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Synopsis

A large number of velocity measurements have been made in the Atchaf-
alaya River at Simmesport and in the Mississippi River at Vicksburg to de-
fine the vertical velocity distribution. Examination of these data shows
the average vertical velocity profile of the two streams to be almost iden-
tical at the respective locations. However, a comparison of this measured
vertical velocity distribution with that derived by a formula in common
usage in analytical sedimentation studies shows these two to be quite
different.

Suspended sediment measurements are also made at regular intervals in
the Atchafalaya River at Simmesport. Sampling procedure is in accordance
with the Luby method for point measurement. An evaluation of the accuracy
of this method is made by a study of 11 sets of measurements covering a
wide range of flow conditions. The study indicates that the silt and clay
portion of the suspended load was satisfactorily measured, but that there
was a significant deficiency in measurement of the sand portion. A de-
tailed study of the fine sand fraction of the suspended load in the 11
examples indicated that the Luby sampling procedure gave fine sand loads
averaging about 30 percent less than the apparent actual load. In some
instances a part of this deficiency is attributable to abnormal or atypi-
cal samples, but even so, economic reasons forbid an adequate number of
Luby point samples to accurately measure the sand load in large, deep
rivers. The procedure used herein for. evaluating the accuracy of sediment
measurements would be useful in routine analyses for detecting abnormal or
apparently erroneous samples and to approximate the quantity of unmeasured
load below the lowermost Luby measuring point.
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In recent years a considerable number of velocity and suspended
ment measurements have been made in the Atchafalaya and Lower Mississippi
Rivers, two large and deep streams in the Lower Mississippi Valley. This
paper presents the results of some of these measurements and a token com-

parison with theoretical and empirical procedures developed to provide this

information analytically. .
V\ 5 Vs

500 2

Vertical Veleocity Distribution

In the period 1955 through 1960 several hundred vertical velocity

profiles were measured in the Atchafalaya River at the Simmesport discharge

range (see frontispiece). Similar measurements were made in the Missis-

sippi River at the Vicksburg discharge range in the period 1949 through
1956. The results of these measurements in terms of velocity coefficients,

or the relation of the mean velocity in the vertical to that at any given

depth, are shown in Fig. 1 and Table 1. It is to be noted from these data

that the average vertical velocity profiles of the two streams are practi-
cally identical at the respective locations.

These data were obtained over a period of several years in all sea-
sons and include measurements over a wide range of stage, discharge, and
water temperature. A grouping of the data in accordance with conditions of

similarity, i.e. season and stage, provided no evidence of distinguishing

characteristics attributable to these variables. This approach indicated

1L -
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Teble 1
; Average Velocity Coefficient U/Uy J
i
Proportionate Mississippi River Atchafalaya River |
| Depth at Vicksburg* at Simmesport¥* ;
i st 0.915 0.917 ,
0.1 .902 .906 ‘_i
.2 .905 912 "
s -3 .91k .922
, b 931 -938
] ‘957 .960
! .6 .994 .991
ﬁ T 1.045 1.042
.8 ll 121 l.m
. 9 1.2hk 1.233
| Btt 1.461 -
| * Determined from 500 measurements.
1 ** Determined from 473 measurements.
: + Surface measurement taken at 0.5-ft depth.
| t+ Bottom measurement taken at 1.8 ft above bottom.

that the natural scatter or variations due to turbulence obscured the dis-

cernment of any seasonal or other effects. Table 2 shows the degree of

variation in the 500 sets of Vicksburg measurements by deviations from the
average for each tenth of depth. It is of particular interest to note in
this tabulation that scatter is more pronounced in the upper and lower re-

gions of flow, particularly the latter. As will be seen later, this

greater scatter at the extremities of the velocity profile apparently

affects sediment sampling in these areas.

