


UNITED STATES DEPARTMENT OF THE INTERIOR
Douglas McKay, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

GEOLOGICAL SURVEY CIRCULAR 205

INVESTIGATIONS OF FLUVIAL SEDIMENTS OF THE NIOBRARA RIVER
NEAR VALENTINE, NEBRASKA

By B. R. Colby, D. Q. Matejka, and D. W. Hubbell

Prepated as part of a program
of the Department of the Interior for
development of the Missouri River Basin

Washington, D. C., 1953
Free on application to the Geological Survey, Washington 25, D. C.




CONTENTS

Page
Abstract —=-=-----mm e ced e 1 Measured slopes of the water surface =~--
Introduction —e=--eeecomcmma e acacenn 1 Distribution of sediment in section B --
River channel e--—-eccaccacacaae e 2 Particle size w=--cccmccmcm e ceeaee
Measuring sections --e---eccmmmmaeaeaaao 2 Analyses of suspended sediment -=-----
Contracted section —-—-——-———c—eemmmmmao 2 Analyses of bed material -——--—-e—w----
Normal sections —---e-——mmemmmemoo L Unmeasured sediment discharge ----------
Sections at Sparks gaging station ==--- L Coneclusions =em—emmmeccc e
Daily water and sediment discharges ---- 23 Tables =—-—cm e e e
ILLUSTRATIONS

Figure 1. Sketch map of the Niobrara River near Valentine and Sparks, Nebr =—-----—cce—ccace——-

2, Looking upstream toward the contraction of the Niobrara River formed by bank
CAVING ————mm e e
3. Looking downstream from the upper end of the contracted channel ------c-ccccmmaaaa-

21-22,
23.
2h.

25.
26.

28,
29.
30.
31.
32,
33.
34-36.
37-38.
39.

e
%-L@:

Footbridge where samples were taken to determine total sediment discharge of the

river--section B

Sketch map showing location of sampling sections of the Niobrara River above

Buffalo Bridge, near Valentine, Nebr ==---cmomo oo e ee e e
View of section A' from right bank —~------m e oo e e e e
View of section ¢ from left bank -=---emmmm oo oo e e e e
View of channel at section D' from left bank =—==-----e-—me—mam oo
View of bridge sectlon, Sparks gaging station =--e=——emcmmmm oo eeee -
View of wading sections) Sparks gaging statlion =-eeecmem oo e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

section A, Niobrara River near Valentine =—-=-—w=—m— o eeo e e
Lateral distribution of depth, velocity, and concentration of suspended sedimént,

section A', Niobrara River near Valentine =--me-=—emeoccmmmce e e
Lateral distribution of depth, velocity, and concentration of- suspended sediment,

section B, Nlobrara River near Valentine ==—-ee—meoo oo cc e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

section C, Niobrara River near Vglentine =wm---e—ommoco e oo e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

section D', Niobrara River near Valentine =—----—m-meoo oo
Lateral distribution of depth, velocity, and concentration of suspended sediment,

section D, Niobrara River near Valenting =—==--emecmmo oo oo e e e e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

bridge section, Niobrara River near Sparks =——--—-eemmem e e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

wading sections, Niobrara River near Sparks =—--e-—ee oo oo eee e
Lateral distribution of depth, velocity, and concentration of suspended sediment,

wading section, Niobrfara River near Sparks =——-—ememe—— oo e e
Rating curve for the Niobrara River above Buffalo Bridge, near Valentine -w—w-------
Water-sediment discharge curve for the Niobrara River near Sparks -—------c-ccceeaa--
Vertical distributions at sectign B, Nov. 30, 1950 =-—--oommmm oo
Vertical distributions at section B, Dec. 7, 1950 ==-moommmmmmm oo
Vertical distributions at section B, Dec. 21, 1950 =--cemommmmcmc e
Vertical distributions at section B, May 8, 1951 =emememom oo e
Vertical distributions at section B, June 28, 1951 ==e—mmm e
Particle-size analyses of SuSpendeE sediment, section A, Niobrara River near

Valenting =—e - oo oo e
Particle-slize analyses of suspended sediment, section A', Niobrara River near

Valentine =e- oo m o macce  er rrrmccnrccccmc e amm e
Particle-size dnalyses of suspended sediment, section B, Niobrara River near

Valentinge =—-cmm oo e e e
Particle-size analyses of suspended sediment, section C, Niobrara River near

Valentine s—e— oo oo e e e e e e e m e ————
Particle-size analyses of suspended sediment, section D', Niobrara River near

Valentine =-emccmma e e mmmm e mmmm e —————
Particle-size analyses of suspended sediment of the Niobrara River near Sparks ---
Particle-size analyses of bed material of the Niobrara River near Valentine =-----
Particle-size analyses of bed material of the Niobrara River near Sparks --==w----

iii

N I AT ARV ) B g VR VA

o S = B R S Ry
O @ — & +H o



Table 1.
2.
3.
L.

Te
8.

10.
11.
12.
13.
1.
15.

