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PROGRESS REPORT NUMBER 2 
INVESTIGA TIONS OF SOME SEDIMENTATION CHARACTERISTICS 

OF SAND-- BED STREAMS 

By David W. Hubbell 

Abstract 

Hydraulic and sediment characteristics at six river sections up

stream and downstream from the confluence of the Middle Loup and Dis-

m.al Rivers were measured and studied to determine some of the interre

lationships between variables and the differences that exist between 

common variables when two flows unite. The two streams, which flow 

through the Sandhills region of Nebraska, have about the same water dis

charge, sediment concentration, and particle- size distribution of suspended 

sediment and bed materiaL Sediment discharges and flow resistances 

varied widely, although water discharges remained almost constant. The 

factor affecting the variations was water temperature, which ranged from 

32" to 80° F. The bed form, which also varied with the water temperature, 

seemed to have a dominating influence on the sediment discharge, flow 

resistance, and possibly the vertical distribution of velocity and suspended 

sediment. Multiple regression with parameters derived from dimensional 

analysis yielded an expression for predicting the flow resistance and the 

widths and depths of indivi.dual channel sections. Contrary to those near 

many other confluences, slopes were steeper and channels were wider 

downstream from the junction of the two rivers than they were upstream. 



Introduction 

An investigation of specifi . sediment-transport phenomena 

and field procedures was made during 1956 and 1957 in cooperation 

with. the Do S, Bureau of Reclamation, The purposes of this investi 

gation were to provide information On the regime of rivers and to 

improve the procedures related to the collecti.on of sediment data, 

The basic data and results of the stu.dies made in 1956 were presented 

in progress report number I, "Investigations of Some Sedi.mentation 

Characteristics of a Sand- Bed Stream, 11 Some of the basic data and , 

results of the studies made in 1957 are given in this report. 

The cooperative investigation for 1957 was discussed by 

personnel of the Bureau of Reclamation and the Geological Survey 

at a me ting on .Tuly 30, 1956, in Denver, Colo, Those attending 

the meeting were; 

0, C, Hansen, Region 7, D, S, B, R, j Denver, Colo, 
K, B,· Schroeder, Commissioner's Office, D. S. B. R" 

Denver, Colo. 
D. M. Culbertson, Geological Survey, Lincoln, Nebr. 
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The objectives of the 1.957 program. as outlined at the meeting 

and given by the Bureau of Reclamation in a memorandum dated 

July 30, 1956, were to study some of th variable hydraulic 

pararneters that affect sediInent transport in alluvial strea.ms, to 

improve bed·-material samplers, and to determine the general 

requirements for an adequate bed-material sample. The purpose 

of this report is to present the refiuU:;:; of the studies on some of 

the variables"'-mainly water temperatur ,,~that affect sediment 

transport in alluvial streams. 

The investigation was programmed by Region 7, Bureau of 

Reclamation; by the Division of Pro] ct Investigations, Commissioner's 

Office. Bureau of Reclamation; and by the Geological Survey. The 

part of the investi.gation by the Gological Survey was financed by 

the Missouri River basin project funds and was made under the 

supervision of the regional office, Quality of Water Branch, Geological 

Survey, Lincoln, NebI'. The field and laboratory work was donl? by 

employees of the Geological Survey, Lincoln, Nebr., under th.e su

pervision of D. M; Culbertson, area engineer. Data were analyzed 

by personnel of the Division of Project Invpstigations of the Com

missioner! s Office. Bureau of Reclamation, and by personnel of the 

Geological Survey. 
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Field investigations 

Field data for this. tudy were collected in the vicinity of 

Dunning, Nebr., at river s ctions up'tream and downstream from 

the confluence of the Middle Loup and Dismal Rivers (figs. 1 and 2). 

Figurei. ~-Reach of the Middle Loup and Dismal Rivers near 

Dunni ng, Nebr. 

Figure 2. --Confluence of the Middle Loup and Dismal Rivers 

(westward view). 

Both the Middle Loup and Dismal Rivers upstream from Dunning are 

in the Sandhills region of Nebraska. The flow of these streams is 

derived mainly from gr01md water and averages about 380 ds(cubic 

feet per second} for the Middle Loup River and 315 ds for the Dismal 

Rivero Both streams have about the same sediment concentration and 

particle~size distribution of suspended sediment and bed material, 

and both flow in alluvial channels that are confined laterally by low 

banks. More detailed information on the character of these two 

streams is given by Vice and Serr (written communication, 1951); 

Benedict, Albertson, and Matejka (1955); and Hubbell and Matejka 

(1959). 
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Figure 1 .-- Reach of the Middle Loup and Dismal Rivers near Dunning, Nebr. 



Figure 2. --Confluence of the Middle Loup and Dismal 
Rivers (westward view). 
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Because of the nature of thE: two streams, data collected at 

sections upstream and downstream from t.he confluence were antici·· 

pated to provide information on t.he differences that result to the 

various hydraulic and sediment. charaderistics when two similar 

streams unite. This information might: be useful for direct 

appli cation to convergence and diversion prahl ems. 

Six different sections were: selected for study... Four sections 

are locat.ed on the Middle Loup River, two upstream and two 

downstream from th.e confluence; and two sections are located 

on the Dismal River (figs. 1 and 2). 

~Sec,~ti·... ons, E.; an.d F If'\.lg. ry\ +h M'ddl e L oup R"Iver a b t. ,If are on .,e.1 au 

Figur~ 3. -- Sect~ons E and F~. Middle Loup River.
 

7" 500 and 5, 000 feet. respectively, upstream from the confluence.
 

At section E, which normally is about 158 feet wide and has a fairly
 

uniform cross section, one bank is subject to erosion by undercutting
 

and the ot.her bank.is stabilized by heavy willow growth. At section
 

F 3 which is about 94 feet wide and gradually deepens from the left
 

to the right bank, brush .along both banks confines the flow.
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Section E 

Section F 

Figure 3. -'""Sections E and F, Middle Loup River. 

8 



----------------------

Sections Rand P (fig, 4) are on the Dismal .River and are 

._------ ----_._---
Fi~re 4. --Sections R and P, Dismal River.
 

about 75 and 84 feet wide. respectively. Both sections Rand P
 

have heavy sod on one bank. and willow growth on the other; section
 

R also has some trash on the sad bank .
 

. SectionsS and T (fig, 5), which are on the Middle Loup River 

Figure 5.··-Sections Sand T. Middle Loup River.
 

downstream from the confluence. have bank- to" bank widths. in'~
 

eluding emergent bars. of about 394 and 332 feet, respectively.
 

Both of these sections contained sandbars and some angular flow
 

during the field observations. Section S has willow growth on both
 

banks, and section T has sod on one bank and heavy brush growth
 

on the other.
 

Cross-section profiles for each set of data. and each section 

are given in figure 60 . These profiles indicate the rather extensive 

Figure 6. --Cross-section profiles, 
._-----------~ 

changes in cross~ section shape and bed configuration that occur in 

these streams. In particula.r, the figure shows the tendency for a 

progressive smoothening of the bed from August to November. 
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Section R 

Section P 

Figure 4. --Sections Rand P, Dismal River. 

10 



Section S 

Section T 

Figure 5. .,..-Sections S and T, Middle Loup River 
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For this study, sediment and comprehensive hydraulic data 

were collected at sections E. a, S, and T, and some hydraulic 

data were collected a.t sections F and P, Also, total sediment 

discharge measurements were m.ade at section D, which is at 

the measuring sill of the turbulence flume {Benedict, Albertson, 

and Matejka, 1955; Hubbell and Matejka, 1959). (See fig. 1.) 

The measurexnents at section D were used to verify total sediment 

discharges that were computed for .section E. Separate sets of data 

were collected on August 6 and 7, Oc;tober 3 and 4. and November 28. 

29, and 30, 1956. Water temperatures ranged from 69° to 80°F 

for the August: measurements, 500 to 64@ F for the October measure

ments, and 32'" to 41" .F for the November measurements. For each 

separate set of data the following were sampled or measured in the 

field: 

S{,-;r;tions E, R, S, and T
 

1, Suspended sediment
 

2. B	 d material. 

3. Water discharge 

4. Water-surfaee slope 

5,	 Water temperature
 

(Paragraph completed on following page)
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Sections F and P 

1. Cross-section width and area 

2. Water-surface slope
 

Section D
 

1.	 Suspended sediment, which represents the concentration 

and particle-size distribution of the total sediment 

discharge. 

In addition, point-integrated suspended- sediment samples were 

collected at sections R. S, and T on October 3 and at sections E, R, 

S. and T on November 29. Also, cross-section soundings were made 

300 feet upstream and downstream from section S on August 7, 

October 3 and 4. and November 29 and 30. and 300feet upstream and 

downstream from section T on August 7. October 3 and 4, and 

November 30. Generally. data at a single section were obtained in 

the following order: First, the water-surface slope over a BOO-foot 

reach was measured; then, the water discharge was meas1:lred and 

suspended- sediment samples were collected simultaneously; and 

finally, bed-material samples were collected. Point.., integrated 

suspended-sediment samples were usually collected after or at the 

same times the bed-material samples were collected.. 

14 



Suspended sediment was sampled according to the equal

transit-rate method with.DH-48 hand samplers having 3/16-inch 

nozzles, and bed material was collected with both the surface

type bed-material sampler and the core-type sampler. Both the 

suspended sediment and bed material were sampled at relatively 

close intervals with respect to the width of the channel. Point

iptegrated samples were generally collected at five verticals and 

at. four points in each vertical. . Water discharge measurements 

were made with Price current meters according to the standard 

procedures of the Geological Survey. 
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Particle-' size analyses from depth-integrated and point

integrated suspended-sediment samples are given in tables 1 and 2, 

respectively; and particle-size analyses of bed material are given 

in table 30 A summary of the hydraulic and channel geometry 

data is given in table 4. The water discharges listed in table 4 

for sections F and P are the same as those measured at sections 

Eo and R, respectively. The slopes listed in the table are water

surface slopes; those for sections E, F. P, 5, and T are for 

600-foot reaches, those for section R are for a 580~·foot reach, 

and those for secti.ons 300 feet upstream or downstream from 

sections 5 or T are for 300-foot reacheso In all the computations 

in this report, the water- surface slope is assumed to be equal to 

the energy gradient, the wetted perimeter is assumed to be equal 

to the stream width. and the hydraulic radius is assumed to be 

equal to the mean depth. 

Some of the relations given in this report are based on com-' 

puted data rather than measured data. Some of the preliminary 

computations are described in the following sectiono 
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Computations 

Total sediment discharges and bed- material discharges have 

been computed with the modified Einstein procedure (Colby and 

Hembree., 1955).. These discharges, by size rangesp are given 

in tabLe 5. Included in the table are comparable measured total 

discharges from section D at the turbulence flume. The table 

shows good agreement between the computed loads for section E 

and the measured loads at section D for all water discharges, 

concentrations, and water temperatures. 
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Values of the Manning n (see table 4) have been computed from 

n :; L 486 .R 2 / 3 S1/2 
V 

where-

R is the hydraulic radius, which is assumed to be equal to 

the mean depth. do The mean depth. was computed by 

dividing the effective area. A, by the effective width. W 

S isthe energy gradient. which is assumed to be equal to the 

water- surface slope 

V is the mean stream velocity. which is computed from QwlA 

in .. which~-

Q is the measured water dischargew 

A is the effectivearea3 which is. equal to the summation of the 

product of the mean depth and the effective width for each 

increment of a water discharge measurement. The ef~ 

feetive width of each increment of a water discha.rge 

meastlrement is the product of the tagline width and the 

horizontal angle coefficient. The effective width for a 

cross section, W. is the summation of the effective widths 

of the increments .and is also the lengthQf adii3Gontinuous 

Hnettat crOSses th~ cl:l.~:tllnel and that is norll1aL to the 

.directionof flow at every point 

(paragraph completed on following page)
". . '. '. 
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Values of n were comput.ed on the basis of effective widths and 

areas for the following reasons. First, in order to conform to 

the principle of the continuity of flow, the discharge of each 

increment of a water discharge measurement is necessarily the 

product of the measured velocity and the effective area. Thus, 

a mean velocity for the stream corresponding to the actual 

measured velocities can only be computed by dividing the total 

discharge by the total effective area.. Secondly, water-surface 

slopes are determined from the Jall of the water surface over a 

channel distance and not over a streamline distance. 

19
 



The equation for the vertical distribution of suspended 

sediment and the data listed in table 2 have been used to compute 

values of zl J the exponent in the distribution equation. The basis 

for the computation is that for any given vertical and time, c y 

(the concentration of a size range at any point y distance above 

the bed) can be .expressed by c 0:. K (d - y)Zl, where K isay y . 

constant and d is the depth. In a plot of c y against (d ~ Y) on 
y 

logarithmic coordinate paper, zl for the size range is the slope 

of the line. Values of zl are listed in table 6. 

Values of k, the coefficient for turbulent exchange or von 

Karman coefficient, were also computed from data presented in 

table 2. For any given vertical and time. the Keulegan equation 

for the vertical distribution of velocity can be written as 

uy = K + (2.303 u*lk) 10glOY' where K 1 is a constant, u,;. is the
1 

Ishear velocity, and uy is the stream velocity at a distance y above 

the bed. By plotting uyagainst y on semilogarithmic paper. k 

was determined from M = 2. 303 u~</k, where M is the slope of the 

line. Computed k values are shown in table 6. 
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Presentation of results 

In both rigid~ boundary flow and alluvial- channel flow the 

resistance is related to the boundary roughness and to the fluid 

turbulence. However, in alluvial~channelflow the relations are 

particularly complicated because the boundary can be sheared 

and deformed and because sediment moves along the boundary 

and in suspension. In alluvial channels, the boundary roughness 

and fluid turbulence depend on many variables, such as bed form, 

cross~section shape, particle size of the bed and suspended 

material, and sediment concentration. These variables, with 

the possible exception of particle size, in turn, are functions of 

the hydraplic characteristics of the flow (inc! uding turbulence) 

and the boundary roughness. Thus, whenever any hydraulic or 

sediment characteristic changes, the entire hydraulic-s.ediment 

system must change to reestablish a quasi~equilibrium condition.' 

I 
/'
I 

21
 

..
 



The data from this study and from previous studies at the 

same location show that changes in the water temperature cause 

large changes both in the hydraulic characteristi cs of the flow, 

particularly resistance, and in the sediment discharge. This 

conclusion follows from the fact that the water temperature 

varied widely.. whereas the other dominant independent vari~ 

ables .remained almost constant. . During the study the range in 

water discharge at any section was so narrow that the largest 

difference between maximum and minimum discharges was.19 

percent; the total loads were composed mostly of bed material 

so that concentrations were originally, "effects" rather than 

IIcauses"; the slopes, depths, and widths were not changed by 

external forces; and the gross slopes of neither stream changed 

with time, although local slopes varied in a statistical sence.. In 

general, small sediment discharges and large flow resistances 

(large values of the Manning n) are associated with high tempera

tures, and large sediment discharges and small flow resistances 

(small values of the Manning n) are associated with low temperatures. 

