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Sediment Characteristics of the Yellowstone River in
the Vicinity of a Proposed Bypass Chute near Glendive,

Montana, 2011

By Brent R. Hanson and Joel M. Galloway

Abstract

In 2011, sediment data were collected by the U.S.
Geological Survey in cooperation with the U.S. Army Corps
of Engineers on the Yellowstone River at the location of a
proposed bypass chute. The sediment data were collected to
provide an understanding of the sediment dynamics of the
given reach of the Yellowstone River. Suspended-sediment
concentrations collected at the three sites generally decreased
with decreasing streamflow. In general, the highest suspended-
sediment concentrations were found near the channel bed
and towards the center of the channel with lower suspended-
sediment concentrations near the channel banks and water
surface. Suspended sediment was the primary component of
the total sediment load for all three sampling locations on the
Yellowstone River and contributed at least 98 percent of the
total sediment load at each of the three sites. The amount of
bedload measured at the three sites was a smaller load in com-
parison with the suspended-sediment load.

Introduction

As of 2011, a diversion dam located on the Yellowstone
River near Glendive, Montana (fig.1) impedes the upstream
migration of the endangered Scaphirhynchus albus, commonly
known as the pallid sturgeon (Bureau of Reclamation, 2011).
A bypass chute around the diversion dam is proposed that
would improve passage for the pallid sturgeon and other fish
in the Yellowstone River as they proceed with their upstream
migrations. Development of the bypass chute would result in
the excavation of parts of an existing high-flow side chan-
nel on the Yellowstone River, with the remaining part of the
bypass chute being excavated across the island formed by the
existing high-flow side channel. The proposed bypass chute
will exit just below the diversion dam (Curtis J. Miller, U.S.
Army Corps of Engineers, written commun., 2011). These
excavations may affect sediment movement in the Yellowstone
River and bypass chute.

In 2011, sediment and streamflow data were collected by
the U.S. Geological Survey (USGS) in cooperation with the
U.S. Army Corps of Engineers (USACE) on the Yellowstone
River in the vicinity of the proposed bypass chute near Glen-
dive, Montana. The sediment data were collected to provide
an understanding of the sediment dynamics of the Yellowstone
River reach above and below the bypass chute. The USACE
will use the sediment data with hydraulic modeling to evaluate
the potential degradation and aggradation effects the bypass
chute may have within the Yellowstone River reach (Curtis
J. Miller, U.S. Army Corps of Engineers, written commun.,
2011). The models will be used to select a favorable channel
configuration for the bypass that will minimize the effects of
sediment transport that may be generated.

Methods of Data Collection

Sediment samples and streamflow measurements were
collected by the USGS at three sites on the Yellowstone River
in the vicinity of the proposed bypass chute near Glendive,
Montana (fig. 1) Samples of suspended sediment (point and
integrated) and bedload were collected at the three sites; one
site upstream from the bypass chute entrance (above bypass
chute), one site at the entrance of the bypass chute (adjacent to
bypass chute) and one site downstream from the bypass chute
entrance (below bypass chute) (fig. 1). Streamflow was mea-
sured at each site before collection of the sediment samples.
Samples were collected during July 19-21, August 9-11, and
August 23-24, 2011 (fig. 2).

Integrated suspended-sediment concentration (SSC) sam-
ples were collected three times in 2011 to estimate the amount
of suspended material being transported past the three sites
during different streamflow conditions. To collect samples that
represent the vertical and horizontal variability of suspended
sediment in the stream channel, samples were collected using
depth-integrated samplers (D-96 and DH-2) (Davis, 2005) and
the equal-discharge increment (EDI) method (Edwards and
Glysson, 1999). The EDI method involved the collection of
vertically integrated, isokinetic (velocity entering the sampler
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Figure 2. Graph showing daily mean streamflow for the
Yellowstone River near Glendive, Montana (U.S. Geological Survey
station number 06327500) and sample collection dates near a
proposed bypass chute, 2011.

nozzle was the same as the velocity of the stream) samples at
5 intervals representing equal percentages of the total stream-
flow across the stream cross section (20 percent of the total
streamflow in each section).

Suspended-sediment samples also were collected at dis-
crete vertical points (point samples) at each site to estimate the
vertical distribution of particle sizes and concentrations at the
three sites. Point samples were collected using a US P-61-A1
suspended-sediment sampler that is designed to open and close
at varying depths in the water column (Davis, 2005). Samples
were collected at six different depths including near the water
surface, | foot above the channel bottom, and at four evenly
spaced points in the vertical between those points at each of
the five EDI sample collection locations at each site.

