:g) (tons) o :plm)
foot-days) Mean Faximm | Minimm We. mfane Hex‘aji.uix;m
1950

May 17-31lcecerecenses 660 1,310 6,980 458 3,480 hé 3,920 13,400
JUNCueeerrsosnnnnanas 397.9 789 1,060 35 232 t 987 7,520
JUlYeoescorosscannssne Lhh2.6 878 34,590 1,120 12,000 t 28,900 65,100
AUgUSt.sseesocnsee 152.k 302 56 1.8 21 t 136 645
September.cscesceccee 416.8 827 33,950 1,130 25,100 t 30,200 63,300
May 17 to Sept. 30... 2,069.7 k4,110 76,640 559 25,100 t 13,700 65,100

t Sediment discharge less than 1 ton.

Table 15.--Monthly and annugl summary of water and suspended-sediment discharge, Powder River at Sussex, Wyo.

Suspended sediment
Aater
R Daily load Concentration
discharge Runoff
Honth (second- (acre-feet) (tl-,'gf:) (tons) {ppm)
foot-days) Mean Maximum | Minimum He:gg:;ed Hxﬁ';‘“
1950 . ’

Marcheseeseocscsses h,642 9,210 a 60,420 1,950 LylS0 | ceeeenaes 4,820 8,670
Aprileeseceeecees. | 10,355 20,540 185,600 6,190 25,400 1,410 6,640 17,700
MaYseseoececsceses 26,386 52,340 1,139,000 36,700 96,600 1,810 16,000 40,200
JUne..seeececscnne 5,989 11,880 140,570 1,350 12,700 12 2,510 16,200
JUlYseeesonasanane 1,536 3,050 56,610 1,830 16,500 9 13,700 Lk, 200
Augustsecesecccess 28L.8 565 260 8.l 147 t 338 2,180
September....ee... 1,104.7 2,190 17,780 593 9,320 t 5,960 Lk, 40O
Mar. 1 to Sept. 30 50,297.5 99,780 1,500,000 7,010 96,600 t 11,000 Li, koo

a Includes estimated loads for a few days.
t Sediment discharge less than 1 ton.

Table 16.—-Monthly and annual summary of water and suspended-sediment discharge, Powder River at Arvada, Wyo.

Suspended sediment
Water
Daily load Concentration
Month discharge | Runoff Load (tons) (ppm)
(second~ | (acre-feet) (tons)
foot—days) Mean Maximum | Minimum | Weighted | Haximum
mean daily
1946
APr. U=30ec.ceecase 11,552 22,910 466,100 17,300 Sk, 800 3,660 | 1h,900 | 36,300
MaYeeeeecasoocnnss 14,776 29,310 411,000 13,300 19,000 7,690 | 10,300 | 1k,600
JUNCevesecesanrsee 18,287 36,270 1,531,000 51,000 533,000 2,840 | 31,000 | 78,000
JULYesenensnanoas . 11,268 22,350 1,008,000 32,500 374,000 88 | 33,100 58,600
Augustececenses eee 11 280 131 L 7 o] 3Lk LIN)
September...... .es h, 757 9,440 357,700 11,900 70,400 0 27,800 66,000
Apr. l to Sept. 30 60,781 120,600 3,774,000 21,000 533,000 0| 23,000 | 78,000 -
Octoberesseceanons L, k492 8,910 69,680 2,250 5,560 48l 5,70 | 1k,200
November...eeessss L, 805 9,530 62,710 2,090 5,910 8L 4,830 8,330
Decemberseisessesss 3,833 7,600 b 33,000 1,100 3,200 |icerenes
1947
JanuUary.eececeessss 2,763 5,480 b 3,500 110 creeseenad U70 |.eeenees
February.eescesese 5,163 10,240 b 20,000 710 5,260 LUO |eceresren
© Marcheeeesesscsess 29,431 58,380 b 796,000 25,700 155,000 10,000 | 28,000
APrilicecececnss 10,038 19,910 327,000 10,900 143,400 12,100 | 23,800
MaYeooeons 13,550 86,380 2,320,000 74,800 227,000 19,700 | 32,200
JUNC.serescnroanss | 23,233 146,080 1,0Ll;,000 31,800 189,000 16,600 | 41,100
JUlYeersesansenone 10,468 20,760 639,100 20,600 300,000 22,600 | 50,500
AUguStesccecasanns 225.9 Li8 n72 15.2 173 773 1,940
September.sseeesse 558.3 1,110 a 7,240 211 2,310 4,800 | 18,600
Water year 1946-L7 138,560.2 | 275,800 | © 5,323,000 | 14,600 300,000 11,260 | 50,500

See footnotes ad end of table, p. 73.
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Table lé.-Monthly and annual summary of water and suspended-sediment discharge, Powder River at Arvada, Wyo.-~Con.

Suspended sediment

Water
R Daily load Concentration
ischarge Runoff
Month (second- |(acre-feet) (i‘z:‘:) (tons) - ht(im )
foot-days) Mean Maximum Minimum we;.‘gane ngaﬂa;m
1947--Cont.inued .
OCtobersessssssans 2,665 5,290 26,920 868 3,200 85 3,740 7,000
Novembersssessasss 4,314 8,560 26,110 870 2,160 11 2,240 5,000
Decemberscssecssss 3,345 6,630 b 7,700 250 2,560} cevanne 850 4,870
1948 .
Januaryecescesseee 2,511 5,040 a 3,550 115 189 518 777
February..eeeeeses 6,438 12,770 a 22,930 791 5,710 111 1,320 3,300
March.sesseeseanse 26,728 53,010 1,027,000 33,100 120,000 290 | 14,200 | 42,700
APrilecescessacans 7,L98 14,870 115,300 3,880 7,820 1,420 5,740 9,580
7 S 16,437 32,600 922,900 29,800 146,000 L,570 | 20,800 | 40,000
JUNCessasecsscsasns 39,287 77,920 5,858,000 195,000 1,200,000 5,670 55,200 81,600
JUlYeeeevencnsonne 12,372 21,540 979,700 31,600 305,000 125 29,300 | 50,000
AUgUSteesercenanae - 2,286.7 L,540 162,500 5,240 61,000 1 26,300 | 51,500
Septembers.eesese. 1,557.8 3,0%0 27L,700 9,160 185,000 0| 65,300 | 874000 -
Water year 1947-L8 125,469.5 | 243,900 a 9,428,000 25,300 1,200,000 ol 27,800 | 87,000
Octobersssses'ssses L,0l1 8,020 303,900 9,800 183,000 129 27,900 | 63,400
Novemberesssessees 3,809 7,560 31,240 1,040 2,620 142 3,040 75200
December.essesesse 2,633 5,220 L,070 131 336 68 572 920
1949
JanuUaryeecsssececes 1,824 3,620 al,720 56 47 18 349 718
February.escescese 2,165 14,290 3,730 133 1,830 33 638 2,050
Marche.eeseecseees 27,296 5Y4,140 640,500 20,700 65,000 723 8,690 | 25,600
APrilesecesceecese 9,837 19,510 203,800 6,790 11,100 3,690 7,670 9,410
MY eserenoenssaces 17,040 33,800 903,300 29,100 95,500 8,960 | 19,600 | 31,300
JUN€aesssonssnanes 19,994 39,660 2,303,000 76,800 382,000 1,000 | 42,700 | 67,000
JULYeercasessscene 3,922.9 7,780 - 479,000 15,500 219,000 0| k5,200 70,500
AUgUSteerecneeanen 4.0 7.9 110 3.5 104 o] 10,200 | 10,700
September.ceeeesss 184.6 366 8,690 290 3,270 o} 17,k00 |} 97,200
Water year 1948-4L9 92,750.5 | 184,000 a 1,883,000 13,400 382,000 o} 19,500 | 97,200
OCtoberceeseesenne 2,806 5,570 78,400 2,530 9,000 10 10,300 22,500
November.eeseeeees 2,680 5,320 42,260 1,410 2,880 350 5,840 75220
Decembersesscesces 713 1,410 b 1,600 52 UL ciieees 831 4,910
1950
JaNUATY veesscecoes 908 1,800 a 804 26 L9 8 328 o7
Februaryseessseess 1,770 3,510 14,380 156 SLo 38 917 2,220
Marcheseeseesssoes 6,860 13,610 91,730 2,960 11,800 150 4,950 | 13,200
APrilececescescese 11,335 22,180 395,900 13,200 28,200 7,770 | 12,900 | 21,700
MaYeerosesacsnsans 27,164 53,880 1,833,000 59,100 113,000 6,Lk0 | 25,000 | 46,700
JUNC.eresearonsnss 9,806 19,1450 179,000 5,970 13,800 202 6,760 | 12,800
JULYeeoessnonssons 1,967.5 | . 3,900 80,570 2,600 50,400 71 15,200 | 34,000
AUGUStesesseonases 249.2 LoL a 25,360 818 16,000 0 36,300 45,000
Septemberisessses. 1 280 4,910 6L 1,730 o] 12,900 | 30,600
Water year 1949-50 66,399.7 | 131,700 a 2,738,000 7,500 143,000 0] 15,300 | L6,700

a Includes estimated loads for a few days.
b Includes estimated loads for many days.

Table 17.--Monthly and annual summary of water and suspended-sediment discharge, Powder River near Locate, Mont.

Water Suspended sediment
Month discharge Runoff Load Daily load (tons) Concentration (ppm)
(second- (acre-feet) (tons) . . Weighted | Maximum
foot—days) Mean Maximum Minimum mean daily
1950
March...... ceeenne 2,485 4,930 a 15,360 lgs h,110 creenas ‘ 2,290 7,610
APrilesecececesseces 37,077 73,540 1,038,000 36,300 126,000 | 11,100 10,900 21,200
MaYeooooesceoasece Lh, 862 88,980 2,423,000 78,200 213,000 19,900 20,000 35,600
JUNCeerresncennass 31,478 62,410 637,800 21,300 5k,100 6,670 7,500 14,100
JulYeeeusoesosaons 9,316 18,480 60,860 1,950 22,500 86 2,110 | 12,900
AUUSEeecenannoons 2,946 5,840 83,970 2,710 15,400 L 10,600 | 20,200
September.eeecsses 837.2 1,660 8l2 28 155 t 372 585
Mar. 1 to Sept. 30 129,001.2 255,900 a ),,310,000 20,100 228,000 t 12,400 35,5600

a Includes estimated loads for a few days.

t Sediment discharge less than 1 ton.
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Table 18.--Monthly and annual summary of water and suspended-sediment discharge, Middle Fork Powder River above

Kaycee, Wyo.

Water Suspended sediment

Month discharge Runoff Load Daily load (tons) Co?centration (;.:pm)
(second~- (acre~feet) R . Weighted Maximum
foot~days) (tons) Mean Maximum Minimum moan daily

1949
Apr. 22-30.ceveness 1,379 2,740 9,560 | 1,060 2,830 89 2,570 3,690
MaYeeeesoenonoacnns 5,921 11,740 19,680 630 2,890 82 1,230 5,030
JUNEeeoessssscsncas 3,292 6,530 10,140 1,340 18,700 1G 4,520 24,000
WJULY eerensssannnans 1,198 2,380 267 8. 69 1 82 L7k
AUgUStevsrenseennns 982 1,950 a 733 2l Lh6 1 276 1,390
September..eeeeesss 1,230 2,440 a 22l 7.5 21 2 67 21l
Apr. 22 to Sept. 30 14,002 27,780 a 70,600 L36 13,700 1 1,870 2,000
OCtObereccecsssacss 1,508 2,990 a 167 S. 10 3 L1 ceserans
NOVEMbereeeeeeasans 1,384 2,750 a 136 L.5 11 1 36 [
December.cesesecsas 1,075 2,130 b 270 8.7 eveenssas | svscnssee 93 cseessen

1950
JaNUATYesessecesces 1,066 2,110 b 310 10 [ I 108 cetneaas
February.scececasees 1,195 2,370 a 730 26 P TP 226 [N
Marcheeeeeecooveoss 1,519 3,010 a 1,050 34 veevernes ] cernanane 256 ceesvann
APrileceeeeececcese 2,713 5,380 a 14,840 495 2,800 10 2,030
Mayeoeeoeooceoannss 7,966 15,880 a 86,960 2,810 15,100 8n L,0L0 8,710
JUNE.easnsnsasavese 3,21 6,430 788 26 109 N 90 215
JULY eeveacnoncannns 1,227 2,430 155 5.0 22 1 L7 168
AuguStesesececsnass 961 1,910 a 3,190 103 2,250 t 1,230 cesevane
Septembercesssecses 1,156 2,290 a 189 6.3 22 1 61 ceeeveese
Water year 1949-50. 25,011 49,680 a 108,800 298 15,100 t 1,610 8,710

a Includes estimated loads for a few days.
b Includes estimated loads for many days.
t Sediment discharge less than 1 ton.

