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PROGRESS REPORT 
INVESTIGATIONS OF FLUVIAL SEDIMENTS 

OF THE 
NIOBRARA RIVER NEAR CODY, NEBRASKA 

By 

Eugene F. Serr m 

ABSTRACT 

Comparison of sediment concentrations at a 
naturally contracted section on the Niobrara 
River pe&r Cody, Nebraska, with those meas
ured at the regular gaging station one quar
ter mile upstream, indicates that approxi
mately 50 percent of the sediment is trans
ported as bed load at the regular gaging sta
tion. The bed load percentage varied from 24 
to 68 for the 34 determinations available, 
without significant correlation with water or 
sedir1ent discharge. The investigation indi
cates that practically the total sediment 
load is transported in suspension at the con
tracted section. The normal sediment load is 
essentially bed material, averaging about 
0.20 millimeters in diameter. 

INTRODUCTION 

The investigation of fluvial sediments in 
the Niobrara River Basin is a part of the 
Geological Survey's Water Resources program 
in the Missouri River Basin. An important 
phase of the Niobrara Basin investigation is 
the determination of the general relation be
tween the suspended sediment load and the 
total sediment load for the streams of this· 
region. The percentage of the total load mov
ing as bed load for these streams draining 
the sand hill region is known to be high com
pared to that of most streams. Since field 
data on sediment transportation as bed load 
are scarce, and generally difficult to ob
tain, bffort is being made in this investiga
tion to obtain information of general value 
to hydrologists concerned with fluvial sedi
ment problems. 

The measurement of the sediment discharge 
of streams is generally limited to the ma
terial moving as suspended load. The problem 
of obtaining information on the quantity of 
material moving as bed load has long con
fronted engineers designing hydraulic struc
tures. Development of bed-load sampler that 
is r6liable under general field conditions 
has not been successfUl. The Geological Sur
vey is approaching the problem in the Mis
souri Basin by measuring the suspended load 
both at a normal stream cross section and at 
a cross section where increased turbulence 
forces the bed load into suspension. If the 
turbulence is sufficient to momentarily sus
pend the total load at the sampling section, 
the difference between the loads measured 
will represent the bed load. 

A suitable turbulent section may be intro
duced artifically, as is being done by the 
Geol~ical Survey on the Middle Loup River 

near Dunning, Nebraska. An installation of 
this type on a large stream generally pre
sents difficult construction problems, with 
attendant expense. On the Niobrara River near 
Cody, Nebraska, a natural flume is available 
for this investigation. This report concerns 
the data available from the investigation 
near Cody, which is being continued and e~
panded to include water surface slopes, water 
temperatures, and stream channel surveys. 
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NOTATION 

Definition of Terms 

Bed load ••••••••••••• The difference between 
the total sediment 
load transported and 
the measured suspended 
load. 

Bed material ••••••••• The sedimentary material 
of Which the stream 
bed is composed. 

Concentration •••••••• T.he ratio of the weight 
of dried sediment to 
the total weight of 
sample, expressed in 
parts per million. 
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Depth-integration •••• The continuous accUEUla
tion or a sample at a 
uniror.m transit rate 
throughout the depth 
such ths. t each incre
ment is received at 
the stream velocity or 
eacl! point. 

Fluvtal s~diment ••••• Sediment transported by, 
suspended in, or de
posited by streams. 

Polnt-integration •••• The continuous accumula
tion or a sample at a 
point over a period or 
time such that each 
increment is r·ecei ved 
at the instantaneous 
stream velocity at the 
poir.t. 

Sediment ••••••••••••• Fragmental material 
transported by, sus
pended in, or deposited 
by water or air, or 
accumulated in beds by 
other natural agents. 
This does not include 
ice or organic material 
floating on the surrac~ 

S di£u:;nt discharge ••• The rate of sediment 
transportation ex
pressed as a weight 
per unit time, usu
ally tons per day. 

f ·spended load ••••••• (l) The material moving 
in suspension in the 
fluid, being kept up 
by the upward compo
nent or the turbulent 
currents or by colloi~ 
dal suspension, or 

(2) the material col
lected with a suspended 
load sampler. 

Tot~l sediment load •• The total weight or sedi
ment transported over a 
given period. 

List or Symbols 

Mean suspended sediment concentration in 
the daily sampling vertical. 

Mean suspended sediment concentration in 
the contracted measuring section. 

Kean suspended sediment concentration in 
the normal cross section. 

Percentage by weight or the bed material. 
riner than a certain pnrticle size. 

Percentage by weight of the sediment in 
suspension at the contracted section 
finer than a certain particle size. 

Percentage by weight of sediment in sus
pension at the normal section riner 
than a certain particle size. 