Bedload samples were collected to estimate the sediment
transport along or near the streambed at the three sites. Bed-
load samples were collected using a cable-suspended Helley-
Smith Model 8035 sampler (Davis, 2005). For each sampling
site, bedload samples were collected at 20 equal-width sec-
tions across the channel according to methods described by
Edwards and Glysson (1999). The bedload samples were then
composited in a 1-liter plastic container.

All samples of suspended sediment (integrated and point)
and bedload were analyzed for concentration and particle-size
distribution at the USGS Iowa Water Science Center Sedi-
ment Laboratory in Iowa City, lowa, using methods described
by Guy (1969). Some suspended-sediment samples were not
analyzed for the complete particle-size distribution because of
insufficient sediment mass present in the sample. Results from
the analysis were stored in the USGS National Water Informa-
tion System (NWIS) database (http://nwis.waterdata.usgs.gov/
nd/nwis/qw).

Sediment Characteristics 3

Streamflow data were collected for use with the sediment
concentration data to calculate sediment loads. Streamflow
was measured using an acoustic Doppler current profiler
(ADCP) with the methods and procedures described in Muel-
ler and Wagner (2009). Streamflow was measured at each
sampling site before the collection of sediment samples.

Suspended-sediment loads were estimated for the three
sites using the measured streamflow data and SSC data col-
lected during the three sampling events. Loads were estimated
using equation 1 (Porterfield, 1972):

0.=0 xCxK )

0, is the suspended-sediment load (sediment
discharge), in tons (short tons) per day
(tons/day);

0, is the instantaneous streamflow (water

discharge), in cubic feet per second (ft*/s);
is the SSC, in milligrams per liter (mg/L); and
is a coefficient (0.0027) to convert the units
of measurement of water discharge and
SSC into tons/day and assumes a specific
gravity of 2.65 for sediment.
The bedload was calculated from the measured data using
equation 2 (Edwards and Glysson, 1999):

=0

O, =Kx(W /t <M, @)

0, is the bedload discharge, in tons/day;

K isaconversion factor (0.381 for a 3-inch
nozzle);

/4 is the total width of the stream from which
samples were collected, in feet, and is
equal to the increment width times the total
number of vertical samples;

t is the total time the sampler was on the
streambed, in seconds, computed by
multiplying the individual sample time by
the total number of vertical samples; and

M is the total mass of sample collected from all

verticals sampled in the cross section, in
grams.

Sediment Characteristics

The three locations on the Yellowstone River were
sampled for suspended sediment and bedload during three
different hydrologic flow conditions (fig. 2; table 1) Stream-
flow ranged from 49,900 (above bypass chute) to 46,200
cubic feet per second (ft*/s) (adjacent to bypass chute) for
the July 19-21 samples, and from 22,800 (above bypass
chute) to 20,100 (ft¥/s) (adjacent to bypass chute) for the
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Table 1.

Measured streamflow, suspended-sediment concentrations, and fall diameters for three sites near the proposed bypass

chute on the Yellowstone River near Glendive, Montana, July and August, 2011.

[ft above NAVDSS, feet above North American Vertical Datum 88; ft¥/s, cubic feet per second; mS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L,

milligram per liter; mm, millimeter]

Water

Suspended-sediment fall diameter

surface Measured Specific Water Suspgnded- (values in percent finer than size)
. conductance sediment
Dates elevation streamflow temperature .
(mS/cm at o concentration
(ft above (ft/s) 25°C) (°C) (mg/L) 0.062 mm 0.125 mm 0.250 mm 0.500 mm
NAVD38)
Above bypass chute
7/19/2011  1,995.12 49,900 337 23.9 428 73 81 95 100
8/10/2011  1,992.24 22,300 452 21.6 134 77 38 98 99
8/24/2011  1,990.20 13,400 505 22.0 72 82 93 100 100
Adjacent to bypass chute
7/21/2011  1,994.70 46,200 345 22.0 438 71 79 95 100
8/11/2011  1,992.06 20,100 453 22.0 117 79 92 100 100
8/24/2011  1,990.92 13,400 505 22.5 83 84 98 100 100
Below bypass chute
7/20/2011  1,994.84 46,900 354 234 452 69 80 96 100
8/09/2011  1,992.34 22,700 456 21.6 151 78 91 99 100
8/23/2011  1,990.99 13,400 500 23.8 75 81 93 100 100

August 9—11 samples. During the August 23—-24 sampling, all
three sites had the same streamflow of 13,400 ft*/s. Because of
safety and timing constraints, the suspended samples were col-
lected during the falling limb of the above average high flows
during the summer of 2011.

