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PROGRESS REPORT NUMBER 1
 
INVESTIGATIONS OF SOME S.EDIMENTATION CHARACTERISTICS
 

OF A S!LND~ BED STREAM
 

By D. W. Hubbell and Others 

·INTRODUCTION 

Several imJXortant aspects of sediment transport hCLve been investi 

gated by utilizing data from the turbulence flume in the Middle Loup 

River at Dunning.. Nebr. These data have also been used to evaluate 

sedimentation formulas. IIowever, a.dditional work ofa research 

nature is needed to provide information on specific transport phe

namena and On field procedures. On August 26, 1955.t repr~sentatives 

of the U. S. Bureau of Reclamation and U. $. Geological Survey met 

in Denver. Colo. I to discuss these needs a.nd 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 •.• J;)enver. C0~0. 

Mr. K. B.S.chroeder3. Hydrology Branch.. Assistant Commissioner 
and Chief Engine~r\'s.office. U. S~ B. R.,. Denverl,Colo. 

Mr. R. F. Kreiss, Geological Survey, Lincoln, Nebr. 
Mr. D. M. Culhertson~ GeOlogical Survey"" Norton, Kans. 
Mr.. C. H. Hembree, Geological Survey, Lincoln, Nebr. . 

. T4e conclusion of the group was that future cooperative .research 

investigations CLi Dunning should be limited to problems that apply to 

a.lluvial-type streams in general and that theobjeetives of the coopera

tive researchprogra.m for 1956 should he (1) to test Uleadequacyo£ the 
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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 cor.clputing 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. S, Bureau of Recla.mation memorandum dated September 5;, 

1955. 

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. 7he investigations by the U. S. Geological 

Survey were financed with Missouri River basin project funds and were 

made l.:roder the supervision of the regional offices Quality of Water 

Branch, Geological Survey, Lincoln, Nebr. Field and laboratory work 

was done by employees of the Geological Survey. Lincoln. Nebr. sunder 

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. 
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FIELD IN\TESTIGATIQNS 

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 l and 

Matejka (1955).;: and Hubbell and Matejka (in preparation). 

For this investigation, measurements were made at sections A" 

Bl, CZ' D,and E. (See fig. L) Section A is about 7,200 feet upstream 

from the turbulence flume. turing the measurement on May 8, 1956, 

L'le flow was divided into 2 channels, and bank-to-bank width of the 

stream was about 346 feet. Sand dunes were generally only O. 1 to 

O. Z foot high; however, the front of a submerged bar that was ITlOving 

into the section at the time of the measurel1lent was about 2.0 feet 

high. Section B 1 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 Cz is 600 feet upstream from the turbulencefJume ina 

straight uniform reach. The banks in this reach h~vebeen stabilized by 

brush riprap, which confines the width to about 80 feet. At the time 01 
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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 (1955). 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 

feeL The height of the sand dunes was about O. 2 foot; however, the 

cross section was irregular because of submerged bars. 

Collection 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 V{ithin the interval would be small, so that samples would 

not be too numerous, and so that the distance from each bank to the 

nearest sampling vertical would be about one-half the width of the 

sampling interval. Care was taken to maintain a constant transit 

rate. Water-sediment mixture at each station of an ETR was collected 

in a separate bottle withDH-48 samplers having 3/16-inch nozzles. 

After the ETR sampling was completed, point-integrated samples 
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we recollected at ahout 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, 1956, 

were collected by the same procedures as outlined above except that 

no point-integrated samples were obtained on either day and no bed

material samples were obtained on September '"1. 

Size analyses of the depth-integrated suspended sediment for 

sections A, B 1, C2J D j and E are given in table 1. Size analyses 

of point-integrated suspended sediment for sections B 1 andC2are 

given in table 2. Size analyses of bed-material samples for sections 

A, B~. C2> and E are given in table 3. A summary of hydraulic data 

is given in table 4. 
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SUSPENDED- SEDIMENT SAl\tIPLING 

_General Theory 

For an adequate determination of the mean concentration of sus

pended sediment at any cross section., one basic requirement in 

s.ampling must be satisfied. This requirement is that the concen

trationof 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 thecentroids-of-discharge method the stream cross section is 

divided laterally into segments of equal water discharge. Samples 

colleeted 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 s..a.me quantity of water discharge~ are usually 

composited before anaJ.ysis 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 wa.ter~discharge measurement is necessary to determine the 

lateral distribution of flow; (2) the concentration of asamp1.e may not 
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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 consta.nt (equal) transit 

rate is maintained for all samphng 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 

cq.n 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 t.he intervals; the 

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

the totq.l water discharge. Each concentration can be weighted during 

-~'- 
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The kind of sediment load carried by the stream, the shape of the 

channels and the height and spacing of bed irregularities are some 

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

Theoretically~ both the ETR method and thecentroids-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 dii'ferent numbers of verticals in the centroids-oi-discharge 

method have been studied and compared. Basic data utilized in this 

study are given in tables 5 and 6, and concentrations and deviations 

fromETR 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 wh~ther the concentrations are normally di~tributed sa 

~-

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. Plqtting pOSitions 

for this graph are those given by Beard (1954; p. 16). Because data 
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Table 7.--Concentrations and deviations from ~R measurements 

6
 20
 
Base
 

1
 2
 8
 10
 20
 1
 2
 6
 8
 10
Multiples of base sampling interval•••••• 4
 Ll. 

Number of Deviation, in percent, from basesamplingETR Concentration, in parts per millionverticalsSectionDate concentrationintervalnumber sampled (feet) , 
(

1955
 
Sept. 7
 261
 20.28 

Do ••• 
20.28 26.481
 h27 283
 a 0.5631
 341
357
 h953
 355
 3.94 39.41Bl 

320
 267
 360
 .63
E 1
 10.79295
 349
 313
 15 0 24 14.29315
 a 1059
 6.3539
 4
 
1,h611,1291,122 1,085 2.18 15.17 

Do ••• 
1
 1,119 a 2.4h 27.382.5 1,147 973
 10 57
 5.40Nov. 24 37
Bl 

1,1ll 1,0012
 1,084 1,103 o 2.80 10.50 
,Do ••• 

1,584 1,0232.5 1,143 5.16 12.42 38.5837
 3.50B1 
2
 1,010 1,009l 1,015 1,01740
 970
 a 1.68 3.56.10
 .69
993
 .50
C2 :774 3.96 

2
 2
 1,0001,078 1l.6140
 1,051 1,045 1,049 a'no •• 0 1,047 .38
.19
 4.85929
 .57
 2.57C2 

1956
 
Jan. 7.
 2
 1,200 1,218 1,2191,194 1,213 1,241 a 1.08 25.58 

Do ••• 
l. 40
 1,507 1.50 3 0 67
.50
 1.58C2 

2
 1,186 1,164 1,288 a2
 1,215 2.681,196 1,199 1,61940
 .25
 .84
 1.59 35.37 
Hay 8•• 

7.69C2 
626
646
1
 629
 522
 a a724
 22.90 6.94 

Do ••• 
A 677
 677
 4.58 7.093
45
 7.53 

2
 613
 686
700
 848
 a 16 0 26
A 732
 705
 499
 31.831 6.28 
Do ••• 

3
 3.69 15.8545
 4.37 
6(8 616
 18.88 4.42685
 651
 a.A 673
 648
 1.03550
3
 45
 3
 .74
 3.98 9.14 

1
 522
 aE 510
 10.10Do ••• 507
 563
 556
 465
 .99
50
 505
 .40
 1l.49 7.923
 3.37 
2
E 7.52 

Do ••• 
510
 507
Do ••• 548
 467
 a 8.51 .40
 1l.0950
 505
 492
 2.573
 449
 .99
 

K 528
 500
 a 3.09518
 502
 8.69 1.93 5.6050
 563
 5h7 h79 3.47 7.533
 3
 

f--' 
f--' 
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Table 8.--Concentrations of depth-integrated e~ple8 eol1t3cted 
in sequence at two eelected verticals. 

Concentration Concentration
Sample number Sample number(ppn) (ppm) 

Time interval, 205ec. Time interval, 40 sec. 
1 164h 1;310 

2 1,1802 647 
1,280;3 3153 

, 1,320 644 44 
1,160563 55 

6 1,3206 645 
1,310690 77 

88 970694 . 
1,320690 99 
1,1101010 524 

11 1,36011 669 
1212 1,350719 

1,420626 1313 
1,440587 1414 
1,2001565515 

1,2601661016 
1,4201717 513 
1,2201810118 
1,3901963319 
1,1802020 655 
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generally follow a straight line on probability paper, the conc.en

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 accwnulated 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 interva.l. However, this kind of graph does not show con-

elusively 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 

Hme 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 atasmall enough interval (the 

base interval) so th,;lt 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 he 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 

not statistically significant. Index ratios in the table describe different 

lateral distributions of concentration .and flow. Lateral distribution of 
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Figure J2.--Deviations in concentration plotted against ETR sampling 
interval. 



Table 9 .,...-Deviation in concentration from base interval concentration for different ErR sampling intervals 

,ETR sampling interval as 

,. 

Ld2 

a percentage of total width ••••• 

d•..••••..•••••••••••••.•••••. 

.) 

~d •••••••••••••••••••••••••••• 
Ld/Ile •••••••••••••• " •••••••••••• 

Ld2•.•••••••••••••••• ~ •• II •••••• . 2	 .(Ld)!n •............·............ 
- (2: d)2/n •...•••.•.••...•••.•• 

(S.D. ;2,_ Ed2 _ (2:d)2/n ••••• ~".0000 ...... 

n ;.1 . 

S.•D. • ••..••••••.•.••.••.••••••• 
S.D./-...rn..........................
 

t 
.. ·t(S.D •. )/~•••••••. _..................
 

Confidence limits ••••••• , ••••.•••••••• 

4.82
7.68
 

,. 0056
 
1.59 
2.44 
2.80 

050 
.57 
•50 

.25 
4.58 
3069 

•74 
•40 

2.57 
1.93 

23.12 
1.65 

63.15 
38.18 
24.97 

1.921 

,1.386 
.370 

1.771 
.655 

[	 2.31 
.99 

9.64 14046 18 075 24 0 10 30.20 048.20
12.50 15.62 20.83 26.04 38.20 62.50 
3.94 ....... 39.44 20.28 26.48 20.28 
6.35 15.24 14.29 10.79 ·...... .63 
2.18 1.57 5.40 27.38 ·...... 15.17 
5.16 
1.68 

.19 

3.50 
3.96 
2.57 

12.42 
010 

4.85 

38.58 
.69 
.38 

• ••••• 0·...... ·...... 
10.50 
3.56 

11.61 
1.50 1.58 1.08 . 3.67 • •••• It. 25.58 

.84 
7.09 

2.68 
22.90 

-7.69 ...... . 1.59 ·...... ·...... 
6.94 

35.37 ·..... 
16.26 31.83 ....... o • ...... 6.28 ·..... 

9.14 
11.49 
8.51 

. . 5.60 

18.88 
10.10 

-.40 
3047 

....... 
7.92 

11.09 
7.53 

o •••••• ·...... ....... 
• ••••• 0 

4.42 
.99 

7.52 
3.09 

·..... ·.....·.~ .~ .·..... 
79.93 118 068 111081 103.36 55.72 122.70 
5.71 9.13 10.16 12.92 7.96 15.34 

727.0 2,287 2,269 2,782 875.4 2,805 
456 03 1,083 1,136 1,335 443.5 1,882 
270.7 1,204 1,133 1,447 431.9 923 

20.82 .. , InO.3 113.3 206.7 71.98 131.9 

4.563 10.01 10064 14.38 8.484 11.48 
1 0 219 2.776 3 0 208 50084 3.207 4.059 
1.771 1.782 1.812 1.895 1.943 1.895 
2.159 40947 5.813 9.634 6.231 7.692 

7.87 14.1 16.0 22.6 14.2 23.0 
3.55 4.18 4.35 3.29 1.73 7.65 

d Deviation, in percent, from base concentration (from table 7). 
N 
0) 

S.D. Standard deviation. 
t • statistical measure of confidence selected at the 90% level of significance ... 
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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 n<;l.rrow 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 indexratios, 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 st<;l.tistical theory, the probability of obtaining a mean 

~oncentration within certain limits of the true mean increases as the 

,number of samples used to determine the mean concentration increat:ies. 

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 

'I
1 
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T~ble 11.--Deviation of mean concentration of samples col~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 MeanSta. 38Sta. 59 Sta. 98Sta. 35 Sta. 59 Sta. 326.5for set; tor set 
1,120 29L 266L84 633 398 710 478 

660 6151,170 1,170L8L 325 418 734 
282 Lh2 9621,330 715 501533 635 

1,210 169414 598 874 1,350 884427 
112 1,010522990 507 685465 539 
161 1,260685996 507 770366555 

. 1,170 618154 653 1,370 819531 433 
, 219 1,0101,120 768456 598 450 743 
201 1,1001,080 609 603 752547 553 

511 669910 729974114 -------.. 512 543 
712 8081,1701,070 167541 543593 

1,2201,000 506 96 592 464 759534 
Mean for all sets •••••••••••• 733Mean for all sets. eo •••.••••••• 596 

t(s.n.)]( 100 ). 
L· [~ J 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. 