TABLES

Discharge measurements of the Niobrara River above Buffalo Bridge, near Valentine,
Nebr., during the year ending Sept., 30, 1951 ~-----m-cmecccmmcm e
Discharge measurements of the Niobrara River near Sparks, during the year ending
Septs 30, 1951 =mmmemme e e e e
Sediment ?ischarge measurements of the Niobrara River near Valentine (contracted
section) —=--scmmmc e e
Sediment discharge measurements of the Niobrara River near Valentine (normal
SECEIONS) mmmm e e e e
Sediment discharge measurements of the Niobrara River near Sparks ~-----ceeceencaa-
Comparison of suspended-sediment concentrations of measuring sections of the
Niobrara River near Valentine and Sparks, from Nov, 2, 1950, to July 17, 1951 ---
Suspended-sediment concentrations at cross sections of the Niobrara River near
Valentine and Sparks, from Nov. 2, 1950, to July 17, 1951, in average percentage
of the concentration at the contracted section B —=~-----mmm—m—mmcmmcc e
Daily suspended-sediment discharge of the Niobrara River near Valentine, section B,
and near Sparks, 1950-51 wWater Year =e—meememoom e oo e -
Slope observations on the Niobrara River near Sparks =----e-commcmmccc e mmneae
Particle-size analyses of suspended sediment (point-integrated samples), Niobrara
River near Valentine, section B, 1950-51 water year =eee--mo—meccmmoom oo
Particle~-size analyses of suspended sediment, Niobrara River near Valentine,
section B, 1950-51 Wabtel YeAr =-—m=—m- oo oo oo
Particle-size analyses of suspended sediment, Niobrara River near Valentine,
normal sections, 1950-51 wabter YBAr ==eemem - cme oo e
Particle-size analyses of suspended sediment, Niobrara River near Sparks, 1950-51
WALEr Jear == mmem e e e e e e e e e m e —mm e -
Particle~size analyses of bed material, Niobrara River near Valentine, normal
sections ~eeerccmcrcc e e e e L L e L L
Particle-size analyses of bed material, Niobrara River near Sparks --------ceeea---

iv

Page
il
45
v

L7
Iy}

48

50

50
50

51
sh
55
56

56
57



INVESTIGATIONS OF FLUVIAL SEDIMENTS OF THE NIOBRARA RIVER
NEAR VALENTINE, NEBRASKA

ABSTRACT

This report contains results of observa-
tions that were made from the time when a nat-
ural constriction was formed in the Niobrara
River near Valentine, Nebr., to the time when
it was widened by high flows. After the con-
striction was widened, insufficient turbu-
lence was developed to suspend most of the
sediment, The report gives information on the
amount and characteristics of the sediment
that moves as unmeasured load at normal sec-
tions of the stream near the constriction and
at the measuring sections at the Sparks gag-
ing station,

Lateral distributions of depth, velocity,
and concentration are shown for the sections
where sediment discharge was measured. In ad-
dition, vertical distributions of concentra-
tion, velocity, and percentage of particles
coarser than 0.25 mm are shown for the con-
tracted section. The vertical distributions
seem to indicate that the total sediment lecad
of the stream was usually in suspension at the
contracted section. Exclusive of the period
during the winter when upstream reservoirs.
were not flushed, the measured discharge of
suspended sediment at the normal sections near
the contraction averaged L7 percent and at the
Sparks gaging station L1 percent of the meas-
ured sediment discharge at the contracted sec-
tion.

Particle sizes of suspended sediment and bed
materiasl are tabulated, and some size distri-
butions are plotted. In conformity with bed-
load theory, the computed particle sizes of
the unmeasured load were slightly smaller than
the average particle sizes in the samples of
bed material,

INTRODUCTION

An investigation of sediment transport with-
in a reach of the Niobrara River on the Fort
Niobrara National Wildlife Refuge near
Valentine and Sparks, Nebr. (fig. 1),was
undertaken by the U, S. Geological Survey at
the request of and in cooperation with the
U. S. Bureau of Reclamation. This investiga-
tion to determine water and sediment dis-
charges in and near a contracted channel was
made as a part of the Department of Interior
program for the development of the Missouri
River basin. The contracted channel was formed
about October 1, 1950, when bank caving con-
stricted the low and medium flows of the
Niobrara River east of Valentine to a chute

about 30 ft wide. (See fig. 2.) During the
period November 2 to 17, measurements relating
to stream flow, suspended sediment, and bed
material were made in the chute, at nearby
sections, and at the gaging station near
Sparks, On November 17, 1950, a meeting of
representatives of the Bureau of Reclamation
and of the Geological Survey was held to dis-
cuss future operations of the investigation.
At this meeting the scope of the field work
was limited to observations at the contracted
section and at the Sparks gaging station. A
similar meeting was held on May 8 and 9, 1951,
at which time the investigation was expanded
to include again the collection of data on
stream flow, suspended sediment, and bed mate-
rial at the previously investigated sections
near the chute. However, two of these former
sections were replaced by more completely
alluvial sections.

The part of the investigation carried on by
the Geological Survey was under the supervi-
sion of P. C. Benedict, regional engineer,
Quality of Water Branch, and R. B. Vice,
hydraulic engineer. D. Q. Matejka, hydraulic
engineer, was in charge of field work. C. E.
Burdick, area engineer, Bureau of Reclamation,
agsigned engineers from the Ainsworth office
to do much of the field work. Mean daily water
discharges at the Sparks gaging station for
the 1951 water year were furnished by the
Lincoln district office of the Surface Water
Branch, D. D. Lewis, district engineer.