Suspended-Sediment Concentration

SSC in the integrated samples collected at three sites
on the Yellowstone River in 2011 decreased with decreasing
streamflow (table 1). The SSC was 428 milligrams per liter
(mg/L) above the bypass chute during the highest streamflow
(July 19, 2011), and 72 mg/L at the lowest streamflow (August
24,2011). The SSC for samples collected at the locations
adjacent to bypass chute and below bypass chute had similar
results ranging from 438 to 83 mg/L and 452 to 75 mg/L,
respectively.

Point samples collected at the three sites indicated the
variability of SSC in the cross section at each site (figs. 3—5
and table 2). In general, the largest SSC were found near the
channel bed and towards the center of the channel with smaller
SSCs near the channel banks and water surface (figs. 3-5 and
table 2). The maximum SSC for the point samples was found
above the bypass chute, 1 foot above the channel bed near the
center of the channel at 694 mg/L on July 19, 2011, (table 2) at
a measured streamflow of 49,900 ft¥/s (table 1). The minimum
SSC was 32 mg/L below the bypass chute near the right edge
of water on August 23, 2011, with a measured streamflow of
13,400 ft¥/s.

Because of equipment malfunction, the full point
sample set was not collected for the above bypass chute
on July 19, 2011. Because of the incomplete sample set,
a concentration contour graph was not prepared for the
July 19, 2011, point sample data.

Particle-Size Distribution of Suspended
Sediment and Bedload

The particle-size distribution of suspended sediment
from point samples collected at three sites on the Yellow-
stone River in 2011 indicated similar distributions at each site
for the three sampling periods (figs, 68 and table 2). Most
of the suspended sediment was smaller than 0.062 mm in
size. At the highest measured flows of 49,900 to 46,200 ft*/s
(July 19-21, 2011; table 1), 50 to 95 percent of the suspended
sediment in the Yellowstone River was finer than 0.062 mm
across the channel with an average of 77 percent finer than
0.062 mm. At the lowest measured flows of 13,400 ft*/s
(August 23-24, 2011), the amount of suspended sediment
finer than 0.062 mm increased to an average of 89 percent
ranging from 58 to 99 percent finer than 0.062 mm across the
channel. In general, the coarsest material for each sample was
found near the center of the channel and near the channel bed
(figs. 6-8). For all three sampling visits, the suspended-sedi-
ment size generally tended to decrease near the channel banks
and the surface of the water column.

Because of equipment malfunction, the full point
sample set was not collected for the above bypass chute
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Figure 3. Cross section showing distribution of suspended-sediment concentrations from point samples collected on the Yellowstone
River above a proposed bypass chute near Glendive, Montana, August, 2011.

on July 19, 2011. Because of the incomplete sample set, a
particle-size distribution contour graph was not prepared for
the July 19, 2011, point sample data.

Overall, the bedload sediment had a particle size less than
16 mm (table 3). Most of the bedload particles sizes measured
were between 0.25 to 0.50 mm. For the site above bypass
chute, 41 to 85 percent of the bedload material was between
0.25 to 0.50 mm in the three samples. For the site adjacent to
the bypass chute, 54 to 60 percent of the bedload material was
between 0.25 to 0.50 mm in the three samples. The bedload
at the site below the bypass chute had 37 to 58 percent of the
material between 0.25 to 0.50 mm in the three samples.

Sediment loads

Suspended sediment was the primary component of the
total sediment load for all three sampling locations on the
Yellowstone River during July and August, 2011 (table 4).
Suspended sediment contributed at least 98 percent of the total
sediment load at each of the three sites.

The sampling location above the bypass chute had the
greatest suspended-sediment load among the three sites at the
highest streamflow and least suspended-sediment load among
the three sites at the lowest measured streamflow. At the
highest measured streamflow of 49,900 ft*/s (July 19, 2011;
table 1), the site above the bypass chute had a suspended-
sediment load of 57,700 tons/day and at the lowest mea-
sured streamflow of 13,400 ft*/s (August 24, 2011) the same
sampling location had a suspended load of 2,600 tons/day
(table 4).

The amount of bedload measured at the three sites on the
Yellowstone River in 2011 was a smaller load in comparison
with the suspended-sediment load and generally decreased as
streamflow decreased. At the highest measured streamflow
(July 19-21, 2011; table 1), the measured bedload amount
ranged from 254 tons/day above bypass chute to 301 ton/day
below bypass chute (table 4). At the lowest measured stream-
flow (August 23-24, 2011), the measured bedload ranged from
5 tons/day above bypass chute to 55 ton/day below bypass
chute.
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Figure 4. Cross section showing distribution of suspended-sediment concentrations from point samples collected on the Yellowstone
River adjacent to a proposed bypass chute near Glendive, Montana, July and August, 2011.