Fpr n - l~,L • 3.90% 
For n- 10, L • 4~33% 
For n • 8; L • 4.95% 
~or n • 6, L • 5.96% 
~or n- 4, L -8.11% 
Forn • 3, L -10.8% 
Forn • 2, L • 21.5% 

Seo. A, S.D. • 102.4 

Forn - 12, L • 5.• 50% 
For n .. 10, L • 6.11% 
For n • 8, L • 6.98% 
For n • 6, L • 8.42% 
For n • 4, L • 11.4% 
For n • 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 coneen

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 cross section are not substantial 



those centroids. 
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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. 

Thes e 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 I 
I 

de~reased and accuracy increased by the use of the ETR methOd. 

Generally, the time required to sample with the ETR method is less 

than the time required to measure water discharge and to sample 

with the centroid~-of-dischargemethod; 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

gCl,ging 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-Sedi~ent,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 sampling 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 LaO 

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 conc.entration that would be obtained with a 

very sma-ll sampling intervaL 

Supplemental data for an extensiOn of table 10 should provide a 

guide for determining theETR sampling interval at any cross section 

of an alluvial s,tream. 

The data indicate that the number of v-erticals necessary for an 

adeqtJ,ate det erminCl-tion of the mean cross....sectionGoncentrat~onby 

theceniroids-of-discharg.e 111ethqd is fewer than the number of verticals 

necessary for thedeterminationoi the mean concentration bythe ETR 

method. 
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The data indicate .that the deviation of a cross-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 onlya few verticals are sampled l many consecutive samples 

at each vertical are required to obtain a mean concentration that is 

within reasonable limits of the true mean concentration for the 

verticals. For example, if only 2 samples 
I 

are collected at each of 

3 centroids of dis~harge, the chances are lout 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 thecentroids-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-siz,e 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 fldisk n or surface 

bed-materilli sampler l 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 

d.iameter~ that is mounted on a handle (fig. 15A). Contained in the 

cylinder is a movable piston that can be ndsed as the cylinder is 

pushed 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 many 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 visua1=accumulation-tube method or by a combination of the 

two. Often samples can be composited for one analysis; however;, 

the samples of thec0mp.osite 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. ora metal rod QT to the bottom of a 

sounding weight (fig. ~5Bl.· 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 Jor general USe is 

a small salveboxa,houtZ! inches in diameter and about3!4 'inch deep. 

The salve boxes are prepared by filling them with melted petrolatum;, 

which contracts slightly when solidifying. A box lid furnishes 
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A. Core-type sampler. 

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 petrolat~m by a 

hot-water elutriator (fig. 16) designed by J. G. Mundorff of the 

Lincoln office of the Geological S1.1-rvey~ who also designed the 

"disk'l sampler. After the samples are c1eaned~ 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 use of the 

surface bed-material sampler probably should be limited to streams 

where the bed'material is mostly s~d. If the bed material consists 

of any substantial quantity of material larger than sand~ undue weight 

may be given to the larger particles. Samples are usually 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 seetion,C:20nNovember24~19 55~ January 7, 1956, and 
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Figure 16. --Elutriator for cleaning bed-material samples 
collected with the surface bed-material sampler. 

I 
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March 7. 1956. The size analyses of thes,e samples are tabulated 

in table 3. 

The si:z;e distributions of the bed material collected with the two 

types of samplers are in close agreement for individual days. es" 

peci~11y for D35 >, D50.and D 65 • which are the critical points ·on the 

size-distribution curve for computations of sediment discharge. 

Figures 17AJ By; 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 Care comparisons of the 

s,ize distributions of bed-surfac.e samples -and i-inch core samples. 

Figure 17D is a comparison between samples coUeded with the 

surface bed-material sampler at section C z and 100 feet upstream 

and the average of 97 core samples collected at section C2 on 29 

days. The si:t;e-distribution curves show the variation of bed 

material ina reach and indicate that bed-material samples taken 

at a Single cross section may not be representative for evenshol:"t 

reaches. 

The median ]?Ol,riicle size of 40 bed-:-,surfa.ce samples collected at 

sectionCZ on JalTuaxy 7y; 19561' ranged fromO. 089 to O. 44 rnillimet.~r 

and averaged 0.28 millimet~r(tClble3and fig. 17B.). The median 

particle Si~e .foran average of B7 core samplescoUected during a:. 

p~riod of several years is o. ~J) mil1im.et~r. ,Figu,rel7E shows tile 
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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. 

A1so~ unless a great many samples are collected in the cross section 

at the Middle Loup 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 C 2 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 used; 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 precisio,n 

is governed by the percent-finer values, of any separation size.. that 

have the greatest standarOdeviation. The percent-finer values of the 

O.25-millimeter size had the greatest standard deviation (17. 67 per-'
. . . 

cent). of any separation size; therefore, these values were used for 

the analysis. The results are plotted in figure 18, which shows that 

if 15 samples had heen colLected and avera.ged~ th,echances are 7 out 

0(10 that the greatest deviatibnbf 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, 19 56, and March 7, 1956, at sectionC2 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 ds; 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 shaw a gradual de

crease in size. However" the possible effect of a change in bed 

material on other parameters of streamflow and sediment discharge 

makes further testing of this hypothesis worthy of consideration. 
i, 
{ 
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Conclusions From$tudy of Bed-Mat~rial Sampling 

To date, on the Middle Loup River at Dunning, Nebr' i the 

partic1e-siZiedistributionsobtained 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

venlently 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 Sf!.me 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 across section. A sta

tistical study of surface bed-material samples indicates that at 

least 15 verticals should be sampled at section Ca. 

Bed-material size analyses for November .2;4, 1955, January 7 i, 

1956.0: and March 7, 1956,1 at sectianC2 show a progressive 

coara,ening 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 B 1 from data collected 

on November 2.4" 1955. and March 8. 1£)56. and for section C2 
I' 

from data collected on .November 24J> 1955.. January 7 and 8 1 

1956. and Ma"rch 7. 1956. The basic data used, for the compu

taHons are listed in tables 1.31 and 4. A summary of the results 

of the computations is given in t;,1ble 13. Computed total loads for 

the times when the water temperature ,ranged from 320- to 37°F 

agreed well with the measured tot;,11 loads ,at section D. The 

computations were made by using concentrations determined from 
I 
Isamples collected with the centroids-of., discharge and ETR methods 

t 
C);ndby using particle-size analyses of bed material determined from 

1 
samples collected with both kinds of qed-material samplers. The 

I 
,ref:';ults of the computations show that concentrations from either the 

centroids~of-dischargemethod or the ETa method seem to be equally 



Table 1J.-Measured t!ledUaent~ discharge and computed total sediment discharge 3.t sectioIUl ~ and ~ and ~ sediJllent 
dis.charge at section D 

Date 
Water 
dis

charge 
(ers) 

Section 
Type of 
sediment 

discharge 

Sediment discharge in ton!5 per day Percentage of 
sediment cllS
charge at the 

totti-load 
section 

Type and n1W>er Type and number 
of bed-lII8.t~rial of 8uspendeci

samples !5ed1lllent samples 

Finer 
.than 
0.062 
= 

0.062 
~ 

0.125 
mm 

0.125 
to 

0.25 
mm 

0.25 
to 

0.50 
rnm 

0.50 
to 

1.00 
Jml 

1.00 
to 

2.00 

= 

2.00 
to 

4.00 
MIn 

Total. 

1955 
N0'V:24. 

1956 
Jan. 7. 

·Jan. 8. 

Mar. 7. 

tar. 8 

..-. 

398 

393 

410 

4l.2 

516 

479 

Bl 
B1 
~ 

~ 
C2 
~ 

~. 
D 

Cz 
Cz 
Cz
C2
C 
n 2 

C2
C2
C2 

~ 
D 

~ 
C2 
~ 
D 

~ 
D 

Measured 
COlllputed 
Measured 
Computed 
Measured 

Measured 
COlTlpu~ed 

Measured 
Computed 
Measured 

Measured 
Computed 
COlllputed 
Measured 
Computed 
Measured 

Measured 
Computed 
Computed 
Measured 
Computed 
Measured 

Measured 
Computed 
Computed 
Computed 
Measured 

Measured 
Computed 
Measured 

172 
177 
150 
132 
222 

174 
178 
150 
14h 
152 

266 
268 
272 
216 
221 
182 

118 
123 
123 
197 
124 
242 

452 
455 
455 
455 
443 

294 
295 
356 

369 
448 
278 
352 
388 

305 
377 
3S6 
430 
329 

399 
469 
486 
378 
467 
424 

332 
389 
399 
325 
395 
364 

752 
830 
864 
855 
818 

761 
900 
819 

603 
1,ll7 

578 
1,046 
1,220 

545 
1,327 

564 
1,355 
1,138 

598 
1,022 
1,195 

648 
1,249 
1,394 

51.4 
8)6 

1,031 
592 
882 

1,606 

796 
1,265 
1,333 
1,157 
1,228 

606 
1,288 
1,566 

86 
625 
64 

610 
721 

65 
488 

80 
509 
683 

66 
580 
594 
108 
609 
,45 

107 
528 
399 

46 
433 
697 

150 
752 
715 
885 
648 

69 
582 
641 

•• & • 

136 ·... 
133 
166 

.... 
64 .... 
66 

152 

·... 
245 
109·... 
113 
242 

.... 
193 

97 .... 
212, 
61 

.... 
264 
299 
245 
205 

.... 
231 
178 

.... 
10 .... 
10 
55 

0 ••• 

0 .... 
0 

76 

.... 
80 
15 .. .. 
15 

242 

·... 
56 
15 .... 
40 
61 

.... 
72 
48 
35 
68 

·... 
65 ·... 

.... 
1 ..... 

·1 .... 
·.. " 

2 
"" ..

2 ·... 
.... 
17 

2·... 
2 .... 

.... 
9 
2 .... 

10 
,... 
.... 
13 

4 
.11 ·... 
.... 
16 .... 

1,230 
2,510 
1,070 
2,280 
2,770 

1,090 
2,440 
1,150 
2,510 
2,530 

1,330 
2,680 
2,670 
1,350 
2,680 
3,030 

1,070 
2,130 
2,070 
1,160 
2,090 
3,030 

2,150 
3,650 
3,720 
3,640 
3,410 

1,730 
3,380 
3,560 

44 
91 
39 
82 

100 

43 
96 
45 
99 

100 

44 
88 
88 
45 
88 

100 

35 
70 
68 
38 
69 

100 

63 
:to7 
109 
107 
100 

49 
95 

100 

.5 •••••••••••• e ETR ()6) 
}-in. core (5) , 

................. Jl 

........ 0 •••••••• Centroid (5) 
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•••• ea •• ClIe ••••• ~.E::r.R 

............ ~ .. liITR (40) 
Surface? (5; i ~." •• o ... ""~ .... _ •• 

• • e " •• '" ••• " '" • •• J Cen troid (S') 
Surface? (5) e$II&""' •• !f'lif.,.Olll"'. 

•••• ttl •••••••••• ETR 
-

••••••••• ~ •••• e ETR (40) 
3-in. core (97) •••••••• Ii •• "~~IIo. 

Surface ? (40) ••••••• cee"$ .... oo' .....•........• Centroid (5) 
Surface? (40) •••••••• ~.~ •• e~s 
.................. f E'I'R 

·............... ETR (40) 
3-in. cOre (97) ••••.......•.•.. 
~1n. core (16) ••.•...... ~ ..... .•............•. Centroid? (5) 
~in. core (5) ................ ..•...........• ETR 

..••..•....•..• Em (17) 
3-in. core (97) .•..•....•...... 
~in. core (16) •..•............ 
Surface (16) .•.........•....·............... ETR 

.••..•...•....• ETR (18) 
3- in. core (55) .•............•• .............•. ETR 

-

,p.. 
to 
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applicable for computing total load and that the modified Einstein 

procedure is rather insensitive to smqll changes in the size dis

tribution of bed material. For March 7, 1956, section C2, 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 z2" 

In order to determine the effect of low water temperatures onz 

(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 pointy 

y distance above the bed) can be expressed by c y =K(.~__:_~~)Z where 
. y 

K is a constant and d is the depth. In a plot of cy against (d - y) on 
y 

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 

Einstein 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 
I:, 

low water te.mperatures z does vary on the average with about the I 
O. 7 power of the fall velocity. The value of each z in figure 21 is I 
the average of all Zl s fora size range at a cross section. 
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Station 
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54 
68 
82 

47 
58 
70 
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Mean •• 
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69
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.t): Mean ••
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Table 1L.--Measured values of z, k, and Manning's n 

z for indicated size range y 
k 

0-0.062 0.062-0.125 0.125~0.250 0.25-0.50 

0.03 
.09 
.06 

0 
-.02. 