The field work included determinations of
water and sediment discharges and the collec-
tion of samples of suspended sediment and bed
material for particle-size analysis. Vertical
and lateral distributions of velocity, concen-
tration, and particle size were defined for
the contracted section, five normal sections
near the contraction, and two sections at the
Sparks gaging station. Velocities and vertical
distributions in the chute indicated that
most, 1if not all, of the sediment load of the
river was in suspension, Also, data from field
measurements provided information as to the
amount of sediment that is discharged as un-
measured load at normal sections near the
chute. Indirectly they helped in computing the
rate of sediment discharge as unmeasured load
at the gaging station near Sparks, about 6
miles downstream, where daily discharges of
suspended sediment were determined from May
1947 to January 1951.

This report contains a summary of the infor-
mation that was obtained from November 2,
1950, to July 17, 1951, High flow on July 29
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Figure l.--Sketch map of the Niobrara River near Valentine and Sparks, Nebr.

widened the constriction to the extent that
velocities and turbulence were not nearly suf-
ficient te suspend the total sediment load.
The final field data were collected on July 17.

In this report suspended sediment is that
part of the sediment load of a stream that can
be collected in a depth-integrating sediment
sampler. Suspended-sediment discharge or
suspended-sediment load is the sediment dis-
charge that can be computed from water dis-
charge and the concentration from depth-
integrated sediment samples. The ummeasured
lcad is the difference between the total sedi-
ment load of a stream and the suspended-
sediment load.

RIVER CHANNEL

The channel of the Niobrara River in the
Fort Niobrara National Wildlife Refuge aver-
ages about 150 ft in width, Most of the stream
bed is composed of shifting sand, but in
places the bed is scoured down to shale or
firm clay. The channel banks are generally low
and partly covered with brush except for an
occasional place where the river flows at the
base of a steep bank of Brule clay. The slope
of the channel is about 8 ft per mile; the
measured slopes downstream near the Sparks
gaging station averaged 7.5 ft per mile.

A small power dam about 2% miles upstream
from the contraction forms a pool in which
sediment is trapped. (See fig. 1l.) During the
summer this pool is flushed periodically to
remove part of the accumulated sediment, A
small power dam on Minnechaduza Creek about 6
miles upstream from the contraction forms an-
other small pool that is also flushed occa-
sionally. The flushing of these pools probably
causes alternate fill and scour of the channel
for several miles below the dams.,

MEASURING SECTIONS

Contracted Section

Before the contracted section was formed,
the channel was probably 100 to 150 ft wide.
Immediately after, it was constricted to a
width of about 30 ft for a distance of about
100 ft along the channel (fig. 3). A foot-
bridge was built by the Bureau of Reclamation
near the downstream end of the contracted
channel, where the flow was swift and turbu-
lent (fig. lt). The downstream side of the
footbridge was the section, called section B,
at which measurements were made to determine-
total sediment discharge of the river. Sam-
pling stations were measured from the right
bank., Mean velocities measured at section B
during the period November through January
ranged from 3.28 fps at a discharge of 237 efs
to 8.77 fps at a discharge of 1,10 ¢fs. Stand-
ing waves, high velocities, and an uneven
stream bed were factors that limited the accu-
racy of measurements of stream flow at this
section. During the early part of February,
ice dislodged the footbridge and widened the
constriction to about LO £t. A second fcot-
bridge was constructed in April by personnel
of the Bureau of Reclamation. It spanned the
constriction at the original site; however,
the bridge stationing was shifted 12 ft to the
right so that station O would be over the
right bank. After the channel was widened,
measured velocities ranged from 6.00 fps at
990 cfs to 6.9 fps at 1,040 cfs. Standing
waves, high velocities, and an uneven Stream
bed continued to limit the accuracy of stream-
flow measurements at the section,

On July 29, 1951, a flood collapsed the
footbridge and further widened the constric-
tion to about 75 ft. Resulting lower veloci-~
ties and turbulence were sufficient to suspend
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that at section B even though the concentra-
tion at the Sparks gage was lower than at
other seasons of the year.

DAIﬁY WATER AND SEDIMENT DISCHARGES

Daily water discharge of the Niobrara River
above Buffalo Bridge, near Valentine, was com-
puted for the period November 28 to December
21. Gage heights read on the staff gage up-
stream from section B were plotted on a print
of the recorder chart for the Sparks gaging
station. A continuous graph of estimated gage
height at the staff gage was drawn for all
this period of the record except December 16
to 19. Between gage readings, the graph was
based on the changes in gage height at the
Sparks station and on temperature records. The
gage-height graph and a rating table based on
the rating curve shown in figure 25 were used
to compute the daily water discharges for use
at section B and at the normal sections near
Valentine. Mean daily water discharges for
December 16 to 19 were estimated on the basis
of records for the Sparks station. When daily
water discharges at the staff gage were com-
pared with those for the Sparks gaging sta-
tion, some inconsistencies were found. The
stage-discharge relation shifted considerably
at each place because of (a) changes in bed
elevation and (b) backwater from ice at times.
Records of daily discharge at the staff gage
were revised slightly on a few days when the
revisions were not inconsistent with measured
discharges. On other days when the water dis-
charge at the two sites seemed to be incon-
sistent by only a small percentage, no revi-
sions were made.

Daily discharges of suspended sediment for
November 28 to December 21 were computed for
section B and for the gaging station near
Sparks from daily water discharges and graphs
of sediment concentration. The daily figures
of water discharge, suspended-sediment dis-
charge, and sediment concentratlion are listed
in table 8. For December 2 to 5 and 7, when no
dally samples were collected at the Sparks
station, the sediment discharge was computed
fZ?m a water-sediment discharge curve (fig.

