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Abstract

In this research, an attempt has been made to have full understanding about the
nature of the sediment in the flow. Due to the difficulties during flood periods, the
attention was focused on the shortcut methods to measure the average sediment
concentration in the water column. These methods use limited number of water
samples. Two groups of data have been utilized. The first group covers the field work
in Tigris River at Sarai site and middle Euphrates canals. The second group is outside
Iraq which covers Missouri River in Montana. The data of the first group has been
used for analysis of Imara’s semi-empirical equation for the measurement of the
average concentration in the water column. In this equation, an empirical constant,
(a), was given a value of (10) in estimating the sediment load in the tributaries of
Adhaim River. A uniformity index was suggested, to analysis the vertical distribution
of different kinds of sediment, and then uniformity index for different kinds of
sediment was calculated for Missouri river in the second group of data. The value of
the empirical constant, (a) varied between (7.2) and (11.65) with an average value of
(9.4) for group one data compared with the value of (10) used for the tributaries of
Adhaim River. This value was accepted with a significance level (a = 0.05). The
uniformity index gave a value close to (1.0) for clay and silt, and a value between (1.5)
and (2.5) for sand depending on the sand’s grain size.
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1- Introduction

Water samples are taken from open
channe flow for many reasons. One
important reason is to measure the
sediment concentration for suspended
load. This measurement has many
significant applications, one of them, is
the decision of the economical life of
the reservoir behind a dam. During the
rainstorm, streams usually carry heavy
sediment load especially at the pesk
discharge. Since they have high flow,
the lateral sediment concentration
gradient becomes negligible and the
main variation is in the vertica
direction. During the storm time, it is
usualy very difficult to take severd
samples in any water column. In this
case, one or two samples are taken to
estimate the average concentration in
the column.

(Imara, 1997) used the decay function
for the wvariation of sediment
concentration and logarithmic
distribution for velocity variation. By
using integration and field experience,
he suggested the following semi-
empirical equation to find the average
sediment concentration in the water
column:

P b(d-b) é u

c _ae d- idl;' — (1)
Cb d & %%

Where:

(cp) is the concentration at depth (b)

from the water surface, (d) is the depth
of the column and (@) is an empirica

constant equal to (10) based on Imara
field experience.

The concentration  measurements
during high flows contribute the major
amount of sediment accumulated in the
reservoir behind a dam. The process of
sedimentation of the reservoir decides
the economical life time of the dam.
There are two methods for the selection
of sampling, the depth integrating
sampling and point-integrating
sampling. Analysis for wide range of
data showed that measurements
between (0.6) and (0.8) times the depth
gave reasonable accuracy.

As the sediment gets coarser, the level
of the measurement gets closer to (0.8)
times the depth. It should be indicated
that the level of measurement to give
the average concentration in the
vertical, is a function of flow, sediment
characterigtics, and fluid condition.
Since these variables are highly varying,
it is not expected to get reliable (or very
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accurate) mean concentration from
using one-point method, for sediment
investigation  which  requires this
accuracy.

Based on sediment investigation in
the Missouri River system, (Straub,
1935) showed that the mean
concentration of suspended sediment in
vertical isgiven by:

~

— &3 5 u
Cs = ggCo.zd 3 Co.gdyy ™ (2)

Where: - cgoq and cggg @€ sample

concentrations taken at (0.2) depth and
(0.8) depth below the water surface,
respectively.

This method does not give a correct
idea about the size distribution of the
suspended load, but gives accurate
results over a considerable range of
conditions (Grade et a, 1985) (Simons
et al, 1977).

Due to the difficulties in using the
above methods specially during the
flood periods, more practical and
conventional method has been
suggested. Using logarithmic
distribution for velocity variation and
decay function for the variation of
sediment concentration, Imara (1997)
suggested equation (1).

Imara gave a value of 10 to the
empirical constant (&) and used this

equation to find the average
concentration in the tributaries of
Adhaim River during flood season. This

method does not reguire a skilled
person since the sample can be taken at

any depth(b). For convenience and
easiness, the depth (d) is taken at 10
cmor 20 cm from the surface.

In this research the attention is
focused on the value of (a). Available

field work will be utilized to have
estimation for this constant.

