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CHEMICAL QUALITY OF WATER AND SEDIMENTATION
IN THE MOREAU RIVER DRAINAGE BASIN,
SOUTH DAKOTA

By B. R. Colby, C. H. Hembree, and E. R. Jochens

ABSTRACT

This report gives the resultsof an investigation by
the U. S. Geological Survey of the sediments and dis-
solved minerals that are transported by the Moreau
River.

The Moreau River drainage basin is a narrow basin
in northwestern South Dakota that covers about 5, 360
square miles of rolling, grassy plains, which are bro-
ken bybuttes and by some small areas of badlands. It
is underlain by shales, sandstones, siltstones, and
limestones that are primarily of Cretaceous age. Pre-
cipitation averages about 16 inches per year. Average
annual runoff is about 0.7 inch but varies widely from
year to year.

The chemical quality of the water in the Moreau
River is directly related to the geology of the area.
Water affected by the Hell Creek formation and Fox
Hills sandstone is predominantly a sodium bicarbon-
ate type, whereas water affected by the Pierre shale
is a sodium sulfate type. In general, water from
streams that drain areas underlain by the Pierre shale
is more mineralized than water that drains from areas
underlain by the Fox Hills sandstone. Water that
drains from areas underlainby the Hell Creek forma-
tion is least mineralized.

The short-term chemical-quality records obtained
during a wet climatic cycle are not representative of
a long term. The average specific conductance and
average percent sodium, each weighted with the water
discharge and adjusted to include estimates during un-
sampled periods of low flow, were computed for the
3-year period at Bixby, S. Dak. The averages show
that if all the water for the entire period were im-
pounded without loss, the specific conductance would
be 632 micromhos and the percent sodium would be 57.
This water rates as good to permissible for irrigation.
However, the estimated rating for a 21-year period is
permissible to doubtful. In addition, water impounded
during a dry climatic cycle would be conducive to the
formation of black alkali if this water were applied to
the soil. Therefore, the impounded water should be
used only on land where adequate drainage facilities
are provided and where infiltration rates are sufficient
to provide low rates of evaporation and high rates of
flushing.

Suspended sediment transported by the MoreauRiv-
er is mostly fine material, principally clay sizes.
Median particle sizes not weighted with water dis-
charge averaged about 0.0016 millimeter for the sta-
tions at Bixby and near Faith.

From April 28, 1949, to September 30, 1951, the
MoreauRiver at Bixby discharged about 175,000 acre-
feet of water and about 1,080,000 tons of suspended
sediment. Approximately 90 percent of the water and
the suspended sediment was discharged duringthe wa-
ter year that ended September 30, 1950. During this
water year the streamflow averaged about 21 to 3 times
the normal flow. If deposited in a reservoir, the
1,080, 000 tons of sediment would occupy a computed
space of about 980 acre-feet soon after deposition.

From August 15, 1946, to September 30, 1949, the
Moreau River near Faith discharged about 380, 000
acre-feet of water and nearly 2, 000, 000 tons of sus-
pended sediment. If deposited in a reservoir, the
sediment would occupy a computed space of about 1,820
acre-feet soon after deposition.

INTRODUCTION

Purpose and Scope of Investigation

The investigationby the Geological Survey of chem-
ical quality of surface waters and of sedimentation in
the Moreau River drainage basin is part of the pro-
gram of the Department of the Interior for the develop-
ment of the Missouri River basin. The overall plan
includes regulation and control of flood waters, irri-
gation of additional land, and productionof hydroelec-
tric power. One requirement for the planning of suc-
cessful and economical projects for this overall plan
is aknowledge both of the chemical quality of the sur-
face waters and of the quantity and particle sizes of the
sediment that is transported by the streams.

Successful irrigation depends not only on the type
of soils, drainage, and climate but also on the chemi-
cal quality of the water to be used. Data on the chem-
jcal quality of surface water in the Moreau River basin
were collected and interpreted to show the variation
in the quality of the water and the changes that may be
expected in the chemical quality when the water isim-
pounded in areservoir. In this investigation the qual-
ity and quantity of dissolved constituents in the main
stream were correlated insofar as possible with geo-
logic, climatic, hydrologic, and cultural character-
istics of the drainage basin.

The samples analyzed for dissolved constituents
were collected at four gaging stations that are opera-
ted by the Geological Survey. Samples were collected
daily at stations at Bixby, March 1949 to September
1951, and near Faith, April 1947 to September 1949,
and infrequently at stations near Faith, November 1945



t0 March 1947, and Eagle Butte and Promise, Novem-
ber 1945 to September 1951. The analyses of these
samples and, in addition, the analyses of samples that
were collected from major tributaries for a special
salinity study are the basis for the chemical-quality
discussions of this report. Dissolved solids, specific
conductance, pH, silica, iron, calcium, magnesium,
sodium, potassium, bicarbonate, sulfate, chloride,
fluoride, nitrate, boron, percent sodium, total hard-
ness, and noncarbonate hardness usually were deter-
mined. For some samples sodium and potassium were
calculated and reported as sodium; boron was not al-
ways determined.

The investigation of sedimentation in the Moreau
River basin was undertaken to determine (1) the quan-
tity of sediment in transport in the Moreau River,
(2) the initial specific weight of the suspended sedi-
ment after deposition ina reservoir, and (3) the prob-
able sources of the sediments. The Geological Survey
operated daily sediment stations on the Moreau River
near Faith from August 1946 to September 1949 and at
Bixby from April 1949 to September 1951. Samples
of suspended sediment were collected at these stations
to be analyzed for particle size as well as for concen-
tration of suspended sediment.

Geologic studies were made during the investigation
to provide a background of information that is essen-
tial to the understanding and interpretation of ‘the base
data, both on chemical quality and on sediment. Per-
tinent published reports were reviewed, and a recon-
naissance of thebasin was made to study the rocks of
the area and their relationship to the dissolved min-
erals and to the sediment that is transported by the
streams. The sediment and dissolved solids carried
by the streams in solution, in suspension, or as bed
load were originally derived from the rocks that under-
lie the basin.

Previous Investigations

From April 1941 to May 1945, employees of the
Bureauof Reclamation collected and analyzed quality-
of-water samples from stations on the MoreauRiver.
They also collected and analyzed two samples from
Rabbit Creek, a tributary above the gaging station
near Faith.

Measurements of suspended - sediment discharge
were made by the Corps of Engineers, U. S. Army,
on the Moreau River at Promise on 4 days. April 13 to
16, 1931. Surface samples were obtained at Promise
during the period February 8 to July 31, 1931 (Con-
gressional documents, 1934, p. 37).1/ Suspended-
sediment records were also obtained by the Corps of
Engineers from June 1947 to September 1951.

Many reports on the geology of the Moreau River
basin have been published, but most of them were con-
cerned principally with coal resources and structural
geology. So far as is known, no one has used geology

1 See p. 35 for literature cited.

to assist insolving the quality-of-water and sedimen-
tation problems of the area.

Personnel and Acknowledgments

This investigation was made by the Geological Sur-
vey in cooperation with other agencies of the Depart-
ment of the Interior. It was conducted by the Water
Resources Division of the Geological Survey, C. G.
Paulsen, chief hydraulic engineer, and S. K. Love,
chief of the Quality of Water Branch, Washington,
D. C., and was under the general supervision of
P. C. Benedict, regional engineer, Lincoln, Nebr.

Water samples for chemical analyses and for sus-
pended - sediment determinations were collected by
employees of the Bureauof Reclamation for the station
at Bixby from March 1949 to September 1951.

Chemical analyses of surface-water samples were
made by personnel of the office at Lincoln, Nebr.,
under the supervision of H. A. Swenson.

Records of suspended-sediment discharge of the
Moreau River were obtained by personnel of the office
at Dickinson, N. Dak., under the supervision of E. J.
Tripp.

Unpublished streamflow records were furnished by
R. E. Marsh and H. M. Erskine, district engineers,

.Geological Survey, Bismarck, N. Dak.

An unpublished report in the open files of the Geo-
logical Survey by H. A. Swenson entitled "A progress
report on the chemical character of surface waters in
the Moreau River basin, South Dakota,’' covered the
chemical-quality data that had been collected before
October 1, 1947. It was used as a basis for much of
the discussion of chemical quality of water in this re-
port.

MOREAU RIVER DRAINAGE BASIN

Location and Extent

The Moreau River drainage basinis innorthwestern
South Dakota and covers an area of 5,360 square miles.
(See fig. 1.) The drainage basin is bounded by low
divides that separate it from the drainage basins of
the Grand River to the north, the Cheyenne River to
the sguth, and the Little Missouri River to the west.

The Moreau River is formed by the junction of the
South Fork and the North Fork. The two forks head
near the South Dakota-Montana State line and flow east-
ward to a junction in the southwest cornerof T. 14 N.,
R. 11 E. From this confluence the Moreau River flows
eastward to join the Missouri River in T. 16 N.,
R. 31 E., about 18 miles south of Mobridge. The
Moreau River drainage basin is about 180 miles long.

The principal tributaries of the Moreau River are
the North and South Forks, Deep Creek, Flint Rock
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Creek, Rabbit Creek, Thunder Butte Creek, Bear
Creek, and the Little Moreau River.

Topography

The Moreau River drainage basin is a part of the
Missouri Plateau division of the Great Plains prov-
ince. The general topography of the area is shown by
figure 2. The basin is an area of rolling plains partly
dissected by streams and broken in places by buttes
and badlands. (See fig. 3.) Most of the badlands and
associated buttes are in the western half of the basin.
The stream valleys in this part of the basin are well
below the general level of the land, but they do not
have the canyonlike proportions of stream valleys in
the eastern part.

In general, the valleys are narrow and have a se-
ries of terraces that rise stairlike from the present
flood plain up to and blend into the uplands. The
stream channels, except where they impinge against
high terraces, have low but steep banks. Like the
valleys in which they flow, the streams have a mean-
dering pattern. (See fig. 4.) Parts of the lowlands
along the sireams are used for growing hay, but most
of the land of the stream valleys and the rolling up-
lands is used for grazing. Some small grains are
grown in the eastern part of the basin.

Buttes, which rise sharply from the plains, are
scattered throughout the basin but are most numerous
in the western part. They are so numerous in one
county that it is called Butte County. The buttes were
formed by weathering and erosion of sedimentary stra-
ta that have different degrees of resistance to erosion.
The relatively soft rock beneath a more resistantcap
rock erodes rapidly and produces the flat-topped hills
with clifflike sides. Debris from the undermined cap
rock forms aborder of rubble at the base of the buttes
or lies temporarily on the side slopes.

Badlands are not extensively developed and occupy
only a small part of the basin. Gumbo - producing
shales, the most abundant rocks in the area, erode
into rounded hills rather than into badlands. The bad-
lands are associated principally with the buttes, but
minor areas of badlands are found along the deeper
stream valleys and at the heads of the tributaries.
These tributaries head along the divides that separate
the Moreau River drainage basin from basins to the
north and to the south.

Climate

The Moreau River basin, owing to a small range in
altitude (about 1, 500 to 3, 500 feet) and to the east-
westorientation of the basin, has a fairly uniform cli-
mate. Average annual precipitation and temperature
increase slightly from west to east. (See fig. 5.) The
annual precipitation for the entire area averages about
16 inches and the temperature about 44.8°F.

The climate of the basinis semiarid and is charac-
terized by low precipitation. Summers are hot, and
winters are cold. The temperature ranges from about
-359 to 115°F. Annual snowfall of the basin averages
about 36 inches, which is equivalent to approximately
3.6 inches of precipitation or a little more than one-

fifth of the average annual precipitation. Runoff from
the basin is low, about 0,7 inch per year.

Soils and Vegetation

The soils in the Moreau River drainage basin be-
long to one broad soil group, the Chestnut group. All
the soils are similar except in texture, because the
climate and geology are generally uniform throughout
the basin.

Most of the basin is underlain by rocks of Creta-
ceous age--the Pierre shale, Fox Hills sandstone, and
Hell Creek formation. (See fig. 6.)

Soils derived from the Pierre shale in the western
partof the basin are knownlocally as black gumbo and
have beenclassed as Pierre clayin an unpublishedre-
port of the Bureau of Land Management. The soils
developed on the Pierre shale in the eastern part of
the basin have been classed as the Boyd series. The
surface of these soils is dark brown to dark olive
brown. Both the Boyd series and the Pierre clay are
shallow, immature residual soils. The unaltered or
partly weathered shale is usually within 3 feet of the
surface of level land and is muchcloser under sloping
surfaces. The shallowness and immaturity of soils
on the Pierre shale are due more to the impervious-
ness of the parent rock rather than to erosion or any
other cause. Soils overlying the Pierre shale absorb
water slowly and are readily eroded on the steeper
slopes.

Soils developed from the Fox Hills sandstone and
HellCreek formation belong to the Morton series and
cover about half the basin. These soils have a 4- or
5-inch surface layer of dark-brown friable loam or
silt loam. Because they absorb and hold water, they
sustain a dense stand of vegetation on the more level
surfaces.

Grassland is typical of the entire drainage basin.
Cottonwoods and some boxelder, ash, buffaloberry,
chokeberry, and other small trees grow along the
streams. Juniper and pine are confined mainly to the
buttes. The most common grasses are gramagrass,
wheatgrass, buffalograss, bluegrass, niggerwool,
green needlegrass, and needle - and - thread grass.
Sagebrush grows only in a few small areas.

GENERAL GEOLOGY OF THE MOREAU RIVER
DRAINAGE BASIN

The Moreau River drainage basin is underlain by
sedimentary rocks, such as shales, sandstones, silt-
stones, and limestones. (See fig. 6.) Only rocks of
Cretaceous and Tertiary age are exposed at the sur-
face; rocks that represent nearly all periods of the
Paleozoic and Mesozoic eras are below the surface.

The area now drained by the Moreau River and its
tributaries was once the scene of alternate encroach-
ment and retreat of great inland or epicontinental seas.
Erosion was active during periods of emergence but
gave way to deposition as the seas advanced. Logs of
deep wells and measurements of outcrops in and on
the flanks of the Black Hills indicate that several thou-
sand feet of sedimentary material was deposited over
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the region during the Paleozoic and Mesozoic eras
(Rothrock and Robinson, 1938, p. 4-28).

The rocks of the Pierre shale are the oldest ex-
posed in the drainage basin. The material composing
them was deposited inthe great inland sea thatcovered
South Dakota, as well as most of central North Amer-
ica, during the Cretaceous period. The Pierre shale
was formed from fine particles that were carried to
the sea bythe streams, carbonates that were precipi-
tated when the fresh waters of the rivers mingled with
the saline waters of the sea, and volcanic dust. The
Pierre shale consists principally of verydark gray to
black clays and shales. Beds of marl and impure
chalk, as well as calcareous and gypsiferous concre-
tions, are in the formation. Bentonite, an alteration
product of volcanic dust, is characteristic of the Pierre
shale. It occurs in thin beds and is interspersed in
the shale itself.

As the Cretaceous sea slowly retreated from the
land, near-shore deposits of sand and sandyclay were
laid down over the clays of the Pierre shale. These
near-shore deposits became the brown to yellow sand-
stones and sandy shales of the Fox Hills sandstone.
In some exposures of the contact of the two forma-
tions, a distinct difference in the color and lithology
can be seen between the top of the Pierre shale and
the bottom of the Fox Hills sandstone. However, in
other exposures the change is gradual from the dark-
gray shale of the Pierre shale to the well-cemented
sandstone of the Fox Hills sandstone. !

After the deposition of the near-shore deposits of
the Fox Hills sandstone, the land was elevated above
the sea long enough for 200 to 300 feet of continental
sediments to be deposited. The continental deposits
consist of alternating strata of sandstone, shale, ben-
tonite, and thin beds of coal. Plant fragments, coal,
land vertebrate remains, and the lack of continuity of
the beds indicate the continental origin of these de-
posits, which have been grouped together under the
name Hell Creek formation.

During the Paleocene epoch of the Tertiary period
the seas coveredpart of the Moreau River basin. Ma-
rine deposits in the easternpart of the basin were laid
down contemporaneously with continental deposits in
the western partof the basin. The Cannonball forma-
tion consists of material that was deposited in the sea,
and the Ludlow member of the Fort Union formation
is composed of continental deposits. All the Cannon-
ball formation has been removed from the basin by
erosionbut is still present farther north. Onlya small
area of the Ludlow member still remains. This mem-
ber consists of sandstone, shale, coal, and clay and
can be distinguished from the underlying Hell Creek
formation mainly by color. The Ludlow member is
characteristically yellowish, whereas the Hell Creek
formation is dull brown to gray.

Small remnants of the White River group of Oligo-
cene age remain on the tops of several buttes in the
western part of the basin. Rocks younger than the
Ludlow member andolder than the White River group
probably were originally present over much of this
area, but they were eroded away before the deposition
of the White River group. The Chadron formation,

which is the basal formation of the White River group,
consists of gravels, sandstone, clay, and silt and is
a buff color. The overlying Brule clay is composed
of silt, clay, volcanic ash, and minor amounts of sand-
stone.

Rocks of Miocene and Pliocene age probably were
once present in the area but have been removed by
post-Pliocene erosion.

Although the Moreau River basin was profoundly
affected by Pleistocene glaciation, it was not covered
by continental glaciers except in the extreme eastern
part. Scattered erratic boulders along the lower
reaches of the Moreau River are probably residuals
left by erosion of drift.

Before Pleistocene glaciationr the Missouri River
did not flow through South Dakota. In pre-Pleistocene
time the present Moreau, Grand, and Cheyenne Rivers
were the headwaters of the Red River of the North,
which then, as now, flowed into the Husdon Bay (Petsch,
1946, p. 8). During the Pleistocene epoch the Moreau
River and other streams parallel to it were blocked
by the Kansan or Nebraskan ice sheets or both. The
combined flow of these streams was diverted to the
southeast along the front of the ice sheet and eroded
the present channel of the Missouri River. The di-
versionof the Moreau River radically changed its gra-
dient and caused rapid downcutting, especially in the
lower reaches.

Recent alluvial deposits are present along all
streams in the drainage basin. Their lateral extent
and depthdepend on several variable factors, such as
the relative erodibility of the rocks in the uplands,
the area of the drainage basin, and the runoff. Re-
cent alluvial deposits are probably the largest imme-
diate source of sediment in the Moreau River basin.
The depth and lateral extent of these deposits are partly
dependent onthe supply of material from the consoli-
dated rocks. Therefore, areas of high sediment yield
are directly related to areas of exposed rocks that
have relatively low resistance to erosion.

PHYSICAL CHARACTERISTICS OF STREAMS

Among the factors controlling the characteristics
of a drainage area are climate, topography, and the
rocks that underlie the area. The interaction of these
and other factors determines the characteristics of
the stream., The environmental factors are interde-
penﬁent. That is, if the environmental factors of two
drainage areas are identical at the beginning of an
erosion cycle, the soils, vegetation, and topography
of the two areas will be similar at the end of a given
time provided the climate does not change. If, how-
ever, the rocks of the two areas are different and the
climate is the same, the vegetation and topography
will gradually become dissimilar in the two areas.
For example, the climate of the Moreau River basin
and the climate of the lower part of the White River
basin are much alike, yet badlands are characteristic
of the White River basin and rolling hills are typical
of the Moreau River basin. The different types of
rocks that underlie the two basins account for this dif-
ference in topography.



Moreau River

The Moreau River is formed by the junction of its
North and South Forks in the southeast corner of
T. 14 N., R. 11 E. It falls about 4 feet per mile as
it flows eastward to join the MissouriRiver at a point
about 18 miles south of Mobridge. From the junction
of its forks to T. 19 E., R. 14 N., northwest of Du-
pree, the river flows successivelyover outcrop areas
of the Pierre shale, Fox Hills sandstone, Hell Creek
formation, and again over an outcrop area of the Fox
Hills sandstone. For most of the distance it flows
over the outcroparea of the Fox Hills sandstone. Af-
ter leaving the outcrop areaof the Fox Hills sandstone,
the river flows to the Missouri River over an area
underlain by the Pierre shale, Eastof T. 19 E., in
the section underlainby Pierre shale, the Moreau Riv-
er has cut a meandering valley 200 to 300 feet below
the uplands.

Although the suspended-sediment load that is trans-
ported by the Moreau River is composed almost en-
tirely of particles of clay and silt sizes, most of the
bed material is sand size or larger. The velocity of
the stream may be sufficient to prevent deposition of
the smaller particles, but probably the dissolved min-
eral characteristics of the stream are also a factor.
The effect of sodium in preventing flocculation, to-
ge.her with the capacity of the stream to transport
clay- and silt-size particles, impedes the deposition
of small particles on the stream bed.

