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PROGRESS REPORT NUMBER 1
INVESTIGATIONS OF SOME SEDIMENTATION CHARACTERISTICS
OF A SAND-BED STREAM

By D. W. Hubbell and Others

INTRODUCTION |

Several important aspects of sediment transport have been investi-
gated by utilizing data frem the turbulence flume in the Middle Loup
River at Dunning, Nebr. These data have also been used to evaluate
sedimentation formulas. However, additional work of a research
nature is needed to provide information on specific transport phe-
nomena and on field procedures. On August 26, 1955, representatives
of the U. 8. Bureau of Reclamation and U. S. Geological Survey met
in Denver, Colo., to discuss these needs and the sediment investi~
gations to be made at the Middle Loup River at Dunning, Nebr. , ¢
during 1956. Those attending the meeting were:

Mr. O. C. Hansen, Region 7, U.S.B.R., Denver, Colo.

Mr. K. B. Schroeder, Hydrology Branch, Assistant Commissioner
and Chief Engineer's office, U.S.B. R., Denver, Colo.

Mr. R. F. Kreiss, Geological Survey, Lincoln, Nebr.

Mr. D. M. Culbertson, Geological Survey, Norton, Kans.
Mr, C. H. Hembree, Geological Survey, Lincoln, Nebr.

|

' o

i ~The conclusion of the group was that future cooperative research

i .

t investigations at Dunning should be limited to problems that apply to

E alluvial-type streams in general and that the objectives of the coopera~
|
!

tive research program for 1956 should be (1} to test the adequacy of the




ETR (equal transit rate) method of measuring suspended~sediment
discharge (Kreiss, 1955), (2) to study methods for collecting repre-
sentative bed-material samples, and (3) to study the applicability of
the modified Einstein procedure for computing total sediment dis-
charge immediately after frazil ice conditions and at water temperar
tures between 32° and 37°F. These objectives are given in detail in
a U. 5. Bureau of Reclamation memorandum dated September 5,
1855,

These investigations were programmed by Region 6, Region 7, and
the Chief Engineer's office of the U, S. Bureau of Reclamation and by
the U. S. Geological Survey, The investigations by the U. S. Geological
Survey were financed with Missouri River basin project funds and were
made under the supervision of the regional office, Quality of Water
Branch, Geoleogical Survey, Lincoln, Nebr. Field and laboratory work
was done by employees of the Geological Survey, Lincoln, Nebr., under
the supervision of D. M. Culbertson, area engineer,

Total load computations for eight sets of data were made by Bureau
of Reclamation personnel, Mr, K. B. Schroeder, Hydrology Branch of

the Assistant Commissioner and Chief Engineer's office, cooperated

‘ with Geological Survey personnel in the analysis of some data and assisted
on June 4-8, 1956, with the preparation of an outline for this report, The

report was prepared by D.. W, Hubbell, P, R, Jordan, D. M, Culbertson,

and C. H., Hembree,




FIELD INVESTIGATIONS

The Middle Loup River upstream from Dunning is in the sandhills
region of Nebraska. Flow of the river is predominantly from ground-
water accretion, and sediment loads are composed almost entirely of
particles of sand size. The channel is alluvial and is confined later-
ally by low banks. More detailed explanations of the character of the
river are given by Vice and Serr (1951), Benedict, Albertson, and
Matejka (1955), and Hubbell and Matejka (in preparation).

For this investigation, measurements were made at sections.A,.,

By, Cy, D,and E. (See fig. 1.) Section A is about 7, 200 feet upstream
from the turbulence flume. /p-uring the measurement on May 8, 1956,
the flow was divided into 2 éhannels, and bank-to-bank width of the
stream was about 346 feet. Sand dunes were generally only 0.1 to

0. 2 foot high; however, the front of a submerged bar that was moving
into the section at the time of the measurement was about 2, 0 feet

high. Section B1 is about 1, 400 feet upstream from the turbulence
flume. During the measurements on March 8, 1956, the section was
about 96 feet wide. . No sand dunes were observed; however, the depth
of the stream at the center of the flow was less than the depth near the
banks. Section Cg is 600 feet upstream from the turbulence flume in a
straight uniform reach. The banks in this reach have been stabilized by

brush riprap, which confines the width to about 80 feet. At the time of
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all the winter measurements no dunes were present on the bed; the
height of the dunes at this section seems to be the greatest when
the water temperature is above 70 degrees. The total sediment
discharge of the river is measured at section D at the measuring
sill of the turbulence flume. A detailed explanation of the flume is
given by Benedict, Albertson, and Matejka (1855). Section E is

- about 700 feet downstream from the turbulence flume. The width

of this section at the time of the measurement on May 8 was 157
feet, The height of the sand dunes was about 0. 2 foot; however, the
cross section was irregular because of submerged bars.

Colliection of field data, except on September 7, 1955, and May 8,
1956, was as follows: A water-discharge measurement was made
immediately after frazil ice melted. At about the same time, sedi-
ment sampling by the ETR method was started. The interval
between sampling verticals for the ETR method was selected so that
lateral changes in water discharge and suspended-sediment concen-
tration within the interval would be small, so that samples would
not be too numerous, and so that the distance from each bank to the
nearest saﬁpling vertical would be about one-half the width of the
sampling interval, Care was taken to maintain a constant trénsif
rate. Water-sediment mixture at each station of an ETR was collected

in a separate bottle with DH~48 samplers having 3/16-inch nozzles.

After the ETR sampling was compleied, point-integrated samples




were coliected at about 5 points in each of 5 verticals in the
cross section at the centroids of equal segments of water dis-
charge. After point sampling was completed at a vertical, point
velocities were measured with a Price current meter. Lastly,
bed-material samples were collected with core- and surface-type
samplers. The surface-type sampler collects bed material from
only the top few layers of the stream bed. Water temperatures
were recorded continuously by a thermograph located near the
turbulence flume. Because data were to be used for comparison
with the total sediment discharge, ETR measurements were made
at the turbulence flume (section D) at about the same time as at the
normal section. The data for September 7, 1955, and May 8, 1958,
were collected by the same procedures asoutlined above except that
no peoint-integrated samples were obtained on either day and no bed-
material samples were obtained on September 7.

Size analyses of the depth~integrated suspended sediment for
sections A, By, Cg9, D, and E are given in table 1. Size analyses
of point-integrated suspended sediment for sections By and Co are
given in table 2. Size analyses of bed-material samples for sections
A, By, Co, and E are given in table 3. A summary of hydraulic data

is given in table 4.




SUSPENDED-SEDIMENT SAMPLING

General Theory

For an adequate determination of the mean concentration of sus-
pended sediment at any cross section, one basic requirement in
sampling must be satisfied. This requirement is that the concen-
tration of every increment of flow must be represented by an amount
of water-sediment mixture that is in the same proportion to the a-
mount of total mixture as the increment of discharge is to the total
water discharge. Both the commonly used centroids-of-discharge
method and the ETR method satisfy this basic requirement, but in
slightly different ways.

In the centroids-of-discharge method the stream cross section is
divided laterally intc segments of equal water discharge. Samples
collected in each segment at the vertical of 50-percent accumulation
of water discharge within the segment are assumed to be representative
of the concentration of the entire segment. These samples, because
each represents the same quantity of water discharge, are usually
composited before analysis for the mean concentration of the stream.
The primary requisites of this method are that the segments of water
discharge must be sufficiently small so the concentration of each
sample will be representative of its segment and that the volumes of all
samples must be the same. Some of the disadvantages of the method
are (1) a water-discharge measurement is necessary to determine the

lateral distribution of flow, (2) the concentration of a sample may not



be representative of the segment of discharge it is assumed to
represent, and (3) sampling difficulties somewhat limit the ob-
server's ability to collect an equal volume in each sample bottle.
Theoretically, in the ETR method a constant (equal) transit
rate is maintained for all sampling verticals, and the verticals
are spaced equidistant apart. Because sediment samplers admit
water-sediment mixture at the stream velocity at every point of
the sampler's travel, the volume of a sample is proportional to
the water discharge passing through an area as wide as the nozzle
and as deep as the depth traversed by the nozzle, The water dis-
charge passing through a sampling vertical is assumed to be the
same as that passing through any other vertical within the interval
represented by the sampling vertical; therefore, the volume of
mixture collected at the sampling vertical is proportional to the
water discharge in the entire interval. If the concentrations at all
verticals within the interval are assumed to be the same, the con-
centration determined from a sample will be the concentration that
can be multiplied by the water discharge in the interval to obtain the
sediment discharge in the interval. The total sediment discharge for
the cross section is the sum of the sediment discharges for all the
intervals. It is also the product of the total water discharge and the
summation of weighted concentrations for all the intervals; the

weighting factor is the ratio of the water discharge in the interval to

the total water discharge. FEach concentration can be weighted during




the sampling procedure by using the same transit rate and the
same sampling interval throughout a section. Tlﬂ;us, the concen-
tration of the sample from each interval will be represented in a
composite of all samples in the same ratio as the ratio of the water
discharge in the interval to the total water discharge, and the con-
centration of the composite will be the concentration that can be
multiplied by the total water discharge to give the sediment dis-
charge for the cross section. For an accurate determination. of
concentration, the sampling interval must be sufficiently small so
that lateral changes in concentration and water discharge are
sampled. Some of the disadvantages of the method are (1) the
samples may not be representative of the concentration in the in-
terval they are assumed to represent, (2) the volumes of the samples
may not be proportional to the water discharge in the sampling in-
terval, (3) an equal transit rate is somevwhat difficult to maintain
throughout an entire cross section, and (4) every sampling interval
must be determined by dividing the interval by the horizontal angle
coefficient if the horizontal angle of flow varies from one part of a
cross section to another,

The common disadvantage of both these methods is that a sample
may not be representative Aof the concentration and water discharge
it Is assumed to represent. In order to increase the possibi_lity of

obtaining representative samples, many samples must be collected.
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Fhe kind of sediment load carried by the stream, the shape of the
channel, and the height and spacing of bed irregularities are some

of the factors that affect the optimum lateral spacing of samples.

Interpretation of the Data

Theoretically, both the ETR method and the centroids-of-
discharge method are acceptable for collecting suspended-sediment
samples. However, the adequacy of either method is dependent not
only on the validity of the method but also on the suitability of the
method for practical field application. Consequently, the errors
that result from different sampling intervals in the ETR method and
from different numbers of verticals in the centroids-ef-discharge
method have been studied and compared. Basic data utilized in this
study are given in tables 5 and 6, and concentrations and deviations
from ETR measurements are given in table 7.

Because most of the interpretative analyses in this study are
statistical, short-duration concentration changes have been studied
to determine whether the concentrations are normally distributed so
that they can be treated with ordinary statistical procedures. Field
data pertinent to this aspect of the study are given in table 8. Figure
2 shows the frequency distribution of concentration. Plotting positions

for this graph are those given by Beard (1954, p. 16). Because data
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Table 7.--Concentrations and deviations fram ETR measurements

Multiples of base sampling intervalse...of 1 | 2 | L | 6 [ 8 230 J20 Jif2 [T LT & [ 8 T 10] 20
- ___ [Number of Basg Deviati . reent. § b
Date Section BTR verticals §ampllng Concentration, in parts per million TLAWOL, 20 peRCsil, Lpon DRSS
' number v ~ |interval concentration
sampled
 Los (feet)
1955 . - -
Sept. 7| Bi L o 3 | 355] 357( 3L1} L95| L2y} 261| 283|0|0.56|3.94(39.LL[20,28}26,L8 (20,28
"Doees| E -1 39 b 315| 320f 295 267 360) 3L9| 313|0|1.59|6.35{15.2L|1L.29]{10.79| .63
Nov, 24| By 1 37 2.5 |1,14h7]1,119(1,122}1,129|1,085|1,L61| 973|0|2.LkL|2.,18] 1.57| 5.L0|27.38{15.17
- Boees] By 2 37 2.5 |1,143(1,111{1,08L{1,103|1,001|1,58L|1,023|0|2.80|5,16| 3.50{12,L2}38.58|10.50
Do...| C2 1 Lo 2 1,01011,015] 993| 970]|1,009|1,017| J7L|0] 50|1.68| 3.96| .10! .69} 3.56
‘Doess| Co 2 Lo 2 1,051/1,045]1,049(1,078 |1,000(1,0L7| 929|0| 57| .19{ 2.57} L.851 .38|11.61
Jan. 7.| Cp 1 Lo 2 1,200{1,1941,218{1,219|1,213 |1,2L)|1,507|0] .50]|1.50| 1.58| 1.08] 3.67{25.58
* Dosse| L2 2 10 2 1,196|1,199(1,186|1,16411,288]1,215[1,619{0] .25| .8L| 2.68| 7.69| 1.59|35.37
May 8..] & 1 L5 3 677 677] 6L6| 626] 629| 522 72L|0|0  |L.5B| 7.53| 7.09[22.90{ 6.9k
Do.ee| A 2 L5 3 732| 700{ 705| 8LB| 613| L99| 686]0|L.37|3.69]15.85(16.,26(31.83] 6,28
Do.as| 4 3 L5 3 678| 685 673 651 616| 550 6LB{0}1.03| .7L| 3.98]| 9.1L{18.88| L.L2
E i 50 3 505| 522 507| 563| 556 L65| ©510{0{3.37| .hO|11.49110.10{ 7.92 o939
E 2 50 3 505{ ©510| L92| 5L8| 507| LL9| L67|0| .99]2.57| 8.51] .LO{11.09| 7.52
E 3 50 3 518| 563 6528( 5SL7( 500{ L79| 502{0{8.69[1.93| 5.60( 3.L7| 7.53| 3.09

TT



Table B.--Concentrations of depth~integrated samples collected

in sequence at two selected verticals .

Sample number Conc?;g;§ti°" Sampls filpbet Conc?;ggition

Time interval, 20 sec, Time interval, LO sec.
1 6Ll 1 1,310
2 6L7 2 1,180
3 753 3 1,280
h 6Lk L - 1,320
5 563 5 1,160
g 645 6 1,320
[ 690 7 1,310

2 69L . 8 970
7 690 9 1,320
e 52l 10 1,110
11 669 11 1,360
12 719 12 1,350
13 626 13 1,120
111 587 ]_h 1’ h—ho
15 655 15 1,200
17 573 17 1,420
18 701 18 1,220
20 655 20 - 1,180

12

e e
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generally follow a straight line on probability paper, the concen-
trations are normally distributed.

