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1. Introduction

Spur dykes or Groynes are hydraulic structures that
project from the bank of streams or rivers at some angle
or perpendicular to the main flow direction. They are
used for two purposes, namely river training and erosion

protection of the riverbank. With respect to river training,
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Spur dykes also known as Groynes are often used to either divert or attract
the flow from the main structure to safeguard their life. Those structures
may be bridge piers, abutments or any similar hydraulics structures.
Spur dykes are also used to save the cutting of banks on concave side of
stream. Lots of work have been done in recent past on spur dykes by many
investigators in which various hydraulic and geometrical parameters of spur
dykes such as discharge, sediment size, flow velocity, shear stress, spur
dykes shape, size and submergence etc. are studied in detail. But mostly
all the studies were pointed out in straight open channels. Very few studies
were done in curved channel and only their similar effects were studied. In
present thesis main emphasis is given to study the effect of orientation and
location of spur dykes in meandering channel on the bed of downstream
side. In the present study experimental work has been carried out in 80°
bend and constant discharge (Q = 4.5 1/s) is allowed to pass in channel
without spur dyke. It is found that maximum scouring occurs at angular
displacement 6 = 60° to 80° in the vicinity of outer bank. To minimize this
scouring, spur dyke has been installed at angular displacement 6 = 20°, 40°
& 60° by changing the dyke angle a = 60°, 90° & 120° respectively. It is
found that scouring at 6 = 60° is reduced by installing spur dyke at angular
displacement 0 = 40° which is oriented at a = 60° and scouring at 6 = 80°
is reduced by installing spur dyke at angular displacement 6 = 60° which is
oriented at o= 60°.

the primary objective is to improve the navigability of
a river by providing a sufficient depth of flow and a
desirable channel alignment. Spur dykes also serve to
increase the sediment transport rate through the dyked
reach, which decreases channel dredging costs. With
respect to erosion protection, spur dykes can be designed
to protect both straight reaches and channel bends.

Copyright © 2021 by the author(s). Published by Bilingual Publishing Co. This is an open access article under the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License. (https://creativecommons.org/licenses/by-nc/4.0/).
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Compared with other methods, such as revetments, spur
dykes are among the most economical structures that may
be used for riverbank erosion protection.

Spur dikes have been used extensively in all parts
of the world as river training structures to enhance
navigation, improve flood control and protect erodible
banks. Spur dike can be defined as an elongated
obstruction having one end on the bank of a stream
and the other end projecting into the current. It may be
permeable, allowing water to pass through it at a reduced
velocity; or it may be impermeable, completely blocking
the current. Spur dikes may be constructed of permanent
material such as masonry, concrete, or earth and stone;
semi-permanent material such as steel or timber sheet
piling, gabions or timber fencing or temporary material
such as weighted brushwood fascines. Spur dikes may
be built at right angles to the bank or current, or angled
upstream or downstream. The effect of the spur dike
is to reduce the current along the stream bank, thereby
reducing the erosive capability of the stream and in some
cases inducing sedimentation between dykes.

Few investigators carried out extensive work on flow
behavior and scour around spur dykes in straight as well
as curved reach of meandering channel. Amongst those
are Garde et al. (1961) ", Gill (1972) ¥, Zaghloul et al.
(1982) ¥ Elawady, et al. (2001) ¥, Kuhnle et al. (2002)
19 Zhang (2005) ", Vaghefi et al. (2009) ', Zhang et al.
(2009) ©, Masjedi et al. (2010) "%, Yossef (2010) ©!, Zhang
et al. (2012) ¥, Parashar et al. (2014) ", Przedwojski
(2015) ', Pandey et al. (2017) ", Karki et al. (2018) ¥
etc. After reviewing their work it is concluded that lot of
work on spur dyke have been done. But the effect of spur
dyke’s orientation on bed variation is not available in
literature.

This report is concerned with the use of impermeable
spur dikes as a bank protection technique in a concave
bend of a meandering stream. Although the use of spur
dikes is extensive, no definitive hydraulic design criteria
have been developed. Design continues to be based
primarily on experience and judgment within specific
geographical areas. This is primarily due to the wide
range of variables affecting the performance of the spur
dikes and the varying importance of these variables with
specific applications. Parameters affecting spur dike
design include width, depth, velocity, sinuosity of the
channel,size and transportation rate of the bed material,
cohesiveness of the bank, length, width, crest profile,
orientation angle and spacing of the spur dikes.

Dimensional analysis

The variables required to define the scour and deposition

(river bed variation) in straight and curved open channels
are velocity of flow (v), depth of flow above channel bed
(y), mean sediment particle size (ds,), mass density of
water (p), mass density of solid (p,), viscosity of water (),
acceleration due to gravity (g), and angular displacement
(0). Using Buckingham Pie’s method following
dimensionless number have been found.

ds = f {Vs P, Y, e’ dSOa W, g, ba ta a, Ps, W} (1)
Now, from Equ.(1)
d/w=T],
So we can write all Pie terms
[1=1fdL, I [Le ITs: T TT5 Tlss TTos TTi0)
Therefore d/w = f (pyp, y/w, b/w, t/w, a, 6, ds/w, pvw/p,
VAgw) 2
Since only one dyke of constant size, shape is used
so b/w & t/w both are constant hence both parameter
are dropped. Also discharge was constant so y/w, pvw/p
(Reynolds No.) and v/4/gw (Froude no.) all were dropped.
Thus finally two were left therefore it can be concluded
that d/w is a function of angular displacement and spur
dyke angle.
d/w=1(0, o) 3)
Now, using above dimensionless parameters all data
analysis were carried out and graphs were plotted to
investigate the actual effect of spur dyke’s orientation &
location on bed variation in curved channel.

2. Experimental Setup and Procedure

Experiments were conducted in the Advanced Post
Graduate Hydraulics Laboratory, Department of Civil
Engineering, Zakir Hussain College of Engineering &
Technology, Aligarh Muslim University, Aligarh.

2.1 Flume

The data are collected in an open horizontal rectangular
sinuous (meandering/curved) channel (0.35m wide and
0.43m deep) made up of 0.5mm thick tin sheet, carefully
installed in an open horizontal rectangular flume (0.76m
wide and 0.60m deep and 10.5m long) prismatic glass
walled channel with cement plastered bottom. In channel,
bed is prepared by 0.22m height of sand throughout the
channel. Schematic diagram and photographic view of
the experimental setup are shown in Figures 1, 2 and 3.
The model has a straight upstream reach of 2.88m and
a straight downstream reach of 2.1m. In between the
upstream and the downstream reach two sinuous bends
having the same dimensions are present. The four 80°
curved channel bends were provided in series. Each bend
has rectangular cross section with 0.35 m width, 0.43 m
height and with 0.705 m radius of curvature at center line.
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The central angle of the each bend is 80° and the central
radius of the channel (Rc) is 0.705 m. The width of the
experimental model is 0.35 m here Re/W = 2.014 (Ratio
of the central radius to the width of the channel). Since the
ratio Re/W is less than 3, the bend is considered as a sharp
bend. A straight transition of 0.05 m is provided between
each bends.

OVERHEAD TANK

INFLOWPIFE [BAFFLES
SUMP
us

140cm
1 10.5m

22

Figure 3. Installation of spur dyke

2.1.1 Dyke Model

In present study spur dyke is made up of wooden sheet
having width (b = 7.5cm) and thickness (t = 1.5 cm). Spur
dyke of non-submerged condition is installed one by one
at three orientation‘a’ (measured from tangent of right

hand side of channel in clockwise direction) 60°, 90°and
120° and three different locations in Bend 1 and Bend 3
separately. Bend angle and orientation of spur dyke are
shown in Figure 2.

2.1.2 Contraction Ratio

Contraction ratio is defined as the ratio of the width
of spur dyke to the width of the flume. In present study
contraction ratio is 0.214 which is less than 0.25. If
contraction ratio is greater than 25% with higher values
of Froude number, the stability of the opposite bank will
be in danger, in addition to the stability of the spur itself,
which will cost a lot to protect the spur foundation and the
channel banks against the scouring process.

2.1.3 Source of Sediment and Its Properties

Sediment size d, as 0.27mm was used for making the
bed of channel.

2.1.4 Flow Condition

Discharge = 4.5 1/s, Flow depth = 4.5 cm, Average
velocity=0.286 m/s and Froude No. = 0.43 (Subcritical).
Discharge is measured by a sharp crested calibrated
rectangular weir provided at the end of downstream drain
channel by recording the head on the weir with the help of
point gauge (with 0.10 mm accuracy).

2.1.5 Calibration of Weir

A sharp crested rectangular weir provided at the end of
downstream drain channel was first calibrated. Through
the gate valve feeding the channel, a small discharge was
allowed to pass and after obtaining the steady state flow
condition, head on the weir was recorded with the help of
a point gauge (with 0.10 mm accuracy) and rise in water
level in the underground collecting well was recorded in
three mutually perpendicular directions with the help of
two theodolite simultaneously. The corresponding time
for the rise mentioned above was recorded with the help
of stopwatch (with 0.01 seconds least count). For each
head over the weir, three sets of rises in water level and
corresponding time were recorded. In this way six values
of this discharge for one head were recorded for getting
the best accuracy. Average value of these six observations
was noted and calibration curve is plotted. Table 1 shows
the data of deposition and scour for Bend 1 at 6 = 0°
displacement when dyke installed at location 1.

2.2 Experimental Procedure

Test bed was first prepared by filling the well graded
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sand having ds;as 0.27 mm with uniform compaction
method. It was first ensured that test bed is properly
compacted and smoothened. When test bed is ready than
a flow of amount 4.5 /s is allowed to pass over the bed
for about 3-4 hours. After that test run is stopped there
was slight variation in the test bed level in straight and
curved reaches. All readings along and across were taken.
In second phase the spur dyke of designed shape and size
was installed at a particular location and similar run was
passed and again all readings were recorded. Similarly
at many locations and orientations for same discharge Q
= 4.5 1/s run were taken and data for bed variation were
collected for further analysis.

3. Analysis of Data and Results

3.1 Bed Variation along the Longitudinal Direction
without Spur Dyke

Figure 4 shows the variation of scour and deposition

along the longitudinal direction in meandering channel
without installing spur dyke for Q = 4.5 1/s. Maximum
scouring and maximum deposition occurred at concave
(outer) side and convex (inner) side respectively in the
vicinity of bank. Scouring and deposition pattern at 5
cm and 30 cm are mirror image of each other. At 20 cm,
scouring and deposition pattern lies in between the 5 cm
and 30 cm.