Also, generally, the shallowest depth. narrowest widths, and highest 

velocities are associated with low temperatures. 
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Presumably, as the fluid viscosity varies with temperature, 

the fall velocities or, more particularly,. the drag coefficients 

of the sediment particles vary so that the sediment transport and 

bed form change. These changes, in turn, cause changes in the 

hydraulic variables and the entire system adjusts until a quasi-

equilibrium is established. During the study, the form of the bed 

v~ried from well-developed dunes when the water temperature 

was high to a relatively s,mooth bed when the water temperature 

was low. Evidence of the change in bed form is given in figure 7, 

Figure 7 . --Variatioh of (j d with,water temperature. 

~hich shows (jd plotted against water temperature. In this figure, 

CT d' which is the standard deviation of the differences between 

adjacent soundings of a water discharge measurement, is u,sed 

as.an index to the magnitude of the bed form; the.assumption is 

made that Whenever the bed is smooth, the variability of the 

differences between adjacent soundings will be small, and when

ever the bed is rough, the variability of the differences will be 

large. 
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Computed values of the von Karman coefficient for turbulent 

exchange, k, also varied during the study" The fluid turbulence, 

no doubt, was .affected by the variaii,on in sediment concentration 

and form roughness" Several investigators have proposed that k 

decreases .as the sediment concentration increases. and others 

contend that it does not. The effect of concentration on k for the 

I 

data in this study is shown in figure 8; the relation ~s not well 

--~-----_.~'<~-----

Figure 8. ~-Relation between mea'sured s\lspendeq"'sediment 

concentration and k for individual verticals. 

defined. Probably, the apparent variation in k isattributabl.e 

mainly to the changes in form roughness" .' This conclusion is 

based on the fact that. in general, k values for individual verticals 

were less consistent during October, when the temperatures were 

about medium,. than they were during November. when the tempera

tures were low. (See table 6") However, because the velocity-

distribution equation may not be exactly suited for flow over dune 

beds, the significance of k. as computed. is not well understood. 
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The vertical distribution .0£ suspended sediment also varied 

with temperature.. Figure 9 shows that for a particular size 

Figure 9. -;., Variation of zl with fall velocity. 

range the concentration gradient flattens (zl values increase) as
 

the faU velocity decreases because of a decreasing temperature.
 

The meaning .of this graph is not clear because each temperature 
~,
 

isassQciated with particular hydraulic and sedimentation conditions
 

that also ,affect the vertical distribution of suspended sediment.
 

That is, the velocities, depths, and particularly bed form varied
 

with temperature; thus, the fall velocity was not the only variable.
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Flow resistance at individual sections 

During the study, the most evident and continuous changes were 

those of the resistance coefficients and the sediment discharge. In 

order to determine the relative effect of temperature and thesevari

abIes on one another, the data were studied in several different wa?ff3. 

The most &atisJactory results were obtained by using .dimensional 

analysis and multiple regression techniques. The assumption was 

made that for the Middle Loupand Dismal Rivers, 

d=¢(W, 5, V, k s ' p, 11, V s ' Ps' 6.r> (1) 

where-

d is the mean depth 

W is the effective .width of flow 

5 is the local water-surface slope 

V is the mean velocity 

k s is a roughness diameter and is equal to the particle size 

of bed material for which 65 percent by weight is finer 

p is the. density of the water--sediment mixture 

1I is the kinematic viscosity 

Vs is the weighted fall velocity of the total s.ediment discharge. 

Values of this parameter were determined by weighting 

the fall velocity. of each particle-size range in transport 

(Paragraph comp1.eted on following page) 
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by the fraction that the total sediment discharge 

of that size range was to the total sediment discharge 

of all size ranges .. For these data, weighting factors 

were determined from the total sediment discharges 

that were computed with the modified Einstein 

procedure 

Ps is the density of the sediment in transport 

6 r is the difference in the specific weights of the flow and 

the atmosphere, respectively 
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The independent variables that were selected for this analysis 

are not presumed to be sufficient for all streams.. Wash load, for 

example, is probably an extremely important variable for many j, 

streams; however, it was not included because for the Middle 

Loup and Dismal Rivers it is a very indefinite quantity and depends 

largely on an arbitrary definition. Table 3 shows that every par

ticle size in transport is present in the bed material at several of 

the cross sections. 

Equation 1 can be written in dimensionless form as 

or 

<P (W/d, S2, ks/d, Vd!v, Vs/V, Pips, 2gd!V2)= 0 (2)
2

By combining Sand 2gd/V 2 to form a new dimensionless parameter, 

22 gdS/V = f 

and by replacing Vd!v with its equivalent, R e the Reynolds number, 

equation 2 can be written as, 

Where f is the Darcy- Wiesbach friction factor when the hydralllic radius 

(taken as depth) rather than four times the hydraulic radills is sub

stitllted for the pipe diameter. 
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The constants and exponents for equation 3 as derived with 

multiple regression are given in the following equation 

or, if f is .replaced by 29.16 n 2 /d1 / 3 

dO .. 54 so.... 46 ..0. 20. V s. 0.. 62]n =4.77 . II .. 
[ -#:1"4-k:n'. n vo.82 

This equation was developed with data from sections E, R, and T 

(see table 7) by assuming PiPs to be constant. Figure 10 shows f 

Figure 10. - - Relation between friction factors computed from 

regression equation and from 2gSd/V 2 . 

from the regression equation plotted against f = 2gdS/V2 for sections 

E, R. S, and T and for several other river sections. The agree

ment is considered to be good; standard error of estimate isO. 00284. 
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The accuracy of the equation is limited by the range of conditions 

from which the equation was developed; therefore, its use is restricted 

to streamS having little wash load, bed forms that range only from 

dunes to a plane bed, and bed material and channel geometry similar 

to Nebraska Sandhill streams. Also, the application of the equation 

I 

for design purposes is limited because the total sediment discharge 

must be known in order to compute, the parameter V s/v. V s was 

introduced into equation 1 in order to reflect the effect of the total , 

sediment discharge for a given k s ' temperature, and natural sand-

size distribution. A more absolute measure of the total sediment 

discharge was not used because the discharge is a function of many 

of the same variables as d and, therefore, cannot be considered as 

any independent variable. 

, . 
, 
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Flow resistance has also been related to CVs' which is the 

summation of the products of the total concentration (in parts per 

million) and the fall velocity (in feet per second) of each size 

range in transport. This parameter is proportional. to an energy 

exchange per pound of water"'sediment mixture. Figure 11 shows 

Figure 11. - - Variation of the Manning n with CV s. 

CVs plotted against the Manning n, The relation is not well 

defined overall; however, the'points common to each section 

produce rather well-defined relations for each section. These 

relations possibly reflect the effects of sediment movement on 

flow resistance. However, the relations also may be merely a 

coincidence; for with these data, high concentrations arealways 

associated with low n values. 
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Some hydraulic and sediment characteristics upstream and 
downstream from confduence 

The data from this investigation have also been studied to 

determine some of the hydraulic and sedimentation changes that take 

place when two relatively common flows unite. The changes inany 

parameter$ of course, are related to the changes in many other 

parameters; however,. the general trends of certain variables, 

such as slope, width, flow resistance, and concentration, give a 

conception of the ml1gnitude and direction of the changes. 

The water- surface profile on October 4, 1956, for the entire 

reach is plotted in figure 12. The figure shows that the slope down

... Figure 12. ..:--Water-surface slopes on October 4, 1956. 

stream from the ·confluence is steeper than the slopes upstream 

from the confluence. The local slopes, which are listed in table 4, 

show no consistent relation. 

Computations of the changes in width show that the sum of the 

average widths of the upstr<?<lm sections is less than the average width 

Qf the downstream sections. When the effective widths are cOnsidered, 

th,eavera,ge of widths at sections E andF plus the average of widths 

.at seetioIls R andP are about 65 percent of the average of widths at 

sectionsS and T. When the b a,nk-t 0..,. bank _widths, ex,clusiveof emergent 

bars,; are considered, the p~rcentage is 62. 
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The differences in flow resistance upstream and downstream 

from the confluence are diagrammed in figure 13. This figure 

Figure 13. ---Relation of the Manning n at sections upstream to the 

Manning n at sections downstream from confluence. 

shows that the flow resistance, which is represented by n rather 

than f, is greater for the upstream sections than it is for the 

downstream sections but that the difference decreases generally 

as the flow resistance decreases. 

Measured suspended- sediment concentrations are about the 

same upstream as they are downstream from the confluence. The 

relation is shown in figure 14, which is a plot of the average of the 

Figure 14. - - Relation of concentrations at sections upstream to 

concentrations at sections downstream from the confluence.. 

measured suspended-sediment concentrations at sel2tions E andR 

against the average of similar concentrations at sections Sand T. 

The figure also shows that the total concentration is the same up

stream as it is downstream from the confluence. The total con

centration was determined by dividing the total sediment load 

(given in table 5) by the product of the total water discharge and an 

appropriate uni t- conversioncanstant. 
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The changes in slope,. width. and depth upstream and down

~tream from the confluence of the Middle Loupand Dismal Rivers 

.appear to be different from thm,e at many other confluences 

(Miller. 1958>" The anomaly may be the result of a difference in 

bank stability upstream an.d downstream from the confluence. The 

banks of both the Middle Loup and Dismal Rivers upstream from 

the confluence .are protected by relatively dense brush; whereas 

dawnstream from the confluence, only the left bank is stabilized. 

Because of the lack of bank protection, the width downstream from 

the confluence is greater than the sum of the widths upstream from 

the confluence,. and the mean depth and the discharge per foot of 

width is less; for many other confluences, the discha.rge per fOQt 

of width is greater downstream. Thus, because the flow resistance 

is relatively constant (the same bed form exists) upl?tream and 

downstream, the slope is steeper downstream. If this. explanation 

is. correct, then slopes can he controlled by maintaining particular 

width-depth ratios upstream and downstream from a con£1uel1,Ce, 

provided, of course, the bed form is the same. 
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Channel geometry 

One concept of river morphology is that rivers develop 

widths, depths, and slopes to accommo1date the water and sedi

ment discharges that are imposed on them by their watersheds. 

Several investigators have described this concept by providing 

general equations for the widths, depths, and slopes of canals 

and of average river reaches (Lacey, 1929; Leopold and 

Maddock, 1953; Blench, 1957). These equations are based on 

and reflect a condition of equilibrium between the channel 

geometry and the long-term effects of dominant water and 

sediment discharges. Consequently, the equations are not applic

able for determining the widths, depths, and slopes at individual 

sections or short reaches of alluvial streams from any instan

taneous set of hydraulic and sedimentationconditions that create 

aggradation or degradation; nor are they applicable if the width, 

depth, or slope is permanently or temporarily fixed. As a result, 

the data do not conform to the equations. The nonconformity with 

the equations is evident from the lack of uniformity of the cross 

sections of the same stream. ,~Seetable4.) 

43 



In contrast, equations that are specifically defined for a given 

range of conditions can be used for computing the geometry of 

cross sections where the conditions fall within the defined range. 

For example, by substituting 2gdS!V 2 for f, and Q/Wd for V s the 

regression equation for the friction factor can be transposed and 

simplified to give a series of equations that define each of the 

included parameters separately in terms of the others. The 

equations for width and depth are as follows: 

W = (6 64) 1. 57 1/ 0.63 Vs 1._95 QO.56 
2g SO.13 k L -:35 d 0. 98 

s 

L 61 0.65 V 2. ° v sd= (~~4) --
SO.14 k 1.39 

s 

In order to show the use of these equations, the dimensions .at 

several different times h,ave been computed for section C- 2, Nio

brara River near Cody, Nebr.; the gaging section, North Loup River 

,at Burwell, Nebr.; and section A, Middle Loup River at Dunning, 

Nebr. The measured-mean depth was used in association with the 

other measured data when the width was computed,. and the measured

.effective width was used when the mean depth was computed. The 

computed dimensions are -listed in table 8. 
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An examination of tqewidth and depth equations shows that if 

the width factor is transposed in the depth equation, or the depth 

factor is transposed in the width equation, the resulting product 

on the left side of the equation will be the area, Wd, times the 

width or depth to some extremely small exponent. Becausethe 

width or depth to a small exponent is al ways close to one, the 

product is very nearly equal to the area.. Thus, the equations 

show that the area is approximately a constant for any set of 

conditions, regardless of the width or depth, and that errors in 

computed widths or depths actually reflect errors in the computed 

area. Because the depths are shallow and the widths are wide, 

the absolute errors in depth usually will be minor, but the absolute 

errors in width may be rather large. However, the percentage 

error in depth will be almost identical to that Of the width. 
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Figure 15 shows several of the computed cross sections of 

------~-----~---
Figure 15. --Several cross sections computed with a variation of
 

the regression equation superi.mposed on corresponding
 

measured cross sections.
 
--'-- 

typical accuracy superimposed on the corresponding measured
 

cross sections. These cross sections are based on the computations 

in which the widths were taken as the measured- effective widths and 

the mean depths were computed. 

The regression equation was .derived from data collected at 

.sections that were somewhat stabilized by vegetation. Consequently, 

computations with any of the possible forms of the equation are valid 

only if the computations are for sections that are similarly stabilized. 

. In addition, because the data from which the equation was determined 

reflected instantaneous local conditions, any computed dimensions 

might be unreliable for expressing the final geometry of a uniform 

reach. 
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Recommendations 

The results of this study indicate that variations in water 

temperature can affect bed form, sediment discharge, flow 

resistance, and possibly vertical distributions of suspended 

sediment and velocityo However, the effect of temperature was 

dete.rminedonly for dune and plane bed forms and Jar bed material 

having a narrow range of median diameterso Therefore, further 

studies should be made to determine the effect of temperature on 

all possible bed forms for a wide range of median sizes of bed 

material. Basic data for these studies should be obtained at 

streams having different bed- ma.terial size gradations; each stream 

should have not onlyra wide variation in water tempera.ture but also 

flow characteristics that develop all the possible bed forms at each 

water temperatureo 

In these studies, the use of recently developed ultrasonic 

sounders for measuring the bed forms is recommendedo Preliminary 

field studies on bed-load discharge and channel roughness have been 

made with a precision ultrasonic depth sounder by D~ W o Hubbell, 

C. H.- Scott, and J. V. Skinner (written communication); the sounder 

provided accurate data on the shape and velocity of sand waves. 

( 

\ 
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Because bed form seems to be a dominant factor in sediment 

transport phenomena, field studies are needed to provide information 

for determining practical relationships between the bed form and the 

characteristics of sediment and flow. These relationships are needed 

for defining stage-· discharge and secliment~transportcurves and for 

designing canals, floodways, channel~improvementworks, and many 

other water- control and development projects. Field studies should 

.be made for streams having a wide range of depths, velocities, fine

material loads, temperatures, and bed materials. 

The vertical and horizontal distributions of suspended sediment 

and velocity for the various bed forms need to be studied. Measure

ments over the crests, troughs, and other parts of the individual 

bed features will aid in understanding the fundamental mechanics 

of sediment transportation. 