South Fork Moreau River

The South Fork Moreau River rises near the South
Dakota-Montana State line in T, 14 N., R. 1 E. and
flows eastward to join the North Fork at a point about
6 miles northeast of Inland. The drainage basin of the
South Fork is underlainby the Pierre shale except for
a few areas that are underlain by the Fox Hills sand-
stone and the Hell Creek formation and are drained by
tributaries. One of these tributaries, Sand Creek,

whose upper reaches are underlain by the Hell Creek
formation, has a very descriptive name. Above the
junction with Sand Creek the South Fork flows between
high banks of alluvium and on a bed of fine material.
Below the junction with Sand Creek its bed is com-
posed of sand and coarser material.

North Fork, Deep Creek, Rabbit Creek, Flint Rock
Creek, and Thunder Butte Creek

The gumbo clays and sands of the Hell Creek for-
mation underlie most of the drainage areas of the North
Fork and Deep, Rabbit, Flint Rock, and Thunder Butte
Creeks. In the upper reaches, all these streams are
actively eroding their channels; but in the lower
reaches, where the channel slopes are lower, they
meander and have much the same characteristics as
the Moreau River.

Little Moreau River, Bear Creek, and Virgin Creek

Pierre shale and the Fox Hills sandstone underlie
the drainage areas of the Little Moreau River and Bear
Creek. The drainage basin of Virgin Creek, which
discharges into the Moreau River at Promise, is
underlain by Pierre shale. All three streams have
cut deep valleys; and, except for Bear Creek, they
have steep gradients near their headwaters.

RUNOFF

Most tributaries of the Moreau River are intermit-
tent, They flow after heavy rainfall and during the
spring when the winter snow is melting. The Moreau
River itself has no flow during parts of many years.

Records of the flow of the MoreauRiver have been
obtained at four gaging stations (fig. 1) . No continu-
ous streamflow records have beenobtained on the trib-
utaries.

Periods of streamflow records of the Moreau River before October 1, 1951

No. on map . . Drainage area .
(fig. 1) Gaging station (square miles) Period of record
10 At Bixby -==----=mc e e 1,570 May 1, 1948, to Sept. 30, 1951
16 Near Faith -=-----c-ccmeec e e 2,660 Mar, 8, 1943, to Sept. 30, 1951
20 Near Eagle Butte --==--=-=-cccmmcmmcmeee e m 4, 320 Mar. 6, 1943, to Sept. 30, 1951
22 At Promise ---===---e-mcmmm e e e e e e 5,223 Aug. 28, 1928, to Sept. 30, 1951

Flow of the MoreauRiver varies widely from year
to year. (See fig. 7.) At Promise the water dis-
charge for the 21-year period that ended September 30,
1951, averaged 273 cfs. The minimum annual aver-
age discharge during the period was 20 cfs during water
year 1934, and the maximum annual average discharge
was 812 cfs during water year 1950,

Diversions and storage for irrigation have no ap-
preciable effect on the flow of the Moreau River. Small
amounts of water are collected in stock ponds during
periods of surface runoff.

Runoff from the Moreau River drainage basin aver-
aged about 0.7 inch during the period of streamflow
records at Promise. Some runoff comes from the
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snowmelt, but most comes from rains during late
spring and early summer. Ground - water inflow to
the Moreau River is low during most years, and the
river has no flow for many days in some years. As
the climate, topography, and soils are nearly uniform
throughout the drainage basin, runoff is probably about
the same from all parts of the basin. Figure 7 shows
that the discharge per square mile by water years dif-
fers only a little from one gaging station to another.

CHEMICAL QUALITY OF THE WATER
Proposed reservoir construction for irrigation

should be preceded by study and consideration of the
chemical quality of the water. If the water from the
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MoreauRiver is to be impounded, salt concentrations
during periods of low and normal flows and the effect
of dilutionby flood flows should be evaluated. A study
of the relationship between the geology and the dis-
solved minerals in the water may helptoward a better
understanding of the changes in the quality of the water
from one place to another. Therefore, places for col-
lection of samples on the Moreau River were so selec-
ted asto obtain analytical data on composition and con-
centrationof the water inthe upper, middle, and lower
parts of the river. In addition, information on the
chemical quality of the major tributaries and on the
effectof tributary inflow on the MoreauRiver was ob-
tained by a special salinity survey. The locations of
sampling sites are shown in figure 1.

Geochemistry of Water

The mineral matter dissolved in natural waters is
derived from the rocks and soils. Differences in the
mineral composition of waters are due to many fac-
tors, some of which are (1) the availability of soluble
minerals in the rocks and soils, which is decreased
byleaching and is increased by exposure of fresh sur-
faces to erosion; (2) the rate of leaching of minerals,
which depends on the solubility of the minerals, the
length of time the water is in contact with these min-
erals, and the temperature of the water; and (3) the
character of the rocks.

Soluble minerals are abundant in the rocks and
soils of the Moreau River basin, but they are more
available in the upper reaches, where slumping has
exposed more fresh surfaces.

The length of time during whichthe water is incon-
tact with the rocks and soils has a direct bearing on
the salinity of many streams and rivers. However,
in the Moreau River basin most of the water leaves
the basin in a relatively short period of time, usually
2 to 4 months. Nevertheless, the surface waters of
the MoreauRiver basin are not especiallylow in min-
eralization during relatively high flows. The soluble
salts deposited on the surface of the valley sides by
capillary action and evaporationduring the dry months
of the year are immediately available for solution by
rain or storm waters. (See fig. 8.) Thus, the con-
centration of minerals in the Moreau River water may
be appreciable even during relatively high water dis-
charges.

The chemical character of a water is directly re-
lated to the lithology or composition of the rocks with
which the water comes into contact. For the most
part, the MoreauRiver basin is underlain by the non-
marine Hell Creek formation, the marine Fox Hills
‘sandstone, and the marine Pierre shale, all of which
affect the water quality.

Relation of the Rocks to Quality of Water

Water draining from the HellCreek formation usu-
allyhas a highpercent sodium. The sodium is insolu-
tion primarily as sodium bicarbonate. The Hell Creek
formation contains minerals that are necessary to
produce a sodium bicarbonate or sulfate water. Sev-
eral reactions are involved. For example:
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1. Acalciumbicarbonate water forms from there-
action of the carbon dioxide-charged meteoric waters
with the calcareous sands, which are common in the
Hell Creek formation.

Hy0 + COg + CaCO3—> Ca*t*+ 2HCO;3”

2, Calcium or magnesium is replaced with sodium
frombeidellite in the bentonitic clay in the formation.

catt + 2HCO3™ + beidellite: 2Na
—> 2Na" + 2HCO3” + beidellite' Ca

3. Gypsum in the formation changes the sodium bi-
carbonate water to a sodium sulfate water. Sodium
sulfate usually is characteristic of certainformations
of Cretaceous age in the west. (Lindgren, 1932.)

2Na' + 2HCO3™ + Ca®™t + s0,”°
<22Nat + 5047 + CaCO3 + COy + Hy0
The oxidationof the pyrites and marcasites in the Hell

Creek formation may also account for partof the sul-
fate.

FeSy + 707 + HyO —> Fett + 2H* + 250,°

2Nat + 2HCO3™ + 2H' + SO4°
—> 2Nat + 5047 + 2H0 + 2COy

Water that drains from the Fox Hills sandstone is
very similar intype to water that drains from the Hell
Creek formation. The gray glauconitic marine quartz
sandstone, sometimes interbedded with greenish-gray

"marine shales, produces a water ordinarily high in

sodium and bicarbonate. The sodium bicarbonate in
water is formed by the same processes as in the Hell
Creek formation; however, the water that drains from
the marine Fox Hills sandstone should be more saline.

Water influenced by the Pierre shale is somewhat
different in type than waters influenced by the Hell
Creek formation and Fox Hills sandstone. Calcium
sulfate in the form of gypsum, calcium carbonate as
calcite or aragonite, sodium salts in the form of ben-
tonite, and iron sulfide in the form of pyrite or mar-
casite are in the exposures. As a result of solution
and other chemical reactions with these minerals, the
water that drains from the Pierre shale is character-
istically a sodium sulfate type. The water contains
large quantities of dissolved constituents because sol-
uble minerals are abundant and because constant
slumping of exposed shale brings unweathered min-
erals to the surface. The percent sodium is some-
what lower inwater that drains from the Pierre shale
than in water that drains from the Hell Creek forma-
tion and Fox Hills sandstone. This is probably due to
the presence of the alkaline earth minerals, rather
than the absence of alkali metal minerals.

Chemical Quality Records

The general relationship between the quality of the
water in the tributaries and the quality of the water in
the main stem of the Moreau River canbe seen from the
special salinity study. More detailed records of the
four stations on the main stem are listed separately.



B. Moreau River at Promise

Figure 8. --Salt deposits resulting from capillary action and evaporation, Moreau
River drainage basin.
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The mineral concentrations during periods of high
and low flows in the MoreauRiver for the years 1945-
51 are shown infigure 9. These concentrations do not
represent weighted averages. They show the diluting
action of snowmelt and heavy rains and the high con-
centrations of the water during low flows. The graphs
for each station are for periods of sampling at that
station; therefore, graphs for one station should not
be compared with graphs for another station.

Expression of Results of Analyses

The expressions of results are in accordance with
those listed in the U. S. Geological Survey Water-
Supply Paper 1102 (1952, p. 5-6) as follows:

The dissolved mineral constituents are re-
ported in parts per million. A part per million
is a unit weight of a constituent in a million unit
weights of water. . . . Anequivalent per million
is a unit chemical combining weight of a con-
stituent in a million unit weights of water andis
calculated bydividing the concentration inparts
per millionby the .chemical combining weight of
the constituents. For convenience in making
this conversion the reciprocals of chemical com-
bining weights of the most commonly reported
constituents are given in the following table:

Constituent Factor
_/_T?:asic radical§7

Iron (Fe++) ----------------------- 0.0358
Iron (Fet++)eooomamoo 0537
Calcium (Ca"'*‘) ------------------- 0499
“Magnesium (Mgt+) -------zo--oo-o- 0822
Sodium (Nat)------cccommcmmman o 0435
Potassium (Kt)---==c-ccorecconoooo 0256
[Acid radical_§7

Carbonate (CO3"™7) -=-=---=-=-=-=--=~ .0333
Bicarbonate (HCO3"™) -==-=~==~=ccuu- .0164
Sulfate (SO477) ~=---==---==--=-c--~ .0208
Chloride (C17) ------==--==--c-ou--- . 0282
Fluoride (F7)======cmcmmocoanoo . 0526
Nitrate (NOg~)-----=---=-cmccmmmnnnn .0161

Results given inparts per million canbe con-
verted to grains per United States gallon by di-
viding by 17.12. A calculated quantity of sodi-
um and potassium is given in some analyses and
is the quantity of sodium needed in addition to
the calcium and magnesium to balance against
the acid radicals.

The total hardness, as calcium carbonate
(CaCOg3), is calculated from the equivalents of
calcium and magnesium . The hardness
caused by calcium and magnesium (and other ions
if significant) equivalent to the carbonate and
bicarbonate is called carbonate hardness; the
hardness in excess of this quantity is called non-
carbonate hardness.

In the analyses of mostwaters used for irri-
gation, the quantity of dissolved solids is given
in tons per acre-foot as well as in parts per
million, Percent sodium has been computed for
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those analyses where sodium and potassium are
reported separately by dividing the equivalents
per million of sodiumby the sum of the equiva- "’
lents per million of calcium, magnesium, sodi-
um, and potassium and multiplying the quotient
by 100. . In analyses where sodium and potassi-
um were calculated andreported as a combined
value, the value reported for percent sodium
will include the equivalent quantity of potassium.
In most waters of moderate to high concentra-
tion, the proportion of potassium is muchsmal-
ler thanthat of sodium. . . . Hydrogen-ioncon-
centration (pH) is given as the negative loga-
rithm of the number of moles of ionized hydro-
gen per liter of water.

A weighted-average analysis represents ap-
proximately the composition of water that would
be found in a reservoir containing all of the wa-
ter passing a given station during the year [Br
period/ after thorough mixing in the reservoir.
The weighted-average analysis is computed by
multiplying the discharge for the sampling peri-
od bythe quantities of the individual constituents
for the corresponding period and dividing the
sum of the products by the sum of the discharges.

Specific conductance, expressed as micromhos, is
an electrical measurement of the ionized salts in solu-
tion.

Salinity Study

Spot samples were taken from the major tributaries
and main stem of the Moreau River April 12 to 16,
1949, after the major partof the water from the spring
thaw had run off. The following discussion is there-
fore not applicable for periods of flood or other high
runoff., However, a correlation between geology and
water quality during normal or low flow, when the
percentage of ground water in the stream is greater,
is more reliable than at times when storm or melt
waters dilute the streamflow. The locations of sam-
pling sites for this special salinity survey are shown
in figure 1, and the analyses of 21 surface-water sam-
ples are given in table 6. The principal mineral con-
stituents are expressed graphically in figure 10.

The concentrations of dissolved minerals are high-
est in samples from the South Fork, which drains an
area that is underlain by the Pierre shale. The dis-
solved mineral matter in these samples is predomi-
nantly sodium sulfate and contains appreciable amounts
of calcium and magnesium and a small amount of bi-
carbonate. Samples from allother tributaries repre-
sent waters that drainfrom areas underlain mostlyby
the Fox Hills sandstone and the Hell Creek formation.
Sodium bicarbonate characterizes these waters.

Waters from Deep, Rabbit, Antelope, and Sand
Creeks and the North Fork Moreau River drain from
areas underlain principally by the Hell Creek forma-
tion and have ahigher percent sodium than other sur-
face waters of the basin, However, the water from
Sand Creek at Mason has been influenced by the Fox
Hills sandstone and Pierre shale, as shown by high
mineral content and high percentage of sulfate. Flint
Rock, Thunder Butte, and Worthless Creeks drain
areas underlain principally by the Hell Creek forma-
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tion except in the lower reaches, which are underlain
by the Fox Hills sandstone. Therefore, the samples
represent mixtures of two types of water. Waters
that drain from the Fox Hills sandstone and Pierre
shale are more mineralized than waters that drain
froin the Hell Creek formation., The difference in con-
centrations is probably related to the nonmarine ori-
ginof the HellCreek formation and to the marine ori-
gin of the Fox Hills sandstone and the Pierre shale.

The percentage composition of the water in the South
Fork and in the entire main stem of the Moreau River
shows the effect of the outcrops of Pierre shale, and
the percentage is not altered materially by the rela-
tively dilute water that drains from areas that are
underlain by the Hell Creek formation.

Moreau River at Bixby

Samples were collected daily from the Moreau Riv-
er at Bixby from March 6, 1949, to September 30,
1951. The results of chemical analyses are given in
table 7. :

Water passing the station at Bixby is a mixture of
water from the North and South Forks. Consequently,
the Hell Creek formation, Fox Hills sandstone, and
Pierre shale jointly contribute to the mineralization
of the water. (See fig. 6.) When the discharge is low,
nearly base flow, the water is highly mineralized and
predominantly sodium sulfate. This is chiefly due to
the Pierre shale, which underlies most of the South
Fork and part of the North Fork.

Moreau River near Faith

Analyses of seven samples that were collected from
April 16, 1941, to May 7, 1945, were furnished by the
Bureau of Reclamation. Seven additional spot samples
were collected by the Geological Survey from Novem-
ber 29, 1945, to March 26, 1947. Samples were col-
lected daily from April 9, 1947, through September 30,
1949. Results of chemical analyses for all these sam-
ples are given in table 8.

The water in the Moreau River near Faith is sim-
ilar to the water at Bixby. However, water from Rab-
bit and Deep Creeks enters the main stem upstream
from the station near Faith and causes a slight in-
crease in percent sodium and a decrease in concen-
tration. These changes are due to the fact that Rabbit
and Deep Creeks are underlain mostly by the Hell
Creek formation. The water quality at Bixby can be
compared approximately with the water quality near
Faith from the weighted-average figures for the 1949
water year (tables 7 and 8), as both stations were then
sampled on a daily basis.

Moreau River near Eagle Butte

Analyses of 13 samples that were collected from
April 17, 1941, to July 8, 1943, were furnished by the
Bureau of Reclamation. Since November 30, 1945,
the Geological Survey has collected samples at irreg-
ular intervals. The analytical results for all samples
are given intable 9. In general, the water near Eagle
Butte contains less sodium than the water atBixby or
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near Faith, but it is more highly mineralized. The
change in lithology between Faith and Eagle Butte is
the principal reason for the change in water quality.

Moreau River at Promise

Analyses of eight samples that were collected from
October 10, 1941, to June 15, 1943, were furnished
by the Bureau of Reclamation. Since November 30,
1945, the Geological Survey has collected samples at
irregular intervals. The analytical results for all
samples are given in table 10,

The composition of the water at Promise is some-
what similar to the composition of the water near Eagle
Butte. However, the water at Promise has a higher
ratio of calcium and magnesium to sodium.

Suitability of Water for Irrigation

The suitability of water for irrigation, as determined
by water-quality criteria only, depends primarily on
mineral concentration, percent sodium, and concen-
tration of boron. All these factors may vary consid-
erably with water discharge. Thus, weighted-average
analyses by water years are helpful in determining
concentrations to be expectedonly if the water is im-
pounded. However, concentrations as shown by these
analyses may be misleading because they will be lower
or higher during a wet or dry climatic cycle than long-
term average concentrations.

For the Moreau River study, relatively short-term
chemical-quality records are available. Weighted av-
erages have been calculated from analyses of water
samples from the river near Faith (1948 and 1949 wa-
ter years) and at Bixby (1949, 1950, and 1951 water
years) and are given in tables 7 and 8. No other daily
chemical-quality stations in the basin have been op-
erated. In orderto determine whether the 3-year rec-
ords for Bixby and the 2-year records for Faith are °
representative of a wet, dry, or average climatic pe-
riod, itis necessaryto compare the discharge records
of these years with a long-term average discharge.
As a long-term average discharge is notavailable for
the two stations, it must be calculated after consid-
eration of certain factors, which are (1) the climate
throughout the basin is fairly uniform and consequently
has a very small variance in average annual precipi-
tation, and (2) the geology and topography are fairly
uniform; therefore, the runoff does not vary appreci-
ably irom one place to another. As a result of these
two factors, the discharge per square mile of drainage
area is relatively constant for the entire length of the
river's main stem, as shown in figure 7. A 2l-year
record of discharge is available for the station at
Promise. Thus, the discharge per square mile at
Bixby and Faith canbe calculated withreasonable ac-
curacy for periods when no records of streamflow are
available.

The average annual discharge at the Promise sta-
tion for the 21-year period that ended September 30,
1951,  was 273 cfs from the drainage area of 5,223
square miles. The calculated discharge per square
mile equals 0.052 cfs, which when multiplied by the
drainage areas above the other stations gives the ap-
proximate 21-year average discharge for eachof these



areas. Thus, the 21-year average discharge at Bixby
(drainage area, 1,570 sq miles) is about 82 cfs; near
Faith (2, 660 sq miles), about 138 cfs; and near Eagle
Butte (4, 320 sq miles), about 225 cfs. Discharge for
each year of sampling is compared with the 21-year
average for each station in table 1. The discharges
for several of the years are lower than the calculated
21-year averages. However, the average discharge

for the period of sampling is somewhat higher than
the 21-year average. This indicates that the period
of sampling was during a relatively wet climatic cy-
cle. Consequently, an average discharge - weighted
concentration of dissolved minerals for the period of
sampling would be lower than normal, and the per-
centage composition would not be representative of a
long-term average.