For the ETR method, errors that result from different sampling
intervals cannot be determined unless the transit rate remained
relatively constant for each set of samples used in the analyses.
Figures 3-6, which show the accumulated water~sediment mixture
plotted against the accumulated water discharge, indicate that a
relatively uniform transit rate was maintained. The fact that the
rate of change in water-sediment mixture is about the same as the
rate of change in water discharge shows that the mixture was col-
lected at each vertical in proportion to the water discharge in the
sampling interval. However, this kind of graph does not show con-
clusively that an equal transit rate was maintained because other
factors may cause the curves to deviate from or approach the line
of perfect agreement. Two of these factors are changes in the flow
conditions from the time of the water-discharge measurement to the
time of the sediment sampling and differences in the percentage of
flow in the unsampled zone across the section. Also, relative errors
that result from different sampling intervals cannot be determined
unless samples have been collected at a small enough interval (the
base interval) so that the sample from each vertical actually represents

a width of relatively constant concentration and water discharge. Fig-

ures 7-11, which show the lateral distribution of concentration, water
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discharge, and sediment discharge, indicate that the base interval
was sufficiently small.

Errors in the mean concentration result if the ETR sampling
interval is too large, Figure 12, which was plotted from the analysis
in table 9, shows the extent of these errors for different ‘sampling
intervals. Deviations shown by this graph are based on differences
from the concentration at the base interval; the concentration at the
base interval is assumed to have no error. Data for this analysis
were from different cross sections, for different base intervals,
and at different times; and the fact that different lateral distributions
of concentration and flow produce different deviations was ignored.
As a result, the graph should only be used as a rough guide, and
deviations given by the graph should not be expected to be reliable
for any particular section. The graph shows that deviations from
the base interval increase as the sampling interval increases and
that concentrations can be accurate only if sampling intervals are
small.

The errors that result from different sampling intervals with
various lateral distributions of flow and concentration are analyzed
in table 10, Lines 16 and 17 in the table are the confidence limits of

the deviations; where no confidence limits are shown, deviations are

e ————— e
e e e

not statistically significant. Index ratios in the table describe different

lateral distributions of concentration and flow. Lateral distribution of
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Table 9.--Deviation in concentration from base interval concentration for different EIR sampling intervals
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concentration is considered to be a function of the lateral distribu-
tion of flow. Distribution of flow for a cross section is indexed by
the ratio of the width having flow per foot of width below the average
to the width having flow per foot of width above the average. The
significance of this ratio can be understood by considering the dif-
ference between a rectangular section that has uniform flow later-
ally and an irregular section that has a wide shallow part of low
sediment discharge and a deep narrow part of high sediment discharge.
The ratio for the rectangular section is low, and the deviation from
the base-interval concentration is affected little by the ETR interval.
The ratio for the irregular section is high, and the deviation is large
if the deep narrow part is inadequately sampled. The analyses in
table 10 indicate that for low index ratios, deviations from the base-
interval concentration are generally insignificant regardless of the
interval and for high index 'I'.atios, the deviations are significant for
large intervals. A graph of this effect could not be made because of
the insufficient number of significant deviations.

According to statistical theory, the probability of obtaining a mean
concentration within certain limits of the true mean increases as the
number of samples used to determine the mean concentration increases.
Table 11 gives data for three centroids of discharge and an analysis of
these data. For the three centroids, deviations of the mean concentra-

tion from the true mean concentration change as the number of sets of
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Table 1l.=-Deviation of mean concentration of samples colle cted at 3 centroids
of discharge from the true mean concentration at the 3 centroids of discharge

Sec. E, May 8, 1956 Sec. A, May 8, 1956
Concentration Concentration

Mean y Mean

Sta., 35 | Sta, 5? Sta. 98 Yor mct Sta. 38 | Sta. 59 | Sta. 326.5 for set
1,120 L8k 29l 633 398 770 266 L78
1,170 L8l 325 660 - 615 1,170 118 734
1,330 533 282 715 L2 962 501 635
1,210 L1k 169 598 874 1,350 L27 88L
990 | LéS 112 522 507 1,010 539 685
996 507 161 555 685 1,260 366 770
1,170 531 15L 618 653 1,370 L33 819
1,120 L56 219 598 768 1,010 150 7h3
1,080 5L7 201 609 603 1,100 553 752
910 511 1L | 512 669 97h 543 729
1,070 5Ll 167 593 712 1,170 543 808
1,000 506 96 534 592 1,220 L6l 759
Mean for all SetSeevececsssas 596 Mean for all Set8.eesececsses 733

+(S,D,) ( ' 100 )
L= “/r;— mean for all sets

where L is the deviation from the true mean concentration, expressed as a
percentage of the mean concentration for all sets.
t is at the 20-percent level of probability
n is the number of sets of samples.

' »'.SQC‘ E" Sv"Dd --.,59.0 Sec.. A’ SOD. - 1020’4

For n -'12, L = 3,90% For n = 12, L = 5,50%

For n = 10, L = L,33%

Forn = 8, L = h095%

Forn = 6, L = 5,96%

‘Forn =), L =8,11%

Forn = 3, L = 10.8%
L =

21.5%

Forn = 2,

|

For n = 10, L = 6,11%
Forn = 8, L = 6,98%
For n = 6, L = 8,42%
FOI‘ n= h, L = lll’-‘%
Forn = 3, L = 15,2%
For n = 2, L = 30.4%.
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samples changes. Figure 13 shows the results of the analysis
graphically. The mean concentration for the cross section based
on the average of all samples at the 3 centroids is 105 and 117
percent of the mean concentration determined from an average of
3 ETR's collected at the base interval at sections A and E, re-
spectively.

Concentrations determined from samples collected at different
numbers of centroids have been compared with the mean concen-
tration for the cross section. The mean concentration for the
cross section was determined in the following way: From curves
of the lateral distributions of flow and concentration, a curve of
lateral distribution of sediment discharge per foot of width was
determined. The sediment-discharge curve was graphically inte-
grated to obtain the sediment discharge for the cross section. The
load for the cross section divided by the water discharge and the
appropriate constant is the mean concentration for the cross section.
Concentrations for different numbers of centroids were determined
by linear interpolation from concentration curves. An analysis of

the differences between the concentrations for different numbers of
centroids and the integrated mean concentration is given in table 12.
Index ratios for the different cross sections are given in the table.
This analysis indicates that regardless of the index ratio, deviations

from the mean concentration of the eross section are not substantial
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50 For a given number of sefs of samples collec ted
at 3 centroids of discharge, the chances are
/in 5 that the mean concentration of the

—

40 samples will deviate from the true mean con=

, centration at those centroids by a percent equal
30 A to or greater than that indicated by the curve.
20

\
AN

6 R _ Section A, May 8,1956
9 \\( e |
1
8 -
7 . \(\
j | ‘ ___,,\_/__b\ =
5 Section E, May 8,/956 \*(” )

CONCENTRATION FOR ALL SETS

DEVIATION FROM TRUE MEAN, EXPRESSED AS A PERCENTAGE OF THE MEAN

lO | 2 3 4 5 6 7 8 ) 10 R 12
NUMBER OF SETS OF SAMPLES COLLECTED AT THREE CENTROIDS

Figure 13.--Deviation of mean concentration of somplescollecfgd at
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Table 12.—Confidence limits of devistions from integrated mean concentration

Nov. 2L, 1955, sec. By, index = 0.88

May B, 1956, sec. A, index = 1.80

Row . Inte- | 265 | 15 | 10 5 2 [Inte- | 25 | 15 | 10 5 2
Dum- Zxplanation grated | o | cen- | cen- | cen- | cen- |ET8t®d| con | con- | cen- | con- | coen-
ber ConCen= |+ roids|troids|troids [trotds [troids [S°"°®™ |4 ro1ds| troids|troids [troids [troids
: tration tration
(1) [Concentration of Bet nOe leseessscesssssscsoccsvesssssssPPaa| 1,130 1,120 (1,150 {1,150 |1,200 980 662 678 698 7.7 680 (1,000
(2) Concer.rtra‘tion of set no, 2......;..o..-ooo;oooooooo..--o’,’?ﬂ... 1,].10 1’120 1,1—’40 1,1& 1,110 965 736 757 777 768 7)12 l 0:)
3 (3) Concentration of set no. 3.!....0...o'......o..o......o.m. eececves|0esees|[cscscc{eccssn |0sscse|sssnee 681 720 752 696 70 9q2
(W) (1) # (2) * (3)eecececrsecsccesancsicecaacansocsacaseseppmaa] 2,200 (2,240 (2,290 (2,310 {2,310 {1,945 | 2,079 (2,155 {2,227 {2,181 {2,132 [3,005
(S) Baan wQCQtratimooo.o--uo-a.-no'co.-n-uono-o-o----.-o-m 1,].20 1,120 l,th 1,155 1,155 972 693 718 71&2 7?7 ypat I,W
(6) Sum of squares of deviations from me8Neecesceccccccsscsccccccee 200 0 50 50 h,OSO 113 2,951& 3,125 3,261 2,7!12 1,923 h,517
(7){(6) for 1nt§x1t.ion plus (6) for centroldS.ccececccsssccccesccs]oseaass] 200 250 250 {4,250 313 [eeeeees 6,079 [6,215 |5,696 (4,877 (7,472
(8)|(8.D.)2 = ( degrees of freedoMecccecccscscoscscssccsancncfosssces| 100 125 | 125 (2,125 | 156 [eess...(1,520 {1,554 [1,42k 11,219 11,865
(9)|S.D. (standard deviation)ssessesscccecssesscsssccccssoccsncnefoceacesf 10 [11.18 |11.18 |L6.20 [12.L9 [oeeee.e]38.99 [39.42 [37.737135.91 [L3.27
(10) |Difference between mean of integration and centroidSecececcess|ssecses 0 25 35 35 | 148 |eeceese 25 49 34 18 309
(u) t - (10) ;nJ-s-Docooo.o00u-o-oco.--o-o-b-o..o.uo'-.o-.o.- LE R TR 0 2.2% 30131 .759 11-85 [E RN KRN 0785 10522 lolml .631 8'756
n :
(12) |te = critical value of t at 90% leveloseeossssoeeoncscssacose|oonsses| 2092 | 2,92 | 2.92 | 2,52 | 2.92 [eeenses|2.132 |2.1032 {2,132 [2.132 [2.132
(13) sd L S'D. 0000000000 0000000000000 PRRRLIOROIROOSIOSIOIGOES Se0to0n ecensen LI AR LN 11'18 So000n 12.h9 [ EXI X R XY ] L R ) LA X XN ] ®00 000 [Conoer 35929
(u‘) sd.........‘..‘...................-.................l..... LA RN R X} *eteee LR L NN J 33 Seve e % eeodos e sese s I FI R R AR T LN KL SR LY ] 75
(15) (10) as a mtage of mean int,egrnted eoncentration..._..... e0occce |ooevee|0cccse 3.12 escece 13021 eecoeve [vscecoleveccs|eeccce|nrence hl;.Sq
(16) (10) + (11; as a percentage of mean mtegrated concentratione|ececcce|ccccce|occcee 6.07 esscee 16.11\3 escecse [esssso|ssccesf{recces|scccnn 55 143
: (17) (m) - (]JJ) as a pemntage of mean integrated concentrations|esececc]|ocoscce|occcee 017 000000 |l0¢00 |eseccso{cssccefosccccfosnccefoccnce 33. T

Bote: Rows (16) and (17) are the upper. and lower confidence limits.
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if more than five verticals are sampled by the centroids-of-
~discharge method,

The particle-size distribution of samples collected by the
centroids~-of-discharge method has been compared with the
particle-size distribution of samples collected by the ETR method.
Figure 14 shows that the difference is negligible between particle
sizes of samples collected by the two methods.

These particle-~size distributions probably indicate that generally
the size distribution of ETR samples collected at a sampling interval
of less than 20 percent of the width will not be materially different
from the size distribution of ETR samples collected at a very small
sampling interval,

Although either the ETR method or the centroids-of-discharge
method for collecting suspended-sediment samples is satisfactory
when applied properly, at some stations costs of operation can be
deereased and accuracy increased by the use of the ETR method.
Generally, the time required to sampie with the ETR method is 1kes_s
than the time required to measure water discharge and to sample
with'the centroids-of-discharge method; laboratory time is about.
the same for the analyses of samples collected by either method.
Also, local observers and. other personnel not familiar with stream-
gaging procedures can sample with the ETR method and thus obtain

directly samples that are representative of the entire cross section.
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Conclusions From Study of Suspended-Sediment Sampling

Because this study is based on data from a single sand-bed
stream, some of the following statements that include specific
values may not be applicable to all streams.

The ETR method of measuring suspended-sediment discharge
is satisfactory if the proper sarhpling interval is used.

An adequate sampling interval for the ETR method depends .on
the distribution of concentration and flow in the cross section. The
lateral distributions can be classified by an index ratio. The data
indicate that, if many ETR"s were collected at different times and
at different sections all of which have index ratios of about 1. 00
and if the sampling interval is always about 10 percent of the
stream width, the mean of all the errors in concentration would be
about 5 percent of the concentration that would be obtained with a
very small sampling interval.

Supplemental data for an extension of table 10 should provide a

guide for determining the ETR sampling interval at any cross section

of an alluvial stream.
The data indicate that the number of verticals hecessa.ry.for an

adequate determination of the mean cross-section concentration by

the centroids-of-discharge method is fewer than the number of verticals

neCessary for the determination of the mean concentration by the ETR

method,
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The data indicate that the deviation of a ¢ross~section concen-
tration determined by the centroids-of-discharge method from a
concentration determined from samples at many verticals does not
depend on the lateral distribution of concentration and flow unless
fewer than five verticals are sampled.

If only a few verticals are sampled, many consecutive samples
at each vertical are required to obtain a mean concentration that is
within breasonable limits of the true mean econcentration for the
verticals. For example, if only 2 safnples are collected at each of
3 centroids of discharge, the chances are 1 out of 5 that the concen-
tration will deviate from the true mean concentration at those verticals
by more than about 25 percent.

In sand-bed streams samples should be collected at not less than
five verticals if the centroids~of-discharge method is used.

Samples collected at a small sampling interval by the ETR method
and samples collected at five centroids of discharge have essentially

the same particle~size distribution.

BED-MATERIAL SAMPLING

Bed-material sampling has been studied to obtain comparisons be-
tween the size distributions of samples collected with the core-type
bed-material sampler and with a newly designed "disk" or surface

bed~material sampler, and to gain information on the number of
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samples that are required for an adequate representation of the
bed-material size distribution in a cross section.

The core-type sampler consists of a cylinder, about 2 inches in
diameter, that is mounted on a handle (fig. 15A). Contained in the
cylinder is a movable piston that can be raised as the cylinder is
i)ushed into the stream bed. Any size core up to 6 inches in length
can be obtained with the sampler. Hence, the sampler has wide
application and can be used to sample ﬁwy different kinds.of bed
material; large volume samples can be collected where large par-
ticles are present in the bed, and small volume samples can be
collected where the bed material is primarily sand. Samples col-
lected with this sampler are analyzed in the laboratory by sieving or
by the visual-accumulation-tube method or by a combination of the
two., Often samples can be corﬁposited for one analysis; however,
the samples of the‘..composite must be similar in gradation.