0.15
~—— Atx=5cmn —#— Atx=20cm —— Atx=30cm
0.1
0.05 - /('
- I\
ds 0 T T T 1
5 0.5 0.75 1
-0.05 4
0.1
-0.15- L

Figure 4. Bed variation along the longitudinal direction
throughout the channel without spur dyke

Table 1. Data for bed variation at section 6 = 0° along the transverse direction when dyke installed at location 1, 6 = 0°

BEND 1 | BEND 3
NO SPUR DYKE
X ds X/W ds/w X ds X/W ds/w
0 0.3 0 0.008571 0 -3.5 0 -0.1
5 0.2 0.142857 0.005714 5 -2 0.142857 -0.05714
10 0.2 0.285714 0.005714 10 0 0.285714 0
15 0 0.428571 0 15 14 0.428571 0.04
20 -0.2 0.571429 -0.00571 20 1.5 0.571429 0.042857
25 -0.2 0.714286 -0.00571 25 1.1 0.714286 0.031429
30 0 0.857143 0 30 2.8 0.857143 0.08
35 0 1 0 35 1.6 1 0.045714
SPUR DYKE ORIENTED AT a = 90°
X ds X/W ds/w X ds X/W ds/w
0 0.6 0 0.017143 0 -0.2 0 -0.00571
5 -0.1 0.142857 -0.00286 5 -1.3 0.142857 -0.03714
10 -1 0.285714 -0.02857 10 -0.5 0.285714 -0.01429
15 -3.2 0.428571 -0.09143 15 1.4 0.428571 0.04
20 -2.1 0.571429 -0.06 20 -0.5 0.571429 -0.01429
25 -4.2 0.714286 -0.12 25 0.2 0.714286 0.005714
30 -2.2 0.857143 -0.06286 30 -0.6 0.857143 -0.01714
35 -0.9 1 -0.02571 35 0 1 0
SPUR DYKE ORIENTED AT a = 60°
X ds X/W ds/w X ds X/wW ds/w
0 0.7 0 0.02 0 -3.9 0 -0.11143
5 -1.5 0.142857 -0.04286 5 -2.7 0.142857 -0.07714
10 -1 0.285714 -0.02857 10 -1.2 0.285714 -0.03429
15 -0.7 0.428571 -0.02 15 0.8 0.428571 0.022857
20 -3.6 0.571429 -0.10286 20 1.1 0.571429 0.031429
25 -3.9 0.714286 -0.11143 25 1.5 0.714286 0.042857
30 -2.1 0.857143 -0.06 30 -1.7 0.857143 -0.04857
35 -1.5 1 -0.04286 35 -2 1 -0.05714
SPUR DYKE ORIENTED AT o = 120°
X ds X/W ds/w ds X/W ds/w
0 0 0 0 0 -3.8 0 -0.10857
5 0.2 0.142857 0.005714 5 -3 0.142857 -0.08571
10 0.1 0.285714 0.002857 10 -0.5 0.285714 -0.01429
15 -0.3 0.428571 -0.00857 15 0.3 0.428571 0.008571
20 -1.9 0.571429 -0.05429 20 1.1 0.571429 0.031429
25 -3.5 0.714286 -0.1 25 2 0.714286 0.057143
30 -2 0.857143 -0.05714 30 -0.5 0.857143 -0.01429
35 -2 1 -0.05714 35 -1.5 1 -0.04286
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3.2 Bed Variation along the Transverse Direction
without Spur Dyke

Figures 5 and 6 show the bed variation along the
transverse direction for Bend 1 and Bend 3 respectively at
various values of angular displacement (6) without spur
dyke. At 6 = 0° negligible scour and deposition occurred
at Bend 1 but this phenomenon is not same for Bend 3
because of transition zone in Bend 1. In Bend 3, at 6 = 0°,
initially scouring occurred till 1/4™ of width of channel
and after which deposition start. This difference of bed
pattern of Bend 1 & Bend 3 occurred till the 6 = 40°and
after that similarity in bed pattern begins.

Bend 1
8=60" —*—6=280"

—+—8=0" —=—8=20" 8=40"

Figure 5. Bed variation of Bend 1 along the transverse
direction without spur dyke

029 Bend 3
—+—B=0" —m—f=20" B=40"°
0.1-
=
d /w0 U —
/ 0% \"K
0.1+
0.2~ x/w

Figure 6. Bed variation of Bend 3 along the transverse
direction without spur dyke

3.3 Bed Variation along the Transverse Direction
of Bend-1

Figure 7 shows the bed variation along the transverse
direction at angular displacement (6 = 0°) of various
orientation of spur dyke (a = 60°, 90° & 120°) and
without spur dyke which is installed at 6 = 0° (location
1) of Bend 1. Maximum scouring occurred near the spur
dyke for all ‘a’ but o = 120° gives less scouring near spur
dyke in comparison to other a. = 60° and 90°.

Figure 8 shows the bed variation along the transverse
direction at angular displacement (6 = 40°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 0° (location
1) of Bend 1. Maximum scouring occurs at center of the
channel when o = 120°. At a = 90° and without spur dyke

show almost same pattern.

01 - B=0°
. —+—no spur dvke —m— g=90"
0 :.::..; 3 = =
~ i e +
i g2—= 04 0.6 08 /!
dy/w =ty :
o1 \‘/'
02 xw

Figure 7. Bed variation of Bend 1 at angular displacement
0=0° along the transverse direction when dyke installed at
location 1, 6 = 0°

6=40°
—+— no spur dvke —=— g=90" a=60" «=120"
0.1 —|
d/w U*l ol — P — g [ ]
Q.2 04 0.6 0.8 1
-01
xiw

Figure 8. Bed variation of Bend | at angular displacement
0 = 40° along the transverse direction when dyke installed
at location 1, 06 =0°

Figure 9 shows the bed variation along the transverse
direction at angular displacement (6 = 80°) of various
orientation of spur dyke (o = 60°, 90°and 120°) and
without spur dyke which is installed at 6 = 0° (location 1)
of Bend 1. Graphs at a = 60°, 90°, 120° and without spur
dyke show almost same bed variation.

6=350"
—+— no spur dyke—#— ¢=90" a=60" a=120"
0.15
0.1 :.l_ —
005~ Ny
‘isfw 0 T ‘HT"""-\___‘__I__‘_A-#—L_. - 1
- 02 04 0.6 , -
O-ooﬁ M\!>\%1
-0.15

x/w

Figure 9. Bed variation of Bend 1 at angular displacement
0 = 80° along the transverse direction when dyke installed
at location 1, 0 =0°

Figure 10 shows the bed variation along the transverse
direction at angular displacement (6 = 0°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 40° (location 2)
of Bend 1. In this figure all the graphs o = 60°, 90°, 120°
and without spur dyke show the same bed variation.

Figure 11 shows the bed variation along the transverse
direction at angular displacement (8 = 40°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
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without spur dyke which is installed at 6 = 40° (location 2)
of Bend 1. This section is important for analysis because
at this section spur dyke is also installed. Near the spur
dyke scouring is less in comparison to when spur dyke
installed at 6 = 0°. So we can say at 6 = 40° is the stable
location for the spur dyke.

0.01 __
02 0!4@&--” 1‘

Figure 10. Bed variation of Bend 1 at angular
displacement 6 = 0° along the transverse direction when
dyke installed at location 2, 6 = 40°

6=0°

—+— no spur dvke —m— 0=90"

w0

-0.01 x/w

6 =40°
—+— 10 spur dyke —#- g=90" a=60" u=120"
0.06
0.04
0.02 4 AT
0> ‘ : =
dpv 0,02 e ey R0t 1
0.04 -
0,06
-0.08

-0.1

Figure 11. Bed variation of Bend 1, at angular
displacement 6 = 40° along the transverse direction when
dyke installed at location 2, 6 = 40°

Figure 12 shows the bed variation along the transverse
direction at angular displacement (8 = 80°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 40° (location
2) of Bend 1. In this figure all the graphs at a = 60°,
90°, 120° and without spur dyke shows almost same bed

variation.
6= 80°

0.15 —+— no spur dyke —=— o=90" a=60" 0=120°

0.1

0.05 —T,

0 ‘ . \
- L~ T I 1
dyfw 02 04 g6 8 1
-0.05 —
LN
-0.1 >
-0.15
xw

Figure 12. Bed variation of Bend 1 at angular
displacement 6 = 80° along the transverse direction when
dyke installed at location 2, 6 = 40°

Figure 13 shows the bed variation along the transverse

direction at angular displacement (6 = 0°) of various
orientation of spur dyke (o = 60°, 90°and 120°) and
without spur dyke which is installed at 6 = 60° (location
3) of Bend 1. In Figure 13, all the graphs at a = 60°,
90°, 120° and without spur dyke shows almost same bed
variation.

6=0°

~+— no spur dvke—#- a=90" a=60" 0=120"

0.01
0.005 —_—
d/w O“ T \ T T
ﬁ 0.2 OM %
-0.005 \
0.01

x/w

Figure 13. Bed variation of Bend 1 at angular
displacement 6 = 0° along the transverse direction when
dyke installed at location 3, 6 = 60°

Figure 14 shows the bed variation along the transverse
direction at angular displacement (8 = 40°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 60° (location
3) of Bend 1. In this graph at a = 60° shows the less
deposition and less scouring in comparison to other graph.

8= 40°

—+— no spur dyke—#— g=90" a=60" o=120°

e AN

N

x/w

Figure 14. Bed variation of Bend 1 at angular
displacement 6 = 40° along the transverse direction when
dyke installed at location 3, 8 = 60°

Figure 15 shows the bed variation along the transverse
direction at angular displacement (8 = 80°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 60° (location
3) of Bend 1. In this figure, graph of without spur dyke
shows maximum scouring near concave (outer) side
of bank. This scouring is minimized by installing spur
dyke at o = 60° and 90° but o = 120° dose not minimize
scouring. Maximum scouring is minimized by o = 60° in
comparison to a = 90°.
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6=180°

—4— no spur dyke—m— a=90" a=60° a=120"

Figure 15. Bed variation of Bend 1 at angular
displacement 6 = 80° along the transverse direction when
dyke installed at location 3, 6 = 60°

3.4 Bed Variation along the Transverse Direction
of Bend-3

Figure 16 shows the bed variation along the transverse
direction at angular displacement (6 = 0°) of various
orientation of spur dyke (o = 60°, 90°and 120°) and
without spur dyke which is installed at 6 = 0° (location 1)
of Bend 3. In this figure maximum scouring occurs near
the spur dyke but a = 90° shows less scouring near spur
dyke in comparison to a = 60° and 120°.

6=0°

—+— no spur dyke—#— g=90" o=60"

0.1+

dw . 0.4 0.6 0.8 1

0.1+

-02-

Figure 16. Bed variation of Bend 3 at angular
displacement 6 = 0° along the transverse direction when
dyke installed at location 1, 8 = 0°

Figures 17 & 18 show the bed variation along the
transverse direction at respective angular displacement
(6 = 40° and 6 = 80°) of various orientation of spur dyke
(a = 60°, 90° and 120°) and without spur dyke which is
installed at 8 = 0° (location 1) of Bend 3. In Figures 17 &
18, all the graphs at a = 60°, 90°, 120° and without spur
dyke shows almost same bed variation.