JBSCRIPTIOI OP 'lJIE IIBASURI11G SECTIONS 

The daily sediment sampling station on the 
Ilobrara River near Cody is located on the 
county bridge 10 miles south or Cody. A 
sketch of the river plan at the site or the 
invest1.gat1on is shown in rigure 1. The 
county bridge spans a narrow chute, or natu
ral f'lume, in the channel, where the stream 
is cutting through argillaceous siltstone 
containing limestone concretions, 1n the 
basa1 or •valentine• member of the Ogallala 
foraation. '.ftie stream first enters this con
tracted channel about 50 feet above the 
bridge, where the water surrace is about 2 
feet wide, and gradually widens to about 12 
feet at the bridge. The photographs or figure 
~ show this reach of the channel. Since it 
was desired to 1.nsta11 the sampler where the 
susperded sediment concentration was greatest, 
severa1 sections nearer the head or the reach 
were investigated before installation was 
made. The suspended concentration was round 
to be greatest at the contracted section at 
the bridge. The 50-foot reach is apparently 
required for dirtusion or the sediment in ac
cordance with the 1.ncreased turbulence. 

The stilling well and water stage recorder 
are located about a quarter or a mile up
stream at a section with a sand bed rrom bank 
to bank_. typical or the stream. This channel 
section is shown in the photographs or figure 
3. Ordinarily the stream-gaging and sampling 
of this cross section is done by wading about 
30 feet downstream r.rom the gage well. About 
100 yards upstream from the gage well is a 
wide, shallow section, part of which has a 
shale bottom, known loca1ly as the "rord". 
Formerly this shallow section waswaded for 
gaging and sampling during moderately high 
stages. Cross-section plots or the three sec
tions described are shown 1.n figure 4. With 
the comp1et1.on of a cab1eway over the section 
just below the gage on February 24, 1949, all 
hign-stage gaging and sampling is now done 
from the cable way. 

DAILY WATER ABD SEDIJIEIIT DISCHARGE RECORm 

Sediment samples are taken one to three 
t~s daily at one vertical by the local ob
server with the permanent}y 1.nstalled US ~43 
sampler at the county bridge. ~ continuous 
concentration graph 1.s prepared from the ana
lysis of these samples, and daily mean con
centrations are ca1cu1ated :f'rom this graph. 
~ese concentrations were adjusted to repre
sent the cross sect1.on by apply1.ng a mean 
ratio of the coneentrat1.an 1.n -the cross sec
tion to that at the vert1.ca1 sampled daily, 
as w1.11 be discussed later. !be sediment dis
charges 1Ji tons per day are ca1culated by 
m:u1t1.plpng the product of the daily mean 
water discharges and the da1.1y mean concen
trat1.ons by the constant 0.00270. (See 
tab1e 1). ~se data.are .ast readily visu
a11.zed when both water and sediment discharge 
are plotted on one hydro graph form (fig. 5) • 

!be rela t1.ons between water and sed1.ment 
discharge at the normal. and contracted sec
tions are shown 1n f'igure 6. The solid curve 
averages the da1.17 discharges at the con
tracted sect1.on (table 1), wh1.1e the dotted 
curve averages the data :trom. U:Le periodic 
measurements at the nor.mal section near the 
gage nll (table 2). 
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Figure I.-Niobrara River near Cody, Nebraska. 

THE RELATION BETWEEN THE SUSPENDED SEDIMENT 
CONCENTRATION AT THE NORMAL AND CONTRACTED 
SECTIONS 

Thirty-four measurements of the suspended 
~ediment concentration at each of the two 
sections are available for co~parison for the 
period December 17, 1947, to November 3, 1948 
(t~ble 2), A few of the earlier determina
tions were made at the ford section, but in
vestigation indicated that the differe11ce in 
measured concentration is small in cc-mparison 
with the accuracy of measureme~t. 

The concentration Cns (table 2) at the nor
mal section is the mean of determinations of 
s~ples from thre~ to five verticals spaced 
so as to represent areas of equal discha.rge. 

The concentration Cds at the daily sampling 
vertical located in the center (station 10) 
of the contracted section was adjusted to ob
tain the average concentration in the con
tracted sectton Ccs, 

The ratio of the suspended concentration at 
the normal section ens to that at the con
tracted section Cgs• varies from 0,32 to 0.76, 
with a mean of O, ~. Wei&hting the determina
tions of Cns/Ccs with sediment discharge at 
the contracted section results in a mean of 
0.53, not significantly different from the 
non-weighted mean. To further exarr.i ne the 
correlation of this ratio with the co~es
ponding water discharge, the quantities were 
plotted against each other (fig. 7). The 
available data indicate a low degree of corre-
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A. View upstream from bridge showing entrance to 
contracted channel. 

C. View upstream showing contracted section at daily 
sampling point. US D-43 samplt:r shown at left. 

B. View downstream showing contracted channel and 
county high~ bridge. The shelter housing 
the US D-43 sampler is visible on the bridge. 

D. View downetream from county highway bridge. 

Figure 2.-Natural flume on the Niobrara River near Cody, Nebr. 

lntion of this ratio with wat er discharge. 
However, the curves of figure 6 indicate that 
a gener·al relation will be developed when a 
large number of comparisons are available 
over the entire discharge range of the stream 
regimen. 

The data are necessarily treated as though 
thi3 sampling at the two sections was simul
tan ~ous. This was not practicable, and possi
bly r.ot desirable because of the time of 
travel betwee~ the sections. The time dif
ference between the measurements at the two 
sections varied from 1 to 5 hours. Any single 
comparison may thus be affected by changes in 
water , suspended-load, or bed-load discharge 
during the time required for the sampling. 