Table 1. --Discharges for periods of sampling compared with calculated 21-year averages for stations on the
Moreau River

Average Calculated
Years .Of Annual discharge 21-year
Station sampling .'.zwerage for period average
(water discharge of sampling discharge

years) (cfs) (cfs) (cfs),l_/
Bixby--=--mom oo 1949 97.0 82
DO--===—== s e e mceem e 1950 216 } 112 82
3 e L L LR R e S PP e 1951 21.9 82
Fajth-------mcemmm e 1946 70.1 W 138
DO == - == e e 1947 270 149 138
DO === === m e 1948 102 . 138
DO~ === mmee e 1949 152 J 138
Eagle Butte -=-=-=--------oomoo___ 1946 105 I 225
DO====~== == m e ———— o 1947 454 225
DO====mmmmmmmm e e m e 1948 176 304 225
DO-mmmmmmm oo 1949 350 225
DO-=--m=mmmrmme e cmecmmeeeeo oo 1950 645 225
DO-==mmmmmmcmmmem e e mee oo 1951 92.4 J 225
Promise ==-===c=-=sem-cmmmmem. 1946 116 A 273
DO === mmmm e ccccmecmeaam 1947 575 273
DO - === m e e e e 1948 251 388 273
DO---=-—r--mee;emmm; e ———— e 1949 446 273
[ L L T T T T TP 1950 812 273
DO==mmmmmm e e 1951 126 J 273

1 Drainage area in square miles x 0.052.

Note. --At Faith, infrequent samples included; at Eagle Butte and Promise, infrequent samples only.

Weighted - average concentrations for incomplete
years are not necessarily representative of the water
that flows past a station during a full year. For ex-
ample, there were days when the water was not sam-
pled at the Bixby station during the 3-year period of

record. The following table compares the estimated _

weighted averages of specific conductance and per-
cent sodium for 3 complete years of record at Bixby

with the weighted averages for the sampling periods
only. From these estimated annual figures, the 3-
year weighted average for specific conductance would
be 632 micromhos and the 3-year weighted average
for percent sodium would be 57. The graphic meth-
od of rating a water for irrigation as proposed by
Wilcox (1948) would rate the water as good to per-
missible. :

Weighted averages of specific conductance and percent sodium for water in the Moreau River at Bixby, 1949-51

p t Specific conductance Percent sodium
ercen (micromhos per cm at 25°C) er v
Water year of flow - - - -
sampled Period Estimated for Period Estimated for
sampled water year sampled water year
1949 94 698 735 54 55
1950 81 544 518 56 56
1951 98 1, 300 1,300 79 79
Weighted average 1949-51-~--=-c-cmmmcmccmmoonnns 632 memmmmmmmmmeoe- 57

The results of analyses of composited samples for
the stations at or near Bixby, Faith, Eagle Butte, and
Promise have been used to classify graphically the
water for irrigation (fig. 11). In general, the water
becomes less suitable as the streamflow decreases.
Therefore, if the period of sampling is during a wet
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cycle, the short-term weighted averages would imply
that the water is of better quality than would actually
be available over a long period of time. By correla-
tionof the calculated 21-year average discharge at the
Bixby station (82 cfs) with the data given infigure 11,
it is estimated that water impounded at Bixby for an
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Figure 11. --Classification of surface water for irrigation, Moreau River drainage basin (after Wilcox).
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average year would be permissible to doubtful for ir-
rigation. Of course, some years the water would be
more suitable for irrigation and some years less suit-
able than the average would indicate. However, Wil-
cox states that the graphical classification of irriga-
tion water is dependent on permeability, drainage,
quantity of water used, climate, and crops, and that
irregularities that relate to any of these would alter
the intended use of the graph. Therefore, heavy soils,
low permeability, inadequate drainage, high rates of
evapotranspiration, the applicationof too little water,
or the growing of crops with poor salt tolerance may
alter the classification of the water.

Other chemical-quality characteristics besides to-
tal concentration and percent sodium must be consid-
ered in rating the water for irrigation. Boron in ir-
rigation water canbe toxic to crops if the concentration
exceeds the limits suggested by Scofield (1936, p. 286) .
Water in the Moreau River usually contains low con-
centrations of boron, and the higher concentrations
during certain low-flow periods would not cause qual-
ity-of-water problems if the water were impounded.
Eaton (1949, p. 38) states:

. if the water contains more HCO3-COg
than it does Ca plus Mg, then with evaporation
the Ca and Mg carbonates are precipitated and
there remains sodium carbonate, and Na is the
only important base. Sincethe strongbase, Na,
is present with the excess of carbonate, a weak
acid, the solution becomes strongly alkaline. It
is the presence or absence of this residual sodi-
um carbonate that now appears to furnish a cri-
terion of whether black alkali can or cannot de-
velop in irrigated soils.

Black-alkali soil is the descriptive name applied to a
soil that has a pH of 8.4 or more and contains organic
matter. The organic matter is dissolved by the alka-
line solution, and the soilbecomes dark brown to black.
During certain periods of time, low-flow water at the
Bixby station contained amounts of carbonate and bi-
carbonate. in excess of calcium plus magnesium, as
shown in figures 12, 13, and 14. The relation to dis-
charge of carbonate and bicarbonate in excess of cal-
cium and magnesium (shown by crosshatching), hy-
drogen ion concentration, and percent sodium indicates
that the excess carbonate and bicarbonate, hydrogen
ion concentration, and percent sodium vary inversely
with the discharge. However, the decrease of the per-
cent sodium, pH, and excess bicarbonate is not so
rapid as the increase of the discharge. Consequently,
the concentrations of the constituents may temporar-
ily remain high when the discharge increases. Fig-
ures 12, 13, and 14 show that during low flows car-

bonate and bicarbonate are in excess of calcium and
magnesium, and the weighted average for the 1951
water year shows an excessbecause the ratio of flood
flows to low flows is low. However, the weighted av-
erages for the 1949 and 1950 water years show no ex-
cess because the ratio is high. During the 1951 water
year the percent sodium was high, and the hydrogen
ion concentration (pH) exceeded 8.0 much of the time.

The chemical-quality data for the station at Bixby
for the 1951 water year may be used to estimate the
water qualityfor previous years. Figure 7 shows that
from 1931 to 1940 the discharge per square mile for
6 of the years was less thanduring 1951, and figure 12
shows that excess carbonate, percent sodium, and pH
are all high when water discharges are low. There-
fore, during many years of a dry period, such as
1931-40, the water would contain excess amounts of
bicarbonate and high percent sodium, and the pH would
probably exceed 8.0. This water would be conducive
to the formation of black alkali.

Eaton (1949, 1950) has made an extensive study of
the relations of residual carbonate and percent sodium
to the occurrence of black alkaliand the suitability for
irrigation of water in the Nile River basin. His find-
ings are applicable to any natural water that may be
used for irrigation. He stated (1949, p. 38-39):

During periodof low water the Nile water has
a pHwell above 8.0. The water has such alarge
proportion of HCO3-CO3 that when it is greatly
reduced in volume by evaporation it precipitates
much of its Ca and Mg as carbonates and sili-
cates, giving rise to an alkaline solution with
little else than sodium salts of carbonate, chlo-
ride, and sulfate. Such a solution washing onto
asoil from neighboring land, or rising from be-
low and moving through it, would bring about the
replacement of exchangeable calcium and mag-
nesium, produce a high pH, establish imperm-
eability, and, in other words, create those con-
ditions that are descriptive of black-alkali soils
. . If the possibility of black-alkali forma-
tion canbe anticipated by recognitionof the ionic
relations of the water supply, advantage can be
taken of the facts, notnecessarily as abasis for
condemning a water, but rather as a means of
establishing the need of precautionary measures.
Productivity can be maintained by adequate wa-
ter use and drainage at less expense than it can
be restored by reclamation.

In the following table, a comparison is shown be-
tween the composition of waters of the Moreau River
during the 1951 water year and of the Nile River dur-
ing 8 months of low flow.

A comparison of waters from the Nile and Moreau Rivers
E%esults in equivalents per million except percent sodiurgj

‘ Excess Bicarbonate
Source Calcium Magnesium bicarbonate and Percent sodium
carbonate
Nile River (8 months of low flow)l/—-- 0.87 0.72 1.44 3.03 56
Moreau River weighted average (1951
water year)--------------=co----- 1.65 1.07 2.33 5.05 79

1 Eaton, 1949, p. 37.
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The qualityof the water inthe MoreauRiver at Bix-
by is so poor for irrigation thata complete evaluation
of soil, permeability, drainage, climate, application
rates, andcrops is necessary. During the dry periods
of the climatic cycle, when irrigation would be needed
most, the water quality is very poor,

The use of the water for irrigation is notprecluded
where adequate drainage is provided and where infil-
tration rates are sufficient to provide low rates of
evaporation and good flushing.

Downstream from Bixby the water becomes pro-
gressively better for irrigation. However, the im-
provement is not great by the time the water reaches
the station near Faith. Data are inadequate to fore-
tell satisfactorily the suitability for irrigation of the
water at the stations near Eagle Butte and at Promise.
Available data (tables 9 and 10) seem to indicate that
the percent sodium is lower and amounts of carbonate
and bicarbonate in excess of calcium and magnesium
are muchlesslikely tobe troublesome than in the wa-
ter at upstream stations.

FLUVIAL SEDIMENT

Information onthe sediment yield of adrainage ba-
sin should include rates and quantities of discharge of
all the sediment that is transported either in suspen-
sion or as bed load, the particle-size distribution of
the suspended sediment and of the bed load, and the
principal sources of the sediment. This report con-
tains only the measured rates and quantities of sus-
pended sediment and the results of particle-size anal-
yses of suspended sediments.

Stream slopes arelow and the particle sizes of the
suspended sediment are small, so bed-load discharge
must be low. Also few data are available for com-
puting rates and quantities of sediment that is dis-
charged as bed load. For these reasons the bed-load
discharge of the Moreau River was not computed.

Definition of Terms

As the definitions of terms that relate to fluvial
sediments are not completely standardized, some of
the terms in this report are defined as follows:

Sediment is fragmental material that originates
from weathering of rocks and is transported by, sus-
pended in, or deposited by water or air or is accumu-
lated in beds by other natural agencies.

Fluvial sediment is sediment that is transported
by, suspended in, or deposited by water.

Suspended sediment or suspended load is sediment
that moves in suspension in water and is maintained
in suspension by the upward components of turbulent
currents or by colloidal suspension.

Bed load or sediment discharged as bed load in-
cludes both the sediment that moves in essentially
continuous contact with the stream bed (contact load)
and the material that bounces along the bed in short
skips or leaps (saltation load) .
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Sediment sample is a quantity of water-sediment
mixture that is collected to represent the average con-
centration of suspended sediment, the average size
distribution of suspended or deposited sediment, or
the specific weight of deposited sediment.

Depth-integrated sediment sample is a sediment
sample thatis accumulated continuously in a sampler
that moves vertically at a constant transit rate and
that admits sediment-water mixture atavelocityabout
equal to the stream velocity at every point. Because
depth-integrated sediment samplers are not designed
to collect water-sediment mixture within about 0.3 foot
of the stream bed, the suspended-sediment discharge
based on such samples isless than the total suspended-
sediment discharge. However, for sediment in the
silt and clay sizes, the difference is usually negligi-
ble. As the suspended sediments of the Moreau River
are nearlyall smaller than sand size, the term ''sus-
pended-sediment discharge' is applied to the sediment
discharge that is computed from depth-integrated sed-
iment samples.

Sediment discharge is the rate at which dry weight
of sediment passes a section of a stream or is the
quantity of sediment, as measured by dry weight or
by volume, that is discharged in a given time.

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

The size classification used in this report is the
classification recommended by the American Geo-
physical Union Subcommittee on sediment terminology
(Lane, 1947, p. 937). According to this classifica-
tion, clay size particles have diameters between
0.0002 and 0. 004 millimeter, silt size particles have
diameters between 0,004 and 0.062 millimeter, and
sand size particles have diameters between 0.062 and
2.0 millimeters.

According 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 is composed of par-
ticles larger in diameter than the median and
one-half of smaller diameter. The median di-
ameter may be read directly from the cumula-
tive curve by noting the diameter value at the
point of intersection of the 50 percent line and
the curve.

Water discharge is the discharge of natural water
of a stream. The natural water contains both dis-
solved solids and suspended sediment.

Measurement of Suspended-Sediment Discharge

Discharge of suspended sediment is proportional
to the product of water discharge and average concen-
tration of suspended sediment. Procedures for gaging
the flow of streams are fairly well standardized and are
explained in Water-Supply Paper 888 (Corbett, 1943).

Concentration of suspended sediment in the Moreau
River basin was determined usually from depth-inte-
grated samples. These samples were collected either



with the US DH-48 hand sampler or with the US D-43
sampler. A bucket-type sampler was used when no
better sampler was available or whenthe air temper-
atures were too low for a sampler with a nozzle.

At each sediment sampling station, samples were
collected generally atone verticalin the stream cross
section, called the daily sampling station, once or
twice a day except during periods of high or rapidly
changing concentration or discharge when samples
were taken more frequently. Engineers collected ad-
ditional samples periodically at the daily sampling sta-
tions. Usually they also sampled at a few verticals
that were spaced to represent equal quantities of wa-
ter discharge. The average concentration of the sam-
ples from these verticals was used as the average
concentration of suspended sediment for the entire
cross section. At some measuring stations, the av-
erage concentration for the cross section sometimes
differed significantly from the simultaneous concen-
tration at the daily sampling station. For such sta-
tions, corrections were applied to adjust concentra-
tions that were based on samples at the daily sampling
station to average concentrations for the cross section.

The concentration of suspended sediment in each
sample was determined in the laboratory. First, each
sample was weighed. Then, after the sediment had
settled, the supernatant water was drawn off. The
residue was filtered or evaporated, and the sediment
was dried and weighed. Corrections were applied for
any appreciable quantity of dissolved solids that re-
mained with the sediment after the water was evaporated.

Daily mean concentrations of suspended sediment
were computed by plotting the concentrations of sam-
ples from the daily sampling station onthe gage-height
graph, drawing a smooth curve through the plotted
points, and picking the daily mean concentrations for
the daily sampling station from this graph. If the con-
centrations at the daily sampling station were not rep-
resentative of the concentration for the entire cross
section of the stream, a coefficient was applied to
compute the daily mean concentrations.

Discharge of suspended sediment in tons per day
usually was computed by multiplying daily concentra-
tion, in parts per million, by daily mean water dis-
charge, in cubic feet per second, and by 0.0027. On
days whenboth concentration and water discharge were

changing rapidly, each day was subdivided, and sedi-
ment discharge was computed for parts of the day.
For days when no samples were collected, the daily
discharges of suspended sediment were estimated on
the basis of water discharge, concentration for adja-
cent days, weather records, and records for other
stations.

Suspended-Sediment Records

Daily records of suspended-sediment discharge of
the Moreau River have been obtained and computed for
the gaging station near Faith from August 15, 1946,
to September 30, 1949, and for the gaging station at
Bixby from April 28, 1949, to September 30, 1951.
Sediment samples were also collected at Bixby on
March 24 and April 13, 1949. The locations of the
sediment stations at Bixby and near Faith are shown
on figure 1 (map reference nos. 10 and 16).

Table 2 is a summary of the more detailed record
(tables 11 and 12) of suspended-sediment discharge for

‘the two stations. The average concentration weighted

with water discharge was about 3, 700 ppm for the sta-
tion near Faith and about 4, 600 ppm for the station at
Bixby. The difference in average concentration at the
two stations is due mostly to having sediment records
during the water year of 1950 at Bixby but not at Faith.
During the water year of 1950, the streamflow of the
Moreau River was 23 to 3 times normal, At the sta-
tion near Faith the suspended-sediment discharge av-
eraged about 650, 000 tons per year during the period
of record or slightly less than 250 tons per square
miles annually. Water discharge during this period
averaged somewhat less than 130,000 acre-feet an-
nually. The Moreau River at Bixby discharged about
1,000,000 tons of suspended sediment and about 160,000
acre-feet of water during the water year of 1950 but
only about 80,000 tons and 16,000 acre-feet during the
water year of 1951. Sediment yield per square mile
averaged nearly 350 tons per year. Available records
are for too short atimeto prove that the average sed-
iment yield per square mile is appreciably different
at the station at Bixby than at the station near Faith.
As soils, topography, vegetation, precipitation, and
runoff all seem to be about uniform throughout the
Moreau River basin, the sediment yields per square
mile are probably reasonably uniform within the basin
except in small areas of badlands or active gullies.

Table 2. --Summary of records of suspended-sediment discharge of the Moreau River

Drainage Water Suspgnded- Average
Gaging station area Period discharge ;iesilhr:ilg'i cotrilgrelnlt;'a-

| (sq miles) (acre-ft) (tons) (ppm)

At Bixby----------eccmmmeeao 1,570 ° Apr. 28 to Sept. 30, 1949 2, 440 3,940 1,190
Water year 1949-50 156, 700 997, 100 4,670

Water year 1950-51 15, 840 81, 920 3, 800

Near Faith--------------cu-- 2,660 Aug. 15 to Sept. 30, 1946 4,050 32,120 5, 830
Water year 1946-47 195, 500 1,077,000 4,050

Water year 1947-48 74,380 353,600 3,490

Water year 1948-49 110, 300 515, 400 3,430

1 Weighted with water discharge.



Suspended - sediment discharge fluctuates with
changes in any one of several interrelated variables,
which include water discharge, turbulence and tem-
perature of the flowing water, and availability of sed-
iments of each size range. The fluctuations are large
and frequent and have only a general relation to water
discharge. Except, perhaps, at very high water dis-
charges, the suspended-sediment discharge generally
increases more rapidly than the water discharge be-
cause the concentration also tends to increase with
water discharge. Throughout much of the range cov-
ered by the records, the suspended - sediment dis-
charge increases approximately as the square of the
water discharge. (See figs. 15 and 16, which show the
relation of daily discharges of suspended sediment to
water discharge.) In general, for a given water dis-
charge, concentrations of suspended sediment are
much lower during the spring than atother seasons of
the year.

Size Composition of Suspended Sediment

At the sediment sampling stations at Bixby and near
Faith, representative samples were collected period-
ically for particle-size analyses. (See tables 13 and
14.) One or both of two general types of particle-size
distributions were determined from a sample. One
type showed particle sizes accordingto settling veloc-
ities in native water in which the degree of floccula-
tion may have been somewhat the same as might occur
in a pool or reservoir. The other type of particle-

size distribution was the classification of particles by -

their settling diameters when the particles were com-
pletely dispersed. For particle sizes smaller than
0.031 millimeter, the difference between the two types
of particle-size distributions is large. The difference
is due to flocculation of the soil particles, which is
caused by certain dissolved solids in the native water.
Average size distributions of samples for which du-
plicate portions were analyzed in native water and in
distilled water are plotted on figures 17 and 18. Also
plottedon these figures are the curves of average par-
ticle-size distributions for all samples that were an-
alyzed in distilled water. All average particle sizes
are simply arithmetic averages of the size distribu-
tions of the particles; that is, particle sizes were not
weighted with sediment discharge except that more
samples were collected for particle-size analyses dur-
ing periods of high flow than during periods of low
flow.

Particle sizes resulting from analyses in native
water are helpful in estimating the rates and locations
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 sedimentation cylinder in the laboratory.

Absolute particle sizes, measured by settling ve-
locities of dispersed particles in distilled water, are
probably the most suitable size distributions for com-
puting the specific weight of sediment after it is de-
posited in a reservoir. The specific weight of sedi-
ment increases as the absolute sizes of the sediment
particles increase. Sediment particles, even though
they may flocculate to a larger settling diameter in
the process of deposition, will, after they are depos-
ited in a reservoir, probably assume the same spe-
cific weight that they would have had if they had been
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deposited while the particles were dispersed. Also
the available data for defining the relation between
median particle size of deposited sediments and spe-
cific weight were obtained from samples that were an-
alyzed usually when the particles were dispersed.

Until 1950 the particle-size analyses, both in na-
tive and in distilled water, were made with the bottom-
withdrawal tube. During 1950 and 1951 many samples
were analyzed for particle size by the sieve-pipette
method (Twenhofel and Tyler, 1941, p. 54-55). In
this method particles coarser than 0,062 millimeter
are separated from the finer particles by a combina-
tion of wet and dry sieving. The coarser portion is
then weighed and discarded or is subdivided into dif-
ferent size classifications by dry sieving. The finer
portion is analyzed according to sedimentation diam-
eters by the pipette method.

The suspended sediment transported by the Moreau
River is mostly fine material. (See figs. 17 and 18.)
The average percentage of particles in the sand range
(0.062 to 2.0 mm) was 10 percent at Bixby and 6 per-
cent for the station near Faith., The larger percent-
age of coarser particles at Bixby probably was due to
the abnormally high water discharges during 1950.
Median particle sizes as shown by the average sizes
of the dispersed samples were, by extrapolation, about
0.0017 millimeter for the station at Bixby and about
0.0015 millimeter for the station near Faith (figs. 17
and 18). The samples were not weighted with water
discharge or sediment discharge.