Table 19.--Monthly and annual summiry of water and suspended-sediment discharge, Middle Fork Powder River near

Kaycee, Wyo.

Suspended sediment

Water

Month discharge Runoff Load Daily load (tons) Concentration (ppn)

; (second- (acre-feet) (tons) R . . Weighted Maximum

foot~days) . Mean Maximum Minimum mean daily

1950

Marchacieseosseens 3,632 7,200 a 5,200 168 530
APrilivececsceeees 6,589 13,070 a 52,500 | 1,750 Lh 2,950
Mayeeeeoeoonnnvens 16,139 32,010 a 296,000 9,550 39,100 | eecvnenas 6,790
JUNC.vaeennnonnnss S,Thh 11,390 b 8,500 283 1,150 | veeennens 5.8
JUlyeereesennnanes 363.9 722 a 717 23 cesecscns t 730
August..eieeensaas 74.9 149 a 190 61 172 t 940
September......... 1,040.8 2,060 - a 297 9.9 58 t 106

Mar. 1 to Sept. 30 33,583.6 66,600 a 363,400 1,700 39,100 t 4,010 cessenese

a Includes estimated loads for a few days.
b Includes estimated loads for many days.
t Sediment discharge less than 1 ton.

Table 20.~-Monthly and annual summary of water and suspended-sediment discharge, Crazy Woman Creek near Arvada, Wyo.

Water Suspended sediment
Month discharge Runoff Daily load (tons) Concentration (ppm)
Load = -
(second- (acre~-feet) K . Weighted Maximum
foot-days) (tons) Mean Maximum Minimum mean daily
1950
Mar. 15-31........ 516 1,020 204 12 36 2 146 270
Aprileieeeceenans, 2,535 5,030 14,050 1468 3,640 2l 2,050 7,170
Mayeoooesooseannns 5,232 10,380 66,260 2,140 11,100 15 4,690 11,100
June..eeeiiaanann, 1,069 8,070 11,470 382 1,570 19 1,040 2,160
JUlYewoeeonnacanne 935.4 1,860 357 12 55- t 11 308
AUUSt.sseteananan 162.0 321 14,910 L81 12,500 0 34,100 36,500
September......... 162.7 323 a 29 1.0 L 0 66
Mar. 15 to Sept.30 13,612.1 27,000 a 107,300 536 12,500 0 2,920 36,500

a Includes estimated loads for a few days.

t Sediment dischargé less than 1 ton.
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Table 2l.~-Monthly and annual summary of water and suspended-sediment discharge, Clear Creek near Arvada, Wyo.

Water Suspended sediment

v discharge Runoff Daily load (tons) Concentration (ppm)

Month (second- (acre-feet) Load Weighted | Maximm
foot—days) (tons) Mean | Maximm | Minimum mean daily

1950 .

Mar. 21"'3100-.0-....0 1,563 3,100 3350 32 sseasesee |eccossces & Xy
Aprilececsccscccecese 5,1}61 10,830 3,120 104 1,320 14. 212 1,380
MaFeseecocscccoseccee 10,220 20,270 1!;,510 1368 2,1090 L 526 1,1}30
JNGeeeesscsscrsosces | 17,312 31.,31.0 32,140 | 1,080 | 7,660 L 694 2,200
J‘l]:..'..'..'.."..'. 3,517.2 9 a 96‘; 31 l;02 t 100 1,230
Augustesessecsescacce 504e5 1,000 679 22 536 t 198 980
September.....u.-..- 2,57602 5l110 603 20 68 t 87 1
Mar. 21 to Septe 30.. | 41,1539 81,630 a 52,670 21 | 7,660 t K74 2,200

a Includes estimated loads for a few days.

t Sediment load less than 1 ton.

Table 22.—Particle-size analyses of suspended sediment, South Fork Powder River near Kaycee, Wyo.

M of analyses: S, sieve, P, pipette; N, in native waters; W, in distilled waber C, chemically dispersed;

M, mechsnically dispersed; B, bottom withdrawal tube/

Suspended sediment

Wat Conden— | Concen~
Date Pime d?.:—r tration | tration of Percent finer than indicated size (um) M::dl
oriy ) analy g anslysis
cfs sample Z
(ppm) (ppa) 06002 | 0,004 | 0s008 | 0s016 | 0.031 | 0,062 | 04125 | 0250

1950
m 3eee 1235‘& 'p.m- a 336 69,900 58,1(» soene 0 71 '"} 86 91 98 100 SPN
H&y 1l.. 1333 Pelle | & l;,50 50,500 39,700 ssvee 0 5 61 76 a8 97 100 SPN

Dosess | 1233 pem. | a 450 | 50,500 54500 36 U 55 66 84 9 99 BWC
uﬂy 17.. 10:00 a.m. a 96 lh,OOO l;,590 ecsse 6‘} ssese 83 eecoe 89— 95 97 SPWCM
W 25.0 531}5 Pellle &a 57 2,570 2,100 socee 76 ceese 90 ey 96 es0ee |ococe SPWCN
June 2., 9245 aeme a 29 1,210 916 secee 65 eseee 87 essen 91 sseee |eocee SPWCM
June 8., 103‘55 Sellle 20 3,360 2,720 eeoee 67 ecese 91 sevse 98 ecoee |eoecee SPWCM
June 21. 5315 Pellle 12 10,900 9,080 ssvee 87 eceee 98 essse 100 essee |ossses SPWCM
J\JJJ‘ l‘oc 53‘}5 Pellle 118 83,500 8,920 ssvee 63 seeee 93 scese 98 seses [seeee SPWCM
July 5. 8145 a.me 66 63,300 7,lﬁ0 ecose 3 eseee |0s00e |ocsee 99 scsee foosee SPWCM
JuJ:r 600 6:w Pollle 16 21,200 21;,200 1 ]3 1‘6 97 99 100 esese Jesoee SPN

DOseee 63h0 Pellle 16 21,200 3,‘;‘;0 esses 86 95 98 9 100 seees |ocoee BWiC .
Jm 12. 8:00 a.m. 38 62,300 6,510 seacse 71 scsee 98 Xyl 99 ecsces |oessce SPWCM
Jul'y ]3. 10350 8elle 803 1,200 890 XXX 78 eseee 88 sseee 99 escce sssee SPWCM
Ju]y 25- 7245 adme 16 6,100 l;.,980 esece 88 secece 97 ssese 99 vesee |oceee SPWCH
July 260 5330 Pelle 75 55,500 5,820 sssee 60 eseee 88 Xy 99 sesee [oocce SPWCM
July 27. 3shd Pollle 12 10,900 11,000 ssece (1] L 93 - 99 99 esese leseee SPN

DOeeee 344 Pellle 12 10,900 5,260 a8 9[5 97 99 100 sseee |osoee SPWCM
Sept. 11 145 Pellle 15 3,2’00 2,2}70 esoee 8‘; 'yl 93 secee 99 essee |sesee SPWCM

Doeose 6:10 p.mQ 16 1,950 l,lm Xy 93 eo0se [ecese |eecee 99 escee |oseee SPWCM
Sept. 15 8:00 a.m. 15 1,300 1,070 essee 69 rrxx) 83 sesee 98 evess |oscese SPWCM

Dosess 5:00 pems 17 15,000 6 060 ey 69 X 92 e 99 eseee [ecoee SPWCM
Sept. 20| 8:30 a.me 22 5,500 4,300 essce 68 secee 85 XYY XY 96 ecove [eceee SPWCM
Sept. 21 8830 ellle 152 62,6(” 6,000 sepse 63 cesee 90 XYY Y] 98 sseee |osene SPWCM
Sept. 2/ 8:30 a.m. 1 5,500 Ly 420 essee 97 eceee Jooeoe oooce 100 essee Joceee SPWCM
Sept. 25 lﬁw Pelle 906 1,720 2,010 ossoe 0 2 93 9 100 o000 [oenne SPN

DOseee h:m Pallle 9.6 1,720 2,130 78 90 93 93 95 99 esese Joeesee SPWCM
Sept. 30 5:00 Pellle 19 2,1}50 1,750 sssse ?5 ececos 93 ssvee 97 eeese joseee SPWCM

a Mean daily discharge.



Table 23.—Particle-size analyses of suspended sediment, Powder River at Sussex, Wyo.