THE DISTRIBUTION OF THE SUSPENDED SEDIMENT 
IN THE CONTRACTED SECTION 

Information on the distribution of the sedi
ment through the contracted section, with 
respect to both concentration and particle 
size , is necessary in determining the nature 
of the sediment movement at this section. 
The more nearly uniform the conc·er.tration and 
particle size tcroughout the depth, the 
greater the indicated turbulence and the less 
the sediment movement as bed load at this 
section. If the coarsest material found in 
suspension in the flume is as large as the 
coarsest material found on the bee at the 
normal section, then the turbulence appar
ently would be sufficient to suspend the 
total load through the flume. 

The sediment concentrations at the con
tracted section shown in table 1 were com
puted by adjusting the concentrations at the 
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A. Vi ew upstream showing normal sampling sect i on and 
gage well. 

B. View do"W!lstream Niobrara River and valley at gaging 
station . 

Figure ),--Gaging station on the Niobrara River near Cody, Nebr. 

Ford section above gage 

50 60 70 

Width in feet 

Approximate contracted section at county bridoe 
(Doily sampling section) 

) ' I 
( ( 
I I 
I I 

-~ 5 r----------r--------1-r----------r----------Hr--------~ 
I I 

.s:; 

'ii .. 
0 

I I 
I I 
I I 
\ I ....... ______ -------
15 10 0 

10~~--------~~~--------~--------~~--------~--------~ 

Dote 

7-20-48 
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---I0-13 - 48 
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Time G.H. 

3 '00 PM I . 21 
10 ,00 AM 0 .90 

3'30 PM 0 .96 

Discharge 

436 sec.-ft: 
229 sec.-ft. 

258 sec.-fl. 

Figure 4.--Cross-section plots of the sampling sections. 



Day 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

l6 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Total 
Mean 
llaxi.mum 

Minimum 

Table 1.--Daily mean water discharge, suspended sediment concentration, and suspended sediment discharge at the contracted section on the Niobrara 
River near Cody, Nebr., for April through September 1948 

April May June July August September 

Suspended Suspended Susperxl.ed Suspended Suspended Suspended 
Mean sediment Mean sediment llean sediment .Mean sediment Mean sediment Mean sediment 
dis- Mean dis- Mean dis- Mean dis- Mean dis- Mean dis- Mean charge concen- Tons per charge concen- Tons per charge concen- Tons per charge concen- Tons per charge concen- Tons per charge concen- Tons per 

(sec.- tration day (sec.- tration day (sec.- tration day (sec.- tration day (sec.- tration day (sec.- ~.ration day 
ft.) (p.p.m.) ft.) (p.p.m.) ft.) (p.p.m.) ft.) (p.p.m.) ft.) (p.p.m.) ft. (p.p.m.) 

-- - - -- - -- 403 2,120 2,310 283 1,140 871 334 1,220 1,100 243 750 492 229 720 445 
--- --- --- 398 1,820 1,960 288 1,120 871 334 1,180 1,060 273 860 634 229 660 408 --- --- - -- 387 2,140 2,240 288 1,080 840 314 1,130 958 . 433 2,030 2,580 234 620 392 
- -- --- --- 376 1,590 1,610 278 roo 600 314 1,060 899 345 1,650 1,540 232 620 388 
- -- --- - -- 371 1,550 1,550 283 990 757 288 980 762 382 1,480 1,530 229 620 383 

-- - --- - -- 340 1,650 1,510 293 960 760 258 900 627 345 1,440 1,340 234 640 404 
--- --- --- 334 1,540 1,390 263 870 618 263 820 582 329 1,320 1,170 234 760 480 
- - - --- --- 324 1,670 1,460 253 850 580 248 750 502 324 1,230 1,080 243 880 577 

376 1,750 1,780 392 1,770 1,870 253 860 588 248 700 469 319 1,140 982 273 960 708 
366 1,970 1,950 430 2,090 2,430 238 760 488 229 --- 440 314 1,050 890 268 980 709 

366 1,880 1,860 436 2,400 2,820 263 850 604 253 --- 510 329 1,310 1,270 248 920 616 
361 1,800 1,750 420 1,900 2,150 288 860 669 268 - -- 560 314 2,860 2,420 234 850 537 
366 2,150 2,120 398 1,810 1,940 288 980 762 258 790 550 314 1,290 1,090 234 800 505 
350 1,850 1,750 376 1,210 1,230 298 1,130 909 329 1,030 1,150 314 --- 890 224 720 436 
345 1,760 1,640 340 1,410 1,290 314 1,410 1,200 469 2,310 2,920 314 - -- 840 210 660 374 

340 1,750 1,610 314 1,490 1,260 308 1,150 956 436 1,860 2,190 303 --- 780 205 690 382 
329 1,640 1,460 303 1,450 1,190 324 1,060 927 425 1,640 1,880 293 - -- 700 219 720 426 
329 1,670 1,480 293 1,400 1,110 1,850 -- - 58,000 420 1,420 1,610 248 800 536 229 720 445 
345 1,510 1,410 283 1,310 1,000 809 4, 72D 10,300 572 4,880 8,200 234 700 442 234 690 436 
355 1,530 1,470 268 890 644 555 4,020 6,020 436 2,770 3,260 224 660 399 234 690 436 