Nov. 

0.22 
.29 
.13 
.19 
•26 

Mean•• 0.0 0.22 
Nov. 

-0.03 0.2914 
.06 •2530 
•0442 .29 
.02 .2554 
.0172 .32 

o.?Mean•• 0.02 
Jan. 7, 1956, Section C2 

28 0.b1 0.05 0.09 0.13 
0 .25 1.64u6 .56 

.01 .8060 1.98.31 
.61.03 1.3670 •35 

81 .08 .0 •74• 0 
0.21Mean •• 0.0 O. r7 1.17 
Jan. 8, 1956, Section ~. 

26 -0.02 0.14 
43 .04 .19 
5u 0 .18 
67 -.Ou .08 
78 .0.3 •35 
Mean•• 0 0.19 

24, 1955, Section B1 

0.32 
•54 
e35 
.66 
.71 

O. 2 

24, 1955, Section C2 
0.44 

.59 

.61 

.53 
•61 

0./7 

0.24 
•49 
.50 
.25 
.58 

o. 1 
7, 1956, Section C2 

0.37 
.32 
.58 
•44 
.32 

o. 1 
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Hanning'l!I 
n 

·...... _.. 

• ••••• I.' • 

1.22 ••••••••• 
1.38 •........ 
1.36 ••••••••• 
2.24 • •••••••• 
1.99 • •••••••• 
1. 0.0190 

••••••••• 
•••• e.f ••• , 

••••••••• r 
••••••••• 
•• e •••••• I" 

0.017 

0.50
 
.88
 0.397 • ••••••• t·· 

1.12 .323 
•40 .665 • •• t .••••• 

.507 ·... '. ,,~ ... 
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0.019 

I, 
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·....
 

0.322 
.270 
.240 
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• 56 

0.287 

0.3 
.326 
.246 
.239 
.317 

0.297
 

0.02 
.02 
.08 
.02 
.0 

0.0 

Mar. 
0.11 

•14 
•43 
.28 
•14 

0.23 
Mar. 8, 1956, Section B1 

0.47' 0.980.07 
.12 •42 .90 

.67•14 .39 
.04 •53.33 
.02 .23 .45 

0.710.0 0.37 

Size range in millimeters. 

0.86 
1.33 

.60 
1.87 

--h§ 
1.30 

•• •• • I_I •• 

1.99 
2.11 
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1.05 
1. 
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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 distributionQf velocity.. if written fora given vertical and ;1 

time", is ~y :;: C + (2.303. u*/k) loglO y;; whereC i8a. constant and ~ 

is the shear velocity; k can be determined from. M-c 2. 303 U~Jk, 

where M is the slope ofa line determined from plotting u (they 

stream velocity ata distance y above the bed) against y on semi

logarithmic paper. (See Jig. 22.) Values of k are given in table 14. 

Comparisons of total loads throughout a range of water tempera

tureswere made in order to determine the effects ,of low wafer 

temperatures on the sediment discharge. Supplemental dat<:+ fQr 

tJJese compa,risons were obtained mostly from Hubbel} and Matejka 

(in preparation). At se.ctionC2 for a given range of water disch:a.rge,j 

total sedtment 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 (t;l.ble 141. Values of n tended 

to be loW at low temperatures and high loadss and values of n tended 

to be high at high te'mperafures and low loads. Figure.23 shows 

Manningl·s nplottedag:a.in$t tot:;il sedim.ent dis~argei with water . i 

temp'erature a,nd discha,rgea.s the third and fourth variables. Pas'" I' 
siblYl interrelations similar t() tho$e shown in £igure23 eXist in 

otheralluvi;;ti stre~s. 
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Conclusions From Low- Temperature Stl.ldy 

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 O. 7 power of the fall velocity 

when fall velocities are determined from the Rubey equation. 

Genendly the rate of increase of the measured zls with 

respect to fall velocity is .less than that of zls computed from 

the equation z = Vsl o. 4u*~ where Vs is the fall velocity. 

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

sediment loads. 

REC()MMENUATIONS FOR FUTURE INVESTIGATIONS 

The results of the studies to date indicate that ;Manningls n is 

related to sediment ilis.charge; the independent variable is unknown 

The verification and definition of the relation as well as 

the definition of changes in other parameters" such as slope and 

width....io-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 paramet~rs 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 th,e 

Middle Loup River ab9ut 2 miles downstream from the Dunning 

turbulence flume .. The sediment concentrations and size distribu

tion. for practical purposes~ (;l,re comparable. The Dismal River 

has an average discharge of 315 ds, and the Middle Loup has an 

average dischC¥geof ~3-80cfs. Therefore, downstream from the 

cqnfluencethewater 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 s.ediment concentration, the magnitudes of these para

meters downstream from the ccmf1uence .sho.uld be different from 

those of the two separate streams. The fie~dinve.stigationsas 

contemplated at this. timeU.95.Ei) wouIdc9nsist of the following~ 

1. Total load ~ea,surementsatsectionD.
 

4- .Measurementsat sectionC2~
 

A. For comput;;i.tion of totaLloa.d by the modified 

Einstem procedure. 

B. For determinationsofn. 
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1
 

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 dis.charge and 

temperature would be made. 

It is also proposed that further field tests of hed.... material samplers 

he 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,. ami practically no knowledge of sediment transport during 

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

quentlys in future plapnipg,consideration should be given to studies , 
1 I

of the sediment.... transport characteristics of stream under ic,e cover I,
 
and of streams that have bed-material Si2;€S 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 Jlercentage of the annual load is transported at these times. 

Consideration should be 'given to the coUectionof data for deter

mining the vertical distribution of sediment and velocity during 

these periods. Thesectata, would be used to define the relation

ship of sediment concentration with characteristics of flow under 

ice cover so that the present methods of cornputing total load 

could be evaluated and, if necessary, modified.. 

The total sediment load of cobble- bed streams cannot be 

defined adequately by present techniques,especially when the hed 

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,ll and the location 

for the investigation. Planning and field r.econnaisspnce within the 

next year for investigation of sediment loa:ds under ice cover a,nd in 

cobble-bed streamS are reconunended. 
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TABLES()F BASIC DATA 

I: 
I 



T&bl.f1 1.....Partiele-sbe analyses or SWIpendec1 &ediaent, dept.b-integrated8&.lllples, Middle Loup ~her at. ~ng. Iebr. 
L&tthod of &nalyria, T1.aual. aeeu-n1ation tub!J .. 

SuspendedaectiJUlDtMeasured 
inBtanta .Water SuBpended- Percent finer than indicated sis.,Conceote-per... neous Bed1JnentDne RemarksTille in ailllmeterstratiODature· discharge diacharge

(OY) (ppm)( ere-) (tol1s per 
Cay) 0.0621 0.125 I 0.250 I 0.500 1 1•000 12•000 

Section A 

no. 1, sta:! • 20 to 107.
 
no. 1, stas. 110 to 361.6.
 
no. 1•
 
no. 2, stas. 20 to 107.
 
no. 2,.stas. 110 to 36L6.
 

no. 2.
 
no. 3, stas. 20 to 107.
 
no. 3, stas• 110 to 361.6.
 
no. 3.
 

May 8, 1956•••• 10dS a.lll. 55 .... '..... 781 ....•.•..• 12 45 89 100 ..... ..... ETR 
10:45 a.lIl. 55 ......••. 254 .......... )1 62 99 100 ..... • ••• e· ETR 
10:·45 a.lll. 55 416 677 .••......• 13 46 90 100 ...... ..... ETR 
10:45 a.m. 55 •.•.....• 871 ..•..•••.. 1.0 41 87 100 ..... ..... ETR 
10:45 a.lIl. 55 ......... 196 ·......... 14 50 94 97 100 ..... ETR 

10:h5 a.~. 55 416 7)2 ........... 1.0 41 87 100 ..... ..... ETR 
10:45 a.m. SS ........• 781 .......... 15 46 89 99 100 ...". ETR 
1.0:45 a.lIl. 55 .•..•.... 269 ........... 57 78 99 100 ..... ..... ETR 
1.0:45 a.lIl. 55 416 678 ....... .. 

55 416 696 782 
~ 1.8 49 90 99 100 ..... ETR 

10:45 a.lIl. 14 45 89 100 ..... ...... Average of ETR 
Em 

10:2S a.m. 54 672 .........• 
. 

23 44 85 100 !line samp1es , ......... .•...•...• ..9 .• ..... 
10:50 a.m. 55 ..•.....• 1,160 11 50 98 100 .. '... ..... Nine samples,
11:1S a.m. 55 .......•• 500 ·......... 30 47 99 100 .. ... ..... Nine 

Section ~ 

no. ·1, ETR no. 2, and 
DO. 3. 

sta. 38. 
sta• 59. 

samples, sU. 326.5 -- .,.-. 

_.
Em.10:50 a.1II. 100Se-pt. 7, 1955•• 60 21 .....47 .....345360 355 93

..•......• 100 Sta. 21.9:3S a.m. 2S ..... .....58 360 46 85333 .....••.•. 269:50 a.m. 100 ..... ..... Sta. 54.36058 94327 S3 
2110:00 a.lIl. ........
 100360 ..... ..... Sta. 78.596 9159 39•......•.. NOT. 24•• •.•• ••• 1002:35 p.m. )8 398 1,150 

.~ ..... ETR DO. 1, 37 vertical.••14 93 994.3 

... ,. .•..••.....1,140 100 ..... ETR no. 2, 37 vertica18~2:35 p.-. 1538 398 44 93 
100 Average of ETa no. land ETR no. 2.1,140 1,230 14' ...... .....2:35 p.l" 398 4438 93 ..........
 20 Sta. 22.)83:30 p.l!l. 100 ..... .....398 42563 94 

4:00 p.1Il., •.•......• 20711 100 Sta. 40.398 ..... .....38 9751•.••...... 1004:15 p.-. 10 88 .....1,350 ..... Sta. 54.38 398 38 

4:30 p.m. 100 Sta. 68.1,520 8 96 ..... .....38 398 ·.........
 35 
846 ..........
 Sta. 82.4:45 p.m. 100 .....398 13 36 .. .. .37 93 

Mar. 8, 1956... 10:05 a.lll. 61 100 ETR.1,340 1732 479 \ 1,730 ..... .....96 
201l:15 a.m. 1,380 ..•.......
 100 ..... Sta. 17.479 .. ...53 9735 

11:05 a.m. 1,690 18 100479 98 ..... ..... Sta. 34.34 ·.........
 51 

..•...•..•1l:00 a.lII. 1,780 10017 52 Sta. 46.479 ..... .....34 97 ..........
10:50 a.m. 1,260 22 10091 ..... Sta. 69.479 54 .....34 
100·..........
10:35 a.m. 201,350 Sta. 82.479 ..... .....33 56 93 

OJ 
,:,;,:, 

b . =_~~~ 

http:�......�


Table 1.-P&rticl_size an~es of sUSpended aediaent, depth-integrated samples, Middle Loup R:tver at Dw:zning, ~ebr.-Cont1nl1ed 

~. sed1Jlent."-a.saredWa.ter 
~deG-inatan~ Peremt finer than 1nd1.cated si_, 

Date 
tenper- Cooeen sedimentneouT1ae a-aruin .1111aeterallture trUion dischargedischarge(OF) (ppa) (tons per 

day) 
(c!'s) 

0.06210.125 10•250 I 0.500 11•000 12•000 . 
-

Sect.1on~ 

Nov. Zit. ~955 •• 10:30&.!l. 
10:)0 a..!II. 

32 
32 

393 
393 

1,010 
1,050 

•..•......
....••.... 

17 
15 

45 
43 

94 
95 

100 
100 

..... ..... ..... ..... E'm DO. 1, 40 verticals. 
E"l'R no. 2, 40 vertieal,s. 

10:30a.Jla. 
li:3S a.lI1. 
11:25a.lI1. 

32 
35 
35 

393 
393 
393 

1,030 
784 

1,300 

1,090
.....••••.
..•......• 

16 
15 
10 

44 
46 
41 

94 
97 
93 

100 
100 
100 

..... ..... ..... 
..... ...... 

....... 
Average ot ETR no. 1 -.cd E!R DO. 2. 
Sta. 14. 
su. 30. 

Jan. 7, 1956••• 

U:45 a..II1. 
li:5S a.llI. 
12:10 p.",. 
2:50 p.m. 
2:.50 p.m. 

35 
36 
36 
32 
32 

393 
393 
393 
410 
410 

1,650 
944 
749 

1,200 
1,200 

.•.......• 

..........
•.....•..•
.•........
••.......• 

8 
15 
18 
17 
2:2 

37 
45 
49 
49 
51 

95 
93 
88 
95 
95 

100 
100 
100 
100 
100 

.. ... ..... ..... ..... ..... 