~The surface bed-material sampler consists of a small container
that is filled with petrolatum and is affixed to a rubber suction cup,
which is attached to the end of a metal rod or to the bottom of a
sounding weight (f.ig._‘ 15B). The sampler is loWered to the bed until
the petrolatum contacts the surface of the bed. A variety of petrolatum-
filled containers can be used; the container adopted for general use is
‘a small salve box about 23 inches in diameter and about 3/4 inch deep.
The salve boxes are prepared by filling them with melted petrolatum,

which contracts slightly when solidifying. A box lid furnishes



B. Surface bed-material samplers.

Figure 15.--Bed-material samplers.
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protection to the petrolatum before the sample is taken and to the
sample after it is collected. Also, pertinent information can be
recorded on the paper insert of the lid.

The bed-material sample is separated from the petrolatum by a
hot-water elutriator (fig. 16) designed by J. C. Mundorff of the
Lincoln office of the Geological Survey, who also designed the
"disk" sampler. After the samples are cleaned, they may be
analyzed by any of the standard methods.

Bed-material samples can be collected rapidly and conveniently
with the surface bed-material sampler. However, the us.e of the
surface bed-material sampler probably should be limited to streams
where the bed material is mostly sand. If the bed material consists
of any. subs_tantial quantity of material larger than sand, undue weight
may be givén to the larger particles. Samples are usﬁally analyzed
individually because the requisites for representative composites
have not been thoroughly studied as yet. The time required for
processing bed-material samples through the laboratory is about
the same for both types.of samplers if the samples are analyzed in-

dividually.

Discussion of Results

Surface and core-type bed-material samples for comparison were

collected at section Cy on November 24, 1955, January 7, 1956, and
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Figure 16.--Elutriator for cleaning bed-material samples
collected with the surface bed-material sampler.
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March 7, 1856. The size analyses of these samples are tabulated
in table 3.

The size distributions of the bed material collected with the two
types of samplers are in close agreement for individual days, es-
pecially for D35, Dsg, and 965' which are the critical points on the
size-distribution curve for computations of sediment discharge.
Figures 17A, B, and C show comparisons of the size distributions
of bed material collected with the two types of samplers. Figure
17A is a comparison between the size distributions of a surface
bed-material sample and a 3-inch bed-material sample taken with
the core-type sampler. Figures 17B and C are comparisons of the
size distributions of bed-~surface samples and 3-inch core samples.

Figure 17D is a comparison between sampies collected with the
surface bed-material sampler at section C-z_ and 100 feet upstream
and the average of 97 core samples collected at section Cg on 29
days. The size-distribution curves show the variation of bed
material in a reach and indicate that bed-material samples taken
at a single cross section may not be representative for even short
reaches.

The median particle size of 40 bed~surface samples collected at
s,bection CZ‘ on January 7, 1956, ranged from 0. 089 to 0.44 millimeter
and averaged 0. 28 millimeter {table 3 and fig. 17B). The median
particle size for an average of 97 core samples collected during a

period of several years is 0, 39 millimeter. Figure 17E shows the
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differences in particle-size distribution of five samples. Because
of the wide differences in individual samples, 1 or 2 samples prob-
ably will not be representative of the average bed-material sizes.
Therefore, numerous bed-material samples in the cross section
should be collected to obtain a representative bed-material sample.
Also, unless a great many samples are collected in the cross section
at the Middle L.oup River at Dunning, samples should not be collected
near the banks because the bed material is finer near the banks and
the average will be unduly weighted with fine material. (See table 3.)
A statistical analysis of the size distribution of surface bed-
material samples collected at section Cgy on January 7, 1956, was
made to determine the effects of computing a size distribution for
the cross section from different numbers of samples. Thirty-six
samples were us.ed; the two samples nearest the bank at each end of
the cross section were omitted because they consisted of unusually
fine material. One basic assumption of the analysis is that the
number of samples required to obtain any desired degree of precision
is governed by the percent-finer values, of any separation size, that
hav.e the greatest standard deviation. The percent-finer values of the
0. 25-millimeter size had the greatest standard deviation (17. 67 per-
cent) of any separation size; therefore, these values Were‘us.ed for
the analysis. The resulté are plotted in figure 18, which shows that
if 15 samples had beeﬁ collected and averaged, the chances are 7 out

of 10 that the greatest deviation of the mean percent-finer value
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for any size from the true mean percent-finer value would have
been 5 percent.

A study of the bed-material size analyses for November 24,
1955, January 7, 1856, and March 7, 1956, at section Cz shows
a progressive coarsening of the bed material (fig. 19) but a slight
decrease in the particle size of suspended sediment and total sedi-
ment discharges. The mean velocities on the 3 days were 3. 45,
3.53, and 3. 40 feet per second; the mean depths were 1.37, 1.45,
and 1,77 feet; the instantaneous water discharges were 393, 410,
and 516 cfs; and the computed total loads were 2,500, 2,650, and
3,650 tons per day, respectively,

A possible explanation of the coarsening of the bed material is
that during the winter the banks of the stream are usually frozen
and protected by shore ice; therefore, the coarsening of the bed
may be the result of selective sorting by the stream because
practically the only source of sediment is the bed of the stream.
Admittedly, the data at hand are insufficient to indicate more than
the possibility that this hypothesis has some merit, If the postulated
reason for the apparent coarsening of the bed is true, the bed ma-
terial during the summer and early fall should show a gradﬁal de-
crease in size. However, the possible effect of a cﬁange in bed
material on other parameters of streamflcw and sediment discharge

makes further testing of this hypothesis worthy of consideration.,
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Conclusions From Study of Bed-Material Sampling

To date, on the Middle Loup River at Dunning, Nebr., the
particle-size distributions obtained by using data from the new
surface bed-material sampler compare favorably with those from
the core-type sampler.

Bed~-material samples can be collected more rapidly and con-
veniently with the surface bed-material sampler than with the
core-type sampler. However, the use of the surface bed-material
sampler probably should be limited to streams where the bed ma-
terial is mostly sand. The time required for processing bed-
material samples through the laboratory is about the same for both
types of samples if the samples are analyzed individually.

Because of the wide differences in individual bed-material
samples, many samples are necessary for an adequate representa-
tion of the average bed-material sizes in a cross section, A sta-
tistical study of surface bed-material samples indicates that at
least 15 verticals should be sampled at section Cy.

Bed-material size analyses for November 24, 1955_,_ January 1,
1956, and March 7, 1956, at section Cg show a progressive

coarsening of the bed material.
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TOTAL SEDIMENT DISCHARGE DURING OPEN-FLOW
PERIODS AT LOW TEMPERATURES
Total sediment discharge and several related sediment and
hydraulic parameters have been studied to determine the effects

of low water temperatures during open-flow periods. The pri-

mary concern in this study was the effects of low water tem-
peratures on total sediment discharges computed with the
modified Einstein procedure (Colby and Hembree, 1955).
Computations of total sediment discharge with the modified
Einstein procedure were made for section By from data collected i
on November 24, 1855, and March 8, 1956, and for section C2
from data collected on November 24, 1955, January 7 and 8,
1956, and March 7, 1956. The basic data used for the compu-
tations are listed in tables 1, 3, and 4, A summary of the results
of the computations is given in table 13. Computed total loads for
the times when the water temperature ranged from 32°to 37°F
agreed well with the measured total loads at section D. The
computations were made by using concentrations determined from
samples collected with the centroids-of-discharge and ETR méthods
and by using particle-size analyses of bed material determined froin

samples collected with both kinds of bed-material samplers. The

results of the computations show that concentrations from either the

centroidSnof—discharge method or the ETR method seem to be equally

I




Table 13.-—Heasured aedinent’discharge and computed total sediment discharge at sections B, and C, and measured sediment
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applicable for computing total load and that the modified Einstein
procedure is rather insensitive to small changes in the size dis-
tribution of bed material. For March 7, 1955, section Cz, the
total loads that were computed by using the analyses for 3 different
types of bed-material samples varied from one another by only 1
percent. The procedure seems to compensate for small changes
in bed-material size distribution mostly by a change in zj.

In order to determine the effect of low water temp.eraturgs on z
(the exponent of the equation for the vertical distribution of suspended
sediment), computations of z were made from the data in table 2.

For any given vertical and time, c,, (the concentration at any point

Yy
y distance above the bed) can be expressed by cy = _K(d—;;-z)z where
K iz a constant and d is the depth. In a plot of cy against (ﬁ%}i) on
logarithmic  coordinate paper, z for a size fraction is the slope of
the line. (See fig. 20.) Values of z are given in table 14.

Values of z from field data are not directly used in the modified

Einsgtein procedure; however, the assumption is made in the proce-

dure that z varies on the average with about the 0.7 power of the fall

velocity according to the Rubey equation. Figure 21 shows that at

low water temperatures z does vary on the average with about the

0.7 power of the fall velocity., The value of each z in figure 21 is

the average of all z's for a size range at a cross section.
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h2 .Oh .29 .67 1.36 .362 o0 bo oo '
Sh 102 025 - 053 202h OSOS EIEEXEEX) i
T2 01 32 61 1,99 1.32 esecscene
Mean..| 0,02 0.28 0.57 1.6 [0.568] 0.0190 |
< Jan. 7, 1956, Section C2
28 0.01 0.05 - 0,09 0.13 06322 | seveccsce
.h6 0 .25 .56 ’ 1.6h 0270 e0cc 000 ?
60 +01 31 .80 1,98 W2li0 | ansunsnss
70 .03 035 061 1036 i 02h6 00000000 }"
81 008 009 oéo 07)4 0156 90000000 1 i
Mean..[ 0.03 5.21 007 1.17 | 0.287 | 0.0178 _ 3
Jan. 8, 1956, Section Cp ;
26 ‘0002 Oolh O.Qh 0.50 XEXX ece000000 ‘
h3 .Oh 019 , oh9 088 00397 cooooo-o;~
5’4 0 018 050 1.12 } ¢323 esecocccoe
67 -.01‘ .08 025 .hO 0665 2400000000
78 003 035 058 0800000000 0507 00000000 @
Meanes| O 0.19 0.l1 0,72 0.473] 0.0209 '
' Mar. 7, 1956, Section C» !
28 0.02 ~ 0.17 0.37 1.19 [ 06355] eeescecee
Ll? 02 olh .32 1.00 0326 eec0ccscce
58 .08 ' .h3 058 1.26 .2)-‘6 L N NN N NN N ]
70 002 028 ohh 1032 0239 _oioocooc.
81 07 o1h .32 1.10 LT | nmemenei
. Mean.. 0.04 0,23 0.1 1.17 0.297 | 0.0195
, * Mar., 8, 1956, Section By
17 0.07 O.h?" ¥ 0098 @000t ooe0 [N NN N ] 000 s 00000
3}1 .12 .JJ2 ) .90 1099 (XX K K] RN RN N
L‘6 .lh 039 067 2011 eevee 0000 covee
69 'Oh 033 053 1.03 socoe ooo.o.-‘oo
V 82 .02 023 . ohs 1005 e0ece eeess0000
3 Mean.. 0008 0037 0.71 1.511 eeosae XXXXXT XK
1 Size range in millimeters.

s
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Figure 21.--Variation of measured z with fall velocity.
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Values of k, the von Karman constant, were determined from the
data collected during this study. The Keulegan equation for the
vertical distribution of velocity, if written for a given _ve;rtical and

time, is uy, = C + (2.303 u*/k) 1°g10 v, where C is a constant and u,

y
is the shear velocity; k can be determined from M-= 2. 303 u*/k,.
where M is the slope of a line determined from plotting le (the
stream velocity at a distance y above the bed) against y on semi-
logarithmic paper. (See fig. 22,) Values of k are given in table 14.
Comparisons of total loads throughout a range of water tempera-
tures were made in order to determine the effects of low water
temperatures on the sediment discharge. Supplemental data for
these comparisons were obtained mostly from Hubbell and Matejka
{(in preparation), At section Cy for a given range of water discharge,
total sediment discharge tended to be low at high temperatures and
high at low temperatures. This tendency was studied further by
using computed values of Manning's n (table 14). Values .of n tended
to be low at low temperatures and high loads, and values of n tended
to be high at high temperatures and low loads. Figure 23 shows
Manning*s n plotted against total sediment discilarge, with water
temperature and disch_érge as the third and fourth variables. Pos-
sibly, interrelations similar to those shown in figure 23 exist in

other alluvial streams.




MARCH 7, 1956

6.0 :
5.0 . ‘q,}
o o B Yei
4.0 ] \t\f)ﬂp‘
LTI i
3.0
| 2.0 W\‘%’L
= 1.0 LERRE - ;
B 0 lstqftium 218 1 §1IOLTIIJOUQI 417 Lstqt'gﬂl 518
T 10 50 Ol 10 50 Ol 10 50
6.0 T
‘ ,[léa"ﬁ,o‘ | Station k= ——32%40&1
e L TIT j 28 0.36
4.0 N8R a7 0.33
— | ) RIS W or 58 0.25
~ 3.01 7 70 0.24
o - 8| 0.32
‘ | Water discharge,5l6cfs
1.0 . . . ) Manning n , 0.020
oL_otqtion 7Ol 1| | 519tion 81 ||| Ppianar bed,no dunes
0.1 1.0 50 O.l 1.0, 50

56
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Conclusions From Low-Temperature Study

The modified Einstein procedure is adequate for computing
total load when the water temperature is near freezing.

Total~-load computations can be made equally well by using
samples collected with the centroids-of-discharge or the ETR
method.

The modified Einstein procedure is insensitive to small
changes in bed-~material size.

Differences in water temperature have no effect on the re-
lation that z varies with about the 0.7 power of the fall velocity
when fall velocities are determined from the Rubey equation.

Generélly the rate of increase of the measured z's with
respect to fall velocity is less than that of z's computed from
the equation z = VS/O. 4u,, where Vg is the fall velocity,

Values of Manning's n are low at low temperatures and high

sediment loads,

RECOMMENDATIONS FOR FUTURE INVESTIGATIONS

The results of the studies to date indicate that Manning's n is
related to sediment discharge; the independent variable is unknown
(fig. 23). The verification and definition of the relation as well as
the definition of changes in other parameters, such as slope and

width~to-depth ratio, are important in the diversion and regulation
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of water in alluvial channels. Of particular importance are the
limitations of the changes that take place. Limitations in the
change of hydraulic parameters probably exist, otherwise streams
would neither aggrade nor degrade.

It is proposed that a study be made of the Middle Loup River
in the vicinity of Dunning, Nebr. The Dismal River joins the
Nﬁ.ddle Lioup River about 2 miles downstream from the Dunning
turbulence flume. The sediment concentrations and size distribu-
tion, for practical purposes, are comparable. The Dismal River
has an average discharge of 315 cfs, and the Middle Loup has an

average discharge of 380 ¢fs, Therefore, downstream from the

confluence the water discharge is about twice the discharge of
either stream; however, the sediment concentration may be about
the same as that in either stream. If hydraulic parameters are
affected by sediment concentration, the magnitudes of these para-
meters downstream from the confluence should be different from
those of the two separate streams. The field inves.tigafions.as

contemplated at this time (1956) would consist of the following:

r—

1. Total load measurements at section D.

o3

e e S

2. Measurements at section Cy.
A. For computation of totéll_oad by the modified
Einstein procedure,

B. For determinations of n.
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3. Measurements of the Dismal River upstream from the con-
fluence.