Figure 19 shows the bed variation along the transverse
direction at angular displacement (6 = 0°) of various
orientation of spur dyke (o = 60°, 90°and 120°) and
without spur dyke which is installed at 6 = 40° (location 2)
of Bend 3. In this figure, all the graphs show almost same
bed variation.
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Figure 17. Bed variation of Bend 3 at angular
displacement 6 = 40° along the transverse direction when
dyke installed at location 1, 6 = 0°
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Figure 18. Bed variation of Bend 3 at angular
displacement 6 = 80° along the transverse direction when
dyke installed at location 1, 6 = 0°
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Figure 19. Bed variation of Bend 3 at angular
displacement 6 = 0° along the transverse direction when
dyke installed at location 2, 6 = 40°

Figure 20 shows the bed variation along the transverse
direction at angular displacement (6 = 40°) of various
orientation of spur dyke (a = 60°, 90°and 120°) and
without spur dyke which is installed at 6 = 40° (location
2) of Bend 3. In this figure near spur dyke maximum
scouring occur but at a = 60° shows the more scouring in
comparison to a = 90° and 120°.

Figure 21 shows the bed variation along the transverse
direction at angular displacement (8 = 80°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 40° (location
2) of Bend 3. In Figure 21, all the graphs at o = 60°,
90°, 120° and without spur dyke shows almost same bed
variation.
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Figure 20. Bed variation of Bend 3, at angular
displacement 6 = 40° along the transverse direction when
dyke installed at location 2, 6 = 40°
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Figure 21. Bed variation of Bend 3 at angular
displacement 6 = 80° along the transverse direction when
dyke installed at location 2, 6 = 40°
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Figures 22 and 23 show the bed variation along the
transverse direction at respective angular displacement
(6 = 0° and 6 = 40°) of various orientation of spur dyke
(a = 60°, 90°and 120°) and without spur dyke which is
installed at 6 = 60° (location 3) of Bend 3. In these figures,
all the graphs at a = 60°, 90°, 120° and without spur dyke
shows almost same bed variation.
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Figure 22. Bed variation of Bend 3 at angular
displacement 6 = 0° along the transverse direction when
dyke installed at location 3, 6 = 60°
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Figure 24 shows the bed variation along the transverse
direction at angular displacement (6 = 80°) of various
orientation of spur dyke (o = 60°, 90° and 120°) and
without spur dyke which is installed at 6 = 60° (location
3) of Bend 3. In this figure, graph of without spur dyke
shows maximum scouring near concave (outer) side of
bank. This scouring is minimized by installing spur dyke
at o = 60° and 90° but a = 120° dose not minimize much
scouring. Maximum scouring is minimized by o = 60° in

comparison to a = 90°.
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Figure 23. Bed variation of Bend 3 at angular
displacement 6 = 40° along the transverse direction when
dyke installed at location 3, 6 = 60°
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Figure 24. Bed variation of Bend 3 at angular
displacement 6 = 80° along the transverse direction when
dyke installed at location 3, 6 = 60°

4. Conclusions

Following conclusions have been drawn from the
present study:

It was observed that in meandering portion there was
scouring on the bed but on the same flow condition there
was no scouring in straight channel.

The maximum scouring occurs in between 0 = 60° to
80° of the outer side of bend and it is having a peak at 0 =
80°. This was found without installing spur dyke.

When spur dyke is installed at location 1 (8 = 0°), this
affects the bed till 6 = 40°. After that spur dyke’s effect
reduces on bed. So it does not reduce the scouring at 6 =
60° to 80°.

When spur dyke is installed at location 2 (6 = 40°),
scouring near angular displacement (8 = 60°) reduces.

When spur dyke is installed at location 3 (6 = 60°)
scouring near angular displacement (6 = 80°) reduces. So
it does not minimize the scouring at 60° to 80°.

Spur dyke oriented at (oo = 60° or 90°) reduces the
scouring and maximum scouring is minimized by a = 60°.
But spur dyke oriented at a = 120°, it reduces the scouring
very less.

Scouring around spur dyke is more for the spur dyke’s
angle a = 90° but the extent of this scouring is more for a
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=120°.

The extent of scouring around spur dyke occurs in that
direction where the spur dyke is oriented.

When spur dyke installed at location 2 (6 = 40°) than
scouring around spur dyke is negligible in comparison to
other location because near 6 = 40° zone prevails no flow
condition.

As we know maximum scouring occurs at concave
(outer) side of bend but the location of this maximum
scouring depends on bend geometry. If bend is sharp (R./
w < 3), scouring will be more near the end of bend at
outer side.

If bend is sharp, spacing of spur dyke should be less for
protection of bank.

Bed pattern (scouring & deposition) of bend 1 & bend
3 are different because bend 1 continues with straight
portion while bend 3 continues with other bend hence we
can say transition zone affects bed pattern (scouring &
deposition).

References

[1] M. Pandey, Z. Ahmad, P. K. Sharma, Scour around
impermeable spur dikes: A review, ISH J. Hyd. Eng.
(2017), 24:25-44.

[2] H. Zhang, H. Nakagawa, H. Mizutani,Bed morpholo-
gy and grain size characteristics around a spur dyke,
Int. J. Sediment Res., (2012), 27:141-157.

[3] M. F. M. Yossef, H. J. D.Vriend, Flow details near
river groynes: Experimental investigation, J. of Hyd.
Engg, (2011), 137:193-210.

[4] S. Karki, Y. Hasegawa, M. Hashimoto, H. Nakaga-
wa,K. Kawaike, Short-term evolution of flow & mor-
phology in an erodible meandering channel with &
without groynes, Annu. J. Hyd. Eng., JSCE, (2018),
74:1147-1152.

[S] H. Zhang, H. Nakagawa, Characteristics of local

flow and bed deformation at impermeable and per-
meable spur dykes, Annu. J. Hyd. Eng., JSCE, (2009),
53:145-150.

[6] Przedwojski, Bed topography and local scour in riv-
ers with banks protected by groynes, J. Hyd. Res.,
(2015), 33:257-273.

[7] R.J. Garde, K.S. Subramanya, K.D. Nambudripad,
Study of scour around spur dikes,J. Hyd. Eng.,
(1961), 87:23-27.

[8] M.A. Gill, Erosion of sand beds around spur-dikes, J.
Hyd. Div. ASCE,(1972), 98:1587-1602.

[91 N.A. Zaghloul, Local scour around spur-dikes, J. Hy-
drol., (1983), 60:123-140.

[10] R. Kuhnle, C. Alonso,F.D. Shields, Geometry of
scour holes associated with 90° spur dikes, J. Hyd.
Eng. ASCE, (1999), 125:972-978.

[11] IS 8408: 1994, Planning and design of groynes in
alluvial river-Guidelines, Bureau of Indian Standards
Manak Bhavan, 9 Bahadur Shah Zafar Marg, New
Delhi 110002.

[12] H. Zhang, Study on flow and bed evolution in chan-
nels with spur dykes, PhD thesis, Kyoto University,
2005.

[13] E. Elawady, M. Michiue, O. Hinokidani, Movable
bed scour around submerged spur- dikes, Proc. of
Hyd. Eng., (2001), 45:373-378.

[14] A. Parashar, N.K. Tiwari, M.Tech dissertation, Ex-
perimental study of spur dykes, Deptt of Civil Eng.,
NIT Kurukshetra, 2014.

[15] A. Masjedi, M. Bejestan, A. Moradi,Experimental
study on scour depth in around a T-shape spur dike in
a 180 degree bend,J. Am. Sci., (2010), 6:886-892.

[16] M. Vaghefi, M. Ghodsian,SalehiNeyshaboori,S.A.A,
Experimental study on the effect of a T-shaped spur
dike length on scour in a 90° channel bend.” Arab. J.
Sci. Eng., (2009), 34:337.



Hydro Science & Marine Engineering | Volume 03 | Issue 02 | October 2021

BILINGUAL Hydro Science & Marine Engineering
PUBLISHING CO .. .. :
e https://0js.bilpublishing.com/index.php/hsme
ARTICLE

Degree of Integrated Water Resources Management Implementation
in Context of Climate Change in a Watershed: Case of Queme Basin,

Benin (West Africa)

Femi. Cocker™ Eric A. Alamou’ Bernadin M. Elegbede’ Ismaila I. Toko®
1. Laboratory of Hydraulics and Environmental Modelling (HydroModE-Lab), University of Parakou, Head of Water

Department of Oueme, Benin

2. Laboratory of Applied Hydrology (LHA), Head of School of Building and Road Sciences National University of
Science, Technology, Engineering and Mathematics, University of Abomey, Benin
3. National Water Institute, Head of Water and Sanitation Engineering Department, University of Abomey-Calavi,

Benin

4. Department of Geography and Regional Planning, Head of Cartography Laboratory ‘LaCarto’, University of

Abomey-Calavi, Benin

ARTICLE INFO

ABSTRACT

Article history

Received: 14 October 2021
Accepted: 3 November 2021
Published Online: 10 November 2021

Keywords:
Decision tool
IWRM level
Medium
Low

Oueme bassin

1. Introduction

Today, increasing population pressure, economic
development, and climate change are among the major
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changes that greatly threaten the availability and
quality of the water resource ""*. To preserve the water
resource, collegial management should be organized at
the watershed scale. The rational management of water
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resources contributes effectively to the mitigation of
climate change, because it reduces the pressure on these
resources . ") work supported this statement to some
degree by showing that climate change is altering water
resources.

Reportedly, it has been estimated an average of 13.106
billion m*/year of surface water and 1.870 billion m’/
year of groundwater recharge in Benin ', Groundwater
is a prime resource for supplying drinking water to the
population because it is of relatively good quality and low
cost, unlike surface water, the cost of which is staggering
and often beyond the reach of countries with modest
economies such as Benin . The decrease in the amount
of water available per person due to population pressure,
pollution, climate change, and the respect of the principles
of the international conference of Dublin in 1992 on water
and the environment, led Benin to adopt the principle of
IWRM since 1998. However, the implementation of this
management at the national level and in particular in the
Oueme basin is quickly facing some obstacles. It is in this
context that the present study aims to assess the level of
IWRM implementation in the Oueme basin, the second
richest valley in the world after the Nile with a lot of
potentials ",

2. Methods

Presentation of the study environment

The Oueme basin is located between 1°23'47" and
3°27'54" east longitude and 6°20'54" and 10°12'59" north
latitude. It extends over three countries: Benin, Nigeria
and Togo. With a surface area of 52 511 km?, including
4 974 in Nigeria and 319 in Togo, the Beninese portion
of this basin is estimated at 47 218 km?, for 41.14 % of
the national territory ™. It straddles eight departments
and covers all or part of 48 communes out of the 77 in
the country. It has an estimated population of 6 million
inhabitants, the equivalent of 44 % of the total population
! The average farm size is 1.60 hectares "'”. According to
M the main economic activities are fishing, agriculture,
animal husbandry, trade, crafts and hunting. It has been
subdivided into 4 sub-basins, namely: Upper Oueme
basin, Okpara, Zou and Lower and middle Oueme valley
sub-basins. Figure 1 shows the delimitation of the basin.