The total sediment load within the channel consists of
the suspended-sediment load and the bedload. The highest
total sediment load was detected during the highest mea-
sured streamflow of 49,900 ft*/s above the bypass chute on

July 19, 2011, with a total load of 57,954 tons/day (table 4).
The lowest total sediment load also was detected above the
bypass chute with 2,605 tons/day at a streamflow of 13,400
ft’/s on August 24, 2011.
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, ) Suspened- (values in percent finer than size) finer than
. . distance from Sampling . suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking (f)  Concentration 062 0125 0250 0500 sieve
downstream (mg/L) mm mm mm mm diameter of
(ft) 0.062 mm
Above bypass chute

7/19/2011 47.261 104.555 344 0.0 352 87 94 100 100 --
47.261 104.555 344 3.0 454 72 79 100 100 --
47.261 104.555 344 6.0 467 68 75 97 100 --
47.261 104.555 344 9.0 511 59 72 97 100 --
47.261 104.555 344 12.0 577 58 73 96 100 --
47.261 104.555 344 15.0 694 50 61 95 100 --
47.261 104.555 426 0.0 450 79 89 100 100 -
47.261 104.555 426 3.0 555 62 76 97 100 --
8/10/2011 47.261 104.555 210 0.0 112 93 94 100 100 --
47.261 104.555 210 1.6 113 96 99 100 100 --
47.261 104.555 210 32 136 87 94 100 100 -
47.261 104.555 210 4.8 118 85 94 100 100 --
47.261 104.555 210 6.4 145 82 95 100 100 --
47.261 104.555 210 8.0 136 74 91 100 100 --
47.261 104.555 321 0.0 131 87 95 100 100 --
47.261 104.555 321 23 184 81 91 100 100 --
47.261 104.555 321 4.6 123 87 93 100 100 --
47.261 104.555 321 6.9 155 80 94 100 100 --
47.261 104.555 321 9.2 159 71 84 100 100 --
47.261 104.555 321 11.5 187 65 81 99 100 -
47.261 104.555 410 0.0 122 84 93 100 100 --
47.261 104.555 410 23 129 91 96 100 100 --
47.261 104.555 410 4.6 146 74 85 100 100 --
47.261 104.555 410 6.9 170 68 83 100 100 --
47.261 104.555 410 9.2 187 70 82 94 100 --
47.261 104.555 410 11.5 202 59 69 100 100 --
47.261 104.554 502 0.0 145 84 93 100 100 --
47.261 104.554 502 24 154 80 86 100 100 --
47.261 104.554 502 4.8 159 83 90 100 100 -
47.261 104.554 502 7.2 138 88 93 100 100 --
47.261 104.554 502 9.6 148 75 86 100 100 --
47.261 104.554 502 12.0 158 76 84 95 100 --
47.261 104.554 603 0.0 119 87 91 100 100 --
47.261 104.554 603 1.8 114 90 92 100 100 --
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued
[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]
Location in Suspended-sediment fall diameter Percent
cross section, (values in percent finer than size) finer than
. . distance from Sampling Susp.ened- suspended-
Dates Latitude  Longitude left bank depth sedlmen.t sediment
(DD) (DD) looking (f) ~ concentration 0,062 0125 0.250 0.500 sieve
downstream (mg/L) mm mm mm MM diameter of
(ft) 0.062 mm
Above bypass chute—Continued
47.261 104.554 603 3.6 132 81 92 100 100 --
47.261 104.554 603 54 123 97 99 100 100 --
47.261 104.554 603 7.2 148 87 97 100 100 -
47.261 104.554 603 9.0 125 93 97 100 100 --
8/24/2011 47.261 104.555 180 0.0 56 94 98 100 100 --
47.261 104.555 180 1.5 43 M M M M 98
47.261 104.555 180 3.0 65 90 97 100 100 -
47.261 104.555 180 4.5 63 87 98 100 100 --
47.261 104.555 180 6.0 57 90 99 100 100 --
47.261 104.555 180 7.5 76 92 97 100 100 --
47.261 104.555 276 0.0 70 98 98 100 100 --
47.261 104.555 276 2.1 56 95 95 100 100 --
47.261 104.555 276 4.2 67 90 92 100 100 --
47.261 104.555 276 6.3 65 93 95 100 100 --
47.261 104.555 276 8.4 66 90 93 100 100 --
47.261 104.555 276 10.5 80 92 95 100 100 -
47.261 104.555 355 0.0 52 97 98 100 100 --
47.261 104.555 355 2.1 50 92 95 100 100 --
47.261 104.555 355 4.2 55 91 95 100 100 --
47.261 104.555 355 6.3 51 93 94 100 100 --
47.261 104.555 355 8.4 86 93 95 100 100 --
47.261 104.555 355 10.5 93 71 77 100 100 --
47.261 104.554 445 0.0 49 M M M M 94
47.261 104.554 445 2.2 56 93 94 100 100 --
47.261 104.554 445 4.4 55 92 99 100 100 -
47.261 104.554 445 6.6 54 91 92 100 100 --
47.261 104.554 445 8.8 63 93 96 100 100 --
47.261 104.554 445 11.0 64 84 91 100 100 --
47.261 104.554 546 1.6 64 M M M M 94
47.261 104.554 546 32 39 M M M M 99
47.261 104.554 546 4.8 54 96 96 100 100 --
47.261 104.554 546 6.4 44 M M M M 99
47.261 104.554 546 8.0 50 94 94 100 100 --
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, ) Suspened (values in percent finer than size) finer than
. . distance from Sampling . suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking () concentration 0,062 0.125 0.250 0.500 sieve
downstream (mg/L) mm mm mm mm - diameter of
(ft) 0.062 mm
Adjacent to bypass chute