Specific Weight of Fluvial Sediment

One significant factor in the design of reservoirs
is the rate of depletion of storage capacity by sediment
deposits. Estimates of the rate of reservoir depletion
should be based on a knowledge of the probable loca-
tion and specific weight of the deposited sediments.
The location of the deposited sediments is dependent
on inflow-outflow relationships or elevation of water
surface in the reservoir, sedimentation diameter of
particles in transport, mineral constituents in solu-
tion, and effect of density currents. The specific
weight of sediment deposits depends on the type of ma-
terial in transport, absolute particle size, effect of
change in concentration of the mineral constituents in
solution, degree of sorting, and amount of consolida-
tion.

The rate of deposition of sediment in the upper
reaches of a reservoir is afunction of the stream ve-
locity (turbulence) and the settling diameters of the
material in transport. The coarsest material willbe
deposited where the backwater begins, but some of the
finest material will eventually reach the downstream
end of the reservoir because of density currents or
reservoir drawdown or both. The reservoir operation
may result in deposition of coarse and fine material
in alternate lenses at the same location.

The specific weight of material deposited in res-
ervoirs increases with compaction. If all the sedi-
ment particles have about the same specific gravity,
the specific weight of the deposits is determined solely
by the porosity of the deposit. The porosity depends
chiefly on (1) the shape and arrangement of the par-
ticles, (2) the degree of assortment of the particles,
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Figure 15.--Relation of suspended-sediment discharge to water discharge, Moreau River at Bixby, March 24, 1949, to September 30, 1951,
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and (3) the cementation and compaction to which the
deposit has been subjected since its deposition. The
degree of assortment is particularly important in fix-
ing porosity. Sediment of completely uniform particle
size (perfectly graded sediment) will have the great-
est porosity. If all particles were uniform spheres,
the size of the particles would have no effect on the
porosity of uniform deposits. However,- deposits of
silts and clays usually have greater porosity and smal-
ler specific weight than deposits of coarser particles,
partly because the range in particle size is usually
greater in coarser deposits and partly because the
smaller particles fill some pores between the larger
particles.

The specific weight is increased and the volume of
a sediment deposit is decreased as part of the inter-
stitial water is forced out and as the sediment parti-
cles become packedcloser together. The smaller the
pore spaces, the greater are the friction and other
forces that resist compaction of the sediment. Hence,
fine-grained deposits usually compact at a much slower
rate than coarse - grained deposits. The rate and
amount of increase of specific weight depend not only
on the particle size of the deposits but also on the
method of operation of the reservoir and on the depth
of the sediment deposits. The rate of compaction is
probably relatively rapid during the first few years
after deposition but decreases with time.

An average figure for the specific weight of a de-
posit that might be formed from the sediment intrans-
port is necessary to compute the space that a given
tonnage of the sediment might occupy when first de-
posited in a reservoir. The accuracy of such a com-
puted average figure is affected notonly by reservoir
operation but also by inaccuracies in measuring the
total sediment discharge and the particle sizes. At
present only the suspended sediment is measured; the
bed load must be estimated. Hence, only an approx-
imate figure canbe computed for the average specific
weight that the sediment deposit will have seon after
it accumulates in a reservoir.

The specific weight of suspended sediment was de-
termined by a method that is based onthe median par-
ticle size of the suspended sediment. This method is
believed to be superior to others that apply specific
weights to different size grades because it is simple and
is based on actual measurements of specific weights.

This method is as follows: The median 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. 19.)
For predetermined class intervals of suspended-sedi-
ment discharge, the corresponding median particle
sizes were taken from the curve of figure 19 and were
listed in tables 3 and 4.

Figure 20 shows the relation between the median
particle size and the specific weight of relatively un-
compacted sediment deposits in reservoirs in the
United States (Hembree and others, 1952, p. 83-85).
The specific weights corresponding to the different
median particle sizes that are listed in tables 3 and 4
were determined from figure 20. The specific weight
of reservoir deposits that might be formed from the
suspended sediment in the MoreauRiver at Bixby and
near Faith was then computed (tables 3 and 4) and was
found to be 51 and 50 pounds per cubic foot, respec-
tively. These specific weights, which are for sedi-
ment deposits that have not been compacted during a
long periodof time or under the weight of appreciable
amounts of overlying deposits, were used to convert
tons of suspended sediment to acre-feet of sediment.
(See table 5.) The computed volumes of sediment in-
dicate that the probable maximum space that would be
occupied by the suspended sediment that was dis-
charged by the MoreauRiver at Bixby from April 28,
1949, to September 30, 1951, would be about 980 acre-
feet and near Faith from August 15, 1946, to Septem-
ber 30, 1949, would be about 1, 820 acre-feet. Flow
of the Moreau River was probably appreciably above
normal during the period of sediment records for the
station near Faith and probably averaged much above
normal during the period of sediment records at Bixby.

Table 3. --Specific weight based on median particle size for the Moreau River at Bixby

Suspended-sediment discharge : . ces : A
Middle of class interval Total ton§ in Med*an particle Splimflc wexfgtht EOtzl t:ir;.s d1v1id(::
(tons per day) class interval size (mm) (b per cu ft) v speciiic welg

0.55 273 0.0012 42 6
5.4 1,183 . 0012 42 28
60 3, 600 .0012 42 86
344 ) 13,416 .0013 43 312
1,002 28, 056 .0015 44 638
1,900 15,200 .0017 45 338
3,065 9,195 .0019 46 200
4,940 34, 580 . 0022 46 © 152
8,000 32,000 . 0025 47 - 681
12,950 64, 750 . 0029 48 1,349
21,000 105, 000 . 0035 49 2,143
34,000 136, 000 . 0041 51 2,667
54, 500 163, 500 . 0049 52 3,144
88,500 177, 000 . 0059 53 3, 340
161,000 322, 000 . 0073 55 5,855
----------------------- 1, 105,753 R Bttt 21,539

Specific weight in pounds per cubic foot =
P 21, 539

1,105,753 _
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Table 4, --Specific weight based on median particle size for the Moreau River near Faith

Suspended-sediment discharge . . os : st
Middle of olass interval Total tons in Median particle Specific weight Total tons divided
(tons per day) class interval size (mm) (lb per cu ft) by specific weight
0.5 188 0.0012 42 4
5.5 1,754 . 0012 42 42
60 8,400 . 0012 42 200
275 19, 525 . 0013 43 454
770 34, 650 .0014 43 806
1,425 37,050 .0016 44 842
2,275 68, 250 . 0018 45 1,517
3,625 54, 375 . 0020 46 1,182
5,775 98,175 .0023 46 2,134
9, 200 156, 400 . 0026 48 3,258
14, 650 131, 850 .0031 49 2,691
23, 400 187,200 .0036 50 3,744
37, 400 374,000 . 0042 51 7,333
59, 750 418, 250 . 0051 52 8,043
94, 250 188, 500 . 0060 54 3,488
125, 000 250, 000 . 0068 54 4,627
----------------------- 2, 028, 567 ettt Mttt aiiuhdatatet 40, 365
Specific weight in pounds per cubic foot = 2,028, 567 - 50. 3.

40, 365

Table 5. --Volume of suspended-sediment discharge, Moreau River

Station Period Suspended-sediment Volume of deposited

discharge (tons) sediment (acre-ft)
At Bixby-------o-ocmmmmeee e Apr. 28 to Sept. 30, 1949 3, 940 3
Water year 1949-50 997, 100 898
Water year 1950-51 81, 920 i 74
Total === -mmm e e e e | e 1,082, 960 975
Near Faith----------oovoommmccanaao Aug. 15 to Sept. 30, 1946 32,120 29
Water year 1946-47 1,077,000 989
Water year 1947-48 353, 600 325
Water year 1948-49 515, 400 473
Total------cmmmccr e m e | e m e e m e 1, 978, 120 1; 816

SUMMARY Samples collected dailyor infrequently at four pla-

Soils, climate, and vegetation are fairly uniform
throughout the Moreau River basin. The exposed
rocks are of Cretaceous and Tertiaryage. The Mor-
eau River is a meandering intermittent stream that
flows in a shifting, sandy-bottomed channel.

Runoff from the basin averages about 0.7 inchper
year and has been about uniform over the basin dur-
ing the period of streamflow records. Some of the
runoff comes from melting of snow, but most of it
probably comes from rains during late spring and
early summer.

The chemical quality of the water in the Moreau
River and tributaries is dependent on and directlyre-
lated to the lithologic character of the exposed rocks
of the Pierre shale, Fox Hills sandstone, and the Hell
Creek formation. Water that drains from areas under-
lain by the Hell Creek formation and Fox Hills sand-
stone contains predominantly sodium bicarbonate,
whereas water from areas underlain by Pierre shale
contains predominantly sodium sulfate.
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ces on the main stem and single samples collected
from the tributaries for a special salinity study show
the relationship between quality of water and geology
and also the effects of tributary flow on the water in
the main stem. The complexityof the water quality is
shown by extremes in concentration and rapid changes
in composition.

The suitability of the water for irrigation is de-
termined from relatively short-term records by com-
parison with long-term discharge records, consider-
ation of the significance of the calculated weighted
averages, and consideration of certain ionic relation-
ships. On the basis of concentration and percent sod-
ium, the water inthe Moreau River at Bixby is classed
as permissible to doubtful for irrigation. Onthe basis
of the ratio of bicarbonate to calcium plus magnesium,
percent sodium, and hydrogen ion concentration, the
water is conducive to the formation of black alkali on
soils during dry periods. The quality of the water of
the Moreau River is so poor that all other pertinent
factors must be considered before the water is used
for irrigation.



During 3 complete water years immediately pre-
ceding October 1, 1949, the discharge of suspended
sediment of the Moreau River averaged about 650,000
tons annuallyat the gaging station near Faith and was
transported by an annual water discharge of about
130,000 acre-feet. During the water years of 1950
and 1951, the MoreauRiver at Bixby discharged about
1,080, 000 tons of suspended sediment and 170, 000
acre-feet of water. About 90 percent of this discharge
of sediment and water occurred during the water year
of 1950 when the streamflow was nearly three times
the normal. Sediment yields per square mile may be
no greater at Bixby than at the station near Faith.

Suspended sediment transported by the Moreau Riv-
er is mostly fine material. The averages of median
particle sizes (not weighted with water discharge)
were, by extrapolation, about 0.0017 millimeter for
the station at Bixby and about 0.0015 millimeter for
the station near Faith. Only 6 percentof the suspended
sediment for the station near Faith and only 10 per-
centof the suspended sediment for the station at Bixby
were coarser than the lower limit of the sand sizes,
0.062 millimeter.

Low channel slopes and small particle sizes indi-
cate that bed-load discharge would be only a small
percentage of total sediment discharge, but bed-load
discharge was not computed because too few data were
available.

Particle sizes of the suspended sediment of the
Moreau River at Bixby and near Faith indicate spe-
cific weights of 51 and 50 pounds per cubic foot, re-
spectively, for deposits that might form in a reser-
voir without being compactedover long periods of time
or under the weight of appreciable quantities of over-
lying deposits. On the basis of these specific weights,
the suspended sediment discharged at the station at
Bixby from April 28, 1949, to September 30, 1951,
would occupy a volume of about 980 acre-feet, and the
suspended sediment discharged at the station near
Faith from August 15, 1946, to September 30, 1949,
would occupy about 1, 820 acre-feet of space.
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Table 6.--Mineral constituents and related physical measurements, salinity survey, April 12 to 16, 1949
ZKnalytical results in parts per million except as indicateg7
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Table 7.--Mineral constituents and related physical measurements, Moreau River at Bixby, March 1949 to September 1951

/Analytical results in parts per million except as indicated/
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Mare 25=-===—=——--m- 2,710 12 .10 | 36 17 5.6 96 o} LeO | b|1e6}--—- WL .56 3,030 160 | 8L 613 7.3
Mar, 26--===me——--e- 1,780 9.0 .20|3Lk |13 5.6 | 108 0 3.0 | oL |13 === 346 W47 1,660 | 139 | 50 530 |6.9
Mar. 27, 11:45 a.m.-| 1,780 10 | ----| 8.0f 1.5 31 80 0 1.8 | 6|19 ==-- 48| .20{ /1,160 28| O 168 [7.0
Mar. 27, 1255 peme--| 1,780 12 .10 33 12 4.8 92 0 2.2 | W1l ===} 33L4| LS| --e-ee-- 132 | 57 Sob |7.1
Mar. 28, 9:L45 a.m.--| 2,190 9.0 .02|29 13 b 79 0 2.6 .2|1.2| .09 376 .51} 1/2,580| 126 | 61 560 |7.3
Mar. 28, 12:00 m.---| 2,190 8.8| .10| L5 21 106 0 3.2 1 Wb]1.9 |~ B30 72| === 199 | 112 762 |7.2
Mar. 28, 2:15 pem.--| 2,190 11 LOL| 37 15 89 0 3.5 1 «3]2.2| 05| LOL| W55 —mm-—-mm 15 | 81 583 |7.2
Mar. 9.8 .op|25 |13 72 0 3.0 | .2|1.3| 10| L1} .56} 1/2,160| 116 | 57 607 (7.3
Mar, 8.0| .011{37 17 8o | o b5 | .3]2.5] 00| L25| u58| emmmm-==] 163 | 97 606 (7.2
Mar, 15 .10 38 16 100 0 3.2 .3| .9 -~ L52 | .61 1,830 161 | 79 657 |7.3
Mar. 12 .10 37 17 881 o 2.6 1 M| W7 ---- Lsh| .62 1,370) 163 | 91 758 |7.0
Apr. 15 220 | Lk 20 92 0 he2 | o2| 1| ===- 5261 .72 1,080 193 | 118 821 7.5
Apr. 10 .10 L5 22 88 0 LeO | b o9 === 582 | .79 935| 203 | 131 8L8 7.2
Apr. 15 WO L8 22 102 0 4e6 ] o2]1.0| ==== 6181 .84 934 | 211 | 127 908 |7.5
Apr. 5-8-=—meamc—a—- T 13 .02 | 50 23 99 0 3.4 .2]|1.5¢ .20 88| .88 1,300 220 | 139 911 7.8
ApTre 9=mmmmmmmm——eae 708 11 .10| 50 21 111 0 2.2 3] 1.2] —=e- 618| .84 1,180 212 121 858 |7.1
Apre 10=m——mmeimmmm——— 550 15 0L 39 | 18 .8 | o 3.7 .2|1.0] 06| 559| .76 830 172 | 100 9L |7.L

See footnotes at end of table, p. L2




Table 7.--Mineral constituents and related physical measurements, Moreau River at Bixby, March 19L9 to September 1951--Continued