2

MEASURED SLOPES OF THE WATER SURFACE

Water-surface slopes were recorded for the
reach of river above the Sparks gaging sta-
tion. Simultaneous gage readings were obtained
at the Sparks water-stage recorder and at a
staff gage 890 £t upstream. Staff gage and re-
cording gage were at the same datum. The aver-
age slope was 7.5 £t per mile. (See table 9.)
Water-surface slope readings were discontinued
after the staff gage was removed by ice. The
last reading was obtained November 21, 1950.

DISTRIBUTION OF SEDIMENT IN SECTION B

Point-integrated samples of suspended sedi-
ment were collected at section B on November
30 and December 7 and 21, 1950, and on May 8
and June 28, 1951. Two samples were taken at
each sampling point. Concentrations, veloci-
ties, and particle sizes for each sampling
point are listed in table 10, These velocities
were computed from the filling time of the
samples, Figures 27 to 31 show the vertical
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distribution in section B of concentration,
velocity, and percentage of particles larger
than 0,25 mm. The 0,25-mm size was used for
comparison; it approximates the median parti-
cle slze. Each discontinuous line connecting
the plotted polnts is only one interpretation
of the distribution that seems to be indi-
cated by the points and may be inaccurate,
especially near the bottom of each vertical.

Samples collected on November 30 and Decem-
ber 21 show little increase in sediment con-
centration from top to bottom of the verti-
cals. Also the percentage of particles larger
than 0.25 mm does not increase appreciably
with depth below the surface of the water.
The sediment load must be far below the maxi-
mum carrying capacity at any section where
the turbulence is sufficient to maintain
nearly uniform vertical distribution of
coarse sediment particles. The sediment trans-
ported as unmeasured load at such a section
is probably a minute fraction of the total
sediment discharge.

On December 7 the water discharge was low,
and the mean velocity by current-meter meas-
urement at 10:20 a.m, was 4,11 fps. Vertical
distributions show an increase of concentra-
tion and of percentage of particles coarser
than 0.25 mm toward the bottom of the section
at four of the seven sampling stations. At
the other three verticals the concentration
and the percentage of particles coarser than
0.25 mm did not show a significant increase
with depth. Perhaps an appreciable amount of
sediment was discharged as bed load on Decem-
ber 7, but the engineers who took the samples
did not report any deposits of sand on the
bottom of the channel at section B at that
time. In general, during the period before
the channel widened to about LO ft it is prob-
ably safe to assume that, except when the
stream flow was exceptionally low or there
was backwater from an ice jam, almost all the
sediment passed section B in suspensilon.

On both May 8 and June 28, 1951, vertical
distributions showed an increase of concen-
tration and of the percentage of particles
coarser than 0.25 mm toward the bottom of the
section at one of the three verticals that
were sampled. The vertical showing this in-
crease was at about the same location on both
days. Soundings on May 8, 1951, indicated a
wedge of deposited material from the right
bank to station 8. In this part of the cross
section the velocities of flow were low and
the alluvial bank was being undercut. On May
8 and June 28 at the other two verticals in
the cross sections, the concentration and
distribution of materials coarser than 0.25
mm did not change appreciably with depth.
During the period from May 8 to July 17, 1951,
probably somewhat less than the total sedi-
ment load was transported in suspension.

PARTICLE SIZE

Analyses of Suspended Sediment

The particle-~size distributions of sus-
pended sediment were determined Ll times at
section B, 22 times at the normal sections
near B, &nd 16 times at the gaging station
near Sparks. Usually less than 6 percent of
the suspended sediment was coarser than 0.5
mm. (See tables 11 to 13.) Some of the
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Figure 27,--Vertical distributions at section B, Nov. 30, 1950.
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particle~size analyses are shown in figures
32 to 3. The size distribution of the sedi-
ment at all the Valentine and Sparks sections
for the entire period of record did not seem
to vary appreciably with either time or water
discharge. In additlon, no apparent differ-
ences existed in the size distributions be-
tween the normal sections near Valentine and
the Sparks gaging station.

Analyses of Bed Material

Fifteen sets of bed-material samples from
the normal sections and ten sets from the
Sparks bridge section were analyzed for parti-
cle size by sieving. Each set consisted of
samples from two to four points in the seec-
tion. Only a few percent of the particles from
any analysis were larger than 0.5 mm, Although
the gize distributions of the different sets
of samples varied considerably, the analyses
showed that the bed material near the Sparks
gage averaged finer than the bed material at
the normal sections during the winter period.
(See tables 1l and 15 and figs. Ul to }9.)
Presumably, the finer materials were depleted
from the bed by selective sorting near the
normal sections. This selective scour probably
continued downstream at a decreasing rate
while flushing of the small reservoirs above
the power plants was discontinued because of
ice. After flushing was resumed in the spring,

the size distribution of the streambed mate-
rial of the two reaches resembled each other
more closely.

UNMEASURED SEDIMENT DISCHARGE

For the period of record exclusive of win-
ter months, the assumption can be made that
probably most of the sediment that passed
section B was in suspension. (See figs. 27 o
31.) Also an average of L7 percent of the
suspended-sediment discharge at section B was
in suspension at the normal sections (table
7). Thus, over half of the total sediment
discharge was transported as unmeasured load
at the normal sections according to samples
collected from November 2, 1950, to July 17,
1951, During other periods and at different
rates of water discharge, this ratio of un-
measured load to total load might be signifi-
cantly different.