7/21/2011 47.263 104.554 346 0.0 336 91 99 99 100 -
47.263 104.554 346 1.0 305 92 96 100 100 --
47.263 104.554 346 2.5 311 95 97 100 100 --
47.263 104.554 346 5.0 348 88 94 97 100 --
47.263 104.554 346 6.0 325 91 94 98 100 -
47.263 104.554 346 7.0 292 85 91 97 100 --
47.263 104.553 379 0.0 397 75 83 96 100 --
47.263 104.553 379 3.0 362 82 89 96 100 --
47.263 104.553 379 6.0 414 76 81 94 100 --
47.263 104.553 379 8.0 459 64 72 94 100 --
47.263 104.553 379 10.0 479 62 71 91 100 --
47.263 104.553 379 12.0 537 57 64 83 100 --
47.262 104.553 498 0.0 417 75 83 95 100 --
47.262 104.553 498 5.0 455 73 79 97 100 -
47.262 104.553 498 8.0 422 77 85 96 100 --
47.262 104.553 498 10.5 472 74 78 97 100 --
47.262 104.553 498 13.5 478 69 75 96 100 --
47.262 104.552 611 0.0 320 85 93 100 100 --
47.262 104.552 611 2.5 370 86 92 97 100 --
47.262 104.552 611 5.0 373 78 84 97 100 --
47.262 104.552 611 7.5 422 75 81 97 100 --
47.262 104.552 611 10.0 451 69 81 98 100 --
47.262 104.552 611 12.0 543 61 72 97 100 -
47.262 104.552 745 0.0 321 91 96 100 100 --
47.262 104.552 745 1.5 307 93 99 100 100 --
47.262 104.552 745 3.0 331 91 95 97 100 --
47.262 104.552 745 4.5 357 88 93 100 100 --
47.262 104.552 745 6.0 369 90 97 100 100 --
47.262 104.552 745 8.0 345 89 96 98 100 --
8/11/2011 47.263 104.553 167 0.0 115 94 98 100 100 --
47.263 104.553 167 1.5 136 89 96 100 100 --
47.263 104.553 167 3.0 108 95 98 100 100 --
47.263 104.553 167 4.5 134 81 93 100 100 --
47.263 104.553 167 6.0 147 75 90 97 100 --

47.263 104.553 167 7.5 123 86 96 98 100
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, ) Suspened (values in percent finer than size) finer than
. . distance from Sampling . suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking () concentration 0,062 0.125 0.250 0.500 sieve
downstream (mg/L) mm mm mm mm - diameter of
(ft) 0.062 mm
Adjacent to bypass chute—Continued