..... ..... 
• a-a •• ..... ..... 

Sta. 42. 
Sta. 54. 
Sta. 72. 
8TR no. 1, 4<> Tertieal.a. 
E'IR no ~ 2, 40 vertical:s. 

2:50 p.lI1. 
4:35 p.m. 

32 
32 

410 
410 

1,200 
1,060 

1,330 
.......... 

20 
17 

50 
40 

95 
n 

100 
100 

•• a·•• ..... ..... ..... ATerage of ETR no. 1 and ETR no. 2., 
St&:. 28. 

4:20 p.m. 
4:10 p.m. 
3:55 p.m.. 

32 
32 
32 

410 
410 
410 

995 
1,320 
1,490 

...........
•.........
•......... 

19 
15 
13 

52 
43 
42 

96 
99 
97 

100 
100 
100 

..... ..... ..... 
..... ..... ..... 

St.a..b6. 
St&. 60. 
Sta. 70. 

Jan. B••••••••• 
3:40 p.III. 
2:50 p.m. 
2:.50 p.lIIe 

32 
32 
32 

410 
412 
412 

1,230 
990 
943 

..........

..•••.....

.......•.• 
16 
li 
11 

43 
45 
40 

97 
90 
89 

100 
100 
100 

..... ..... ..... 
..... ..... 
..~ .. 

Sta. 81. 
ETR no. 1, 40 verticals. 
ETR no. 2, 40 verticals. 

2:50 p.m. 
4:15 p.m. 

32 
32 

412 
412 

966 
663 

1,070 
., ••...•••1. 

11 
24 

42 
55 

90 
95 

100 
100 

..... ..... ..... ..... Averag.e of ETR no. 1 and Em 00. 2. 
Su. 26. 

4:05 p.lIl. 
3:50 p.~ 

32 
32 

412 
412 

1,200 
1,490 

.........•

..•.•.•... lL. 
12 

40 
38 

94 
96 

100 
100 

..... ...... ..... ..... Sta. 43. 
St&. 54. 

3:45 p.~ 
3:30 p.!I.. 

32 
32 

412 
412 

1,060 
793 

..........

.........• lL. 
20 

39 
52 

93 
100 

100 ..... ..... ..... ..... ..... Sta. 67. 
Sta. 78. 

Mar. 7••••••••• 1:.55 p." 37 516 1,540 2,150 21 56 93 100 ..... ..... ETR 

3:55 p.a. La 516 645 •..•....•• 46 76 95 . 100 ...... •••• fI' • Su. 28. 
3:45 p.m.. 
3:30 p.!l1.~ 

¥> 
39 

516 
516 

1,100 
1,940 

.......... .......... ·30 
18 

62 
54 

96 
97 

100 
100 

..... ..... ..... ..... Sta. 47. 
Sta. 5a

3:20· p.m. 
3:10 p.m. 

39 
39 

516 
516 

1,990 
1,090 

..........

.•.....•.• 
18 
30 

52 
61 

95 
100 

100 ..... ..... ..... ..... ..... Sta. 70. 
Sta. 81. 

Section D 
10·:008..m. •.......••
 6 62 ETH. no. 1. 0)

Nov. 21, 1955•• 32 2,290 10019393 91 97 
10:00 a.s. .........•
 E:'m no. 2.2,46032 393 5 19 67 91 97 100 

~ 

10:00 a.lII.. Average or ETa no. 1 and ETR no. 2.32 2,380 62,530 19 64 91 100393 97 
2:35 p.lII.. ••...•.•.. 21 E'm no·. 1.38 2,560 67 100398 927 97 

ge2:35 p.llI. .•......•. 22 E'IR no. 2.2,590 a 66 92 10038 398 

http:�......�
http:��...�.�


•• •••• 

Tahl.. 1.~Part1cl.e-'s:1seanalyae8 ot suspeaded sedilltent, depta-1ntecr&ted saples, Midd1eLoup liiTer at ~, Kebr.--r~tj=.d 

-. 
MNsa:red 

Suspended eedblent 

Reaarkanat. ~ 

Vater 
.u.per

atUre' 
(~) 

... -, 

~ 
DeQUII 

diaeharge
(eta) . 

ConC«l
tratiOD 

(ppa) 

Suapended
sediaent 
dUcba~ 

(t.ou per 
day) 

Percent tiner than indicated aize, 
in wi)] ill8tera. 

0.062 ( o..usl 0.250 losoo 11.990 12•000 

Section D--Continned 
No"7~ 
Jan~ 

211, 1955.. 
7, 1956••• 

2:)5 p.M. 
2:SO p.m~ 

J8 
)2 

398 
410 

2,$80 
2,840 

2,770
••.•...... 

8 
5 

22 
18 

66 
62 

92 
80 

98 
92 

100 
.100 . 

Average or ETR no. 
E'I'R no. 1. 

1 and Em no. 2 

.. 2:50 P.m.. 
2:50p.m. 

32 
32 

410 
410 

2,650 
2,740 

". .......... 
3,030 

8 
6 

23 
20 

70 
66 

87 
84 

92 
92 

.100 . 

.+00. 
E'm no. 2. 
Average of ETR no. 1 and Em no. 2 

J·an et .8....... ~ ••• 2:45 p.m. 32 412 2,7&:J ••• lII! •••••• 7 20 72 96 97 100 ~ no. 1.

2:45.p.1Il. 32 4l.2 2,670 .....•.... 8 21. 74 97 98 100 . ETR no. 2. 
2':45 p.lll. 32 412 2,720 3,030 8 20 73 96 98 100 Average ot ErR no. 1 and E'I'R no. 2 

Mar'J 7••••••.~ •• 2:45 p~m. 38 516 2,4.50 3,41.0 13 37 73 92 98 100 ETa. 
Mar'Jl 8•••••• •.•• 
~ .8~ •••••••.•• 

10:35 •••• 
9:20 a ••• 

33 
54 

479 
416 

2,750 
1,700 

3,560
1,910 . 

10 
4 

33 
21 

71 
68 

95 
92 

100 
99 

..... 
100 

ETR. 
Em. 

1:37 p.m. 59 408 1.240 1,370 6 23 . 64 89 98 100 ETR. 
Section E 

Sept.~ 1, 1955••
 
May 8, 1956••••
 

" 

.. 

9:00 a.m. 
2:50 p.m. 
2:50p.lI. 
2:50p.m. 
2:50 p.m. 

2:50 p.m. 
2:SO p.l'II. 
2:50p.m. 
2i;Op.... 
2:50 piollle 

. 2:.50 p.lII. 

2:~20 p.Rl. 
2:50 p.m. 
):15 p.m. 

58 
64 
64 
64 
64 

64 
64 
64 
64 
64 

64 

63 
64 
6~ 

... ...... 

......... .......... 
40S ..-.. ....... 

••..•.... 
408

•..•.....
.•.••...• 

408 

.. 408 

..•......

.•...•... ...... _.. 

315 
564 
172 
SOS 
557 

211 
505 
576 
192 
518 

S09 

1,060 
496 
153 

.••...•.•. .•...•.•.. .••......•
••..•....• ............ 
.•........ ........... .••...•..• .........•
.........• 
.. ' ·561 

.........• .........• 

....•..... 

25 
17 
.36 
18 
16 

56 
17 
15 
50 
11 

, 

17 

·8 
19 
27 

54 
53 
84 
54 
52 

90 
54 
52 
88 
54 

54 

31 
57 
69 

-'.' 

10092 
10096 
10099 
10096 
10094 

10099 
10094 
10094 
10098 
10094 

10095 

82 99 
10099 

100 ..... 

.....
 ..... 

..... ..... ...-.. 

..... ......
 ... -...'....
 ..... 

100 ......
 ..... 

.....
 ..... 

..... .....
 ..... 

..... ...... ..... ..... ....-.
 

...... 

.....


..... 
~ 

..... 

ETR.
 
ETR no. 1., sus. l.4 to 95.
 
ErR no. 1, s t.as. 98 to l64..
 
ETR no,. 1.
 
ETa no. 2, st.as. 1.4 to 95~
 

ETa no. 2, stas. 98 to 164.
 
E'!'R no. 2.
 
ETR no. 3, st.as. l..4 to 95.
 
ETR no. 3, sus. 98 to 16L.
 
ErR no. 3.
 

Avenge ot ETR no. ~, E'I'R no. 2, an 
ETR no. ). 

Nine lSaIIIples, ata. 35. 
Nine sample s, zrt.a. .59. 
Nine 8"pJe 8, s-t.a. 98. 

CJ) 

r.Jl 

_ ........ ...._ ........ ~~..-........~..r-.
 ... __ ,,,._ "'~,-,,._.__ ~ •. ,.~'_r" ' ~.,~_.,._.._,.. _ _: _, , -r - - -,.,.-.,,-~.,•••__ •• - - •." --4• ._ =~..:;.;::~'-"=-""-'=-.,.--""o:-"'~.".- "'" 



. !'able 2~ca-8i.. ~. or su-a>ooded MdilDllnt, point-integrated uap1u, l!iddl.o ~ Rift!' at. Dwming, lI.br. 
~pl1cate .-p1_ collected 1I1th DH-4~ aedaent 1&Illp1er haYing 3/1.6-1n. lIozzle. Method of analY!lu, T1,sual ,aeeumul~i.OlJ tube;] 

-
Suspended aedlllent 

Vat.«r J!4Iaau.cl rotal Sampling point Pet'QIDt filler tt.D indicated ai•• ,
Date n.. ~ 

.. vater Sulpllng depth 
Velocity 1 Nou1e ConceD in nl11Aetererl\:1re discharge nation (ft.) "fe1ocity 2 

Depth 
tration 

0.062 I 0.125 I 0.250 I 0.500 1 1 •000
. (or) (cra) (rt/lee) 

(rt/aec) 
(ft) 

(ppm) 

Sect.ion ~ 
IOT~ 2Ji, 195$.. ):)0 p.~ 

3:)0 p.a.
3:)0 p.a.. 
3:)0 p.a. 
3:30p.a. 

38 
38 
38 
38 
36 

398 
398 
396 
398 
398 

22 
22 
22 
22 
22 

1.5 
1..5 
1.5 
1.5 
1.5 

2.33 
2.33 
2.27 
2.22 
2.22 

' 2.62 
2.35 
2.67 
2.75 
2.58 

0.3 
.6 
.8 

1.0 
1.2 

~~ 
6)0 
732 
6n 

30 
23 
19 
17 
IS 

.~~ 
42 
39 
38 

98 
98 
96 
93 
92 

100 
100 
100 
100 
100 

...... ....... ...... ....... ...... 
4:00 p.a.
h:OOp••• 
4:oop... 
u:oo P". 
h:oop.... 

38 
3'8 
38 
38 
38 

396 
398 
398 
398 
398 

40 
40 
40 
hO 
hO 

1.1 
1.1 
1.1 
1.1 
1.1 

1..96 
1..64 
1.h4 
1..38 
1..24 

2.46 
2.:37 
2.15 
1.69 
1.51 

.3 

.45 

.6 

.75 

.8 

SOO 
681 
820 

1..060 
1..120 

-
23 

.21 
18 
15 
12 

61 
5'9 
5'7 
li9 
46 

99 
99 
98 
97 
96 

100 
100 
100 
100 
100 

iiI.e. ••• ...... ...... 
•... 4). 
••••• 00 

k:lSp"." 
luIS' p... 
4:15 p••• 
br15 p••• 
4:15 p.:a. 
4:15 p... 

J8 
J8 
38 
38 
38 
J8 

398 
398 
398 
398 
398 
398 

54 
S4 
54 
S4 
S4 
S4 

1.6 
l..6. 
l.6 
1.6 
1.6 
1.6 

3.96 
3.7) 
3.60 
3.64 
3.47 
3.31 

4.05 
4.21; 
4.22 
4.58 
3.93 
2.47 

.3 
oS 
.7 
.9 

1.1 
L3 

1,050 
1.J60 
1,440 
1,430 
1,880 
3,650 

12 
10 
8 
9 
7 
4 

45 
u 
36 
J8 
33 
19 

91 
89 
90 
87 
86 
75 

100 
100 
100 
100 
100 

91 

_ ... a •• ...... ...... ...... 
.~it ••• 

1.00 

.. 

.. 
4:)0 p.-. 
h:)O p.a. 
lltJO paa.
1&:)0 pea. 

. 4:3' P~IIl. 

4:45p.a. 
4thS p... 
h:4S p..... 
4t4S.p... 
4t45 p.~ 
h:45 p.a. 