After describing the basin in its physical and climatic
aspects, '*! defines the interannual and seasonal variations
of the river flow in the upper basin as well as in the delta.
The basin enjoys two types of climate. Downstream, an
equatorial climate with high humidity, alternating dry
seasons and rainy seasons. Upstream, a tropical climate
with a dry season from November to April and a rainy

season from June to September. Temperatures are stable
all year round downstream (28 to 32°) and oscillate
between 30 and 38° upstream. Rainfall is abundant during
the rainy seasons, with an annual average of 1300 mm
downstream and 950 mm upstream. The hydrological
regime of the Oueme is characterized by a minimum flow
in March and a maximum flow during the high-water
period in September. In Sagon, during the low-water
period (February-April) its flow is 10 m’/s, whereas it
reaches 900 m’/s during the high-water period (August-
November) ).

1°0'0"E 2°0'0"E
h

L A B <
), /) Y [—// }‘/_/\\/V s
b

3°0'0"E
L

z z
Z:_ —~ 0 _:o
g A g
& ~ 2

e, ¢

X 3 -

S N /

7 \
72N .
= PR »«ﬁJ .
T
N TCHAOUROU
i ®

~—

BASSILA

BE‘I:IN: 47218 kin?

NIGERIA

9°0'0"N
N

.

Okpara sub basin

T
9°0'0"N

Upper Oueme $ub basin ~

Kilometers

L

OUESSE

Situation map of Benin
in Africa

BANTE

TOGO
TOGO: 319ikm? save

8°0'0"N
1

SAVALOU

2Zou sub basil \

e T

DJIDJA

7°0'0"N
L

LEGEND
] Boundary of the sub-basins
[ Municipality covered = %0, a 13?4

e
[ Boundary of Country \

Y asoheycAlavi J
Oueme basin in Benin )W' e

Oueme basin in Nigeria o

Oueme basin in Togo

T
8°0'0"N

Situation map of Oueme basin

in Benin

NIGER
BURKINA-FASO

INIGERIA

3
S

7°0'0"N

Source:
DG-Eau, 2008

Topographical Bacground, IGN 1992
Design: Femi COCKER, 2020

T
2°0'0"E

T
3°0'0"E

Figure 1. Presentation of the study area

Data Collection

The assessment of IWRM implementation in the
Oueme basin in Benin is based on indicator 6.5.1, which
represents the degree of implementation of integrated
water resources management of Goal 6 of the SDGs.
This indicator is based on the IWRM implementation
level assessment form used by "' in a similar study in the
lower Oueme valley, which is downstream of the basin.
This step-by-step methodology developed by the United
Nations is composed of several relevant questions that are
grouped into four sections, each covering a key IWRM
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component:

* Enabling Environment: This is an enabling
environment, which is about creating the conditions
to support the implementation of IWRM. This section
includes the basic policy, legal and planning tools for
IWRM.

* Institutions and participation: The section deals
with the different institutional stakeholders and their
political, social, economic and administrative roles
involved in the implementation of IWRM. It includes
some of the leading institutions for IWRM at various
levels of society and the gender approach.

* Management Instruments: These are the tools and
activities to help decision-makers and users make rational
and informed choices when it comes to identifying and
adopting the right actions to take.

* Financing: This section deals with the adequacy of
the funding made available and used for water resources
development and management and the management of
these resources by the various recipient entities.

The families of actors who filled out the form are
local authorities, users, decentralized state structures and
civil society. The approach used was a semi-structured
interview. It was supported by documentary research
at the General Directorate of Water, the National Water
Institute and in non-governmental organizations that work
on the theme of environmental protection related to water.

Sampling

In the study sector, the organ in charge of water
resource management is the Oueme Basin Committee
set up by Decree N°2018-130 of April 18, 2018. This
organ gathers various public and private stakeholders of
the basin, acting in the water sector or whose activities
impact water resources. It is made up of 51 members,
representing local authorities, Decentralized State
Structures, civil society associations and users. On this
basis, an exhaustive survey was carried out among the 51
structures constituting this committee. Table 1 presents a
breakdown of the respondents by family of actors.

According to the decree setting up the Oueme River
Basin Committee, the representatives of local authorities
and users constitute 2/3 of the total seats. This provision
allows the grassroots stakeholders to be better represented
since they are the most concerned by the impacts of
actions in the basin.

Semi-structured interviews

The snowball survey technique was used to fill out the
form with stakeholder families. The possible scores that
can be assigned to each question, depending on the level
of application of the IWRM aspect addressed, are between

12

0 and 100 with an increment of 10. Each score assigned is
justified by its author with evidence in the corresponding
column.

Data analysis

The degree of IWRM implementation in the Oueme
River Basin is equal to the average of the scores for
each section of the evaluation form. The score for SDG
indicator 6.5.1 indicates the "degree of implementation
of integrated water resources management", on a scale of
0 to 100, where 0 indicates no implementation and 100
represents full implementation. This method is tested and
adopted by the UN Environment to assess the level of
implementation of IWRM. An interpretation according to
3 is provided as follows:

-0 -<=10: Very low: Development of IWRM
elements has generally not started or has stalled.

- 10 - <=30 : Low : Implementation of IWRM
elements has generally begun, but with limited acceptance
and relatively low engagement of stakeholder groups.

* - >30 - <=50 : Medium-low: IWRM elements
are generally institutionalised and implementation is
underway.

e - >50 - <=70 : Medium-high: Capacity to implement
IWRM elements is generally appropriate and elements are
generally implemented through long-term programmes.

* - >70 - <=90 : High: The objectives of IWRM
plans and programmes are generally achieved and the
geographical coverage and commitment of different
stakeholders is generally good.

e - >90 - <=100 : Very high: The vast majority of
IWRM elements are fully implemented, with objectives
achieved as defined and plans and programmes are
periodically evaluated and reviewed.

3. Results

The results of this evaluation are presented by criteria.
These are the sections Enabling Environment, Institutions
and participation, Management Instruments and
Financing.

Enabling Environment

The enabling environment includes the basic
policy, legal and planning tools to support IWRM
implementation. In a chronological sequence, several
documents are developed, implemented and evaluated.
This is the case of the National Strategy for Rural Water
Supply (SNAEPMR) which has been implemented in
several phases since 1992. At the beginning, it was based
on the demand approach. In 2003, it was influenced by
the advent of decentralization. As a result, the communes
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Table 1. Breakdown of the respondents by family of actors

Families of stakeholders

Structure/Organization

Headcount Percentage

Abomey-Calavi Town Hall; Parakou Town Hall
Tchaourou Town Hall; Dassa Town Hall; Save Town Hall; Bassila Town

Local authorities

Hall; Copargo Town Hall; Cotonou Town Hall; Aguegues Town Hall; 13

25%

Avrankou Town Hall; Seme-Podji Town Hall; Pobé Town Hall; Bohicon

Town Hall

Pineapple Producers' Union Allada; of oil palm Ouidah; cotton N’Dali;
rice Glazoue; Market Gardeners Union Djougou; Association of Women
Farmers Adjohoun; Professional Organizations of Ruminant Breeders
Gogounou; Save; Kétou; Abomey; Fishermen's Union Save; Cotonou;

Users

Fish Farmers Union Djougou; Zakpota; Consumers' Association 21

41%

Parakou.; Drinking Water Consumers' Association Dassa Zoume; Water
Farmers Association Cove ; Sand and Gravel Operators Parakou; Sugar
Corporation Save; Hotel Industries Committee Djougou; Oil company

Pobe

Zou Prefecture; Departmental Directorate of Agriculture, Livestock
and Fisheries Atlantique; Borgou; Oueme; Departmental Directorate of

Deconcentrated
structures of the State

the Living Environment and Sustainable Development Atlantic; Forest
Inspection Borgou; Zou; Departmental Directorate of Water and Mines

12 24%

Atlantique; Donga; Water Service Collines; Oueme; Departmental
Directorate of Health Zou.

Tropical Nature
Green Coalition
Civil society

CONOGEDA (Environment and Sanitation) 5 10%

Union of the Crowned Heads of the Hills
High Council of the Kings of Oueme/Plateau

TOTAL

51 100%

Source: Field survey, 2021

became the new project owners, who plan, implement
and manage water facilities based on local needs.
The evaluation showed that the management of water
resources still needs to be improved.

At the policy level, the water sector has had a National
Water Policy since 2008. Its strategic orientation is to
ensure equitable and sustainable access to drinking water
and sanitation for the population. To reinforce these
provisions, the National Action Plan for Integrated Water
Resources Management (PANGIRE) was adopted in 2011.
This plan has a broad vision and embraces specific areas
of action. These include the water governance framework,
human capacity building, economic and financial aspects,
knowledge, mobilization, development, conservation,
protection and monitoring of water resources and the
environment. This plan also aims to put in place measures
for prevention, mitigation and adaptation to climate
change and other water-related risks. However, these
policies, although they exist, are characterized by a
medium-low degree of implementation in the rating scale.
Thus, according to stakeholders in IWRM implementation
in the Oueme basin, these policies are based on IWRM,
approved by the government, and are tentatively
beginning to be used by the authorities to guide the work.

With regard to the legal and regulatory framework
for water management, Benin has a large and diversified

legal arsenal that has made provisions for the protection
and safeguarding of natural resources in general and
water resources in particular. However, even though
the country's legal arsenal is quite extensive, there are
problems of implementation followed by concrete results.
In fact, almost all the actors report a lack of application
of the legal texts and their poor dissemination. According
to the respondents, these laws exist, but are not fully
implemented due to a lack of political will. The degree
of implementation of national laws on water resources in
the study area is also unsatisfactory. Figure 2 presents the
result of the degree of the "Enabling Environment" section
by the different families of stakeholders.

M Deconcentrated Structures of the State M Local authorities Users | Civil society associations

Families of actors
‘ ‘ |
S

~

S

o 10 20 30 40 50 60 70 80

Average score

Figure 2. Degree of enabling environment

Source: Cocker, 2021

13



Hydro Science & Marine Engineering | Volume 03 | Issue 02 | October 2021

The level of implementation of basic policy, legal
and planning tools to support IWRM implementation in
the Ouame River Basin varies among the stakeholders
interviewed. Civil society associations and users
gave a score of 50 and thus consider the policy and
legal environment to be halfway favorable to IWRM
implementation. Better still, local authorities and
deconcentrated state structures gave a higher score of
70, believing that, even if there is still work to be done,
implementation efforts are noticeable for this criterion.

In sum, the average score for this section after the
calculations according to the technique used in the
methodology is 60.