/Enalytical results in parts per million except as indicated/

—~ ?‘ Dissolved solids Hardness it
® & o~ 2D ; as CaC03 | g | 3,15
2oz ~ | # g T|8lzlg |« 8 o mEEE
i 18l 1S |1z | S| g3 8 (8 (B g g 515 [§]83S
Date of collection O~ 5la < =l = 5 1] I - < —~ oo b =21 & @ d
L w + ~ [o] ~ =4 + Q Q m o o = 1 ~n 0 o O
3% Fi & 18 ]4 5 3 2 g1 3 3 208 ~ Bl e & B2l |2|Coo
™ &5 o |81 & . 3 q 2] & H 5 18 g8 33 w8 a d¥S [8]d8
g | 8|4 |3 5 ole | §] &%) 3 S5 |8 |59 |a8| S e |5E2
Q [0 ard &~ th « o o oy o:f 3 E a) o] o (=] (o} .—a = g ] Q =
= =~ 0 [} [*] = [2] %) m [&] 0 [&] E: = m A = = [&] = %) n =
March to September 19L49--Continued
/Enalyses for periods that exceed 1 day were made of samples composited by equal volume/
Apr. 11-12, 1949--| a7 55 (11 0.02 | 51123 112 Lol 116) ol 364 3.6]0.311.8)~---- 66 1 0.90 | 7L8 222 1127 | 52 934 {7.5
37k 58 |12 .02 37|12 88 81 115 o) 234 | Lo 0 |l.6|--==| L76} .65! LB81 1h2 | L8157 706 [7.0
305 51 |1k .02 (52|24 137 | L.o| 227| o] LO8| 3.6| .1 |1l.3|---- 770 |1.05| 63L 229 |125| 56| 1,070 | 7.2
305 L8 |11 LOL [ 50| 30 wmo I 2.8 17| of Lk2| 5.0f 3] .8|0.22 78L|1.07 645 248 1160 55]1,100 | 7.5
311 5L |11 .02 | 60| 33 169 2] 0] 508| LeO| o1 |1e5|==-=| 92k |1.26] 776 285 1169 | 56| 1,250 {7.1
168 53 |12 .02 |73 L3 187 3.2 13, o & 6.h] .1]1.3}=-=={1,030]|21.00] Lé7 359 {249 | 53| 1,480 {7.5
77 60 | 12 .02 1651 39 202 6.0 190 0 584 | 6.4 | <3 1.0 |----]1,010|1.37 210 323 |167 57 | 1,460 | 7.k
L6 -~ | 1L .02 75| Lo 266 | 5.6 297 o} 660| 7.6 .3 |1.2| .37|1,220(1.66| 152 352 {108 62| 1,720 { 7.7
93 -~ |16 .02 | 651 33 29k | 6.4 331 o 6u6| 5.6 .2{2.2|----]1,230[1.67| 309 298 | 271 681,720 | 7.7
37 68 |15 .02 | 88| 50 356 8.8 37| o 900 | 6.2 | Wb [1.8]|~-=--]1,580|2.15 158 L25 1173 | 64| 2,210 | 7.6
15 68|13 .02 | 68 50 397 8.8 337 o] 9L8]10 Al W7 | W31 |1,660]2.26 67 375 99| 692,390 { 8.0
12 69§ 8.8| .02 |L2|L9 he9 | 7.6 Lh2| of 90412 o5 9| o3h|1,720]2.33 55 307 ] Of76{2,430]8.0
9.6 | 70| 7.2 .02 |55{L8 L98 | 10 362 | 31 976 | 12 6 W7 WL3]1,820(2.48 L7 335 | 0| 76| 2,6L0 | 8.3
6.6 70l 6.8 .021ho| L8 535 | 13 L35 281,050 | 1L 81 9| .L8{1,950]2.65 35 298| 0] 792,850 | 8.k
he6 | 74| 7.1] .08]55]59 585 | 7.2 382 28|1,260]15 6| .8|----]2,220]3.00 27 380 20| 77| 3,070 | 8.7
3.2 | 7h| 8.8 .08 |5L{ 5k 630 9.6 L27| 2k |1,280(16 6120 .L5]2,2903.11 20 357 0§79 3,150 | 8.6
June 30-July le--- 1.9 | 83| 6.3] .12 |L1|50 675 | 10 489 | 101,330 18 7| 8|----]2,390]3.25 12 308| o} 82| 3,280 8.3
July 2-3==e-mammm= 1.7 8| 8.2 .okjko]50 699 | 16 usé6| 26{1,320117 |1.0|1.9| .60f2,41013.28 11 306! ol 82| 3,14018.5
July l=bmmmmmeaea- Loeli | ==| 9.0 +OL |39 Lk 717 | 12 488 { L7 1,280 18 1.2 |1.9| .87 2,410} 3.28 29 279 0] 8L} 3,290 | 8.8
July 7=3l=—-=-=--- 4| 75 7.7 .02 (25| L2 828 | 15 701 25|1,340 |21 1.0 8| .70]2,660|3.62 10 235 0| 88] 3,570 | 8.L
Auge 1-Bemmmmmmmmn 3/0 751 9.4} .10[16}50 1,150 | 12 858 9211,720132 |[1.4{3.8]1.0 }|3,520]L.79 0 2461 0]91|L,73018.8
Aug, 9=3lemm=—eaee 3/0 70| 9.8 16|19 5L 1,360 | 1k 95k | 126 | 2,050 | 38 1.2 |3.5{1.1 [L,160]5.66 0 270 ol 91]5,4308.9
Septs Ll=30=m=mn-=m 1.4 | 58| 7.0] .06[17] 35 991 | 11 756 | 87 ]1,L60 |30 B8 (1.7) .7913,020 | k.1l 11 187 0| 91{L,1L0 | 8.9
Weighted aver-
age b/-=m-mmm-mv 5/ 171 -] 22 0.07 | 35| 16 87 L9 |6/ 105 | === 2h2 | 6.2 0.3 [1oly | === L87 ] 0.66 225 154 | 681 54 698 | ===
Estimated weighted
average l/ ------------- —=j mm==] ====13L4] 15 87 Lo jemmmm- ——— | =m——— === === ] | - m—=— ] mmmm——— -——=}---| 55 735 | ---
October 1949 to September 1950
/[Enalyses for periods that exceed 1 day were made of samples composited by discharge/
Octe 1-3, 1949-—-- 3.2 | 58| 7.0]0.06{17] 35 991 | 11 756 | 87{1,k60{30 }0.8]|1.7]0.79]3,020] L.11 26 187 | 0| 91 L,1Lk0 | 8.9
1% 51| 8L .06f1h} 1k 708 [ 5.6 82h| 79) 760]16 612.0] .60]2,020f2.75 87 .93 of 9k 2,930{8.9
7.0 | k6|15 2120 6.51 316 | 6.0 Ls0| 20f 356| 7.0{ .3|2.6] .20f 988}1.3L 19 621 o} 89]1,51018.5
8.0 | L8] 1L 08127} 2.2 uor| s.60 60| 24} Lo8| 9.0f .3{1.3} .30}1,170]1.59 25 77 oferf1,76018.3
Lol | k2f13 .08(321 8.3| L73| 5.2 éuo| 20| 532)10 Lf1.0] o30]1,410(1.92 16 11k | o} 90 2,080 | 8.4
3.2] 33|16 0815134 J1,030 | 13 | 1,390 Lu5/1,200] 2L 31 .9 673,100/ L.22 27 267 ol 89| L,370 | 8.4
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Mar. 6-9, 1950---=| 123 3h|16 |o0.02 (16| L.l 2134 JL.6] 168 o] 190 L.O} Ju}2.1| 10| Slo| .69 | 169 s7 | of82 T0L | 7.3
Mar, l0=—mm-=m==-- 100 3L (13 L0L 3912 208 6.8 17h| o} Li5{17 Li13.60 10| 8hhyf1.15 ] 228 7 | L7k 1,200 ] 7.2
Mar. lh=Apr. l----| 126 --113 0L |20 5.7 87 |L.5| 130 o 1ko| 3.0| JL|2.2] 0| 356 L8| 121 7] of70| 525]7.2
Apre 3emm—mmem—m—— 2,900 33|13 |~---|12| 2.3 2L | 5.2 s6| o ho| b.of Jhfkob| .10} 180 .24 |1,410 | o|s3| 176]|7.1
Apre h=bem——mm—aaa| 2,800 3k |16 oL 23| 7.1 L | 3.9 83 0 95| 3.0] .2]2.0| .10} 242} .33 (1,830 87 { 19 | Lo 351 17.1
Apre Tmmm==emee——- 6,590 32|16 L0830 7.7 33 |3.8] 16| o0 551 2.0 .2[1.9] 10| 222| .30 (3,950 07| 039 350]7.4
Apre 11l-ll-meee—— 1,260 36117 Lok |31 8.k 50 L.0 107 0 120 2.5 .2(2.1{ .10 316 | .43 [1,080 112 | 24 | L8 Lhl [ 7.2
Apre 15=l7=mmmmm—m 7,600 L2 |15 0L [22] 5.6 L1 3.3 98 0 78| 2.5] .211.0] .10 220 | .30 [L,510 78 0|52 332 | 7.4
Apr. 18=20~mm-==-=| 1,350 L3112 .02 | 36| 10 7 | Le2 99 ol 170| 2.5 .2]2.6] 10| 3L6| L7 1,260 131 | so|L8| 521]7.5
Apr. 2lemmmemm-—-- 363 LS| 11 Lol [ L6 |17 83 |L.o| 110| O 260| 3.0 2|2 .20| 508 .69 | L98 185 | 95 (L9 | 736 7.1
Apr. 22-26-=mm--—- 280 L3 ([13 W02 [ L1 |15 14 |5.1] k| o] 273| L.o| .2]|1.7] .10 558 | .76 Le22 16k | L6 |59 819 | 7.3
Apre 27==mm=ma==—=| 160 L7 |12 .0k | 59 | 20 48 |s5.2] 172] o 388] 5.0] .2]1.1] .20 728 .99 | 31k 229 | 88 {581,050 | 7.5
Apr. 28-May 15----| L70 - |16 .02 | 57| 22 143 (5.8 ikk| o] Loo| s.0| .2f1.k]| .10 75L]1.03| 957 233 1115 [ 56 [ 1,050 | 7.5
May 16-31-- L5 62 118 .02 | 661 30 234 } 7.0 264 0 Sh5| 7.5| .2 |1.7( .10 |1,040 |1.k1 126 288 | 72 |63 |1,470] 8.0
June 1-~30-- 30 70 9.8 L0k ]75]L3 Lo 18.9] 38| o 985]11 51131 201,760 2.39 | 143 363 | 51|72]2,320]7.9
July 1-31-- 1L 72| 8.8 .OL|83|L6 390 | 9.2] 316] 0| 935(11 5 1.1 .20 1,640 )2.23 62 | 398 |139 | 67 | 2,140 7.9
Aug, l-G-mmmcme——— Lol | 6712 .04 |39 30 L8O ] 9.2 55 0 8L5 |16 L7113 Lo 1,660 |2.26 18 220 0]82]2,360 7.9
Auge 6mBemmmmmmmme 75 S|k 6120 | 160 6.0 216 of 230| 7.0 .5(3.5] .Lo| S7h| 78| 116 68| of82 838 [ 7.9
Aug, 9=3Ll=m=ee——mm 6.7 | 67|10 .06 | 26112 377 7.3 Ls6| 8| 525(10 .5]2.2| .40 |[1,200|1.63 22 116 | of87|1,770]8.3
Septe lel9-mmmmmem L.5 | 65] 9.8 .06|2L]19 L72 To|  SL4| 1L 680 |.1L 5114 .55)1,500 |2.04 18 137 0]88]2,160 | 8.3
Septs 20-2L=e-=-—x 3L 6L |17 501201 3.4 234 | 64| 306 of 318| 8.0| .6|2.4| .LO| 802 |1.09 7h & | o|88]|1,1k0 7.8
Sept. 25-30===mm=m 5.2 | 57|10 0612611 38L | 67| LBL| 11| L95}10 .5{1.2} .07 {1,190 [1.62 17 110 | 0(88]1,760]8.3
Weighted aver-

age li/===v-memmm 8/ 23L - |15 0.04 [ 31] 9.8 75 6.616/12L | -- 166 | 3.4 |0.2]1.7]0.11 380 | 0.52 240 118 | 16|56 SLb
Estimated weighted

average 7/-=====|-=m=m-um =] ====1----130| 9.5 70 | 6.3 ——— Bl I [P IEEE IREET I e -=- | -- |56} 518

_ October 1950 to September 1951
éAnalyses for periods that exceed 1 day were made of samples composited by discharg§7

Octe 1-31, 1950--= 6.36] == {10 0.0k | 27| 22 k10 6.2 543 0 570 | 11 0.5|1.5]0.10| 1,330 | 1.81 22.8 | 160 0]8h|1,910] 8.1
Nove Le30mmmmm—enm 5.27] -= {12 LOh | L1 27 68 |7.1] 753] 15| 825]16 5] W7 .20(1,930] 2.62 27.5 | 212 0]|86]|2,670] 8.3
Dece 1=20=m=m=—=-mn 2.00(. == | 1l 10| 661 33 82Lh | 9.k 21,010 30| 1,140 29 6113  .50]2,6L0 | 3.59 1.3 | 300 0|85713,900 8.3
Jan, 1-28, 1951~~— 3.80| -~ 110 21018113k 740 6.6 980 | 18] 1,050 { 22 .6]|1.0] .L7[2,L50] 3.33 25.1 | 3ko 0|82]|3,540] 8.3
Feb. .85 --]10 .10 ]85 35 636 | 6.2 758 16| 1,020 22 6] .8 .L8]2,210] 3.01 s.07|358 | of77]3,130] 8.2
Mar, 1.5 | -~ 12 .10 | 89| 38 656 | 6.1 820} 1h| 1,070/ 23 b1 W9 L0 2,320 3.16 9.L,0|378 | 0f78]3,260]8.2
Mar, 12--=—eemeeae 1.5 | —-|11 .10/ 77 L2 6l | 5.7] ‘886 24| 990125 L6111 52,260 3.07 9.15)36L ] 0]79(3,180] 8.3
Mar. 19-3l-—mmm——m 116.7 | =-| 9.0| .10}{3L4| 9.5| 196 |L.8| 262| o} 330| 7.5| .6]1.8| 15| 77211.05| 2L3 124 | o|76|1,130]8.1
e T e 37.8 | -=| 9.8| .03|28}13 213 | L.3| 258| o} 3501 6.0 .3|2.0| .26 754|1.03 76.9 | 122 | 0]78]1,120] 7.9
Apr. 9-May Bem-—mm 10.7 | ==| 8.2 .oh|LO|19 366 | 5.0 Ls8{ o] 585(11 A1 .291,260 | 1.71 36 [178 | of81]1,820]8.1
May 9~ll-—mm—ceo-m 24,0 | =12 Jd2 (34|11 37k | 6.6 Lus2| of 568| L.5| .5|3.5| .31]1,2L0|1.69 80.4 | 129 | 0]86]1,800]| 8.1
May 12-27====mm-—m 9.39| -~| 6.9 .03]26|21 52t 6.7| 500 19 790 |13 611.0[ JU43|1,660]2.26 k2.1 [153 | 0]88}2,350] 8.4
May 28-3l-mmmme—=m 38,3 | — |21 06125 9.8 333 6.6 392| 0| 508| 7.5| .6]L.s1| J18]1,110|1.5L| 115 103 | o|87{1,670]7.9
June 2=Smm=emmm=e=| 138.3 | == [ 16 O 18| Laaf 2u6 |L.9| 338 ol 310 3,5| .5|5.2| 26] 782|1.06]| 292 62| of89f1,190]38.2
June be-mmmeemaman 102 --115 W06 |91 | L7 482 8.8 290 01,180 11 M 3.4 .19( 1,980 | 2.69 545 421 |183 |71 2,720 | 8.1
June 7-9===ammmmum 46.0 | == | 15 0L 52|25 352 9.2| 290| 10| 720 7.5 W5| 6.4} J16]1,3L0|1.82| 166 231 | o|7611,920] 8.3
June 10-13-------~ 1643 | == | === | === [ 59| 31 387 | 7.2| 386)--- 765110 | =~=| 1] e=-- - 276 | 0] 75| === -—
June 14=18~=mmamwmm .6 | --| 10 .05]32[19 333 6.3 393 o} 553| 7.0 .5]|3.0] .21]1,160]1.58 5.7 [160 | oj8L|1,720] 8.1
June 19==—mmmmamam 31 -~ 115 031 7.2 2,0 | 6.6| 258| o] 378| L.o| .6]7.6f .13 85L|1.16 7.5 | 107 | 0]82]1,260]8.0
June 20-30-=-—~-—- Ohj k221 295 |-6.5] 3011 o] 5701 6.0f o5i12.81 L1701,11002.50 1 bS5 1931 ol7té6l1,60017.8

L8.5 | -- |1k
See footnotes at end of table, p. L2.




144

Table 7.--Mineral constituents and related physical measurements, Moreau River at Bixby, March 1949 to September 195l--Continued

analytical results in parts per million except as indicated/

= N Dissolved solidg | Hardness 5
5 ||~ c: = 818 Al - ~ b 25 02003 15 |5 49
5ol S €| - |8 2|8 §lE|g|® 5 7 2 ]4|55%
s 1EE S |2 3 4| =< |8 s S| 3 1E 584,
Date of collection Qe 5l E ) E Z g a 2 ~ o 9 |~ | @™ 88 | o - 512 1o g B
28 (8|S [ = |s5]= s | 3| S| & 2| 9|2 8|2 |54 8| & |5E|Z2|8|2%
S 18l (EE | al 518 Bl 5B |8 s |ad 8] o |oB|B|8|d88
§ g | A 5 9 ® g 43 o Y = ﬁ g1 8 8 gg 2 & g 8 g lo|288
d l&ld (e8| 8 || 8] a|8|a|g| |8 |7 2 3" |2]2]a "=
_ October 1950 to September 1951--Continued
/Enalyses for periods that exceed 1 day were made of samples composited by discharge/
July 1-2, 1951-=-= 10 e e A N 261 | 6.2 | 245 |---| 555 8:0|---[0.3] === [----- el 21 | 13 |72 | ~mmmm -—
July 3=lmeemm————- 112.5 |-=|15 |o.oh}2r| 6.7 17k | 5.3| 29| O] 246| 3.0|0.k|3.2]0.01 | 6L ]o0.84| 187 80 0|8L} 930]|7.8
JULY Gmmmmmmm e 88 -- |15 .20 |15 3.6 107 | L.2| 1L | of 122| 2.0} .6]2.3| .07| 386] .52 91.7 | 53 o|8]| su7|7.5
JULY 6-9mmmmmmmmmm 81.5 |- |13 .03 [ L6 |20 208 7.0 | 197 o u88| 5.5| .5(3.5f .13 902 | 1.23 198 196 | 34 |69{1,310 (7.6
July 10=26=mmmm=mm 7.l j-=| 9| J03]39(27 285 | 7.4 | 2u6| o €23f 9.0| .5(3.2| .241,120(1.52 21.6 |207 5 {741,660 | 8.0
July 27-3Ll-=====m- WSh{==] 8.2 JOWj22]23 118 | 7.9 275 | 17| 77512 2 (1.9 WL [1,h20]1.93 2.07}151 085]|2,090 | 8.
Aug. l=lle—=--c-mn 2,15 [ == | 8.4 JOu[25]19 b8 | 8.6| 28| 10| 770|122 62.5] .36|1.L00]1.90 8.13|1k2 0 82 2,050 e.g
Auge 12=16mm-mmm—= 357.6 [-- |1k 20|27 Te9 | 124 | L9 197| O 193] 5.0| .L{5.0|--—-] LSO| .67 | L73 100 0|72 7Lk [ 7.8
Aug. 17=3lemmmmmmm 20,2 |~-=|12 0l | 34|13 180 | 6.b| 209) o 3k k.| .2[2.0f .28 716| .97 39.1 139 o|73]21,060(7.6
Sept. 1-30-------- 1.6 |--]13 «oh |22 7.1 | 237 | 5.6| 3u8| o 290 L.5| .Lf2.6] .21| 7éL[1.0k4 30.1 | 8k 0185]1,150 | 7.9
Weighted aver-
age ly/-=mmmmmm-- 9/ 23.7 |--|12 0.09 [ 33|13 2L6 5.2 |6/ 308 | === ko2 | 6.8]0.5|6.5]0.19 8851 1.20 56.6 |136 01l7911,300 | --=
Estimated weighted
average 7/=—=--= [ ====-=-- a= | mm—=| ==== | 33| 1k 250 5e2 | mmamm — | ———— ———— = ] -} - Rl et e -—- --|7911,300 | -—-

1 Mean for day.

2 Not included in weighted average.
3 Ponded~--no flow.
|, Weighted average for period sampled only.
5 Mean discharge for water year is 97.0 cfs.
6 Includes carbonate as bicarbonate.

7 On basis of complete water year.

8 Mean discharge for water year is 216 cfs.
9 Mean discharge for water year is 21.9 cfs.
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Table 8.-=Mineral constituents and related physical measurements , Moreau River near Faith,

@‘naLytical results in parts ber million except as indicateg7

April 1941 to September 1949

= ) Dissolved solids Hargnggs 5
g S~ = ~ 8|2 ~ | - 5 e HIE
] o | & @ = ~ | = o | S s 3 = | g g g 313|588
. < =~ o (&) 2] +« (2] ~ ~ = © hel [ o OE

Date of collection 0w 3|& i ~ g & 5 2 3 =~ ) ) ~ o 88 | g & -~ 512 |oE%

g% 2 @ & 5 B 5 ‘a 2 2 3 3 3 3 ~ i a 52 'g Eidon

~ [} Qo - o n ﬁ (e} © 13 5 [ =] 0~ o «~ b (0] - QO

§ ela (s S| 5|32 (88]l 3 38|28 |59 |8s| & |99] 8 |5]|s8¢

Q [0) o ~ [3:] a (o3 o oy Q =] g Ei‘ o~ o «© o (e} Td =] [} 2 o e

= £~ n - (&} = [%2] Ay m [&] (2] o = m Ay = B Q = A (D Q

April 1941 to September 1946
Apr. 16, 1941 1/--- 2/ 300 e | e | = | 19| 5.2|268)——=-|304]--]| 190] 2.1 |---[0.6] -] BU2|-men] wmmmana 68| o]|82| 8s0]|7.4
Sept. 19, 19k271/-~ 2/ L = {mmm= | ===={ 52 |11 [200| === | === | == [ -===- e = | = [ == | 832 = | - 175 | === |71} 1,270 | 7.7
Nove 6 L/==m=maZeam 2/ 10 mm | [ mmee | 29 | 18 | U39 | mmemm | mom | o | e [ mmmm | e [ e [ meee | 1,010 | e | e 148 | --- |87 | 2,100 | 8.3
Apr. 1k, 1943 1/--=- 2/ 51 = == [ === L6 | 23 | 138 —mmm| wmm | [ e Bl el I I B 5 T B 208 | --- |59 | 910 7.9
June 1l L/=~m=cemm- 2/ 2,740 mm | mmem | == | 17 ] 348102 | mmem | = | | e I [ R o -V (o RS R 260 | ~-- | 79| 560|7.5
July 9 L/----=-=--= 2/ 219 cm [mmmm e | 27 | 20 10k | mmmm | == | = [ mmme S [ R ot I Tl [P ISR 110 | === | 67 690 [ 7.3
May 7, 1945 1/--~~- 2/ 28 -~ |-=-=]--—-| 57|10 59 ~===] 247 ~=] 107]|12 [===]| 1 |----] L32|--—- 1,690 | 8.4
NOVe 29mmmmmmmmmmm 1 e | Leo|ooL| 32|25 [638] 8B.uf8uk| O 855[16 0.5 «5|----{2,000] 2.72 2,780 [ 7.8
June 5, 19L6mmm=mmm 22]367 = [==-=] .05] 86| 22 211 160| o] 98| 7.0] 3| .2|-=--]1,010]1.37 1,290} 7.8
June 26=—emmmmmmmam 2/ 192 - |====| J10| 35| 1L 117 18| o 260 L.o| 3| J6]---- AR I AT IS W5 2L | 6| 755 (7.0
July 16mma—mmmmmmmm 2/ 2Lel | == [====| 05| 97 | k2 225 200) 91 685|110 5] 09| ====] 1,170 1459} ===m==mm 4151 236 |54} 1,520 ) 8.3
Septe Gmmmm—mmm———m 2/ 131 == | -——-| «05| L1 ] 37 586 Lo8| o 1,130 10 613.2|--—-12,010| 2.73 ==-==== 25| o[83]2,770] 8.2
October 1946 to September 1947
[Knalyses for periods that exceed 1 day were made of samples composited by equal volu.m§7
Octe 25, 19L6mmm—=mm 13 = | ====]0.00]| 34 {13 198 230] 0| 359 L.O|O.u|0.6]-~=- 7451 1.01 26 | 138] 0|76 987 | 7.4
Mar., 26, 19L7==--—= 2,010 -~ 112 j1.0 2L | 10 1) 7.4| 92] 0o} 126} 8.0} . .810.09| 287) .39{ 1,560 | 101} 26)55} L36}7.5
Apre 9=18=—mmmm=mam Lak L 7.0| .20 22 9.2} 27429 |1k] o 575 7.0| .2}2.0] 19| 962§ 1.31] 1,100 93| o0]82]1,300]| 7.k
Apr, 19-28==m——mmmam 90 w3l 6.0) 10| 22| 5.7|294| L.ol222] ol sor| 8.0 .2|2.01 .19 960)11.31| 233 78l o]88|1,3901}7.8
Apr. 29-May Gemm-—m= Lk 52| 5.0| 07| 2L |10 |Lu8[18 |355| of 56|12 A|2.0( o37|1,L50|1.97] 274 fror| o|89]1,880]8.1
May 10=19=mmmmm——mx 23 56| L.of .07 2L | 12 (L47h}21 {38012 76413 L l2.0| .37]1,520] 2.07 oL |109| o0(88]2,010] 8.2
May 20-3l-=mmmmwmem 16 52| L.o| .o5{ 20 {11 |s503|21 {378|20| 78L|15 .512.0] 371,570 2.1k 68 951 o90]2,130]8.3
June 1-10=m=mmmmenm 39 60| L.o| .O3| L3 |34 JL23]10 | 380|20| 775|116 W51 W] =---]1,520| 2,07y 160 | 2L7| 0]78]2,190] 8.7
June 11~20=e==mmmm=—- 56 61 |22 .03 6L [ k3 [L2o|1L |332]18| 900| 1L 6| 2| -~==|1,660]2.26] 251 | 329| 27|72]2,380]8.6
June 2l-=-m-—mmmaee 2,720 -] 9.0| .18 17 5.91 53| 8.4f122] © 88 LS.l .8) .13 2831 .38| 2,080 67 0|60 L35 8.k
June 21, 6:00 peMe [ ——==—-=—==m - | 7.0] 16| 25| 5.5| 50| 7.2|130| O 90| 2.0 1| .8 Jabk| 272 .37 —=mmmm- 85| ofsk| Lk9]8.1
June 25-=mmm—mmmmum 14,900 - | 9.0f 20| 63|27 {115|15 [116| o L26| 5.5| .3|1.2( 25| 73| 97| 9,430 | 268|173 L7 (1,100 8.2
JULy 1-10~wmmmm=——— 126 69 |19 .10 78 | 36 238119 238 22 583} 6.0| 3| .6| .23]1,120] 1.52 381 3L3] 111 [ 581,550 8.3
July lle-memm—————— 3nn --| 6.0 .OL| 116 | L3 253 2Ll o 770| 8.0| o4 |L.O| 430}1,320}1.80]| 1,940 L66) 266 | 54 ] 1,860 8.4
July 11=20-=mm==mnm 149 70 | 19 .01 Lo | 17 193] 17 200 | 28 365 | L.o| .2]2.0| 16 755 | 1.03 304 170 0]69]1,1L0] 8.2
JULy 21=3lemmmm———— 21 70 {21 .05 23 290118 | 339 L s51ih} 7.01 .3} 8] .34)1,090] 1.48 62 197 0]74]1,580] 8.3
Auge 1=10=m—=mmmmam 7.9 | 73 |1k LOL] L3 34 |3%hj19 | 305]|32| 758(12 Q| .6 71,460 1.99 3L | 2u7| o]76]2,070(8.3
Aug, 11-20==-=—=-—-- 9.7 | 66|10 O k2|29 |hes| 291| 28] 760|111 31 .81 k{1,460t 1.99 38 | 224| o|80]2,070]8.3
Aug, 2L=3lem—mmmm—— 1.8 [ 65| 6.0 .05 L6} 36 {L53]18 | 312] 32 912} 1k 3] 8] b9 1,670 2.27 8.L| 263 o|78]2,360} 8.3
Septe 1l=l0=mmmm==mm 1.3 | 59| 7.0l .00] 50| L5 |586|22 | 308]32]{1,210]18 .5 6] 57| 2,120} 2.88 8.5| 310] 5]79)2,930]( 8.3
Septs 11=30=mwmmm=m 1.1 I 50| 7.6] oL 52 | L9 70818 | 395 1111,L601) 26 .91 .0l .62] 2,530 3.4k 7.6] 331 0f81] 3,090 8.3
See footnotes at end of table, p. L6.
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Table 8.--Mineral constituents and related physical measurements, Moreau River near Faith, April 1941 to September 1949--Continued