Studies should be made of the sediment discharge in streams 

during periods of ice cover or during periods of frazil Or broken 

ice.. For the studies, basic data should be Obtained from streams 

having wide ranges of sediment andb.yclraulic characteristics. The 

results of such studies not only would help to clarify many un

certainties about sediment transport but might also provideinfor

mation on hydraulic phenomena. 
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Concl usions 

Basic data for this investigation cover a fairly wide range of 

flow resistances, sediment discharges, and water temperatures 

and a narrow range of water discharges. Thepe data. which were 

collected when the bed form was either dunes or a plane bed, show 

that the small sediment discharges were associated with greater 

depths, widths, flow resistances, and bed relief, and with lesser 

velocities and sediment concentrations than the high sediment 

discharges. The data also show that generally when sediment 

dischar-ges were small and water temperatures and bed relief were 

high, the vertical distribution of suspended sediment was the most 

uniform. 

The water temperature was the most important independent 

variable and probably effected the-changes in~the hydraulic and sedi

mentation conditions. 

The changes in the boundary configuration were relatively large 

and were associated with changeS in the hydraulic and sedimentation 

conditions that were caused by the different water temperatures. 
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The relation between the measured suspended-sediment 

Goncentration and the von Karman coefficient for turbulent ex

change .was not well defined. Probably, the coefficient was 

affected mostly by the changes in form roughness. 

The flow resistances of several different Sandhill streams 

can be related to channel geometry, some characteristics of the 

s.ediment and flow, and total sediment discharge by the regression 

equation 

-O.28 O.92(k )-0.86 .. -O,40( V ) 1. 24f = 664 _ . - SS R _s(W). d d' e V 

The flow resistances at sections E, R, 5, and T can also be 

related to CV s~ which is a summation of the products of the total 

concentration and fall velocity of each particle size in transport; 

however, the relation may be only a peculiarity of the data be

cause small flow resistances were always associated with large 

sediment concentrations. 
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The water-surface slopes of both the Middle Loup and Dismal 

Rivers upstream from their confluence are flatter than the slope 

downstream. Also, the average n values for the upstream sections 

were greater th_an the average n values for the downstream sections, 

the sum of average widths for the upstream sections was about 65 

percent of the average widths for the downstream sections, and the 

measured suspended- sediment and total concentrations at the up

stream sections were about the same as those at the downstream 

sections. 

The widths, depths, and slopes of the individual cross sectiOns 

that were studied cannot be predicted from riveroomorphology 

equations based onan equilibrium condition between channel ge

ometry and long-term effects of dominant discharges because the 

channel geometry varied radically from section to section on the 

same stream. The regression equation for the friction factor can 

be arranged to give the width.and depth for given conditions; however, 

the computed dimensions might be unreliable for expressing the 

final geometry of a uniform reach. 
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I 

l·.-":p~ticle':s.ize anal,yses ot'Suspended sedime'nt,depth-1rite~ated8~ples, M1ddleLoup and D1sm8.l. Rivers near ~, Nebr • 
.-~. LMethod of analysis, visual ,accumulation tubi! 

Do.te Time 

w~ter 

t~par-

at'lre. 
(OF) 

Measured 
discharge 

(cfs) 

Suspended BedL~ent ".

Remarks 
Concen
tration 

(ppn) 

Sus pendad
sedillent 

discharge 
(tons ~r 

day) 

Percent finor than indicated size, 
in millimeters 

0.062 10.12510.250T0.500T1.0001 2•000 

Section D 

Aug. 6, 1956•••• 
Aug. 7••• ~ •••••• 
oct. 3•••••••••• 
Oct. 4."•••••••• ~. 

Nov. 28.~·~ •••••• 

Nov. 29••••••••• 
Nov. 30••·•• ~ •••• 

4:20 p.m. 
9:40 a.m. 
8:57 a.m. 
8:28 a.m. 

2:45 p.m. 
4:30p.m. 

11:00 a.ril. 
9:35 a.m. 

80 
69 
54 
52 

... J?. ·......·...... 
. .. 3h.. 

337 
370 
375 
384 

395·........ 
416 
391 

516 
711 
876 
998 

2,190 
1,660 
2,560 
It 980 

470 
710 
887 

1,0)0 

2,31.0 ... .. ..... 
2,880 
2,090 

17 
12 
6 
4 

4 
5 
4 
5 

35 
)0. 
29 
28 

22 
24 
19 
24 

70 
70 
69 
68 

65 
69 
67 
65 

91 
90 
92 
91 

88 
90 
94 
91 

100 
99 
99 
96 

98 
98 
99 
97 

..... 
100 
100 
100 

100 
100 
100 

98 

ETR • 
ETR. 
ETa· 
ETR. 

ETR. 
ETR • 
ETa. 
ETR • 

... ... .._-"
Section E 

Vl 
Vl 

--

Aug. 6, 1956•••• 4:22 p.m. 80 331 253 2;30 26 54 . 93 100 ·..•.•~~ , .' ... "••• e' o ErR ... 
.Au.g. ·7 •••••••••• 9:38 a.m. 70 370 341 jh1 25 55 94 100 

.. 
ETR~..... ·.... 

Oct•. 3•••• ~ ••••• 8:38 a.m. 54 375 469 475 12 46 85 99 100 ... .. ETR • 
Oct. 4•• ~ ••••••• 8:20 a.m. 52 ·........ 472 ·......... 10 1.9 93 loa ·.... ·.... ETR, stas. 15 to 80 and 137~ to' 176 

8:20 a.m. 52 •••••• e •• 367 • 0" •••••• 15 58 100 .. ... ·.... ·.... ETR, stas. 82~ to 135. 
8:20 a.m. 52 3ell u7l 488 10 49 93 100 ·.... ·.... stas. 15 to 17~'. 

Nov. 28 •• II ••••• 2:50 p.m. 32 395 812 866 12 .50 95 100 ·.... ..... ETR. 
Nov. 29 ••••••••• 11:35 a.m. 33 416 958 1,080 13 50 95 . 100 ·.... ..... ETR • 

12:00 m. 33 ....•.•.. 380 ·......... 35 76 98 100 ..... ·.... Sta. 62. 
12:10 p.in. 33 ·........ 859 .......... 15 56 100 ..... ·.... ·.... Sta. 93. 
12:20 p.m. 33 .. ....... 1,530 ·......... 9 43 98 100 .. ... ·.... Sh. 118. 

12:30 p.m. 33 ·........ 1,510 .......... 11 41 94 100 ·.... ·.... Sta. 135. 
12:40 p.:n. 33 ·........ 1,$20 ·.......... 11 42 90 100 .. ... ·.... SUI. 150. 

Nov. 30••••••••• 9:40 n.m. 34 391 875 924 10 52 95 . 100 ·.... ·.... ETR • 

S-action R 

Aug. 6, 1956•••• 4:50 p.m~ '" Bo. 0 
294 401 318 35 63 95 100 ..... ·.... 

.Aug. 7 •••••••••• 10:40 a.m. 70 335 417 377 26 60 93 100 ...... ..... 
Oq:t. 3••••.••• ~ •• 8:50 a.m. aS4 314 648 549 14 59 95 100 ·.... ..... 

10:20 a.m. 5? ·........ 334 ·......... 22 66 98 100 ·.... ·.... 
10105 a..m. a 55 ·........ 580 • ••••••••• 0 16 61. 99 100 ..... ·.... 

9:50 a.m. a 55 ·......... 653 .......... 16 64 100 ..... ·.... ·....," 640 17 59 99 100....... .. . • • eo, ~. ......... ·......... .. ... ·...... ... ..... • ••.e •• ......... 456 ·......... 24 66 99 100 ·.... ·.... 
See footnotes at end of table. 

ErR. 
E'I~. 

ErR • 
Sta. 10. 
SUI. 24. 

sta. 39. 
sta. 52. 
sta. 6S. 



::-:r~ ;:. 

,Table J, .--partiele'-size' anaiysss of Buspen'~d sediment., dBp.t.h-int.egrat.ed samples, 11iddle Loup and n1smai. R~~er8 near Dil.nniiIg) 

Date T:lm.a 

i'!a.ter 
temper
ature 
(Op) 

Measured 
discharge 

(cfs) 

Suspended 8edL~ent 

Ret:~r}~5
Concen
tN\tien 

(ppn) 

Susp~llded-

eediJ';-,ent 
disch;:;.rgG 
(ton.:; pOl" 

d'l;;) 

Percent finer th~ ir.dicated size, 
in millirJeters 

0.06210.125\ 0.2501 0.500 1 1 •COO 1 2•000 

Section R--Continued 
Oct. !I, 1956•••• 
Nov. 28~ ••••••• ~ 
t,lo.". 29••••••••• 

Nov. 30..........-

8:20 a,m. 
2:40 p.m. 

11:35 a.m. 
1:20 p.:r.~ 

1:10 p.:o. 

1:00 p.m. 
12':50 p~,m41 

12:25 p.m. 
9:10r..:n. 

50 
a. 33 

31.< 
a 35 
a 35 

a 3.5 
a 35 
a 34 

... g". 

jc.1. 

320 
330 ......... 

• ••••••• '* 

·........·........ 
• •• I ••••• 

331 

657 
561 

1,220 
1,060 

673 

1;310 
1~2eG 

83LI 
81;8 

5b9 
744 

1,090 .......... 
.........<. 

.......... ·......... 
• I •••••••• 

758 

5 
18 
20 
20 
.30 

18 
18 
27 
111 

4U 
5'7 
57 
56 
70 

52 
56 
67 
4a 

yo 
96 
94 
93 
99 

99 
lCO 

9iJ 
96 

lCO 
,lCO. 
10) 
1CO 
lCO 

lCO 
••• 11 • 

100 
10'J 

·.... 
• ••• 0·.... 
• • 41 ••·.... 
·.... 
... " ·....·.... 

• • e ca • .....·....·....·.... 
·....·....·.... ..... 

fSR. 
ETa. 
E'I'R$ 
Stat 12. 
St2.• 28 • 

Stat /.;3. 
st:~. 51.:. 
st,a. 64. 
ETR. 

SJction S 
\J1 -------- ......r...~ ....1,-9 lGO.l,He), .. 12 96 t .. l~a7 :00 p.m. 6n 2::>0\ bug. 6, 1956-~. i? 6!..5 7'l 

3,,·,., ~rn, St:~3. 10 to 1~0o2& 61 lCO11:48 a,m. ;. ... 91 •••• ItAug. 7••••••• ~ •• 75 ·.'... ....
' 

ETa, st~s. 150 to 260.lGO11:48 a,m. 5527 9675 317 ·.... 
ETR, stas :"'270 to 3eo.leO621J. :48 :;l.m. 40 9275 1)9 ·.... 

100 ETR, s~s. 310 to 3~0.11:48 a.m. 64 8713J .....75 

60 100 Su;s. 10 to 390. D.:48 a.m. 276 3175 719 94536 
a 61 18 1COOct. 3.0 •••••••• 11:45 D..ro. 383 ETR.56724 758 95 

64 S·;;":;'. 190.1:118 p.m. 16 100457 59 
a 6) 21 100 StJ.. 230. 3211:29 P,!~. ..........
 55 99

'i;l? p.i71. 62 813 11 100 sta. 295.- • •••• I·,•••••43 99 

621:02 p.m. 601 St,?,. 365.41 IGD13 85 93· . ·....5, 662 BoB lCOOct. h e 10:55 a.m. h52 4615 E7R.92 
E'i'R no. 1, st.....:.s .. 5 to 85.Nov. 28••••••••• 1,31.;05:cO p.m. 32 8 1009234 

5:00 p.m. 32 1,330 8 100 ETR no. 2, Bt~S. 5 to 85.30 90 
5:00 p.m. 32 1,340 8 lCO Stas. 5 to 85.32· . 91 

5:00 p.m. 32 El'R no. 1, st'.',:3. 325 to ])00.1,230 11 10044 97·... .....
 ·.... ·.... 
ETR no. 2. St.<'l:';. 325 to 390.leo5:00 p.m. 32 970 4213 .....·... ", ..... 92 ·..... 
Stas. 32S'to 39J1005:00 p.m. 1~lOO J.232 .....43 94 • ~ 0 ••

705 2,1905:00 ,p.:n. 1,150 100 St~3. 5 to 55 a~~ 325 to 3>0.32 11 40 ... ~. • •• s.94 
37Nov. 29 . 3:40 p.m. 1,190 leO E'l'R, stas. 5 to Co;:'.· . 13 ..... .....· . 45 91 

See footnotes at end of table. 



Ta.b1e l.--particle-Bize analyses of suspended sediment, d.!pth-integrated samples, I'liddle Loup and Dismal Rivers near Dunning, Nebr.--Continued 

Date Time 

Water 
temper
ature 

Heasured 
discharge 

Suspended sediment 

Remarks
Concen
tration 

Suspended-
sedi..-llent 

discharge 

Perc(!)nt finer thsn indicated size L 
in mill1Jneters 

(OF) 
(cfs) 

, (ppn) (tons per 
day) 0.0621 0.125J 0.250 I 0.500 11•000 !2.000 

-
Section S--Continued 

Nov. 29, 1956••• 

Nov. 30•••.••••• 

3:40 p.m. 
3 :40 p.m. 
l.u35 p.m. 
h:50 p.m. 
5100 p.m. 

5:20 p.m. 
5130 p.m. 

1l:45 a.m. 
11:45 a.m. 
1l:45 a.m. 

3f
37 
41 

a 38 
a 38 

a }5 
a 38 

39 
39 
39 

·........ 
773·.......... ....... 

......... 

..........·........ .... ....... .. ...... .. 
738 

I s 080 
1,070 
1,860 

680 
1,020 

1,110 
667 
860 
932 
872 

·......... 
2,230·......... .......... ·......... 

·.........·.........·.........·......... 
1,740 

14 
14 

9 
23 
13 

12 
2l 
12 
1h 
13 

u3 
44 
36 
66 
39 

38 
53 
42 
48 
u6 

88 
89 
94 

100 
88 

9h 
87 
95 
89 
91 

100 
100 
100 .. .. . 
100 

100 
100 
100 
100 
100 

·....·....·.... .. ... .. ... 
.....·....·....·.... 
• • . I. 

.....·......... .....·.... 

..... 
I' .•. .....·.... 
" 01 •• 

F;TR, stas. 325 to 390. 
Staa. 5 to 85 and 325 to 390. 
Sta. 23. 
Sta. 77. 
Sta. 348. 

Sta. 365. 
Sta. 379. 
E'TR, stas. 5 to 85. 
ETR, staSI 320 to 390. 
Sta8. 5-to 85 and 320.to 390. 

\Jl 
~..:j Aug. 7: 0 p.m. 

7 :40 p.m. 
714.0 p.m. 
7140 p.m. 

Aug. 7•••••••••• I 1:00 p.m. 

1:00 p.m.
1,0:) p.m. 
1:00 p.rn. 

Oct. 3•• t." ••••• I 9:50 aIm. 
9:50 a.m. 

9:50 a.m. 
1.1:50 a.m. 
12:00 m. 
12,10 p.m. 
12120 p.m. 

12:30 p.m. 
oct. h•••••••••• 1 10:00 a.m. 

10:00 a.m. 
10:00 a.ra. 

I 

7 
7h 
74 
74 
80 

80 
80 
80 
56 
56 

56 
61 
61 
61 

a 62 

a 62,4
 
51.1 
54 

75 - '100.. ........
 -,".- .-.... • • ,..-Ii. ·....",'.-...
2u 1008751.. .. ... ---... . ·.... ·..... 