Methods of analyses: B, bottom withdrawal tube; W, in distilled water; S, sieve; P, pipette; C, chemically dispersed; M, mechanically dispersed;
’ N, in native water
Suspended sediment
Water : Concen- Methods
Date Time dis- Concea- tration of Percent finer than indicated size (mm) of
charge tration of suspension analysis
(cf£s) sample
(ppm) (ppm) 0,002 | 0,004 | 0,008 | 0,006 | 0.031 | 0.062 | 0.125 | 0.250 | 0.500
1950
Mar. kaooooo‘ 7:30 Qelly a 11..0 6,3140 1,530 26 34 57 70 80 88 91(. 100 secscee BA
Mar, 16000000 22[‘.5 Pelle 175 7,2!]0 1,150 14 16 26 36 60 78 90 93 ssssece BW
Apr. bseesees 9:30 aem. 356 8,060 3,520 esscsce 53 XX rx 72 essveee 87 95 99 100 SPWCM
Apr. 7..0--00 6:00 Ppenm. 368 l9,2w 10,&m XXYYYX] 60 XYyl 79 esessne 92 97 100 sesenee SPWCM
Apro [ T 5:30 Pellle 25!& 9,720 5’290 escscee 53 sesecece 68 ssevnes % 95 99 100 SPWCM
APre 10ececee | 9230 aem. 590 22,200 15,300 35 feeevecs 56 [eeseses | 81 90 99 100 SPWCM
A.pr- 1beeecee 8350 8ellle 470 13,800 8,850 37 scsccce 56 ssecese 81 92 99 100 SPWCM
May lecoocose 9:30 aelle 1.16 10,700 6,970 3‘4, eescsce 51 sececee 73v 95 100 esceces SPWCM
May' 3-.00'000 6830 Pellis 6[4-5 l;a’5°° 9’1000 14-5 ecncoce 71 XYY XY 89 9’(- 99 100 SPWCM
M&Y 6.0000000 1306 Pelle 662 29,9w 16,600 L 19 63 91 99 100 vecocee BN
DOeecscsees 13% Pellle 662 29,9“) B’m 22 33 h5 60 7‘]. 35 9‘& 99 esecsee BW
L2 57 Py l,m 32,500 10,900 esessss L2 secccee 63 esssnee 91 98 100 esevcee SPWCM
681‘]. Pelie b 1,1050 19,10“) 20,000 XYY ) 1 31 55 78 96 100 . BN
6241 pem, b 1,450 19,400 15,100 16 22 30 L7 7 93 100 see BW
May 2Lecescee 2:06 Pelle a 1,0‘00 9,510 h,260 escesse h A Ty 23 sssssce 60 92 100 esscsce SPWCM
June 2eeccese 7820 Pelle 2116 2,‘.20 1,370 12 sssenee 19 evossee 54 88 100 Xy SPWCM
June Fececsce 7:00 Pells 254 1,680 682 1 sessene 19 sesscee L4 9 99 _ 100 SPWCM
June llpa-o-oo 12:00 m. 200 1,(”0 832 12 XYY X 22 56 % 99 " 100 SPWCM
June 19cseece 10![55 aeMe a 225 16,(!)0 3,050 59 ey 8’& 93 seesece leesesee Jesseoen SPWCM
July 2¢00000s 7:00 Pelle 130 18,300 7,590 . seccvse 69 [XTYY Y Y 9‘& 100 ovsccce Jecseceoe Joessecee SPWCM
July Gesonsee 2:49 peme 81, 30,6m 6,230 esescee 80 esecese 98 seasece 9 e00esee lececces Jecssoee SPWCM
July 12...._.. 9:00 a.m. 180 5000 8, eeseeve foeceees |ococene k(A sesccse 99 ess00ee [eceevee Jessecee SPN
Dosscscsacs 9:00 a.m. 180 81,000 1,970 W7 56 a8 97 99 100 eevcscee loecssses BWCM
Ju]y 13.0.-00 1852 p.m. a h2 38,900 37,100 (XX XYYX] 1 98 99 [ TYYRY Y 100 ssseses escccne XXX Y Y] SPN
DO..Q...O.. 1:52 Pelte a 2 38,900 5,650 58 78 94 98 [TYYY YT 100 seceeses Jesecrnes - Jeooscnse SPWCM
July lhecssee 9:30 a.m. 60 7,400 5,660 78 (XYY Y Y 9% sescene 97 0e0s00e |eevecse lescesee SPWCM
July 27ecesce 1:13 Pelle 50 9,580 9’130 1 2 3 esecoes [ececsee Jeoscroe SPN
DOssessceee 1313 Pellle 50 9,580 3,890 7’+ 87 96 escceces Jesccees BWCM
July 28e0esse 9230 a.m. 29 27,000 5,250 8‘(. 96 98 ®ecsose feccocee BWCM
m. Bo--o.o 8805 E- 1% . 1Y 30 3,280 2’530 Y] sssevee lescssee 99 e0esese jovscsee SPWCM
L3 ecsece 121;5 Pellle a 23 890 2,260 56 ecevcee secceve 9 esecsesr Jesscsses SPWCM
Sept‘ 16000-0 3830 Pelle a 27 ‘0,250 3,100 70 secesee a8 eessvee 97 esvecce [seeccce |eccconece SPWCM
Sgpt. 2lesees ]2830 Pellle 39 3,890 2,330 61 eecesce ) 75 sencess 9’4. sec000ce |eccnnes |asesoes SPWCM
Septe 22¢0000 9:45 aeme 3 57,700 h,770 72 eesscee 89 LXYYYY 95 escesee Jeoeesee Joesecvoee SPWCM
Septe 2heecse 8:30 a.m. 67 6,260 l;,mo :~3 escscse 9L XYY Y ¥y 98 esseece Jeeccssse Jocscoee SPWCM
Sepb. 26..-.- 1‘35 Pellle 69 1,670 2,1550 essssee 72 78 88 secs0se fescseee leccneee SPN
DOsscosccee 1335 Pellle 69 1,670 2,320 67 '”;. 82 87 1]vecesse [eoccces [evevnee SPWCM

a Mean'daily discharge.

b Discharge measurement,

9k




Table 24.—Particle-size analyses of suspended sediment, Powdler River at Arvada, Wyo.

ﬂe‘bhoda of analyses: B, bottom withdrawal tube; N, in native waters; W, in dist,
M, mechenically disper

water; C, chemically dispersed; S, sieve; P,

pipette;

Water

Suspended sediment

Concen-

C - Methods
Dste Time dis- tration og | tration of Percent finer than indicated size (mm) pr:
charge sample suspension analysis
(cts) (ppm) wpirsed | 0.0z | 0.004 | 0.0 | 0,026 | 0.031 | 0.062 | 0.125 | 0.250 | 0u500
1946 '
June leccscse 2330 Pellle 54, 12,800 9,890 eescece L 31 Ll 51 70 8‘& 93 sesssee BN
June 2lecceee 1330 Pelle 9m 39,200 7,370 [T TYY) 6 ’JB 78 81 88 91 96 sesnvee BN
1947 :
Mar. 18¢eeeee ].1830 aeMe 3,360 3,2.0 6’170 LYY YY ¥ 3 6 3‘0 IXIYY YY) 56 63 8‘; cesopen BN
Oct. 3-....-. 3208 Polle 14.5 1’030 3,750 sscesce 2 7 15 25 [.6 69 97 XYY YY) BN
1948
Mare 18¢ccese 3!15 Pelle 2,1w 13,[0.00 6,080 TYYYYYY 5 ‘10 esscvne | svesnse 88 97 100 scscese BN
DOessscesee 8:20 Polte 2,w 33,1.00 5,790 TYXYIIY) 37 51 62 70 89 U 9 eccccee Bd
DOcseocosee 8:50 Pelle 2,m ]3,1.00 7,600 secscss 36 50 53 68 75 3&. 96 sssssee BA
Mar. 19000-0. S:OO Pelle 2,11;0 20,000 9,360 sseccee 3 8 U& 59 66 80 96 essseee BN
DOeescesses l‘»:ll.s Pellle 2’]—‘0 20,000 5,870 essesse 33 Ll 56 68 ™ 91 100 ey BW
Apl‘o Beosesese 1330 Pellle 237 ‘(-’700 ess6scsscscee | coccrce 27 l;2 56 67 95 95 98 eccssce BW
seeccccee 1330 Pellle 237 h,700 ,730 2 5 18 59 72 9‘} 98 sosssee BN
Apr. heeseee 2: 40 Pellle 202 3,760 2,770 . & 12 107 65 Vol 94 98 esscssee BN
m Leooocsooe 2350 Pellle u6 7,[560 10,900 1 3 9 7 81 9‘; 100 ssecees BN
w 18-..-... 2325 Pellle ‘(58 11,800 9’610 2 6 30 68 80 95 100 ssecces BN
DOcscccocss 2225 Pollle h.58 11,800 10,3m 18 28 I.O 60 82 . 95 100 seccsce BW
DOcocccssse 2325 Pelle I§58 11,800 10,200 18 27 39 57 7ll 90 96 esevcce BWC
May 26eccecee 4230 peme 1,680 37,100 14550 2 7 33 72 8L 89 96 secscse BN
DOcesesesse ‘;830 Pelie 1,6& 37,100 l},9‘}o 28 ‘lo 53 70 81; 90 96 L rrxl BW
June Leeessee ]2:30 Pellle 672 20,500 5,000 L 9 1% ey 89 95 98 ey BN
DOceveveces ]2330 Pelle 672 20,500 RN LR ETIYTY Y] 3‘; ’;6 58 75 90 95 99 sesscee BdA
Ju]y 1‘}.0-.00 k:20 Pele 5,000 8‘(-,500 ,660 [XTYY YY) 2 h 2 esoence 76 % 92 sesseen BN
DOcessccoce 10320 Pells 5,000 8‘5,500 8,760 XYY Y Y 26 39 51 78 a8 92 sssscece BA
Dossocsssscs h:20 Pelle 5,000 8!;,500 8,6‘50 esesnee 26 39 51 66 80 88 97 esassese BWC
JﬂJy 2e0esse 7:00 Pelle 175 7,930 6,w teccees 3 [ ecsssse | ceocnee 89 96 100 ey BN
DOcecescsce 7:00 Pote 175 7,930 6,‘(.90 esvevee 51 65 /A 80 89 97 100 esccses BW
Ang. 170-.0.- 6!% Pellle 35 2,130 2,I|OO (XXX YY) 8 ll& eseesee | sencene 93 97 99 esseces BN
Dosesescses 6:00 Pelile 35 2,130 2,M|° sescsse 6[{. 80 92 98 98 ey BW
Stho 2200000 62‘}0 Pellle 616 ,600 1.8,2;,00 scsssse 1 3 70 sccecee 91(» 96 99 sesccee BN
DOcecssccne 6!‘}0 Pellle 616 30,600 16,9‘” ssscese [;,7 66 83 93 96 100 sessene BW
Octe 5..-00-. 12330 Pellls 35 1,760 2,700 eseseoe | 2eccven 10 esscncse 9[} 95 95 98 essesoes BN
DOsscsscece 12330 Pelie 35 1,760 2,830 sscscee 88 92 9’+ 96 96 100 sssssee BW
1949 .
Mar. 3..00--. 10:00 a.m. 1,1)30 2,660 1,000 ]J. 21} 38 w l}e 63 86 essscse BN
Mare Llecoces 2:00 peme 500 1-}’170 1,870 6 bl 56 63 Y&} a8 100 esevece BN
DOceecsccee 2:00 Pelile 500 ‘},170 1,630 33 l|2 50 58 '”0 90 98 sesneee BW
Mare 23ccccce 2850 Pelle 656 JJ.,I.OO 1,190 38 56 70 86 97 100 ssceese Jsvosncvee BW

See footnotes at end of table, pe 79.
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Table 2/.--Particle-size analyses of suspended sediment, Powder River at Arvada, Wyo.--Continued

[ﬁethods of analyses: B, bottom withdrawal tube; N, in native waters; W, in distjlled water; C, chemically dispersed; S, sieve; P, pipette;
M, mechanically dispers