Linalytical results in parts per million except as indicateg7

- gvx Dissolved solids Hardness 5
) £l ~ e ~ | Elg] ~ | ~ ~ 7 as CaC03 | gf 545
g el & CI O I o -0 g - A N -4 S0 % | sl 5858
Date of collection| g~ 3 n Il 5 2z g g 3 ~ ° © — ™ 55 . . o stoal Eg
R o o =Y 5 = - 3 o ® o g ) < Q. [5) 3] g9 8l o 8~
- ° o ~ et @ 5§ %) s § ] 1y kY B a = s N a8 g1 81283
BELHEI R AR AR R I IERE R IE IR R E A I L B it
= [ N = 3] = 9] o m | o 51 [+ = m A £ B &1 2] &l A B
B October 1947 to September 1948
/Analyses for periods that exceed 1 day were made of samples composited by equatB;olume Oct. 1, 1947, to Mar. 13, 1948, and by discharge Mar. 18 to
Sept. 30, 19
Octe 1=11, 19)7=mm= Lbe5 | 51 7.6] 0.0L] 52 | L9 708 | 18 395 11 [1,4601 26 [ 0.9( 0.0 0.62 2,530} 3.LL 31 331 of 81| 3,090 8.3
Octy 12=18=mmmmmamn L3 Lof 13 L7 b2 | 21 ho2 { 7.2 Lo9| 8| 87217 81 .91 JLu5i1,680(2.28] 195 [191| of8L| 1,9601 8.2
Oct. 30-Nov. 30---- 18 3] 12 .02] 38 | 23 569 | L.8 | 652| 2k 7931 18 1 6| 481,810 2,46 88 | 189 of 86] 2,600] 8.3
Dece 1=3lemmmmmmmnn 8.6 | 32| 12 02156 |33 | 6h2 3.2 806] 12 92| 19 7( 151 JL45)2,130] 2.90 L9 275 o| 83| 2,880 8.2
Dec. 16 3/-=-——-mm 1.0 | 32|13 2| 65 3k 695 9ol | 28 960 | 18 S| o8] ---= {2,270 3.09 6.1 302 0] 83| 3,070} 8.3
Jan. 1=7, 1948-—mun 1.9 | 32] 18 .03 53 48 799 9.6 858| 01,280 2k 8] 2.0 .56]2,660]| 3.62 1y 330 0| 8L} 3,290 8.1
Jan, 8-12~mmmmmmman 7.4 | 33|18 .02] 38 | L7 858 | 5.6 8L8|39]1,340] 27 .91 1.5 k12,800 3.81 ‘56 | 2881 0| 86| 3,760 8.4
Jan, 13-~Feb. 20-=-- 2.0 | 32116 .03] 86 | Lo 718 | 10 82l | 22 | 1,200 26 B W9 W36]2,52010 3.43 1 |319| of8o0] 3,320]8.2
Febs 19 3/-=-nm--nn 1.0 f 32 7.5 .30{13 3.5 39 87| © 50[ L.0] e2] 6.9 ~=--| 192 .26 S u7| ofék| 158] 6.5
Feb, 21=26bmmmmmmaan| 137 32| 9.6 .25] 12 Lol 9L | 12 166 of 109] 3.5| JL|Lk.9| .00} 370 .50 137 L8| 0f76 505 | 7.4
Feb. 27=28mm—mmmeau 380 33| 94| .60 15 L.5 c8 1.6 | 116| o 81{ 1.0| .6]2.9| ~—— 300 W41 308 56 o] 68 342 | 7.7
Feb. 29-Mar, 2---—- 250 321 9.3| .30} 15 3.0 52 | 5.6| 100| o 82 2.0 Ju|2.1 21| 262] .36] 177 50| o} 66] 238]|7.6
Mar, 3-6eemm—m————- 123 321 9.5| .15] 28 6.3 59 2.k whl o 17| 2.5 5| 2.4 -=m= 340 46| 113 96 0f 56| L70| 7.k
Mar, 7=l3===s=————— 36 32112 15130 |11 108 5.2 17k} o 203| 6.0| 1| 3.0} .00 L9o| .67 L8 120 of 63 702 | 7.0
Mar, Ujmmememe—e——— 900 34f 7.0] 22| 14 2.8 38 8L o 59 O 0| Loh]| ====f 202 .27 Lo1 L6 | o] e 265] 6.6
Mar, 15-——mme————m- 1,400 32| 7.5] .20]| 15 1.8 20 721 © 26 O 0] 1.5 === 138 .19 22 | L5 | OfL9| 182] 6.7
Mar. 16, 8:15 a.m.- | 1,800 32| 7.5] .18] 17 1.8 15 éuf o 28 O] W0 1.3) —=== 2| .19 690 50| ofLo| 161}7.5
Mar, 16, 6:00 pem.=| 1,800 32|12 60( 16 5.0 69 6| o 86 O «0f2.0f .05] 298| .L1| 1,450 60 o] 71| 396|7.0
Mar, 17, 8:00 a.m.=| 1,0L0 32| 10 .28 1 L5 L8 04| o 70 0] 0f 1.7 ==-- 22| .30 629 c3 0| 66| 304 6.9
Mar. 17, 3:00 p.m.-| 1,040 32| 7.0} .60| 12 L0 L7 82| o 75 0] 0f2.9] .01 204| .28 573 b6 ol 68| 252|7.3
Mar, 18=2l====-==um 1,200 32| 9.4f .34 33 6.7 50 | L.O 8L| of 18| 8.0 .2|2.6] .00 28L| .39 920 | 110 | Lh| Lk 370 | 6.9
Mar, 22+23=-=m=cw~-= 925 32110 |11 L3 |13 71 6.0 okl oi 219| 8.0} .2|2.0|----} L1k} .56} 1,030 {161 | 8L|L8 5901 7.k
Mar, 244-25-mm=eeee=| 150 3211 821 6 | 26 135 6.0 98| o L1528 2 2.1 =2mm 726 .99 882 267 |187| 52| 1,010 7.9
Mar, 26-3l-em—me—-- 255 33§11 .00f 50 | 30 158 | L.8 | 121} o] L76] 9.0 .3]1.0] .00 806 | 1.10 555 248 |149| 57) 1,120 8.1
Apre LlaQmmmm—meeoee 83 36| 9.2| .o7| 70 | 35 il | 7.6 | 227] o] 562 9.0( 3| 1l.k| .16} 1,010 1.37 226 | 319 (133 59| 1,L50] 8.1
Apre 10=30-===-mm--~ 139 L7122 06| 62 32 220 L.o 196} 10 560 9.5| 3] 2.6| .20]1,020] 1.39 383 286 1109 | 62| 1,500 { 8.5
May 1=3lmmmm—e————— 60 551 1k W06} 95 [ 7L 330 2.8 | 236|121,010( 1k 25| 1.5] =-==| 1,670 | 2.27 271 | 529 | 316 57| 2,230 8.5
May 2l 3/=mmmmmmmam 17 60| 5.0 .o00f 95 | 88 51k 343 54{1,350| 15 7| o5 .03]2,240] 3.05}] 103 599 | 310 | 65| 2,650 8.2
June 1=30-=m=—meuwu 31 63| 22 .90| L7 19 167 1 L.b 165| © 3861 5.0 o5 2.1 .1k 70| «97 602 1951 60| 64| 1,130} 7.8
June by 3/==-=—n---- 372 1| 10 02| 22 5.0 100 Wh| of 164| 1.6| J1f2.1)====| 395| .Bk| 397 75| Of7h| 567|7.6
June 8 3/-~=-—----- 15 61| 9.0 ———-| 27 6.5 135 208 Of 202 3.8| 1| 2.9(--—-| 505| .69 20 oh| 0| 76] 720 7.7
JULY 1=3lmmm—mmm—an 95 691 21 .30 L7 19 1661 L.O 199 0 368} 5.0 5| 1.9 .1k 708 .96 182 195 ] 32| é4} 1,110} 8.1
July 19 3/-=-------| 120 70| 13 WAL 28 6.0 154 197 of 2L6] 6.0 6| 11| ==-- 5801 .79| 188 o | of 78} 8hL1]7.9
- XCT- O T § 26 65| 20 20[ 27 |11 286 | Lob | 3uh| 12| LO6| 8.0] 45| 2.1} === oLk ] 1,28 66 |113 of 8L} 1,470 8.4
Aug, b 3/-——mmmmmne 8.0 | 6L} 15 .00[ 33 |20 296 388 of Léo| 7.0| 6| 1] 341,030 1.40 22 165 | o 80} 1,520 8.0
Septe 1=30mmmmmmmm- ou 561 7.81 .02]l25 |23 515 | 10 390§ 17 9ok 16 B811.0l JA311,710] 2.33 21157 ol 87} 2,620 8.5
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Weighted average I/ [ 105 | {15 [ous|ue |18 [ 1] 1 |ylé9|--| 3l | 6.8‘|0.3|2.1—[--ﬂ 66910.91' 190 ]179[ uo|6o| 97o|---

_ October 1948 to September 1949
éAnalyses for periods that exceed 1 day were made of samples composited by dischargg

Oct. 8-31, 1948---= Lo | L1] 7.8]0.02]|35 |26 628 | 8.4 | 567[26| 9Lh]|22 |0.8]1.1]0.65]1,980|2.69 21 |19k | o]87]2,980]8.5
Nov, 1-30=a=canme—- 20 - |12 02|25 |13 456 | 6.0 | 58222 518 | 13 7] 2.5] .09 [1,360[1.85 73 116 | 089 2,100 | 8.5
Decy 1=3lmmmaammmam 3.1 ] 33(1L 02146 |31 889 | 8.0 [1,140| 31 |1,0k0] 2L 612,77 J02)2,660]3.62 22 (242 o0]88)3,80]8.3
Jan, 1-20, 1949~—-- .51 32]25 OL[22 |é |1,350 |10 1,620 0]1,820{36 |[1.2| +8|1.2 |L,1k0|5.63 6 |318] of90]5,u60](7.9
Mar, Jeememecaaca—- 6/0 --| L8 02(25 |17 296 | 8.0 | 336f1h| k52|11 2| le5| .28 {1,040 | 1.l 0 |132| o]82]21,600]8.4
Mar, Semem=mm—mo-- - 50 -={ 51 .03 | 12 5.2 29 | k.8 88] 0 Lo| 3.0 «2]1.6] 08| 220 .30 30 52| 0|52 2uL8|7.8
Mar, 6, 10:00 a.m.=- 300 - | Ll .05( 13 L.2 1| k.o 96| 0 60| 1,0 «2]|1.4| .O4 228 | 31| 7/153 50 0|62 2711 7.8
Mar, 6, 12:00 me=== [ 300 36111 [ -=-= |1k 8.7 21 [ L.8 82( o Wi LeO [ o8| 2.0{====| 182 25| Smwmme=| 71| L [37| 258(7.2
Mar. 6, 5:00 pefe== 300 36| 8.6 ====| 10 8.7 23 .8 86| o 34 10| o8| 3e6| me==] 156 +21| mecmmem 61 o| 45| 219]|7.2
Mar. 7, 7:00 a.me=- | 1,500 33] 8.7 ==~=|1L 9e2 35 [ 1.6 106] 0 581 1.0 o8f1e3 |-~ 188 .26| 7/77h 731 0|51 276(7.2
Mar, 7, 12:00 m.~== | 1,500 34j10 m——-}13 9.6 28 1.6 98| o L8| 1.0 o8| o8| wm—m L66| .23 mecm——=| 72 0| L5 242 | 7.3
Mar. 7, 2200 peme== | 1,500 - L9 £02 | 1k 5.2 32| 6.0| 0] 0 L] 2.0] «2|12.5] 00| 218 30| ------=] 56| 0|52 2u8{7.9
Mar. 8, 8:00 a.m.~- | 2,200 32| 9.1 ====] 13 962 8.0 i o 20) 2.0 o8| 1.7[ == 120 .16 7/701 70 9120 159 | 7.0
Mar. 8, 1:20 peme== | 2,200 — | 5.0 07| L.0| L.8 21 531 0 251 2.0 +3]|2.0| 00| 122 17| ====-==| 30| oO|6L| 145]|7.5
Mar. 8, 2:00 peme== | 2,200 --| 10 Oh | 9.9 147 19 | 5.2 6] o 2L} 18| o2 2e9] Jb| 112]| 15| ~emeeem 32| ofs2| 164]7.6
Mar, 8, 5:00 peme=- | 2,200 34| 8.1| ~=-=|11 7.9 11 | 1.6 68| 0 24| 140 | o8| 160} === | 116 16| =memumm 60 Lf27| 152(7.0
Mar. 9, 9:00 a.m.== | 1,700 3b| 7.8] -==-1 9.2] 9.2 8.3 651 o 20) 1.0 .8|1.3]----] 1OLk| .2 7/51k 61 ] 8|23 133]7.0.
Mar, 9, 2:00 peme~= | 1,700 - |14 021 7.9] 3.2 21 | o 4| o 23|15 2|17 00| 120 o16]| Sememem 321 ofs5] 172]7.4
Mar. 9, 5300 pume~= | 1,700 34| 7.0f =-==-1]120 749 8.7 60{ 0 221 1.0 46| 2.0 === | 112| 15| ==e-wm=| 58 | 9]25| 130]6.8
Mar, 10, 9:00 a.m.- | 1,000 33( 940 ====] 9.0 9.6 10 | L.8 651 0 26 L 62l |-m-=| 206 o1k 7/32L 62 9l24] 130|7.0
Mar. 10, 2:00 pem.- | 1,000 -1 31 oL {13 L0 16| 5.6 7] 0 2C1 6.8 22| 1e5]| 00| 136| W18 =m—-===| L9 | 0]38{ 179]7.9
Mar. 10, 5:00 pem.- | 1,000 3h| 9.2 —==]122 7.9 12| 5.6 761 0 22( 1,0 o6 laly| === | 118 W16 wmm=—==| 63 | 1 ]27| 158]7.2
Mar. 11, 8:30 a.m.- | 800 32| 9.0f —-==|1lh 9.2 36 L.8 86| o bl .o W6|LeT|w==-[ 204 .28]7/570 73| 2]50| 315])7.0
Mar, 11, 2:00 pem.- 800 -- |26 A6 16 2.8 83| Lo | 113] 0] 129| S.k| «2[1e5| 06| 326 Jul|=-ee-ee 52| of|76] L8k |8.0
Mar, 11, 5:00 peme- 800 3| 9.7 --=-| 16 Tk 53 5.6 | 114 O 9l O ob| Lol | =-mm 262 | 436 wmmeme=| 71 o|éo] 399|7.1
Mar. 12, 8:30 awm.-| 600 33| 9e8| === 12 6.1 351 L.8 861 O 56} .0 46|1e5|---=] 170 .23 7/28L 55| 055 - 260]7.0
Mar. 12, 5:00 pem.- | 600 36[10 | ~===|16 6.6 28 | 2.4 98 o L8 O o6 1e2 | mmm=| 180 o24| ==m~===| 67| O|L7| 270|740
Mar, 13=ee=—mem-—-- 500 32| 8o5| =—==|13 6.6 29 2.4 80| o 56 01 6|1l ——-- 154 | .21 208 60 0150 226 | 7.0
Mar, limem=eeeee--=| 40O 32| 945 mm==|17 749 21 | k.o 92| 0 L6} 0| «6f{1.6}----} 182 .25 197 75| o|37| 26uf7.0
Mar, 15-====e—-e--=| 350 321 9¢1| === |1k Tk 25 | L.8 9| o Wi J0f Jb|leb|ame=t 178 24| 168 66| o|L3| 263|7.0
Mar, l6me=—me-ae-- -| 300 32|10 | ==-=|16 7.0 35| 3.2 oh| o 58 0] o6]1e5| === | 186] 25| 151 6] o]s5L] 276]7.0
Mar, 17=m=mem=me—e=| 270 32 942 ~===]16 8.3 32 | Lo 901 0 66| 0| J6[1e3[---=| 182] 25| 133 h| ofbL7l 265(7.0
Mar, 18em—mecme———— 2Lo 32| 83| ==-=|24 10 50 342 06| © 124} 3.0 o] 1e2| am-m 308 | L2 200 101 | 1|51 L63 | 7.1
Mar, 19=—e—=em—maam- 220 32|11 | ====]20 9.0 57| 2.4 | 110 of 126f] .0 WL 8| -==<| 297| .uO| 176 87| ofs8| Uus2{7.1
Mar, 20======w===-= | 200 3L | 6.0 ====]18 762 ks .8 108| o 86] 1.0| o3| o9 | ===] 23| .32] 126 75| o056 362 (7.1

200 311 | =-==]19 742 by | 2.4 ) 118 o 78] 1.0} 42| o5)--==] 232 .32] 125 771 O5k| 352[7.2

300 3410 |--—-]13 5.2 36 | 3.2 92| o 60| 1.0] o3| 1elf-=-=| 174} 24| 1 5L 0|58 264]7.0

2,120 3611 | =-==]16 6.1 20 | Loo 9L| o 3L 0 b o9 ---=| 161 .22] 922 65 039 2L6|7.2