47.263 104.553 267 0.0 123 85 95 100 100 --
47.263 104.553 267 1.9 128 80 92 97 100 --
47.263 104.553 267 3.8 139 79 93 99 100 --
47.263 104.553 267 5.7 143 83 94 100 100 --
47.263 104.553 267 7.6 137 75 86 100 100 --
47.263 104.553 267 9.5 137 76 92 100 100 --
47.262 104.553 368 0.0 92 96 98 100 100 --
47.262 104.553 368 2.1 154 71 82 95 100 --
47.262 104.553 368 4.2 134 72 87 100 100 --
47.262 104.553 368 6.3 128 79 90 100 100 --
47.262 104.553 368 8.4 147 69 83 100 100 --
47.262 104.553 368 10.5 198 59 70 93 100 --
47.262 104.552 476 0.0 115 86 89 100 100 --
47.262 104.552 476 1.9 114 86 92 100 100 --
47.262 104.552 476 3.8 129 83 89 100 100 --
47.262 104.552 476 5.7 134 71 85 97 100 --
47.262 104.552 476 7.6 132 79 88 100 100 --
47.262 104.552 476 9.5 143 61 77 100 100 --
47.262 104.552 595 0.0 323 96 98 100 100 --
47.262 104.552 595 1.3 85 95 98 100 100 --
47.262 104.552 595 2.6 105 96 100 100 100 --
47.262 104.552 595 3.9 117 96 98 100 100 --
47.262 104.552 595 5.2 116 94 100 100 100 -
47.262 104.552 595 6.5 113 94 97 100 100 --
8/24/2011 47.263 104.553 159 0.0 46 M M M M 91
47.263 104.553 159 1.4 62 89 97 100 100 --
47.263 104.553 159 2.8 45 M M M M 94
47.263 104.553 159 4.2 56 M M M M 88
47.263 104.553 159 5.6 55 96 99 100 100 --
47.263 104.553 159 7.0 55 90 96 100 100 --
47.263 104.553 268 0.0 43 M M M M 91
47.263 104.553 268 1.8 53 M M M M 89
47.263 104.553 268 3.6 55 M M M M 85
47.263 104.553 268 9.0 51 M M M M 95
47.262 104.553 364 0.0 51 M M M M 86
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, " (values in percent finer than size) finer than
. . distance from Sampling Susq » suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking () concentration 0,062 0.125 0.250 0.500 sieve
downstream (mg/L) mm mm mm mm - diameter of
(ft) 0.062 mm
Adjacent to bypass chute—Continued
47.262 104.553 364 1.9 69 94 95 100 100 -
47.262 104.553 364 3.8 73 87 91 100 100 -
47.262 104.553 364 5.7 52 IM M M M 95
47.262 104.553 364 7.6 65 83 89 100 100 -
47.262 104.553 364 9.5 71 79 84 100 100 -
47.262 104.552 460 0.0 51 M M M M 94
47.262 104.552 460 1.7 49 M M M M 93
47.262 104.552 460 34 40 M ™M M ™M 95
47.262 104.552 460 5.1 52 86 89 100 100 -
47.262 104.552 460 6.8 53 92 94 100 100 -
47.262 104.552 460 8.5 54 92 92 100 100 -
47.262 104.552 570 0.0 35 M M M M 97
47.262 104.552 570 1.0 35 M ™M M ™M 92
47.262 104.552 570 2.0 43 M M M M 97
47.262 104.552 570 3.0 48 M M M M 93
47.262 104.552 570 4.0 43 M M M M 96
47.262 104.552 570 5.0 55 M M M M 89
Below bypass chute

7/20/2011  47.265 104.553 186 0.0 304 92 95 97 100 --
47.265 104.553 186 1.0 315 92 96 100 100 --
47.265 104.553 186 2.0 323 89 95 98 100 --
47.265 104.553 186 3.0 335 90 92 97 100 -
47.265 104.553 186 4.0 350 82 89 98 100 -
47.265 104.553 186 5.0 409 76 85 93 100 --
47.265 104.553 186 6.0 597 60 70 92 100 --
47.265 104.552 346 0.0 369 82 87 96 100 -
47.265 104.552 346 2.0 355 83 89 99 100 --
47.265 104.552 346 4.0 419 70 78 97 100 -
47.265 104.552 346 6.0 452 68 76 97 100 --
47.265 104.552 346 8.0 587 54 64 91 100 --
47.265 104.552 346 9.0 611 52 62 95 100 --
47.265 104.551 482 0.0 357 81 88 96 100 --
47.265 104.551 482 2.0 396 77 86 100 100 -
47.265 104.551 482 3.5 417 72 82 95 100 --

47.265 104.551 482 5.0 454 68 79 93 100
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, ) Suspened (values in percent finer than size) finer than
. . distance from Sampling . suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking () concentration 0,062 0.125 0.250 0.500 sieve
downstream (mg/L) mm mm mm mm - diameter of
(ft) 0.062 mm
Below bypass chute—Continued