2- Objectives:
The objectives of this research can be
outlined asfollows:

1. Making some understanding of
the nature of the sediment and
the parameters which affect its
concentration in open channel
flow.

2. Review and discuss al shortcut
methods for the measurement of
concentration in the water
column.

3. Utilizing the available field data
to analysis and discuss the
constant (&) in Imara Simi-
Empirical equation.

3- Available Field Data

The available field data can be
divided into two main groups, field
works in Iragi rivers and field work
outside Irag.

3.1- Field Datain Iraq
The field data in Irag was made on
Tigris River at Sarai gaging station in
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Baghdad, The available data for the
water years 1965 and 1966 are obtained
from the files recorded by the dams and
reservoir general (2004), as shown in
Table(1). The definition sketch of Tigris
River at sarai gaging station is shown in
Figure (1).

The second field work in Iragq was
made on several canals which take their
water from Euphrates River as shown in
Figure (2). These canals can be divided
into two sets, one is taken by (Saman,
1973) and the other is taken by
(Mohammed, 1984). All the
information about these canals, like
name, hydraulic measurements and
concentration are illustrated in Table(2)
and Figure(3) for data of (Saman, 1973)
and Table(3) and Figure(4) for data of
(Mohammed,1984).

3.2- Field Data Qutsidelraqg

Thefield data outside Iraq is based on
different variations of concentration
with depth according to sediment grain
size. The data are consisted of two
groups, A and B. For group A, data are
selected from Figure (5) for typical
River, and group B data are selected
from figure (6) for Missouri River.

4- Estimating the Empirical Constant
@

Imara's equation is a semi-empirical
equation which was obtained by
assuming a decay function for the
vertical distribution of the sediment.

This equation was used to estimate the
volume of sediment in the runoff of
Adhaim branches after giving a value of
(10) for the constant(a). In equation

(1) the convenience of using this
equation comes from using one value of
the concentration in the column where it
is difficult to take many samples in the
stream cross-section. In using the above
equation for Adhaim River branches, all
samples were taken at (10) centimeter
from the surface for any column. So,
this eguation was written in the
following form: -
c ae0.1(d- 0.1 & 1 U

P - SSCRT ]

X

Cb d @& %

This form of the eguation is used in
testing the empirical constant (a) with
the available data. Table (4) shows that
the value of (@) in Iragi rivers and

canals varies from (6.7) to (12.87). All
the previous data were fitted with
exponential type curve as shown in
figures (7) and (8).

Typical concentration contours was
made to check the logical distribution of
this concentration in the cross-section.
This typical distribution is shown in
figure (9), (10) and (11). These contours
show typical variation of concentration
with depth as expected, i.e the
concentration increases with depth.

5- The Digribution Of The
Concentration
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The vertical distribution of the
sediment concentration is known to
vary exponentially. However, as the
sediment becomes fine in grain size,
this distribution gets closer to the
uniform type. To get better
understanding for distribution of several
type of sediment, an index is proposed
in this research to express the closeness
of thedistribution to the uniformity.

The uniformity index for
concentration distribution is proposed to
have the following form:-

A 2
_0(c)dy
- A
co (o)dy
Where: (c) is the concentration at

(4)

depth (y), (c) is the average
concentration. For discrete value of the
concentration with the depth, the above
equation is written in the summation
formi.e.

n
& (Ci)zyi
—i=1

Uj n
Cé Ci yi

i=1

The uniformity index shall be
analyzed using the data which cover the
sediment distribution in Missouri River
from group B, figure (6). This
uniformity index gets a value of (1.0)
for uniform distribution but as the
distribution  deviate more  from
uniformity; this index will get larger
value. In flowing water, it is expected

that the coarser the sediment, the larger
the value of thisindex.

Thedistribution for concentration of
suspended sediment for different
particles-size groups at a sampling
vertical, in the Missouri River are used
with adaptation of (M.1.T) soil
classification.

The concentration distribution in these
figures is used in EQ. (5) to estimate the
uniformity index.

All the results are shown in table (5).
This Table shows that the fine sediment
in flowing water gets an index value
close to (1.0) and as the sediment gets
coarse, the index value gets higher,
reaching a value of (2.45) for coarser
and very coarser sand. Figure (12)
shows the relationship  between
uniformity index and mean diameter of
sediment.