A log-log plot of the velocity coefficients in Table 1 applied to any
L value of mean velocity gives the reasonably accurate vertical velocity

distribution formula
=y 0.155
U, = 1.15 u(d> (1)

in which y is distance above the bed, d is the depth of a mean-depth




section, U is the average velocity of flow in the mean-depth section, and

U_is the point velocity at y distance from the bed. This velocity dis-

tribution for any values of U and 4 shows that m , the number of ve-

locity units per cycle of 10 of either y or y/d, can be expressed as

m=f% (2)

2.3
then becomes

The Von Karman coefficient expressed as k =

k=m%&§ (3)

in which S is the water-surface slope and uy, the shear velocity, equals

JSdg, g being the acceleration due to gravity.
A comparison of the vertical velocity distribution given by formula 1

above with that from formula 3 in USDA Soil Conservation Service Technical

Bulletin No. 1026 shows the two to be quite different. The latter formula

gives velocities ranging from about 4O percent higher at the surface to

about 100 percent higher near the bed. In this comparison the Technical

Bulletin No. 1026 formula 3 was used in the form
Y y
3, = 8.50 + 5.75 loglo ( A>

If this formula is stated as
Yy y
2, =C + 5.75 1°glo<A>

it is found that to reproduce the vertical velocity distribution determined

by formula 1 would require C to be a negative number. Further, C would

not be a constant for the range of y values, bottom to surface.

Although the procedure outlined in SCS Technical Bulletin No. 1026




Table 2

Summary of Deviations from the Average Velocity Coefficient
at Each Tenth of Depth for the 500 Measurements in the
Mississippi River at Vicksburg

¢ Deviation “Proportionate Dejth Lo e

from Average S* 0.1 0.2 0.3 0.% L _.2 0.6 0.7 0.8 0.9 B**

-20 > -20 4 Ll

-19 6

-18 2 9

=17 1 1 T

-16 15

-15 2 1 3 3 9

-14 1 2 : | y i 11

-13 2 1 1 3 T 11

-12 3 5 18 15

-11 5 2 1 1 5 3 ¢ § 13

-10 10 1 1 2 3 6 22 13

-9 14 5 2 2 1 4 8 17 10

-8 18 10 3 2 2 L 8 11 13 16

: =7 20 17 4 T 2 4 3 14 15 15 10
i -6 26 24 1k 6 6 9 10 13 23 26 12
-5 29 W1 28 17 12 10 22 13 37 20 15
=l 34 37 38 25 16 18 31 37 29 18 11

=3-. 3% ¥ 59 & B ¥ W F BV 48 R

-2 26 Wb 53 T2 60 57 59 39 27 26 16

«1,.3L .33 58 %8 4 0 .5 kM N .8 B

z o g 55 48 55 67 7 58 Lh 29 33 19
4 +1 29 30 43 53 81 76 76 53 34 29 13
! +2 35 38 32 54 61 55 5k 5k 33 22 1
+3 28 23 26 34 35 39 34 39 37 15 1

+h 17T 31 29 28 20 25 23 28 28 19 9

+5 24 20 28 15 12 11 15 24 24 25 16

+6 17 24 17 7 6 4 13 15 2k 12 12

+7 18 16 12 8 5 N " 8 12 12 9

+8 13 12 T 3 2 2 8 10 10 13

+9 K 7 6 3 2 1 2 1 8 9 11

+10 9 3 L 4 1 2 6 15 5

+11 T 5 2 1 1 12 T

+12 5 2 1 1 - 1 4 6 6

+13 2 1 2 2 10

+1h 2 1 2 2 2 q 2

+15 1 1 2 5 6

+16 3 3

+17 2 L L

+18 2 1 5

+19 1 1 2

+20 > +20 5 1 1 10 4o

* Surface measurement taken at 0.5-ft depth.
** Bottom measurement taken at 1.8 ft above bottom.
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for determining sediment loads has previously been used in Atchafalaya
River studies, the preceding comparison of formulas indicates that use of
the vertical velocity distribution formula 3 for sediment studies of either
the Atchafalaya or Lower Mississippi River would give loads greatly in

excess of measured loads.