Institutions and participation

The institutional framework for water resources
management includes public sector actors, in particular
the ministries concerned with water management, local
authorities, user groups and private sector actors through
their various actions in the field. Consultation bodies have
also been set up. At the basin level, we can mention the
Oueme River Basin Committee (CBO) set up by decree
n° 2011-621 of September 29, 2011. It is composed of
local authorities, users' representatives, decentralized
State structures and socio-professional organizations. Its
mission is to define and plan, in a concerted manner, the
axes of management and protection of water resources on
the scale of the Oueme river basin. At the national level,
there is the National Water Council, created by Decree
No. 2011-574 of 31 August 2011. It is composed of public
administration, local authorities, civil society, scientists
and researchers, the National Water Fund and also the
Water Agency. Its mission is to contribute to decision-
making in water resources management in accordance
with Benin's development policies and strategies.

All this information is proof that the institutional
framework is already in place and well oriented towards
IWRM. But at the operational level, the effect of all
this organization is not apparent. Figure 3 confirms this
observation, especially with the scores attributed by local
authorities and civil society.

The analysis of Figure 3 shows that the scores given
by civil society and local authorities are 35 and 30
respectively. These actors consider that the action of
political, social, economic and administrative institutions
involved in the implementation of IWRM is not very
perceptible. On the other hand, the users and the
deconcentrated structures of the State consider that the
action of the political, social, economic and administrative
institutions that participate in the implementation of
IWRM is appreciable.
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Finally, the institutional framework scores 45 on the
0-100 scale and is thus close to average.

B Deconcentrated Structures of the State ® Local authorities

Users ® Civil society associations

55

Families of actors

o] 20 40 60 80 100

Average score

Figure 3. Degree of institutions and participation section

Source: Cocker, 2021.

Management Instruments

At the scale of the study area, it appears from the
exchanges with the stakeholders that the Oueme River
Basin Committee has already been designated and has
51 members elected by their peers from the different
families of stakeholders in the basin. However, the
sub-committees have not yet been set up, which has
not facilitated the proper functioning of this important
management instrument. The Oueme Water Development
and Management Plan has been drawn up, validated and is
available. It is structured in sequential intervention plans
(PIS). One of these PIS, called the Oueme delta plan, is
currently being developed by the National Water Institute
of the University of Abomey-Calavi. Figure 4 presents
the situation of the "Management Instruments" section by
families of stakeholders.

u Deconcentrated Structures of the State M Local authorities

Users M Civil society associations

40 40
40
30 30
30
20
10
0

Families of actors

Average score

Figure 4. Degree of management instruments section

Source: Cocker, 2021.

The "management instruments" section was poorly
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rated by all actors. Indeed, civil society associations and
users gave it 30 points, while decentralized State structures
and local authorities gave it 40 points. On average, these
scores lead to a mark of 35 for this criterion.

Financing

Funding is more oriented towards the supply of
drinking water than towards the development of IWRM,
which has remained theoretical with very few concrete
achievements accompanied by significant funding. The
lack of funding is a limiting factor for all aspects of water
resources development and management. The stakeholders
we met criticized the small share often reserved for
IWRM. This is reflected in Figure 5 in the scores given by
the stakeholder families to the "financing" section.

¥ Deconcentrated structures of the State ™ Local authorities

Users Civil society associations

= 15

Families of actors

0 5 10 15 20 25

Average score

Figure 5. Degree of financing section

Source: Cocker, 2021.

The various stakeholders gave scores ranging from
15 to 25 to the funding section. The highest score was
only a quarter. This is low for this section, which is very
sensitive because finances play a major role in the success
of a mission. At the end of the discussions with the
stakeholders, the summary of the scores is 20 on a scale
of 0 to 100.

Synthesis of the evaluation

The assessment of sustainable water resource
management shows that actions are already underway,
but highlights several weaknesses, including the level
of funding, the inadequacy of management instruments,
the level of implementation of policies and legal texts.
There is also a lack of information and communication on
activities that could give IWRM visibility and the place it
should have in the water sector. Figure 6 shows the level
of implementation of IWRM in the study area.

The integrated management of water resources at the
scale of a hydrological basin should be regulated by a
specific law with the implementation of an organized

system of continuous monitoring. In Europe, it is the
Water Framework Directive, 2000, of which the Law on
Water and Aquatic Environments, 2006 is the transposition
into French law. In the case of African countries south
of the Sahara, such as Benin, regulatory efforts are to be
noted. This has therefore been analyzed here in the case
of the Oueme River basin. Numerous tools to support
decision-making and resource management, based
on integrative approaches, are currently being tested.
However, their adequate implementation in the sense of
providing a solution to the need for concerted management
with a view to protecting nature in a vision of resilience
to climate change is not yet mastered by the stakeholders.
The assessment of the degree of implementation of IWRM
then provided an idea of the state of water resources
already facing management difficulties and the ravages of
climate change. Although the public and private sectors,
as well as civil society and users, are involved in this
management process, the results are not satisfactory as
they reveal that sustainable water resource management is
not well implemented in the Oueme basin. These results
are corroborated by the National Water Politics document
19 which recognizes that Benin's water resources are
still poorly valorized and, consequently, only contribute
to the country's socio-economic development to a very
small extent in relation to existing potential. The overall
score reflecting the degree of IWRM implementation for
this study is 40, which is close to the national score of 35
obtained in 2015 by the Ministry of State for Planning
and Development. These values are confirmed by the
study conducted by " in the lower Oueme valley, which
also revealed a low score of 31. As the results obtained
in the present study fall within this same range, they are

" and allow us to conclude

therefore similar to those of '
that IWRM elements are generally institutionalized and

their implementation is underway in the Oueme basin.

Enabling Environment (I)
100,

SDG Indicator 6.5.1 Score Institutions and..

Financing (IV) Management Instruments..

Figure 6. Degree of IWRM Implementation
Source: Cocker, 2021
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In addition, according to the UN IWRM Data Portal,
the main scores for Benin in 2017 and 2020 for indicator
6.5.1 of the Sustainable Development Goals are more
optimistic with values of 63 and 68 respectively. An
overview in a larger dimension, meaning outside Benin,
shows that the issue of IWRM implementation is still
relevant in Sub-Saharan Africa. According to the recent
UNESCO and UN-Water (2020) report "* TWRM scores
are still medium-low in 2018 for Cameroon with a score of
34, Ghana progresses a little more to 49 and Kenya a little
more than them with a score of 53. In summary, all these
scores have the same appreciation and are all qualified as
medium-low in reference to the stepwise methodology for
monitoring UN Indicator 6.5.1. A comparative reading of
the results for these same countries shows a slight advance
for the 2020 scores published in 2021 by the UN's IWRM
Data Portal. Cameroon and Kenya moved up 6 points to
40 and 59 respectively, followed by Ghana, which moved
up 8 points to a score of 57.

With reference to the results of the present study,
(score of 40), there is still a long way to go to reach the
national level, which is already very advanced compared
to the reality of the sector under study. It can therefore be
deduced that the overall score can be high for a country,
but the same exercise, duplicated on a lower scale, can
reveal a notable disparity, which can be understood by the
particularities of each environment.

4. Conclusions

The assessment of integrated water resources
management is a complex activity that requires a lot of
information to be cross-referenced and consistency in
the methodology adopted to avoid biasing the data that
could reduce the credibility of the results. The interest
here is that a reference model exists and approved results
are available. The present study therefore drew on the
existing model and the results are analyzed and discussed
in relation to the known values. Thus, the differences and
similarities were explained and commented according to
the objectives of the study. It emerges that apart from the
objective criteria noted, the degree of implementation of
IWRM can increase or decrease depending on the factors
involved and the territory considered and the resilience
to the impacts of climate change. This study is therefore
positioned as a decision-making guide, since it presents
a photograph of the level of IWRM implementation
in a basin at a given time and highlights the points of
weakness.
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Ice Engineering is associated with how to solve
challenges from different kinds of ice, such as, sea ice,
river ice, lake ice, icing, and snow in cold regions. The
aim is to design special structures which could resist
structural and global impact from drifting ice and freezing
ice.

The foundation of ice engineering is to study ice
properties and its action on various structures, icing
process within ice mechanics by using theoretical
analysis, numerical simulation, model scale tests and field
measurements. Ice is a kind of non-uniform material and
its properties depends on many factors such as loading
rate, temperature, freezing disturbance. The scope of Ice
Engineering covers the science and engineering projects
in cold regions, especially for offshore oil and gas, Arctic
shipping, and offshore renewable energy.

Arctic area is very popular for oil and gas industry.
In this area, it accounts 28% of total oil and gas
production so far. Moreover, there are 23.9% of world’s
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operation season and location of operation, different types
of offshore structures are developed and applied to the
oil and gas activities, such as fixed structures, floating
platforms and dynamically-positioned vessels.

As for renewable energy, the focus of offshore
engineering is changed from fossil fuel exploration and
extraction to renewable energy in ice-covered waters.
The energy harvesting is mainly from offshore wind and
solar in lakes. In winter, icing on wind blades may cause
problems to efficiency of electrical production as well as
safety and life of wind turbines "' The drifting ice may
act on marine structures which are used to support solar
systems and accumulate around the structures to pile up.
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This will endanger overall safety of offshore solar power
plant.

A number of scientists and engineers are working
at the frontier of Ice Engineering and Hydro Science
& Marine Engineering provides an excellent platform
for the publication of most updated research outcomes.
The Journal focuses on innovative research methods at
all stages and is committed to providing theoretical and
practical experience for all those who are involved in Ice

Engineering.
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1. Introduction

Local scour is defined as the removal of bed materials
from the vicinity of hydraulic structures such as
abutments, below spillways, at upstream and downstream
of causeways etc. The hydraulic failure of any structure
depends upon the local scour that occurs around the
structures. Specially, the main cause of bridge failure is
the failure of its piers and abutments during heavy flood
when water passes the piers and abutments. The basic
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Lots of work regarding the scour around bridge piers in straight channel
have been donein the past by many researchers. Many factors which affect
scour around piers such as shape of piers, size, positioning and orientation
etc. have been studied in detail by them. However, similar studies in
meandering channels are scanty. Very few researchers have studied the
effect of angular displacement which has considerable effects of scour
around bridge piers.

In this paper an attempt has been made to carry out a detailed study of
angular displacement on scour. A constant diameter bridge pier of circular
shape has been tested in a meandering channel bend with bend angle as 80°.
The test bed was prepared by using uniform sand having ds, as 0.27 mm
and run was taken for a discharge of 2.5 I/s.

mechanism of occurrence of local scour around the piers
highly depends upon the vortex flow which develops
near the obstruction site. Generally, pier scour occurs
due to a complex vortex system. This system consists of
a horseshoe vortex initiated from the down flow at the
upstream face of the pier, wake vortices which shed from
sides of the pier due to flow separation as well as boe
vortex which is also called surface roller. This complex
system digs the scour hole and deepens it. Flow pattern
and mechanism of scour around a bridge pier have been

Copyright © 2021 by the author(s). Published by Bilingual Publishing Co. This is an open access article under the Creative Commons
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studied experimentally in past by many investigators in
cohesion less as well as cohesive soils.