Information on particle sizes can be used
to compute the size distribution of the sedi-
ment that passes the normal section as un-
measured load. The averages of the gize dis-
tributions of the 20 sets of samples from
sections A, A', C, D', and D during the peri-
6d November 2 to | 17, 1950, and May 8 to July
17, 1951, and of the 11 sets of size distri-
butions from section B during the same period
are shown in the following table:

Average particle size of sediments of the Niobrara River near Valentine for the periods Nov. 2
to 17, 1950, and May 8 to July 17, 1951

Percent finer than

Type and location of sampling Indicated size (mm)
_ 0.125 0.25 0.5
Suspended sediment at sections A, A', C, D', and D ~-==mm-m—moooomomooe 35 92 100
Suspended sediment at contracted section B —-m===mmmmemmoomommmmmmmmmen 19 72 99
Unmeasured load at sections A, A', G, D', and D (computed) =-----=----- 5 55 98
Bed material at sections 4, A', c, and 2 LR EE P LR 5 6 93

If the suspended-sediment discharge is L7 per-
cent of the total sediment discharge and all
the sediment is in suspension at section B,
then the size distribution of the sediment
that is discharged as unmeasured load at sec-
tions A, A', C, D', and D can be readily com-
puted. If the percentages of particles finer
than any particular size are represented by
Pgp, Pn, and Py, for suspended sediment at sec-
tion B, suspended sediment at any normal sec-
tion, and sediment transported as unmeasured
load at the same normal section, respectively;
then for measuring sections near Valentine

Pg = O0.47 Py + 0.53 Py

This equation was solved for P,; to compute the
figures in the next to the last line of the
above table. The size distribution of the bed
material is also shown in this same table.

Although the size distribution of bed mate~
rial is not necessarily the same as the size
distribution of the sediment that moves as un-
measured load, the two probably are similar
for the range of particle sizes that are found
in appreciable quantities in the bed of this
reach of the Niobrara River. The relatively
close agreement between the particle size of
unmeasured load and bed material for sections
A, A', C, and D' (see above table) may indi-
cate that the computed size distribution for
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the sediment that moves as unmeasured load at
the normal sections is reasonable.

Neither the quantity nor the size distribu-
tion of the sediment that 1s discharged as
unmeasured load at the Sparks gaging station
can be computed directly during the period
November 19 to March 26, the period during
which flushing of the reservoirs was dis-
continued. The average suspended-sediment
discharge during this period was greater at
the Sparks station than it was at the normal
sections near the contraction or even than it
was at section B. (See table 6.) Evidently
scour during this time, as described previ-
ously, prevents any direct determination of
the percentage of the total sediment dis-
charge that is in suspension at the Sparks
gaging station during the winter months,

Throughout the remainder of the period of
record, when neither ice nor discontinuance
of flushing affected the water-sediment rela-
tionships, the six determinations of
suspended—sediment discharge at the Sparks
gaging station averaged L1 percent of the
total sediment discharge at section B. Thus,
during this period the relationship Tor the
sections at the Sparks station is

Pg = 0.1 P, + 0.59 Py
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When the equation 1s solved for P,, the com-
puted size distribution compares Favorably
with the measured size distribution of bed
material from the Sparks station, as shown

by the following table. This favorable com-
parison may indicate that the computed size
distribution of the material that moves as
unmeasured load is reasonably accurate.

Average particle size of sediments of the Niobrara River near Sparks for the periods Nov. 2 to 17,
1950, and May 8 to July 17, 1951

Type and location of sampling

Suspended sediment at Sparks gaging section —~--------
Suspended sediment at contracted section B mrmmmmmm
Unmeasured load at Sparks gaging section ~--~--m-m~--
Bed material at Sparks gaging section -=----c--oceae-

Percent finer than

indicated size (mm)
0.125 0.25 0.5
_________________ L1 92 100
................. 18 68 96
----------------- 2 ol 93
----------------- 3 L5 o

CONCLUSIONS

1. During the periods November 2 to 17,
1950, and May 8 to July 17, 1951, nearly
all the sediment was probably in suspen-
sion at the contracted section, section
B, although a small amount of sediment
may have moved through the contracted
section as unmeasured load during May,
June, and July, 195l. At times during
the winter when the flow was exception-
ally low or there was backwater from
ice, appreclable quantities of sediment
may have been discharged through section
B as unmeasured load.

2. Twenty-one determinations of suspended-
sediment concentration at the normal
sections A, A', C, D', and D averaged 47
percent of the concentration at section
B at comparable times. Thus at the times
of measurement an average of about 53
percent of the total sediment load of
the Niobrara River near Valentine was
discharged as unmeasured load through
the normal sections. During other sea-
sons and at other rates of water dis-
charge the percentage of sediment that
moves as unmeasured load might be con-
siderably different.

3., The characteristics of sediment discharge
gradually changed during the winter
months while the periodic flushing of
the upstream reservoirs was discontinued.
Theoretically, the low concentrations at
the outlets of the unflushed reservoirs
should begin to increase downstream by
the scouring of the finer materials from
the stream bed. Both the rate of degra-
dation and the particle sizes of the bed
material should decrease downstream, but
the concentration should increase down-
stream., However, even as far downstream
as the Sparks gage the concentration may
be lower than normal. The greater ob-
served suspended-sediment concentrations
at the Sparks gaging station than at the
contracted section B show that the
stream bed in this reach was degrading
during the winter. The few samples. of
bed material collected during the winter
seem to show the expected decrease of
particle size from the normal sections
near Valentine to the Sparks gage.