- Suspended sediment
Water Concen- o i
e Concen— ration of Percent finer than indicated size (mm) Methods
Date Time tration of of
charge suspension analysis
(cfs) sample analyzed | 0.002 | 0.004 | 0,008 | 0,016 | 0.031 | 0,062 | 0.125 | 0,250 | 0.500
(ppm) (ppm)
1949 ’ :
Apr. 12400000 2:20 Pelle 3[‘2 1.0,100 2,21;0 seseoce 36 qu 53 81 86 93 96 soscase BW
Hay 2lecocces 11330 elle 716 2’{,200 1,120 esvssese 1(6 60 70 78 88 95 98 essoves Bd
June 3.0.000. 128‘(.2 Polle 512 26,100 1,230 esessee L T2 76 84, 92 g8 98 esecsnse Bl
June 10eesess 10230 Bellle 1,350 47,000 1,1420 es000ee 36 60 66 76 90 95 100 caenrsee Ba
July 600...0. 1:00 Pelle 26[;. 19,600 1,990 setesoe 38 51 68 79 88 93 96 eseosce BW
July 19....00 1330 Polle u; 25,800 2,‘060 eesecee 75 90 96 97 98 98 100 ecvevee BW
Sﬂptn 2ecesee 10:55 8elle 9.8 91@,2“) 3,8‘.0 LYYYYY Y] ‘l. 96 100 ssesese esssess sevsvee 9essene BN
DOeessscens 10355 aelle 9;8 9h,200 L,OOO 1.2 68 9[& 100 sevsscee XXX X XYY X} cescace sesvene BW
DOsecesases 5!15 Pelle 9.8 83,000 2,070 h8 . 70 92 98 98 100 secssee seccsse ssevecs BW
Sept. 1240000 5320 Pelle l.,.O 387 277 20 36 6[; 92 97 99 -100 seesese| sscccne BW
Octe lesecoos 6!10 Polte 15 210 151{. ee0eces | vo0essse 59 65 YR 83 90 9 ssccece BW
Octe Lesosooo 23]3 Pelle b 1609 355 2,3& 27 56 9 87 89 93 95 98 asscese BW
Octe 18¢ecese 12350 Pelie a 82 7,560 1,320 1 L 19 sesvcss 92 93 93 7 sessses BN
DOsescscons 12850 Pellle a & 7,560 1,@ L5 62 ” 87 90 93 91& 97 seccses BW
Oct- 310.:.0- 11:20 aelle ].‘;8 8,320 1’770 2 6 M tescnsse 67 75 87 98 XYY Y XY BN
DOscscscsas 11:20 a.m. ]1.8 8,320 1,730 20 Bh l|6 56 6[.. 75 88 97 esssses BW
Nove 2ecesece 10353 &sllle 35 8,160 1,730 ssecene kL lh ssscece 61 70 83 92 ssssese BN
DOcecsoccee 10:53 Qellle 85 8,160 1’760 23 32 L 54 60 68 el 88 ssevsce BW
Nov. ‘}‘ Xy 7:30 8ellle 119 6’230 2,‘m 29 39 5’} 63 69 75 85 90 saseose Bd
Nov. l7a.oo-o 10:22 a.m. 62 6,3w 2,110 sessces 1 13 60 63 71 83 9‘5 seoseee BN
DOeescsccee 10:22 aeme 62 6,3[‘0 ) 2,920 22 25 38 66 70 80 9lp 99 ss0veee BW
Nove 18eeccse 7:30 aeme 65 5,780 2,390 18 29 K 50 57 65 79 90 ssesecss BW
1950
2:20 Pelle a i3 mo 325 l;9 70 76 9 80 89 97 100 esecsas BW
L 1,0 Pellle a 75 950 611 26 36 I;7 60 68 78 91 100 ssseses BW
5810 Pellle a 88 3,300 2,610 19 2 33 M 55 65 71# 96 esncens B
‘&3‘&5 Pelie a 80 3,050 2,530 ].t; 18 27 38 50 58 70 98 seeccae BW
9:10 a.m. a 110 675 527 28 32 43 55 67 80 89 96 eecesnc BW
4515 pme | = 320 8,300 1,740 27 38 54 75 85 93 98 | ceceeee B
1355 Pells 2&7 11&,700 18,000 8 eeveces AS XYY YY 83 91 100 esvde0e SPWCM
6305 Pellie 270 ]A,OOO 9,170 30 sevscee 50 evcccse 86 97 100 seeceds SPWCM
2:08 Pelle l;91 19,700 18,7(” sescsses 0 16 63 75 89 98 esecoee BN
2:08 Pellle ‘0-91 19,700 12,900 21+ 31 l‘l 62 80 81 98 sesn00e Bl
53(3 Peliie 370 13,500 10,300 ssecsee | sovecae ‘& 36 51& 81 95 99 100 SPN
5:09 pele 370 13,500 4,780 20 24, 31 i 58 & 95 99 100 SPWCM
5:30 Pellle 1,130 u},500 7’1;20 esecece L3 sevesee 6’(- essevse 91 98 100 sssccee SPWCM
l:".’] Pellle 1,0!4.0 hl,lOO 7,“50 LXTYY YY) 39 (XYY Y YY) 58 Y IYYY) % 96 99 SPWCM
5336 Pelle 1,370 26,500 27,7“) sscoeee 3 - 5 32 62 'n w 100 sessces BN
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DOscscescee 5236 Peliie 1’370 26,500 lO,SCD 16 25 , 33 la 59 75 89 99 esscosce
May 25e¢00e00e 12:59 Polle 1,320 ,000 17,800 0000000 [eccccee 14 21 &7 67 80 9L
DOcesesoces 12: 59 Pellie 1,320 19,000 h,llo 17 21 30 ‘cl 61 78 91
June Geecoses 2351 peme 10 5,410 6,230 [XTYYYYY 21 Iy 32 s000see 76 92 98
June 10eecess 7250 aeme 566 9,500 l},97° XYY 13 sesssee Jesoesee lecscsse 76 96 100 | eesecee
June 13eecees 7818 Pellle 370 h,?ko ‘0’760 eesssce 23 75 96 99 100
June 2leecscee 8:00 8ellle 276 6,000 B,lw eesssoe . 15 68 95 99 100
June 29«eceee 5350 aeme a2 2,100 857 esescee L5 86 98 100

July S5ecsscee

DOocecscsces

DOsesesveses

‘}31‘} Pelte
Lall pemme

3:52 peme

58

ess0000

%3

XXX ]

ssecsce

1330 Pellle 87 33,700 3‘},1(” Xy 7 10 97 98 99

1!30 Pelle . 87 33,700 2,520 'n 9‘0 97 98 100 ssescse

10=25 ellle 19 951 2,“0 36 1N 60 76 w 96 Xy
8!10 ellle 56 50,000 l},&‘o eeccoce 69 sesccce esescer 98 ssesses |esescas | soccene
6330 Pelle 76 35,000 12,!;.00 rrxrx 57 esssese esssone 96 esscnce |essscee | secinee
8325 elle 67 lg2,000 8,290 sssssse 68 sesesse Ty 98 esessse |eecccee | snvenee

3:13 p.me
3:13 pem.

sesscse

esscsve

33

96

BORS RHRBR JIIRRE

v

-9
99

ssss e

Sep‘b. 260.0.0 5:00 Pelte a 23 2,200 1’810 esceses eseccee 9 TIYYY L) 97 eesecsse [esccnse | sensecee
Sept- 27-.-.. 5225 Pelle a 20 25,@ 5,160 eseessse 89 XXX XYY) 97 sescvsse 99 escccee [oenccee | cevveee
Sept- 280000 3330 Pelle a 22 29,500 30,200 ITYTYY XY lg 93 97 98 ecccoce

DOcevecsese 3330 Pellle a 22 29,500 6,3@ T . 92 93 99 100 secsssee Jecssssses [evesece ] covceoe
Sept. 2900-.. 8355 Qellle 25 17,900 7,720 sseccce 89 sss0cee 98 sscssee 99 esssace [eosesce | sovecse
Sept. 30000.0 8330 Bellle a 38 7,600 k’62o Xy 62 sesnsee '"0. IYYIYXY] 76 scccses [esvceee | vevceee

aafed gHagd fRied Regag fghee

a Mean daily discharge.
b Discharge measurement.
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Table 25.-Par£ic1e-size analyses of suspended sediment, Powder River near Locate, Mont.

[Methods of analyses: B, bottom withdrawal tube; N, in native waters; W, in distilled water; S, sieve; P, pipette; C, chemically dispersed;
. M, mechanically dispers

08

Suspended sediment -
Water Concen=
- Concen-~ i Percent finer than indicated size (mm
Date Time cﬁge u:meof :;‘:}ﬁ::;‘i‘;ﬁ i h ()
(efs) | (opm) a’('appmm)ed 04002 {0,004 0,008 | 0,016 [ 0,031 | 04062 | 0.125 | 0,250 | 0.500 | 1.000 | 2.000
1950
Mar. 300‘000.00..00..---.0 10225 QeMe a 50 777 1,170 XYYy 17 27 30 L2 61 & 98 essee BN
DOcssssssccsccscccsnse 10:25 a.m. a 50 777 1,]30 17 21 25 32 L3 58 78 95 esoece Ba
Mar. zlp'aoooo-o-c.o-ooo... 4335 Pellle a 150 9,!&‘&0 [},870 ssesse 33 XXX w XYY 7 85 98 100 SPWCM
Mar. Bloo-o'ocuo-'onoooo.. h:hs Pelle 200 8,51.}0 5,[&60 scese 38 sssse 53 ssess 80 92 99 100 SPWCM
Apr. 3ecesencesacccnscscee 6310 &'!!Io a 3,000 15,500 9,A10 sccae 2 escee 58 vecee 80 93 99 100 SPWCM
Apr. 500.0.0..-.0.0.0..-:. ]2:36 Pelle 2,230 9,960 3,280 5 8 20 XYY 71 77 83 95 LYY XYY BN
DOsescscscocscosscesss | 12236 pem. | 2,230 9,960 6,860 25 34 7 58 69 h 88 97 |eeecs BY
Apr. Tesoeeessssencsccsane 10:25 a.me 1,740 12,200 8,760 XX l;l XYY 60 escse 88 95 9 100 SPWCM
Apr. 16000000-..00..--..‘0 6215 ellle 1,0“0 9,320 6,220 senecse 57 sncee 73 [XXYY) 8[; 9[(. 98 100 SPWCM
Apr. 18cesecaccssoceccssce 6![57 Pelle Th5 8,000 8,390 15 16 18 ecvees |ocoee 91 95 99 sesce BN
DOsecesssssscsscccnnce 6:‘#7 Pelle 5 8,“)0 h,69o [}7 61 76 8‘; 87 90 92 97 sscee Bl
Apl'o 26.00.-..-:.........- 9315 Qellle 1,%0 16,300 h,5h0 seces 51 cesee 7]. eecee 80 89 96 100 SPWCM
MW 24 se0evsssstscce 3322 Sellle l,Ol.D 11,900 6,720 112 52 63 7h 8‘]. 89 96 99 100 SPWCM
8:22 a.m. l,OAO 1.1,900 11,3(» esese 1 h- 76 87 89 91], 98 easse BN
w 9000..-00-0......-.... 9:“) Sellle 1,590 18,300 3,270 sscee 30 XYxx) l|.2 LYY YYY 54 66 87 SPWCM
w ll.nou.............. 9:30 8eMe 2’&0 33,200 7,710 31 XYY Y] 156 ssses 63 79 98 100 SPUCM
HW escessesssesssesssse | 10:30 acme 1,120 23,200 7,0& 156 eeses 65 sssas 3 80 91} 99 SPWCM
May 18eesessense X 8:20 a.me 1,030 1'1,200 18,h00 8 10 Sh 94 95 96 9 seses BN
DOeese 8220 a.m. 1,030 17,200 3,350 51 67 77 86 90 92 95 97 XYY Y BWCM
June leecsecscocesccosscscce 6352 Pellle 1,0“0 5,850 5,h20 seeve 6 15 h9 56 71 81 96 Xy BN
DOsevesscsessscecssonse 6352 Pelle 1,01(.0 5,850 3,‘}70 33 LO [;6 52 61 75 88 96 ssese BiCM
June 8..........»..-....... 5:‘;5 Polle 1,070 8,280 h,OhD soene 33 ssece l}5 LXYT Y 69 86 97 100 SPECM
June 15..-0...-..00. 98& aellke 1,570 16,6& 5,570 sscee 37 X 51 secse 85 9[& 97 98 SPCM
June %ooqoooooooo-. 52!;5 Pelile 1,070 11,1.00 - ‘6’310 eseece 22} XY YY) 3’4, XYY Y] 5h 68 78 89 SPWCM
Ju]y 20.0.0-0-.0.......0.0 5315 Pelle 1150 13230 737 107 54 60 61& 68 76 89 96 esees | evcee | cccas BiCM
July un..'oocolnooquaoo.. 5335 pomu 5]3 15,!;00 11,300 secee 93 XYY 99 esvee XYY Y) m
July b P 5:50 a.ne 398 6,210 2,960 Xy it eosee | 8a sesee sscce SPCHM
July 17eedeces csccccee T7:38 Pelile 288 2,560 2,010 8 89 9 esaesn socee SPWCM
DOcscossasssoscssnccce 7238 Pellie 288 2,560 2,1&30 1n sesse | cosee 9[1, eesse e BN
July 18ececcccscssccvescons 5:50 a.me 270 3,520 2,450 sosce XYY 98 ssces { cvece | scvee SPHCK
JULY 2lececscsccscsccascces 5:35 ane 360 3,200 2,260 sccce 75 escce 87 eccoe | eoson | socce SPWCM
July 260s0c0s0000000srcnne 6:05 Pelie 192 3,230 2,220 XYY 95 XYY} 98 eccee | cecee ] veees SPWCH
Aug. 1leeessscessccsccoces 5355 Pelie 291& 22,&0 ‘},61}0 ssese 91 eseee 96 SPWCM
6305 aellle 29‘(. 23,1;(» B,Alo eseee 97 esece 97 SPWCM
6356 Pelle 106 12,000 ]2,6(” eceee | cocen 93 99 SPN
6256 pems 06| 12,000 2,370 97 98 99 | 100 BaCM
160000.-0 [T YYRYY Y] 3:30 Peille 282 16,200 6,580 csese 93 LYYYYY 98 SPWCM
m' 22.00.-..--.--0...;.‘ 6:30 Pellie 63 ‘&’910 3,960 Xy 96 XYY Y] 99 SPWCH

a Mean daily discharge.



Table 26.~-Particle-size analyses of suspended sediment, Middle Fork Powder River above Kaycee, Wyo.