~. 

62 10033 95·.........
 ·....·.... 
100618 29 56 90 ·.... ·.... 

10048 78 .....t •••••••••• .. ... ·.... 
10027.. ........
 57 93 " ... ·.... 

61 10030 .....96... .......
 ·.... 
10029 ..... .....94575 59 

ETH,10036 945·.........
 ·..... ·.... 
10 100 ETH,7229 .....95·.........
 

1,210 10098857 33 ·.... 
6.' ••••••• 12 10091 .....34 ·.... ............
 100 .....45 ·....·......... 14

18 52 
97 

100
98 .....·.... ..........
 28 100 .....63 ..... ·.... 
.............
 10017 51 .....99 ·.... .. .. ......
 10019 .....54 95 ·............ "...
 12 10091 .....43 ·.... 

1,010 10046 ...... ..... 14 92 

See footnotes at end of table • 

.' 
F··.. 

·.....:::r-iIi9 " 
• • • • • • • • • 3"4'6 
•• ... • • • • • . J 30 

696 I 329 
•••.. . •• • 178 

309·........
 
350 

674 
·........
 

316 
f:D6.........
 .. .. .....
 593 

746 CO2 
770·........
 .. .......
 587 

•• $ t .••••• 41.1 .........
 290 

530·........
 
388·........
 
581 

737 
~·...... . 

50" 

Section T 
rn, stas.S to 70. 
,'R;"s tas. _7$: to:l.2QI-'-. 
TR, stas. 195 to 330. 
tas. 5 to 330. 
TR, stas. 5 to 75. 

TR, stas. 80 to 180. 
TR, stas. 185 to 330. 
tas. 5 to 330. 

stas. 5 to liD. 
stas. 150 to 330. 

tas. 5 to 110 and 1$0 to 330. 
tao 16. 
tao 37. 
tao 64. 
tao 250. 

tal 296. 
ETR, stas. 5 to 110 and 140 to 180. 
Tn, at-.:l6. 225 to 330. 
tas. 5 to 110, 140 to 180 and 225 
to 330. 

j 



. Table 1 .;'.particle-sizeanalys!'s of suspended sedilnent, depth-integrated samples, Middle Loup and Dismal nivere 

Suspend~d sedllnent 
Water Suspendsd-Measured Percent fin~r ~~~n L~dlcated size,-, Concentemper- sedimentdischarge Remarksin millimetersTiIlleDa~ trationature discharge(efs) (pp;n)(oF) (t,,:ms per 

0.062 10.125 10.250 10.500 1 1•000 !2.000day) 

Section T--Continued 

stas. 6 to 146. 
stas. 156 to 330. 

Noy. 28, 1956••• 

1,stas. 6 to 66 and 110 toNov. 29•••.•.... 

2, stas. 6 to 66 and 110 to 

Stas • 6 to 66 and no to 160. 
1, stas. 76 to 98.VI 

():) 2, stas • 76 to 98. 

1, stas. 180 to 330. 

2~--8tas. 180 to 330• 

4:35 p.m. 32 • e ••••••• 1,290 ·......... 9 37 90 100 ·.... ..... . ETn, 
4:35 p.m. 32 ... .... .. 606 •• e ........ 28 68 98 100 ·.... ·.... ETR, 
4:35. p.m. 32 ......... 1,170 ·......... 11 40 91 100 ·.... ·.... stas. 6 to 330. 
3d.lO p.m. a 38 ·........ 1,730 ........... 10 38 82 97 100 ·.... ETR no. 

160. 
3 d.lO p.m. a 38_ ..... .. ... 1,350 • e, ••••••• 12 39 78 99 100 ..... ETR no. 

160. 

3:40 p.r:l. a 38 ·........ 1,540 .. ........ 11 38 80 98 100 ..... 
3:40 p.m. a 38 .., ....... 6,820 ·......... 2 7 24 90 100 ..... ETR no. 
3 :40 p ...'1'l. a 38 ........ . 7,160 .. ........ 2 27 85 100 ·.... ..... ETR no. 
3140 p.m. a 38 .. ..... .. 6,990 •......... 2 17 54 ,.95. .100 . ..... Stns. 76 to 98. 
3:40 p.m. a 38 .. .. .. ... .. ... .. 917 ............. 38 79 100 .. .... . .. ...... .. ...... ETR no. 

3:40 p.m. a 38 1,070 ·............. 12 79 100 . _ .. _--." - - ErR rio... .. .. ... .. ... ·....... .. ... .. .. .. ....... 
3:40 p.m. a 38 991J 40 79 100 Stas. 180 to.. e ........ ·......... ·.... ·.... ·.... 
3140 p.m. a 38 .. ,821.. 1,400 3,100 16 46 84 98 100 ·.... sus. 

to 

5145 p.m. ,a.n.. t •••••••• 1,410 ·......... 13 40 I 90 100 ·.... ·.... Sta. 17. 
5:40 p.m. , &,;'7 .. ............ 1,710 ·......... 9 33 84 100 ..... ..... St<l. .... ...... ... ... .. ·........ 1,220 .... ...... 12 38 86 98 100 ..... St!l • 71. 

I' •••••••• ....... ·........ 977 ·......... 15 u7 91.1 100 .. ... ..... Sta. 101. 
5:10 p.m. 38 .•..•.... 246 ·......... 54 80 100 ·.... ·.... ·.... sta. 200. 

10:45 a.•m. 36 .. ....... 974 ·......... 10 43 86 100 .. .. . ·.... ETR, 
10:45 a.:n. 36 .. ...... . 1,3hO ·......... 18 67 100 ·.... ·.... ·.... ETR, 
10:45a.:n. 36 700 1,030 1,950 12 48 89 100 ·..... .. ... Stas • 

.... 
330. 

6 to 66, 110 to ltD, and 180 
330. 

44. 

stas. 6 to 106. 
s tas. 116 to 330. 

6 to 330. 

a Estimated.
 
b Sample probably contains bed material.
 

Nov. 30••••••••• 



Table 2 .---:Particle-si~e anal.yses of: suspended sediment, point-mtegrated "~J.e.. , lU.dd.J.e Laup and. D~~~......r .. u.8Z'•. ~ .1Jl"--'. 
ffiup1icate samples collected with DH-48 sediment sampler having 3/l6-in. nozzle. Method or· af\alye~s; 'I1.sUa.!.~ !l.ee.uimii6."\:.'1.6n '~J~ 

Suspended sediment 

Section E 

Total Sampling point 
depth Nozzle Concen
(ft) Velocity2 velocity) Depth tr:ltion 

(it/sec) (ft/sec) (ft) (pp;n) 10.062 

Sampling 
station 

Measured 
di5chargel 

(cfs) 

\'later 
teraper

aturE 
(oF) 

TimeDate size, 

Nov. 29, 1956 •• I12:00 m. 33 a16 62 0.6 1.35 1.67 0.1 280 43 $5 100 ·..... •• II.t 

12:00 m. 33 415 62 .6 1.48 1.54 .2 330 36 81 100 ·..... • •••• 4 

12:00 m. 33 416 62 .6 .41. 1.48 .3 404 28 67 98 100 • •••• 1 

-12:10 p.m. 33 416 93 1.1 3.65 3.12 .3 601 21 66 100 ·..... • •••• 4 

12:10 p.m. 33 416 93 1.1 3.54 3.18 .5 876 15 58 100 ·..... ·.... ( 

12:10 p.m. 33 416 93 1~1 3.40 2.71 .6 963 15 56 100 ·..... <I ~ ••• t 

12:10 p.m. 33 416 93 1.1 - J.1.3 .~.68 .8 1,610 10 43 98 100 • c ~ •••.. -- - . '.~-

12:20 p.m. 33 416 ll8 1.1 3.89 3·ll .3 1,310 II .. 51·· 100 • •••• 0 • • 0 ••• 

12:20 p.m. 33 416 ll8 1.1 3·43 2.9(3--- ---.5'" .-1,750 10__ __.4$_ ~ 100 - -·..... 
416 1- 96 ---=... -

12:20 p.m. 33 ll8 1.1 3.1.3 2·33 .7 2,610 - .. --'-'='~7-- ---~5 100 • •••• 1 

12:20 p.m. 33 416 118 1.1 2.77 2.25 .8 3,510 4 29 93 100 ••••• 1 

12:30 p.m. 33 416 135 1.0 4.65 4.10 .3 1,040 18 55 100 ·..... • ••••• 4 

12:30 p.m. 33 LI6 135 100 4.37 2.99 .5 1,400 12 45 94 100 ·.... ; 

12:30 p.m. 33 Ll-'> 135 1.0 4.16 3.54 .6 2,000 8 39 91 100 ••••• 4 

12:3-0 p.m. 3) 416 135 1.0 3.94 3.33 .7 2,750 6 32 88 100 ·.... ' 

12:40 p.m. 33 416 150 1.4 5.02 3.83 .3 987 19 59 100 ·..... • ..... j 

12:40 p.m. 33 h16 150 1.4 4·75 3.51 .6 1,310 12 51 97 100 ·.... 
12:40 p.m. 33 416 150 1.4 4.37 3.72 .9 1,780 10 40 94 100 ·.... ' 
12:40 p.m. 33 416 150 1.4 3.89 2.81 1.1 4,540 4 20 74 100 ·.... ' 

Section R 

V1 
\0 

oct. 3, 1956 ... 10:24 a.m. 
10:24 a.m. 
10:24 a.m. 
10:24 a.m. 

5? 
S? 
S? 
S? 

314 
314 
314 
314 

10 
10 
10 
10 

2.6 
2.6 
2.6 
2.6 

2.77 
2.89 
2.71 
1.98 

3.95 
3.69 
3.21 
2.77 

0.3 
1.0 
1.7 
2.3 

286 
322 
423 
697 

- 35 
30 
23 
15 

79 
72 
63 
49 

100 
99 
92 
81 

·..... 
100 
100 
100 

·....·.... 
• •••• I·.... 

10:OS 
10: OS 
10:OS 
,10:OS 

a.m. 
a.m. 
a.m. 
a.m. 

Li/ S5 
W 55 
~ 55 
~ 55 

314 
311 
314 
314 

24 
24 
24 
24 

1.1 
1.1 
1~1 
1.1 

3.34 
3.34 
3.16 
2.95 

5.19 
5.27 
5.24 
5.27 

.3 

.5 

.7 

.8 

482 
618 
701 
720 

22 
18 
16 
14 

65 
65 
59 
56 

100 
100 
99 
99 

·.....·..... 
100 
100 

• • 00' •·....·.... 
• * ••• 

:,9:50 a.m. 
~ 9: 50 a.m. 

. ;"*~i-~Oa.m. 
:''1: 50 a.m. 

41 55 
fi/ 55
4-/ 55 
liI 55 

314 
314 
314 
314 

39 
39 
39 
39 

1.8 
1.8 
1.8 
1.8 

3.40 
3.32 
2.64 
2.23 

5.33 
5.19 
4.93 
4.63 

.3 

.7 
1.1 
1.5 

357 
556 
753 

1,160 

30 
20 
16 
10 

77 
71 
65 
57 

100 
100 
100 

99 

" .....·..... 
a ••••• 

100 

·.... ,·.') ..·....·.... 
See footnotes at end of table. 

1.000 



Table 2 .-Particle-size' analyses of suspended sediment, point-integrated samples, }liddle Loup and Dismal Rivers near Dunning, Uebr.~ontinued 
ffiuplicate samples collected with DH-48 sediment sampler having 3/16-in. nozzle. Hethed of analysis, visual accUl!D.l1ation tUbi] 

Date Time 

\'later 
temper
'ature 
(op) 

Measured 
di.!l ronr ge 1 

(cfs) , 

Sampling 
station 

Total 
depth 
(it) 

Suspended sediment 
Sampling point Percent finer than i.11dicated size, 

in mill:iJnetersVelocity-2 
(it/sec) 

Hozzle 
velocity:.3 
(rt/sec) 

Depth 
(it) 

Coneen
traticn 

(ppm) 0.0621 0.125 I 0.250 10.500 11.00( 

Section R~ontinued 

0'\ 
10 

Oct. 3, 1956 ..• ·................. .. ........... 314 52 1.5 3.46 5.44 0.3 587 17 59 98 100 ......... 
.. .... .. .. .. . .. .. .. • ........ It .. 314 52 1.5 3.40 5.64 .6 683 15 55 97 100 ......... 
.. .. .. .. .. .. .. .. .. .. .. .. .. ~ ........ 314 52 1.5 3.32 5.63 .9 922 11 49 96 100 ......... 
.. .. .. ... .. ...... .. ........... 314 52 1.5 3.16 5.75 1.2 987 10 47 97 100 ........ 
.. .. .. • .. .. • 41 ..... .. ............ 314 65 2.6 3.16 3.69 .3 312 32 76 100 ·...... ........ ~ ·................ .. ........... 314 65 2.6 3.34 3.70 1.0 446 24 67 99 100 ...... I·...... , ... , ... ....... 314 65 2.6 3.02 3.96 1.7 448 24 68 99 100 ........ ............. .. ........... 314 65 2.6 1.63 3.88 2.3 850 12 44 95 100 • .... I 

Nov. 29~ ........... 1:20 p.m. 4/ 35 330 12 '. , 2.0' --'''2.61'" ,-.-,-"- 2.63 .3 706 26 65 96 100 ....... 
1:20 p.m. 4/ 35 330 J2 2.0 " --2 ..71:---- .- -·---2-. 29 -- ::"-,,-.7 " ,860 21 56 93 100 ........ 
1:20 p.m. Ti/ 35 330 12 2.0 2.59 2.63 1:2' 0, -1,180-- .:. ,16.-' --, 45 90 100 ...... I 

1:20 p.m. W35 330 12 2.0 2.24 2.14 1.6 1,750 - n:-' .,.)[;'" -, 8S •.~ .-,::-lCX) ..' .. . 
1:10 p.m. L;/ 35 28 1.1 4.10 3·32 584 32 73 

~.. - .. 
330 .2 100 ·..... .. ... , 

1:10 p.m. 4/ 35 330 28 1.1 4.01 3.70 .5 802 25 63 99 100 .. .' ••• l 

1:10 p.m. E! 35 330 28 1.1 3.54 3.21 .8 1,340 17 49 97 100 ·... ' 
1:00 p.m. tIl 35 330 43 1.5 4.59 3.94 .3 921 20 60 100 ·..... :. ... , 
1:00 p.m. '4/ 35 330 43 1.5 4.59 3.82 .6 1,340 17 51 99 100 • .... I 

1:00 p.m. 4;' 35 330 43 1.5 4.01 3.83 .9 1,700 14 44 97 100 ·.... ~ 

1:00 p.m. y 35 330 LJ 1,5 3.68 3.35 1.2 2,460 10 37 93 100 •••• l 

12:50 p.m. 4/ 35 330 54 1.5 4.49 4.25 .3 645 32 75 100 ·..... • ••• l 

12: 50 p.n;. Ti/ 35 330 54 1.5 4.40 4.13 .6 969 23 67 100 ·...... ..... l 

12: 50 p.m. 4/ 35 330 54 1.5 4.10 2.85 .9 1,560 16 51 100 ...... .. ••• l 

12:50 p.m. y 35 330 54 1.5 3.61 3.17 1.2 2,510 9 40 99 100 • "'i 

12:25 p.m. 4/ .34 330 64 1.9 3.68 2.68 .3 511 42 80 100 ·...... • • till .. ~ 

12:25 p..m. "4/ 34 330 64 1.9 3.47 2.94 .7 698 31 72 100 ·..... • ••• I 

12:25 p.m. E/34 330 64 1.9 3.24 2.71 1.2 1;020 22 62 98 100 • ••• t 

12:25 p.m. TV 34 330 64 1.9 2.96 2.49 1.6 1,150 21 59 96 100 • ••• I 

See footnotes at end of table. 