Sediment Sampling and the Total Load

Suspended sediment sampling was initiated in 1949 on the Lower Mis-
sissippi River at Baton Rouge, and in 1951 on the Atchafalaya River at
Simmesport. In 1958 the Baton Rouge operation was transferred to Red River
Landing, about T2 miles upstream. Sampling is generally at two-week inter-
vals, more frequent during floods when possible, and less rrequent during
the low-water season. The Luby method for point sampling was adopted for
these stations, with LO samples taken in Mississippi River cross sections,
a sample from five levels in each of eight verticals, and 25 samples in the
Atchafalaya River at five levels in five verticals. Bed material samples
are also taken at each river station at each vertical of suspended sediment
measurement.

Over the period of observations, which included all types of water
years, the measured suspended sediment in the Lower Mississippi River av-
eraged 84 percent finer than 62 microns at Baton Rouge and Tl percent at
Red River Landing. In the Atchafalaya River at Simmesport the average
was T6 percent. Bed material samples from the Baton Rouge and Simmesport
stations show the dominant material to be fine and very fine sand, and
very little of the sand portion of the measured suspended sediment at

these stations exceeded 1/11» mm in size. The characteristics of these

: T TR
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suspended sediments, then, are such that the Luby five-point method would
be expected to give an overall total-load accuracy within 1 or 2 percent.
A summary of the results of observations at the three stations discussed

above is shown in Table 3.

Evaluation of Measured Load

The discussion that follows attempts to evaluate the accuracy of sus-
pended sediment measurements and load determinations of the Atchafalaya
River at Simmesport.

The laboratory analyses of the suspended sediment samples indicate
generally that the material finer than 62 microns is fairly evenly dis-
tributed in the vertical, and that a major portion of this fraction of the
load is in the size range of very fine silts and clays. As these fine ma-
terials comprise about T6 percent of the total load on a long-term basis,
it is considered that this major portion of the total load is accurately
measured. For an estimate of accuracy of measurement of the suspended
sands, the fine sand fraction (1/4 to 1/8 mm) was selected for study. This
is generally the dominant bed material and is found in transport at all

levels in the channel section except at extremely low flows.

Figs. 2 through 12 present 1l examples of fine sand distribution as
determined from analyses of the point samples. These examples cover a wide
range of discharge with water depths at the verticals varying from 83 to ]
46 £t on the deep side of the channel, and from 54 to 26 ft on the shallow ﬁ

side. It is to be noted in the figures that measured data are shown for

six levels in the verticals. The five measurements and average thereof on

the extreme right in each figure show the results of measurements made at

.
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3 ft from the bed in each vertical. This is a measurement somewhat below
the lowest Iuby point in each case, and is not used in load computation.
Its purpose is to attempt to define sediment distribution nearer the bed
than dictated by the five-point Luby meth;d. Although for the purpose
stated it would be desirable to obtain samples closer to the bed than 3 ft,
experience in sampling in deep turbulent flow has shown this to be the
lowest practicable sampling level from considerations of possible loss or
damage to instruments. The plot in these figures is concentration versus
d/y rather than ggl, a more common procedure. This was done for conven-
ience of load computation, but it was also found that the vertical distri-
bution could be defined by d/y as well or better than by the conventional
plot. The distribution is not satisfactorily definable by a single line
in either case.

The plot of measured points in Figs. 2 through 12 shows a wide scat-
ter in fine sand concentration values at all levels in each example, but in
most of the examples the scatter appears to be somewhat less at and near
middepth. The reason for this may be due to fluctuations in the velocity
pattern as indicated in Table 2. The velocity coefficient is relatively
stable at and near middepth, but fluctuates to an increasing degree toward
each extremity of the vertical profile.