[Hethods of analyses: B, bottom withdrawal tube; W, in distilled water; S, sieve; P, pipette; N, in native waters; C, chemically dispersed;
M, mechanically dispers

Suspended sediment
Concen-
:ﬁr Concen=- tra.ti:: of Percent finer than indicated size (mm)
Date Time charge tration of suspension
le
(cts) Tomm) ey | 0.0z | o.004 | o008 | o016 | 0.3 | 0062 | 0125 | 0.250 | 0u500
949 ’
Nov. 300.00.. 11337 .M. 1.8 269 796 22 32 50 73 96 98 99 100 evecosse
1950 B
A.pr. 6..0.-0. 9:25 Pelile 60 1 8,530 10,100 10 1n 85 100 svecece ocacoce Joseceee
9:25 peme 60 8,530 55500 78 93 97 98 99 100
Apr- 15. 7830 Bellle 114.5 h,550 3,5[]0 38 XYY Y YY) 66 esecese 99 eessese |noesnce
Apr. 11:06 aelle 165 3,5’&0 7,1(” . 22 ssscece Lo esssese P28 99 100
Hay 6.0.00000 7205 Pelle 92 11,800 9’610 65 essesse 90 esessee 100 eesscce [ovcsces | 0ocncee
May 9eee 5:30 peme 103 19,700 15,3(» LYTYIYYYY 55 LXXYYY Y] :~] essssse 99 100 ‘oo..ooo sesvoce
W 15 11:45 adamn. 260 2,850 l.,600 esscece | 0vcesce | sscncee 20 34 60 8[(, <97
May 16 332/, polte 315 4,150 2,930 3 9 17 20 36 66 93 9
Doee 322/ peme 315 4,150 1,910 15 16 19 26 43 72 93 99
May 2/ 11:12 a.m. w67 2,310 4y 040 sssecse 18 eeocees 34 sesense 70 88 98
Auge LRecoeos 1220 peme [ 2’720 . 2,330 X1 66 X 93 sec0see 100 eessese |eecocee] v0veces

Table 27.—Particle-size analyses of suspended sediment, Middle Fork Powder River near Kaycee, Wyo.
Lﬁethods of analyses: S, sieve; P, pipette; W, in distilled water; C, chemlcally dispersed; M, mechanically diépersed; N, in native waterg]

Suspended sediment
Water Concen- '
Date Time d:ls-e trcmat :l.;z;of :::;:: i:ti Percent finer than indicated size (mm)
£ samp. analy:
1950
Mar. 26....0. 5:00 Pellle a ]25 1,500 980 82 XXYYYY) 97 XXX 100 secccee |secccce Jsovcece | 0occcce
Apr. écoocooo 8:00 Bellle 1‘;5 1.790 3,300 80 LXXYYY Y] 97 XXX 100 sscecee focesece | 0eveose | sscccee
6200 Pelle 316 5,320 2,310 48 seescee 83 XYY YY) 100 s00000e Jecesnse |nccsese | soscnee
2125 peme | 1,330 15,100 10,900 2 40 65 89 92 98 100 esessse
2:25 peme | 1,330 15,100 5,600 23 30 40 56 76 93 98 100 sseseee
1:00 Peolle 1’5140 12,1400 8,130 21 escecee 1‘3 escsoce 73 93 98 100 XXyl
3325 Pellle 1’%0 6,100 33]4[}0 16 secssse 30 escenee 62 88 97 o0 eccssse
6:00 Pelle 342 1,190 3% 13 sscesee 33 ey 50 ecsssnne [o000ssa |ececeer | soscoee
7300 aellle 332 790 3,880 29 escsese "20 ssvcses 7‘1. 98
Ju]y 60000.00 10!57 Sellle 58 517 1,]80 w ssoscsen 83 XYY Y 97 s0sseee Jeecenee | esoscsce | 0vcocee

a Mean daily discharge.
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Table 28.-~Particle-size analyses of suspended sediment, Crazy Woman Creek near Arvada, Wyo.

[Hethods of analyses: B, bottom withdrawal tube; W, in distilled water; S, sieve; P, pipette; C, chemically diaperaed, M, mechanically dispersed
N, in native waterg/

Suspended sediment
Water Concen~
dis— Concen= tration of Percent finer than indicated size (mm) Mothods
Date Time charge tration of | gygpension - of
e
(ots) o welysed | o.002 | o.00n | 0.008 | 0.1 | 0.3 [o0.062 | 0.125 | 0u250 | 0us00 | mnelvsts
1950
Ap!'a Deessvae 3336 Pellle 8 1,160 1,120 seccces 68 82 92 97 98 99 300 s8esvee BW
Apr‘ Xy 8:20 a.m. 10 3,200 2”#70 secssee 60 ssesscee s essssse 95 98 100 esesese SPWCM
API‘. l?oobooo 9320 aellle 192 7’620 5,320 X x l‘l esesnee 70 essoeve 96 99 100 essssece SPWCM
API'Q 18cceces 8307 Solle 121 k,300 3,230 eesscee 52 sscsene 75 sesevse 91 95 100 XYY YT SPWCM
Apr. 20eecess | 1.:18 aem. 124 1,300 3,770 36 45 57 8 78 8 92 99 100 SPWCH
May 10seesoee 3816 Pelle 100 1’750 3’720 eenseoe 'B eecscee 87 seeseqe 9[} encecoe Jeoccees § cnocasnae SPWCM
w 12¢000000 L:lO Pelle 178 6,360 5,]1}0 sescree 60 essesee 80 ess0sse 92‘ 100 escenes SPUCM
M 13escecss L3200 Pellle 1.32 9,7w 8,180 ssec0oe T4 sesesse 91 socssses 96 97 9 100 SPWCM
May 18cecccss 4317 peme 396 12,600 11,200 3 54 72 89 se0cnse foneesce | ceocene SPR
DOesseccosce k:l? Pelle 396 12,600 l.,hBO ceconee 32 l.D 53 68 81 92 97 (XYY YT Y] BWCM
May 25.0.0-0. 108‘;2 8elly 285 3,0‘&0 I.,920 sesveee 31 sveccse 153 Iy (3 92 99 SPWCM
June leecesss 5320 Pelle 176 1,210 5[&0 cesesse 39 escssce lb9 scesnee 67 85 97 100 SPWCM
June becencee h:28 Pellle uo 886 1,6[1D TYYYYY) JA R esceces 57 sescoee V(8 89 98 100 - SPWCM
June llececes 8825 Qelle 180 2,%0 1,230 T 36 esvcoee h7 seccsse 71 88 98 100 SPWCM
Mg. 1240e0ee 7310 Aellle 18 15,‘0% 6,630 ssccece 7‘) XYY YY) 97 ssccecce 100 0000020 [secvsce | coencee SPWCH
Auso 13.0--00 7:30 Bellle 73 5[;,000 5,520 eescsne 56 LYY YYS 37 essecce 93 o800000 Joeocces | soscece SPWCM
DOcecssecsne 6'10 Pelle 15 ]2,&00 S,M sescsee 7L XYY Y - 93 sscssee 99 sosvsce |ececone | cocncee SPWCM

Table 29.,~Particle-sige analyses of suspended sediment, Clear Creek near Arvada, Wyo.
ﬁethods of analyses: S, sieve; P, pipette; W, in distilled water; C,

chemically dispersed; M, mechanically dispersed; B, bottom withdrawal tub.e]

Suspended sediment
[+] o

‘ m? Concen- tr::'f;? of Percent finer than indicated size (mm) Mothods

Date Time charge tratio:{ of | suspension of
(ofs) | Toele | amadyed | o002 | o.00u | 0.008 | 0.026 | 0.1 | 0.0z | 0u12s | 0.250 | 0u500 | 2.000 | FES

{ppm)
1950 ’

w 18¢ecesee 7316 Pelte Liyd, 895 2,1090 ssscsee 50 seccssse 76 seeseee 95 97 99 100 eeccvee SPWCN
May 250.000-. 22[‘8 Pellte 7100 855 2,2h0 scssese 32& sscecoe 510 essoene 81 90 97 99 SPWC
June Beoncses 93(» aelle 1’210 2,670 1,660 sessocee 3‘; soscoene l&? LYY TYYY) 71 80 92 99 100 SPWCM
June 13.0.0.. ].'L:l5 aelle 90h 959 2,150 eescese 23 vcssves 1;2 XX XYY 76 91 97 100 XXX YY) SPWCM

Auge 13¢e0veef 1230 pemme 99 1,440 1,120 94 100 eeevece | seesccs Jocesave |e00cvee Jocceosu]| coceces BWCM
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Table 30.--Specific welght and medlan diameter of reservoir sediment

Sample number

Specific weight

Median diameter

Source (1b per cu ft) (mm)
Lake Clarmore, Rogers County, Okla. 1/.......... FC 39 CM-1 43 0.0017
FC 39 CM-2 45 .0018
FC 39 CM-3 40 .0019
FC 39 CM-4 44 .0026
FC 39 CM-5 51 .0054
FC 39 CM-6 55 .0046
FC 39 CM-7 54 .0066
FC 39 CM-8 63 .0116
FC 39 CM-9 51 .0038
FC 39 CM-10 65 .0290
High Point Reservoir, High Point, N. C. 1/...... FC 38 HPR-6 59 .0215
FC 38 HPR-9 62 .0338
FC 38 HPR-10 68 .0016
FC 38 HPR-13 41 .0032
FC 38 HPR-14 60 .0105
FC 38 HPR-16 44 .0130
FC 38 HPR-18 64 .0012
FC 38 HPR-21 45 .0163
FC 38 HPR-22 37 .0055
) FC 38 HPR-23 40 .0008
Wills Point Reservolr, Wills Point, Tex. l/..... 1 51 .0030
2 53 . 0026
3 53 .0035
4 59 .0027
5 54 .0022
6 86 .0120
7 85 .0135
8 45 .0012
9 52 .0014
Grisham Lake, Washington County, Mo. 1/......... FC 39 GR-1 53 .0096
FC 39 GR-2 56 .0125
FC 39 GR-3 117 « 3330
Kirk Lake, Allen County, Kans. 1/.....ceveeveeee. | FC 39 KR-1 42 .0024
FC 39 KR-2 55 .0054
Lancaster Reservolr, Lancaster, S. C. l/........ FC 38 LA-1 54 0020
FC 38 LA-2 70 .0064
FC 38 LA-3 70 .0166
FC 38 LA-4 79 .0248
FC 38 LA-5 68 .0117
FC 38 LA-6 39 .0118
FC 38 LA-7 62 .0163
FC 38 LA-8 cesvesssssnssacs .6070
Mountain Lake, Wayne County, Mo. 1/..... teesssss | FC 39 MO-1 57 .0076
FC 39 M0-2 41 .0244
FC 39 MO-3 66 .0137
Moran Reservoir, Allen County, Kans. l/......... FC 39 MN-1 50 .0025
: FC 39 MN-2 38 .0020
FC 39 MN-3 52 .0046
FC 39 MN-4 62 0177
FC 39 MN-5 49 .0061
FC 39 MN-6 43 .0023
Neosha County State Lake, Kans. 1/...cccvennee.s | FC 39 NE-1 37 .0015
FC 39 NE-2 30 .0021
FC 39 NE-3 36 .0055
FC 39 NE-4 38 .0044
FC 39 NE-5 45 .0130
Shepherd Mountain Lake, Iron County, Mo. 1/..... FC 39!SH-1 43 .0109
FC 39 SH-3 85 .4900

See footnotes at end of table, p. 85.
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Table 30.--Specific welght and medlan dlameter of reservoir sediment<-Continued

Specific welght

Medlan dlameter

Source Sample number (1b per cu ft) ()