Table ·,2.-Particle-size analyses of suspended sediJrent, 
LDuplicate samples. collected with DH-48 sediment 

Date Time 

Hater 
temper
ature 
( oF) 

Measured 1 
discharge 

(cfs) 

Sampling 
station 

Total Sarr.plL~g point 
death Nozzle 
(it) Velocity 2 velocity] Depth 

(rt/sec) (!~/sec) (ft) 

Concen- I 
tration 
(pp~) 

Suspended sediment 

kU ~~~~"VVV. ~ 

0.062 
--------''-------'------'------''-----'-----'-----------'.-:-' 

Section S 

0\ 
!-' 

ct. 3, 1956 ••• 1:46 p.m. 
1:46 p.I:!. 
1:46 p.m. 

64 
6h 
64 

724 
724 
724 

190 
190 
190 

0.9 
.9 
.9 

2.88 
3.01 
2.62 

2.57 
3·09 
2.68 

0.2 
.4 
.6 

317 
41+6 
726 

21 
17 
10 

6S 
62 
50 

100 
100 

99 

...... ·..... 
100 

·..... 
II t II'·..... 

1:29 p.m. 
1:29. p.m. 
1:29 p~m. 

1:29"p.m. 

4/ 63 
I;/ 63 
11 63
li/ 63 

724 
724 
724 
724 

230 
230 
230 
230 

1.1 
1.1 
1.1 
1~1 

·., ....... 
2.16 
2.06 

• II' ..... II 

2.49 
2.59 
2.36 
2.19 

.2 

.4 

.6 

.8 

186 
287 
323 
386 

32 
22 
19 
20 

64 
59 
56 
55 

100 
100 
100 

99 

1,.,1. 

•• It •• 

·., ... 
100 

• II. II 

• •••• t 

• • t •• ~ 

• •••• 4 

1:14 p.m. 
1:14 p.m. 
1:14 p.m. 
1:14 p.m. 
1:14 p.m. 

62 
62
62 
62 
62 

724 
724 
724 
724 
724 

295 
295 
Z75 
295 
295 

2.2 
2.2 
2..2 
2.2 
2.2 

1.89 
• .t .••.. II 
.... ,. t ••• I ·......... 

1.77 

2.24 
2.01 
2.17 
1.78 
1.76 

.3 

.6 
1.0 
1.5 
1.9 

-

338 
488 
694 

.. 782 
1,170 

24 
16 
12 
11 
9 .' 

59 
53 
41+ 
43 

"-38-

100 
lCO 
100 
100 
99 

·..... 
II' II' ·.....·..... 
.. 1CO 

• •••• l 

• •••• I 

• ..... l 

• II •• t 

• •••• I 

1:02 p.m. 
1:02 p.m. 
1:02 p.m. 
1:02 p.m. 

62 
62 
62 
62 

72h 
724 
72h 
724 

365 
365 
365 
365 

1.2 
1.2 
1.2 
1.2 

·......... 
2.63 
1.67·......... 

2.65 
2.34 
2.71 
2.24 

.3 

.5 

.7 
1.0 

427 
292 
26( 
198 

21 
27 
29 
38 

62 
68 
68 
75 

100 
100 
100 

95 

....... 
1,.,1.·..... 

100 

II ••• 

· ., .. ' 

•• II" ·.... , 

:ov. 29 ........ 4:35 p.m. 
4:35 p.m. 
4:35 p.m. 

41 
41 
41 

773 
773 
773 

23 
23 
23 

1.1 
1.1 
1.1 

2.89 
2.86 
2.71 

2.35 
2.50 
2063 

·3 
.6 
.8 

1,750 
2,120 
2,220 

8 
6 
5 

35 
40 
28 

95 
93 
89 

100 
100 
100 

·....·.... ,·..... ' 

4:50 p.m. 
4:50 p.m. 
4:50 p.m. 

. 4: 50 p.m. 

Lj 38 
[J 38 
TJ 38 
1/ 38 

773 
773 
773 
773 

77 
77 
77 
77 

1.0 
1.0 
1.0 
1.0 

2.15 
2.12 
2.00 
1.39 

1.81 
1.87 
1.80 
1.69 

.3 

.5 

.6 

.7 

503 
666 
774 

1,110 

30 
24 
21 
15 

Ti 
68 
64 
52 

100 
leo 
100 
100 

t •••••·.....·..... ....... 

·.... ' ·.... ,·....·.... 
5:00 p.m. 
5:00 p.m. 
5:00 p.m. 
5:00 p.m. 

l! 38 
1/ 38 
~j 38
1-/ 38 

773 
773 
773 
773 

348 
348 
348 
348 

1.6 
1.6 
1.6 
1.6 

3.65 
3.89 
3.89 
3·80 

3.12 
4.17 

_J.86 
3.96 

.3 

.6 

.9 
1·3 

734 
777 

1,000 
1,130 

19 
16 
13 
11 

52 
46 
40 
35 

93 
91 
90 
87 

100 
100 
100 
100 

It It_·....·.... 
•• It. 

See footnotes at end of table. 
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Table 2 .-Partic1e-sizeanalyses of suspended sediment, point-integrated samples, I·fiddle Loup and Dismal Rivers near Dunning, Nebr.-Continued 
, LDup1icate samples collected VQth DH-48 sediment sampler having 3/16-in. nozzle. Method of analysis, visual accumulation tUbi7 

Suspended sediment 
Hater Measured Samolino nointTotal Percent finer than indicated size,SampJ.Jngtemper- discharge 1 Time depth Nozzle Concen-Date in millimeters' stationature Velocity 2 Depth(cfs) (it) velocity3 tration(oF) (rt/sec) (ft) 0.062 I 0.125 I 0.250 I 0.500 11.00C (ppm)(rt/sec) 

Section S--ContL~ued 

25 62 • • • t ••5:20 p.m. 2.5 100Nov. 29, 1956 •• 365 0.54.43 556h/ 38 773 5·02 ·.... 
5:20 p.m. 1.02.5 100365 4.35 4.46 733 19 9317/ 38 773 ·....53 
5:20 p.m. 2.5 926 100365 4.46 1.5t/ 38 773 4.54 13 9344 ·.... 

2.0 1002.5 1,630I 5:20 p.m. 365 3.65 29773 3.95 7 39!±! 38 ·.... 
61,5.:30 p.m•• 4.16 1002.5 244/ 38 3.15 .5773 379 573 97 ·.... 

1001.0 1,010 802.90· $.:30, p.m., 2.5379 3.39Ii/ 38 773 14 41 99 
1,120 1002.5 2.97 1.5 38 984/ 38 379 3.43 13· 5~ 30. p.m•• 773 74 

8632.0 32 1002.5 3.03 17 50· 5.:Jo. p.w... , 3794/ 38 713 ·....3·37 
Section T 

0\ 

'" 
Oct. 3,1956 ••• 11:50 a.m. 

11: 50 a..m. 
11:50 a.m. 
11:50 a.m. 

61 
61 
61 
61 

746 
746 
746 
746 

16 
16 
16 
16 

2.6
2.6 
2.6 
2.6 

,J;16
2.95 
2.39 
2.17 

c .---2-,-89·,,- -.:::....:0.3 ~--~. 515-----14 --- 42 - 97 
2.78 1.0 .. ---840 -~--:- "9"-- :~~~j2:::==--96:--

3.01 1.7 855 8 31 94 
2.73 2.3 933 3 29 96 

----~~r~:~~-~::-: 

-'100 

100 

12:00 m. 
12:00 m. 
12:00 m. 
12: 00 m. 

61 
61 
61 
61 

746 
746 
746 
746 

37 
37 
37 
37 

1.3 
1.8 
1.3 
1.3 

3.34 
3.92 
3.53 
2·44 

3.23 
3·02 
2.93 
1.08 

.3 

.7 
1.1 
1.5 

347 
577 
764 

2,110 

19 
13 
10 
4 

52 
44 
37 
15 

99 
97 
95 
78 

100 
100 
100 
100 ....... 

12:10 p.m. 
12:10 p.m. 
12:10 p.m. 
12:10 p.m. 

61 
61 
61 
61 

746 
746 
746 
7lj) 

64 
64 
64 
64 

1.5 
1.5 
1.5 
1·5 

3.09 
3.09 
2.83 
1.94 

2.83 
2.71 
2.77 
2.42 

.3 

.7 
1.0 
1.2 

328 
377 
458 
542 

23 
19 
17 
l4 

59 
54 
53 
50 

100 
100 
99 
99 

100 
100 

12:20 p.m. 
12:20 p.m. 
12:20 p.m. 
12:20 p.m. 

l.i'/ 62 
[( 62 
4/ 62
V 62 

746 
746 
746 
746 

250 
250 
250 
250 

1.0 
1.0 
1.0 
1.0 

1.98 
1.78 
1.86 
1.63 

2.33 
2.33 
2.47 
2.45 

.3 

.5 

.6 

.7 

316 
382 
375 
403 

26 
21 
23 
22 

63 
56 
59 
58 

100 
99 
99 
99 

100 
100 
100 

See footnotes at end of table. 

'"
 



Table.2.--Particle-size analyses of suspended sediment, point-integrated samples, fliddle Loup and Dismal Rivers near Dunning, Nebr.--Continued 
ffiuplicate samples collected with DH-48 sediment saopler having 3/16-in. nozzle. Hethod of analysis, visual accumulation tUbi} 

Suspended sediment 
~later Saspling point Percent finer than L~dicated size,Measured TotalSamplingtemper- in millimetersdischarge 1Date Time depth Cmcen-Nozzle .3 stationature Velocity·2 Depth(cis) (ft ) velocity tration(OF) (ft)(rt/sec) 0.062 I0.125 I0.250 I0.500 11.00C (ppm).(rt/sec) 

Oct. 3, 1956 ... 

0'\ 
oN 

Nov. 

, 

29 •••••.•• 

L -. 

12:30 p.m. 
'12:30 p.m. 
12:30 p.la. 
12:30 p.m. 

5:45 p.rn; 
5:.45 p.m._ 
5:45 p.m. 
5: 45 p.m. 

5:40 p.m. 
5:40 p.m. 
5:40 p.m. 
5:40	 p.m. 

..·..........
·..........
·..........
 
• •••• • I"' ••• 

·..........
 
• ••••• to' •••·..........
·..........
 
5:10 p.m. 
5:10 p.m. 
5:10 p.m. 

W62
'W 62
k! 62 
11 62 

W 37
k! 37 
b/ 37 
1/37 

4/ 37 
1/ 37 
'h/ 37
li! 37 

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

.......
 .......
 .......
 .......
 
38 
38 
38 

746 _. 
" 

746 
746 
746 

821 
821 
821 
821 

821 
821 
821 
821 

821 
821 
821 
821 

821 
821 
821 
821 

821 
821 
821 

Section T--Gontinued 
.... 

296 1.3 3.09 2.51 0.3 
296 1.3 2.95 2.56 .6 
296 1.3 2.64 2.33 .8 
296 1.3 2.36 1~94 1.0 

17 2.0 2.58 2.44 .3 
17 2.0 2.95 2.08 .8 
17 2.0 2.71 2.56 1.3 
17 2.0 2.77 2.33 1.7 

44 1.8 3.69 2.68 .3 
44 1.8 3.53 2.14 .7 
44 
44 

1.8 
1.8 

2.95 
2.47 

2.32 
2.51 

1.1 
.... 1.5 

71 2.0 4.05 3.21 .3 
71 2.0 3.95 3.42 .7 
71 2.0 2.05 3.23 1.2 
71 2.0 .79 2.68 1.7 

101 1.5 3.12 2.59 .3 
101 1.5 2.85 2·55 .6 
101 1.5 2.58 2.16 .9 
101 1.5 1.74 2.22 1.2 

200 .6 1.70 1.50 .1 
200 .6 1.70 1.88 .2 
200 .6 1.68 1.95 .3 

1 For entire sect1.on.·
 
2 Measured with Price current meter.
 
3 Computed from volume of sample, time of collectio~and area of nozzle.
4· Estimated.	 . 

r_...-----iiiiiiiiiiiiiiiiiiiiiiiiiiiiii~=~~===---

455 
617 
707 
903 '. 

966 
1,340 
1,350 
1,620 

806 --_ .. 

1,530
2,020 
2,910 

836 
1,060 
1,440 
2,150 

743 
1,060 
1,440 
1,540 

202 
230 
259 

21 
16 
14 
10 

54 
46 
45 
39 

100 
99 
99 
98 

·..... 
100 
100 
100 

· .... ·....·.... ·.... 
17 49 95 100 ·.... 
12 
13 

42 
43 

94 
94 

100 
100 

... " .·.... 
9 36 91 100 ·.... 

16 ._~--- 98 100 ·.... 
9 
6 

35 
26 

91
85 

.lOO 
100 

. ...... ·.... 
4 19 79 '7'1 10C-

19 
14 
9 

53 
48 
37 

98 
98 
90 

100 
100 
100 

·....·....·.... 
7 27 80 99 100 

19 
l4 
II 
9 

56 
47 
38 
35 

100 
97 
86 
92 

·..... 
100 
100 
lCO 

·.... ' ·.... ' ·.... ' ·.... , 
62 
60 

91 
85 

100 
100. 

·.....·..... • •••• 4 

• •••• l 

54 75 100 ...... • •• ~ • l 



Table 3 .--particle-size analyses of bed material, Middle Loup and Dillmal Rivers near Dunning, Nebr. 
0ethods of analys1st S, sieve; V, visual accumulation tub:! 

Date 
Number 

of 
s3.11ples 

Mellsu-rnd 
discharge 

(cfs) 

Bed lila terial 
Method~ 

of 
analysis 

RemarksPercent finer than indicated size, in millimeters 

0.062 10.125 10.2,0 10.500 1 1•000 12.00014.000 18.000 116.000 

Section E 

0'>, 
~ 

{mg. 6, 1956•• 1 337 0 8 35 99 100 ·.... ·.... ..... ...... V Sta. 2.5, disk sample. 
1 337 0 1 15 90 99 100 ·.... ·.... ...... V - S~. 5.0, disk s&nple. 
1 337 .. ... 0 2 69 83 85 88 100 ...... SV Sta. 7.5,dlsk sample. 
1 337 0 1 10 57 66 69 70 70 100 5V 5ta. 10.0, disk sample. 
1 337 ·.... 0 11 54 75 82 90 100 ·..... SV 5ta. 12.5, disk sa~p1e. 

1 337 0 1 18 73 84 84 84 100 ...... 5V Sta. 15.0, disk sample. 
1 337 0 1 21 90 100 ·.... ·.... .. .. . ·..... V Sta. 17.5, disk sample.