38 
J8 
38 
38 
38 

J 

J7 
37 
J7 
37 
37 
J7 

398 
398 
398 
398 
398 

398 
J98 
398 
398 
398 
398 

68 
68 
68 
68 
68 

82 
82 
82 
82 
82 
82 

1.3 
1.3 
1.3 
1.3 
1.3 

1.S 
1.5 
1.S 

. 1.5 
1.5 
1.5 

t •••••••••
.•.•.•...• 
"........ ~

••...•.•.
•........ 
........• 
••••••• 11>.
•..•.....
...•.....
..•.•.•.• 
••• e-a •••• 

5.67 
S.53 
5.62 
5.12 
4.90 

4.68 
$.02 
4.98 
4.64 
4.59 
4.36 

.2 

.4 

.6 

.8 
1.0 

.2 

.4 

.6 

.8 
1.0 
1.2 

970 
1,100 
1,600 
2,070 
3,8lO 

473 
528 
606 
810 

1,110 
1,930 

13 
13 

7 
6 
3 

22 
22 
17 
12 
9 
5 

48 
46 
35 
30 
18 

55 
54 
h6 
40 
32 
22 

99 
99 
98 
97 
86 

99 
100 

99 
97 
94 
88 

100 
100 
100 
100 
100 

100 ...... 
100 
100 
100 
100 

...... ...... ........ ...... 
e ••• 9O 

...... 
•• eo •• ...... ...... ...... ...... 

Mar. a, 1956.~ .. 11t1S a... 
11:15 a... 
U:15 •••• 
11:15 .... 
Ur15 a.lIl. 

35 
35 
35 
35 
35 

479 
479 
479 
479 
479 

17 
17 
17 
17 
17 

1.4 
1.4 
1.4 
1.4 
1.4 

4.78 
4.68 
4.50 
4.10 
3.5# 

. 
4.27 
4.90 
4.42 
4.38 
4.02 

.3 
oS 
.7 
.9 

1.1 

615 
. 866 
1,170 
1,670
3,140 

44 
31 
24 
18 
10 

eo 
70 
63 
54 
34 

100 
100 
100 

99 
93 

..... ..... ...... 
100 
100 

...... ...... ....... ...... ...... 
4. Measured 111t.h Price eurnnt -eter.
 
2 Co-puted. trea TOl_· Or allllp1.J the otcollect.1.on and arM ot noszle. 0)
 

0) 



Table 2..--hrticl~.be Clal1"8411l of llUapended IIedllllent, point--integrated /laJnples, Middle Loup RiTer at IWming, Nebr.-Cont1.Dw!ld 

.. 

Date Tae 

W.ter 
temper-

atUl"1l 
(oF) 

~ 
water 

diseharge 
(cIs) 

SBIlIpling 
station 

raUl 
depth 
(ft) 

SU8pended /le<11ment 

Saapl1ng point PereeDt finer than 1n<ticate<1 rlh. 
in llri.ll1aeteNI 

0.062 I 0.125 I 0.250 I 0.500 1 1•000 
Velocity 1 I Noule IDepth IGoncel\
(rt/sec) Tel~tty 2 (rt) tration 

(rt sec) (P>:t'l) 

Section 1\-Continued 

'Section ~ 

!!.ar. 8, 1956••• 11:05 a.lIl. 34 479 >h 1.3 4.78 h.48 . 0.3 856 32 73 100 ..... ...... 
11105 ••IIl. 34 479 3h 1.3 4.78 4.53 .5 l,b80 20 59 99 100 ..... .,. 
11:05 ..m. 3h 479 3h . 1.3 Ii. 59 4.35 .7 1,860 15 53 98 100 ...... 
11:05 a... 34 479 ).4 1.3 4.30 h.53 .9 2,600 12 4U 94 100 ...... 
11:05 a.JL. ).4 479 34 1.3 3.92 3.88 1.0 3,930 9 35 91 100 ...... 
11:00 a..m. 3h 479 46 :L.2 b.68 4.b3 .3 960 29 68 100 ..... ........ 
11:00 a.m. 3l! 479 46 :L.2 4.50 4.55 .5 1,480 19 58 98 100 ...... ~. 

11100 ".lll., 34 479 46 1.2 4.20 4.54 .7 1,820 16 53 99 100 ...... 
11:00 &'111.. 34 479 46 1.2 3.68 3.30 .9 b,01O 10 33 92 100 ...... 
10:50 ..... 34 479 69 1.6 3.47 3.43 .4 938 2.8 63 99 100 ...... 
10:50 .... 34 479 69 1.6 3.40 3.79 .7 1,130 25 55 96 100 ...... 
10:50 .... 34 479 69 1.6 3.32 3.01 1.0 1,350 21 51 92 100 ...... 
101'iO a... ).4 479 69 1.6 3.09 3.11 1.3 2,b60 12 38 92 100 ...... 
10:35 a.m. 33 479 82 2.4 4.30 4.03 .3 779 34 74 99 100 ........ 
10:35 a... 33 479 82 2.4 b.20 4.04 .6 1,050 25 62 9E 100 .8 •••• 
10:35 ..... 33 479 82 2.4 4.01 4.28 .9 1,200 24 62 96 100 ...... 
10:35 "Ill. 33 479 82 2.4 3.76 b.23 1.2 1,390 20 58 97 100 •• 51 ••• 

10·:35 a ... 33 479 82 2.4 3.32 3.98 1.5 1,630 17 54 93 100 ...... 
10135 ...... 33 479 82 2.4 2.71 4.06 1.8 1,910 15 50 92 100 m" ••• f) 
10::35 a.lIt. 33 479 82 2.4 1.$7 3.32 2.1 2,700 12 39 83 100 ...... 

1.6 28 10011135 a.IlI. 3.80 3.07 0.3)lOT. 24, 1955•• U ..... ......393 413 5835 
3q3 1.6 3.82 10011:35 a.m. 3.64 693 17 47 ..... ......11 .535 

111.6 .8 1,0101113~ a.llI. 3.39 3.60 39 100 ......14 9935 393 
1.6 1.1 10lit 2.92 1,150 100 ......11:35 a..!II. 393 97- 3.43 3535 

281.6 100 .......
2.38 3.50 1.3 1.h2011:35 aol't. 393 11 7 9535 

1.6 10011:25 &.!L 393 4.% 19 ..... ......5.31 .3 603 573035 
11:25 a.!I-. 1,010 1230 1.6 • 4.134 5.31 100 ......393 .5 45 9935 
11125 a.!II. 1,240 10030 1.6 5.11 .74.72 9 4135 393 99 .... -.
).1:25 a.... 39) 1.6 5.011. 1,670 100 ......30 4.51 .9 7 35 9435 
11:25 a.a. 1.6 4.21. 1.1 2,110 6 100393 30 ......4.7J 29 9035 

)011:25 a~!ll. 3r; 4.121.6 1.3393 3.96 3,250 4 19 83 ioo ...... 
11:45 ••m. 42 1.6 4.61 4.98 100 ...... ......35 393 .3 745 17 57 
lil45 a.,.. 42 1.6 4.61 5.18 12 1001,06035 393 .5 49 ......99 
11145 a.!II. 42 1.6 4.61 5.01 10393 .7 98 10035 44 ......1.330 
11:45 ad. 1.6 4.40393 42 4.74 100.9 1,710 8 ......35 39 97 

, 11:45 a.lI.. 1.6 1.142 4.13 4.48 2;).40 100393 435 97 ......JO 
11145 a.... 1.6 3.66393 1.335 42 3.85 25 100 ......3,640 4 92 

(]) 

-.'l 

1 X.aaureci with Price currerit rseter.
 
2·· Co;.pated. rrQa Yo1~e or aUlpl.e, tL_ o.f collection and a:re.a of nonle.
 

•.•• ~.• _.•_," .~ ~ _._ "--.....,...= '_~ .....- , t, ,.· ,- ,~ ' ~..",..,...,.- ~, .•••• -'''I,.- .•~ ••• ' ..., ,._~.:: '- - -..... ".. .. . '-,. • •...- ,.,...- ,.'w 
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T.ble 2.-~ticle-S1zeanalysesor IrUspeoded lIedb1ent, pOint-integrated samples, Middle Loup RiTer at I>anning, l{e~.-Cont1.n-.i 

Date 'rae 
Water 

temper
at1lI"ll 
(1)1) 

Me~ 
lfllter 

discharge 
(crll) 

S=pli~ 
.t.atlon-

Total 
depth 
(rt) 

Susoended sediment 
S:opllng point Percent finer th3o' indicated IIhe, 

in Ill:ill.llleten 

0.C621 0.125 r-0.250 I 0.500 \l.roo 
Velocity 1 
(rt/llec) 

No%osle 
velocity 2 
(tt./llac) 

Deeth 
I (it) 

Concell-
t(~)Q 
I

NOT. 24, 19'55•• li:5S a.a. 39336 54 
U:55 a.a. 39336 54 
li:S5·..... 393 5436 
11:55 a.m. 393 5436 

)6il:55 a.m. 54393 
11:55 a.m~ 36 393 54 

12,:10' p.m. 36 393 72 
12:10 p.llI. 72J6 393 
12:10 p~m. 393 7236 
12:10 p.J1I. 36 393 72 
12:iop.lIl. 72J6 393 

28\ran. 7, 1956••• h:35 p.m. 41032 
4:35 p.m. 2832 410 

284:35p.m. 41032 
4:35 p.m. 410 2832 
4:35 p.m. 410 2832 

4:20 p.llI. 32 410 46 
4:20 p.m. 410 4632 
4:20p.m. 32 410 46 
h:20 p.m. 32 410 46 
h:20 p.!ll. 32 46410 

h:l0 p.lI. 32 60h10 
h:10 poll.. 41032 60 
4:10 p._. 32 410 60 
4:10 p.1I4. 6032 410 
4:10 p.Il. 6041032 

3:55 p.m. 41032 70 
3:S5 p.!Il. 32 410 70 
3:55 p.1IIo 32 410 70 
3:55 p.lII. 41032 70 
3:55 p.m. 32 70410 

)140p.lll. 8132 410 
3:40 p.llI. 8132 410 

)23:40 p.m. 81h10 
)23:40 p••• 410 81 

410 '3:40 p.-. 32 81 

1, Meallured vith Pri Cll current meter. 

Section Cr-Conti=ed 

1.5 
~ 

4.31 4.35 
1.5 4.26 1<..72 

4.211..5 4.50 
4.041..5 4.73 

1.5 3.88 4.24••.......
1.5 3.49 

2 Conrputedtrom '!OluiDe or IIaIIlple.. +;1IIIe or collection and area or nozzle. 

''''''""",,_". ,.~·~·~_-~ ~L--:-""'_-''''-__·"~u..~~.e;.:.~,,,,----,- _-'''.>o"_'''''- .• ----".- ..-.~ ~.:- --,. 

3.6) 
2.67 
3.62 
3.82 
2.76 

1.77 
2.30 
1.82 
2.C6 
2.34 

3.49 
3.43 
3.21 
3.10 
2.87 

4.58 
4.26 
4.31 
3.39 
3.39 

4.96 
4.64 
4.68 
4.43 
3.60 

3.66 
3.63 
3.35 
2.91 
2.78 

:'.''. ..........
 

1.4 
1.4 
1.4 
1.4 
1.4 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.8 
1.8 
1.8 
1.8 
1.8 

1.13 
1.8 
1.8 
1.8 
1.8 

1.9 
1.9 
1.9 
1.9 
1.9 

3.55 
3.51
3.47 
3.39 
3.31 

1.84 
2.12 
1.96 
1.n 
1.84 

4.32 
4.16 
4.07 
3.76 
3.17 

h.96 
1<..86 
4.56 
4.12 
3.40 

5.52 
5.32 
5.02 
4.80 
3.39 

4.02 
3.98 
3.65 
3.40 
2.99 

_ ".~~ __~.9_-''''-''_ .~""_:"""~""''''''''' ..~'_''''_~'' ~..._.....~ ...,,- , ...... -. -......_- ..... '''-~ , ,..- ......... ----,
 

0.2 
.4 
.6 
.8 

1.0 
1.2 

.3 

.5 

.7 

.9 
1.1 

.3 

.6 

.8 
1.0 
1.2 

.3 

.6 

.8 
1.0 
1.2 

.3 

.6 

.9 
1.2 
1.5 

.3 

.6 

.9 
1.2 
1.5 

.4 

.7 
1.0 
1.3 
1.6 

' 

451 
553 
706 
808 

1,070 
2,090 

. 26 
23 
1.8 
17 
12 
6 

68 
63 
57 
52 
4h 
27 

476 
573 
633 
970 

1,900 

25 
20 
20 
13 
6 

62 
54 
55 
43 
25 

1,190 
1,170 
1,290 
1,330 
1,400 

17 
16 
16 
15 
14 

41 
)7 
38 
J8 
33 

676 
938 

1,070 
1,450 
2,060 

32 
22 
20 
14 
10 

66 
55 
51 
43 
32 

663 
1,040 
1,270 
2,130 
3,990 

30 
21 
17 
10 

5 

64 
57 
48 
34 
20 

706 
l,liO
l,4ho 
2,010 
8,620 

27 
18 
15 
10 
3 

62 
53 
48 
38 
11 

892 
855 

1,080 
1,140 
1,720 

22 
22 
18 
18 
15 

55 
54 
h9 
47 
J7 

97 
98 
99 
97 
95 
51 

98 
96 
97 
90 
72 

75 
72 
74 
72 
69 

99 
98 
97 
91 
84 

100 
100 

99 
97 
92 

100 
99 
99 
97 
70 

I 
98 
99 
98 
98 
90 

'" 

100 
100 
lOO 
100 
100 
100 

100 
100 
100 
100 
100 

100 
99 
99 
99 

100 

100 
100 
100 
100 
100 

..... ..... 
100 
100 
100 

.".... 
100 
100 
100 

98 

100 
100 
100 
100 
100 

.......
 ...... 