6- Analysis

All the available data were used to
come up with full understanding about
the sediment vertical distribution in
flowing water and its relation with grain
size. All these vertical distributions of
sediment were used to calculate the
empiricadl constant (a) in Imaras
equation. Thevalue of (10) was given to
this constant in the report for sediment
movement in the tributaries of Adhaim
River. The result of the calculation on
the first group and typical river from the
second group is as shown in Table (6).
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It is clear that the calculated value of
(a) for TigrisRiver and Middle
Euphrates canals ranges from (6.7) to
(12.87), in first group, however, for the
second group, the value of (&) for the
typical river is(9.32). It should be
indicated here that avalue of 10 for
(a) was used in branches of Adhaim
River where there is small vertical
concentration gradient of sediment in
their flows. Thisiswhy the value of
(a) inthe Middle Euphrates canalsis
closeto 10 sincethevertical
concentration gradient is considered
small in these canals.

It is possible to test the goodness of fit
of the calculated values of (@) (or the

observed values) with the expected

value of (a) which is (10) by (C 2- test)
using the datain Table (6) by:

&X 2= & (0- E)2/Ej-—(6)

é i=1 a
Where: O is the observed value and,
Eis the expected value which is
considered to be 10.

The calculated ()(2) value for the

first group (Tigris River and Middle
Euphrates canals) and the typical River
from the second group was equal to
(2.7052). This value is less than the

critical (y 20) for a significance level

(@=0.05 which is (11.071).

Therefore, the value of (10) for (a) will
be accepted for the first group and
typical river of data at a significant
level (@ =0.05).

As expected, when the sediment
becomes  coarser, the  vertica
distribution of this sediment deviates
more from the uniform distribution. For
materials like clay or st the vertica
distribution is very close to be uniform
with uniformity index little larger than
(2.0). However, for sand, this index has
larger value ranges between (1.5) and
(2.5) depending on the grain size of the
sand.

The vertical distribution of the
sediment distribution is known to vary
exponentially i.e. as decay function.
This was done to the two groups of
data. The result indicates reasonable
good fit with determination coefficient

(R2) reaching avalue as high as
(0.94).

7- Conclusions

Based on the data concerning
sediment concentration in the vertical
water column which are limited on
Tigris River at Sarai station and Middle
Euphrates canals with the limited
number of samples in the column, the
following conclusions may be drawn:
1-An exponential type distribution (as
Decay type) seems to fit the vertical
concentration distribution very well
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with a determination coefficient (Rz)
ashigh as (0.94).

2-The value of the empirica
constant (a) in Imara's equation varied

between (6.7) to (12.87) for group one
data.
3-The average value of (a) based on

the available data on Tigris river and
middle Euphrates canal is (7.205) and
(11.65) respectively.

4-The uniformity index suggested in
this research gave a value close to (1.0)
for clay and silt and larger value
ranging between (1.5) and (2.5) for sand
depending on the grain size of the sand,
for Missouri River group.

5-The value of (10) for (a) was

accepted for the data of the first group
and typica river with a significance
level (@ =0.05).
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List Of Symbols
Symbol Definition Dimension unit
a Empirical constant in Imara’s Equation, aso distance | )
from the bottom.
b Depth from water surface to a sample's location in L m
Imaras equation.
Sugpended sediment concentration, at distance y
C from the bottom, also any distance from top or | - p.p.m.
bottom.
C Suspended sediment concentration at a distance (b) | m
b from water surface, in Imara's equation. p-p.M.
— Average suspended sediment concentration in water
C : . - p.p.m.
column, in Imards equation.
C Mean concentration of suspended sediment in
S vertical (Straub,1935).
d Total depth of the water column in Imaras equation. | L m
D Mean diameter of soil’sgrains. L mm
c? Chi-square. - -
] Observed value for empirical constant from | )
Oi calculations of Imara’s equations.
E Expected value for empirica constant in Imara’s | )
! equation, which be considered to be (10).
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a Significant leve in chi-square te<t. - -

R Determination coefficient. - -

U Uniformity index. - -

y Any depth from the bottom. L m

\% Vertical. - -

v Flow velocity LT m's
u kinematics viscosity LTt m’/s

Table (1): Fidd Data for TigrisRiver at Sarai Gaging Station.
* (Achieved by the Damsand Reservoir General).