47.265 104.551 482 6.5 443 70 77 97 100 --
47.265 104.551 482 8.0 625 51 61 94 100 --
47.265 104.551 641 0.0 355 87 93 100 100 --
47.265 104.551 641 2.0 355 87 94 98 100 --
47.265 104.551 641 3.0 408 79 86 96 100 --
47.265 104.551 641 4.0 409 78 87 100 100 --
47.265 104.551 641 5.0 441 73 85 99 100 --
47.265 104.551 641 6.5 429 71 81 99 100 --
47.265 104.550 849 0.0 370 87 92 94 100 --
47.265 104.550 849 2.0 386 84 93 100 100 -
47.265 104.550 849 3.0 333 95 98 100 100 --
47.265 104.550 849 4.0 304 85 94 97 100 --
47.265 104.550 849 5.0 377 84 93 100 100 --
47.265 104.550 849 6.0 470 79 91 98 100 --
8/9/2011 47.265 104.553 183 0.0 143 85 97 100 100 --
47.265 104.553 183 0.8 153 86 97 100 100 --
47.265 104.553 183 1.6 154 85 93 100 100 --
47.265 104.553 183 24 140 84 94 97 100 --
47.265 104.553 183 32 144 84 92 100 100 --
47.265 104.553 183 4.0 163 76 90 96 100 --
47.265 104.552 323 0.0 138 87 95 100 100 --
47.265 104.552 323 1.2 132 91 96 100 100 --
47.265 104.552 323 2.4 136 81 91 100 100 -
47.265 104.552 323 3.6 140 85 94 100 100 --
47.265 104.552 323 4.8 157 82 94 98 100 --
47.265 104.552 323 6.0 170 74 84 100 100 --
47.265 104.552 443 0.0 142 90 93 100 100 --
47.265 104.552 443 1.2 115 83 90 100 100 --
47.265 104.552 443 2.4 151 82 87 96 100 --
47.265 104.552 443 3.6 180 74 85 100 100 --
47.265 104.552 443 4.8 159 80 88 100 100 --
47.265 104.552 443 6.0 183 72 81 96 100 -
47.265 104.551 602 0.0 143 90 93 100 100 --
47.265 104.551 602 0.8 152 87 93 100 100 --

47.265 104.551 602 1.6 138 87 92 100 100
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, ) Suspened (values in percent finer than size) finer than
. . distance from Sampling . suspended-
Dates Latitude  Longitude left bank depth sedlmen_t sediment
(DD) (DD) looking () concentration 0,062 0.125 0.250 0.500 sieve
downstream (mg/L) mm mm mm mm - diameter of
(ft) 0.062 mm
Below bypass chute—Continued

47.265 104.551 602 2.4 173 81 85 100 100 --
47.265 104.551 602 3.2 161 83 91 100 100 --
47.265 104.551 602 4.0 148 86 92 100 100 --
47.265 104.550 827 0.0 142 96 99 100 100 -
47.265 104.550 827 0.8 146 91 97 100 100 --
47.265 104.550 827 1.6 157 91 96 100 100 --
47.265 104.550 827 24 135 93 97 100 100 --
47.265 104.550 827 32 156 85 93 100 100 --
47.265 104.550 827 4.0 173 90 93 100 100 -
8/23/2011 47.265 104.552 266 0.0 68 91 93 100 100 --
47.265 104.552 266 1.0 60 95 95 100 100 --
47.265 104.552 266 2.0 64 92 95 100 100 --
47.265 104.552 266 3.0 64 95 97 99 100 --
47.265 104.552 266 4.0 89 83 92 100 100 --
47.265 104.552 266 5.0 151 81 87 100 100 --
47.265 104.552 352 0.0 85 94 97 100 100 --
47.265 104.552 352 1.1 92 M M M M 79
47.265 104.552 352 2.2 68 94 95 100 100 --
47.265 104.552 352 33 63 M M M M 68
47.265 104.552 352 4.4 50 M M M M 77
47.265 104.552 352 5.6 48 M M M M 94
47.265 104.552 434 0.0 49 M M M M 85
47.265 104.552 434 1.0 53 M M M M 70
47.265 104.552 434 2.0 51 M M M M 85
47.265 104.552 434 3.0 52 M M M M 88
47.265 104.552 434 4.0 54 M M M M 83
47.265 104.552 434 5.0 71 92 99 100 100 --
47.265 104.551 551 0.0 50 M M M M 81
47.265 104.551 551 0.6 41 M M M M 94
47.265 104.551 551 1.2 39 M M M M 91
47.265 104.551 551 1.8 55 M M M M 74
47.265 104.551 551 2.4 49 M M M M 91
47.265 104.551 551 3.0 61 80 87 100 100 --
47.265 104.551 680 0.0 79 M M M M 58
47.265 104.551 680 0.4 72 M M M M 63
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Table 2. Suspended-sediment concentration, fall diameter, and sieve diameter for samples collected at discrete vertical depths at
three sites near the proposed bypass chute on the Yellowstone River near Glendive, Montana, July and August, 2011.—Continued

[DD, decimal degrees; ft, feet; mg/L, milligram per liter; mm, millimeter; --, no data; IM, Insufficient Material]