.......
 ...... ......
 ...... 

.......
 
••••• '!" ...... 
.......
 
....... 
.0 .... 
100
 
100
 
100
 ...... 
._o~c> 

••• w ... ·•.. '... 
.. 

...... 
• ee ••• 

...... ...... ...... 
"' ...... ...... 
...... ...... ...... ...... 
100 

.-..... ...... ·..... ...... ...... 0) 

():j 



fable 2.-parUei..a':ue ~.e. of ~ MdiMnt, point.-integrated aaaplea, Middle Ioup River at Damnng, Jlebr.-Coat1tm8cL 

Suapencied aed1aeit 
}{oanndWater Total SUpl~ pointwater Saap11ng Psrcen't t1ner tbm indicated .ise,teaper- depthTUeDate 

!lossl.discharge .ulloa Concen in .u.llJIetenrature (It) Velocity l Depth
('7) Ye1oclty2(ela) trat10a(It)(It/a..c) 0.062 I0.125 I 0.250 I 0.500 11•000(It/He) (PpIl) 

Seet1on~ 

,J &l!1~8, 19$5.•• hilS p.m. 
4:1, p.m. 

I' 4:l5'p.m. 
4:15 p.il. 

. 32 
32 
)2 
32 

412 
41.2 
IU2 
412 

26 
26 
26 
26 

0.9 
.9 
.9 
.9 

•.....•.•
•.....•.. 
...... II ..........

••...•..• 

2.31 
2.88 
2.99 
3.04 

0.3 
.k 
.s 
.6 

78) 
864 
763 

1,01.0 

21 
19 
2l 
16 

$1 
51 
S3 
h4 

92 
92 
94 
88 

1.00 
100 
1.00 
1.00 

........ 

...... ...... 

......... 
4:05 p.m. 
4:05p••• 
4:05 p... 
4:0$ p••• 
4:0$p••• 
4:oS p.a. 

J2 
32 
J2 
32 
32 
32 

412 
412 
412 
412 
412 
412 

43 
43 
43 
h3 
h3 
43 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

4.90 
4.80 
4.96 
4.55 
4.16 
2.99 

3.91 
4.02 
3.68 
3.41 
3.32 
2.47 

.) 

.6 

.8 
1.1 
1.'4 
1.7 

713 
82) 

1.2]0 
1.420 
2.050 
2•.IUO 

22 
20 
l.4 
12 

9 
7 

53 
49 
40 
36 
28 
~ 

99 
96 
92 
92 
89 
83 

1.00 
100 
1.00 
lOO 
100 
100 

...... ...... 

......... ...... 

.....' .. 

........ 
3:50 pea. 
3:50 p~ 

32 
32 

412 
412 

54 
54 

2.1 
2.1 

4.60 
4.42 

4.32 
4.21. 

.3 

.6 
574 
991 

2B 
lB 

61 
50 

100 
99 

..... 
1.00 

...... ...... 
3:50 p.m. 
3:50 p.... 
3:5Op... 
3:50p.m. 

32 
32 
32 
32 

412 
412 
412 
412 

54 
54 
54 
54 

2.1 
2..1 
2.1 
2.1 

1;..26 
3.98 
3.61 
3.21. 

3.$6 
3..45 
3.31 
3.07 

.9 
1.2 
1., 
1.8 

1.440 
1,480 
1,970 
2,670 

II 
II 

9 
6 

39 
38 
31 
2k 

98 
97 
94 
92 

100 
100 
100 
100 

........ ...... ...... 

.... .... 
3:45 p.... 
3:4, p.m. 
3:45 p.m. 
3: 45 p.M.,. 
3:45 p.m. 

32 
J2 
32 
32 
32 

412 
412 
412 
412 
412 

67 
67 
67 
67 
67 

1..7 
1.7 
1.7 
1.7 
1..7 

~.12 
3.98 
3.84 
3.80 
3.58 

2.63 
2.70 
2.41 
2.92 
3.07 

.3 

.6 

.8 
1.1 
1.4 

1,030 
1,160 
1.350 
~310 
1.700 

16 
12 
13 
12 
8 

39 
37 
34 
34 
28 

91 
87 
84 
87 
86 

100 
100 
100 
100. 
100 

...... ...... 

...... 

....... ...... 
3:30 p.m. 
3:30p.m. 
3:3O p..m.
3:30 p.... 
3:.30 p.~ 

32 
32 
32 
32 
32 

412 
412 
412 
412 
412 

78 
78 
78 
78 
78 

2.1 
2.1 
2.1 
2.1 
2.1 

3.50 
).34 
3.2'2 
3.:1:3 
2.83 

3.04 
3.16 
).04 
3.76 
2099 

.3 

.6 

.9 
1.2 
1.$ 

353 
502 
732 
624 
8h4 

38 
29 
23 
25 
19 

74 
67 
56 
58 
54 

100 
100 
100 
100 
100 

..... ..... ..... ..' ... ..... 

...... 

...... 

...... ...... 
••••• 4> 

3:30p.m. 32 412 78 2.1 2.50 2.69 1.8 1.450 11 h4 100 ..... ...... 
Hu. 7•.••••••• 3:55 p.lII. 

3:55 p.m. 
3:55 p.m. 
3:55 p.m. 
3:55 p.m. 

40 
40 
40 
40 
40 

,16 
516 
516 
516 
516 

28 
28 
28 
28 
28 

1.6 
1.6 
1.6 
1.6 
1.6 

2.24 
2.18 
1.87 
1.72 
1.41 

3.29 
3.59 
3.77 
3.61 
2.36 

.2 

.4 

.7 
1.0 
1.3 

592 
670 
747 
790 

1,160 

50 
45 
40 
38 
28 

81 
79 
76 
71,7 

98 
99 
97 
93 
87 

100 
100 
100 
100. 
100 

...... ...... ...... .... '.. ...... , 

0:. 
1 !'Ieuured with Price current J1l8ter. (0 

2 Computed trom volume of sample, time of collection and area of nOllSle• 

...-r:..... f'_""'~ ...... ..,-. '7 ~ 'or "'S' .!G..... .~ -,., ." •. _ - ......_... "'-•. '"1::"'>. ....... _ .~...'-'"'.• ....".,....••- .. .... ...• .•.-~;._ .•. _·-:~~.:tl"'·-· -..~~ '~'- '"~ .... ·.-~"c-~~··..-n".u....,,-~~~.-~·.,,~··"'·--- ~!-""'''''''CZY' • 
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Table 2.-Part1cle...s:1." anaJ.;yaell or ~ sed1.IIel:tt, pa1Jrt.-1Jd.egrated llUIplall, Middle LollP !LiTer at Dwming, lebr_CoatiJmeci 

Suspended sedbtent 
W.ter Measured Total Sampling point Peres:!.t. t1ner than indi.cated aile,

Date 'rj,., .~. lI'ater Sampling depth liou1e Concen in lIi.l.l1.IIletera.ato.re discharge ·atat,1oc. ( rt) VeloclVl YeJ..oc1ty 2 Depth trat10n 
0.062 I0.125 10 •250 I 0.500 11•000(OY) (cts) (tt/:sec) 

(tt/s~) 
(tt) (ppm) 

Section C2 Continued 

Mar 
. 

• 7,.19 56••• 3:45 p.m. 40 516 47 1.8. 4.50 4.27 0·3 871 J6 73 99 100 ...... 
3:45 p.m. 40" S16 47 1.8 4.30 3.65 .6 959 35 70 99 100 ...... 
):45 p.m. 40 516 47 1.8 h..Ol 3.88 .9 1,260 28 61 94 1.00 • • 0 ••• 

3:45 p.m. 40 516 47 1.8 3.92 3.76 1.2 '1.,330 25 57 93 100 ...... 
3:45 p.m. 40 516 47 1.8 3.32 3.68 1.5 1,610 21 52 89 l:Xl ...... 

3=30 p••• 39 516 58 1.8 5.49 6.08 .3 886 37 13 100 . ..... ...... 
3=30 p.a. 39 516 58 1.8 5.23 5.72 .6 1,180 29 68 100 ..... ...... 
3:30 p.m. 39 516 58 1.8 4..89 4.58 .9 1,710 2Q 51 99 100 ...... 
3:)0 p.lII. 39 516 58 1.8 4.59 4.86 1.2 2,170 17 56 98 100 ...... 
3:30 p.m•. 39 516 58 1.8 4.10 4.43 1.5 3,280 13 45 96 100 ...... 
):20 p.ni. 39 516 70 2.0 5.62 6.0) .2 895 37 78 100 ..... ...... 
3:20 p.m. 39 516 70 2.0 5.49 5.61 S 1,340 27 63 100 ..... ·..... 
3=20 p.m. 39 516 70 2.0 5.36 5.61 .8 1,630 21 58 100 ..... ...... 
3:20 p.m. 39 516 70 2.0 5.23 5.50 1.1 1,810 19 54 99 100 ...... 
3:20 p.m~ 39 516 70 2.0 4..68 4•.70 1.4 2,660 14 47 95 100 ...... 
3:20p.m. 39 516 70 2.0 3.92 3.54 1.? 3,480 10 .39 90 100 ...... 
3:10 p.m. 39 516 81 2~2 4.30 4.12 .3 1,080 .32 66 100 ..... ...... 
3=10 p.m. .39 516 81 2.2 4.20 4.07 .6 1,170 )0 62 99 100 ...... 
3=10 p.m. 39 516 81 2.2 4.10 3.21 .9 1,540 30 55 99 100 ...... 
3:10 p.M. 39 516 81 2.2 3.76 3.33 1.2 1,270 25 57 96 100 ....... 
):10 p••• 39 516 81 2.2 3.54 3.53 1.5 1,640 21 54 97 100 ·..... 
3=lC p.... 39 516 81 2.2 3.09 3.28 1.8. 2.110 19 46 93 100 ...... -

1 Mea.aured vith Price eo.rlent meter. 
2 Go-pated fro• .-ol~ or sample, time ot collection and area o! ~e. 

-J 
o 

......=.¥:7"'." .. "'~ _--...._ .-..,..._ ., ,¥ ,,_ •••••- .. _, -,~ - , •• ~, '-' , ".', '.1.' ~..""""'• .,.."..". 
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Kay 8, 1956••• 1.1& U6 ........ 0 2 U 83 91 94 97 100 •• a-a •• 5V Composite 
eoliecteKi at lo-rt. intervu8 
1"r0lll stas. 20 to liO and sias 
320 to 350. .

table 3.-Particle-aise &D&lTaea or bed IIllterial, Kidd1.e Loup R1Yer at IJtmniJlg, Nebr. 
. ~ or ~t S. ai.eft; V. visual acCWllU1ation tUbeJ . 

Date 
lhmber 

or 
Slllllplee 

Keuured 
inatanta

neoua 
discharge 

(cr.) 

Mean. 
nlod.ty 

(tpa) 

Bed _terial 
Metboda 

or 
C\al7eia 

a-&rlc.
Percent fi.Der than indicated Ibe, in Jdllt.eterl 

0.062t 0.125 .1 0.250 I 0.,00 11.·000 1 2•000 1 4•000 I 8.000116•000 

Sect1ca j. 

Section ~ 

Same sample used for both analyses. 

or "'in. core .-ples 

NOT. 24, 1955. 1 398 ........ 0 1 49 93 99 100 ..... ..... ...... SV 
1 398 ........ 0 4 53 92 97 98 100 ..... ....... sv 
1 398 ........ ..... 0 7 59 85 90 95 100 ...... sv 
1 398 ........ ..... 0 16 82 99 100 ..... ..... ...... SV 
1 398 ........ ..... a 19 95 100 ..... ..... ..... ...... V 
5 . 398 ........ .. 0 1 29 84 96 98 99 100 ...... sv 

Mar. 8, 1956•• 1 479 ........ a 4 40 97 100 ..... ..... ..... ...... S 
1 479 ........ 0 2 40 96 100 ..... ..... ..... ...... V 
1 479 ........ 0 6 50 92 99 100 ..... ..... ...... S 
1 479 ........ 0 4 52 92 99 100 ..... ..... ...... SV 
1 479 ........ 0 2 27 B2 96 100 ..... ...... ...... S 
1 479 ........ 0 1 24 75 98 100 ..... ..... ...... SV 

1 479 ........ 0 6 62 97 99 100 ..... ..... ....... 5 
1 479 ........ 0 3 60 96 99 100 ..... ..... ...... 5V 
1 479 ........ 0 2 24 71 85 92 96 100 ...... S 
1 479 ........ 0 1 21 68 85 92 96 100 ...... 5V 
5 479 ........ 0 4 41 88 96 96 99 100 ...... S 
5 479 ........ 0 2 39 85 96 98 99 100 ...... SV 

17 479 ... ~ .... 0 4 38 83 92 95 97 100 •••••• S 
17 479 ........ 0 2 )3 80 90 95 97 100 ...... SV . 