In order to better define the vertical distribution of fine sand,
each common level of measurement across the channel was averaged. 1In
essence this produced an average vertical distribution profile in a mean
depth channel section. For comparison with the measured average vertical
distribution, a theoretical vertical distribution of fine sand is indi-

dated by the dashed line in each example. The evaluation of the
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coefficient Z for this theoretical distribution was determined by the

expression

v v
8 )

Z=_=

kuy  xJsag

in which v, is the settling velocity of fine sand grains in feet per second.

By substitution for k from formula 3

Z = 5= (4)

In about two-thirds of the examples presented the measured data approximate
this theoretical distribution from about middepth to 0.85 depth, or about
one-third of the total depth. Several of the other examples, especially as
shown in Figs. 3 and 12, have apparent sampling errors, or at least the
questionable samples are not typical if a logical order of sediment density
from surface to bottom is an accepted fact. In this regard it is not read-
ily understood why the concentration at the points 3 ft above the bed
should be generally out of line on the low side. In Figs. 5, 6, and T the
average is high, but in each of these cases the high average is caused by a
single sample of very high concentration.

In evaluating the accuracy of the fine sand measurements, the average
profiles of Figs. 2 through 12 were each described by three lines. In fit-
ting these lines to the average profiles it was assumed that the profiles
approximated the true sediment distribution within the limits of the Luby
points, except in cases such as shown in Figs. 3 and 12. One of the lines
was fitted to points representing the profile in the approximate upper half
of the channel section; another was fitted to profile points from approxi-

mate middepth to the level d/y = 11.24; and a third line extended from
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d/y = 11.24 to near bed at y = 3.68 Izs. The slope of the line to near bed
was set as the equivalent of that of a ggx versus concentration plot of the
middle line. Any slope or position of the middle line plotted with aly
values will intersect a 951 plot at d/y = 11.24. The lower limit of sus-
pended load was assumed to be at the level y = 3.68 rzs. For cases such as
shown in Figs. 3 and 12, the middle line was assumed to be the dashed line,
with extension of this line in the case of Fig. 12 to include all distribu-
tion from d/y = 11.24k to d/y = 1. To illustrate this, in Fig. 6 the sedi-
ment distribution in the upper portion of the channel section would be de-
scribed by a line passing midway between points 1 and 2 and through point 3.
Between this line and a point on d/y = 11.24 the distribution would be de-
scribed by a line passing through points 4 and 5. From a point on this
line at d/y = 11.2L, the distribution to the lower limit of suspended mate-
rial is on a line leaving a slope 0.756 times the slope of the preceding
intersecting line. This distribution line near the bed will then be at a
slope equivalent to a 951 plot of the line passing through points 4 and 5.
The above-~described procedure permits each of the sediment distribu-
tion lines to be formulated in terms compatible with formula 1 for vertical
velocity distribution. It is then a rather simple mathematical process to
compute the total fine sand load. The results of these computations and a
comparison with the loads determined by the measurements alone are shown in
Figs. 13 through 23. These graphs show the respective fine sand load in
tons per day per 0.10-ft increments of depth at any level in the vertical
over the entire width of a mean depth channel section. This type of plot
is of special interest in that indicated loads from abnormal measurements

are quite obvious at first glance. Also, it is' immediately noticeable that
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there is a significant deficiency in sand load as determined from the five-
point Luby sampling procedure. This deficiency is in the region near the
bed, and is due to the relatively great distance of the lowest Luby point
from the bed. In the 1l examples presented, the individual bottom samples
are taken from 5 to 13 ft above the bed.