PDF created with pdfFactory Pro trial version www.pdffactory.com

Date of locatio Total Sample Veocity | Concentration
observation n depth (m) depth (m) (m/se) (ppm)
a 1.261 561
| 13.06 b 1241 573
c 0.813 623
a 1670 537
I 11.9 b 1670 553
7" Mar.196 c 1.300 577
S a 1.417 494
Q=183109 | 101 b 1.455 527
(m*/sec) c 1319 670
Water level a 1144 509
WL -;131-71 IV 75 b 1163 511
c 0.801 644
a 0.947 685
v 468 b 0.930 731
c 0.413 735
a 1280 274.4
| 12.35 b 1.241 4278
c 0.949 4747
a 1533 353
I 12.25 b 1631 4416
30.Jan.1966 c 1.339 505.4
Q =31999 a 1.319 252.0
(m*/sec) 1l 10.00 b 1475 359.8
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ater lev C 1.455 395.8
W.L=31.47 a 1553 254
m v 6.25 b 1.105 266.1
C 0.871 370
a
V 2.10 b 0.526 300.3
C

Table (2): Field Data for Middle Euphrates Canal, Observed In 30-Jan-1973
[After Saman,1.Y.]

Depth
. Avg. Total Concen
Canal L ocation Dlscgharge velocity | depth No. of of sample tration
name (m*/sec) (m/se0) (m) samples | from water (ppm)
surfase (m) P
12.300 km 1 0.00 138
Beni from 19.388 0.712 172
Hassan | Euphrates 127° 2 0.85 152
River 3 165 247
15.300 km 1 0.00 145
Beni from 1.65%
Hassan | Euphrates | 18.596 135" 2 0.83 159
River 3 1.60 236
58.200 km 1 0.00 162
AlKifil from 5124 15°
Euphrates 3.25 2 0.75 186
River 3 145 273
61.00 km 1 0.00 163
AlKifil from 4914 1.05°
Euphrates = 2 053 190
River 3 102 261
3.900 km 1 0.00 229
Al.Nile | from _Satt 3.735 0.704 1.052 2 052 233
Al Hilla 3.35 3 102 501
7.050 km 1 0.00 217
H a
3 1.00 295

a: the total depth of column in meters.

b : the horizonta distance (position of column) in meters.
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C : depth of sample from river surfacein meters.

Table (3): Field Data for Middle Euphrates Canals.

gObserved in Aug. + Oct.1984 [After Mohammed, R.I. )

— Y@ X? | No.of | Depth®of | Concent.
5 g d:-*?g Vertical | (m) | (m) | sample | sample (ppm)
B O 21 | 282 (m)
55| S|c|T2E
O c a | O
1 1 159.25
g | 430 | 25 2 2 165.25
s | £ 3 3 192.25
T oy 8 B 1 1 118.75
< | Ez| g & I 400 | 50 2 2 125.75
B | S N e 3 3 162.25
= 1 0.00 189.25
= 1 400 | 75 2 0.80 199.75
~ 3 1.50 243.25
1 0.00 214.75
iz | 160 | 4 2 0.80 219.25
- 3 1.50 276.25
: | 6 3 @ 1 0.00 262.25
© “éf & S I 150 | 7 2 0.80 279.75
= | 83| S 3 1.60 325.25
< | 8 1 0.00 238.75
~ 1 120 | 9 2 0.30 309.25
3 1.10 375.25
1 0.00 71.25
| 210 | 12 2 1.00 128.75
E0 3 2.00 365.25
g |22 o 0 1 0.00 191.25
< |[E8 || ¢ I 250 | 16 | 2 1.25 218.75
< |8£| o e 3 1.90 313.25
S 1 0.00 114.25
1 170 | 22 2 0.85 161.25
3 150 186.25

I ———
a depth of vertical (m). b: horizontal distance for vertica from zero (m). c: depth of sample
from surface water (m).