L,160 |1y | ----]23 8.1 36 | L.o| 112} 0 781 1.0 oh| 7| =--=] 222| .30{ 2,490 o1 | o}Ls| 33317.3
Mar, 25, 8:30 a.m.= | 3,810 -=111 -—— 22 845 35 2.4 84| o 9k O 2] | e 209 .28;/2,010 90 | 21| LS 327 | 7.1
Mar, 25, 4230 pem.- | 3,810 36{12 | ~===|19 7.9 29 | 1.6 961 0 1.0 5| o6f=m=m=| 1BL{ o25[ =-memem 80| 1|L3| 283(7.3
Mar. 26, 7230 a.m.- | 3,120 34|12 [-=-=]29 |13 0 | k.8 84| 0] 160 <O| i $2|---=| 312} JL2j7£,530 |226 | 57|L5| L8L 7.3
Mar, 26, 12:30 pem. | 3,120 35|11 | -=-=}31 |12 L5 | 5.6 9| O 14O{ 1e0| o3| 6| ====] 2991 ohL[ =-=a—==]127 | 50 L2 L59 | 7.4
Mar, 26, 5:00 pemme= | 3,120 351 9461 -===]30 |1k 36 | L.O 96| o| 124 O b 9| === 288 | 39| ~=mm—em 133 | 54|36 L36]|7.3
Mar, 27, 8:00 a.m.- | 2,720 34| 9| m=m=f22 |12 36 | 5.6 881 ol 11kl .ol Juf «6f[--==1| 262] .36[7A,900 [105] 33)L1| 398]7.2

See footnotes at end of table, p. 46.
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Table 8.-=Mineral constituents and related physical measurements, Moreau River near Faith, April 1941 to September 1949--Continued

@.nalytic;l results in parts per million except as indicateg7

~ /o;‘ Dissolved solids Hardness 5
Iz o —~ as CaCO3 0~
& | ~ “® —~ El&l ~ —_ ~ b §(548
5 ;|8 il 25 (8| |8l | |e|e s |5 [ s 2]9]8%
Date of collection | 8% | 2|8 | 3 || 5§ | & |5 22|~ [Tl |S|a |88 |« R UG- B I DR
;g Qa 2 o ) g o o o L] ] o ko] @ ~ [e ] [0} () E ) e} L |-A
< g| & | = |a o 5 a I ] |2 | % q wad | 2% N 2B 515|588
5 =X ol =} 3} <] ;g L] ] Q Gy o o [ [¢] + E n o 2} [T ] Q o|o ﬁ ,g
@ Bl o g |4 & S 5 21813 r= R R e 5 3 §“ g 4] 8|8 |& o
= [ N = [*] = (23 9 m (o] [3] 5] Ef = m 9 = £ &) 1= - B [}
October 1948 to September 1949--Continued
[Eaalyses for periods that exceed 1 day were made of samples composited
Mar, 27, 5:00 peme= | 2,720 36(11 | --==f2h| 11 32 | uo| 14| o oh | +Ofo0.s}1.0 2139 385 (7.2
Mar, 28, 7:30 a.m.- | 3,070 34| 98| ====]22| 10 39 | 2.4 100 0 96| O] L] o7 U [ k6] 389 | 7.2
Mar, 28, 5:00 pem.= | 3,070 36111 ——— | 27 10 L1 5.6 1| o 106 O] | 9 16 | L 395 | 743
Mar, 29-eem=mm—-uon 3,070 3423 ([o0.0(32| 10 56 | S.6 | 10| 0] 15h| 0] JL4]1.6 39 (L9 | LBY9 | Tk
Mars 30=m====e----= | 2,470 36|11 <01 [ 32 6s5 58 | L.8 961 0| 159 | .o 0| o9 28|53 k92 (7.2
Mar. 3l-Apr. l--——-- [1,480 | 3810 Qo135 1 63% | L8| 102| 0ol 74| 1.0 Jb| .8 L 50| 543 [7.3
Apr, 2=10=-=—=e—=m-n 1,010 L1 |12 OL k0| 16 77 | 1.2 04| D[ 232 3.0] .2]1.0 81|50 | 659 [7.3
Apr. 11-18-~=-=a--- L62 L7 |1k JOL([L4| 20 118 2.8 136 0| 304} 3.0| «3|1.6 81 | 57 851 | 7.8
Apr. 12 3/--—-am-m- 575 50 {11 0L (33 1 woh | Lo| 113 0 262 3.6 .2]1.0 W7 |6L| 735]7.6
Apre 19=30=m===c-e= | 108 s1)1k OL (84| 33 200 | L6 230 O L96| Loli| ob]|1e3f .25 964|1.31 281} 295 [106 | 59 | 1,340 | 7.8
May l=l2emme—mam—m= 91 sh |18 10[50| 20 27h | 3.2 | 308|18 | 50L| 6.5 Wb} le3| W41 [1,050{1.43 258|208 | o 74h|1,530 8.6
May 13=June 2e====m 27 5911 08]51]| 35 385 | 3.2 | 38821 7281}12 14| o62|1,LL0]1.96 105|272 0| 75]2,080 8.5
June 3=30m=-=e-m-nm 12 63| 7.4 .10|28| 28 W66 | Lo | 18|37 760 |1L A 1.0 .22 1,560 | 2.12 51| 185 0] 8L]2,280 |8.7
July leAuge Gmmmmm= 1.1| 67|12 02120 L5 1,070 | 18 770 | 49 |1,680 {34 | 11| ob| 490]3,320fL.52 10| 235| 0] 90| L4,Lo0 | 8.7
Septe 7=30------=--| 6/0 50130 |1.2 |19 1.0 3112 3321 of Leof{ih [1.0}2.9} «30{1,070]1.ké of 52} 0]92}1,510|7.2
Weighted average L/ | 152- | ==|12 [=----}29| 12 72 | 3uh |5/222 [ == | 168| 2.0 Ouhf 1.1 |-—--| 37h]0.51 153|122 ] 22|55 546 |~-=

1 Samples collected and analyzed by the U. S. Bureau of Reclamation.

2 Discharge at time of sampling.

3 Not included in weighted average.

L Weighted average for period sampled only.
5 Includes carbonate as bicarbonate.
6 Ponded--no flow. .

7 Mean for day.
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Table 9.--Mineral constituents and related physical measurements, Moreau River near Eagle Butte, April 1941 to September 1951

Analytical results in parts per million except as indica’ceg

o‘“ Dissolved solids|Hardness b

s | 3 = |2 13] - e

£ ~ ~ ) S = = —~ | £ o ] - LR AT
Date of collection %A g — § s £l et % : ] N ot % — - £ é "é g 3 (é_‘c:

2|8 2SS E 518 % 2 [al:|B | B8 g, |g8|2]|z]|a"

88 L s | SR8 (s |2 (25| 8 |F |28 |5 | 29 |5 |26|%|5 |52z

§ 08518 |9 |2 (819 |5 [g 5|8 | 89 |8s|38|¢2|s|85%

] ] g q & < 5 S5 = d 3 o o o) 5% |4 S8 [&°F | =

= (45} = [&] = 1] B m | & [ (&) i = [a] Y] & ) = Ay [2) [=)]
Apre 17, 1911 1/~=-—- 300 mmmm e | 32 ] 7,7 202 | ~-—|359] O 259 6.0 | ==—|1.2| === 7L | === 112 o0 742
Octy 10 L/==a-Zmemuumn 20 <= | ===-] 50 | 1L 210 | ====[334| O 358 | 11 el A 95k | —--= [ 183} O 8.0
Decs 2 L/mmmmmmmmmeame 20 mmmm | ==== | 116 | 31 288 | ---=|280| O 81 | 16 | 642 | ==m=| 1, ~—— 11871 o0 7.9
Jan, 225 1942 1/--=--= 20 ~===| ====]230 | 85 892 | =m=m 0| 2,420 | 58 wmm | 642 | amee| 4,190 | =--= | 930 | O 7.6
Mar. 18 1/-==--==-==== 10 e[ ====] 33 | 11 258 | ----]350| ©O Loy | 15 m==| 5.0 === 970 | —==-= [ 129 [ o 7.9
Apr. 9 1{ ------------ 20 w=ww| w==m| 60 | 10 LR R el I B el Bt [EEE IR U96 | ~=== [ 193 |--= 7.5
June 3 I/-m-cmommmmmmn 150 === ====| 60| 18 155 | mmme | o [ mm | mmmme | mmme | oo | mme | e 792 | === [ 226 [ -== 7.3
July 20 L/=mmmmemm—eee iss mmmm ] = 18 | Le9 | BL | mmmm | mmm | m | mmmem | eemm | mme | e e 366 | =emm= | 63 |--- 7.4
Nove 7 L/=mmemcemaae 8 e | —=== 111 | 32 366 | mmmm| === | == | mmmmm | mmem | mem | mem [ emee| 1,660 | ==e= | 41D | --m 8.1
Apre 4,71943 1f=m-—-m- 700 -] ====| 70 | 20 288 | mmmm | mm= | == | ==eem [ cme= | === === | ====| 1,180 | -=-- | 260 |--- 7.9
Apre 20 1/ammmmemaa—an 66 ———| —===] 76 | 23 167 | == | === | == | ==em- el el Bl 826 | ===- | 283 [--- 7.9
July 6 Lf-=mmmeeemmeae 3,200 mmem ] mema | 38| 8.0 T8 | wemm|omm | wm | —meme e | e | =] - 382 | === | 130 | --- 7.8
July 8 L/-mmmememmmemem 1,580 el B B B T L B IR I el el Bl e 206 | ==== | 106 | --= 7.7
Nov, 30, 19L5==ecanmax 82 L.0] 0.04 | 129 | &0 838 | 12 6681 o| 1,780 | 3L 0e5| o3| ====| 3,190 | k.34 | 568 | 21 7.7
June 6, 1946~ 626 =—==| .05 95 33 17k Wk} o 596 8.0 | obf o6)-——- 979 | 1.33 | 373 j255 7.3
June 26mmemmmmmm—mmmn 468 -—==| 05| 70 [ 22 132 5| o Lok 5.0 | ohi| 6.0 ===~ 725 | .99 | 265 |1ké 8.0
JULY Lbmmmmmmmmmmmmmam L6 =] W05| 97 | 12 250 197] 0 745 | 10 5112 ===} 1,240 | 1.69 | L1 {249 7.9
Aug, bemmmmmmme e 1. [ ====} .05]|2102 | Lk 365 186 0] 1,010 | 16 5| o9 =---] 1,630 | 2.22 | L35 {282 8.1
Aug, 28-=-mmmmmmmam e 39 =] .05} Lo [ 17 180 202| O 367 7.0 | ol kO] == 728 | .99 {170 L 8.0
Septe L7=mmmmmm==——m-= 93.6 [ ====| L00| 23| 9.0 256 Loo| 6 296 2,0 | o5f J0f === 829 | 1,13 | ‘94| o© 8.2
Octe Bmmmmmmmmmmmmmeee 57 -=—=| 00| L7 [ 16 223 202| 0 L7l 5.0 | 3| 2] =--- 890 | 1.21 |183 | 17 842
Mar. 2l; 1947=--=--=-=| 10,600 1 JA5| 31| 63§ Loy 3.2)1hof O 66 6.0 | .8]|1.0f0.17 239 | .33 {103 O 7.4
Apr, lbmmmmmmmmm— e 701 9.5| .10| 63 | 32 167 | 10 [130f o Sl | 13 1.2|1.5] .14 896 | 1.22 | 288 {181 7.7
May Gmmmm-meme————————— 68 9.0 «02| 88| 36 217 | 20 |[237] 8 &3 | 12 A oW7| 321 1,120 | 1.52 | 368 {14 8.2
June 18=mmmmmmm—mam—— 132 h.oo| .01 | 58 | 18 207 I 21 ja213| 7 L77 | 12 2.0 .30 918 | 1.25 {219 | 32 845
Septe 10=c=mmm=mm--n g{g 3.5] .00 87 [ 20 510 237| 0] 1,080 | & .5 8] .u7} 1,880 | 2.56 | 279 85 7.7
July 1, 1948mmmmemeamm 12 00| M1 |17 146 1551 0 332 | 12 Of .8 .18 62 | .87 | 172 | L5 7.5
JULy 20mmmmmmmmm—————— 1,680 12 00| 45112 81 156 o 198 1.0 W4 W8 11 6o | .63 162 | 3L 7.8
Aug. 10 8.2 .00| 57 ] 19 192 228 o 422 8.0 [ «5| .2} .06 876 | 1.19 | 220 | 33 7.5
Aug, 2.4 6.6 .00| 37| 16 354 38L| © 572 | 1 6 6] .34 1,190 | 1.62 [158| o© 7.8

1

Mar. 3,280 7.6 «05| 3L | 3.3 38 18| o 78 1.0 | .1}3.0[ .06 234 | W32 ) 99| 2 746
Mar. €0 10 03 32| 3.5 63 1291 0 116 1.0 [ 3] 2| ~--- 294 Jo | 95| o 745
Mar., 9,010 10 02| 60| 7.2 27 19| o 130 1.0 | .3 Ja | 179 | 8L 7.6
May L 366 13 02] 28] 15 186 235] 0 320 5.0 | .3]2.6 95 11321 0 7.6
May 26~== Lo 12 01| 65 32 331 326 0 66 | 13 1 .8 1,78 | 294 | 27 8.0
July 1k 8.0 6.2 .02 |120 | k1 581 22| o 1,k50 | 26 5] 1.2 3.18 | L6B |28k 8.0
Apr, 7, 1950=-m==-====| 12,200 20 02 55| 7.2 53 h| o 143 3.0 .311.0] .05 316 | .51 [1671 W1 749

See footnotes at end of table, p. LS.
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Table 9.--Mineral constituents and related physical measurements, Moreau River near Eagle Butte, April 1941 to September 1951--Continued

ZKnaly‘bical results in parts per million except as indicate@]

= Dissolved solide I:ngzggj L
2 - e “1EIS ~ | 5 ~ 3 R
N ~ = 3 O = o — —~ ) & 0] o o awmn
Date of collection f: S 3l | 28|28 |8 |&E|S g sl £ (2829
@@ 2 I 5 E|§ g 21 o o | T | &= %5 & ~al 8121 0o&E%
9% o & 5| 4 q ] 8 g2 2 3 =T IO g e B2o |[B8l 18 |Caa
, -~ 3] o @ E [ & 9] 1] & P IR ] 0 s fdw slglmee
=] o o Q t:l.b g a Q &y o o] 1 [%) + g 0 o (3] Q © [ 3= ..g
g 2124 21l s 514 |2 |8l & | B® |59 45|56 [2" %=
= A s 3 S o 18 & S Q S Eld ]l 8 & P S 21818 )
Apr, 20, 1950-—~=====m==] 6,350 8.6| 0.04| 38 Lok 50 136 0 N 8.0 | 042] 0ol | ~=-= 270 | 0,37 |113 1L 9 | 7.5
June 2leme—mmcamomanaaa-— 99 9.9 10| & ] 29 387 305 0 810 | 18 M| 13| -=--] 1,470 | 2.00 |279] 29| 75| 2,080 | 8.0
Aug. 9 8 cmme | cmmm | mmm | mmem ) 5181 23| wmm | == | memm= | mmem | === | === | ——--| 2,280 | 3.10 |LBO| --|69] 3,000 | ---
Septe 19mmmmmmmmmcmmmamn 31 6.7| .02| 85| 32 511 256 | o | 1,160 | 24 6 1e1| ——-=| 1,950 | 2.65 [3uh)a3h|76] 2,720 | 7.7
Dece 2lmmmmm—mcmac—mamaa 1.2 16 0L) 237 | 79 920 743 0 | 2,150 | L7 8] o8| ----| 3,820 | 5.20 |917| 308 69| L,630 | 7.7
Apre 3, 195lemmncmamomm- 356 10 A0 31| 6.5 104 18| o 180 | 3.0 | -==] 2.3 | ~=~- 438 | .60 |1oh| of 69 8.1
Apre 25=em—mmmm e 32 mmam | e | e | e 319 | -= | 360 0 655 | 1k el IEREl IELEEY B LS —=e= | === | --=] 70| 1,860 | 7.7
June 19mmmmemanaaeam———— L7 11 02 57| 13 7 170 0 350 4.0 ouf 5.3|0.16 682 .93 {196 57| 62 7.2
Aug, 20=mmmmmammom oo 165 | - cmme | eee | == 133 - | 213 | 8 178 | 246 | === | == | momm | mmmmm | mem e e 77 8.k
Septe 10mmmmm—mmom—ama-— 112 amme | wmme | mme | a=~= | 128 ] --| 188 | © 258 | 5.0 | === | === | emmm| mmmmm | amee | eme | === | 65 7.4
1 Samples collected and analyzed by the U. S. Bureau of Reclamation.
2 Ponded-~no flow.
Table 10.--Mineral constituents and related physical measurements, Moreau River at Promise, October 1941 to September 1951
[Bnalytical results in parts per million except as indicated/
;‘:‘ Dissolved Hardness Y
v (o] ~—~
e - § . 2 . . . solids as CaC03 g 215
1 & FIE|[~1E]5] &8 |l " 2| 94 | §58
Date of collection PN P R o g ] g + 2] et - = o g 13 § g 8 S,
“ u S N ~ ~ ™ C\. A
88 | g (&5 2 || G |2| 2 | 28| 2| 3| 82|82 EE|2 |2 |dse
s la sl e a9 E ]3| 5| 5|5 E| B g9 |aE| 38| | E|uce
(] . R -
2 gl A3l & 1818 |la]|l a [ &gz 8] 8" 18°[d°18 |8 |a&
Oct. 10, 19L1 1/-~---- Lo | | 66 16 3| ~==-{251 1 - Ly | 10 - 8.7| === 94 | ~===| 232 of 54 | 1,110
DeCe 2 1/=m=cmmemmmcan Lo e | mmme] 172 | 37 283 | ~=-=] 256 97k | 20 mew] 5,0| wm==| 1,730 | ==-=] 582 0| 50 | 2,200
Jan, 22, 1942 1/==m=mm Lo === ====] 372 87 5731 =-==| 364 | 2,220] L1 -==| L.3] --=-| 3,800| ---=-} 1,290 o0l k7
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Mar, 16 1/==m—emmmmmmm
Apre 9 1/---mmmmmmmeee
June § L/am=mmmmmmncem
Auge i I/cmmmcmmmmeeem
June 15, 1943 1/-=m--~

Nove 30, 19L5mmmmam-mm
Mar. 2L, 194 T=mmwam—m—

Mar, 26e=—emmema—ccceacm
Apr. l7=—-—eecc—m—————

June 18em=memcmmccanaa=
Septe Fmmmmmmm—mmmaeee
June 10, 1948~mm-eammn

Mar, 8, 1949=mmmmummum
Mar, 22-—=m---mommm-m-

Apre 12-==cmcamm e aa

Jane 15, 195lmmmmmemmm
Apre 2micmmcmm——————
JULy bmmmm e e

Septe 1l=—m-eomama—ma

lnh
600
223
237
99

11

-

8.8
7.8
12

50
19
10
15
13

11
12
9.1
9-9
8.0
8.3
22
13

12

1
6.6
11

0.02
<00
.05
.10
.08

.12
.02
.01
.08
.00

.00
.00
.00
.02
.02

.01
e 02
.02

.02

«10
.30
.02

w8 | 27 228 | -=-=
AN 7.8 81| ----
b | 9eb| 67| ----
80 ( 1L 110 | ==--
89| 15 90 | ~=--
78| 33 871 3.0
100 | 25 140
55 ] 12 73| 6e2

32 6.2 | L9.| 5.0
88 | 3k 178 | 1k

112 | 37 203 | 19
99| 21 103 | 20

207 | 6L 1,29
27 | - 9.7 160
781 28 171
b3 11 63
97 | 26 194
83 31 363
L8 7.7 L9
16| 7.9 39
L6 | 12 N
L5 [ k.2 [N

100 | 31 381

=== | ==== | 478 | 13

204 | 53 Lh2

376 | 78 527
L5 | 5.7 82
61 | 15 246

| = |12 | -

e | mmmm 112 | -

273

2lk

505
16
2k
210
155

-----

0.15
.03

.10
b
.38
.21
.18

L0
.19
.35
.05
.00

.07
.05

e

.20

o2l
.15

0.87
1.19
62
37
1.37

1.58
1.06
3.07

.81
1.23

.53
1.36
2.01

L7

.29

.57
2.16
3.35
3.06
k.27

1.35

L8k
136
162
257
28L

330
352
187
105
360

L32
333
767
107
310

152
349
334
152

73

165
130
371
716
727

1,260

136
228

118

1,810
éLo

9Lo
950

939
1,160
€95
L35
1,420

1,700
1,130
2,850

858
1,220

579
1,Lho
2,060

503

321

575
L&y
2,110
3,060
2,850

3,580
1,Lho

39
771

1 Samples collected and analyzed by the U.

S. Bureau of Reclamation.
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Table 11.--Monthly and amnual summary of water and sediment discharges, Moreau River at Bixby