1 479 ........ 0 1 11 JO $2 72 88· 100 ...... S 
1 479 ....... ....." 0 5 34 84 91 100 ..... ...... ...... S 
1 479 ......... 0 2 12 48 Bl 91 100 ..... ...... 5 
1 479 ........ 0 3 63 100 ..... ..... ·.... ...... ...... S 

1 479 ........ 0 9 50 96 100 ..... ..... ..... ...... S 
1 419 ........ 0 12 66 98 100 ..... ..... ..... ...... S 
1 479 ....... .. 0 4 39 97 100 ..... ..... ..... ...... S 
1 479 0 2 JO 96 . 100 ..... S......... ·.... ..... ...... 
1 479 ........ 0 6 40 91 99 100 ·.... ..... ...... S 
1 479 .......... 0 2 30 81 92 96 100 ...... ...... S 

Sta. 22.
 
Sta. 40.
 
Sta. $4.
 
Sta. 68.
 
Sta. 82.
 
iverage or ataa. 22, 40, 54, S8,
 

82. 

} Su. 18, core sample" 1 

) su. 34, core sample. 1 

) sta. 53, core l&llp1e • 1 

} Sta. 67, core sampl.e. 1 

) Sta. 82, core sample. 1 

} Average or sus. 18, 34, 53, 67 
and 82. 1 

) Composite or ~in. core samplu 
collected at 5-rt intervals. 1 

Su. 10, disk .-pla. 
Sta. 15, disk S8IlIpla. 
Sta. 20, disk sample. 
Sta. 25, disk lIUIPl.e. 

sta. )0 , disk aaaple.
 
Sta. 35, disk &alJIple.
 
Sta. 40, disk sample. -:J
 ,.....
Sta. 45, disk sample. 
su. 50, <liek sample. 
Sta • 55, disk BaI'!lple. 

1 



Table J.-Partide:aiSe anal:1'aes ~ bed. _terlal, Middle Loup RiTer at Danning, Nebr.-Cont1~ 

Date 
NUlllber 

or 
aaaple. 

Me",sured 
instanta

neous 
discharge 

(eta) 

Mean 
velocity 

(rp:s) 

Bed _terial 
Ketb:tds 

or 
analJ"a1..a 

a-arlaPereent t1ner than indicated siz., in .tl~t6ra 

0.052 10.125] 0.250 10.500T1.0001 2•000 T4.000 18.000 1 16•000 

Sect1oo~~ 

Mar. 8, 1956•• 1 
1 
1 
1 
1 

15 

479 
L.79 
479 
479 
019 
079 

........ ........ ........ ........ ......... ........ 

0 
0 
0 
0 
1 
0 

2 
1 
6 
3 

,7 
4 

2!l 
33 
61 
41 
58 
40 

82 
93 
99 
99 
99 
86 

94 
97 

100 
100 
100 

9L. 

96 
98·....·....·.... 
97 

100 
100 
..... 
..... ..... 

99 

..... ..... 

..... 

..... ..... 
100 

...... ...... ...... ...... ...... ...... 

S 
S
S 
S 
S 
S 

Sta. 60, d:1sk llallIp1.e. 
su. 65, d:1ak sample. 
St.a. 70, di.U ~. 
su. 15, di.aIc a.=:ple. 
Sta. 50, dUk aampl.e. 
Average. or st.a.a. 10 to 80. -

Section ~ 

Nov. 24, 1955. S1 0........
 6 1.00 ..... ..... ......79 .....
 .....393 Sta: ll~J core SUIp1eV 
1 
1 ........
 0 10080 ..... ..... ..... ..... ......393 5 ........
 a 100 S.....393 ..... ......5 16 93 99 

Sta. )0, core sample1 ........
 Va .....393 L. 100 ..... ..... ...... 5<> 95 ..
1 ........
 0 2 42 100 S..... ......393 83 9996 Su. 42, core samplel. ........
 20 SV1.00 ..... ......393 83 9836 96 

1 ........
 0 2 S10032 ..... ..... ..... ......393 99 
} Sta. 54, core sanpl.tl1 •••••• a·. 0 -V)93 1. 100 ..... ..... ..... ......9933 

1. ........
 0 1 20 S100393 85 ..... ......98 99 S.t&. 72J core hlll.ple.......
1 ........
 0 16 sv88 100 ......- ......393 98 99 
J.~ r4 atas. 1L., 

5 
0 S........
 10044 ..... ..... ......5 393 923 99 

SV and 72. 1 
5 

........
 20, 100 .....393 99 ......43 93 99 
2 S........
 0 Composi~ or disk sa 

a-taa. 14, 30. 42, 
92 100 ... ....
44 98 .....393 97 

rCo.ponte ot ~1n! e-100Jan. 1, 1956•• 10 S410 ........
 1 11 40 ..... ......94 99 99 
co1lectedat2-.rt 1.nter'r.ais10 SV410 .........
 0 8 100 ..... ......41 91 9999 

I trOa stU. 11 to 2 
10 [COmposite or ~in. c0 1 S410 18•••••• e.* 100 ......85 9897 99 collected at. 2_ttSV10 0.... ....
 .....410 10014 83 97 98 ......99 

rI"Olll st&8. ;: to 1. 
[Composite or in. cS210 82 100 ..............
 a410 94 9835 99 collected at .2-t'tSV2 8210 0 100 ......30 98410 94 99•••• • II! .'. trom stllll. 51 to 6 

10 S [ Composite or ~in. 01. 10 100hlo ........
 56 92 9896 96 97 
collected at 2-.ttSV10 ........
 0 6 52 92 100410 9896 96 97 
!'rom st&s. n to 8 

L.o 0 6 ShlO ........
 88 98 100 ......37 96 99 } Average of stas. 1140 SV 
1 

........
 0 100410 4 87 98 ......34 96 99 
.. 0.25 1) S410 100 Su. 11. di.sk sample

1 
..... ..... .....94 ..... ......n 

6 100 •••.e;. S410 1.16 98 ..... ..... ..... Sta. 13, disk. sample
1 

......54 
410 ........
 0 12 S..... ...... Sta. 15, disk 6&Ilple100 .....96 •• e.••58 

42, SU, 

trelll 
d n. 

samples 

a.mple s 
rvala 

samples 
ervalB 

up1ea 
rvals 

-J 
N 

.arialvsp.R. 

1 



t'abl.e 3.-Part:i;cle-.n-se ~ or bed materlaJ., Kiddl.e ~up Rber at IJlmn1nfi.J He~~~ 

Date 
NtDIber 

or 
SUlples 

K.eaeured 
instanta

neous 
discharge 

(era) 

Mean 
'nl1oeity 
(fP~ 

Bed _terial 
Methpda . 

or 
analysis 

a-aru 

-
Percent t'1.ner than indicated sbe, in aU1imeterll 

0.06210.125 10.;'0 1;·500 11.00012.000 1 4•000 \8.000T16.000 

Sect.ioo Cz-Ccntinued 

.Jan. 1, 1956•• 1 410 2.10 - 0 6 81 100 ..... .. ~ .. ..... ..... ...... S 
1 410 ........ 0 14 78 99 100 ..... ..... ..... ...... S 
1 Uo 2.92 0 .5 38 67 78 82 82 100 ...... S 
1. 410 ........ 0 1 13 61 79 85 92 100 ...... S 

"1 41.0 3.29 0 4 4J 96 100 .'..... ..... • •• e·. ...... S 

1 Ial.D ........ 0 2 15 80 98 100 ..... ..... e ••••• S 
1 410 3.21 ..-... 0 10 93 :lOO ..... ..... ..... ..•..• S 
1 hlo ........ 0 6 .53 100 ..... ..... ..... ..... ......... S 
1 JUo 3.21 0 8 70 100 ...... ..... ..... .••.. ...... S 
1 h10 ......... 0 5 k9 96 100 ..... ..... ..... ...... s 

1 410 3.43 0 2 )6 100 ..... ..... ..... ..... ...... S 
1 410 ........ 0 1 20 98 100 ..... ..... ..... ...... S 
1 410 3.80 0 2 40 98 100 ..... ..... ..... ...... S 
1 Uo ........ 0 4 31 67 77 88 100 ..... ...... S 
1 410 3.80 0 1 II 80 100 ...... .'.... ..... 0 ••••• S , 

1 410 ........ 0 4 45 97 100 ..•.. ..... ..... ...... S 
1 410 3.80 ..... 0 lD 68 96 99 100 e •••• ...... S 
1 4lD 3.80 0 1 13 85 99 99 100 ..... ...... s 
1 UO ........ 0 1 32 98 100 ..... ..... ..... ...... S 
1 4lD ........ o '. 1 31 99 100 ...... .-.... ..... ...... S 

1 410 3.98 0 1 22 93 100 ..... .. .... ..... ...... S 
1 410 ......... . 0 2 41 96 100 ..... ..... ..... ...... S 
1 410 ........ 0 1 42 100 ..... ...... .,. ... ..... .... -.. S 
1 h10 4.65 0 1 44 82 83 85 100 ..... ...... S 
1 410 4.7.5 0 1 30 64 70 86 100 ..... ...... S 
1 410 ........ 0 1 32 96 ~oo ..... ..... ...... ...... S 

1 4lD 4.90 0 2 52 93 94 96 100 ..... ...... S 
1 410 ........ 0 2 47 96 97 97 100 ..... ...' ... S 
1 410 4.85 0 1 26 74 92 97 100 ...... ...... . S 
1 410 4.75 0 2 28 69 77 80 81 100 ...... S 
1 410 ........ 0 1 31 84 92 94 100 ..... ._.......• s' 
1 410 4S5 0 3 49 98 100 .'..... •...... ... ... ...... S 

1 hlo 3.72 0 2 41 98 100 ..... ...... ..... .... ..• S 
1 410 ..... .... 0 3 36 94 100 ....... ...... ....... ...... S 
1 410 2.97 0 2 37 88 97 100. ...... ..... ...' ..... S 
1 410 1.96 1 23 83 100 ...... ..... ..... ..... .-..... 5 
1 410 .$7 2 32 98 1,00 ... ~. ..... ..... .'.... ....-.. S 

40 410 Y3.53 1 7 43 90 96 97 99 100 ......-. S 

2 Mean veloeity in eross netio". 

S.tA. 17, disk sample.
 
Sta. 19, disk sample.
 
Sta. 21, disk sample.
 
StA. 23, disk 8&Illpl8.
 
Sta. 2S, diak ABple.
 

Sta. 27, disk • Plpla.
 
Sta.. 29, dhk 8Dlp1e..
 
SU. 31, di3k s.3aple..
 
~ta. 33, disk sa:>!!ple.
 
Sta. 35, c.I:i.U SOUlpleo.
 

Sta. 37, disk sample. 
Sta. J9, disk SlllIipJ.e. 
St.a., 41, disk sample .. 
Sta. 43 ...... disk S&JIlple .. 
Sta. 45, disk sUiple. 

Seta. 47, disk sample. 
Seta. 49, disk sample. 
Sta. 51, disk sample. 
Sta. 53, di3k s.ample. 
Sta. 55, disk ~p1e. 

Sta. 57, dbk &al\Ipleo. 
Sta. 59, disk surple. 
Sta. 61, disksaJlpleo. 
Sta. 63, disk s&lllp1e. 
Sta. 65, disk sample. 
su. 67, disk sample. 

Sta. 69, dUksample. 
Sta. 71, di.sk Sample. 
sta. 73, disk sample. 
Sta. 75, clisk sample.• 
Sta. n, disk sample.• 
SUo. 79, dis:k salIlPleo. 

Su. 81, cliSk SlIIIIpleo. 
Sta. 83, disk sample. 
Sta,. 85, di:sk sample. 
Sta. 81, diu sample. 

-::I 
W 

S:ta. 89. dislt aamp1e.• 
.A._rage- p~ ~ U to 89. 