Lake Lee, Monroe, N. C. 1/cecicerennncnanconnens FC 38 LE-1 62 0.0032 .
FC 38 LE-2 60 .0030
FC 38 LE-3 59 .0040
FC 38 LE-4 59 .0060
FC 38 LE-5 60 .0048
FC 38 LE-6 61 .0052
FC 38 LE-7 66 .0052
FC 38 LE-8 73 .0084
Lake Marinuka, Galesville, Wis. l/.............. FC 39 MA-1 40 .0024
FC 39 MA-2 52 .0022
FC 39 MA-3 56 .0046
FC 39 MA-4 55 .0052
FC 39 MA-5 60 .0076
FC 39 MA-6 70 .0070
FC 39 MA-7 63 .0077
FC 39 MA-8 60 .0099
FC 39 MA-9 66 .0126
FC 39 MA-10 80 .0274
FC 39 MA-11 77 .0136
FC 39 MA-12 69 .0175
FC 39 MA-13 85 .0290
FC 39 MA-14 87 .0220
Arrowrock Reservolr, Idaho 2/.cc.ceeeerenneccnas 1 53.9 .0260
2 87.9 .1580
3 60.4 «1050
4 44.2 .0046
5 102.2 . 3580
6 64.2 .1700
7 52.7 .0071
8 61.5 .0176
10 47.7 .0310
11 57.9 .0234
12 52.3 .0208
13 58.8 .0445
14 57.3 .0265
15 48.3 .0275
16 112.5 .8800
18 52.1 .0114
Guernsey Reservoir, Guernsey, Wyo. 2/..ccceeeisn 1 30.7 .0020
2 32.4 .0092

3 B T e
4 43.1 .0028

5 eeeeesessassecss]estececinenannn
6 41.7 .0064
7 50.1 .0046
8 56.5 . 00867
9 54.6 .0022
10 76.5 .0111
11 125.4 .8950
Tongue River Reservoir, Sheridan, Wyo. 2/....... 1 72 .0260
2 78 .0240
3 81 .0240
7 43 .0030
8 44 .0017
9 65 .0130
10 74 .0140
11 83 .0220
12 37 .0028
124 42 .0018
13 .68 .0056
1la 63 .0130

See footnotes at end of table, p. 85.
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Table 30.--Specific welght and medlan dlameter of reservelr sediment--Continued

Specific welight

Median diameter

Source Sample number (1b per cu ft) (mm)
Tongue River Ressrvoir, Sheridan, Wyo. g/--Con.. 15 64 0.0006
16 79 .0500
7 70 .0160
18 92 . 0860
19 90 . 0220
Altus Reservoir, Altus, Okla. 2/..c.cvenvenns 1 26.7 .0054
8 53.6 .0220
4 36.5 .0150
11 91.6 +1500
Al 106.6 .1350
A3 45.8 .0058
A8 65.4 . 0620
12 80.8 .0350
10 54.3 .0036
A4 57.9 .0260
A2 32.8 .0071
Al0 39.6 .0038
3 43.1 .0038
A8 49.3 .0036
Salt Creek Reservolr south of Midwest, WyO..esss 66 T4.7 .0535
67 75.8 .0500
68 79.1 .0470
69 73.2 .0425
70 79.8 .0415
Snodgrass Ranch Reservoir, Wyo., SE} sec. 22,
T. 40 Noy R. 81 Weetieoevoonocconssascncnnnens 16 46.7 .0034
17 52.0 .0043
18 45.9 .0041
19 46.5 0043
20 38.4° .0033
Snodgrass Ranch Reservoir, Wyo., (upper end)
NEf sec. 20, T. 40 N., R. 8L Weeereeooooonnnee 21 50.6 .0024
22 49.0 .0026
23 46.7 .0027
24 38.3 .0029
25 28.1 .0030
Snodgrass Ranch Reservoir, Wyo., SW; sec. 8,
T. 39 Noy Re 81 Weereuaann 26 60.5 .0063
. 27 58.5 .0090
28 62.8 .0100
29 64.1 .0160
30 67.7 .0152
Darlington Reservoir, Wyo., sec. 13, T. 43 N.,
R. 67 W.:
UPPEr 6NA:s ceeeesesasosssssessnssassssosnssssnses 3297 71.6 .0210
lower endececececcsnsnses cesecsassssesssscenan 3208 58.3 0087
Darlington Reservoir, sec. 36, T. 45 N.,
R. 67 W.:
UPPOT ONAs cesoossssessscosssssssccsssssssssosse 3209 65.7 .0028
lower eNndsecevessescsesscscscsesannonssccssssoss 3300 53.0 .0026
East Slagle Reservolr, near Lance Creek, Wyo.:
UPPEr €NA:scecrossessscsssasssssonsvsasnce cesees 3287 63.1 .0163
lower end.cesescces sescesacssecactsssasassonne 3288 60.4 .0168

%/ Collected by Soil Conservation Service.
2/ Collected by U. S. Bureau of Reclamation.



Table 31.--Particle-size analyses of sediments deposited in reservoirs, Powder River drainage basin

[Methods of analysis: S, sieve; P, pipette; C, chemically dispersed/

Deposited sediment
Date atirin Percent finer than indicated size (mm) Hethods Remarks
(2 per cu £t) ['5 001, [0.008 [ 0.016 [0.031 | 0.062 | 0.125 | 0.250 | 0.500 |2nalysis
Sept. 19L9.. Th.7 2y 28 33 39 LY 93 1100 Jeseeee SPC Salt Creek Reservoir north of Midwest, Wyo.
Doeeeses 75.8 28 31 36 k2 59 94 | 100 f.cenne SPC .
DOessses 79.1 26 3 37 k2 58 91| 99 100 SPC Do.
Dosecees 73.2 27 31 36 L3 63 95 ] 100 Jeeeees SPC Do.
DOecoses 79.8 27 32 38 Lus 61 92 99 100 SPC Do.
DOeesece h6.7 53 68 8o 90 97 99 | 100 Jeeoeos SPC Snodgrass Ranch Reservoir, Wyo., SE% sec. 22, T. 4O N., R. 81 W.
DOesecee 52,0 48 61 7h 8s 96 100 |eveecefecseee| SPC .
DOvseses Ls.9 50 65 78 88 96 100 fesacesfosecen SPC Do,
DOseesse u6.5 L9 6l 77 86 93 100 feeeoee]ecease SPC Do.
DOeesses 38.4 55 72 86 ol 97 100 |evevec]eeaces SPC Do.
50.6 70 76 88 ol 98 100 {eveessfeceeas SPC Snodgrass Ranch Reservoir, Wyo., NE% sec. 20, T. 4O N., R. 81 W.
19.0 60 | 77 | 89 | 9% | 97 99 | 200 |.e....| sPC .
L6.7 59 7k 8L 90 96 98 1100 |......| sPC Do.
38.3 58 (N 86 9L 97 100 feesces]sesesa] SPC Do.
28.1 (1] T4 86 9l 98 100 Jecececfecsane SPC Do.
60.5 w3 Sh 63 73 89 100 Jecececfeccees SPC Snodgrass Ranch Reservoir, wWyo., Swi sec. 8, T. 39 N., R. 81 W.
58.5 38 L8 59 71 89 100 Jeeosesfoocnee SPC Do.
62.8 32 L5 59 3 92 100 feeeecefoeeee.| sPC Do.
64.1 25 38 50 6l 88 100 Jeessos]ececee SPC Do.
67.7 26 38 3% 64 88 100 |ecoceslecesee SPC Do.
Table 32.--Particie-siu analyses of stream-bed material, Powder River drainage basin
[Hethods of analysis: S, sieve; P, pipette; C, chemically dispersed/
Deposited sediment
Date S:::ﬁic Percent finer than indicated size (mm) flethods Remarks
(1b per cu £t) g 50, T0.008 | 0.016 | 0.031 ]0.062 [0.125 [ 0.250 |0.500 | 1.000 | 2.000 | k.00 | 3Ral¥sis
1949 '
Aug. 6... 92.6 veveve]ocecae]oecrceleeeess] 11 33 ks el 93 99 | 100 s South Fork Powder River near Kaycee, Wyo.
Doceses 90.9 [ FTTRTYS e L 9 23 S3 72 83 93 S Do.
DOeoces 91.5 [P PP PR P 8 15 22 48 76 86 | 9 s Do.
[V J 88.5 R I I Iy 3 8 35 YAy 8l 90 95 S Do.
Doeeees 9%.3 essses]ocsces]escece]oncnns [v] 2 6 15 63 75 86 S Do.
Dosense 83.6 11 29 L8 Sk 76 9L 100 feeeeee] SEC Do.
Dosesss 81.9 7 8 10 15 | 33 91 100 Jeceoco]oscccsfeconcefocscas SPC Middle Fork Powder River near Kaycee, Wyo.
DOesese 76.3 7 7 10 19 39 90 99 OO Jecevoofecsoscoeccoss SPC Do.
DOeeces 83.7 7 7 10 1k 34 91 100 Jeeeooalocencclosccacfescase SPC Do.
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Aug. 8... 33.9 PRPURRTS PR TN P g Ss?g 100 Jeevecofoocccsfoccosne Salt Creek near Sussex, Wyo.
eeote 701 essecsfoececcoecocsnjonance . 100 oevece Joscvee Jeacser e DO.
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DOeesns 4.9 PN FT TN PRI P TIes 15 9k 100 Jecoseofoosessafoscene Do.
DOsenss 88.6 IO ITTITTS YT FTTTes 16 9k 100 - Jeecoosfooscenfecsacs Do.

52 89 96 98 | 100 Crazy Woman Creek near Arvada, Wyo.

Aug. 2h.. 82.6 N s

Doecsees by N I e ey 6 56 91 97 99 .
DOcsose 90.7 essseefosesselecacse]encncs 6 S7 90 96 98 Do.
Doceses 89.L T By e oy 5 52 92 98 | 100 Do.
m"'l. 81.3 cesecefacocsrforcssejocence 7 62 95 99 lm ml

Powder River at Sussex, Wyo.
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DOessee 86.
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Aug. 24.. 73.1 PPN APPPTY PPN P Powder River at Arvada, Wyo.

Doesses 70.8 2 55 9 99 100 leseres Do.
Doceeses 85.9 Ry m 17 73 98 100 Jesssee]ecoeee Do.
Doseces 90.6 TP PR T Iy 17 77 97 99 100 feeeoas Do.
DOsones 82-3 sessceloccecofocvscce|cscese S 55 95 99 100 Jeeonee Do.

Aug. 26.. 92.3 PP P YT BT Powder River near confluence with Clear Creek.
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Doesees 96.0 eesons]eccecafensene]onases ] 30 72 9 98 Do,
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Do.

Do....- 73oh 16 20 2h 27 h? 72 93 100 dseeseffeccccnjocecene
Doseess 77.1 15 18 21 2l Lo 69 92 99 100 Jeceeoe]oreses

Aug. 28.. 80.8 16 | 23 | 39 | 60 | 82 | 99 100 |eeeeee]eesiis]orens]eenns
Doeeere 90.1 8| 11 | 16 ] 23 [37 | @ ] 98 100 Jeececrefocerasfocenes
Do.eee. 73.8 2h | 29 | 3u ] b3 ] 60 | u 200 [ieeeeiferreceferscni]oneens
Do.er.s 78.1 20 | 25 | 32 | 40 | sk | 82 | 97 100 Jeeerre]occeac]enenns
Douesee 65.8 B | 37 | 53| 72 |8 | 98 200 [eeeeeefecceoc]isccie]oeenas

90.3 16 6L ol 99 100 feeeeas
93.6 . 15 63 86 98 99 | 100
92.5 .
96.3 .

91.1 eesseslocscecfoconce

Powder River near lMoorhead, Mont.
Do.
Do.
Do.