345 1,550 1,440 273 890 656 464 2,710 3,390 403 2,340 2,550 229 610 377 238 730 469 
361 1,570 1,530 273 880 649 497 2,210 2,960 366 1,560 1,540 219 590 349 263 710 'JJ4 
361 1,580 1,540 314 1,180 1,000 475 2,540 3,260 345 1,330 1,240 224 560 339 308 900 748 
382 1,950 2,010 283 1,010 772 425 1,980 2,270 314 1,020 865 219 550 325 387 1,380 1,440 
537 2,600 3,770 293 840 664 387 1,460 1,530 293 930 736 219 540 319 324 1,330 1,160 

566 1,810 2,760 345 1,180 1,100 408 1,480 1,630 278 840 630 229 550 340 293 1,320 1,040 
549 2,430 3,600 334 1,290 1,160 392 1,630 1, 730 268 730 528 234 590 373 283 1,120 856 
469 3,470 4,390 324 1,500 1,310 387 1,420 1,480 268 700 507 248 840 562 273 1,ll0 818 
436 3,180 3,740 329 1,500 1,330 376 1,470 1,490 268 990 716 243 770 505 273 1,250 921 
408 2,690 2,960 319 1,580 1,360 361 1,450 1,410 238 980 630 243 670 440 258 960 669 

--- --- - -- 308 1,240 1,030 --- - -- - -- 243 770 505 238 580 373 - -- --- ---
8,642 - -- 48,020 10,581 - -- 44,000 12,189 - - - 108,500 9,980 - -- 40,680 8,739 - -- 25,910 7,576 - -- 18,110 

393 !/2,060 2,180 341 y'1,540 1,420 406 y'3,300 3,620 322 y'1,510 1,310 282 1f1,100 836 2,525 11885 604 
566 3,470 4,390 436 2,400 2,820 1,8501 --- 58,000 572 4,880 8,200 433 2,860 2,580 387 1,380 1,440 
329 1,510 1,410 268 840 644 238 760 488 229 - -- 445 219 540 319 205 620 374 

L .. -----

Total load for per.iod Apr. 9 to Sept. 30 (tons) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 285,200 

1/ Mean weighted with water discharge. 

Q) 
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Table 2 .-.Measurements or the iDcreaae or ~nt. in suspenai.on tlmJo&b Ule mtural. tl.e en the Riolrara· Jliyer 
near Cod7, Jlebr. 

Suspended .sec~Wmt 
Suspended seditent .,an Water discharge in 

llean cooceotratioo in p.p.a. Ratio 
Date discharge tcms per day" 

tilDe gage 
height (sec.-rt.J llotwll Contracted sectiCIIl Cns 

JlorE.l Ccllltracted sectiCIIl Ccs aectim sectiCIIl 
Cns Ccla Ccs 

]!}Jil.. 
Dec. 17 10:20 a.m. -- -- 842 1,1.00 l,S80 0.53 --- ---
Dec. 18 3:10p.m. 0.9C 248 794 1,710 1.930 .u S32 1,290 
Dec. 27 1:50 p.m. l.ll 355 951 1,68o 1,900 .so 912 1,820 

!2!.1! 
Jan. 5 2:45 p • .m. 1.13 366 1,110 1,78> 2,010 .55 1,100 1,990 
Jan. 21 12:05 p.m. 1.05 334 TJ7 2,060 2,330 .32 665 2,100 
Jan. 29 12:30 p.m. 0.84 238 656 1,18) l,JJO .49 421 855 

Feb. 4 12:40 p.m. 0.90 268 m l,?(;JJ 1,990 -~ 559 1,411} 
Feb. 21 12:40 p.m. 1.06 350 1,180 1,68o 1,900 .62 1,120 1,800 
Mar. 4 1:10 p.m. 1.02 .329 946 2,la> 2,Jh;J .J8 81/J 2,190 

Mar. l3 12:35 p.m. 1.07 371 1,330 1,890 2,UO .62 1,3.30 2,140 
Mar. 16 3:50 p.m. 2.41 1,160 3,470 4,640 5,21t1J .66 lD,900 16,400 
Mar. 19 12:55 p.m. 1.36 492 1,280 2,4SO 2,800 .46 1,700 3,720 

'4& 29 1:10 p.m. 1.35 486 1,010 2,050 2,320 .46 1,400 3,050 
9 1:.50 p.m. 1.16 382 844 1,5.30 1,730 .49 870 1,780 

e...:JA. • 27 1:00 p.m. 1.58 62o l,Jh;J 2,290 2,S90 .56 2,41/J 4,3/IJ 

May 7 9:30a.m. 1.16 382 894 1,3.30 1,500 .(;JJ 922 1,550 
May l3 10:10 a.m. 1.23 42!J 648 l,?&l 1,990 .33 TJ5 2,2(;JJ 
May 27 2:00 p.m. 1.02 J08 720 1,080 1,220 .59 599 1,010 

JWle 1 1:45 p.m. 0.94 268 534 846 9S6 .56 J86 iFJ2 
JU-'le 12 12:20 p.m. 0.95 2TJ 427 844 954 -45 315 703 
JWle 15 12:20 p • .m. 0.97 28J /1)6 1,090 l,zJO .)J JlD 9/IJ 