A. For computation of total load by the modified Einstein
procedure.
B. For determinations of n.

4, Measurements of two sections downstream from the con-
fluence of the Dismal and Loup Rivers,

A, For computation of total load by the modified Einstein
procedure.

B. For determinations of n.
Six sets of these measurements that cover a range in discharge and
temperature would be made.

It is also propos.ed that further field tests of bed-material samplers
be made at the Middle Loup River and at other streams to determine
the limitation and applicability of the samplers.

The work described above will probably be as much as can be done
in 1957. The knowledge of sediment transport is still far from com-

plete, én_d practically no knowledge of sediment transport during

certain periods of the year on some types of streams exists. Conse-

quently, in future planning, consideration should be given to studies
of the sediment-transport characteristics of stream under ice cover
and of streams that have bed-material sizes generally coarser than

sand.
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Little data are available concerning transport characteristics of
streams during periods of ice cover. For many streams an un-
known percentage of the annual load is transported at these times.
Consideration should be given to the collection of data for deter~
mining the vertical distribution of sediment and velocity during
these periods. These data would be used to define the relation-
ship of sediment concentration with characteristics of flow under
ice cover so that the present methods of computing total load
could be evaluated and, if necessary, i’nodified.

The total sediment load of cobble-bed streams cannot be
defined adequately by present techniques, especially when the bed
is armored for part of the range in discharge. The relation be-
tween the bed material and the sediment in transport probably
does not follow the normal concept. Another problem is that of
obtaining adequate bed-material and suspended-sediment samples
on this type of stream. Considerable thought must be given to the
equipment needed, the investigational procedure, and the location
for the investigation. Planning and field reconnaissance within the
next year for investigation of sediment loads under ice cover and in

cobble-bed streams are recommended.
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Table 1.-—Phrticle-size analyses of suspended sediment, dapth—integratcd samples, Middle Loup Biver at Dunning, Mebr.

[Mathod of analysis, visusl accwxalation tube/

Suspended asediment

u Measzured
ater | instanta-| Suspended- :
Date Time temper- |  neous Conten~ | pedinant Percent fize:ith:netzgicated size, Remarks
?ﬁ‘;’)" discharge tt‘atign di scharge
: e s (tf:y)p" 0,062 | 0,125 | 0,250 | 0,500 | 1.000 | 2.000
. ' Section A
sz 8’ 19%.".4 lozhs aeMe 55 ecccessee 781 esccscocee 12 hs 89 100 escce sscoe ETR no. 1’ stas. 20 te 107.
10:).15 a.Me 55 secccccee 25’-‘ cccevcccce 31 62 99 100 cevea esesee ETR no. 1) stas. 110 to 361060
lo:hs a.m,e 55 677 [(EERE R XYY 13 hé 90 100 ssece tcoece m no. 1“
1°=h5 a.m, 55 sesccsccce 871 ecoesccccce 10 hl 87 100 esooe eccece ETR no. 2, stas. 20 to wo
10:,45 a.m, 55 ®escisnce 196 escsscccce m 50 9h 97 lm sev o0 m Noe. 2,-3“80 llO to 361.06.
103,45 AMe 55 mé 732 s2ecsc0docoe lD hl 87 lw --odoo XX XN ETR no. 2’ -
m:hs a.m, ’ SS ®escovscoe 781 eecssnccece 15 hé 89 99 lm eeeée Em NOe 3, stas. 20 t@ 1-070
lO:hS a. M, 55 eeccvence 269 ecevcvocee 57 78 99 100 eevee | ecsce ETR NOe 3’ stas. 110 to 36]-.6&
10:’45 a.m, 55 hlé 678 SH G B 15 h9 90 99 100 cossee ETR NiCe 3- .
10:45 a.m. S5 6 696 782 1L LS 89 | 100 [ .eeve | eeees | Average of ETR no.-1, ETR ne. 2, and
2 ETR no. 3.
10:25 a.m. Sk e 672 | .eesssmsens 23 L 85 100 | cevee | 0eees | Nine samples, sta. 38.
10:50 A, 55 escecsesce 1,160 esesecscsce ll 50 98 100 ecoee X Nine Samples, sta. 59'
ll:ls AeMe 55 ecccescee 500 evsesssccee 30 h? 99 100 ceeoe esess | Nine aa.mples, sta. 326'5 -
‘ Section By
Sept. 7, 1955.o 10:50 d.Me 60 3‘60 355 3215 21 h? 93 100 eeees | seess |EIR,
9:35 - Y. 08 58 3&) 333 ®c0ccsccce 25 JJ6 85 100 secee | sosee Sta. 21.
9:50 A.Me 58 360 327 sececcscse 26 53 9[‘ 100 sseas | ansse |Stas 5’4-
10:00 a.M, 59 360 596 00000 s0ne 21 39 91 100 XXy XXy Stao 78.
Nov. Zhooo-o.oo. 2335 Peme 38 398 1,150 esececcsee 111 Llj 93 99 100 secsce ETR nNnoe. 1, 37 verticals.
2:35 PeRe 38 398 l,lho ®c00scccce 15 '.d.l 93 100 eosse eseses | ETR no. 2, 37 verticalﬂq
2:35 peme 38 398 1,140 1,230 1l Ll 93 100 | eeess. | eaeee |Average of BTR no. 1 and ETR no. 2.
3:30 PeMe 38 398 %3 R 20 h2 9h 100 eescoe eccee Stao 22,
h:OO P-l- 38 398 711 esesccssee 20 51 97 100 eceece esoeoe Stra. ho.
h:ls P, 38 398 1,350 000000000 10 38 88 100 ecsose escee Suo sho
4:30 pem. | 38 398 1,520 [eeeeeocnns 8 35 96 | 100 | eeees | eeees |Sta. 68,
LskS pom, 37 398 BLE N e s e eieaeate 13 36 93 100 | eeees | 0eees |Sta. 82,
Mar, 8, 1956.oo 10: 05 AeM, 32 L79 1,3110 \ 1,730 17 61 % 100 sienw | aeees (| EIR,
11:15 a.m. 35 L79 1,380 |sssosesses 20 53 97 100 | eeess | sesee |Sta, 17,
11:05 a.m. 34 k79 1,690 |semevsnass 18 51 98 100 [ eeeee |seese |Sta. 3ke o
11:00 a.m. | 3k L9 1,780 |eeeeeneees| 17 52 97 | 100 | eeeee {oeees |Sta. L6, =
10:50 a.m, 3L L79 1,260 |esococcocs 22 sk 91 100 | eeoes |oeses [Sta. 69.
10:35 a.m. | 33 L79 1,350 |ecceceeans| 20 56 93 | 100 feeese [eeees [Sta. 82
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Table l,--Particle-size analyses of suspended sediment, depth-integrated samples, Middle Loup Biver at Dumning, Nebr.—-Continued

Resaured Suspended sediment
Water
instanta- Suspended- | p.rent finer than indicated size
Date Time tf:ﬁe: st Concen- | sediment in millimeters ’ Bemarks
(oF) discharge tfztic)m discharge
(ct2) pp= “";ﬂ;)"" 0.062 | 0,125 |0.250 | 0,500 | 1.000 | 2.000
Nov. ZLB, 1955.0 10:30 BeRe | 32 393 1,010 seccevscee 17 hs 9lb 100 evocee escee ETR m‘. 1, hO verticals,
' 10:30 a.m. 32 393 1,050 |eceonssesse 15 3 | 95 100 | sesee | 0oees | ETR no, 2, LO verticals.
10:30 QoMo 32 393 1’030 1,090 1-6 u«l 91[ 100 cov0e eeecee A’Vera.ge of ETR no. 1 and ETR no, 25
11235 BeMe 35 393 7811 esscecccee ls ).16 97 100 weosw e | enieee | Sta, 14.
1.1:25'a.m. 35 . 393 : 1,300 esésevsoce 10 hl 93 100 seven XXX} st&o 30.
ll!hs a.Me ) 35 . 393 1 1,650 eecvscccne 8 37 95 100 soeee sevee Stao }-&2.
1.1355 AsMe 36 393 9!1-11 esvcvccscen 15 hs 93 100 esene XX Sta. shz
12:10 Pelle 36 393 7’49 socevssoes 18 ’49 88 100 ‘eseesn eceece St&. 72.
Jane 7, 1956cce | 2:50 p.m. 32 Lo 1,200 |eeeccsssse| 17 | L9 95 | 100 |eeces | 0eses | BTR no. 1, O verticals.
2:50 p_.m. 32 hlo 1,2@ eevcecosce 22 51 95 100 X es0o e ETR NQe 2, zlG verticals, :
2=50 PeMe 32 hlo l,m 1,330 20 50 95 100 XXX cecen lvex‘age of ETR noe 1 and ETH 1noe. 2.
h:BS Pelme 32 . k1o 1,060 eoccoccoce 17 Lo 71 100 esses | soace | Sta, 28.
IJ:ZO p.lﬁ. 32 hlo 995 ses 0000000 19 52 % 100 X ecoee Sta;‘ Lléo
h%lO Pelle 32 hlo ) 1,320 ®evecoecre 15 h3 ” 100 evose secse stao &o
3355 pOmO 32 hlo 1,h90 [ E X RN XX XN N ] 13 hz 97 100 LR N X LA RN ] sta-o 70.
3=h0 PeRte 32 h.lo 1,230 evessecose 16 1&3 97 100 esese ecees sta- 81- .
Jane 8-.-.0-.0. 2:50 Pelle 32 )-le 990 esesscccce 11 hs 90 100 eesece sesee ETR NOe 1, hO verticalsa.
2=50 PeMe 32 ).‘12 91.L3 eoscccsvee 1 hO 89 100 eevoe eosveo ETR Noe 2, L‘o ‘Verticals‘
2:50 pome 32 12 966 1,070 11 L2 90 100 | eesse | soeees | Average of ETR no. 1 and BTR no. 2.
hzls PeMle 32 12 663 sss0ec0s e 2L S5 95 100 ecsee | veves | Stas 26,
L:05 Pelle 32 2 1,200 .0.0..0;00 14 Lo oh 100 eeese | seees | Sta. h3.
3=50 p‘m‘ 32 m 1,1.].90 ®vsoov000 e 12 38 96 100 eence LAXEN ] stao Sht
3=h5 PeNe 32 hlz 1,060 eeevecoces ul 39 93 100 ecsoe XX x Sta. 67'
.3:30 PeRe 32 12 793 sseccvccece ZQ 52 100 snose | snaws | soseae | Stas T8
Mar, 7.00».-00' 1355 PeMe 37 516 ’ 1,5h0 2,150 21 56 93 100 ecece | 0ooee ETR
3355 Pale m 516 6115 TRy h6 76 95 . 100 esecece seose . St&o 28. t
3:’.15 PeMe w 516 1,100 eseesvscen 30 62 96 100 TR S‘t&o h?o
3:30po'|lo 39 516 1,9)40 ecsesvesce 18 Sh 97 100 eesee | seces | Sta, 58.
3:20 PeMe 39 516 1’990 essessccoe 18 52 95 100 ceeve eeoce sta- 70'
3:10 PeMe 39 516 | 1,090 s0scsccose 30 61 100 ecsc e so0see XXX st&c 810
’ Section D
Nov. 2k, 1955.. [10:00 a.m. | 32 393 8,290 [sssesnvnss 6 | 19 | 62 91 [ 97 | 100 [BTR ne. 1. Y
’ 10:00 a.=. 32 393 2,h60 eevecssose 5 19 67 91 97 100 ETR Noe 2. '
10:00 a.r. | 32 393 2,380 2,530 6 19 6l 91 97 100 | Average of ETR no. 1 and ETR no. 2.
. 2:35 Polie 38 398 | 2’560 evoscevovee 7 21 67 92 97 100 ETR no. l.
2:35 pem. | 38 398 L 2,590 |eesceacens 8 | 22 66 92 98 | 100 |ETR no. 2.
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Tadle 1;—Pirticle-me,malyaee of suspended sediment, depth-integrated samples, Middle Loup River at Dunning, Mebr.—Contimaed

Suspended sediment

Vater Humcd Sespended-
temper instants- n Percent finer than indicated sise,
‘ : ‘("0!“'_)‘ discharge | tration | discharge i
N (cts) | (ppm) (“;-y e | 0,062 | 0.125 | 0.250 | 0.500 | 1.000 | 2,000
: Section D--Contimed
Nov. 2L, 1955.. | 2235 pem. 38 398 2,580 2,770 8 22 &6 92 98 100 | Average of ETR no. 1 and ETR no. 2
Jmm 7, 1956090 2:50 PeNe 32 hlo 2,8,40 escccosesne 5 E 18 62 &) 92 200 ETR noe. le
i - 2!50 p.m.‘ 32 hlo 2,650 mse0 0800000 8 23 70 87 - 92 .100 . ETR noe 20
2:50 p.m, 32 k1o 2,740 3,030 6 20 66 8l 92 .100. | Average of ETR no. 1 and ETR no. 2
Jmo .8.,...,'... Zzhs Pele 32 Ll12 2,7& evsesssvcss 7 20 72 96 97 lw m NOe l&'
2:!‘5 p.!ll. o 32 m 2,670 ®esccscvece 8 a 7’-‘ 97 98 100 ETR na. 2.
' ‘ 2:45 pem. 32 a2 2,720 3,030 8 20 73 96 98 100 | Average of ETR no. 1 and ETR no. 2
Mar., Toeaseeeee | 2:45 poim. 33 516 2,450 3,10 13 37 73 92 98 100 | ETR.
Mar, Beeecocess | 10:35 a.m, 33 L79 2,750 3,560, 10 33 77 95 100 essss | ETR,
May Boseccosnee | 9220 acm. sk 16 1,700 1,910 ° L 21 68 92 99 100 | ETR.
| 1237 pom. | 59 Lo8 1,240 1,370 6 23 64 | 89 .98 100 | ETR,
oy o Section E
Sept. 7, 1955.. 9200 a.Me 58 YRR TR RS 315 | esescc0cce 25 Sh 92 100 esvce essee ETR.
May 8, 19%.... 2350 PeM,y 6,4 esssecsce 56)-1 secccccsece 17 53 96 100 snass | ssees | EIR nos 1, stas. lh to 95.
2350 Pells 6& ecescsces 172 e00csccsce 3’6 811 99 100 essce eosvoe ETR Noe l, stas. 98 to 161].0
2:50-p.m. 6)4 leﬁ 505 ®eccccccce 18 Sh 96 ~ 100 ecsce | seees | ETR no. 1.
2350 Pele 6h esscscscse 557 eeccoccoee 16 52 9h 100 eecoe ,....'.- ETR no. 2’ stas. lh to 95-
2850 PeMa &l : Qecsceccece 211 e00ssccces 56 90 99 100 eesee eecee ETR No. 2’ stas, 98 to 1&1.
22.50‘p.m. &L boe 505 og-ooooo’-o 17 Sh 911 -100 secse seane ETR no. 2.
2:507‘p.m.' 6h 90000000 e 576 eeesssecoe ls 52 911 100 esese escee ETR nOe 3, stas. lh to 95.
2:50 peme &y csssccccs 192 | ceeccocens 50 88 98 |1lo0 eeces | eeeee | ETR no. 3, stas. 98 to 16k,
2350 p.u. 6& hoa 518 @eecscsscocse 17 5)-1 9h 100 sosese L XN ] m Noe- 3.
2:50 ponc &l hoa 5@ -561 - 17 Sh 95 100 ecsee ecscece A"Brase of ETR NOe l, ETR NOe. 2, an
) ETR Nnoe 3.
2320 PeRte. 63 eeseccceo l,%o eeesscssce . 8 31 82 1 99 100 eeses" Nine aamp.les, sta. 35.
2350 p.m. 1 611 ecsvesocs 1396 eeccccsans 19 57 99 100 sccce essees | Nine 833@]33, sta. 590
3215 p.m. ' 65 - ®soceccece 153 escccccscoce 27 69 100 ecsece XXXy seees | Nine s.p.hs, sta. 980