Ly Six determinations of suspended-sediment
concentration at the Sparks gaging
station averaged 4l percent of the con-
centration at section B at comparable
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times. The standard error of the mean
for this average indicates that there
is 1 chance in 20 that the actual aver-
age would be less than 31 percent or
greater than 51 percent. The standard
error of the mean may not be very sig-
nificant for a small sample of this
type. Other errors may be more signif-
icant than sampling errors.

At the times of measurement an average
of about 59 percent of the total sedi-
ment load was transported as unmeasured
load at the Sparks gage. The average
percentage of unmeasured load may be
different at other times or at other
rates of water discharge. Certainly
durding the winter the suspended-
sediment concentration at the Sparks
gaging station was a much larger per-
centage of the concentration at section
B than during the summer.

5. The computed particle sizes of the sedi-

ment that moved as unmeasured load at
the normal sections near Valentine, but
was presumably suspended in the con-~
tracted section, were slightly smaller
than the average particle sizes In the
samples of the bed material. Only small
amounts of material coarser than 0.5 mm
were found either in the suspended sedi-~
ment or the bed material.

6. During this investigation certain items

of base data that were not obtained
would have been useful particularly in
explaining the results in terms of
theories of sediment transportation.
Some of these are:

a. A continuous gage-height record from
a water-stage recorder installed at
the staff gage site above the con-
traction.

b, Water-surface slopes and enough cross
sections at each normal section near
the contraction to determine the
energy gradient even though the
Niobrara River is not a strictly
alluvial stream at all sections near
Valentine,

c. Occasional point-integrated samples at
the normal sections near the contrac-~
tion and at the measuring sections at
the Sparks gaging station. These data
would help to define vertical distri-~
butions of velocity, concentration,



and particle size and to indicate
approximate amounts of unmeasured
sediment that is carried in suspen-
sion below the sampling range of
depth-integrating samplers.

d. Daily suspended-sediment samples at
the contracted section and at the
Sparks gaging station.
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e. A few series of samples of suspended

r.

sediment and of bed material every
mile or two from just below the dam
on the Niobrara River near Valentine
to the Sparks gaging station.

Soundings in the chute to locate any
pessible areas of deposition, under-
cutting, or other changes iA the
channel cross section.
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Table 3.--Sediment discharge measurements of the Niobrara River near Valentine, Nebr.

(contracted section)

Water Suspended sediment 1

Time Gage

Date discharge Mean
(mst) (cfs) concentration (tgg:egfgggay) height
{ppm)

Nov, 2, 1950 =--- 2:30 p.m. b 718 1,560 3,020 | —emem--
Nov, 3 =-cmm--ee= 10:00 a.m. b 8ol 2,030 Ly410 ] memeee-
DO mmmmmmmmm—an 1:00 p.m. bb 821, 1,790 3,980 | ememeao
Nove 8 mecccmmman 12:45 peme | cmmmmce—eaa ¢ 1,510 | =emeemcecceeeeee- 1.34
NOV, 9 memmewe—a- 2:15 pem. 782 2,210 4,670 .62
Nove 10 mwcwmmmm= 9:140 a.m. 502 1,990 2,700 .28
Nove 17 =—mcwme—- 9:30 aum, | mmmmcem—e——— 2,410 | eecmeccccccaaae~ .76
Nov, 2] ==-m===== 10:00 a.m,. 816 1,800 3,960 .66
DO =mmmmmm————— :00 p.m. 969 1,210 3,170 8l
Nove 22 wemwcmcan 10 a.m. 790 1,810 3,860 .63
DO mmmmmmemmmmm 10:30 a.m. 790 1,540 3,280 .63
Nov. 28 mmmem—an- 11:15 a.m. 858 1,850 14,290 .97
DO weccmcwcmen— L{-:LI»O Pell. 1,330 1,350 u,sso 1.14-1
Nov, 29 ==me=maan 10:10 a.m. 867 1,710 14,000 .89
DO wmeemccmacma 3:05 P, 1,080 1;500 LI-,B?O 101L|—
Dece 1 mmmmmmmea=n 8:55 a.m. 918 1,320 3,270 .87
DO =mmmccmmm——- 12:00 m, 9, 1,770 4,510 .90
Dece L m-mcmeeae-- 11:20 a.m. 63 Lho 758 .91
Dec, b mmmmc—meaa 2:10 p.m, 222 1,770 1,060 .16
Dec, 6 =wmmmeeeu- 3:30 pem. 250 830 560 .21
Decy 8 mmwmcecmaa 10:25 a.m. 605 510 833 1.41
DO mmemcmmm———— 14:25 puem. 589 1,260 2,000 1.39
Dec, 1l =mmmemmm-— 10:10 a.m. 918 670 1,660 1.22
DO memcmmm————-— 3:50 p.m, 1,150 690 2,140 1.48
Dece 12 macmcecaw 10:00 a.m, 1,050 610 1,730 1.35
3:10 p.m. 1,070 560 1,620 1.38