:1 337 0 1 16 82 100 ·.... ·.... ·.... ·..... V Sta. 20.0, di!!lk sample. 
1 337 ·.. .. 
1 337 

"
0 4 15 32 59 88 100 ·..... SV Sta. 22.5, disk sa~ple. 

0 1 30 96 100 ..... ·.... ·.... ·..... V sta. 25.0, disk sample. 
".."." 

1 337 0 1 36 99 100 ..... ·.... ·.... ·..... V sta. 27.5, disk sample. 
-1 337 ·.... 0 24 89 100 ..... ·.... ·.... ·..... V sta. 30.0, disk sa~ple. 

1 337 0 1 28 85 98 100 - . -- V .St!-.. g.5r-disk- sampu..-·.... • •• t .• ·.. .... 
1 337 0 1 9 30 46 55 69 81 100 51 Sta. 35.b~'di8k-'Sample. 

1 337 ..... 0 2l 92 100 ..... ·.... ·.... ...... V Sta. 37.5, disk sample. 

1 337 a 6 75 99 100 ..... ·.... ..... ·..... V Sta. 40.0, disk sumple. 
1 337 ... .. 0 47 99 100 ..... ·.... ..... ...... V Sta. 42.5, disk sample. 
1 337 0 1 30 98 100 .. ... ..... ..... ...... V sta. 45.0, disk sample. 
1 337 ° 337 

2 61 99 100 ..... ·.... ·.... ...... V Sta. 47.5, disk sample. 
1 0 1 10 32· 58 72 83 100 ...... SV Sta. 50.0, disk sample. 

1 337 0 3 &J 99 100 ·.... ·.... ·.... ·..... V sta. 52.5, disk sample. 
1 337 0 3 45 92 100 ·.... ·.... ·.... ·..... V Sta. 55.0, disk sa~ple. 

1 337 0 2 29 83 90 90 90 100 ·..... SV sta. 57.5, disk sample. 
1 337 0 2 JO 80 98 100 ·.... ·.... ·..... 1 Sta. &J.O, disk sample. 
1 337 0 2 46 95 100 ..... ·.... ..... ...... V Sta. 62.5, di!!lk sample. 

1 337 0 3 46 74 83 88 100 ·.... ...... 5V Sta. 65.0, disk sample... 
1 337 0 2 36 64 70 7J 78 100 ·..... SV 5ta. 67.5, disk sa~p1e. 
1 337 0 2 51 85 100 ·.... ..... ·.... ...... V Sta. 70.0, disk s~l1p1e. 

1 337 0 1 36 82 92 95 100 ..... ·..... SV ·Sta. 72.5, disk sa~ple. 

1 337 0 1 35 89 99 100 e •••• • ••• e e e eo ••• V Sta. 75.0, disk sample. 



'table /3.--Particle-size analyses of bed material, Middle Loup and Dismal RiVers near DunniI'ig" Nebr.--Continued 

Date 
Number ~asured 

of discharge 
samples (cfs) 

Bed material -...• 
Methods 

of 
analysis 

" 
" ", 

'RemarksPercent finer than ,indicated size, in millimeters 

0.06210.125 1,0.250 1 0.500 11.000 12.000 14.000 18.000116.000 

/ - --" 1 
1 

,.' 

1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

Q'\ 1V1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Section E--Ccntinued 

337 
337 
337 
337 
337 

3)1 
337 
337 
337 
337 

337 
337 
337 
337 
337 

337 
337 
337 
3J7 
337 

337 
337 
337 
337 
337 

337 
337 
337 
337 

W
" 

r 

0 
~ 

90 99 100 V SUi. 77.5, disk sample.·.... •• •• 4 ·.... ·..... 
0 53 92 100 ..... ·.... ·.... ·..... V Sta. 80.0, disk sample. 
0 2 58 98 100 V SUi. 82.5, disk sample.·.... ·.... ..... ·..... 
0 1 29 73 88 94 100 ..... ·..... SV Sta. 85.0, disk sample. 
0 4 78 100 ..... ·.... ..... ..... ...... V sta. 87.5, disk sample. 

·.... a 2l 50 60 62 64 100 ·..... sv Sta. )0.0, diSk sample. 
0 4 61 99 100 ·.... ... .. ..... ·..... V Sta. 92.5, disk sample. 
0 1 54 99 100 ·.... ·.... ..... ...... V Sta. 95.0, disk sample. 
0 2 42 95 96 96 100 ·.... ·..... SV Sta. 97.5, disk sample. 
0 3 51 92 100 ·.... ·.... ..... ·..... V Suo 100.0, disk sample. 

0 10 85 100 ..... ·.... ·.... ·..... .. ........ V SUi. 102.5, disk sample. 
0 1 40 85 86 86' 86 TOO ...... SV. st<> •. 105.(),.,disk sample. 
0 4 52 99 100 ·.... ·.... a •••• ·..... V Sta.l07 .5,:d1Bk. §,,3,8ple.·.... 0 9 32 40 42 45 66 100 SV Sta. 110.0 j disk sample. 
0 2 44 84 100 .. ... ·.... ·.... ...... V Sta. 112.5, disk sample. 

0 2 43 88 97 100 ..... ·.... ·..... 5V sta. 115.0, di.sk sample. ..... a 19 91 100 ·.... • ••• It ..... ·..... V Sta. 117.5, disk sample.·.... a 10 67 87 96 100 ·.... ·..... sv SUi. 120.0, disk sample. 
0 4 69 99 100 .. ... ·.... ·.... ·..... V Sta. 122.5, disk sample. 
0 1 26 54 72 88 100 .. ... ....... SV Sta. 125.0, disk sample. 

0 1 12 31 40 46 66 100 ·..... 51 sta. 127.5, disk sample. 
a 1 13 39 69 77 85 100 ...... 5V Stat 130.0, disk sample. 
0 2 58 97 100 .. ... ·.... ·.... ·..... V Sta. 132.5, disk sample. 
a 4 69 99 100 ·.... ..... ·.... ·..... V Sta. 135.0, disk sa:nple. ... .. 0 8 46 73 82 96 100 ·..... SV SUi. 137.5, disk sample. 

0 3 49 97 100 .. ... ..... ..... ·..... V sta. 140.0, disk sample. ..... 0 11 74 95 98 100 ·.... ...... 5V sta. 142.5, disk sample. 
0 1 24 97 100 ..... ·.... ·.... ·..... V sta. 145.0, disk ~.ple. 

0 2 34 98 100 .. ... ..... ·.... ...... V sta. 147.5, disk sample.·..... 0 9 91 100 ·.... ·.... ..... ...... V Sta. 150.0, disk sample. 
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Table 3.--particle-size analyses of bed material, Middle Loup nnd Dismo.l Rivers near Dunning, Nebr.-Continued 

Date 
Number 

of 
samples 

Measured 
disCharge 

(cfs) 

Bed material 
Methods 

of 
analysis 

Remarkspercent finer than indicated size, in millimeters 

0.062 10.125 10.250 1 0.500 T1.COO T2.000 T4.0001 8.coo 116•000 

Section E--Continued 
.. 

1 
1 
1 ... 

-.. 1 
64 

1 
1 
1 
1 
1 

. 

.1 
1 

0\ 1 
0\ 1 

1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

337 
337 
337 
337 
337 

·.... 
0 
1 
3 
0 

0 
2 
3 

23 
2 

13 
40 
9 

67 
35 

89 
96 
23 

le-o 
81 

100 
100 

34 ..... 
89 

·.... .. ... 
43 ·.... 
92 

·....·..... 
51·.... 
94 

•• c ••·.... 
100 .. ... 

99 

......·.....·..... ...... 
100 

V 
V 

SV 
V 

sV 

stat 152.5, dizk sp~ple. 

Sta. 155.0, disk s~~ple. 
Stat 157.5, disk sample. 
stat 160.0, disk S~~Ple. 
Average of stas. 2.5 to 160. 

" 

37() 
370 
370 
370 
370 

. 

..... ... .. ..... 
• e ••• 

6 •••• 

0 
0 
0 
0 
0 

23 
18 
23 
14 
12 

96 
B7 
86 
50 
75 

99 
96 
94 
70 
92 

100 
99 
96 
82 
94 

·.... 
100 

99 
97 
96 

·.... ... ... 
100 
100 
100 

·.....·..... .......·.....·..... 

SV 
sv 
SV 
SV 
SV 

Stat 4. core sa~ple. 
stat 8, core s~~ple. 
stat 12, core sample. 
Stat 16, core sample. 
Stat 20, core sample. 

370 
370 
370 
370 
370 

·....·....·.... .. ...·.... 

a 
0 
0 
0 
0 

7 
14 
32 
25 
24 

26 
76 
86 
94 
82 

51 
95 
93 
99 
96 

71 
98 
94 

100 
98 

93 
100 

98 ·.... 
100 

100 ·.... 
100·....·.... 

....... 
·...... ......·.....·..... 

SV 
SIL. 
SV 
SV 
SV 

stat 
sta. 
stat 
Stat 
stat 

24, core sample. 
28, core sampl~. 
32,..core:sample. 
36, core sample. 
40, core sample. 

370" 
370 
370 
370 
370 

·....·....·.... .....·.. ... 

0 
0 
0 
0 
0 

28 
40 
19 
22 
16 

83 
91 
88 
66 
52 

98 
98 
29 
84 
76 

99 
99 

100 
92 
89 

100 
100 .. ... 

9B 
99 

·....·....·.... 
100 
100 

·.....·.....·..... ...... ...... 

SV 
SV 
SV 
SV 
SV 

Stat 44, core 
Sta. 48, core 
stat 52; core 
stat 56, core 
Stat 60, core 

sample. 
sample. 
sample. 
S~~Ple. 
sample. 

370 
370 
370 
370 
370 _ 

0 ..... 
0 
0·.... 

1 
0 
2 
6 
0 

27 
14 
28 
69 
16 

76 
76 
77 
96 
66 

91 
97 
9u 

100 
90 

97 
100 

97·.... 
96 

100 
• •• e • 

99·.... 
99 

·....·.... 
100 ·.... 
100 

......·.....·..... ....... ·..... 

SV 
sv 
SV 

V 
SV 

Stat 
stat 
Stat 
Stat 
Sta~ 

64, core 
68, core 
72, core 
76, core 
80, core 

sample. 
sample. 
sample. 
sa~ple. 
sample. 

370 
370 
370 
370 
370 

·.... ..... ..... 
a 
0 

0 
a 
0 
2 
1 

18 
21 
2B 
58 
30 

4B 
52 
91 
96 
73 

74 
79 

100 
99 
90 

87 
90·.... 

100 
96 

97 
99·.... ..... 
9B 

100 
100 ·....·.... 
100 

...... ......·.....·.....·..... 

SV 
SV 

V 
SV 
SV 

Stat 84, core sample. 
stat 88, core sample. 

.Sta. 92, core S~~Ple. 

Stat 96, core sample. 
Su. 100, core sample. 
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. Tab~, ·3.-~t1C1e-Sizeana1~es or bed material, Middle Loup and' D18I11al Rivers neAr Dunning, Nebr.--Colitinued 
, '.' -, , 

;.; -.. , .. " " ". Bed material 
Methods 

of 
analysis 

Remarks 
Number 

nate " :o!' 
'samples 

. Measured 
discharge
' (era) 

PerCent. finer than indicated size, in mill :!lneters 

0.062 10.125 10.250 10.500 11•000 12•000 14.000 18.000 116•000 

Section E--Continued 

~ug. 

-.,.' ... 

" , 

7, 1956•• 

.

1 
1 
1 
1 
1 

1 
1 
1 
1 
l' 

370 
370 
370 
370 
370 

370 
370 
370 
370 
370 

0 ..... 
0 
0 
0 

0 
0 
0 
0 ..... 

1 
0 
5 
4 
1 

2 
4 
2 
3 
0 

I 
I 

42 
19 
64 
53 
43 

55 
61 
36 
50 
15 

90 
76 
93 
83 
94 

96 
.' 

96 
.88 

90 
66 

91 
91 
98 
90 

100 

100 
100 

98 
99 
91 

98 
96 
99 
95 ..... 

.. ... .. .. . 
99 

100 
91 

99 . 
100 
100 

99 ..... 
.. ..." ..... 
-100 
... . . 
100 ' 

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

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

...... ...... ...... ...... ...... 
0\ 
--3 1 

i 
1 
1 

39 

370 
370 
370 
370 
370 

0 ..... ..... 
0 
0 

1 
0 
0 
2 
1 

25 
16 
11 
14 
29 

82 
69 
79 
45 
78 

' 

91 
81" 
97 
53 
91 

93 
" ,,88 

100 
57 
95 

98 
_2..~ ..... 
67 
98 

100 
.rL ' ..... . 
89 

100 

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

1c.t •. 3......... 31 375 0 1 30 80 91t 97 99 100 ...... 
Jet. 4.

1 

•••••• ~ • 32 384 0 1 33 85 93 97 9~ 
-

100 ...... 
, . 21 384 0 1 22 70 93 97 99 100 , .... ... 

II 3ell 0 3 45 89 96 97 99 100 ...... 
-

iov. 28•••••,•• 
. ',~ - ' ., 

33 .. 395 0 6 40 86 97 99 100 ...... ...... 
iov';, 29••••••• 
*~:'. '30:••'•••.•• 

31 
31 

416 
391 

0 
0 

It 
2 

36 
29 

85 
79 

97 
91 

99 
96 

100 
99. 

..... 
100 

• •••••...... 

SV 
sv 
SV
 
S\L
 

V
 

V 
'V 
SV 
SV 
SV 

,. _0 

SV
- 

-,;?V 
-sv 
SV 
SV 

SV 

SV 

SV 

SV 

SV 

SV 
51 

sta. 104, core sample. 
Sta. 108, core sample. 
Sta. 112, core sample. 
Sta. 116, c~samp1e. 
Sta. 120, core sample. 

sta. 124, core 'sample. 
Sta.128, core_s~P1e. 
Sta. 132, core sample. 
sta. 136, core sample. 
Sta. ).40, core sample. 

_. '" 

sta. 144, core sample. 
Sta.148, coresl1Iiiple. 

'-'St8.~52'':.:eor~iSam~_~_ 
sta. 156,eore-ia:mpre;- . " 
Average of stas. 4 t,o 156. 

Canposite of ~in. core samples col
lected at $-ft intervals. 

Composite of ~1n. core samples co1
lected at $-ft intervals. (Set no • .1). 

Composite of ~-in.core samples col
lected at 5-It. intervals from stas. 
15 to 70 and 130 to 170. (Set no. 2). 

CC%'1posite of. !-1n. core Sll1J1ples col.
lected at 5-ft intervals frm stas. 
75 to 125. (Set no. 2). 

Canposite of ~in. core samples col
l.ected at $-ft intervals. 

Do. 
Do. 



Tab1e3.--partic1e-size ~nalyses of bed material, Middle Loup and Dismal Rivers near Dunning, Nebr.--Continued 

Date 
Number 

of 
samples 

~asured 

discharge 
(cfs) 

Bed rna terial 
Methods 

of 
l!..l'lalysis 

Remarkspercent finer than indicated size, in millimeters 

0.062 /0.125 10.250 I 0.5001 LOCO 1 2 .000 14.000 I 8.aoo 1 16•000 

Aug. 6, 1956•• 

.Aug. 7••••••• ". 