Location in Suspended-sediment fall diameter Percent
cross section, (values in percent finer than size) finer than
. . Suspened-
. . distance from Sampling . suspended-
Latitude  Longitude sediment .
Dates left bank depth . sediment
(DD) (DD) : concentration 0,062 0.125 0.250 0.500 ;
looking (ft) (mg/L) sieve
downstream mm mm mm mm- diameter of
(ft) 0.062 mm
Below bypass chute—Continued
47.265 104.551 680 0.8 46 M M M M 96
47.265 104.551 680 1.2 53 M M M M 93
47.265 104.551 680 1.6 46 IM M M M 88
47.265 104.551 630 2.0 32 81 93 100 100 88
EXPLANATION

August 10, 2011

Depth, in feet

August 24, 2011

100

200

300

Distance from left streambank, in feet

400

500

600

700

Percent of material finer
than 0.062 millimeter

98

9%

90

86

82

78

74

70

66

62

58

+ Sample location

Figure 6. Cross section showing distribution of suspended-sediment particle sizes from point samples collected on the Yellowstone

River above a proposed bypass chute near Glendive, Montana, August, 2011.
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Figure 7. Cross section showing distribution of suspended-sediment particle sizes from point samples collected on the Yellowstone
River adjacent to a proposed bypass chute near Glendive, Montana, July and August, 2011.
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Figure 8. Cross section showing distribution of suspended-sediment particle sizes from point samples collected on the Yellowstone
River below a proposed bypass chute near Glendive, Montana, July and August, 2011.
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Table 3. Sieve diameters and mass of bedload samples for three sites near a proposed bypass chute on the Yellowstone River near

Glendive, Montana, July and August, 2011.

[mm, millimeters]

Date Bedload-sediment fall diameter (values in percent finer than size) Mass
0.062mm 0125mm 025mm 0.5mm 1mm 2mm 4mm 8 mm 16 mm 32 mm (grams)
Above bypass chute
7/19/2011 0 1 32 73 77 79 81 83 87 100 3754
8/10/2011 0 0 2 87 95 96 97 98 100 100 167.8
8/24/2011 1 1 6 63 69 73 79 93 100 100 355
Adjacent to bypass chute
7/21/2011 0 0 2 62 73 76 80 88 94 100 2953
8/11/2011 0 0 1 55 70 76 81 87 100 100 221.3
8/24/2011 0 1 8 67 74 76 78 80 100 100 138.0
Below bypass chute
7/20/2011 0 0 20 72 78 81 85 91 96 100 322.1
8/09/2011 0 0 1 59 72 78 32 87 96 100 308.8
8/23/2011 0 0 1 38 52 63 70 75 87 100 275.5

Table 4. Sediment loads for three sites near a proposed bypass
chute on the Yellowstone River near Glendive, Montana, July and
August, 2011.

Load, in tons per day

Date Suspended Measured  Measured total
sediment bedload sediment
Above bypass chute
7/19/2011 57,700 254 57,954
8/10/2011 8,250 36 8,286
8/24/2011 2,600 5 2,605
Adjacent to bypass chute
7/21/2011 54,600 255 54,855
8/11/2011 6,350 53 6,403
8/24/2011 3,000 20 3,020
Below bypass chute
7/20/2011 57,200 301 57,501
8/09/2011 9,260 96 9,356
8/23/2011 2,710 55 2,765
Summary

In 2011, sediment data were collected by the U.S.
Geological Survey in cooperation with the U.S. Army Corps
of Engineers on the Yellowstone River at the location of a
proposed bypass chute. The sediment data were collected
to provide an understanding of the sediment dynamics of
the given reach of the Yellowstone River. Samples of sus-
pended sediment (point and integrated) and bedload were

collected at three sites during July 19-21, August 9-11, and
August 23-24, 2011. Suspended-sediment concentrations in
the integrated samples collected at the three sites generally
decreased with decreasing streamflow. Point samples col-
lected at the three sites indicated the variability of suspended-
sediment concentrations in the cross section at each site.

In general, the highest suspended-sediment concentrations
were found near the channel bed and towards the center of
the channel with lower suspended-sediment concentrations
near the channel banks and water surface. The particle sizes
of suspended sediment from point samples indicated similar
distributions at each site for the three sampling periods. Most
of sediment in the bedload had a particle size smaller than

16 mm. Suspended sediment was the primary component of
the total sediment load for all three sampling locations on the
Yellowstone River during the late summer of 2011. Suspended
sediment contributed at least 98 percent of the total sediment
load at each of the three sites. The amount of bedload mea-
sured at the three sites was a smaller load in comparison with
the suspended-sediment load.
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