Table (4) The Calculated Empirical Congtant Results.
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Rive | ste |, | d | C | g | Emeircal | S
name | description (m) (ppm) (ppm) @ e(3)
V1 | 1306 | 585 560 5.114
Sardl site. V2 | 119 555 538 5.43
Datein 7 V3 | 101 | 560 480 6.81 6.70
o Mar.1965 V4 | 75 550 475 7.852
Tigris V5 | 468 | 709 676 8.3
Saa site V6 | 1235 | 355 200 6.18
Daein V7 | 1225 | 375 246 7.86 771
30Jan.1966 | V8 10 320 258 73
V9 | 625 | 298 228 95
V10 | 17 172 137 1255
Middle V11 | 165 178 143 1156
Euphrates [ v12 | 15 200 162 1155
canalsdate | v13 | 1.05 200 172 11.14 11.27
30dan.1973 ["v14 | 105 | 248 230 10.33
V15 | 1.04 | 250 228 10.15
g Vi6 | 43 | 170 | 145 9.46
£ | Middle V17 | 40 132 104 104
T | Euphrates V18 | 40 210 168 10.26
canasdae V19 | 16 258 200 12 10.81
40ct.1984 v20 | 15 312 262 11.15
23Aug.1984 | V2L | 12 300 246 116
21Aug.1984 V22 21 120 75 145
V23 | 25 240 1925 111 12.87
v24 | 17 175 125 13
Typica 1996 10 1086 685 9.32 9.32
| UNEP/WHO | V25
Kansascity, | V26 | 3505 | 667 120 46.89
Misso | MO.1970 2 neglected
uri V27 | 3505 | 875 250 2952
2
V28 | 3505 | 940 380 2038
2

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

e Mo T § VAL e A [ l0eie] E st mation Of Aver age Suspended Sediment

Concentration In A Flow Depth By One Sample

Table (5): Variation of the Uniformity Index with M ean Diameter of the Soil.

No. Type of sail Uniformity index | Mean diameter (mm)

1 Very coarse sand + coarse sand 245 13

2 Medium sand 174 04

3 Fine sand + very fine sand 152 0.13
4 Coarse silt 113 0.02
5 Medium silt 101 0.013
6 Finesilt + very fine silt 101 0.004
7 clay 110 0.002

Table (6) Result of the calculated empirical constant (a)
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_ Average | Usedvaluein Adhaim
L ocation AverageValueof (a) _ _
values tributaries
Tigrissara site (1965) 6.70 10
72

Tigrissarai site (1966) 7.71 10
Middle Euphrates canals (1973) 1125 10
Middle Euphrates canals (1984) 1081 11.65 10
Middle Euphrates canals (1973) 12.87 10
Typica River (1996) 9.32 9.3 10
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£ 3
Left Bankes«—

LEGEND
Location | is30 ms from left bank.
Location Il is 70 ms from left bank.
Location 111 is 100 ms from left bank.
Location 1V is 130 ms from left bank.
Location V is 170 ms from | eft bank.

Depth ais one meter below the water surface.
Depth b ismid depth.
Depth c isone meter abovethe bed level.

Figure (1), Definition Sketch of Tigris River at north of Baghdad (Sarai gaging station):
observed in (7/3/1965), and (30/1/1966).
After Irrigation General Director
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Figure. (2), Euphrates River Canals (After Mohammed, 1984)
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Figure. (5), Typical variation in concentration of suspended sediment with depth for
Sand, silt and clay as measured at one field site (After Ongley, 1996)
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Figure (6), Discharge-weighted concentration of suspended sediment different
particles-size Groups at a sampling vertical, in the Missouri River at Kansas City, Mo.
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(After Guy, 1978)
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Figure (7): Vertical Distribution of sediment Concentration in Shatt Al-hillafor AL-
Mahawil Canal, [V21]
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Figure (8): Vertical Distribution of sediment Concentration for Missouri River at
Kansas City, Mo. [V 26]
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Figure (9): Contourslines for sediment concentration (AL-Kifil canal)
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Figure. (10): Contours lines for sediment concentration (Shatt Al-Hilla Canal)
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Figure. (11): Contours lines for sediment concentration (Al-Mahawil canal)
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Figure. (12): Relationship between Uniformity Index and Mean Sediment Diameter
For Missouri River group
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