G9




- Table 2,—~Pgrticle-gise malyses of suspend-sd ssdimant, point-intsgrated samples, Middle Loup River &t Dunning, Hebr.
[I_hpliato samples collected with DH-48 sediment sampler having 3/16~in. nozzle, Mathod of snalysis, visuval accumulation hzbe:]

Sus;nnded sediment
C Hater Keasured Total Sampling point i i
temper- water Sarpling Percent finer than indicated sise,
Paie Eitn ature | discharge | station t‘f')h Velocity 1 v:f:c‘ilt; » | Depth s:z:;: in millimeters
¥ov. 2k, 1955.. [ 3:30 p.m. 38 398 2 1.5 2.33 " R.62 0.3 1 Lk23 30 55 98 100 | secsae
. 3:30 pem. 38 398 2 1.5 2.33 2.35 6 576 23 L7 98 100 | eccosn
3:30 PeRe 38 398 2 los 2.27 2-67 .8 630 19 hz 96 100 escoss
3230 pem, 38 398 22 1.5 2,22 2.75 1.0 132 17 39 93 100 | eeoess
3:30 pem. 38 358 22 1.5 2.22 _ 2,58 1.2 871 15 38 52 10O {oeesees
h‘m PeRe 38 395 ho 1.1 L% 2.’.}6 .3 5& 23 | 61 o9 100 aecsees
h:m Peln, 38 398 ho 1.1 :-.611 2.3? -hs 681 = .21 59 99 100 sseece
h:00 pom. | 38 . 398 Lo 1.1 1.kh 2.15 ¢ 820 18 S7 58 100 |eosace
k:w Pom, . 38 398 }ﬂ 1.1 1.38 1.69 a75 1,%0 ls ﬂ? a7 100 eeoens
h:W PeRe | . 38 ; 398 . w 1.1 LZA 1.51 .8 1,120 12 2&6 1 % p soceed
BslSpeme | 38 | 398 e L6 | 3.9 1405 3 | 1,05 12 LS 91 | 100 |euaess
hils Pelto 38 396 sh 146 3073 hozk .s 1,360 10 hl 89 160 escesse
!8315 po!. 38 398 ) 5& 106 3.60 ' h.22 ol 1,14140 8 38 20 100 easeee
htls pt‘ﬂ., 38 398 Sh 106 3.&‘ 2 h.58 9 1,h30 9 38 8’,’ 100 sesess
4215 peme 38 398 Sk 1.6 3.h7 3.93 1.1 1,860 7 33 86 100 {ecosce
b:15 pomo | 38 398 sh 1.6 331 2.47 1.3 3,650 k 19 75 ‘97 in0
4230 pom. | - 38 398 68 1.3 5.67 .2 970 13 18 99 | 100 |ceeses
4230 pem. 38 398 63 1.3 5.53 o 1,100 13 L6 % 100 |eeesse
h:30 pam, 38 398 68 1.3 5.62 6 1,600 7 35 98 2100 |eeosen
. k230 pem. 38 398 68 1.3 5.12 © W8 2,070 6 30 97 100 [eeesee
MD PeRe ) 38 398 68 1.3 esssascee hc9° 1.0 3’810 3 18 8 150 seesce
phSpam. | 3 | 398 & 1.5 | ceeeeeees | 168 .2 w | 2 | s | s

h‘hs p... 37 398 82 105 secscscne 5.02 oh 528 22 sll 100

hshS pem. | 37 398 82 145 | eccseccce .98 b 606 17 k6 99

LzhS pems 37 398 82 15 | escecance L6k .8 810 12 ko 97

h‘hs Pele 37 398 82 1.5 ecececsee h059 1.0 1,110 9 3\2 9h

_ k:khS pems | - 37 398 82 155 i} eessesness k.36 1.2 1,930 s 22 88
Mar, 8, 195%6.s. | 12125 aum. | 35 179 17 1k | b8 b1 | 3 615 | b | 80 | 100 | eeese [eecene
' 11:15 a.m, 35 k79 . § 1.4 k.68 k.50 o5 866 31 1 70 100 | eeece [ooecce
' 11:15 aem, | 35 L79 17 1.4 k.50 © L.k2 o7 1,170 2l 63 100 | cesee:|osccces
11:15 a.m, 35 k79 17 1.k k.10 k.38 .9 1,670 18 sl 99 100 |eecesce
1.1315 A.M, 35 » . h79 17 loh ’ 305’4 h.OZ 1.1 3,1’40 10 3!1 9 100 secces

4 s Measured with Mm current meter, ‘
2 Computed from volume of sample, time of collection and area of noszle.
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Table 2.-~Particle-sise analyses of suspended sediment, point-integrated samples, Middle loup River at Dunning, Nebr.--Contimned

"1 Measured with Price
2 Computed from volume of sample, time of collection and area of noszle.

current meter.

: Suspended sediment
Water Measured
temper- water ‘Sampling Sampling point Percent finer than indicated sise,
Time ‘téu" discharge station Veloeityl Nozzle Depth Concen— in millimeters
{F) (ets) (£t/sec) velocity 2 (et) | tration [ 062 | 0.125 0.500
(£t/sec) (ppem)
Section By~-Continued
¥ar, 8, 19%0... [ 11205 a.m. 3L k79 3k L.78 L.L8 0.3 856 32 73 o
11:05 a.m. 3L L79 34 L.78 k.53 <5 1,480 20 59 100
11:05 a.m. 3k L79 34 L.59 k.35 .7 1,850 15 s3 100
11:05 a.m. 3L L9 3L L.30 L.53 9 2,600 12 Lk 100
11:05 a.m. 3L k79 34 3.92 3.88 1.0 3,930 9 35 100
11:00 a.m, 3k k79 L6 L.68 koli3 o3 960 29 68 coraies
11:00 a.me 3h 479 L6 L.50 L.55 .5 1,L80 19 58 100
11:00 a.m, 34 L79 ) k.20 Lok .7 1,820 16 53 100
11:00 a.m. 3k L79 L6 3.68 3.30 .9 L,010 10 33 100
10:50 a.m, 3L L79 69 1.6 3.47 3.L3 ol 938 28 63 100
10:50 a.m. 3k L79 69 1.6 3.40 3.79 o7 1,130 25 55 100
§ 10:50 a.m. 3L L79 69 1.6 3.32 3.01 1.0 1,350 21 51 100
10:50 a.m, 3L L79 69 1.6 3.09 3.1 1.3 2,L60 12 38 - 100
10:35 a.m. 33 L79 82 2.4 k.30 L.03 .3 779 3L Tk 100
10:35 a.m. 33 L79 82 2.4 k.20 L.oy N3 1,050 25 62 100
10:35 a.m, 33 L79 82 2.l L.01 b.28 9 1,200 24 62 100
10:35 a.m. 33 L79 82 2. 3.76 Le23 1.2 1,350 20 58 100
10:35 a.m. 33 L9 82 2.L 3.32 3.98 1.5 1,630 17 54 100
10235 a.m. | 33 L79 82 2. 2.71 k.06 1.8 1,910 15 50 100
10:35 a.m. 33 L79 82 2.l 1.57 3.32 2.1 2,700 12 39 100
. T Section Co B
Nov. 2k, 1955.. | 11£35 a.r. 35 393 1L 1.6 3.80 3.07 0.3 1n3 28 58 FONEX
- 11235 a.m. 35 393 1 1.6 3.64 3.82 .5 693 17 L7 soses
11235 a,m, 35 393 1Y 1.6 3.39 3.50 .8 1,010 11 39 100
11135 a.m. 35 393 1l 1.6 2,92 -3.43 1.1 1,150 10 35 100
11:35 a.m. 35 393 1 1.6 2.38 3,50 1.3 1,420 7 28 100
11:25 a.m. 35 393 30 1.6 L8k 5.31 .3 603 19 57
11:25 a.=. 35 393 30 1.6 ;I 5.31 .5 1,010 12 LS 100
11:25 a.m. 35 393 30 1.6 L.72 5.11 <7 1,2L0 9 | I 100
11:25 a.n. 35 393 30 1.6 L.51 5.0L .9 1,670 7 .35 100
11:25 a.m. 35 393 30 1.5 L.21 k.73 1.1 2,110 6 29 100
11:25 a.m. 35 393 30 1.6 3.96 k.22 13 3,250 L 19 100
11:45 aem, 35 393 2 1.6 u.bl 1498 +3 745 17 57
1145 aen, 35 393 L2 1.6 L.61 5.18 .5 1,060 12 L9 100
11245 a.m. 35 393 L2 1.6 L.61 5.01 <7 1,330 10 Ll 100
11:4S aum. 35 393 42 1.6 L.bo Lok .9 1,710 8 39 100
11:4S a.m. 35 393 L2 1.5 L3 L.L8 1.1 2,340 L 30 100
11145 a.m, 35 393 L2 1.6 3.66 3.85 1.3 3,h40 L 25 100
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Table 2.-—Particle-size analyses of suspended sediment, point-integrated samples, Middle Loup River at Dunning, Nebr.—Continued

o : " i Suspended sediment
) ) ater asured Total Sampling point :
Date Time temper- FAteT Sampling degth e e Percent bl.x;ar than ﬁated sise,
ety dizc?n)'g‘ srabion: (ee) | Veloottyl | oy ciey2 | D000 | eion '
[
s (rt/3ec) | oemany | (8 | "oy | 0062 [0.125 ].o.zso l 04500 | 1.000
. Section Co—Contimued
Nowe 24, 1955.. | 11:55 a.m. | 34 393 sk 1.5 L.31 L35 0.2 L51 26 68 o7 100 |eueene
11:55 a.m. 36 393 Sk 1.5 L.26 k.72 ol 553 23 63 98 100 [eeconss
11:55 a1, 3% 393 5L 1.5 h.21 L.50 .6 706 18 57 99 100 | esaiens
11255 deMe 36 393 2 SLL las huoh h-73 8 808 17 52 97 100 ssosen
11:55 a.m. 35 393 sh .| 1.5 3.88 L.2L 1.0 1,070 12 Ll 95 100 {eesess
11155 a.m. 36 393 sl S5 | soooonono 3.49 1.2 | 2,09 6 27 s 100 fesenns
12:10 pem. | 36 393 72 1L | 3.55 3.63 3 L76 28 62 98 | 100
12:10 pema 36 393 T2 l.h 3.47 3.62 7 633 20 s 97 100
12:10 p.m. 36 393 T2 1.k 3.39 3.82 o9 970 .13 L3 - S0 100
12:10 p.m, 36 393 2 1.4 3.31 2.76 1.1 1,500 6 25 72 100
Van, T, 1956¢e0 | L235 pom. 32 110 28 1.5 1.84 1.7 .3 1,190 17 a 75 100 Jooeese
L235 peme 32 1o 28 1.5 2,12 2,30 .6 1,170 15 37 72 99 100
4235 pem. 32 lno 28 1.5 1.96 - 1.82 .8 1,250 16 38 74 99 | 100
1235 pem. 32 1o 28 1.5 1.71 2,06 1.0 1,330 15 38 72 99 | 100
4235 pum. 32 o 28 1.5 1.84 2.34 1.2 1,400 14 33 69 100 |seecns
L:20 pem. 32 1o L6 1.5 L.32 3.9 3 676 32 66 99 bile. o A | FRRSIERRS
4220 p.m. 32 AL L6 1.5 L.16 3.43 5 938 22 55 98 100 . |sewsse
4220 p.m. 32 L10 L6 1.5 k.07 3.21 .8 1,070 20 51 97 100 s eawin
4220 p.m. 32 k10 s 1.5 3.76 3.10 1.0 1,450 1 43 91 100 |wewens
L:20 p.m. 32 1o L6 1.5 3.17 2,87 1,2 2,060 10 32 84 100 leseess
L4210 p.m. 32 k1o 60 1.8° L.96 L.58 +3 €63 30 N 100 seven |essase
L4210 peme 32 1o 60 1.8 .86 L.26 N3 1,040 21 57 100 | ememe |namvien
4210 p.m. 32 o 60 1.8 k.56 L3l 9 1,270 17 L8 99 100 [esesse
L:10 p.m. 32 lao 60 1.8 k.12 3.39 1.2 2,130 10 34 97 100 {vescas
4210 p.m. 32 Lo 60 1.8 3.40 3.39 1.5 3,990 5 20 92 100 |seswns
3:55 p.m. 32 k1o 70 1.8 5.52 k.96 o3 706 27 62 100; | wwwei [ososss
3:55 pem, 32 lno 70 1.8 5.32 L6k 6 1,110 18 53 99 100 feeeese
3155 pem, 32 0 70 1.8 5.02 k.68 .9 1,LL0 15 L8 99 100 [eeeses
. 3255 pem. 32 lao 70 1.8 k.80 Loh3 1.2 2,010 10 38 97 100 |eeceees
3155 peme 32 lpo 70 1.8 3.39 3.60 1.5 8,620 3 11 70 98 | 100
3tL0 peme | . 32 110 81 1.9 L.02 3.66 A 892 22 55 98 | 100 [seeee.
3:40 p.m. 32 L1o 81 1.9 3.98 3.63 <7 855 22 Sh 99 100 |eecees
3:L0 p.m, 32 110 81 1.9 3.65 3.35 1.0 1,080 18 L9 98 100 |eecee-
3:110 Pele 32 hlo ) 81 1.9 3.)40 2.91 1.3 l,lhO 18 h? 98 100 sccsss
3:40 p.m. 32 L1o 81 1.9 2.99 2.78 1.6 1,720 15 37 $0 100 |eseses

1 Measured with Price current meter,
-2 Computed from volume of sample  time of collection and area of nostle.
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Table 2,-—Particle-ziie analyses of suspanded sediment, point-integrated samples, Middle Lovp River at Dunning, Nebr.—Coatinued.