10:40 a.m. 1,050 e 1,250 1.49

Lely5 pom. 1,030 690 1,920 1.22

8:40 a.m. 1,100 340 1,010 1.94

14:00 pom. 850 700 1,610 1.16

8:40 a.n. 935 120 303 1.88

11:00 a.m. 935 150 379 1.52

10:05 a.m. 1,000 130 351 104

4,:00 p.m. 978 510 1,350 1,15

Decy, 20 mmmmmmma-w 9:15 a.m, 1,000 210 567 1.45
DO ~mecmecmm——— :00 p.em. 978 670 1,770 1.15
Decs 21 mmmmme—mw= 45 a.m. 916 350 866 1.23
DO =mwmmccncmcw- 3:14!-5 Peme 952 620 13590 1.26
Decy 22 mmmcmcmm- 8:40 a.m. 960 120 311 1.65
DO mmcmcccm———— 11:20 a.m, 1,000 770 2,080 .97
Jan, 26, 1951 === 10:50 a.m, 681 2L 7 L5k 1.40
May O mwme-c—m——- 5: 10 p.m. 8)-'.2 1,6)4-0 3,730 ~+09
May 9 wemmeme—ac-- 12:00 m. 771 2,050 4,250 -.10
May 23 memmmm-m-- 11:30 a.m. 1,010 1,880 5,130 .30
June 28 mm-mmm-m- 12:25 paoi. 952 1,680 I,320 .07
July 17 =m=m==—=- 11:40 a,m, 826 2,080 L, 640 .02

b Discharge measurement.
bb Discharge 1s average from two measurements made on this day.
¢ For one vertical only.
1 Staff gage located on right bank 650 £t above Fish and Wildlife Service Buffalo Bridge.
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Table Lj,--Sediment discharge measurements of the Niobrara River near Valentine, Nebr.

(normal sections)

Suspended sediment

Water Water 1
Time + Mean Gage
Date discharge Discharge temperature
(mst) (efa) conc?E;;?tion (tons per day) (op) height
Nov. 2, 1950 =-~]| 11:30 a.m. b 701 780 TPV 7o (RS | ——
DO mmmmmec———— 1:00 p.m. b 718 770 C 1,490 ]| mememmmmeae | e
NOV, 3 =cwmmme—- 11:00 a.m. b 843 700 A 1,500 | me;ememmemeee | eeeeea
DO mmwmmmm——— 12:00 m. b 80 1,040 C 2,260 | =memmmmee—ee | e
DO w=mmmmm———— 3:15 p.m. b 840 1,340 A 3,040 } emmmmmmmeee | e
DO mmmem————— 3:30 p.m. b 845 750 D 1,710 | =memmemmcmee | ;e
NOVe § memmemmcm—— L:00 p.m. b 728 1,400 C 2,750 | ==mmme——— 0.50
NOV. 10 ==cem=m- 1:00 p.m. b 616 1,000 C 1,660 | =mmemm—meeee .18
Nov, 17 =-m==—==- 1:45 p.m, b 832 1,440 C 3,230 | =mmmmmemee | e
Jan. 26, 1951 =-| 10:30 a.m. 681 218 c 401 | ~emmmmmeeee 1.40
May 8 w-emmeemem 1:00 p.m. 790 811 C 1,730 | =emmmemmee- -.15
May 9 -mmmmem——— 11:55 a.m, 77k 758 C 1,580 | ~e;mmmeemeee -.10
DO =mwmmmm——— 12:15 p.m. 765 881 A' 1,820 | emmmme—e——- -.10
DO =mmmmm————— 1:00 p.m. 757 ¢ 2,680 D! G480 | ememmmeeee- -.10
Moy 23 =mmmmme—- 11:15 a.m. 1,050 602 At 1,710 | =mmmmme———— .3k
DO =mmmmmm———— 11:40 a.m. 1,010 563 C 1,540 | =mmmmmee——- .30
June 28 ~mmmme—- 10:40 a.m. 951 752 At 1,930 67 .07
DO ==mmmmm———— 12:30 p.m. 933 490 ¢ 1,230 70 .05
[ R pp— 2:20 p.m. 92l 566 Dt 1,410 | emmemmeeee- .0l
July 17 ==-=--—- 11:40 a.m. 826 982 At 2,190 | =-mmmmemeee .02
DO mmmmmm————— 12:40 p.m. 826 683 C 1,520 | =memeamme——— 02
DO =mmmecm———— 1:10 p.m. 826 808 D' 1,800 | =mmmmmmmee- .02
b Discharge measurement,
¢ This sample apparently contained bed material.
1 staff gage located on right bank 650 £t above Fish and Wildlife Service Buffalo Bridge.
Note.--Capital letters indicate sections.
Table 5,--Sediment discharge measurements of the Niobrara River near Sparks, Nebr.
Suspended sediment
Time Water Moan Water Gage
Date (mst) discharge concentration Discharge temperature height
(efs) (ppm) (tons per day) oF
Oct. 23, 1950 -- 1:40 pem. 793 700 1,500 2.92
NOVe 3 memmmmm——— 11:40 a,.m. 816 760 1,670 2.94
Nove 17 ======-=- 1:40 p.m. 782 920 1,940 2.91
Nov, 2L mmmemeeem 2:30 pem. 8ol 1,240 2,690 2,93
Nov, 28 wecmemm- 2:25 p.m. 817 1,530 3,370 2.99
Decs 6 mmmmmm——— 11:35 a.m. a 250 140 O | e | e
DeCe 1l mmmmmmmm 12:20 p.m. 1,140 1,490 4,590 | =eemmmmem——- 3.32
Dec, 1l =memmmmm= 2:40 p.m. 957 1,060 2,740 | = 3.06
Dece 20 =mm—mmm—- 12: 35 p.m. 957 1,020 2,6L0 | emmmmm————— 3.06
Dec. 22 =====mm- 12:40 p.m. 687 700 1,300 | —memmmmmeee 2,82
1:35 p.m. 736 237 L7l | emmmmmemeee 3.13
1:00 pem. 768 140 290 | mmmmmeee——e 3.07
2:45 pem, 1,040 293 L N e 3430
12:15 p.m. 517 520 726 | e 2.55
1:30 pem. 897 1,900 I, 600 Lo 2.92
12:20 p.m. 885 560 1,30 | memmmemmeeee- 2.91
1:50 p.m. 897 558 1,350 | eemcmmeeee- 3.01
1:35 pem. 770 580 1,210 | mmmeme———— 2.90
7:10 p.m. 981 1,240 3,280 | =memmmme———- 3,08
L:00 pom. 981 1,010 2,680 | =emmmmemee- 3,08
12:15 Pelle 933 528 1, 330 --------- 3.0LI.
11:40 a.m. 885 1,490 3,560 | =mememmmmee 3.00
12:40 p.m. 1,020 97 1,920 | =mmememe———— 3.20
5:00 p.m, 885 608 1,450 3,03
12:30 p.m. 839 510 1,160 3.05
3:30 pemms 885 608 1,450 3.09