Some of the most reliable studies were carried out in
straight channel by *'*'***” and many others There is
little information available about the scour at bridge
pier in curved channel reaches. The studiesrelated to
this context at hand are, those conducted by ™'*'**'!. The
main feature of a bend flow is the presence of spiral flow,
and lateral sediment transport across the channel bend is
observable. Particles at the surface of the flow in the bend
tend to move toward the outer wall while at the bed elevation
they tend to move forward the outer wall they tend to move
toward the inner wall of the channel. Keeping in mind the
gap, the present work has been taken up to study the effect of
angular spacing i.e. presence of bend on scour and deposition
pattern around the bridge pier.

2. Dimensional Analysis

The variables required to define the flow characteristics
in straight and curved open channels are, velocity of flow
(v), the radial spacing x, depth of flow above channel bed
(y), mean sediment particle size (d,,), mass density of
water (p), viscosity of water (1), acceleration due to gravity
(g), and angular displacement (6).

Since, ds =f (v, , x, 0, d,,, u, W) (D)

Carrying dimensional analysis following dimensionless
numbers obtained. T, = f { My, W3, W, W5, ) or dsly =
{dyo/y, x/W, 0, pvyht, v(gy} @

Since ranges of d50/y, pvy/u and v/N(gy are very small
and only one size of sediment is used hence all three terms
are dropped. And finally we have ds/y = (x/W, 0). 3)

2.1 Experimental Model Description

Experiments were carried out in Advanced Post
Graduate Hydraulics Laboratory, Department of Civil
Engineering, Zakir Hussain College of Engineering &
Technology, Aligarh Muslim University, Aligarh. The data
are collected in an open horizontal rectangular sinuous
(meandering/curved) channel (0.35 m wide and 0.43
m deep) made up of 0.5 mm thick tin sheet, carefully
installed in an open horizontal rectangular flume (0.76
m wide and 0.60 m deep and 10.5 m long) prismatic
glass walled channel with cement plastered bottom.
The schematic diagram and photographic view of the
experimental setup are shown in Figures 1 and 2.

The experimental channel consisted of 2.88 m long
upstream and 2.11 m long downstream straight reaches.
The model has a straight upstream reach of 2.88 m and
a straight downstream reach of 2.1 m. In between the
upstream and the downstream reach four sinuous bends
having same dimensions are present. The four 80° curved
channel bends were provided in series. Each bend has
rectangular cross section with 0.35 m width, 0.43 m
height and with 0.705 m radius of curvature at center
line. The central angle of the bend is 80° and the central
radius of the channel (Rc¢) is 0.705 m. The width of the
experimental model is 0.35 m here R¢/W = 2.014 (Ratio
of thecentral radius to the width of the channel). Since
the ratio R¢/W is less than 3, the bend is considered as
a sharp bend. A straight transition of 0.05 m is provided
between each bends. Thetest bed was made using Ganga
sand with d,; as 0.27 mm and sg = 1.35. The bed was
properly compacted using tamping rod with equal efforts
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Figure 1. Schematic view of experimental channel
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to make even surface with equal compacted density prior
to start of run. The circular piers with diameter of5.75 cm
made of G.I pipe were used for observation of scour and
deposition. Predetermined locations were first decided to
takethe readings as shown in Figures 3 and 4.

Figure 2. Schematic view of scour around pier used in
present study

2.2 Experimental Procedure

Water is allowed to pass in the experimental channel at
a constant rate from a re-circulated water supply system.
After steady state condition of flow is reached, the
observations for measuringthe scour around bridge pier

have been started. The experimental data were mainly
concentrated for the 3" Bend of meander channel as
shown in Figure 2. Experimental data collected in the
vicinity of pier were taken at each 20 interval of angular
displacement in meander bend i.e 0°, 20°, 40°, 60° and
80" as shown in Figure 3. To collect the experimental
data at each predetermined locations of 3" Bend of
meander channel, five transverse sections as shown in
Figure 4 were taken to cover the whole surrounding
of pier and scour extent. Moreover, the data were also
collected for local scour around pier in straight u/s reach
of experimental channel and also experimental data were
collected for 3™ Bend of meander channel without pier,
reading were taken across the width of bend at each
20" interval of angular displacement, beginning from 0°
angular displacement to 80°. The whole above mentioned
procedure were conducted for flow rate Q =2.5 I/s.

3. Data Analysis, Discussion and Results

Figure 6 shows that the variation of scour and
deposition across the bend from inner side of the bend to
outer side (x/W = 0 to 1.0) i.e. along transverse direction
for discharge Q = 2.5 I/s for various angular displacement
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Figure 4. Showing the Centrally positioned Pier in Bend -3 of experimental
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Figure 6. Variation of general scour and deposition in meander channel at different angular
displacement 6 for Q =2.51/s

(0). Here x is the normal distance measured from inner
bank towards outer bank. W be the total width of the
channel. It is clear from this graph that the scour and
deposition both depend upon angular displacement (0).
As 0 increases the scour decrease anddeposition of bed
material increases attaining a maximum value for 6 = 80°
on inner bank of bend ( x/W = 0.0). It is also found that
at outer bank of bend (x/W = 1.0), this phenomenon is
just reverse. And in between two banks where x/W = 0.2 to
0.8, the scour is considerable in comparison to deposition.

Figure 7 shows the variation of scour and deposition
across the width of the meandering channel at different 6,
for discharge Q = 2.5 I/s. along inner wall. It can be seen
from the Fig.6 that at @ = 0°, there is scour and it reduced
at © = 20°, as 0 (40°, 60°, 80°) values increases the scour
reduces and deposition increase at inner wall. It can also
be seen from the Fig.7 that at = 0° there is deposition
and as 0 increases from 6 = 20° to § = 80°, the deposition

reduces as a result of the
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Figure 7. Variation of general scour and deposition in meander channel at different angular displacement 6 for Q = 2.5 I/s.

Variation of Scour along different sections and
Angular Displacement (0) for Q =2.51/S

Figures 8 and 9 show the variation of scour depth along

transverse direction at & = 0° for a discharge of Q = 2.5

I/s. The various colored lines shows the scour variation

along five transverse sections; such as centre line (dsC),
u/s section-1(dsU1), u/s section-2 (dsU2), d/s section-1
(dsD1) and d/s section-2 (dsD2). It is clear from these
plots that for x/W from 0 to 0.2 there is scour at = 00;
this value is increasing at all section from x/W = 0.2 to 0.8.
After that i.e. near to outer bank there is deposition.

Table 1. Showing the values of scour at different locations

Pocs}i.tfi{on Initial B.L. Final bed level (G.R) at diff. sections (cm) ds (cm)

(cm) (cm) dsC dsUl1 dsu2 dsD1 dsD2 dsC dsUl1 dsU2 dsD1 dsD2
0 68 68.9 68.8 68.7 70 70.2 0.9 0.8 0.7 2 22
5 68 68.6 68.6 68.6 68.7 70 0.6 0.6 0.6 0.7 2
10 68 66 66.6 67.9 66.4 67 -2 -1.4 -0.1 -1.6 -1
15 68 63.9 64 66 64.5 65.5 4.1 -4 2 -3.5 2.5
21 68 64.6 64.7 65.6 65.8 67.6 -3.4 -3.3 2.4 2.2 -0.4
25 68 66.9 66.5 66.1 67.4 68.1 -1.1 -1.5 -1.9 -0.6 0.1
30 68 67.3 67 66.9 67.9 67.6 -0.7 -1 -1.1 -0.1 -0.4
35 68 67.3 67.6 67.6 67.8 67.7 -0.7 -0.4 -0.4 -0.2 -0.3

Pier position at angular displacement, 6=60°

Initial bed level gauge reading (G.R), Yb = 68.0cm
Discharge, Q =2.5l/s
Depth of water flowing, y =3.375cm

Width of channel, W = 35¢cm

B.L=Bed Level
G.R = Gauge reading

ds(cm), scour depth
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Figure 8. Variation of scour along different sections at 6 = 0° for Q =2.5 /s
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Figure 9. Variation of scour along different sections at 8 = 60° for Q = 2.5 I/s
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Variation of Scour and Deposition along Various
Sections at Different Angular Displacement (0)
and Discharges

Figure 10 shows the variation of scour along transverse
direction for discharge Q = 2.5 /s at various angular
displacement 6. It is clear from this two graph that at inner
bank scour decreases gradually with 0 values, then start
increasing gradually and attained peak values in the vicinity
of pier (x/W = 0.42 to 0.58). Further as x/W increases
towards outer bank, scour start decreasing gradually and
deposition start toward outer bank. It is also clear from
the graph, the maximum scour occur for 60° displacement.
However the scour values are almost equal for 6 = 40° and 60°.

Variation of Scour and Deposition along Various
Sections at Different Angular Displacement (0)
and Discharges

Figure 12 shows the variation of scour/deposition at the
centre line section for two discharges i.e Q = 2.5 I/s and Q
= 4.5 /s at various angular displacement. It is found that it
depends on discharge (flow rate). As discharge is increasing,
the scour increases. Also it is clear that as displacement
increases gradually for 0° to 80°, the scour increases slowly
up to 60° after that start decreasing gradually. This pattern
was obtained for both Q values. Similar trend of variation
have been found for the remaining sections (dsU1, dsU2,
dsD1, dsD2) not shown here.

0.06. -
0.04 -
002' AM ..................... ‘ \
0 -‘«‘«{v_\:_k\ T 7 7" o ()
d/W-vve g ,9.2—“ - 04 06 / o8 Loia
-0.04 \ \ 40
- . / - 50
-0.06. . 80
-0.08 N~ /
012
x/W.
Figure 10. Variation of scour along centre line section (dsc) at different angular displacement, 6 for Q =2.5 I/s
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Figure 11. Variation of bridge pier scour in meander channel at different angular displacement (0) and transverse
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Figure 12. Variation of bridge pier scour in meander channel at different angular displacement (6) and discharge for
centre line section (dsC).

Variation of Scour and Deposition in Straight
Channel and at Angular Displacement (0) in
Meander Channel for Different Discharges

Figure 13 shows the variation of scour in straight and
meander portion of channel with and without pier. The
graph is plotted for Q = 2.5 I/s along transverse direction
for various angular displacement. It is found that without

pier in meandering channel there is scouring along inner
side while deposition on outer side at 0° displacement.
When pier was installed at mid of channel scour is
occurred which obtained maximum value near pier and
further scour decreases towards outer bank. It is also
found that at 0° location of pier the value of scour in
meander channel is slightly less then the scour obtained in
straight channel.
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Figure 13. Variation of scour in meander channel at 8 =400 and in straight channel for Q = 2.5 l/s
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Comparison of Bridge Pier Scour in Meander
Channel at Different Angular Displacement (0)
to Straight Channel for Q =2.51/s

Figure 14 shows the comparison of scour for two
discharges at various 6 values between straight and
meandering channel. It is very clear from these
two plots at & = 0° and 6 = 80°, the scour is less in
meandering channel in comparison to straight channel.
For remaining 0 values from 6 =20° to 6 = 60, the scour
is more in meandering channel in comparison to straight
channel. Also itis clear that at 60° angular displacements
the scour attains the maximum.