Suspended sediment
Water | Measured Total :
Date Tims temper- watsr Sampling depth Sampling point Percent finer thamn indicated sise,
a(tg;r)e dizcha;‘ge station (£t) | Velocityl Noszle 5 | Deptn Concen- in millimeters
cfe veloci rat
A (£t/s00) | T /”tc’) (£e) ‘(ppi';“ 0.062 | 0.125 | 0.250 | 0.500 | 1.000
. Section Cr—Continmed
Jan, 3, 19%.-- h:ls Pl - 32 hlz 26 0.9 scesecese 2.31. 003 783 2) ﬂ 92 100 eecrsca
4215 peme 32 a2 26 9 2.88 A 86k 19 51 92 100 |eececes
- 14215 -pem. 32 ki2 26 9 2.99 1 763 21 53 9k 100 fecense
h:ls Peltie 32 hlz 26 9 escscsces 3.0’4 b 1,@.0 1-6 Lth 88 100 esscce
4:05 pem. 32 412 L3 2.0 L.%0 3.5 .3 T3 2 53 99 100 |eessae
4205 p.m. 32 112 12 2.0 L.80 h.02 .6 823 20 Ls 96 100 | eeasss
L:0S pom. | 32 112 13 2.0 1s.96 3.68 8 | 1,23 1 10 92 | 100 [eeeses
4205 penm. 32 2 k3 2.0 L.55 3.1 1.1 1,420 12 36 92 100 |esseee
4205 p.nm. 32 2 h3 2.0 k.16 3.32 1.0 2,050 9 28 89 100 [eecese
L:05 p.m. 32 L2 3 2.0 2.99 2.47 1.7 2,430 7 2 83 100 |eecocs
3350 PeRe V 32 m Sh 2.1 h.6o ho}z .3 9’& 28 a1 100 esecees | vecene
3550 Pele 32 hlz 5}4 2.1 )&-hz 11-21 b 991 18 ” 99 100 XYY
3:50 pem. 32 112 sk 2.1 L.26 3.9 o9 1,Ll0 1n 39 98 100 Jececes
3:50 peme 32 L2 sk 2.1 3.98 3.45 1.2 1,480 1 38 97 100 | cunson
3:50 pem. 32 2 sl 2.1 3.61 - 3.31 1.5 1,970 9 1 ol 100 |ecoces
3:50 peme 32 n2 sk 2.1 3.2 3.07 1.8 2,870 6 24 92 100 [eecsnce
32115 PeRe 32 h12 67 1.7 h.12 2063 03 1,030 16 39 91 100 ecsses
33}-15 DeEe 32 hlz 67 1-7 3098 2,70 .6 1,1& 12 37 87 100 sesoss
3:LS pem. 32 12 67 1.7 3.84 2.1 8 1,350 13 3L 8L 100 |eecocss
3:45 pems 32 L2 67 1.7 3.80 2.92 1.1 1,310 B ¥ 3L 87 100 | ssecen
3:115 p.m. 32 1112 67 1.7 3058 3007 loh 1,700 8 28 % 100 eov oo
3:30 pem. 32 L2 78 2.1 3.50 3.04 3 353 38 7h 100 ssess |esesss
3:30 pem. 32 12 78 2.1 3.34 3.156 b 502 29 67 100 essce |ossens
3:30 pem. 32 B2 78 2.1 3.22 3.0k 9 732 23 56 100 eeece [ossene
3:30 p.m. 32 L12 78 2.1 3.13 3.76 1.2 62l 25 S8 100 | eeess |eseons
3:30 per. 32 2 8 2.1 2.83 2,99 1.5 8Ll 19 sl 100 ecere |oossas
1 3:30'p.m. 32 a2 78 2.1 2.50 2.69 1.8 1,450 11 Lk 100 ecese |scossen
Mare 7e.eessees| 3:55 pum. Lo 516 28 1.6 2.2} 3.29 .2 592 50 81 98 100 laswsas
3:55 PeMe hO 516 28 1-6 2.18 3.59 .h 670 ’.15 79 99 100 esdeee
3:55 p.m. 40 516 28 1.6 1.87 3.77 .7 HT Lo 76 97 100 [eceses
3:55 p.m. Lo 516 28 1.6 1.72 3.61 1.0 790 38 71 93 JOO. |esessee
3:55 p.m. Lo 516 23 1.6 1.4 2.36 1.3 1,160 28 s7 87 10CG |eesssee

1 Measured with Price
2 Computed from volume of sample, time of collection and area of nossle.

current mster.
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Table 2.-Part1:cle-si:e‘ analyses of suspended sediment, poimt-imtegrated samples, Middle Loup River at Dunming, Eebr.—Contimned

Suspended sediment
Date T me temper- water Sampling d:pt.h | . z pling po »n & Percent ﬁminmi.:edicuted sise,
ature discharge | station (£t) Velocity 1 veloc::il: 5 | Deptn - tr::z; eters
il {ecd (£t/sec) (n/,,c’) (£e) (ppm) | 0s062 | 0.125 | 0.250 | 0.500 | 1.000
. Section Cp--Continued

Mar. 7’~1956°‘- 3:)-\5 Pefle hO_ 516 u7 1.8 h.So he27 0.3 871 36 73 99 100 ceseoe
3:45 p.n. Lo 516 L7 1.8 L.30 3.65 6 959 35 70 99 100 | eeenee
3:L5 pem. Lo 516 L7 1.8 k.0l 3,88 .9 1,260 28 61 ol 100 | eeenes
3:145 Pefe Lo 516 h? 1.8 3.92 3,76 12 1,330 25 57 93 100 veeses
3:L5 pema | LO 516 L7 1.8 3.32 3.68 1.5 | 1,610 21 52 B9 | 100 [eeeees
3:30 pem | 39 56 2 1.8 5,49 6.08 3 836 37 73 | 100 | ecene]oeeres
3:30 p"' 39 516 58 108 5023 5072 06 1,180 29 68 lw Y Exl ®esccsn
3:30 pem. 39 516 58 1.8 L.89 b.58 9 | 1,710 20 57 4 99 100 | seeees
323G peme 39 516 58 1.8 459 k.86 1.2 2,170 17 56 98 100- 1] weewen
3230 pem. 39 516 58 1.8 L.10 Lol3 1.5 | 3,280 13 LS 96 100 | eevens
3220 peme 39 516 70 2.0 5.62 6.03 .2 895 37 78 100 JUUDUN I
3:20 p.m. 39 516 70 2.0 5,49 5,61 .5 1,30 27 63 100
3:20 pem. 39 516 70 2.0 5.3 5.61 .8 1,630 21 58 100
3:20 pem. 39 516 70 2.0 5.23 5.50 s g 1,810 19 sy 99 100 | cevocee
3:20 p.m. 39 516 70 2.0 L.68 L.70 1.h 2,660 1h L7 95 100 | eeveee
3:20 p.m. 39 516 70 2,0 3.92 3.5] 1.7 3,480 10 39 %0 100 | cevens
3:10 pum. | 39 516 81 2.2 430 Lo12 .3 | 1,080 32 66 | 100 | eeree encees
3:10 pom, 39 516 81 2.2 L.20 L.07 b | 1,170 30 62 99 |- 100 | sesens
3:10 pem. 39 516 81 2.2 k.10 3.21 9 1,540 30 55 99 100 | seenss
3:10 pem. 39 516 81 2.2 3.76 3.33 1.2 1,270 25 57 96 100 | swesno
3:10 p.x. 39 516 81 2,2 3.5 3.53 1.5 1,6L0 21 N 97 100, { sewsins
3:1C pem. | 39 516 81 2.2 3.09 3.28 1.8 | 2,110 19 L5 93 100 | eeeeen

1 Measured with Price

current meter,

2 Computed from volume of sample, time of collection and area of nozile.
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Tublo 3.-Particle—aixe analyses of bed material, Middle Loup River at Dmnixxg, Nebr.

1 Same sample used for both analyses,

e e e e

o e T A S e S 2

of snalysis: S, sieve; V, visual accumulation tube./
| Measured _ Bed material
Number | instanta- Mean ' , Methods
Date of Boses velocity 3 Percent finer than indicated size, in millimetars of R -
samples dh(:rhsg. (fp8) | 0,062 | 0.125 | 0.250 | 0.500 | 1.000 | 2.000 | 4.000 | 8.000 | 16,000 | analysis
: Sectim A
May 8, 1956e.. 1k 115 cesesses 0 2 A 83 28 94 97 | 100 {eeeese sY Composite of #$-in. core saxples
- collected at 10-ft intervais
from stas. 20 to 110 and stas
320 to 350.
[ Section By
‘ NOY- 21?19550 1 308 ®0c000 e 0 1- —E 93 ” 100 eeseo eeoee eoseone Sv StAo 22.
‘ 1 398 ®0000000e 0 h 53 92 97 98 100 [ X RN XY CEY LN SV st&o hO.
I l 398 ®ececesa | ocnoe ¢} 7 59 85 90 95 100 secsoe SV Sta. 511-
1 398 o...o-.-: T 0 16 82 99 100 es0oe ssoee eecss e SV Sta. 68.
1 398 0sco0ceocs | sessse (4] 19 95 100 ®00ee | s0cee | s00ee | tecses \4 Sta, 82,
5 ) 398 ®eseveee ..0 1 ” sh % 98 99 100 csesee SV A“rage of stas, 22, l&o, Sh’ 68,
. 82.
~ Mar, 8, 195%.. 1 L79  |eceeeees| O b | L0 | 97 | 200 |asewe §acene] enues |susnes S
' ’ 1 t?? 000 pene ° z ho % 1m ' LR R RN} LE LR N LR XX 3 LE R RN N ] v L}S“. 18, core mleol
1 ’ n % X RN R LN N ] 0 50 92 ” 1m [ XN RN} LR NN ] L L LN X ] S 5 1
1 h79 LA RN XN R N O h 52 92 ” ]m LN NN} o000 ®ssev0e sv }Sta' Bh’ core sa'ntple.
1 1‘79 ®esenses 0 2 27 82 98 m sesee ecose-| s0scee S aanp] 8
1 h79 Setesese % 0 l 2-,4 75 98 1m (XN N ] LN RN sesecce SV }Sta. 53’ core e
1 h79 @a0ossnve 0 6 62 w ” lm [N XN ] LE R X N ] sa000 0 s sm 1'
1 t?9 eessssce 0 3 60 % 99 100 eseos | 600es |evocce sV }St&. 67’ core b
1 79 ®esesecse 0 2 Zh 71 85 92 96 100 XXX ) s
1 U719  |eececees| O 1| 21 | 68 | 85 | 92 | 96 | 100 |eeeeea | SV }St‘- 82, core sample.l
5 h79 ®ecscese (o) h hl 88 % 98 99 100 secsece S Average of stas. 18, 3)4, 53, 67
5 L79 cecseses’| O 2 39 85 96 98 99 | 100 |.eeeees sv and 82,1
17 h79 seepocce 0 h 38 83 92 95 97 100 eesvsesce S Composite of i"iﬂo core saﬂple’
17 L79 0 2 33 80 90 95 97 | 100 |eeeee. sV collected at 5-ft intervals.l
1 L79 0 1 11 30 52 | 12 88. | 100 |eneees s Sta. 10, disk sample.
1 h79 secscec e 0 S 311 811 91 100 esse s esecoe eeossee S St&. 15. disk Samplﬁo
p h79 eessccee 0 2 12 h8 a1 91 100 escoe soenvcoe S Sta. 20, disk sample.
. 1 h79 seso200e 0 3 63 100 scove ®ccse sevee ececoe essese S stao 25, disk aanple-
1 h79 ®csoccne 0 9 50 96 100 00000 | s2000 | s00ee |csccee S Sta. 30, disk “ﬂpleo
1 h79 [T R RNY o] 12 66 98 100 XX R Y sseee | sovee eccosne -8 Sta. 35, disk mP]-e.
1 h79 ®eececce o} h 39 97 100 Xy X esss e esesse S Sta. )40, disk sample. ~1
1 L79 sscsscce 0 2 30 96 |' 100 s0cee | sones ! cecee [o00cesn S Sta. hS, disk sample. =
1 h79 I 0 6 hO 91 99 100 seses R ecssnse S Sta. 50, disk mples
1l h79 ssesscece 0 2 30 81 92 % 100 esese ssscoe S Sta. 55, disk Samplﬁ.
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Table 3,—Particle-size analyses of bed material, Middle Loup River at Dunning, Nebr.--Contimed

1 ‘Same sample used for both analvses.