23 12:20 p.m. 1.44 537 1,280 1,560 1,71/J .TJ 1,860 2,550 
. -l~ - 30 9:30 a.m. 1.15 376 m 1,450 1,61.0 ·'-' 732 1,660 
. ~~ l3 12:00 m. 0.96 258 J28 715 808 .u 228 563 

20 11:20 a.m. 1.24 452 1,370 1,950 !/1,800 .76 1,6'70 2,200 
.IUJ.._. 2 10:30 a.m. 1.00 278 475 761 860 -55 356 646 
Aug. 18 9:50 a.m. 0.92 238 634 741 837 .76 407 538 

Aug. 25 11:35 a.m. 0.88 219 394 1.86 549 .72 233 325 
Sept. 8 2(30 p.a. 0.90 Zl!J J89 653 11 716 .so 241 48> 
Sep:.. 25 2:45 p.m. l.o6 308 5lS 1.1-SO l.JOO .1/J 4ll 1,080 

Oct. 5 12:35 p.m. 0.97 263 362 693 78'J .1.6 257 556 
Oct. lJ 4:20 p.a. 0.96 258 w 1,100 y 1,180 .u JJ6 822 
Oct. 25 l:/1) p.m. 1.07 .ll4 535 1,060 1,200 -45 454 1,020 
Nov. 3 2:50 p..a. 1.06 J08 561. 1.2/10 y 1,610 .35 469 1,340 .... ..51 

1/ Based on samples troa three Yert.i.c.als 1a t.t. croas aect.i.GD. Otber nl•a ba8acl em the aean Cca/C.. ratio 
cr 1.13. 

daily sampling vertical by the mean ratio or 
the conceLtration in the cross section to 
that at the daily sampl~g vertical, Cca/Cds• 
The available dete~inations of the ratio 
C cs/Cds are shown in table 3. Since these 
seven dete~inations va~ rram 0.93 to 1.20 
without significant correlation ~th water 
or sediment discharge, the mean (1.13) was 
used. 

Concentration Variation 1n the Vertical 
at the Contracted Section 

Three seta of point-integrated samples were 
tak:-3n (September. 8, October 13. and Kovember 
11_) with the US P-46 a811lp1er f'rom the bridge 
over the contracted section. Each aet con
sisted or sa.p1es r:roia. 'f'our points in each or 
three verticals. ~ prorlles or concentPa
tlon dettJnd..n.ed :f'raa these point samples are 
sbDWl !.n rlgures a. 9, and 10. In rtgure 8 
each point represents the composited con-
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Table 3.-Sediment concentrations in parts per million acrose the contracted section 

Date TiJae station 7 Station 10 station 14 Oca Cca 
Cda .an Cds 

!2M 
Jul¥ 3) 5:00 p.m. 1,820 1,9.50 1,640 l,SOO 0.93 
Sept. 8 11:00 a.m. 829 653 845 776 1.19 
Sept. 8 3:00 P••• 733 623 875 744 1.19 

Oct. 13 4:00 p.m. 1,480 1,100 963 1,180 1.07 
Oct. 13 12:45 p.m. 1,900 1,229 1,144 1,424 1.16 
Nov. 3 2:20 p.m. 2,000 1,260 1,580 1,610 1.28 
Nov. 3 12:15 p.m. 1,780 1,4.50 1,560 1,596 1.10 

Mean 1.13 

Table 4.-Sediment concentrationa and .mean particle sizes ot point-integrated samples f'rom the 
contracted section 

Sept. 8, 1948 
station Depth 229 sec.-ft. 

Concentration Size 
( p.p.m.) (mm.) 

7 1.0 513 0.168 
2.0 
3.0 739 .187 
4.5 
5.0 924 .283 
7.0 920 .283 
8.4 

11 2.0 485 .188 
(daily) 4.0 556 .154 

5.0 
6.0 709 .168 
8.0 
8.6 1,240 .248 
9.2 

15 2.0 759 .187 
4.0 871 .224 
6.0 931 .220 
6.5 
7.6 
8.2 1,430 .)00 

centration of' three samples taken in suc
cession; in figures 9 and 10 each po.int re
presents the composited concentration of' two 
samples taken in succession. Each point
integrated cross section required about 4 
hours sampling time. 

These concentration profiles, increasing 
li to 5 times f'rom surface to bed, indicate 
the possibility of'.considerable movement of' 
sediment as bed load at the contracted sec
tion. They are not interpreted to indicate 
de£initely an appreciable bed load at the 
contracted section. It is not known whether 
the gradient of' these profiles is less or 
greater than that required f'or equilibrium 

Oct. 13 J 1948 Nov. 3,1948 
258 sec.-ft. 308 sec.-ft. 

Concentration Size Concentration Size 
(p.p.m.) (mm.) ( p.p.m.) (mm.) 

1,220 0.208 1,090 0.192 

2,320 .287 
2,000 .233 
3,8lo .322 3,740 .351 
4,370 .384 3,230 .402 

858 .196 1,0.50 .213 

i,220 .218 1,490 .270 

1,960 .242 2,2.50 .281 

3,210 .226 3,300 .329 

977 .198 1,410 .228 
1,270 .208 1,660 .242 
1,440 .204 

2,2.30 .258 
2,070 .247 2,000 .286 

between suspension by turbulence and settling 
by gravity f'or the size range of the total 
load. 