Transverse Variation of Scour and Deposition
with Pier in Meander Channel at Different
Angular Displacement (8) for Q=2.51/s

Figure 15 shows the variation scour and deposition
with pier across the width of the meanderchannel at
different 0, for discharge Q = 2.5 I/s. It can be seen
from this graph that, at & = 0°,there is scouring and
this reduces at & = 20°, and as 0 (40°, 60°, 80°) values
increases the scourreduces and deposition increase at
inner wall. It also can be seen from this graph that at
0 =0°, there is deposition at outer wall and as 6 increases
from 0 = 20° to 0 = 80° the deposition reduces as a result
of the scouring increases at the outer wall. Also local

scour around circular pier placed at centre of the meander
channel at different angular displacement can be noticed.
It can be noticed that the maximum scouring around pier
is at 0 = 60° angular displacement.

Comparison of Bend Scour with and without Pier in
Meander Channel at Different Angular Displacement ()
forQ= 2.51/s.

Figure 16 shows the variation of scour and
deposition at inner wall with and without pier at
different angular displacement 6. It is evident from the
above figure, on inner wall of bend at 6 = 0°, effect
of scour has reduced after installing the pier at same
location (6 = 0°). As 0 no effect when pier increases from
0°, the nature of scour on inner wall after installing pier is
still reducing and have installed at angular displacement
0 = 50° i.e scour on inner wall is almost equal before and
after installing the pier at 8 = 50° angular displacement of
the bend. After 6 = 50° angular displacement of the bend,
the effect of pier on deposition on inner wall at the same
location is to reduce the deposition till the end of bend (6
= 80").

Figurel7 shows the variation of scour and deposition
at outer wall with and without pier at different angular
displacement 6. It is evident from the above figures,
on outer wall of bend at 8 = 0°, effect of deposition has
increased after installing the pier at same location (6 = 0°).
As 0 increases from 0°, the nature of deposition on outer
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Figure 14. Comparison of bridge pier scour in meander channel at different 6 to straight channel for Q =2.5 I/s
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Figure 16. Comparison of bend scour with and without pier in meanderchannel at different 0 for Q = 2.5 I/s

wall after installing pier is reducing up to 20° and have no
effect when pier installed between angular displacement
0 = 40° and 6 = 50° i.e scour on outer wall is almost
equal before and after installing the pier between angular
displacement 6 = 40° and 6 = 50° of the bend. After 6 =
50” angular displacement of the bend, the effect of pier on
scouring on outer wall at the same location is to increase

the scouring till the end of bend (6 = 80°).

Variation of Scour with Angular Displacement (0)
for Various Investigations

Figure 18 shows the variation of scour with angular
displacement (0) for studied by various in vestigators.
It is clear from this graph that as 6 increases, the scour
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Figure 18. Show the variation of local scour studied by various investigators

depth also increases in all the studies and reaches up to
maximum for § varying from 40° to 60°. This value is
maximum at 6 = 30-35° in the study of Emami. At 6 =
60° the scour is maximum. Almost in all studies except
Matook. One can emphasize that at 6 = 60°, the scour
will always be maximum as obtained by most of the
investigators. The discrepancy in the various graphs
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(lines) may be attributed to sediment sizes and other
hydraulic parameters such as discharge, pier locations,

orientation etc.

4. Conclusions

Following conclusions have been drawn from the
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present study:

1) It is found that the scour depends on flow rate i.e
higher scour hole depth at higher discharge.

2) It is also found that the maximum scour is at 60’
angular displacement.

3) Similar trend of scour are obtained at all five
sections (dsC, dsU,, dsU,, dsD,, dsD,).

4)At 6 = 0° and 0 = 80°, the value of scour around
pier is less in meandering channel incomparison to
straight channel.

5) However, for all other 0 values i.e. from 6 = 20° to
0 = 60° the bridge pier scour in meander channel is more
than in straight channel.

6) The effect of pier on bend scour at inner bank of
the bend in comparison to bend scour on inner bank of
bend when there is no pier in channel is to reduce the
scouring between 0 =0° to 6 = 20° angular displacement
and there is no effect closer to 6 = 50°, then as value of 0
increases up to 0 = 80°, the effect of pier is to reduce the
deposition on inner bank.

7) The effect of pier on bend scour at outer bank of
the bend in comparison to bend scour onouter bank of
bend when there is no pier in channel has increased
the deposition at 6 =0° then deposition start reducing.
There is no effect on scour at 6 = 40°, then as value of 0
increases from 6 = 40° up to 6 = 80°, the effect of pier has
increase the bend scouring at outer bank and maximum
bend scour was found at 6 = 80".

8) It is found that the as 0 increases, the scour depth
also increases in all studies and reachesup to maximum
for 0 varying from 40° to 60°. At 6 = 60°, the scour is
maximum. All graphs are not matching because their
hydraulic and sediment sizes were different.
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1. Introduction

Water quality of rivers is deteriorating due to rapid
growth of population, industrial activity and unscientific

agriculture development including, conversion of forest
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Surface water samples were collected from selected locations along
river Panchaganga, from Kolhapur to Narsobawadi during April 2019.
Physicochemical parameters were determined in the laboratory and
chemical mass balance approach was adopted to estimate the individual
ionic loads in the river water. Streeter-Phelps equation was applied to
derive a relationship between DO and BOD;. Model parameters such as
De-oxygenation Rate (K,) and Re-aeration Rates (K,) were optimized using
different empirical methods. The result of chemical mass balance showed
an increase in the loading of various ions from upstream to downstream
which could be attributed to agricultural and industrial wastes that enter the
main stream. De-oxygenation rate and re-aeration constants were calculated
using various empirical methods. DO sag curve was developed using
Streeter Phelp’s model and compared with the observed parameters which
showed a significant correlation. DO-BOD concentration observed along
the course of the river indicated that the self-purification capacity of the
river is high due to which the river regains the lost DO level at a distance
less than 50 meters.

and barren land to habitation and agriculture. Such
an unwarranted growth, introduces a large quantity
of organic matter into the water bodies in the form of
domestic, industrial and agricultural wastes which contain

many of the sensitive toxic elements. Therefore, change
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in land use-land covers is an important aspect of water
quality management which need immediate attention.
The existing free electricity as an incentive to farmers
resulted in uncontrolled over use of water. In many of
the river basins in India, highly water intensive crops are
being grown using conventional approaches rather than
with a scientific understanding. Fertilizers and pesticides
were used intermittently to obtain high crop yields
which ultimately resulted in the accretion of inorganic
chemicals thereby forming a threat to the adjacent riparian
community and may lead to adverse impacts on ecology,
crop growth, food security and health aspects. Though the
situation is in highly alarming status all over the country,
it is necessary to understand the riverine processes and
water quality variations in river basins which flows
through urban settlements and industrial zones. Globally,
more than 80% of residual waters are released into the
environment without any adequate treatment !"’. It has been
reported that, worldwide, around two million people die
annually due to water-related diseases . In recent days,
CPCB reported pollution of river Krishna due to various
man made disturbances. One of the major tributaries of
river Krishna is river Panchaganga.Panchganga river
(flows through south western part of Maharashtra)
receive large quantity of industrial wastes from City of
Kolhapur and also from Ichalkaranji, a textile town of
Sangli district. Waterborne diseases, and associated health
hazards among the population in Panchganga basin have
been reported for some time. The high concentrations of
ions such as sodium, chloride, fluoride and ammonium
may harm the surrounding environment including plants,
animals and mankind. Further, the assimilation of certain
ions by plants may lead to absorption of ammonia and
ammonium ions. It is also important to note that the high
concentrations of ammonium in water bodies can cause
harm to humans when converted to nitrate "\

Both point and non-point sources of pollution are
equally sensitive and need proper assessment with
respect to the load which passes through the stream at
any given point of time. Application of mass balance
equation for a river stretch can be very useful means to
understand the contributions (point and non-point source)
of various ions during dry and wet seasons. This approach
is based on flow and chemical concentrations of both
anions and cations along the identified river reaches .
The differential loads of chemical ions during the wet
and dry periods can be considered as good indicators
to understand the contribution of point and non-point
sources. Jain (1996) ™ carried out chemical mass balance
studies for river Kali, Western Uttar Pradesh (India), and
concluded that the river is subjected to a varying degree of

metal contamination due to numerous outfalls of untreated
municipal and industrial wastes of the region. According
to the study, the percentage increase in point sources from
61.5 % t0 66.9 % (Fe), 57.1% to 77.8% (Zn) and 65.2% to
78.3 (Cu) during the period of study from (October 1993
to December, 1993). Jayashree (2000) ', found a good
correlation between ionic concentrations of upstream
and downstream of Bellary nala which receive large
quantities of waste from Belagavi city. However, in post-
monsoon samples, large variations in ionic concentration
were attributed to the addition of non-point sources.
Madhurima (2000) ' carried out a mass balance study for
Ghataprabha river, a tributary of river Krishna (India) and
observed the variation in ionic concentration to a tune of
1.5 times, between upstream and downstream indicating
the impact of agricultural activities in the catchment.
Similar study has been carried out by Hiremath (2001)
1 for Ghataprabha during pre-monsoon and post-
monsoon period. Malaprabha and Ghataprabha are the
two major tributaries of river Krishna (India). A chemical
mass balance study of Malaprabha river (a tributary of
river Krishna) conducted by Purandara et al., (2004) ©,
showed the contribution of groundwater quality on river
water characteristics, particularly in parts of M K Hubli,
Hoelhosur and Bailahongal taluk.