Measured Bed material
Number | instanta- Mean Methods
Date of neous velocity Percent finer than indicated size, in millimeters of Remaris
1 disch i g analysis
R I e (£pe) 62 [0.125 [0.25 | 0,500 | 1.000 | 2.000 | 5000 | 3.000 | 16.000 .
Section Bj—Contimued
Ma.r. 8, 19%-' 1 h79 essevsas 0 2 2& 82 911 % 100 escoe eevoee S Sta. 60, disk ﬂaupleo
1 }J79 esemocen 0 il 33 93 97 98 100 escece eesecse S- st‘. 65, disk mleo
1 h79 epesesece 0 6 61 99 100 LR E XN eccee @ccon LR RN S st&. 70, di’-k mla‘
1 h79 ®povecsee 0 3 b-, 99 100 eseoe eeoocae eecsee eeocoe s st&. 75’ di* mple.
1 h79 esescece 5 7 58 99 100 evceee | sesee [ 00cce | s0cece S Sta. 50, disk mo
15 L79 0 N Lo 86 9L 97 99 | 100 | cesses S Average of stas. 10 to 80.
Section C
Nov. 2 1955, 1 393 escscsccse o [ 79 100 0ve0e | e0see | oeee | 60ces [ soscce S ®
’ 1 393 Seo®ovene 0 5 m lw LR LR RN ] LA N ] L N L RN NN ] v }Sta. 1)" m" m.l
1 393 eeccccoe o] S }.6 93 99 100 seese eecee XX TR S
1 393 $0evvsee 0 h 50 % lm veesce ses e o"ooo ®sevece v ]Sta' 30’ core sanple.l
1 393 0 2 L2 83 96 99 | 100 |ecees | eences s —— |
1 393 LA R A 2 o 2 36 83 96 98 lm LR YN eocecce sv }Su. hz, sore ke
1 393 ®evovsee O 2 32 99 lm LR K J LN N ] LN LA R RN ] s
1 393 ®06000cne o 1 33 99 100 -0000. ®ecee ®eces LR RN v }St&. Sh’ core 83@18.1
1 393 [ E R XX NN 0 l 20 85 98 99 lw L X ®ssvee S l
1 393 |eeessece[veeee| 0 | 16 | 88 | 98 [ 99 | 100 |eeeve|eeeese| SV }s“' T8y cors mnfias
5 393 sevecsee o 3 Lk 92 99 100 eevoe [ essee | 0csce S Average of stas. 1l, 30, L2, 5k,
5 393 |eeecsess| O 2 | 130 93| 99| 99 | 100 |eeeer|eeeees| SV and 72.1
5 393 ®scvccce 0 2 hh 92 97 98 100 ®ccee | soccee S Conposite of disk samples froem
8m. lh’ 30’ hzg 51" and- 720
Jan. 7, 195%.. | 10 110 1 1 Lo 9k 99 99 [200 | ssase | snonee s (Composite of #-in, core samples
’ 10 110 |eeeeciss| O 8 | L [ 9L | 99 | 99 | 100 |evees |oseees| SV collected ‘i-lz-étzgm'f“ﬂ’
FComposits of 4-in. core samples
10 hlo ®esocces (o] 1 18 85 97 98 99 100 essee S HPo
collected at 2.-ft intervals
10 Lo ®eccccce | 0vece 4] bR 83 97 98 99 100 ecsscoe SV F%;gm Stuz lizo LL9.1 ]
10 e ] @ 2 | 35 | 82| ou| 98 | 9% | 100 |eeeess s posite O s SOES Bamples
10 110 sessscce o} 2 30 82 oL 98 99 100 | eseces SV collected at 2-ft 1nt1ervala
- from stase. i-l to 690
10 110 [eeeeeese| 1] 30 | 56 | 92| 96| 96 | 97 | 98 | 100 s | Composite of 3-in. cors smmples
10 110 { o | 6 | 52| 92| 9% | 9% | 97 | 98 | 100 sV SULLACLNA &b Sett Submaie
_ from stas. 71 to 89.
Lo 1o 0 6 37 88 96 98 99 | 100 |eecere 5 } 1
Lo L0  |eveeesee| O L[ 3u | 87| 96 | 98| 99 |20 |iiiii| sy [pAversee of stas. 1l to 89.%
1 hlo --0025 13 ) 71 911 100 ecesce eeces | svcee secen ecccee S Sta. ll, disk aamplﬁc [\
1 th 1.16- 6 51& 98 100 escoe sccece esece oo‘ono eccces S S‘ta. 13, disk_smple.
3 | hlo ®cecccce v 12 58 96 100 eccee | sesce | sesse | socen S Sta. 15, disk sample.
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Table 3.—Particle-sise analyses of bed material, Middle Loup River at Dunning, Nebr,—Continued

Measured Bed material
Date ) ¥ of in::;ta ] ml;.eo:ty Percent th_mr than indicated size, in millimeters H‘t::d' Remaris
saples | discharge | (8 0,062 | 0.125 |0.250 | 0.500 | 1.000 |2.000 [ 4000 | 8.000 | 16.000 | 2nadysis
_ Section Cp-—Continued ,

Jan. 7, 1956.. | 1 ko 2.10 - 0 3 Bl | 200 [ cemes |sesee | sesee | monan [ensnes S Sta. 17, disk sample.
1 m esosccee 0 114. 78 99 100 eeeee | eocoe evsoee esssce S Sta. 19, disk samplo.
1 th i 2.92 0 5 % 67 78 82 & 100 ecccen S Sta. 21,- disk mpleo
1 L10 cevesace 0 1| 13} & 79 | .85 | 92 | 100 |eesenn s Sta. 23, disk sample.
1 kio 3.29 o L L3 96 | 100 || saeas | coveaifioanias | sovens s Sta, 25, disk se=ples
p m ®eccscce 0 2 ’ 15 80 98 100 escee | so0ce | coccee S Sta. 21, disk ﬂmlﬁq
1 hl—o 3-21 seoce [¢) 10 93 100 escse eesce | evcce eecsce S Sta., 29, disk smple.
1 th sescccce . 0 6 53 100 eeveoe sescse secece Xy secese S sta. 31, disk mpleo
1 hlo 3.21 (o] 8 70 1c0 ®csee |0ccse | 000ce | c00ce | sossce S _Stao 33, disk aazple.
1 m secsossce o] 5 h9 96 100 eccee esecse escce seccece S Sta-. 35, disk Sal'PlQo
1 hlo 3.213 0 2 % 100 ®ecee Xl eesese escce ecsssse S Sta., 37, disk mple-
1 hlo eeseccscce 0 i 5 20 98 100 easoee eccece eesce eeccse S stao 39, disk Bample.
1 hlo 3.80 0 2 ho . 98 100 eecee eecee ecees eessece S st‘. hl, disk Sanrplek
1 th ®esessce 0 h 31 67 7 88 100 ecsee [ cocsce S st&. ).B,_d.isk Samplﬁu
1 hlo 3.80 0 5 4 1 8o 100  cveee eeess | evses | cococe S Sta. hs’ diak sm;lle-
1 hlo (XXX T XY o] h ,-‘5 ) 97 loo sesvce escsse sesee evocace S suo h?, disk 3&@13.
1 Lo 3.80 sesee o 10 68 9% 99 100 | ceces | acoces S Sta. 49, disk sample.
1 lno 3.80 0 1 13 85 9 99 | 100 |ssees | eveoin s Sta. 51, disk sample.
1 lLlo ®ecccese 0 1 32 98 lm eacsee ecsece seeas esccoe S St&. 53, dsk umple.
1 k1o essvscce 9 - 1 3 99 100 eeese | s00ce | s0ese | soccce S Stao 55, disk mple.
1 3o "3.98 ol 1 22 93 | 300 | cemen | sovne |wweee ] csnsss s Sta. 57, disk sample.
1 th eesscece. 0 . 2 ’41 96 100 e0eoe | socce | sonce | cevcee S Sta. 59, disk sanple.
1 hlo eeccssce 0 1 hz .100 eecee |{oosee | 6s00e | 060cse | sonoee S ~Sta. 61, disk -mleo
1 o L.65 0 1 Lk 82 83 85 | 100 |eceoes ] casins S Sta, 63, disk sample.
1 hlo ht?S 0 1 30 SN 70 86 100 sscees | sovsse S Sta. 65, disk mplo.
1 hlo leececosce 4] 1 32 96 lm es0ee | ccoee | svees | cosvee S Sta. 67, disk Suple.
1 ko higo 0 2 52 93 9“ 96 100 secee | soscee S Sta. 69, disk 'Bampleo
1 hlo ®sccccse 0 2 h? 96 97 97 100 eccce | coccse S St-&. 71, disk Sample.
1 k1o - k.85 0 1 26 N 92 97 100 }ecies | esouen- s Sta. 73, disk sample.
1 lao L5 0 2 28 | 69| T7 | 80 8L | 100 |eceses s Sta. 75, disk sample.
1 hlo ®eeeccoe 0 1 31 Bh 92 9h lm eesee | emosse S ' sm. '77, disic sample.
1 hlo h‘ss 0 - 3 L9 98 100 ®evoe | eeess | scece | sesnee s Sta. 79, disk sample.
1 hlo 3'72 0 2 hl 98 100 eecee [ e0cee |osoce | sscess | S Sta. 81, disk sanple.
1 m sscecsce o} 3 36 9h 100 esscse és0se eeecss esececes S Stﬂ. 83, disk Sample.
1 lno 2.97 0 2 37 88 97 | 100 | ceees |oacee | cocses s Sta. 85, disk sample. -1
1 o 1.96 1 23 83 100 sesse [seeee | 60cee |[cecee | socces 5 Sta. 87, disk sample.. [N}
b 1 - k1o 57 2 32 98 100 | wenne | sowne | swsen | dnsve |sswnns S Sta. 89, disk sample.
ko lao  |2/3.53 1 T 4| 0| 9% | 97| 99 |10 |eeeee.| 5 Aversge of stas 11 to 89.

2 Mean velocify in cross section.
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Table 3.—Particle-siss sslyses of bed material, Mddle Lovp River st Dumning, Nebr.—Contimned

Bete o : ?"°" | vadoeitr | Percent finsr thsn indlcated sise, nuilliaﬂara of Remaiis
it b (2p3) 16,062 [ 0.125 | 0.250 {0,500 1,000 |2.000 | £.008 {8,000 [16.000 | ==e1F¥is
; _ , ' Section Co—Comtimind - A _
K7 19%8.. F 1. | 12 eeseese Jossen ] . G ] X2 | 9 | 87 | .B 1. 99 | 308 [esssee] . 3 3
g‘ 8’ ' 1 m _0_6.0‘...0 o.‘oo. - O aé N ﬁ & 8& : % ” 19? '_lovA.ol"' ,' = 87 {su. 26, core .l
1 m setcecce 0 2 ’ 7 83 bas] S 1 1m ‘S & canruq:}..l
1 ﬁz LEE R N . ;. oo . ..} B o a 225 - gz &‘ 95 98 i lw sv u. 1‘3, )
1 32 o .oooo.onoo Q. 2 32 § 90 9. bad i§ 100 S : : . 1
3! B2 feieecesefeeies| O | 27 | & | 85§ 91| 95 | 8 |00 | 's¥ 35"‘ e, P e £
1 K2 eeeieess| © 1] 29 | &3 | 93 95| 96| 98w | S Ne
3 ﬁzz Sederone | seses | g ﬂ 82 92 . ;g 99 99 | 100 SY }s","f 61, care smpls, 1
1 F essescen o £ . 92 99 200 | isenae S & ; 'mp]‘ 1
1 u.z -.dco"oes ) 0 : 1 32 7h 92 V 96 " 99 m L;ono.. . S? BSW. ?8, sepe ’
S :, hlz ) cacenoce’ [¢] b § 28" 69 87 92 s 96 98 ie0 , s ‘hngs cf stas, %, B’ sh, 67,
5. W12 fesoenese | casas o 23 67 8 92 | 971 | 9 w0 |- s¥ } and 78.1
. : =2 = : - collected 2t 5-ft intervals
16 h12 fecoosee 2 3 ‘ 37 8}3\ 9$ 3 98 99 100 .‘-"pvot ‘ S? m ma. lzi 1o 87%-1
x&ro Teseensos 1 ﬂ.é . evessece 0 5 1 - 12. ‘ 69 : 92 ) 97 ” w8 5 .~ ]
, 1| @ DDl o 8| @) o7 | s & e cere sample. 1
. s516 essvoces [ 1l 10 |- 62-|. 87 93 -} 97 s !
b 3 516 sessanan.] sesve 0 ; 61 : g : 93 97 e . 8¥ }S’t&. h'h’ wm‘n?le.i
1 B16  feeesesee| O |- 1 | 30 | 77 | 96 | 89 |i100 ., sV }5%---_53.'-@“ ssxple, 1
1 516 |eveesnes o | 2] bo | 82 ] 98 | 100 [ieese facaee s } i3
1 516 1 . s93se o 2 hc 2‘0 98 A 100 essee ‘ *sB o0 - S' Sta. 70' cere m.l
1 516 eeensece 0 5 25 1 90 97 100" sevesn L~ 8 :
1 516 0 2 19 8 | 91 97 17100 L aans - sY }s_“° 8, care sample.l
S 516 ccesssss | - O 2 | 24 el 93 97 | (99 | 100 S Average of stas, 28, Lk, 58, 70,
5 | 5816 |eeeasssf O 1| a | 6 | 93 | 97| 99|10 sV and 841
7 86 feweoroin| 5] 26| 26 |60 0| % | 99 100 ewenen| s | =20 mt‘é-;nhcg;msml’u
T i 516 s ecros0na . 2 m 26 63 s 9L 96 99 ‘ 100 secses SV L from m 10 to LO.1
9 816 fesesewee| 0 | 3 ] 35 | 80 | 95 1 99 | 100 |vicee |ewenia] 5 . |[Composite of d-in. core samples
! 22 . . ) o collected at 5-ft intervals
9 516 : s p800a0 0 . 2 ‘_ 29 76 9h 99 m . 97&.. (XXX XN 3 sv { : ,tls. hs to 85.1
16 516 ‘sesncrsse 2 10 30 73 92 98 100 .;ooo sneree S P 1
16 816  feeseeeee| 2| o | 28| 70 | 92 |98 200 [Liil|lli ] av }avorege of stas. 10 to 85.

1 Same sampla ucd. for both_analyses.

i
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Table 3.—Particle-size analyses of bed material, Middle loup River at Dunning, Nebr.--Continued
' Woasured | : ' Bed material .
i Humber |instanta- | Mean Methods
Date of i veloeity Percent finer than indicated size, in millimeters 7 of Remarks
= | -plan d*?:’f‘:’)?‘ (tpe) 0,062 |0.125 | 0.250 | 0.500 | 1.000 | 2.000 | L.000 | 8.000 | 16.000 | 2naly=is
. Section Cp-——=Comtirmed
E;:'} 7, 1°56oo 1 516 ®essssses ‘0 3 16 37 58 17 100 esses escsoe S Sta. 12, disk sample.
1 516 ®escccee 0 - 5 T 99 100 eesee | vecce | soece | 0scsons | S Sta, 17, disk sample,
1 ﬂs . esscscos 0 2 % 96 100 XXy esccee eesee ssscoe S Sta. 22’ disk mls.
1 516 ®es0ccee |csvoes 0 ]-h 39 hs 52 70 100 ®sescece S St&. 27’ disk Ba:lple.
1 9-6 eeccsces 0 1 4 33 6l ) 67 90 100 ‘ssesse S Sta. 32, disk sample.
1 5]6 sescccce 0 2 A 66 68 .70 70 100 sessee S Sta. 37, disk sanpla.
1 5:.6 @escossses [v} 5 ha 8h 93 % 100 evood esevcs S Sta. ).12, disk Smle.
1 516 eevsccee s} 3 4 17 98 100 ®evee | Gccee | 00coe [ 00csoe S Sta. h?, disk m'
1 516 ®escccsce socee o} . 3 60 % 100 ecsce secee esesee S Stlo 52, disk sa-ple.
1 516 ®esscccs | Gocce 0 7 92 99 100 escce sesse eccoce S Sta. 57, disk salple.
B ¥ 516 ebocesass 0 2 36 95 100 essce esene ._.’;o.- secsece S stao 62, disk mlao
1 815 lisasonesw bupmes | 0 s |. 18 | 9 [ 200 Jeisos [osnce | ennoss s Sta. 67, disk sample.
1 - 516 ®ecccces 0 b 1 3 79 92 lm esecee ecsoe escssss S st&. 72’ disk mpl’-
1 S16 sesiwaise o] 1 6 52 oL 100 }ecese }osese | saoese S Sta. 77, disk sample,
1 516 ®sevesve 1 12 26 5,4 89 99 100 sesecs | ssscoe s Sta. 82,"disk aample.
1 516 sssesses | &2 87 98 100 escce Xy esese eeeve [ eoccee S st&. 87, disk Bnmpla.
16 ﬂé esesscee 1 8 zh 72 87 91 96 100 eesepe S ‘verage of stas. 12 to 870
(3) 1 516 ®svevcese h 26 h9 80 100 sscee scscse escoce eccecce S stlo 8, disk sa.mple.
(3) | 1 516 Sesceccs 2 h 27 85 100 seese ecssee ecsee esscee S Sta. 16, disk sample.
(3) 1 516 Seeenesis | seeees] O 5 13 83 95 | 100 |ecess | wesies s Sta. 2l;, disk sample.
(3) 1 516 evsecsce e S0 2 h 32 81 98 98 100 esece | eoevss. S Sta. 32’ disk mple
(3) 1 516 o | s | 37 53 89 .| 100 |sseie | sesses S Sta. 40, disk sample.
(3) 1 516 ®snrecsse 0 5 51 99 100 seece escee seece sseese S Sta, 1&8, disk mplﬁo
(3) 1 515 ceecenss 0 2 37 95 | 100 |eesee [eesse [oeces |oenaes s Sta. 56, disk sample.
(3) 1 516 |esecsces 0 2 L6 98 99 | 100 |eseee |eoeee |oorees s Sta. 6L, disk sample.
(3) 1 516 1 L L2 81 85 92 | 100 [eeeee oevens s Sta. 72, disk sample.
(3) 1 16  |ececceee | © 3| 62 | 99 | 100 fesees |eveee |eceee]oacces s Sta. 80, disk sample.
(3) 1 516 ssescaes 3 33 90 99 ]| 100 |eececs |eeees Joecee | socece S Sta. 88, disk sample.
(3) 11 516 cscesves 1 8 [ 79 93 96 | 100 |eiees ]| eanees S Average of stas. 8 to 88.
: Section E e
May 8, 1956... 15 408 O 0 3. hl 83 ok 9% 98 100 | sswees sV Composite of 4-in. core samples
' ' collected at 10-ft intervals
from stas. 20 to 160.