The velocity profiles at these sampling 
verticals (f'ig. 11) were determined by using 
the sample volumes and the filling times re
corded f'or each sample. The principle assump
tion in this procedure is that the intake 
velocity of' the sampler nozzle is equal to 
the actual stream velocity at each point. The 
considerable variation between these three 
sets of' velocity profiles is probably due to 
the effect of' the irregular side walls. The 
comparison shows a gradual velocity pattern 
change f'or the three discharges. 
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Depth-integrated samples were taken for 
comparison as soon as possible after the 
point-sampling was completed in the section. 
Mean values of concentration and velocity 
were taken from the profiles of the point 
samples for each of five equal depth inter
vals. _A weighted mean concentration for each 
vertical was then computed tram the point 
samples for comparison with the concentra
tions of the depth-integrated samples. The 
ratio of the weighted mean concentration as 
determined from the point samples to the con
centration of the depth-i~tegrated samples 
averaged 0.98, and varied from 0.88 to 1.15 
for the nine comparisons available for Sep
tember 8 and November 3 •. Considering the 
time interval between the point-sampling and 
the depth-integration, and the difficulty of 
holding the 100-pound P-46 sampler steady in 
the flume, this comparison is considered sat
isfactory. On October 13, the ratios for the 
three verticals were 1.19, 1.12, and 1.28, 
indicating a general increase in the sediment 
concentration during the time interval be
tween the two samplings. 

Particle Size Variation in the Vertical 
at the Contracted Section 

Size anal.,ses were run on s:-11 point samples 
taken in the contracted section. The bottom
withdrawal tube method of·analysis was used, 
with t~e native water of the samples as the 
settling medium. The range in stream concen
tration for all point samples were 485 to 
4,370 parts per million.· The concentration at 
which the analyses were run in the bottom
withdrawal tubes averaged 40 percent higher 
than t~e stream concentrations. 

Typical size-analyses curves for each point 
in each vertical are shown in figures 12 to 
17. Examination of these curv:es shows that 
in general the size- distribution (shape of 
curve) is similar within each vertical, and 
that.the mean size (position of curve) in
creases gradually toward the bed. These con
ditions are required for equilibrium between 
the turbulent diffUsion and the force of 
gravity. Table 4 was prepared to show that 
the mean particle size generally increased 
throu&hout the depth for the increasing dis
charges. 

Typical size analyses of the depth-inte
grated samples taken with the point samples 
are shown in figures 25 and 28. The fact that 
the depth-integrated curves fall within the 
g~oup of corresponding point-integrated 
curves affords a ehec• on the reliability of 
the samples and analyses. 

It is importa~t to note that the effective 
mean particle· diameters of the point samples 
nearest the bottom varied from 0.23 to o. 40 
millimete-r and averaged 0.30 millimeter. This 
s1ze is to be compared with the size of the 
bed material at the normal section upstre·am. 

THB PARTICLE SIZE RELATIONSHIPS 

Suspended Material 

)bur eompariso~~ of ~he suspended particle •1••• at the two sections are abown in figure• 18 to 21. Each of these curves is the 
--_ep_---~p~f!_e~t!P.I. 3 to_ 5 ye~c~ t'J'Pical 
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samples of which are shown in figures 22 to 
29. The mean particle size at the normal sec
tion varies from 0.02 to 0.18 millimeter,
averaging 0.14 millimeter. At the contracted 
section the mean size varies from 0.13 to 
0.26 millimeter, averaging 0.20 millimeter 
for the four comparisons. 

Bed Material at the Normal Sectiou 

The bed material of the river was sample-d 
on October 13, at four points in the cross 
section about 100 yards above the contracted 
section. This section is about 50 feet wide 
and averages 2-l feet in depth. The sampling 
was accomplished by wading out and forcing a 
pint ice-cream container quickly into the 
sand bed. Visual examination of small cores 
from these containers yielded no evidence of 
sorting or layering in the 4 inches of depth 
sampled. 

The bed material samples were analyzed for 
particle size both by the bottom-withdrawal 
tube method and by sieve anal~is (figs. 30 
and 31). For the settling rate analysis, 
duplicate portions of 0.5 gram were split 
out of each sample and run in distilled 
water. A tube concentration of about 1,000 
parts per million was obtained, whicL was 
near the average for all the analyses of the 
investigation. ~stilled water was used in 
the analysis ·only because insufficient native 
water was available. This factor probably 
would not lead to any significant differences 
in results with such coarse material. The 
sieve analyses were run on duplica~e 50 gram 
portions split from each sample. A Ro-Tap 
shaker was used with a 15 minute shaking 
period. 

The mean particle size of the bed samples 
obtained is about 0.25 millimeter for both 
~ettling rate and sieve analysis (figs. 30 
and 31). The high degree of rounding, or 
sphericity, of the particles, clearly evident 
from visual examination, supports the con
clusion that the two analyses are·very simi
lar. It is significant to note that this 
mean size is smaller than the 0.30 millimeter 
mean size found in suspension near the bottom 
of the contracted section. Further examina
tion of the data shows that while the bed 
material averages about 10 percent coarser 
than 0.50 millimeter, the suspended material 
near the bottom of the contracted section 
averages about 20 percent coarser than 0.50 
millimeter. The implication is that the tur
bulence in the contracted section for this 
normal flow is sufficient to suspend all 
particle sizes in the bed. 