Powder River near Migzpah, Mont.
Do.
Do.
DO.
m‘

Aug. 30.. . 95.2 T CTT] R Ey Powder River near Powderville, lont.
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Doveses 103.9 weeosefsevesc]eccoce] coveee 23 h9 61 81 92 97 Do.
Doeeses 97.2 R e B By 22 51 66 8l 931 98 Do,
Doeesse 105.6 TITY Ry BT e 17 ko LY4 81 92| 95 Do.
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Table 33+--Analyses of water in the Powder River drainage basin in Wyoming and Montana

[Xna.'lytical results in parts per million except as i.ndicateg

) Daily Spe:ifi.c P Hardness as |p er

conductu- O~ -

Date of mean oi | 2ace  |Silica| Iron gm nﬁgm Sodium | tas- 2:;::; Sulfate i};]&:' i]it:i:— tiﬁ;e Boron sgi:;d CaC0y cent

collection diz:?:z)-ge I(n:igoc; (8102) | (Fe) (ca) | (g) (Ma) s(.’;(u)m (K03 ) (s0y) cn | ® [( 1i03) (B) solids rotal S:;;: ;i(.,u-m

at 25 C) bonate
Powder River at Sussex, Wyo.
Nove 30, 1949eee [sececesse 17.8 | 1,500 1 0s04 227 60 152 240 548 87 046 3.9 | eves | 1,130 564, 3671 37
Jane 6, 1950ecee | ececcceee |77 | 2,030 16 o 191 66 213 288 758 127 N 505 | eeee | 1,520 T8 512] 38
Jane 3lececscecs Jeevecsens 1745 | 1,830 22 vese 282 63 48 304 643 102 o6 2.8 | 0.30 | 1,310 963 Tl 10
Mare 3ecececcces 15 T.8 § 1,740 23 <02 [154 53 18l 218 645 103 o8 5e2 | 2see | 1,280 602 231
Apre Gecesensses 301 7.7 ] 1,990 23 10 |14 49 241 216 750 8L 4 10 25 | 1,410 561 384 | 48
May 6ecevesesecs 608 76 | 2,600 13 «10 160 47 373 196 | 1,100 67 6 | 1.2 «20 | 1,860 593 4321 58
June Teeseesossee 282 7.[1, 790 1 «02 80 24 68 161 255 33 oly 2.1 «10 572 298 166 33
RIY becesescess | 109 7.2 3,500 | 15 06 |259 87 190 219 |1,600 |118 8 | 346 | coee | 2,720{2,000f 80| 52
Aug. Revssssseee 11 7.8 3,%0 12 .Oh 2[58 88 3‘;2 226 1,190 210 o9 8 .26 2,200 980 795 &3
Septe Beseccones 24 7.7 1 3,660 11 «O4 321 109 467 238 11,540 327 1.1 8 «30 | 2,890 1,250 1,060] 45
Powder River at Arvada, Wyo.
May 3, 1946eeess 500 T7 704 vsseee 10,05 | 94 24 37 206 203 21 Qa3 LeO | ceee 509 333 L] 19
June leeeseccsse 530 8.2 | 1,000 esssee | <05 |111 34 85 190 385 30 ok 340 | eose 789 A7 261 31
July 20ecccccecs 184 8.2 | 1,770 esseee | <05 |239 55 155 181 922 35 8 o0 | eoee | 1,590 822 67| 29
Septe 9eeceseses 230 [7.8] 1,830 |eeeees| .05 |311 68 8l 1% |1,080 | 21 7 | o6 | eeee ] 1,690[2,130] 977| 1
Octe 2e00ccccces 90 8.2 | 1,520 essses | 420 |265 58 153 a 208 676 75 o8 1.0 | eeee | 1,230 650 w91 34
Apre 4y 1947 ecee 261 8.2 | 1,610 12 «10 {149 L7 168 184 682 Wb ol 40 «19 | 1,200 565 aL] 39
eessecncnse 81l 8.2 | 1,580 17 «05 |153 51 193 b 196 756 2 ok Lely 29 | 1,310 591 301 42
June Leeseessses | 1,040 8.1 | 1,080 U, «08 |106 30 120 154 462 26 o5 L0 28 388 2621 K0
June 29. cescscee l}9l.|, 842 1,150 lll. «10 99 30 127 U;B h77 21 8 h.O «20 370 253 lga
Auge 20eccccccee 1.5 |8.4 | 2,500 14 04 1253 101 288 ¢ 213 |1,240 6 ol N 33 | 2,150 | 1,050 8701 37 .

July 14, 1948... | 2,000 6.6 | 1,860 | 29 .50 |2 6l 11 26 | 916 | 23 o5 3 | eeee| 21,5200 939 5| 20
Nove 3eceeccesce 121 8.0 | 1,620 . 9.0 <02 1157 55 162 220 666 66 o7 2.6 «12 1 1,230 618 438 36
NoVe 30ceccsscee 120 Te9 | 2,070 12 «05 1209 85 24 31 921, & ) 2.9 «28 | 1,680 87 6161 35
Mare 3, 1949+eee | 1,500 743 | 1,360 948 | <04 122 35 125 124 552 29 o | 3.0 09 938 | hu8 346] 38
Apr. 12cescsssee 3[‘2 7.5 2,300 11} 02 175 68 298 207 1,060 61 8 3.7 seee 1,780 716 5‘;6 ‘.8
June lecesecscss 324 Te5 | 1,370 13 02 1123 34 147 179 532 » i3 7 362 | eece 985 W7 3001 42
JULY beceocscsce 214, 7.3 | 1,820 15 «02 201 57 162 210 800 57 5 1e3 | eoee | 1,400 736 564 | 32
Dece Teevconcces 30 8.0 | 2,290 17 Ok |214 92 239 312 975 11 N 51 301 1,810 913 6571 36
Jan. 3, 1950ee.. 22 749 | 2,650 25 seee |168 108 362 416 | 1,080 127 N 663 | seee | 2,080 863 5221 18
Febe Teeecsccane 45 Teb | 2,680 24 02 (235 6l 367 312 | 1,160 125 N Te8 | even | 2,150 850 59L) 48
Mare 2¢cccevccas 90 7.8 | 1,560 20 «02 1130 L5 172 180 603 3 ok L7 «05 1 1,140 510 3621 42
ADPre Gescesscnee 258 771 1,830 19 <04 §159 54 174 220 675 Vi o6 Le5 30| 1,270 619 4391 38
May 15¢eccccsces 2 |7.6 | 2,10 | 18 .10 182 53 262 166 1,010 | 37 6 | 1ok | oeee | 1,650] 6721  536| 16
June 6;0.0;.0000 m 7.7 1,020 ll.. .Oh. 95 28 90 160 355 31 '6 305 ssoe 736 352 221 36
July S5ecccceccse 128 73 ] 1,550 1 04 {173 52 147 150 760 34 o5 362 | eese | 1,260 616 5231 33
Auge 3ececcceces 640 |76 | 2,320 12 Q2 1217 12 209 244 | 1,170 24 o3 1.2 «351 1,870} 1,000 800] 31
Septe 28secscces 21 T2 | 2,690 1, 02 |24 90 313 206 | 1,330 el 8 248 | eees | 2,170 978 89| 1
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Powder River near Locate, Mont.

Nove b4, 1945e.. 125 8.0 1,760 8.4, |0.07 | 162 65 178 5.2 302 ey 42 0.3 3.2} 0.04] 1,410 672 Ly 37
Aug. 31, 1948... 58 7.6 1,910 1, 02§17 60 204 28 860 28 b S| . L,470| 693 4931 39
Octe 270s0cceces 258 79| 1,960 18 «0L | 176 62 245 238 921, 48 5 15| eeee | 1,59 694 499 13
Dece 2lecenceces 80 8.0] 2,220 18 . 21 95 187 37 904 56 o5 3.9 19 | 1,670 924, 617 31
Febe 27, 19494, 80 75| 1,630 16 «02 ] 151 62 14 304 580 L6 ok | 3.8 «00| 1,150 632 383 | 32
Mare Teesesesees | 11,100 77 610 9.0 «02{ 56 16 55 147 182 7.0 5 3.9 17 133 206 8| 37
Apre 26ecceccsse 592 7.8] 1,870 13 <02 | 116 63 199 238 776 35 ok 26 | eees | 1,350 624, 4291 4
May 2hececssceee l’ltéo 705 9‘)‘0 p A «02 88 26 76 168 3]2 18 ol 2.3 xry) 685 327 189 3‘}
June 27eecsoecns 673 746 810 7A Q021 72 18 75 130 276 1 o5 ] 22| eeen 5831 254 47| 39
July 1Besecccces 286 746 2,520 17 «02 | 219 75 2172 236 | 1,130 52 N o6 | eees | 1,880 855 661 B
Dece 5ecescscsee 220 TeT| 1,900 3 eses | 168 75 183 300 775 A4 oly Lhe8 | ceee| 1,410 728 L1 35
Febe 8, 1950ceee 1 | 6.9 3,700 38 «02 { 322 145 512 685 | 1,700 16 b Te0 | eeee | 3,190| 1,400 838 | 4b
Mare 3eccceccces 50 Te5 949 1» Jd0| 8 28 100 156 357 21 2 2¢9 | eeee 730 315 1871 K
Apre bescececess | 1,630 Ta7 891 21 20| 69 23 96 170 305 12 ok 1.3 20 678 267 1281 Lk
May 2eecescesese| 1,000 77| 1,120 iV 201 T2 25 147 204 388 20 N Lo | eoee a3 283 16| 53
May Fecessseceee| 1,510 7.7] 1,610 14 10{116 AN 21, 208 680 28 o5 LeO | wees ] 1,200 1,58 2871 50
June becosescees 870 8.0 856 16 OLt 75 2l 80 156 295 15 o6 1e5 | eoee 600 286 158| 38
June 26eesessess| 1,030 ) 767 13 OL| 68 21 7 140 265 15 2 1.4 «20 552 256 11| 38
JULY 5eccccccese 258 7.6 1,220 17 <04 | 103 30 147 199 L85 22 o5 oT | ecee 98 381 218| W
JULY 17eeececces 288 Te51 1,430 12 «02 1113 40 149 208 540 21 o3 3.6 «20 98l 16 2751 42
Auge 2ecs0erccee 87 7.6} 1,930 17 «02 | 155 62 213 234 835 28 ol 1.0 «301 1,430 640 Lhg) 42
Septe Lecosseoas 10 Te5] 2,220 18 «02 1155 63 307 27L | 1,000 35 o5 o7 30| 1,710 647 251 51
Middle Fork Powder River near Kaycee, Wyo.
Hay h, 1910600000 hél.. 8.1 5% eseces | 010 63 12 33 m 134 13 0.l 3.0 eese 362 207 89 26
June 2ececccccce 354 8.1 505 vesese | 10| 64 10 50 182 131 16 ol 15| eoee 396 201 521 35
July 19ccccccses 49 8.4] 1,010 seseee | 101111 27 106 d 248 355 30 3 1e5 ] ceee 759 388 1851 37
Septe 10esecdsese 92 8,1 1,230 esvece | 10} 160 29 9l 232 494 b6 ok 2.0 | eeee 985 518 328 28
Oct. 310..-.-.0- 118 8.3 1,130 eveses 005 110 37 116 a 21&2 ‘m 38 03 1'5 ccoe 870 1‘27 228 37
Mare 30, 194740 169 8.0 972 19 +05 | 115 39 72 207 368 34 5| 23] .28 0]  LAT 277| 26
May 1beecccccose 7o 8e4 502 14 «05] 70 19 21 a 157 1L 13 o ol 18 398 253 24| 15
June 27.eeccccce 384 8.2 506 15 05| 62 22 2 155 140 16 ol 6| o2 368 245 ns| 17
July 1l5¢cecssees 98 8ol 37 1n Ol 77 34 51 b 185 228 36 oh 1.4 18 548 332 180) 25
Auge 12ec0ccccne 29 7.9 928 12 <05 | 104 41 72 215 31 59 oy 1 21 760 128 2521 27
Mare 2, 1949¢eee 330 7+7] 1,060 13 04t 91 33 87 158 360 31 o3 27 «09 751) 362 2321 34
May 3lececcccace 26 77 ™7 13 021 T4 23 35 164 178 23 3 18] ecee 491 279 U521
JUlY Besecoscnee 16 8.1] 1,250 13 «02 | 108 2 110 226 390 62 oy T oces 922 L2 2571 35
Auge 2ecvccccccs 2 | 7s7] 1,630 15 «05] 130 49 189 231 520 kI oly 2.6 | eosel 1,160 526 337] 4
Sep‘b. 2060000000 39 7.8 891 n +02] 103 35 L9 1‘06 353 13 2 1.5 30, 682 401 281 21
NoVe 30scctceces 100 Te8] 1,200 12 «0L } 120 51 92 24 408 58 oh 19| ecee 920 509 309] =28
Jane 6, 1950¢e0. 100 7.8] 1,530 39 ceee | L4k 58 103 280 468 T2 5 LeO] eeee| 1,080 598 368}) 27
Jane 3lecccccces 100 Te8| 21,370 14 eeee | 138 51 102 280 37 62 ok Le3 ] eeoe L7 55L 324 29
Mare 3ececccecece 110 79| 1,260 26 <02 | 136 [ .96 244 433 54 ok 2.2 10 9 521 321 29
Apr. 6.0.-0'-.0. Ms 7.6 1,380 ll} om 120 ’*3 131 222 l§83 51 .6 2.9 ssee 955 h77 295 37
Hay becessccccce 356 Ts6] 1,330 18 «04 ] 108 37 133 186 493 28 o6 Lel | eoee 914 22 269] 11
June Teeescscsese 339 7.8 600 1, «10| 60 20 40 154 154 21 2 LeT7| ooee 4oLy 232 1061 27
July Gessssscces 38 7.6 1,260 1 +101 110 L 128 221 471 43 3 8 LYY XY 982 l.|.56 275 38
Aug. 2.. esecocee 205 7-9 1’ 570 508 .% Bh 510 m 219 555 'B 03 0’& 035 1,070 556 376 35