SL

3 Samples collected 100 ft upstream from section Cp,




~Table L .-—Water-dischar'ge measui‘emt—znts of the Mi.ddleLoupI River at Dunning, Nebr,

Effec-|Effec- | Num= |
Mean Dis- ber | Gage | ‘
Date  |Section|Mean time | “iT® | ¥V | o1ocity|charge| Slopel |meas.|height | Conditiom
= width [ area (£ps) (cfs) | sec= |(feet ),2 of bed
sl (feet)|(sq ft) ps/. e ==
1955 . _
Sept. 7\_.. Bl b € 8230 adne 96 137 2063 ! 360 | eeeccccce 32 3-09 DUIIGS
NOV. 2’4.. Bl 2:35 p.mi i 96 | 130 3006 398 seecovoen 32 d 3005 DO.
DOsesea| Cp |10:15a.m.| 83| 114 3.5 393 | 0.00129 | 29| 3.12 | No dunes
1956
Jan, Wuas Co 2:15 p.me. 80 116 3.53 410 00109 27 | 3.01 Do,
Jan, 8.es| C2 2:50 p.m, 80 12k 3.32 ~h12 | ,00121 27 3.04 Do.
Mar. Teee| Co 2:10 p.m,| 86| 152 3.L0 516 3/ 00093 | 25 | 3.1k Do.
Mar. 8..’. . Bl 10305 a.m. 96 lBh 3.57 h79 _........I‘ 27 3.% Do.
: Ma}" 80000 A 9:30 a'omo 197 185 2025 )416 seeeeacscoe ,-Ll eeoensn s Dunes
DOesese E 1:20 P.Me » 152 159 2057 )408 sececscee 37 svescne Do.
1 For about a 1,100-foot reach,
2 Not adjusted for datum correction, if any,
" 3 TFor about a 500~-foot reach,

9.
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: Table 6. —Weight of sedimect and welight of water-sediment mixture, Sept. 7 and Nov. 2i, 1955, and Jan. 7, 1956
Sept. 7, 1955, sec. By Sept. 7, 1955, sec. E ¥ov. 2L, 1955, sec. By Bov. 2L, 1955, sec. Cz Jan, 7, 1956, smc. Cp

BTR No, L —RIE Ko, L ETR Wo. I RTR Wo. 2 XTH Wo. I EIR %o, 2 ETR No. 1 EIR No. 2
Weight of [deight of ight of[Wight of | g .\ [Weight of [Welght of (WeItht of [WeIht of | g\ .\,  [WTEht of [ReIht of [Welght of [l ight of (Wolght of [Welght of

Station | mixture |sediment |SPAM®| piviore | sediment mixture |sediment | mixture |sediment nixture |sediment | mixture |sedimemt |SFAti00| Jirinre |sediment | mixture |sediment
(grams) | (groms) (graes) | (grams) (grams) | (srams) | (grams) | (grams) (graxs) | (grams) | (grams) | (grams) (grams) | (grams) | (grams) | (grams)
BB O Jecssscsvslocaccases [IBE 9lesecconsslocsssocss |REN 3 |eococsioefocvoscisslossssonssonccasioe |LBF B |eccosesesfosccecesefocesasace Jocscsscee | REN 10 |acsicisei fsorscioce{assnsrsee Jasaaannce
3 68.0 | 0.0085 12} 0,0339 7.5 833 | o.o305 100.0 | 0.0383 8 82.5 | 0.0357 126.9 | 0.0630 n 65.6 | 0.0270 68.2 | 0.29%6

s 168.5 939 16} . 353.1 .1083 10 208.3 0857 181.9 .0838 10 176.1 0922 16,7 L0876 13 82.5 0526 98.8 0705

2 262.5 324 20| 3a2.5 L1168 12,5 213.8 Sllulid 2L8.9 L1451 12 175.3 .1310 232.6 1548 15 11,7 0760 103.5 .0933

12 253.5 .1230 2h| 2924 1287 15 210.0 2o 2L2,0 .205L | 211.8 .1581 335.1 .2309 17 + 86,5 .0680 90.9 0626
5 218.8 .0910 28} 282.0 0907 175 [aewnssunlsaspesces [ecsvsanon|sossuosen 15 381.2 +2950 318.0 .25L5 .19 102.5 0722 110.2 0753

13 233.4 .0522 32| WS 22069 20 226.6 1257 238.3 .1389 18 35¢.5 23225 352.3 3059 21 95.0 L0818 k2.7 0965

2 217.5 0862 6| 2255 184 22,5 206.5 .| .1L36 199.5 1353 20 | 3L7.h .3011 370.1 3116 23 | 129.0 L0922 181 0892

2k 229.6 0639 Lol 63.4 0296 25 212.3 1919 224.5 1935 22 | 378.2 .3L9%6 373.8 3532 25 | 1214 0937 1me.o 20993

27 18L.6 .0u98 bh| 85.8 .0155 27.5) 205.1 L1601 207.9 738 24 | 360.0 . 3077 378.5 3369 27 | 122.2 1298 1315 160k

30 153.0 175 L8|  88.% .0281 30 213 034 275.7 1260 26 | Lo1.o 1305 07.2 155 29 | 1hB.S 762 136.6 2099

' 33 0.5 <LOL51 S2| 1o4.2 | .03%9 32,5 28,7 623 23.0 1531 28 399.9 23564 349.0 .3689 n 182.6 2136 I73.7 +1917

35 25hls L0688 56 78.5 <0316 3s I77.7 ~ALTL 18l.5 <1524 30 L30.L .5856 420.3 5626 ¥33 229.7 207 3.9 2660

39 5.5 0528 6u| 127.0 L351 37.5| 248.5 1275 222.2 L1180 32 | 392.5 .5732 3584 .5L26 35 | 223.h 2133 197.0 1909

L2 2073 0380 _ 64| 127.6 L0LS1 Lo 193.8 ~2052 155.7 2193 3L 38L.6 6046 LL7.0 765 37 203.2 2211 216.9 2150

LS 210.6 Q6T 68| . 1L5.9 0555 h2.5{ 160.5 1505 180.3 21255 36 | 3%0.3 5843 Ls7.5 | 6279 39 | 2245 L2341 225.3 2207

18 265.2 OS85 72| 154.1 .0377 Ls 183.5 1652 198.4 21759 38 | 356.9 523k 381.6 6625 | 229.6 1817 235.1 .1886

51 25L.0 0725 761 145.2 .0577 47.5| 218.0 .2353 1.7 .2520 Lo | 386.6 5550 387.2 .5808 L3 | 289.0 267 290.6 «2507

[+ 250.9 .a7ob ‘80| 168.9 .0L97 50 295.4 .2788 282.0 3009 L2 | 320.7 4639 343.3 5055 L5 | 2BL.S 2203 343.8 2157

51 288.6 0787 84| 159.7 .0u37 52.5| 26L.7 L4155 262.4 4215 Ly | 355.4 501 349.6 .5693 L7 [ 280.5 L2211 22.0 2234

& 262.6 1037 88! 210.0 L0572 55 326.7 50Uk 312,5 L731 L6 289.7 3327 3k2.L 43ko L9 251.3 .2178 273.2 «2390

63 282.0 1335 2| W7.5 .0520 57.51 336.2 .53L0 329.0 ST97 L8 315.8 +3902 356.6 .Lo8s 51 260.8 L2813 293.3 23

&6 2h5.5 L33 96| 173.0 .0387 60 L23.2 .8151 39,9 «Th86 50 380.1 3737 367.9 .3819 53 293.0 #3379 293.2 J231

59 255.0 1049 100 113.5 .0L00 62.5| 360.6 6166 383.0 LT0TL 52 306.2 .3107 311.0 3435 55 317.5 +3350 295.1 G111
72 272.5 .0928 10| 127.4 .0u59 65 387.8 | 1.0225 35.6 9630 Sh | 316.8 2646 347.9 3200 57 | 318.0 3692 379.7 J006 -

5 261.7 .104L8 108! 119.8 0518 67.5| L08.6 162 399.5 6708 56 299.7 .2115 309.9 .2988 59 343.0 4958 307.9 J721

78 305.7 100k 12| 191.0 0567 70 373.3 .5268 373.0 L7317 58 324.3 971 322.3 .2281 a 34h2.9 4960 3373 D666

a1 2h5.6 #1313 16| 113.9 0719 72.5| 372.5 5980 313.1 JL920 60 289.8 1723 351.7 2459 63 369.9 .6003 30h.1 4508

ah 297.7 .1608 120  133.5 0L77 75 352.2 U351 362.0 1105 62 271k <1997 263.6 93k 65 355.4 «597h 3313 5634

&t 241.0 L0775 124 279.3 0676 77.5| 368.9 .3985 370.8 1183 6 | 261.9 [ .2079 296.6 .2087 67 | 37h6 6287 h16.0 7158

20 189.5 .0356 128 347.3 .1084 8o 359.9 3735 339.0 317 66 226.1 <1804 261.6 .2058 &3 353.5 5697 I9u.5 £3Th

93 553 L0192 132! 218,5 .0935 82,5] 347.L 3450 3L9.9 3498 68 | 238.3 L1706 2111 .1973 71| 361.1 6058 352.9 5607

LB 96 esccasnes 16| 285.1 .0832 85 335.6 .3683 352.6 23623 70 278.5 .2372 331.1 .3061 ] 298.7 5207 341.0 s 3

svananee oornana ol 171.3 .0537 87.5| 277.3 2974 3264 .2535 72 | 266.9 .2922 226.8 .2801 75 | 36L.1 5977 3Lk.S ~5561

LRI asmeves Wh| 267.4 .0LLO 90 334.5 .2515 285.6 2839 7L | 2643 L1911 222, .1720 77 | 39L.0 .5720 3Lo.2 5315

esossceafescnsccce|sorccccas 18| 1w0s.2. .0300 92.5| 25h.k 1151 238.5 <1443 76 137.6 +1091 L.y | .0970 79 398.0 o522 368.1 <5607

SsenesaTsi|saenaene -1521 97k .0268 95 157.2 0661 181.0 .0758 78 | 139.7 0786 149.8 L0501 8 | 374.9 L5085 384.0 989

essssscss|sccccsoce 156| 116.8 .0317 97.5 35.3 .0383 L9.3 0235 80 152.2 ¢ 1027 k.2 .0861 83 351,2 «3U5T 35L.6 334k

e 1 [JRearor 150| 299.8 0770! | EBWI99T nieniing aill dsaswenne|sonmane ) scosssses 82 81,9 0422 78.2 0bL9 85 { 328.5 .2L83 297.9 .25L3

sasevisw sssescase Wy 69.1 0065 | pawsswon|sewsmsveniian sdssnie [onia aves]waes seeee 8L 31L.9 .0125 31.1 .0131 87 | 2953 .2092 299.5 2108

Ssuvanve sssavanee [ REW 168 sunsnwaviasl| doennnans | wanswons]ssennssesicssonsess fovansosvifuessssess 86 13.1 .002ls 15.4 .0027 89 58.h 276 $1.0 G301
sessessn]asiosesselseconesds |osanode]erssnsnrafencasasse ] sacocnns]seansssaalencasosvefosssonsar]ossooscos ] REN 87 Jicesssonelsossrvococlocscrasasfocoroocse | LB IO |eosasscssfossocvecef sannascocfaassasesse
~J
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Tahle 6, —Wnight of sedimext smd ——sm of -hr-nod's-mzdxfm-., uay 8, 1956

May 8, 1956, sec. A May B, 1954, mec. R .
ETR No. 1 EIR No. 2 ETR No. 3 ETR ¥o. 1 ETR No, 2 ETR No. 3
Station [PiEhv of [Weight of (Weight offWeight offWeight offwWeight of |, .. [Height of[Weight of]Weight of|Welght of|Weight of |Weight of
mirture |sediment | mixtore | medimant | mixture | sadiment mixture | sediment | mixture | sediment | mixtame } sediment
. (grams) | (grams) | (grams) | (grams) | (grams) | (grams) }° (grams) | (grsms) | (grams) | (grams) | (grema) | (grema)
1B 18 cosenevselsesosvect)osesibssi] sesvssses]svissessefdisessson: JIAN L12)sesemannel sscavesistsessenicel vasassssslassasissslcossn oo
pas) 20,0095 66,0 | 0.0091 67.0 | o.0u02 1k 7.9 | 0.003 8.7 | 0,0005 8.0 | 0.0009
23 1h5.8 L0247 120,7 LOZhT 2.5 Lhl9 . I %65 0225 108.7 0207 99.0 | . .020L
26 13%.5 0L82 150.6 .0530 106.0 <0599 201 175.8 £533 128.1 L0i76 119.9 .0hoo
29 T L0637 '91.5 L769 88.0 »0591 23§ 165k 0959 160.7 074k 175.2 #1237
32 120.5 L0731 125.5 0833 127.0 0668 26| 200.0 093 207.6 1073 189.5 L1037
35 130.0 0607 125.2 0522 | 2130 L0561 | 291 237.6 +1593 253.0 »1539 25,7 1555
38 208.2 0829 154.7 .0951 162.7 0719 32| 255.0 «2285 242,8 2206 | 233.5 L1832
n 181.2 +2006 1540 .28L5 159k »2213 351 219.5 | .2L82 266.5 +2L08 2214 254k
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