....,'"~ .v··....,-_·'· .. ,..~, ..,. "... ,........."•. _....",. '_,' "~.--:r ~"'"_'''_'', ...- .--" ... " ..~~. or



Table, 3.-PUti~ ~e•.of b«l aat4rl.~ Mtdd1e, .·.r.o1rpii;'er;,~&.t-. ;Illumbg. lebr.-Cont1n1lecl 
c,· 

!'eallQ...'"O(i 
~' 1n8t.ant&-

CIt '~d'... t 
sa:pl_' d18clJarge 

.. (eta) 

!'leu 
ftl~it;y 

(tp.) 

B3d. uterUl. 
"l	 Retl:oda 

~t t1n:ai-tw 1nd1C&te-\t~,.1Jl.~«n lor' I a-arlaI 

0, twS2 10.l2' lo.2St> i0.500 11 •000 i2.000 Ih.oOO18~000116•000 t~ 

~.·7 •••••••• I 

ij h12 
.'h12' 
U2412 . 

1 h12 
1 . 

1: 

1 
1 
1. 
1 
S 
S 

16 
16 

1 
1 

_1 
1 
1 
1 

1 
1 
1 
1,
 
5 

7 
7 

9 
9 

16 
16 

.. 11: •••••• ..........
 ....."...... 
.. .........
 ........
 ........
 
........
 .........
 ........'.
 
•••• c'.... ..........
 

. '...........
 
,.............
 .........
 
."•••,•.e •• .........
 ..........
 ........
 

; e,O •••••• .. ,......'. 
........
 ........
 ........
 ...... ..
 ........
 ........
 
........
 ........ ...
~ 

...,......,. .............
 

... .... ...
 .........
 

•.... .. ..... ...
 
0 .....
 

•..-0 .. 
0 .....
 
0 
0 
0 ........
 
0 
2 

0 
o!' ••• 

0 .....
 
0 
0 

0 
0 
0 
0 
0 
0 

5 
2 

0 
0 

'2 
1 

0. 
a 

•... 2 
0 
2 

··0' 

1 
0 
2 
1. 
1 
0 

7 
J 

1: 
0 
1 
0 
2 
1 

2 
2 
5 
2 
2 
1 

16 
16 

) 
2 

10 
9 

5eetion ~iJ:llMd 

12, , 9 
S4 

7 
8lJ 

Z1i 64 77 
~ 62 79 
32 65 84 
27 ~ 8S 

29 8J 93 95· 
27
41, 

80 
74. 

92 
?2 

97 
96 

32 74 92 96 
Z8 69 87 92 
23 67 66 92 

33 87' 96 .• 98 
37 ala. 9S 98 

12 69 92 97 
8 6":: 93 97 

10 62' " 67 93 
.9 61 88 93 
35 79 96 99 
30 '77 96 " hO .82 93 100 
40 80 98 100 
2$ 61 90 97 
19 sa 91 97 
24 n 93 97 
21 69 '3 97 

26 60 90 96 
26 63 ·91 96 

35 80 9S 99 
29 76 94 99 

30 73 92 98 
28 70 92 .98 

99 
99' 
90 
92 
94 
9S 

96 
99 
99 
99 
96 
97 

99 
99 

97"; 

99 
97 
91, 

-1.1.N 
1009,
 
98 
97 
98 

98 
99 

100 
.100 

96 
''99. 

'100 
100 

,99 
99 

100 
100 ........
<100 

...~.: .. .~ ... 

......
 
. ...-.. 

~ .100 '. 
'100'." 

99"
99' .' 

·99 
99 

100 
100 

100 
100 

.~'.~J; :.........
 
••• • 0 .. .....
 
100 
100" 

100) 
100 

,.... 
a •••• 

.....
 ......
 

...........
 
'..-' .-. ~ .. ' . 
'100.· 

100 
..	 100' 

locL 

100 
100 ......
.'......
 
100 

··'lOO· 

..•...,.
...........
 
" 

';~OO' 

100 .......
 .-..... ....-.....~ ....•. 
.'.-......... ....•....
 
.• ~tI: •••..•.....
 
••••• 0" .......
 
.......:.

."..... 
• ..... 0;• ......
 
.......
 ......: 

..
 
',5V 

S 
SV 
S 

SV 

S 
SV 
S
 
S7
 
S
 

SV 

S .' 
$V 

'5 
SV 
S 

SY 
s 

sV 

S 
' ST 

S 
sv 
S
 
SV
 

S 
sv 

' 
Sf 
S 

S 
SV 

sta. 26, core UlIlpU. 1 

Sta. 1i3, cor. -.urp1e. 1 

sta. S4. C01"lt ~ 1 

S~ 61~ core ltlIIIple.1.. 
.~ 18t core UIIl:pl.e.1 

J.'ftng"cr nu. 26. 1&3,54. 67. 
. and T8~ 1. . .' 

COmpodt.e .ot !-in. core A:IIp1•• 
collect~d at $-n 1JIt.er't'al8 
~ lJt&a. l2! t4 871.1

.",- . 
St.a~ 28, 'eon NllIpl._. 1 

Sta. hh, co~8~ple. I 

Sta';; ~6, ~·~•• l 

Sta.70, core .-ple.l 

Sta. 84, core PIliple. 1 

IT,,rage or st.as. 28, 4.4, sa. 70, 
apd 84. 1 

[CompoSite or ~in. cor" 88lIIpl.es 
- . coll~ at $-rt. intervalll 

.rrc- stu.. 10 toM. 1 

fCoaposite or 1-1L corellUlplelS 
.	 co118ctec1 at $-tt; 1ntarrala
 

troaa stAII.4S to 85. 1.
 

Average or etaa. 10 to es. 1 
-J 

412 

1&12 
412 
412 
4i2 
412 
412 

·412 . 
412 

S1.6 
S16' 
S1.6 
516 
516 
516 

516 
516 
516 
516 
S16 
516 

516 
Sl6 

·516 
,16 

Sl6 
516 

.p..
'1 s-e. 'MIIpl.e ._ed.to~both~~••• 



•••••••• 

Table 3~~Partic.l~aUe~a or beocl..terla1. !1Qi1.iI lQup i.her at ~,.!l4tbr.-eout1D1ed. 

. 
Date 

ltaber' 
a! 

.~cl 
in.-tan1.&

Di80u ' 
Me.an. 

-.e1oc1.~ 

Bedaaterial 
Me·thod:s 

ot 
anal)"aia 

Reaarka
Perc~nt !1ner'than indieated size, in lI1ll1Jletera 

,. ~] ... d1aeb&rae. 
(e~.) 

(rpa) O.~0621 0.12510.250 10 • 500 \1.0001 2• 000 14•000 18.000 116·~ 
Seetiol;l Cz-Coatimled- 

~a.,,,"~ S 
'S 

........
 16 1000 ..... ......~ .1 58 777, 19$6.•• 373516 ........
... e .......
 ..... .....0 100 .....$]:61 75 99 
S 

1 
.......".
2 .. ...... .............
 0 100 .....1 516 50 96 

S 
1 

100.. .......
 ........... 0 5214 7039 45516 
S0 1001 64 671h 9033516 .. .".... 
S2 100 ...:..... ... ..........
- 0 68 10 701 66Sl6 31 .. ...... S 

1 
...... 11 • • "•• 0 4B 96 100 ...... ~ 

1. 516 8hS 93 .......
 S 
1 

.......... .. ..... ..... ,.,~
 

0 100 .....516 17 98 
S100 ......0 00 ..... .............
516 96
 

1
 
3.'.0."" . 

1 

............
 5100 ..... ..
........
 ..... 0 .....997 92516 .. .......
 .........
 S......... ...
 0 2 100 ..... ......1 516 36 ~5 

s100 ..............
 ..... 0 ..... . .....1. 516 755 99 
- 516 ........
 0 ..... ......1 1 92 100 .....793 

S 
1 

.......
1. ........
 0 1 6 100 ..... .....516 52 94 
26 ,4 5........
 1 12 100 .....89 99516 .....'. 

S 

S 
16 

221. ........
 100 ..... ..... ..... ......985i6 87 ... ", 
100 S•• e·••••• 1 8 9124 87516 72 96 • e·•• ". 

() S........
 ..... ..... ..... ......1 26 80516 
S(3) .........
 2 8, ..... ......100 ..... .....1 516 4 n 

() .,. e.e.· 1) .......
 S•....... 
4 49 100
 

0 , 83 100 .....1 516 955 
(J) ... 0 S81 100 ..... .......
1 98 98...... eo'· 32516 4 
(3) ·37 S...... 0 100 ..... ••• e·e •1 ........
 69516 53 
() S• ••••-e.........
 100 ..... ..... .....01 516 5 51 99 

.S15(3) 52 ..... ••• e·e •1 ........
 0 100 ..... .....37 95 
(3) S2 100 ..... ........... ...
 0 .....1 9846 99Sl6 
(3) S8, 100 ..............
 1 92 .....1 814 42Sl6 

5(3) 0 62 100 ..... ..... ..............
 .....1 516 993 
5(3) .... .; .... . ......100 ......1 3)... ... 

{J) 
~ ~ 99.516 903 

·8 S...... :.1 100 ... ~.11 ....... .:
 41516 93 9679 
Section E 

Sta. 12, disk sample. 
Sta. 17, disk aaaple. 
Sta. 22, disk 8aIllpU!. 
.Sta. 21, disk S4JIple. 
Sta. 32:, disit 83IIIIple. 

Sta. 37. ctl,slc lIalIlp1.e.
 
Sta. 42. disk ~e.
 

Sta.• 47, di.ak sample.
 
Sta. 52, disk s.a.qtie.

Sh. 57, dUk saa"u..
 
Sta. 62. dUsk sample.
 

Sta.·67. disk sample.
 
Sta. 72. dialc 83llIple.

Su. n. disk sample.
 
Sta. 82;·C11sk sample.
 
Sta. 87, disk salllple.
 
Average or 8taa. 12 to 87.
 

Sta. 8. di8k SI.lIIple.
 
Sta. 16, diak BalIIple.
 
Sta. 24, disk 8&Ilp1e.
 
Sta. 32, disk: ~le
 

St.a. 40, di.f;k salllple.
 
Sta. 48, disk ~ple.
 

Sta• 56, disk S8Jl!ple. 
Sta. 64. disk sample. 
Sta. 72, disk saznple. 
Sta. 80, disk sample. 
Sta. 88, disk s3:Ilple. 
Average of BtaS. 8 to 88. 

May: 8.1956••• 15. 408··· ~ •••••.• t- O 3 41 83 94 96 98 100 ...... SV Composite of ~i.c.. eore samples 
e()lleeted at 1O-!'t intervals 
!'rotn BUS. 20 to 160. -:r 

CJ1 
3 Sa.:!p1es eolleet.edlOQ tt. uPatreaJ!l rrom 8ection ~. 



••••••• 
• •••••• 

Table4.--Water-discharge measurements oithe Hiddle Loup River at. Dtinn11l;g, ffebr. 
~ 

I .' Nmn;'.Effec- ..' Effec-
I Dis bar QageMeantive tive ConditionS10,pe1;oat& velocityMeantime charge me.as. heightSection areawidth of bed , sec(ips) (cis) {fe~~}2(feet) (sQit) tions 

1955 
sept•. 7•• 3602.63·· Dunes8:30 a.m. 96 131 3.09BI ·........'." 32
 
Nov. 24.~ Bl 2:35 p.m•. 96 130 3.06 398 

' 

Do. 
DO•••• 41 

..........
 32 3.05 
29···. 3.12 No dunes0.001298310:15 a.m. 114 3.45 393C2 -


1956
 
116 410 Do• 

Jan. 8••• 
Jan;-'!..~ 2:15 p.m. 80 •00109 21 3.013.53C2 

80 412 .00121 Do. 
Mar. 7.... 

1242i50 p.m. 3.32 21 3.04C2 
2$86 Do. 

Mar. 8••• 
2:10 p.m. 152 3.40 516 3/ .00093 3.14C2 

479 - ..........
 Do. 
May 8•••• 

10:05 a.m. 96 2'7134 3.063.57Bl 
Dunes2.25185 416A 9:30 a.m. 191 41
 

.Do•.•••.•
 
·."........


'. 1:20 p.m. Do•E 152 4082.57159 37·....... '.
 
1 For about a 1,10C-foot reach. 
2 Not a.djustedfor datum correction, if any. 
3 For-about a 500-f60t reach.' 

-.:) 

O'l 



r.bl.e s.-¥o~ ar ....:tlooeat and -1D>t. or ...te...._nt. l'l1xture, s-Pt. 7 aDd Jiay. 2la., 19$5, aDd Jan. 7. US' 
~. 7. 1955. ",,'c. iii. Sept. 7. ,1955. sec. Jt )Iaor',24, 1955, llllC. IlJ. !tOY. 2.4. 1955, ....c. C2 Jan. 7, 15'S6, .-c.' C2 

Ell< no. .IS1 !'to. 1ITt! no. &TIl Mo • .L, l>J.l1 "0 • .L ETR 10. 2 ETR 10. ~ lTR No.2 
..... i.;nt. or1-1gllt. or I~ 
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