See footnotes at end of table, p. 90.
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Table 33.~—Analyses of water in the Powder River drainage basin in Wyoming and Montana~-Contimued
[A'na;lyhical results in parts per million except as indicateﬂ

o Sp:cchilfi.c P Hardness as P
aily COl cl— O~ er—
Date of mean ou | ance |Silica %ron 2211; n::i:m Sodium | tas~ g:;::; Sulfate i]f&‘;' 1;];"';;‘ tﬁ;e Borc)»n sgi:;d Cac0s cent
1lectiol disch: mi S F N >4 SO B Non-
collection | discharge | P* | (mioro- | (si02) | (Fe) | Goo) |"Gg) | ™) | 5" | Chooy) | ) |Ten) | | womd| @ |sonie| motar | rorm | oo
at 25 C) bonate
Middle Fork Powder River near Kaycee, Wyo.—-Continued
Sept. 8, 195044 | .7 [7.7] 1,80 10 Jo.o2fum9 | 57 | 200 | 210 | 658 130 [ oen | 0ol | eeee ] 1,310] 606 | 34| 42
Crazy Woman Creek near Arvada, Wyo.
Dece Ty 194F00ec | sovcesnsse | 7e8 | 2,290 1 0.02 |224 120 171 330 |1,080 19 Oelp 242 | 040} 1,790] 1,050 ™[ 26
Mare 2, 1950ecee 7.8 1,490 28 02 1148 5 105 2L, 663 10 2 3.0 «05 | 1,150 678 478] .25
June 6.0-0-0 137 7.8 8&2 15 «10 76 32 63 1148 313 5.0 oh 2.0 «20 633 321 200 30
July 5S¢0 .. 57 7«4} 1,080 11 20| 97 47 83 171 445 Te7 ol 1e3 | seee a8 436 2961 29
Septe 28¢0cesces 12 7.9 1,810 T«C <0l | 162 92 147 216 870 13 3 o 33 | 1,400 782 6051 29
Clear Creek near Buffalo, Wyo.
Dece 7, 1949ecce 540 |75 130 17 0L | 16 34 10 7= 13 1.0 2 1.6 15 94 5L, ol 29
Mare 3, 1950ccce 2e3 | Tols 113 22 021 11 1.9 12 62 3.0 Le0 ol 2,0 «00 88 36 of 42
June 6...0000.-. 332 06 L.Z.O 1 <04 6-0 8 307 20 7.0 1.0 2 8 «30 38 19 3 30
Septe Becececcee 7.8 | 7.0 87.9 1 15 02 9.5 1.8 5.5 45 5.0 o5 ol 2 «20 68 31 o} 28
Clear Creek near Arvada, Wyo.
Dece. 7, 191;900.0 86 8;0 1,3&) 12 scesn 135 62 113 308 553 206 03 6-3 .20 1,01.0 592 339 29
Mar. 2, 1950...0 6‘5 7.h 916 6"‘- «02 83 M 66 208 335 500 ol 5.5 eece 722 388 217 27
June beceeee 1017 708 h9‘0 1 04 46 19 29 120 YA/ 1.0 2 1.8 «20 336 193 95 24
July 5eee 303 T3 545 846 02| 46 23 32 119 170 1.0 ol 243 <10 366 208 11of 25
Septe 6ee 349 |7.5] 1,820 Tely «02 | 157 88 i 282 845 7.0 ol 5.7 «30| 1,420 54 5231 33

a Includes equivalent of 6 ppm of carbonate (C03).

b Includes equivalent of 5 ppm of carbonate (
¢ Includes equivalent of 10 ppm of carbonate

%0

d Includes equivalent of 14 ppm of carbonate (CO3).
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Table 34e—Powder River drainage basin salinity stidy, Sept. 10 to 14, 1949

[Analytical results in parts per-million except as indicated/
) Specific N | Sodium Hardness as

Daily 0 t- b Na Per-

mean conduct- | tca | Tron |Ca1- | Mee- | ¢ + ) |Bicar-|sureate |Chiom |F1nom | M- | Die- CaC03 cent

Source dis- ] pH (micro- | ( Si0p) (Fe) cium | nesium potas- bonate (s0,,) ride | ride ]trate |solved Non- | so-
char, mhos/em | . (Ca) | (Mg) sium | (HCO3) h (cu) | (M (N03) |8014ds | Potal | car- | dium
(cts at 25 C) (k) bonate
South Fork Powder River near

K&y’eee, Wyo................... csscee 7.‘} ' 2,61;0 15 o.% 228 55 329 158 l,&o 218 1.8 7-2 1,950 795 665 l}7
Powder River at Suasex, Wyo- eeee | sovene 705 2’%0 10 o 228 77 256 198 960 195 1.0 2.0 1, 830 8% m 39
Powder River at Arvada, WyOesese 2.0 17.6] 3,100 Lely 02| 236 99 369 182 |1,360 162 1.2 246 2,330 | 996 8u7 L5
Powder River at Moorhead, Monte. | 54 T.7] 1,580 542 02 | 126 81, 115 262 656 6ol ] 33 1,130 660 W5 28
Powder River near Broadus, Monte | eeeeee | 7o7| 1,630 Te2 02| 124 80 1 2L, 2 10 8 2.0 1,210 639 439 33
Powder River near Locate, Mont.. | 44 Teh ] 2,010 10 «02 | 138 9 220 240 880 20 1.2 1.4 1,470 670 470 2
Powder River at muth, Monteesss [ esccce 7-5 2’1110 9.6 «02 15‘& 71 261 240 968 25 1.2 lolb 1,610 677 l{&) li.é
Middle Fork Powder River near

Bm’ mocccooooooooooo.too escese 8.5 293 10 016 32 17 1Q8 a172 5.6 hto 1l 07 158 150 9 3
Middle Fork Powder River above

K&ycee, m...-....oo.oooooooo l.D 7.9 1,030 10 «10 121 55 201; 38l+ ]3 2 103 75h llé" 300 21
Middle Fork Powder River at .

cheer"IO..-.......«‘ooooooco cesoce | Te7 1,1150 1 «06 128 53 127 206 504 8‘; oy o0 1,010 538 369 34
Middle Fork Powder-River near

Kaycea, m-o-bono-ou.--oo-ooo 12 707 1,520 8.0 loh ]35 53 11;8 222 560 79 l‘l’ «0 1,090 555 3” 37
Beaver Creek near Barmum, WyoOeee | secess | 80 1,160 17 Jd2] 125| 59 58 236 460 3¢5 o2 | kel 898| 5551 361 | 19
Red Fork near Ba.rmm, Wyo....... essees | 842 616 908 12 59 29 35 b 228 ].'l.h 25 2 8 39!‘- 267 80 22
North Fork Powder River near

Mayomrhh, Wy‘o..............u 18 8.2 9@ 15 «10 83 L0 63 [ 261]. 288 1.5 o2 3 638 372 156 27
North Fork Powder River near .

Wcae, Wyo.ou,.'u..uu..... esssee 7.‘(. 2,0& 1 04 156 % 253 282 98&. 26 oly o5 1,660 7’13 512 1%
Salt Creek near Sussex, WyOeesoe | sesees 7.8 h,lﬂ.O 7.6 «10 258 113 792 292 2,2& 152 1.0 0 3,750 1,110 61 -
North Fork Crazy Woman Creek )

above Billy Creek near

Buffalo, WyOeesesocecesscessss 9¢8 | 77 252 15 ol 26 8.9 12 102 W 1.0 2 9 158 102 18 20
North Fork Crazy Woman Creek

below Middle Fork near

Bzﬂ‘alo, WyOesessscessessssses [ secece | Te9 1,130 13 o1 95 56 67 222 406 Le5 2 1.9 822 458 24
Crazy Woman Creek near Buffalo,

wyo......'..'..'.....‘...I.... XXX XY ) 7.9 1’770 6.8 .0‘0 152 1w m 216 %0 u '6 .2 l’Bm Wl 6M- 28
Middle Fork Crazy Woman Creek at .

G'reub, Wyo........... Ty 10 8.1 h92 16 10 63 19 9.0 170 108 1.0 2 07 318 235 96 8
Poison Creek near Greub, Wyo. oo | ssevee 7.8 3’710 15 01-6 1;66 w 33h 256 2,11}0 25 .6 .7 3’250 1,750 1,5“0 29
South Fork Cragzy Woman Creek

near Greub, m.ou'ootcto--ooo vecesrs | SBel 1,220 lh )2 98 60 105 29‘5 14.52 3.5 2 1.6 9% 1191 250 32
Clear Creek near Mfalo, Wyo.. . 20 7.[0 6600 12 '% 10 1.0 o5 32 362 'l} «0 o2 146 29 3 3
Clear Creek near Arvada, Wyo....| 62 | 7.8| 1,620 602 | w02] 32| & | n2 23, | 7on 5.0 <8 | 7.2 | 1,170| 696 | s0n | 28
Piney Creek at Kea.rney, WO.. e i Te 200 1 o0 28 7.0 9 104 1, 1.2 «0 2 126 99 14 2
Lake De Smt, m.oooocooooooo~o seseese 8.0 1,020 10 «10 53 M m 200 368 7.8 2 1.8 8]6 311} 150 M

See footnotes at end of table, p. 92.
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Table 34e.~~Powder River drainage basin salinity study, Sept. 10 to 14, 1949--Contimued

[inaly‘bical results in parts per million except as 1nd.icate<_i7

D Specific Sodium Hardness as
mean oonot= | gi1sca | Tron | 081~ | Meg- (’f) Biear- | o .o oo | Chlo- | Fluo- | Wi~ | Dis- CalC03 Per~
Source dis~ | pH (micro- | (510 ? (F:‘)I cium | nesium potas- bonate (30,) ride | ride | trate | solved Non~ | so—
‘Ehi.r mhos/cm 2 (Ca) [ (Mg) |"oiyy | (HCO3) b (61). | (F) |(w03) | solids Total | car- |dium
ofs at 25 C) (K) bonate
Little Powder River near
Broadus, Monteesssssessssscece 2. {74} 2,690 642 10,02 { 137 ™ 4,08 329 1,210 946 | 1.0 2.0 |2,020 659 389 57
Yellowstone River above con-
fluence with Powder River,
Montessesesccoscscsconscvssere | sosces | 7a5 867 12 02 66 26 80 196 252 1 Lok 4e0 610 272 111 39
Yellowstone River at Terry,
Mont....nn.........u...u.. sevsee 7.5 853 M <02 67 28 77 200 256 10 l8 Bol& 616 2& 118 37

a Includes equivalent of 12 ppm of carbonate (CO3).

b Includes equivalent of 8 ppm of carbonate
¢ Includes equivalent of 6 ppm of carbonate
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