Suspended sediment

Water Daily load Concentration
Month discharge | ( 3 :: :_ift) Load (tons) (ppm)
(cfs-days) (tons)
Mean Maximum Minimom | Weighted | Maximum
mean daily
Apr. 28-30, 1949-~-=m— 90 179 19.6
May 2 861 1,710 23,900 126 1,300 0.5 1,680 1,970
Jun 19k.7 386 . ol .8 (+) 22 Lo
July Sh.l 107 3.5 .1 .3 0 24 52
Agustmm———————————— e 0 0 0 0 ] I B el
Sept emberem—————c—-eu- 26.5 53 2.8 .09 .7 0 39 Th
Apr, 28 to Septs 30---- 1,226.3 2,lLho a 3,940 25 1,300 0 1,190 4,970
October 291.8 579 L81 16 259 (1), 611 2,400
November——=——e——mameaaan 121.6 2l 30 1 91 ——————
December-m-mmamunaama== 6.1 132 12 P — 0 67 | mmmme—-
January 1950-m-—=am=a—= 0 0 0 0 0 0 | e | e
February=—e—--—memmme—— 0 0 0 0 0 0 ————— ] ————
March 3,035 6,020 3,790 122 763 0 Lé3 1,300
Aprilemmmee e eemee o | 6Ly, 679 128,300 880,500 29,L00 169,000 L3 5,040 7,L70
B 8,816 17,490 102,400 3,300 24,000 | e=—=m-- 4,300 7,120
Jun 888 1,760 836 28 180 | —mmmmm- 3h9 1,390
July h35.8 86l 51 1.6 b3 | memmmee
Augustemmmmm e e 400 793 3,400 110 2,660 (t) 3,150 6,020
September—mmmm-meeamaam 286.9 569 5,630 188 14,050 (t) 7,270 21,500
Water year 1949-50 79,020.5 | 156,748 997,100 2,730 169,000 0 L, 670 21,500
October=—mem——ccmmam——— 197.1 391 110 3.5 29 1 207 665
November==—=—=——emaee-— 158.2 31 L6 1le5 - 108 | mmmemee
December—mr—mmmm e ~m——— 93 18 a36 1e2 | mmmmmmmme (t) 13 | em————
January 1951em=——====== 108.3 215 b 28 W9 | - (t) 96 | ememem=
February=mmem=mmmem———— 25.7 51 bh ol | m————— (t) 58 | —mee——-
Mar Chem memm m e e 1,543.5 3,060 a 5,437 175 1,170 () 1,310 2,000
APrilem—mme— e 524.6 1,040 1400 13 102 | eeeeee- 282 758
May Lr2.7 938 7,625 26 5,100 -==--==1 5,970 21,500
Jun 1,534.0 3,040 12,688 L23 2,150 ————— 3,060 5,870
July 783.1 1,550 7,687 248 2,000 (+) 3,6L0 7,250
Augustemmmemmm— e e em 2,11L4.5 Ly190 Ll,965 1,450 18,600 (t) 7,880 10,100
September-—=m=m——e—-am= L36.7 866 2,893 96 1,260 ———— 2,450 6,020
Water year 1950=-51 7,991.L | 15,840° 81,920 22), 18,600 —— 3,800 21,500

a Includes estimated loads for a few days.
b Includes estimated loads for many days.
t Sediment discharge less than 1 ton.
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Table 12.--Monthly and annual summary of water and sediment discharges, Moreau River near Faith

Suspended sediment

Water s i
. Runoff Load Daily load Concentration
Month zhcfs;f;:ﬁ) (acre-ft) (tons) (tons) (ppm)
Mean | Maximm | Minimm |WeLERRSd | Mecium
August 15-31, 1946-=—m 112.8 22l 615 36 550 0 2,020 5,660
S‘elg}hlember-—-:--------- 1,928,5 3,830 31,500 1,050 8,630 ol 6,050 13,000
Aug. 15 to Sept. 30--- 2,041.3 k4,050 32,120 683 8,630 0 5,830 13,000
October—mmmmmmam o eme 7,135 14,150 88,620 2,860 25,300 2.8 L, 600 10, 600
No Vember—emm—=nx mma—a 2,725 5,400 13,530 451 5,390 1.5 1,840 3,180
Decemberem—=e=—mammn——= 269 53k 38 1.2 2.3 .1 53 111
January 1947--eme=mmmn 1,820 3,610 990 32 242 .1 201 308
February=mmmmemmm—m-—- 16,975 33,670 9k, 670 3,380 145,000 2.2 2,070 3,790
Mar ch-mmmmam e e e 30,025 59,550 216,000 6,970 65,500 1.2 2,660 3,730
10,043 19,920 88,870 2,960 21,600 11 3,280 9,200
784 1,560 10k 3.3 17 .9 L9 11
25,32) 50,230 553,700 18,500 131,000 1.7 8,100 11,700
JULY e m mm e e 3,21 6,430 20,460 660 10,500 2.7 2,3h0 5,120
Augustmmmmmm e e 196.6 390 228 Tok 100 ol 430 2,930
September==-——wemam=-— 35.1 70 1 .05 o3 0 15 278
Water year 1946-47---- 98,572.7 | 195,500  [1,077;000 2,950 131,000 0 14,050 11,700
Octobermmm—mm—m—————— 508.1 1,010 2,750 89 1,250 0.2 2,000 5,860
November--——mm—mm————— 5h9 1,090 155 5.2 18 1.8 105 210
Decemberm=m=mmmmnmam——— 268 532 88.4 2.8 i ) 122 172
RETNIET A L IT; I— 67 133 17.1 ob 3.0 © 9k 135
February-——=——mmam=-= 1,940 3,850 517 18 97 0 99 610
MarChemmmmmm e e e 15,420 30,590 a 21,100 681 2,960 ok 507 1,250
April-mmmmemme o 3,677 75290 73,350 2,440 2L,200 1.1 75390 16,500
1,868 3,710 9,770 315 2,110 1.7 1,940 k,280
9,435 18,710 21),,700 7,160 57,900 1.6 8,430 14,400
2,9hl 5,840 23,800 768 3,150 1.0 2,990 5,930
816.9 1,620 7,380 238 1,840 3 3,350 8,700
September=eemmm—eaea——— 1.2 2.4 I R N .1 o] 31 50
Water year 1947-L8---- 37,L9k.2. 74,380 353,600 966 57,900 0 3,L90 16,500
OctOober—mmm—m——— e m e 97.0 192 10L 3.3 7 0 382 2,370
November-——=-=-mm=-m-ux 602 1,19 2,180 72.7 1,210 1.7 1,340 7,210
December-=mmm—m—mamam 95 188 b 20 .6 149 | mmmmm— 78 | —mmmee
January 1949 10 20 bl W03 | —emmmmeam 0 37 ——
February=-=——-emaeeea- B 0 0 0 0 0 cmmeZm | mmeem
Marche--~ 37,450 74,300 389,800 12,600 60,900 0 3,860 7,350
B 15,27k 30,300 117,000 3,900 15,200 12 2,840 5,010
May: 1,590 3,150 6,180 199 2,200 1.0 1,440 5,170
Jun 110.1 813 103 3. 50 .5 93 L39
Julym—mm e e e L5.7 91 6.1 .2 1.7] 0 Lo 229
Augustemem—eacceanaee 0 0 0 0 0 0 ——— ————
September-—--we-—e-ece—- 6.7 13 b 10 [ T S 0 550 ———
Water year 1948-49---= 55,580.5 | 110,300 a515,400 1,l410 60,900 0 3,430 7,350

a Includes estimated loads for a few days.
b Includes estimated loads for many days.
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[Methods of analyses:

Table 13.--Particle-size analyses of suspended sediment, Moreau River—atBixby

M, mechanically dispersec_i7

B, bottom-withdrawal tube; N, in native waters; W, in distilled water; P, pipette; C, chemically dispersed; S, sieve;

Suspended sediment
. w;;:f Concentration . L . . Methods
Date Time Concen= Percent finer than indicated size, in millimeters of
charge of
(cfs tration of | suspension analysis
sample analyzed
(ppm) (ppm) 0.002 | 0.00L | 0,008 | 0.0L6 0.03% 0.062 | 0,125 | 0,250 | 0,500 | 1,000 | 2.000

Mar. 2L, 1949-~=-= 1:00 peme | 2,710 3,460 1,870 10 20 53 58- 70 79 86 95 97 | =mmmm | == BN
DO~ e m 1:00 pem. 2,710 3,460 1,900 32 L1 L9 58 69 76 86 93 95 | manmn | mm——m BW
Apre 13=—m—-mme——s 2:00 pem. 298 1,740 2,060 55 T2 86 o4 |--—-=] 98 99 | 100 BW
Dommam e 2:00 pem. 298 1,740 2,100 | —=--= 5 15 | mmmem | - 98 98 100 BN
L T 2:00 pem. 85 5,130 1,770 2l b7 8l 91 96 98 | 100 | ----- BW
T S —— 2:15 pem. 79 1,150 780 48 Th | e 99 99 99 99 100 BW
May bemmmmmameeene 2:15 pem. 50 3,920 1,510 21 | 28 85 | 100 | ~~-mm ———— BW
Dommmm e e 2:15 pam. 50 3,920 1,420 11 12 15 s | -—--- 97 98 | 100 BN
Mar. 7, 1950=-==-=| 2:20 p.m. 212 1,160 3,370 | eeee- 89 | ~mmm- 93 | ammmm 95 PWCM
Apre 3-=mmmmmme—ee | L:l5 pome 2,370 6,120 10,600 | ===—- 29 | ——=-- 39 | —--—- 67 88 99 | 100 | =mmem [ wmemm SPWCM
Apr. Leme—meeeeeee [ 3:10 pem. 2,390 2,950 1,760 28 33 37 Ik 51 63 76 91 BWCM
Dommmmm e e e 3:10 pom. 2,390 2,950 1,690 21 22 26 34 L5 59 75 95 BN
Apry Gmmmm—mm——o—m 11:15 a.m. 2,460 3,870 7,260 -———| L5 [=---=] 58 |-—==| Tk 92 99 | 100 | ===-m ——— SPWCM
Apre Te==—=—=—————— 11:50 a.m. 7,540 6,060 11,000 | ==--- T R 60 | =—=mm 78 B SPWCM
Apre 8mmmacmme-—-=! 10:00 a.m. | 5,720 3,890 7,740 ——— 55 | ——-— 68 | -—--= 80 SPWCM
Apro 12=mmmm—memem 11:30 a.m. 702 2,520 7,330 ———— 6L | ----—- 78 | =—--- 85 SPWCM
Apre lm=mmmeememm 2:45 pome 2,520 5,630 3,590 38 Ll 50 56 6l 13 83 9L BWCM
DOmmmmmm = m - 2:45 pem. 2,520 5,630 3,460 g 8 Lo L6 60 h 86 95 BN
Apre 15=-=mm———m— 11:10 a.m. 8,860 7,L00 14,000 | ==~-- by | == 62 | ----- 77 89 99 100 | ==m=m [ mmmem SPWCM
Apre 18=memmmem——a 10:00 a.m. 2,360 6,370 11,000 | ==-m- L8 | - 62 | == 72 79 93 | 100 [ --=-- ——— SPWCM
Apre 19=m=m=—=====| 10120 a.m. | 1,200 4,820 8,880 | =---- L5 | —=me- 57 | =—-=- 6L €9 77 85 96 100 SPWCM
Apre 20=—mme---——==| 10:20 a.m. 605 3,350 6,840 | m=-m- 65 | ~==== 79 | -—--| 86 89 92 93 97| 100 SPWCM
Apry 2lem—mmm————— 5:10 p.m. 336 2,380 1,380 72 81 89 oL 97 98 99 | 100 BWCM
Dommmmmmmmmm—== | 5:10 p.m. 336 2,380 1,440 i 8 30 | === 97 98 98 99 BN
Apre 27==m-====a==| 10:00 a.m. 165 56k 1,390 | meem- 87 | ==-m- 95 | mmm==| 100 | =m==- PWCM
May lle—mm==—=-=-=| 9:50 a.m. 1,380 6,100 13,400 | =-—== S7 | === | - 87 | === === SPWCM
Mary 2L, 1951-----| 1:15 p.m. 69 1,470 3,360 | ==mmm 9L | =~-== 97 | =mmem 99 BWCM
Mar, 27=mem——m-—==| 9:L5 a.m. 163 1,780 2,100 80 88 91 95 97 99 | =mmmm SRR, SV (VSESR | PWCM
Dommmm 9:L5 a.m. 163 1,780 2,100 1 b 80 |- ok 95 98 PN

. Mar, 29=- 5:00 pem. 117 992 997 75 83 90 96 98 99 99 100 | mmmem | mmmee | m——e— BWCM
Apry Semecommme—e- 1:00 pem. 3L 249 249 75 86 90 93 97 98 98 99 | 100 | mmmm= | mmmmm BWCM
June 19====mm=m-==|  8:00 pen. 6L | 11,000 8,260 | ==mem 93 ———— PWCM
June 22emammmmmmmm 6:00 pem. 108 7,170 Lyu30 | e 96 | mmmmm | mmmam —— PWCM
July Ymmmmmmmemmmm 9:30 aum. 128 2,940 2,100 | ===m= 90 | mmmmm 96 | ~==m- 98 R, |- PWCM
Aug, 9230 a.m. 590 8,520 . L, 670 el B B 85 { ~=—=-1 9k R SPWCM
Do 6230 peme 680 | 17,800 7,030 | —m=-- 82 | —=mm- 96 | ===m=] 100 SPWCM
Aug. 1:30 pems 1,040 7,260 5,u4h0 ——— 8L | —==-m 7220 [E— 98 SPWCM
Auge lhm——wmeeme—e| 12:20 pem. 151 8,900 3,500 | me———m O | —mmmm 98 | ==—m- 100 | =~--= ————— SPWCM
Sept. 1:00 pem. 58 5,490 L,280 ——— 94 | ===-=| 100 FRDYSE [ ——— SPWCM
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Septe 2mm—mmmmm——= 9:00 aem. 100 7,360 5,760 | ===== 95 | ===-- 99 | ===-- 100 SPWCM
T T e ——— 5:00 peme Ls 3,220 »600 90 95 97 99 | 100 | mmmm=f wcmee | cmmee | e | e | e BWCM
Table 1lh.--Particle-size analyses of suspended sediment, Moreau River near Faith
éﬁethods of analyses: B, bottom-withdrawal tube; N, in native waters; W, in distilled wate£7
Suspended sediment
Water s Method:
Date Time dis- Concen- Concer;;ramon Percent finer than indicated size, in millimeters y oi? g
c(l';ai.‘g%e tr :’;;g;:f suspension analysis
(ppm) analyzed 0.002 | 0,004 | 0,008 | 0.016 | 0.03L| 0.062| 0,125 | 0,250 | 0.500 | 1,000 | 2.000
PP (ppm)
Febs 17, 1947=mm=m= 3200 pele li,320 5,200 8,810 3k 38 L8 58 68 82 9 99 100 | —=mom | = BN
Feby 20mmmmmmmmmmm 1:20 p.m. 772 787 850 23 38 80 8l 88 91 93 96 [ 100 | ===mm | =emam BN
Mar, 26em—mmmmo—me 3:05 pem. | 1,610 2,190 L,500 36 Lo L9 c8 65 7l 81 89 | 100 | mm=mm| <memm BN
June 25mmmmmm——=-=| 12:15 p.m, 5,090 9,040 7,890 25 30 36 L3 50 66 78 86 92 | mmamm | e BW
Mar, 17, 1948«=-a= 2:15 peme 926 Lol 1,390 7 87 92 95 97 98 98 99 100 | ===-= ———— BW
Mare 19=m-m=memm—-— 1:00 pem. 996 422 470 52 70 | ==—-- 92 93 96 98 99 100 | mmmee | =omam BN
Dommmmmmmmmmm=== [ 1200 pem. 996 422 450 Th 8L 90 95 96 97 98 99 | 100 | =memm | memem BW
Mar, 2l=—m—eee——-- 12:00 m. 386 1,190 92l 48 63 79 92 97 98 99 100 | ===== el R BW
Mare 30-=mwm==m-==| 11:45 a.m. 171 801 848 2 12 BL | memee | === | 98 99 | 100 BN
Apre 27=~—memmem-=|  5:30 p.m. 101 2,120 1,580 2 5 16 | =mmem | memm 99 | 100 | === | =mmm= | =mmem —— BN
May llem=mem—m-===| 10:45 a.m. < 853 751 10 il R B 99 | ~-mm- B el e e —— BN
June 18-mmmmmmaunn 6:00 a.m. 628 8,180 1,700 | =e=m- 78 87 88 91 92 9l 96 98 | mmmmm ——— BW
June 19=emmmamman= 6:00 a.m. 870 9,420 1,540 | —==-- 5 R 76 82 88 95 98 | mmmmm | e BN
DOmmmmm e = e 12:30 p.m. 673 8,740 1,830 58 68 81 86 92 N 96 98 99 | —mmmm | mmmmm BW
June 23=mmmmmmmmm— 3:45 pem. 602 3,860 2,590 1 k 28 | mmmm | e 9h | 96 98 | 100 | =emmm ———— BN
JUly Lemome s meem 5:00 a.m. a1 9,620 3,720 L6 60 1 78 82 86 93 96 99 | =mmmm | === BW
Dommwmmmmmmmmmm= | 11200 aem. L29 3,920 1,480 i 58 70 80~ 86 89 9l 97 99 | mmemm | ——— BW
Do=mmmmm o mm e 6:00 p.m. 3h0 L, 940 1,890 48 65 78 88 92 9k 96 98 99 | m=mae | m——— BW
July Tmmmmmmm————— 9:30 a.m 194 5,120 4y530 | —mmee 1 2 22 | m———— 98 | 100 | === | wemmm e | e BN
July 15-mmmmeammn- 6:00 a. 230 4,260 3,420 3 9 | —mmom | e 89 93 9l 98 | 100 | ==mmm | —emm- BN
Dommmmmmm e 1:00 pem. 276 3,8L0 3,000 6 11 | =mmmm | memem oL 95 96 99 | 100 | =m==m | —=mmm BN
July 19=-—mm—mmeeme Lz4O pem. 188 8,720 6,030 sk 71 87 93 99 99 100 | mmmmm | mmmee | o | ameem BW
Nove 5m=m-mmmmmmmm 8:00 a.me 73 9,200 1,870 77 89 98 | 100 | ==mmm | mmmee | mmmem | oo | cmee | e | e BW
NoVe Gmmmmmmm-——a=! 8:00 a.m. 35 3,560 1,360 90 98 99 | mmemm | —meeee e TNl el sl [ BW
NoVe 9mmmmmmmmmaam L:LO pem. 2L 575 550 86 93 96 97 100 | =m=mm | mmmem | e | e | e ———— BW
Mar. 2k, 1949----- 12:00 m. 3,620 3,850 1,550 8 20 57 66 76 86 92 96 T [— ——— BN
Dommmmm e e 12:00 m. 3,620 3,850 1,750 36 L5 55 66 77 86 93 98 99 | —mmmm | meem BW
Apre 12-m-wm—-eeem | 11:40 a.m, 575 1,990 1,260 52 69 79 87 91 9l 95 99 | 100 | ===== | === BW
Dommm e m e 11:20 a.m. 575 1,990 2,450 L9 67 82 88 93 95 97 99 | 100 | =m=m= ——— B
Dommm=mmmmmmme== [ 11220 a.m. 575 1,990 2,3ko 2 5 T e B 9% 97 99 | 100 | ==-—- —— BN
May lemmmmeoee—m—— 7:00 a.m. 171 6,800 1,450 60 81 91 97 100 e | e | e BW
May 2e=mm—memmemeam 6:30 a.m. 102 1,850 1,520 €6 93 99 99 100 | =m=mm | mmmmm | e BW
May 3mmmm—m——————— 6:00 a.m. 10, 1,170 963 57 86 96 98 100 BW
Ma% ——————— 6:30 aum. 13 Ly 710 1,990 72 91 98 | 100 BW
Ommmmmmmmmmmemm | 6330 a.me 136 L710 1,880 3 N L | mmmmm | e BN