The co~clusion that the material in sus
pension near the bottom of the contracted sec
tion is coarser than the bed material at the 
normal sections upstream merits turtner dis
cussion. The turbulence in the natural flume 
has a sorting·influence on the be-d load.that 
is forced into suspension. Only the very 
coarsest material of the bed load will con
tinue to move near the bottom exclusively. 
Thus it is possible to obtain point-inte
grated-suspended-load samples near the bottom 
o:r the contract-ed section that show a coarsel' 
size distribution than the bed material at 
the normal section. 
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Comparison and Analysis 

The mean size curve of the bed-~terial 
analyses was compared with the mean curves 
for the suspended material sampled at the 
same time (fig. 20). The ratio of suspended 
CDncentration at the normal section to that 
at the contracted section on October 13 was 
0.41 (table 2). Assuming the bed material 
samples analyzed represent the bed-load size 
the size distribution for the material in th~ 
contracted section should be obtained by com
bining the size percentages as follows: 

Pes 0.41 Pns + 0.59 Pbm 

where Pes = Percentage finer than a cer-
tain size at the contracted 
section. 

pns = Same at the normal section. 

Pbm = Same for the bed material .• 
The general agreement of the points thus 
determined (fig. 20) with th.e actual mean 
size in the contracted section indicates that 
the bed material samples taken actually re
present the bed-load size. 

Since the bed material samples were taken 
to a depth of about 4 inches. this bed-load 
size should be essentially constant for this 
flow. The size curve for the bed load should 
combine with other suspended-load size curves 
to yield the corresponding size distribution 
in the contracted section. Fbr Septe~ber 8. 
the combining ratio (table 2) should be: 

= 0.50 Pns + 0.50 Pbm 

an similarly for the other determination$. 
Figures 19 to 21 show a general agreement or 
the computed size distribution with the actual 
size analyses. 

In :figure 18 the actual size analysis was 
considerably coarser than the computed size 
distribution. On this date. however. the 
stream discharge was 452 second-feet as com
pared with 229, 258. and 308 second-feet for 
the other three comprehensive measurements. 
At 308 second-feet (fig. 21) the coarser half 
of the actual size analysis was also consider
ably coarser than the computed size distribu
tion. It has already been shown (table 4) that 
the mean particle size in the contracted sec
tion increased generally throughout the depth 
for the increasing discharges. This indicates 
that et higher discharges the bed scours tc 
same dept~, in some places, where coarser ma
terial is entrained. Bed material samples will 
be taken at various discharges to establish 
this relation. 

BBD LOAD AT TBB BORIIAL AlfD COBTRACTED 
SBCTI.OBS 

In this report the bed load is defined as 
the difference between the total load trans
ported and the suspended load measured at the 
nor.mal section. T.be depth-integrating samplers 
used (D-43 and Dl-48) sample no closer to the 
bed than about 0.3 foot. The nozzle of the 
P-46 point-integrating sampler approaches no 
closer to th~ bed than about 0.4 foot. More 
exact dete~ations of these figures are not 
justified. since the samplers generally pene
trate soft beds several hundretbs o:f' a :foot. 
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Before the bed load can be discussed in 
this report. the question of possible sedi
ment movement as bed load through the con
tracted section must be considered. The fol
lowing evidence may indicate considerable 
bed load in the flumea 

1. Both sediment concer.tration (figs. 8-
10) and particle size (figs. 12-17) 
increase considerably toward the bed. 

2. Resident observers at this station re
port that deposition takes place in the 
contracted section during extrene low 
flows. 

Neither of these points is conclusive. As 
pointed out before. the concentration and 
particle size gradient in the vertical may 
still be greater than that required for tur
bulence-settling equilibrium for the size 
range of the total load. Deposition at ex
treme low flows is probably irrelevant to the 
question of normal bed load. 

Considerable evidence indicates that the 
bed load in the contracted section is very 
small. First. since the material in suspension 
near the bottom of the contracted section 
was found to be coarser than the bed material 
at the normal section upstream. the turbu
lence in the contracted section for this flow 
must be sufficient to suspend all particle 
sizes in the bed. Second. the attempt to com
pute the size distribution in the contracted 
section by combining the bed-material size 
curve and suspended load size curve in the 
ratio of the mean concentrations at the two 
sections was generally successful (figs. 19 
to 21). The major discrepancies (figs. 18 
and 21) were on the fine side of the actual 
analyses. not the coarse side as would follow 
if the total load were not being sampled in 
the contracted section. 

Since available data indicate a negligible 
bed load in the contracted section. the as
sumption of essentially no bed load at this 
section appears justified. Thus the mean ratio 
of the sediment concentration at the normal 
section to that at the contracted section, 
Cns/C S' represents the mean ratio of sus
pende8 sediment load to total sediment load, 
assuming no appreciable increase in water dis
charge in the quarter-mile reach. T.he mean 
ratio of normal section concentration to con
tracted section concentration, Cns/Ccs• is 
0.51 for 34 determinations. Thus approximate
ly 50 percent of the total sediment load is 
transported in suspension at the normal sec
tion, or, conversely, 50 percent is trans
ported as bed load. 