Octe 3•.•••••• 

Oo·t. 4.•.••..• 

Nov. 28 ....... 

Nov. 29 •• ~ .••• 
Nov. JO •••••• e 

27 

31 

14 

14 

14 

14 
12 

294 

3.35 -
314. 

321 

320 

.3.30 
331 

° 
1 

1 

0 

° 
0 

° 

1 

6 

4 

2 

4 

4 
1 

32 

5.3 

28 

.34 

40 

44 
34 

72 

88 

74 

77 

95 

90 
84 

78 

94 

88 

88 

99 

98 
93 

86 

96 

93 

93 

100 

99 
96 

92 

98 

97 

97 

..... 
100 

99 

100 

99 

99 

99 

..... 

..... 
100 

...... 
100 

100 

99 

...... 

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

SV 

SV 

sv 

sv 

SV 

SV 
sv 

Composite of disk samples collectod ut 
2~-ft intervals. 

Ccmposite of ~L~. core s~nples col
lectcd ~t 2~-ft L~tervalD. 

Canposi te of 2-in. core sa,·;\pl!ls col
lected at 5-it intervals. 

Do. 

Do. 

Do. 
roo 

Aug. 6, 1956u 

A:;2-t 7•••••• 0. 

0\ 
CP 

Oct. 3•.•••••• 

Oct. 4..•.•.•• 

83 

15 

8 

8 

6 

40 

40 

40 

645 

719 

719 

719 

719 

724 

724 

662 

o 

o 

o 

o 

o 

o 

o 

o 

.3 

4· 

2 

6 

2 

3 

3 

4 

45 

46 

36 

35 

34 

Ll 

38 

47 

88 

88 

90 

84 

88 

80 

77 

85 

96 

96 

98 

93 

98 

91 

93 

93 

. Section R 

Section S 

98 

98 

99 

97 

99 

94 

95 

96 

99 

100 

99 

99 

100 

97 

98 

98 

100 

100 

100 

99 

100 

99 

......
 

......
 

100 

100 

SV I Conposite of f.-in. core s~"lples col
lected at 5-it int.crv:?ls.·~ 

SV 'I Co:nposite of ~-in. cor',,, sanples col
lected at lO-it int,~rv;).ls frer.l stas. 
10 to 150. 

SV I Composite of ~-in. core s~~ples col
lect~~ at 10-it ~~tervals fren stss. 
160 to 230. 

sv I Composite of ~-in. core samples col~ 
l~ct,pd at 10-ft intcrv21s from stas. 
240 to 310. . 

SV I Composite of t-in. core sa;nples col
lected at 10-ft intervals frOr.! stas. 
320 to 350 and 380 to 390. 

Composite of i-in. core samples col
lected at 10-ft intervals. (Set no. 

sv 

1) • 
SV Composite of }-in. core 8~~~les col

lected at la-ft intervals (Set no. 
2) • 

Composite of t-in. core s~~ples col
lected at la-it intervals. 

sv 



Table 3.--Particle-size analyses of bed material, Middle Loup and Dismal Rivers near Dunning, Nebr.--Continued 

Date 
Number 

of 
samples 

Measured 
discharge 

(cfs) 

Bed material 
Methods 

of 
analysis 

RemarksPercent finer than indicated size, in millimeters 

0.062 10.125 10.250 10.500 1 1 •000 1 2•000 14.000 \8.000 116.000 

Section S--Continued 

0\ 
\0 

\lov. 28, 1956•• 17 705 1 .3 43 85 94 97 98 100 ·..... 517 Composite of ~-in. core sa~ples col
lected 2t 5-ft interv.t.ls frem sta~. 

5 to 85. 
H 705 4 33 83 96 98 100 ..... ·.... ·..... SV Composite of ~-in. core sa~ples col

lected at 10-ft intervals from stas. 
105 to 175 and 290 to 310. 

15 705 0 8 52 78 87 90 95 98 100 5V Composite of ~-in. core samplos col

- lected at 5-ft intervals from stas, 
'" 320 to 390. 

~lov, 29.0, •••• ,. 17 773 0 2 28 73 86 94 97 100 ·..... $V Composite of ~-in. core samples col
_. lected at 5-ft intervals from stas. 

.. ' .. - 5 to 85. 
12 773 5 38 88 97 100 ... 

V Composite of i"-in,-core samples col·.... ·.... ·.... ·..... 
lected at 10-ftinterva1s fran stas, 

... -_. "-_._----
.-.  105 .J•.Q.J1.5. a1}5L?90 _t-o 320~- -.--"'--

.. ,.  _.  ·····"--.7"""_~__ '~ __""'_ _. 

13 773 0 '1 23 58 77 90 97 100 ...... SV Composite of ~-in. core samples col':' 
lected at 5-It intervals from stas. 
330 to 390. 

~lov. 30 ••••.••• 18 US 0 10 46 84 93 97 99 100 ...... SV Composite of ~-in, core samples col
'le cted ..t 5-ft intervals fran stas. 
5 to 90. 

12 738 6 36 84 96 100 ·.... ·.... .. ... ·...... V Composite of ~in, core samples col
lected at la-ft intervals from Btas, 
100 to 180 and 290 to 310, 

15 738 0 1 25 78 95 98 99 100 ·..... SV Composite of ~-in. core samples col
lected at 5-ft intervals from stas, 
320 to 390. 

Section T 

Composite of disk samples collected at100 VAug. 6,1956..tt. 696 9634 7714 7 ·....
 ·.... ·.....·.... 
5-ft intervals from stas. 5 to 70. 

24 Composite of disk s~~ples col1ect~d at 
5-ft intervals from stas. 75 to 190. 

28 

680 81 10018 SV696 1 45 9455 

Composite of disk samples collected at 
5-ft intervals from stas. 195 to 330. 

696 0 1 20 6742 50 67 74 SV57 

Composite of i-in, core samples col
lected at 5-It intervals from stas. 
5 to 75. 

100 SV32 72 98674 99Aug. 7••••••.•• 15 7 94 97 99 

a Partic~-s~ze analyses probably not representative. 



TableS .--PartiCle-size analyses of bed material, Middle Loup arid Dismal Rivers near DunniJlg, Nebr.--Continued 

Number Measured 
Date of discharge 

samples (efs). ' 

Bed material 
Methods - -

'" 

of 
analysis 

". ' ....Remarks 
'.Percent finer than indicated size, in millimeters 

0.062 10.1251,0.250 10.500 11,00012.000 I b.ooo 1 8•000 116.000 

Section T--Continued 

Aug. 

Oct. 

-.:j 
<> 

Oct. 

Nov. 

<
Nov. 

7, 1956•• 21 674 0 1 29 80 92 96 99 100 • •• t •• 5V Composite of !-in. core samples col-
lected at 5-ft intervals from stas. 
80 to 180. 

30 674 0 2 37 83 92 95 98 100 ...... SV Composite of i-in. core s~~ples col. 
lected at 5-ft intervals from stas. 
185 to 330. 

3•••••••• 22 746 0 2 37 78 90 95 98 .100. ·..... sv Com~Jsite of i-i~. core sa~ples col-
lected at 5-ft intervals from stas. 
5 to 110. 

20 746 8 37 73 93 99 100 ..... ·.... ·..... SV Composite of ~-in. core samples col-
lected at 5-ft intervals frem stas. 

-,.- ~- " _. - . _... .. :.. ,,---".. ._._0.:__• __ ... ' .• ..': 

a 
liS to 210. 

24 746 3 37 89 98 99 100 ·.... • • • 0" • _ sv Composite of.~-in. core samples col-
. __.._.- f--.-'-'-". - _._------ ._-- .. 

_':'-':' .. lecteda.t. .5-ft intervals from stas...'~.--, ....,," ..,......_.~. 

--'-' -···'·215 ~.to:33Q_.-:: ... ... 
-,--", ···'·--:C·---.--· 

4....•... 23 737 0 3 40 83 94 97 99 100 ·..... SV Composite of ~-in. core sarr.ples col-_._ 
lected at S-ft inter'\rals frem stas. 
5 to 115. -- -

20 737 14 46 78 95 98 100 ..... ·.... ·..... sv Composite of ~-ir.. core samples col-
lected at S-ft interyal£ frem stas. 
120 to 2lS. 

23 737 0 2 51 90 95 97 99 100 ...... SV Cemposite of t-in. core samples col. 
lected at 5-ft intervals frem st..s. 
220 to 330. 

28 ••••••• 14 ......... ...... 0 24 76 90 94 97 98 100 ·sv Composite of !-in. core samples col-
lected at lO-ft interYals from stas. 
10 to 140. 

15 ......... 3 17 71 93 98 99 100 ·..... ·..... SV Composite of ¥-in. core s~ples col-
.. lected at lO-ft intervals fr~~ stas • 

150 to 250 and 300 to 330. 

29••••••• 16 821 0 4 36 73 91 95 98 99 100 SV Composite of !-in. core samples col-
lected at 10-ft intervals from st4l.e. 
10 to 160. 



Table j .--particle-aize analyses of bed material, Middle Loup and Dismal Rivers near Dunning·, Nebr.--Continued 

Date 
Numbar 

of 
sumples 

Heasured 
d~sch:1rge 

(cfs) . 

Bed material 
Methods 

of 
analysia 

Remarkspercent finer than indicated sizo, in D1ill~~etera 

0.06210.12510.250 1 0.500 1 1 •000 12•000 14.000 18.000116.000 

Section T--Continued 

Nov •. 29, 19,6•• 

Nov. 30 ••••••.•.• 

18 

10 

" 
II 

, 

821 

700. 

700 

4 

0 

2 

23 

1 

20 

70 

29 

64 

92 

75 

92 

98 

90 

98 

99 

93 

99 

100 

96 

100 

..... 
98 

..... 

...... 
100 

..•._.... 

...... 

SV 

SV 
_...... _" ._....._., 

sv 

Canposite of ~-in. core s~~ples col
lected at la-ft interv~ls from stas. 
170 to 340. 

Composite of ~in. core samples col
lected at 10-ft intervals from stas. 

'. -lbta 100. . _. -
compoa·ifeoT~-in. core samples col

l":cted at lQ-!t intervals from. stas. 
110 to 140, 200, 28~and 300 to. 330. 

-.il 
I-' 



•••••• 

'. STable ~r ,,-- ummary of hydraulic data 

Temper- HCil.8Ured Effective Effective Hcan Hean 
Date ature discharge area dopth velocity Slope ,n 

( of ( cfG ( ft) (f s) 

1,,05 2.02 ' 0.00144 80 16'7 0.0289337lUg. 6, 1956. ~59 
1.16 2.00 .00136 .0303Aug. 7.........,
 185 15970 370 

.0268158 1.09 .001362.17173,Oct. 3••••••• 37554 
52 ' 161 156 .00132 .02301.03 2.39384Oct. 4••••••• 

.00115 .0158136 .87 2.90157Nov. 28•••••• 32 395 
.0184416 156 .001132.70Nov. 29•••••• 154 .9933 

140Nov. 30•••••• .00112391 157 .89 .016534 2.79 
Section F 

Aug. 
'Aug. 

6, 1956. 
7••••••• 

a 80 
a 70 

337 
370 i~~ 

95 
96 

1.64 
1.61 

2.16 
2.39 

0.0012'1 
.00135 

0.0341 
.0314 

Oct. 3••••••• a 54 375 158 93 1.70 2.37 .00127 .. 0318 
Oct. 4....... a 52 384 142 93 1.53 2.70 .00131 .0265 
Nov. 28 .••••• 32 395 115 92 1.?5 3.43 .00116 .0171 
r:lov. 29 •••••• a 33 416 137 91 1.51 3.04 .00122 .0225 
1!QY. 30•••..• a 3h 391 119 93 1.28 3.29 .00113 .0179 

Section P 

a 80Aug. 6, 1956. 
a 70Aug. 7••••••• 

Oct. 3••••••• 55 
Oct. 4...•••• a 50 
Nov. 28•••••• a. 33 
Nov. 29 •.•••• a 34 

a 36Nov. 30& ••••• 

294 
335 
314 
321 
320 
330 
331 

12t1 
141 
125 
128 
126 
III 
III 

83 
84 
83 
83 
82 
82 
82 

1.54 
1.68 
1.51 
1.54 
1.54 
1..35 
1.35 

0.00121 0.03002.30 
2.38 .00111 .0302 

.001232.51 .0273 

.00122 .02162.51 
.0292.001ho2.54 

.00127 .02182.97 
2.98 .0220.00130 

Section H 
Aug. 6, 1956. 80 294 126 75 1.,68 2.33 0.00109 0.0297 
Aug. 7..•••.• 70 335 115 75 1.54 2.91 .00112 .0228 
Oct. 3••••••• a 54 314 118 13.5 1.61 2.66 .00104 .0248 
Oct. 4••••••• 50 321 129 74 1.74 2.49 .00101 .0275 
Nov. 28•••••• a 33 320 104 11 1.46 3.08 .'00018 .0173 
Nov. 29 •••••• 34 330 106 ' 71 1.49 3.ll .00085 .0182 
Nov. 30•••••• 36 331 106 11 1.49 3.12 .00099 .0196 

Section S
, 

Aug. 6, 1956. Tl 645 331 356 0.95 1.91 0.001)13 0.0279 
Aug. 1••••••• 15 719 353 360 .98 2.04 .00134 .0263 
Oct. 3••••••• a 61 724 347 371 .94 2.09 .00122 .0244 
Oct. 4••••••• 55 662 326 365 .89 2.03 .00120 .0234 
Nov. 28•••••,. 32 705 273 270 1.01 2.58 .00133 .0212 
Nov. 29 •••••• 
Nov. 30•••••• 

37 
39 

713 
738 

286 
291 

214 
271 

1.04 
1.01 

2.10 
2.54 

.00135 

.00128 
.0208 
.0219 

. Section T 
0.00118 0.02822613Aug. 6, 19>6. 696 1.24 2.0974 333 

.0261.0011380 2.10Aug. 7••••••• 1.15218614 3~0 

.0191.00101Oct. 3••••••• 2.43146 307 .9333056 

.0204Oct. 4•••••.• 291 1.02 .00114296 2.4913154 
(b) (b)Nov. 28•••••• .0008532 272 30) .90 

.0190821 2.61 .00119Nov. 29 ••••• •, 0.38 )29 .9531.4 
2.85, .00118 .0153700Nov. 30•••••• 31136 245 .19 

a Estimate<:lo 
b Velocity ~eterminations not reliable because of ice effect. 