The procedure for computing the suspended fine sand load is shown by

the following example:

In Fig. 6, between the levels y = 3.68 Dzs = 0.0042 ft and
d/y = 11.24 or y = 4.3 ft, the fine sand concentration C
at any point is

0.588
c, = 59 ( ‘;‘) = 511/y%:%%8,

From level y = 4.3 £t to d/y = 2.1 or y = 23.0 ft the fine sand
concentration 02 is

0.778
C, = 37.5 (%) = 767/y°'778, and

1

from level 23.0 ft to the surface the fine sand concentration

C3 is

1.38

1.38
d 23.8 4
0332308<;> ’Ll%__

y

These expressions for distribution of fine sand in parts per million
are each multiplied by the velocity distribution formula 1, which for this
case is U& = 3.48 y°'155, and then multiplied by 4.146 to convert the dis-
tribution to tons per day over the width of channel. The resulting
expressions are

1.38
8325 _ 11,066, _ 343k a
U, = J0-553" Caly y_"'6§'o. 3 C3ly 3_3_31.2 '

y
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We can now determine the total or incremental sediment loads within

the prescribed limits of each by integration. Resultant expressions are:

Ty =43
Sediment load S, = 14,683 Y0'567
|y = 0.0042
1y =23.0
Sediment load S, = 29,353 sl
Jdy=h3
y = 23.0

Sediment load S3

a 0.225
134,613 ( ;)

y = 8.4

To check the accuracy of fitting the distribution lines to measured
data, the computed load above the lowest measured value coincident with the
computed load graphs in Figs. 13 through 23 was added to the load encom-
passed by the measured load graph below that point. This load in every
case was within 3 percent of the total measured load, which indicates a
satisfactory alignment of distribution lines above the lowermost Iuby point.
As the analytical treatment of the load below this level logically assumes
that the concentration of sand will increase toward the bed, any signifi-
cant difference in measured and computed load is generally in that portion
of the load between the lowest Luby point and the bed. It is thus indi-
cated in the 1l examples presented that an upward adjustment of the meas-
ured fine sand loads in amounts from 8 to 84 percent is warranted. The
overall average for the 1l cases is +32 percent. If these examples, which
were selected at random, are typical and it is assumed that the total meas-

ured sand load in suspension is equally deficient, the unmeasured sand load
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in the 10-year period would total 106 million tons. The examples used in
this study could well be typical, and it is reasonable to assume that

measurements of all of the sand load are equally short.
Discussion

It must be realized that in field operations an abnormal or atypical
sample cannot be recognized. Also, when the samples are received in the
laboratory a settling period of at least two weeks is required before an
analysis can be made. Therefore, since it is several weeks after a set of
samples is taken before a load determination can be made, averaging is de-
pended on to equalize the deviations. The unreliability of such dependence
is exemplified in the measurements at a flow of 489,000 cfs as shown in
Figs. 3 and 1%. In this case two samples at the lowermost Luby point in
two of the five verticals are apparently in error, and in sufficient amount
to greatly affect the evaluation of measured load. The total sediment con-
tent of each of these samples was about one-half of that in the next two
samples 13 ft farther from the bed. The sand contents were 15 and 22 per-
cent, respectively, of those in the next higher sampling level. It is con-
sidered that of the 117,7T4 tons per day difference between the computed
and measured fine sand load, about 55,000 tons is attributable to the two

abnormal samples.
Conclusions

The examination and analysis of the velocity and sediment profiles
selected for presentation in this paper suggest the following conclusions:

a. The vertical velocity distribution formula 3 in USDA Soil
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Conservation Service Technical Bulletin No. 1026 is not
applicable to large rivers such as the Lower Mississippi
River and the Atchafalaya River.

In studies involving the velocity and sedimentation
characteristics of large rivers, the treatment of entire
channel sections as a unit is a satisfactory procedure.
There is a significant deficiency in measurements of the
suspended sand load by the Luby method.

As a supplement to point sampling by the Luby method, ad-
ditional samples are required near the bed to define sedi-
ment transport in that region. A basic weakness in the Luby
method is that regardless of the number of points measured,
more samples will always be taken above middepth than below.
Therefore, an excessive total number of samples would be
required for adequate sampling below middepth, and the cost
would be prohibitive.

The accuracy of point sampling should be evaluated by a
plot of data as presented herein, and the measured loads
adjusted as necessary to describe the apparent actual load.