CONCLUSIOBS 

1. The plot of suspended sediment discharge 
against water discharge (:fig. 6) reveals 
a general correlation at both normal and 
contracted sections. 

2. The suspended sediment concentrat~on pro
files in the contracted section show that 
the concentration at the bottom is £rom 
li to 5 times the concentration at the 
surface. 

3. The mean particle size in suspension at the 
normal section was 0.14 millimeter; in the 
bed, 0.25 millimeter; and in suspension at 
the contracted section, 0.20 millimeter. 



14 

0 Station 14 Station 10 doily sampling vertico I "• Statio~ 7 

2 \ \ ~ 
\ 

, 
\ 

2 ~ 

' '\ 
.. ~ 3 

' "' 4 

6 

1 \ llote: Each point repre- ~ sents two samples 
~ 5 token in successiorL 

\ 126Cl p""' \ I I I " ~ 1580 ppm \' 2 dept~niie_.. 
2 depth-integrated 

' 
gtoted s81l)11es 

~i 
I 2000 ppm 

'~ samples -r-=-s-
~0< ,, 2 depth-iwltegroted__...... 

_,..,pies 

~ 

o'\ ~~ lj .... 

7 

! "' // ! ~ 
-~ 

I 
' ~ 9 

-~ ""'' .... 
~--; 

! ~ 
i 

1000 2000 0 1000 200(];' 0 1000 2000 3000 4000 

Concentr.otion in ~ per million 

;:..,ure 10.--Sediment concentration profiles a;t tha confttalc:ted sect ialn on~ November 3.,. l948; Water 
disc~ 3Qa second- feet. 

100 2 3 .4 5 6 0 I 2 3 4 5 I 0 2 3 4 5 
Veloc.ity in feet per second 

Explanation 
Date -- Trrne Discharge 

9-8-48 1=00-5=30 229 second -feet· 
10-13·48 10•30-3•00 258 second -feet 
11-3-48 10•25-2•QO 308 second-feet 

Figure 11.-- Velocity profiles at the contracted section. 



4. The material in suspension near the bottom 
of the natural contracted section was 
found to be coarser than the bed material 
at the normal section upstream, indicating 
that the turbulence in the contracted sec
tion was sufficient to suspend all particle 
sizes in the bed. 

5. A combination of the bed and suspended ma
terial particle size curves at ~he normal 
section in the ratio of the suspended con
centrations at the two sections yielded a 
particle size curve which closely approxi
mated the actual size distribution of the 
suspended material in the contracted sec
tion, in three of four comparisons. 

6. In view of these data it is reasonable to 
ass~e that practically all of th~ sediment 
load passes through the contracted section 
in sus-pension. 

7. Approximately 50 percent of the sediment 
discharge of the Niobrara River near Cody, 
Nebraska, as determined from daily sus-
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pended sediment samples taken in the natu
ral contracted section, is transported as 
bed load at the normal cress section one
quarter mile upstream. This percentage 
varied from 24 to 68 for the 34 determina
tions available, without significant cor
relation with water or sediment discharge. 

8. The normal sediment load in this ~ach is 
essentially bed material. All part~cle 
sizes found in suspension are present in 
the bed material. The mean particle size 
of the suspended load increases with 
water discharge. 

9. The results of this preliminary study in
dicate that the investigation on the Nio
brara River near Cody, Nebraska, should 
be expanded to include the collection of 
all data necessary to check existing 
equations and analytical procedures ap
plied to the transportation of fluvial 
sediments. The additional data should in
clude water surface slopes, water te~pera
tures, and surveys of the stream channel. 



16 

99.9 

99.8 f----- Explanation 
Depth of sample Concentration 

99.5 f----- 1.0 feet 513 ppm 

99.0 --- 3.0 " 739 " 1--- --- 5.0 " 924 " 
H ----- 7.1 " 920 " - Oischar9e 229 second-ftet. 

Total depth 7. 5 feet. 

95 - B.W. tube analysis in native water. 

90 

... 80 • c 
;;:: 70 

:eo 
u 

ieo 
40 

30 

20 

10 

/ 

I/ 
';' 

jjli 

IL' L 
11 _L. 

~~"' " 
~~~~~"' 

...... ~ 
v~ ~~, 
~ ~~ ~ 

-~ ~ ~~ ~ 5 o---

:::::~ 
2 

I 
0.01 

~-v 

0.1 
Diameter in millimeters 

:/ 
~" , 

/ 
("' 

/./ 

v /' , ,~ ~---~ 

"',~ 
k 

/ ,"' 
l/ , ;..."" 

,~, 

.i 
v 

1.0 

Figure 12.--Particle size analyses of point-integrated samples from 
station 7 in the contracted section an September 8, 1948. 
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Figure 14.--Particle size analyses of point-integrated samples from 
station 14 in the contracted saction on September 8, 1948. 
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FiQure 26.-- Particle size analyses of depth-inteQrated samples from 
the normal section on September 8, 1948. 
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the ford section on September 8, 1948. 
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Figure 28.--Particle size analyses of depth-illtetroted samples from 
the contracted section on November 3. 1948. 
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