72 

I 



Aug. 7, 1956. 80 67L 338 272 1.24 1.99 . 0.00132 0.0313 
Oct. 3 ...... II ••• 56 746 355 276 1.29 2.10 .00115 .0284 
Oct. h......... 54 737 303 279 1.09 2.h3 .00118 .0222 
Nov. 30•••••• 36 700 260 253 1.03 2.69 .00137 .0208 

n 

719 0.00112 0.0222 
72h .001lt2 .0216 
662 .00138 .0258 
773 .00162 .0197 
738 .00136 .Oua 

.300 feet d01mstream from s,ection S 

TahlE' 4.--Sumrnary of hydraulic data--Continued 

300 feet downstream from section T 

7, 1956. 75 
J'•• ., •• • • 61 
)-!. • • • • • • 55 
29. • • • • • 37 
30...... 39 

Aug. 7, '1956. 75 719 333 427 0.78 2.16 0.00157 0.0230 
Oct. 3 ........... 61 724 3L~6 403 .86 2.09 .00113 .0216 
Oct. L.......... 55 662 310 435 .71 2.14 .00105 .0179 
Nov. 29 ........ 37 773 293 411~ .71 2.6JI .00108 .0147 
Nov. 30....•• 39 738 297 412 .72 2.48 .00115 .0163 

-
.l\U[;' 7, 1956. 80 674 286 253 1.13 2.36 0.00095 0.0210 
Oct. 3 .......... 56 746 293 259 1.13 2.55 .00098 .0198 
Oct. 4........ 54 737 280 250 1.12 2.63 .00110 .0202 
Nov. 30••..•. 36 700 260 255 1.02 2.69 .00091 .0174 

J.emper- Measured Effective EffectiveIHean Mean 
Date ature discharge arc'! uitlth depth velocity 

(OF) (cfs) (sq ft) (ft) (ft) (fps) 
~;.---- ---'-------:-'------'--_--.&._-

73 

300 feet upstream fror\ section S 

3$5
 
3!JS
 
359
 
273
 
290
 

413
 
473
 
451
 
302
 
385
 

0.86
 
.73
 
.80
 
.90
 
.75
 

300 feet upstream from section T 

2.03 
2.10 
1.84 
2.83 
2.54 



SedimeIl"t di.8cha:rg~ in· tons p~r day 

Date I Finer 0.062 0.125 0.25 0.50 1.00 2.00 
than to to to to to . to I Total 

o~062 rom 0.12.5 11111 0.2.5 m..rn 0.50 rom 1. 00 rom 2.00 rom 4.00 mm 

Section E 

~ 

Aug. 6, 1956. 61 '85 228 160 28 2 0 a 564 470 
Aug. 7••••••• 86 126 265 203 56 2 0 b 738 710 
Oct. 3••••••• 58 202 391 248 77 3 0 b 979 887 
Oct. 4••••••• 50 245 538 354 58 8 0 b 1,253 1,030 
Nov. 28 •••••• 106 hh2 1,172 580 156 13 1 b 2,470 2,340 1 
Nov. 29 •••••• 143 502 1,147 565 154 9 1 b 2,521 2,880 1 
Nov. 30 •••••• 94 493 979 599 173 31 4 b 2.373 2,090 1 

Section R 

-.J 
+:" 

Aug. 6, 1956. 113 108 193 111 18 5 0 a 548 ·.......... 327 
Aug. 7••••••• 100 174 43h 189 31 4 1 b 933 ·............ ... 
Oct. 3••••••• 78 286 366 252 84 1 b 1,076 

" 659 
9 ·............... 712 

Oct. h••••••• h7 263 427 183 45 5 0 b 970 ·.............. 660 
N.ov.28•••••• 136 348 716 332 25 . J . '.~. '._~~ ,.~." h 1,560 ·............ 1,076 
Nov. 29 •••••• 220 480 922 312 55 3 1 b-T;993 I_I ...... I-I. J.~223 
Nov. 30 •••••• 108 301 749 315 66 10 2 b 1.551 ·........ 1,142 

Section S 

Aug. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 

7, 1956. 
3••••••• 
4••••••• 
28 •••••• 
29 •••••• 
30 •••••• 

168 
138 
124 
237 
310 
238 

215 
386 
338 
759 
812 
685 

538 
843 

1,040 
2,791 
2, 2L~9 

1.726 

414 
408 
420 
655 
753 
793 

55 
123 

58 
166 
237 
239 

2 
L~ 

h 
30 
38 
32 

0 
0 
0 

11 
13 
4 

b 1,392 
b 1,902 
b1,984 
b 4,649 

cd 4,413 
b3.717 

............·..........·.........·..........·............. ............ 

1,009 
1,378 
1,522 
3,653 
3,291 
2.794 

Section T 
Aug. 6, 1956. 
Aug. 7••••••• 
Oct. 3••••••• 
Oct. h••••••• 
Nov. 29. ~;, ••• 
Nov .JO•••••• 

181 
168 

80 
143 
h45 
217 

218 
243 
393 
h24 

1,098 
859 

549 
545 

1,334 
1,361 
2,483 
I t 835 

373 
402 
679 
536 
771 
724 

77 
94 

156 
86 

352 
242 

5 
7 

18 
10 
36 
23 

0 

°2 
2 
6 
5 

e 1,403 
b 1,459 
b 2,662 
b 2,562 
b 5,191 
b 3,905 

·....... ~ .... ............·........·...........·........·.......... 

1,004 
1,048 
2,189 
1,995 
3,648 
2.829 

a Based on bed~materia1 samples collected with disk sampler.
 
b Based on bed-material samples collected with core sampler.
 
c B @fled Qn average of bed-material sa.mples collected with core sa'11pler on Nov. 28 and 30, 1956.
 
d In(!1udes 1 ton 'per :oay in.u«'OO to BeOOm:n size. "
 
e Based on bed-material samples collected with core sa~pler on Aug. 7, 1956. 



••••••••••••• 

Z for indicated fli.Z8 r:.1r1G'.J1 
station 0-0.062 I 0.062-0.125 I 0.125~.25O-~I-0-.-2-50-~-O-.5-0-0~ k 

Oct. 3, 1956, section R 
10 
24 
39 
52 
65 

0.00 
.03 
.02 
.00 
.00 

O.lJ 
.16 
•34 
.12 
.18 

0.29 
.33 
.58 
.25 
.32 

1.32·............·............ 
•40 

1.19 

0.675 
.450 
.291 

1.05 
.418 

Hean• •• 0.01 O.lt> 0.35 0.97 0.571 
Oct. J, 1956, section S 

190 
230 
295 
36.5 

0.00 
•1.4 
.08 
.01 

0.31 
.38 
.30 
.32 

0.57 
041 

•46 
•51 

•••••••••••••·............ ·... '" ...... 
••••••••••••• 

0."("(9 
.619 

4.64 
.077 

Mean ••• 0.06 0.33 0.1.).9 ••••••••••••• 1.529 
Oct. 3, 1956, section T 

16 
37 
64 

2.50 
296 

0.03 
.OB 
.00 
.03 
.01 

0.06 
.26 
.13 
.17 
.22 

0.12 
.60 
.24 
.12 
.39 

0.21 
.80 

- 000 
.00 
.96 

0.583 
.290 
.317 
.419 
.353 

Mean••• 00 03 0.11 0 0 29 00 40 0.392 
Nov. 29, 1956, section E 

62 
93
 

118
 
135
 
150 

Mean ••• 

12
 
28
 
43
 
54
 
64
 

Mean • ••
 

23 
77 

348 
365 
379 

Mean ••• 

Neg. 
0.13 

.06 
Neg. 

.05 
0.08
 

0.01 
.04 
.13 
.05 
.05 

0.06 

Neg. 
0.05 
Neg.
 
Neg.
 

.03 
0.04
 

0.23 
.29 
•26 
.37 
.2u 

0.28 
Nov. 29 

0.15 
.24 
.21 
.34 
.20 

0.23 
Nov. 29, 

0.16 
.33 
.04 
.19 
.13 

0.17 
Nov. 29~ 

195>c 

195c 

1956, 

0.70 
.77 
.62 
.71 
.GO 

·...... " .. ". 
••••••••••••• 

2.18 
1.65 
2.2.5 

•••••• 
0.36.5 

.178 

.18h 

.253 
0.72 2.03 0.2h5 

, section R 

0.34 
.53 
.u4 
•74 
·.38 

0.49 
, section S 

0.13 
.71 
.22 
-.52 
.11 

00 34 
section T 

0.67 
1.30 

..1.41 

.75 
1.03 

0.53 
.•••••••••••• 0 

.34 
1.70 

.68 
0.82 

0.640 
.302 
.289 
.310 
.547 

0.41tl 

0.ge7 
.239 

'0".0 
.331 
.492 

0.512 

17 
44 
71 

101 
200 

0.12 
.04 
.01 
.02 

,.05 

0.08 
.24 
.13 
.12 

Neg. 

0.18 
.98 
.35 
.33 
.80 

0.26 
1.08 
,1.13 
2.18 

•••••••••• 0 •• 

•••••• 
0.352 

.139 

.239 
7.00 

Mean ••• 0.05 0.14 0.53 1.16 1.932 

1 Size range in millimeters. 
75 



Table 'Y.--Dimensionless parameters for various rivers 

'Comput~d 
[1'

fsw 
d

DateSection 

Middle Loup River at Dunninr" Nebr. 

1956 
E Aug. 6' •• 151 0.00144 0.00119 228,000 0.0524 0.0239 0.0240 

Auc. 7•• 137 .00136 .00115 220,000 .0522 .02j4 .0244 
Oct. 3.. 145 .001)6 .00135 179,000 .0429 .0202 .0178 
Oct. 4•• ISl .00132 .00117 181,000 .0371 .01S3 .0161 
Nov. 28. 180 .00115 .00132 131,000 .0255 .00765 .00875 
Nov. 29. 158 .00113 .00119 11(1,000 .0263 .00988 .00984 
Nov. 30. 176 .00112 .00151 134,000 .0302 .00825 .00935 

s 
,. 

Aug. 
Aug. 

6 •• 
7 •• 

375 
367 

.00138 

.00134 
.00114 
•00114 

187,000 
202,000 

·..... 
.0484 

.0231 

.0204 
•••••••• 

.0173 
Oct. 3 •• 395 .00128 .00135 161,000 .0421 .0177 .0130 
Oct. 4•• 410 .00120 .00122 139,000 .0378 .0166 .0123 
Nov. 
Nov. 

28. 
29. 

267 
263 

.00133 

.00135 
.000987 

• • • • • • • • 
142,000 
172,000 

.0242·..... .0131 
.0124 

.0104 
• ••••••• 

Nov. )0. 253 .00128 .00101 160,000 .0313 .0137 .0131 

T Aug. 6 •• 
Aug. 7 •• 

216 
242 

.00118 

.00113 
• • • • • • • • 
.•:000938 

259,000 
259,000 

• ••••• 
.0520 

.0215 

.0189 
• ••••••• 

•0195 
Oct. 3 •• 355 .00107 .,00113 176,000 .0396 .0109 .0119 
Oct. 4 •• 
Nov. 28. 

285 
337 

.00114 

.00085 
.:000933 
.00120 

190,000 ....... .0320 ·..... .0120 
• •••••• 

.0117 
• ••••••• 

Nov. 29. 345 .00119 •.00111 lld ,000 . •0274 .0107 .00922 
Nov. 30. 395 .00118 .00140 126,000 .025~ .00737 .00688 

Dismal Riven at Dunning, Nebr. 

1956 
R Aug:b'•• 

Aug. 7.. 
Oct. 3 •• 
Oct. 4•• 
Nov. 28. 
Nov. 29. 
Nov. 30. 

1951 
JuIYT8. 
Aug. 3 •• 
Sept. 6. 

44.6 
49.0 
45.7 
'!2.5 
48.5 
47.7 
47.7 

94.2 
84.6 
74.2 

0.00109 
.00112 
.00104 
.00101 
.00078 
.00085 
.00099 

0.'000858 
.000663 
.000894 
.000170 
.000719 
.000725 
.000812 

420,000 
427,000 
324,000 
307,000 
238,000 
249,000 
250,000 

0.0372 
.0298 
.0348 
.0301 
.0181 
.0172 
.0215 

Niobrara River near Cody, Nebr. 

0.00131 . 0.000861 274,000 0.0481 
.00123 .000808 311,000 .0444 
.00129 ~000660 612,000 .0168 

See footnote at end of table~ 

76 

0.0217 
.01)1 
.0152 
.0183 
.00773 
.00843 
.00975 

0.0225 
.0184 
.00723 

0.0178 
.0167 
.0167 
.0161 
.00766 
.00762 
.0105 

0.0278 
.0246 
.00724 

C-2 
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-----

••••••• 

Table 7 .--Dimensionless paramet,ers for various ri vers--Continued 

k V 
sSection Date H S s

I ] d [ReJ [_fd V 

Niobrara Hivor near C0d~r~ ~,J~:]->..... -- (;on ti I1tlf!d 

1952 
C-2 Apr. :t •• 

MrlY 8••• 
<Tune 10. 
Sept. 'r?6 

8J.3 0.OOJ33 
93.5 •aauL 

121 .00138 
121 .00138 

0.1)007'29 
.08(8)~0 
.00107 
.nOl12 

0.00731 
.olLo 
.n?oo 
.0180 

Computpd 
fl 

o.(){Y!78 

.rnJ;? 

.0220 

.01.0 )1 

.......
 

1955
 
Mar. 29. 
.June 20. 
Aug. 22. 

1955
 
Hay 10••
 
June 7••
 
June 21.
 
July 26.
 

67.7 0.00157 0.000723 5n ?,OOO 0.0279 0.0173 0.0166 
1)/1 .00108 .000892 435,000 •()!J17 .0179 .0Ho 
175 .00121 .00176 138,000 .0791 .0259 .0287 

M;Jl<:11e Lot'p River at ArC8di'l) iJel)r. 

162 
133 
116 
20)1 

0.00131 
.00106 
.00127 
.00112 

0.000857 
.000720 
.000610 
.00108 

1 From regression equati0n. 

77 

230,000 
392,0C'O 
)~68, 000 
201,000 

0.0]7] 0.0217 0.0188 
.0291 .on5 .0113 
.0298 .0216 .0153 
.0595 .0259 .0236 



Tab1e 8.--Measured and computed widths and mean depths for different 
river sections 

I Computed1 
Depth 

Measured I Computed1 Measured 

WidthDate 

Section C-2, Niobrara River near Cody 
July 18, 1951••...••
 
Aug. 3· .............
 
Sept. 6 .............
 
Apr. 1, 1952•.••...•
 
May8 ...•. ~ .....••.•
 
June 19· ........... ..:
 
Sept. 26 ••......••.••
 

115 158 1.22 
110 175 1.30 
118 118 1.59 
117 129 1.44 
117 126 1.25 
118 136 ·975 
114 128 ·938 

.1.69 
2.09 
1.59 
1.59 
1.35 

1 

1.13 
1.05 

Gaging section, North Loup River at Burwell 

Mar. 29, 1955· ••.••• 
June 20 ............. 
Aug. 22 ............• 

132 124 1.95 ; 1.83 
223 153 1.58 1.07 
140 164 .80 .94 

Sec~ion A, Midd1e Loup River at Dunning 

Mar. 21, 1950•..•.•• 
Apr. 12 •.•........•• 
May 9- .............. 
Apr. 23 ............. 
JUIle 20 .... .... ~ . ... 

230 
229 
325 
236 
325 

222 
170 
270 
141 
223 

0.83 
.75 
.6i 
·72 
.66 

0.80 
·55 
·50 
.42 
.'45 

1 Computed with;variatlon of regression ~quation. 
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