a Mean daily discharge.
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Table 7.--Suspended-sediment concentrations at cross sections of the Niobrara River near
Valentine and Sparks, Nebr., from Nov. 2, 1950, to July 17, 1951, in awerage percent-
age of the concentration at the contracted section B

3 Average concentration in
Section Number of concentration percent of concentration
comparisons with section B at section B
R —om—mmmmm—ommmemoomommmmmommmmmoooos 3 i
Al e e Ly L2
C mmmmm e e 11 50
D! s e e —— 2 36
D e e e e e 1 L3
A1l normal sections ==-ecemcmmcccaaoaon 21 T
Sparks gaging station ——-ee-ce—ccccmaaa- N 97
Sparks gaging station (Nov. 2 to 17,

1950, and May 8 to July 17, 1951) —=-- 6 L1

Table 8.--Daily suspended-sediment discharge of the Niobrara River near Valentine, section B, and
near Sparks, Nebr., 1950-51 water year

Niobrara River near Valentine, section B Niobrara River near Sparks
Water Concen- Sediment Water Concen- Sediment
Date discharge tration discharge Date discharge tration discharge
(cfs) (ppm) (tons per day) (cfs) (ppm) (tons per day)
Nov, 28 1,090 1,600 1,700 Nov., 28 1,000 1,380 3,730
29 986 1,630 l1,300 29 957 1,160 3,770
30 926 | m—m—eea 3,800 30 885 1,540 3,680
Dec., 1 952 1,520 3,900 Dec. 1 885 1,570 3,750
2 Ty | = 2,200 2 720 | —mmmmee 1,230
3 T 680 3 I I 430
b 51 1450 660 n 520 | ==mmm-- 590
5 274 1,300 960 g 300 | cesmeea 170
6 228 930 570 6 250 140 90
7 38l | memmeea 810 7 JOO | memaama 330
8 9l 860 1,100 8 500 690 930
9 1y | eemeeee 1,700 9 650 1,050 1,840
10 833 | w-eome- 2,000 10 850 790 1,810
11 1,040 690 1,900 11 1,050 910 2,580
12 1,090 600 1,800 12 1,100 1,100 3,270
13 1,000 560 1,500 13 1,100 1,160 3,450
1L 960 530 1,400 1L 1,020 1,100 3,030
15 901 200 1490 15 957 1,020 2,640
16 850 | --=---- 320 16 897 1,020 2,470
17 950 | =------ 490 17 969 1,110 2,900
18 900 | =emm——- 530 18 921 1,140 2,830
19 oLl 280 710 19 945 1,110 2,830
20 986 380 1,000 20 957 1,060 2,740
21 olgly L50 1,100 21 969 1,180 3,090
Total 19,035 | —==e-e- 38,620 Total 19,252 | memmeee Sl, 180

Table 9.--Slope observations on the Niobrara River near Sparks, Nebr.

Staff Recorder

Time s s Difference Slope

Date (mst) ?iiit%g rf?g:?% (feet) (£t per mile)
June 2, 1950 —==mmeme——un 1:00 p.m. L.20 3,03 1.17 6.9l
July 13 mmccmmmccccmammeen 10:40 a.m. .26 2.96 1.30 7.71
JULY 30 = 10:00 a.m. .20 2.96 1.2 7.36
Aug, 19 —cmmmmmmee e 10:10 a,m, .23 2.9 1.29 7.65
Aug, 25 =memmmcmcmccaaaa— 10:20 a.m. L.13 2.87 1.26 7.48
Auge 28 mmme e 7:50 a.m, .63 3.25 1.38 8.19
Auge 30 mmmmmme e S:40 pom. L.28 2.9 134 7.95
Septs 15 mommmmme e 12:35 p.m. Lhe26 2.92 1.34 7.95
NOV. 3 —mmommmmcmmmme o 9:25 a,m. .10 2,94 1.16 6.88
Nov, 21 ——c-ommmmmmmm e 1:45 p.m. L.15 2.93 1,22 7.24
DO —mmmm e L:1S p.m, L.20 2,98 1.22 T.2L
AVETREE = oo ot e o oo et i i bt et 7.51

Note.--Staff gage and Sparks recorder set to same datum. Staff gage on right bank 890 ft up-
stream from recorder.
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