Therefore, in the present study, surface water quality
assessment of Panchaganga river at selected stretches
has been carried out during the pre-monsoon season
of 2019. Major anions and cations were determined
and chemical mass balance approach was adopted to
understand the contribution of various ions to river water
quality variations. Further, highly sensitive water quality
parameters such as DO (Dissolved Oxygen) and BOD
(Biochemical Oxygen Demand) were also analysed
which is highly essential for the survival of aquatic life.
The variation of DO is directly dependent on BOD and
is a measure of polluting effect of domestic waste which
is responsible for the reduction of DO level in the river.
Major anions and cations were also determined along
with physical parameters. Such observations will help to
assesses and predict contamination status, degradation
of the waste discharge and self purifying capacity of the
river ",

In order to understand the water quality variation with
respect to river dynamics, Streeter Phelps model which
is considered as a classical model has been adopted. The
model will predict the longitudinal oxygen profile in
flowing waters which works on basic principle of BOD-
DO interaction in stream by mass balance phenomenon i.e.
de-oxygenation and re-aeration processes.
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2. Study Area

The Panchaganga river basin lies between 16°44°4'to
16°31°22" North latitudes and 74°10°33"to 74°36'3"to
east longitude (Figure 1). Five small rivers viz. Bhogavati
(83 km), Tulsi (30 km), Kasari (69 km), Kumbi (48 km)
and Dhamani (41 km) confluence at Prayag Chikhali
and it is renamed as Panchaganga. The river flows and
meets Krishna River at Narsobawadi in Shirol taluka of
Kolhapur district. There are 174 villages, two municipal
towns (Ichalkaranji and Kurundwad), and a city

(Kolhapur) are situated on the bank of the river "'

3. Methodology

In the present study, the Panchaganga River between
Shiroli and Narsobawadi was divided into seven
reaches by considering parameters such as population
density, agriculture activity and industrial development.
Station-5 and Staion-6 are located near the industries
that include steel, oil, sugar and textiles with an urban-
agricultural interface. Samples were collected from
the river Panchganga at particular locations which are
shown in Figure 1. The latitude-longitude of sampling
locations is shown in Table 1. One litre of water using
grab sampling method was collected from seven locations
(from the middle of the stream) during pre-monsoon
season (April) and transferred to clean air-tight plastic
containers. During sampling, temperature, pH, DO, EC

and TDS were measured on site using Hach water quality
samplers. Further, river cross sections and velocity
were also determined using standard procedures. In the
laboratory turbidity, acidity, alkalinity, chlorides, total
hardness, calcium, sodium and potassium were analyzed
as per procedure prescribed by American Public Health
Association (APHA 2005) '\

Table 1. Sampling locationsalong the Panchaganga river
(between Shiroli and Narsobawadi)

Location Elevatiom
SI1.No Sites with code Distance . i from mean
(km)  Latitude Longitude sea level
(m)
I Pl-Nagadevwadi 0.0 16.6917568 74.1654932  543.0
) P Pag;i?ganga 07.72 167615540 742621537  538.0
3 P3-KasabaBawadi 21.88 16.7121682 74.2805517  536.9
4 PANH-shighway o 006 6660892 744757330 5358
Bridge
5 Ps-Ichalkaranji 0337 16.6810911 74.5082206  534.0
6  P6-Kurandwadi 1770 16.6818394 74.5759011  531.9
7 P7-Narasoba Wadi  14.80 16.6918400 74.5965658  531.0

4. Streeter-Phelps Methods

One of the primary factors which indicate the pollution
status of any flowing stream is the dissolved oxygen
content. Though the replenishment of oxygen depend
on hydraulic characteristics of the stream and oxidizable
pollution load. All biochemical reactions, dependent
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Figure 1. Water sampling points of Panchaganga River
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basically on the density of micro-organisms which act as
the sinks that depletes oxygen. Phytoplanktons and other
pigmented aquatic organisms undergo the process of
photosynthesis and provide support to the physical forces
of re-aeration. Sludge deposits which form as a result of
fine particles carried through streams influence heavily on
the forces of oxygen depletion. Other physical parameters
which impact the oxygen depletion are temperature,
dissolved oxygen saturation percentage and stream
morphological characters including sediment particles.
One of the most significant parameters which affect the
dissolved oxygen content is the waste load received by the
stream at various locations. Therefore, in order to assess
the waste assimilative capacity, it is important to develop
the oxygen sag curves. Accordingly, in the present
investigation,

Streeter-Phelps "' oxygen-sag equation (established
for use on the Ohio River) was applied in the study of
water contamination as a water quality modelling device.
The model explains how dissolved oxygen decreases in a
river or stream along a certain distance by degradation of
biochemical oxygen demand (BOD).This model foresees
deviations in the dissolved oxygen deficit as a function of
BOD exertion and stream re-aeration. The major sources
of pollution and water inflows to the River Panchaganga
occur at number of locations along the selected river
stretch between Nagdev wadi and Shiroli MIDC (Kolhapur
district) and also between Kasabawadi and Ichalkaranji
(Sangli district) (Figure 2). The entire length of the river
(under study) is further subdivided into seven reaches
based on the location of wastewater outfalls, surface
drains, and freshwater tributaries.

74°0'0"E 74°15'0"E

5. Model Parameters

5.1 Determination of De-oxygenation Rate

The De-oxygenation rate was determined by
conducting laboratory measurements of DO uptake
checking daily. Water samples were taken to the laboratory
with appropriate procedures and incubated at 20 deg
C using BOD bottles in the procedure carried out for 5
days. The data obtained from this method was calculated
using Thomas method (Thomas, H. A., 1950) ¥, It is also
known as slope method which was used to determine De-
oxygenation rate. The Thomas slope equation is expressed as

4

2y
P —1 B3
{—Bmt] 3 =(KBODy) "3 +_1x_t )

6B0D, '3

Where t = time at sample stations (day)

BOD,_ BOD that has been exerted in time t (mgL ")
K = BOD deoxygenation rate in base 10 (day)
BOD, = Ultimate BOD (mgL " ")

t .1 . . .
(=—=)"3 =1t is plotted as a function of t, with the
BOD,

(KBODy)™ s = Gives K and BOD,

5.2 Empirical Method of De-oxygenation Rate
Determination

The de-oxygenation rate was obtained by using an
empirical method "' which is based on physical condition
of the river and depth of water. The empirical equation is
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Figure 2. DO-BOD analysed stations:
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shown below (Equation 2).

. H. o4
kd =03()- o

Where, Kd = de-oxygenation rate (day)”
H = water depth (ft). 0 < H< §

5.3 Re-aeration Rates

Atmospheric re-aeration constant K, was estimated
using the following equation

(Ka )r = (Kd )20 (0)r720 (©)

(K,),, and (K,), are the reaeration rate constants at 20°C
and at any temperature “T” respectively. For the constant
“9”, a value of 1.024 is used """, Many works have been
carried out on mechanism of re-aeration as influenced by
temperature, river geometry and hydrodynamics factors
such as Connor et al ', Churchill et al "™, Owens et al ',
Landgbein and Durum “” and Jha et al "),

1) O Connor-Dobbins Equation:

3.9V%
@
03
2

(Ka)=

2) Churchill et al Equation:

5.061 %"

(Ka) =" 024720 Q)

Where T = Temperature.
3) Owens et al Equation:

5.321%
(Ka) = o (6)
4) Langbein WB and Durum WH Equation:
5.14V
(Ka) = Jraes (7
5) Jha et al Equation:
579177
(Ka) ==~ (®)

Where Ka = re-areation coefficient at 20° (day™), V =
Average stream velocity (m/s), H = average stream depth

(m).
6. Streeter Phelp’s Model

The Streeter-Phelps equation was widely applied for
the evaluating the waste assimilative capacity of the river.
The model elucidates how dissolved oxygen declines in a
river or stream along a certain distance by decomposition
of biological oxygen demand (BOD).
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The model explains the decrease in the oxygen content
of river water by the decomposition of the organic load
(BOD) along the definite distance present in the river
(Figure 3) and it calculate variations in the dissolved
oxygen shortfall as a function of BOD exertion and stream
re-aeration.

The classic Streeter -Phelps equation

D() = 2 (exp (= kgt) — exp (= K,0)) + Do exp( — K,0) (9)

Where;

K, is re-aeration constant (day)”,

K, is de-oxygenation constant (day)”,

t is the time of travel of wastewater discharge
downstream(days)

Do
J Equilibrium (Saturation) D.O Concentration Cg
3 S R S » T (9= R
...... =
De D. Xyge PR ~ Cumulative
c A e oxygen addition
D.O ¢ ""\'\" ’ 74— . slope of line ry
- et e
mg/L C. ~ 7’
~ 4
~ '
- - < Cumulative oxygen
:< -~ depletion : slope of
- .
- S~ §/ line rp
- -~
L — T~ _
t -
t € Time, Day

Figure 3. Streeter Phelp Oxygen Sag

7. Chemical Mass Balance

The law of conservation of mass states that “when
chemical reactions take place, matter is neither created nor
destroyed”. This is also applicable to pollutants moving
between two sections. A substance that enters the region
has three possible outcomes. Part of it may leave the
region without any change; part of it may collect within
the periphery and part of it may be recovered from other
substances. The equation for mass balance can be written
for each substance,

Input rate = Output rate + Accumulation Rate + Decay
(10)

The basic principle in defining the release of materials

rate

into a stream is to express a mass balance equation for
different lengths of the river. The principal equation for
mass balance supposing thorough mixing is,
Load of material upstream + Load added by outfalls =
Load of material immediately downstream from outfall
Recalling that the load is the product of concentration
and flow, the mass balance is given by

QuCu+ ¥’ Li= @pCp (11)

Where the flows of upstream and downstream are Qu
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and Qp, concentration in the receiving water at upstream
and downstream are Cu and C,, and is the sum of all
individual loading to the receiving water. Mass balance
for certain water constituents is determined to find the
association between the water quality estimated and
contamination due to natural process due to human
activity, i.e. the weight of the substance transported
through a cross-section of the river bed per second. When
two or more rivers come together at one point, the sum
of the loads carried by the streams above the confluence
must be equal to the load of the river downstream of this
point.

8. Results and Discussion

8.1 Physico-chemical Characteristics of Pancha-
ganga River

The physico-chemical parameters were determined
in the laboratory for the samples collected during pre-
monsoon season of 2019. The results are presented in
Table 2.

From Table 2, it is noticed that, pH vary from 7.14 to
7.78 and lies within the permissible limit and found to
be steady from upstream Nagdevwadi to Narasobawadi
in the downstream. Turbidity ranges between 1.4 and 6.3
(NTU) indicating that all values are within permissible
limit except the one at station Kasaba Bawadi (P-
3, the confluence of Jayanti nallah). During the field
investigation, it is observed that, large quantity of
sediments is transported into the stream and remain in
suspension for certain distance. EC of Panchaganga River
varies from 202.9 to 952.8 uS/cm. The relatively higher
EC and TDS towards the downstream could be attributed
to the large quantity of discharge of wastewater from local
habitations and also from industries such as textiles which
is widely spread over the downstream part of the river.
The TDS content ranges from 100 to S00mg/L. Parameters
like acidity, alkalinity, chlorides and Total hardness were
found to be within the permissible limits. However, a
significant change in the concentration of chloride (193
mg/L) was noticed at station P-5 which receives large
quantity of liquid waste from textile industries located in
the area. Further, cations such as calcium, magnesium,
sodium and potassium were also remained within the
permissible limits.

8.2 Chemical Mass Balance

The concentrations of major anions and cations were
converted to chemical load by multiplying with river cross
sectional area and velocity at each station in Table 3. Flow

varies between 89.81 m’/s and 192.014 m’/s during non-
monsoon. The increase in stream flow between stations
P1 and P7 (upstream and downstream) was caused by the
outfalls of municipal and industrial wastes incoming from
various towns located on the catchments. The estimated
load of both anions and cations showed a general trend of
increase towards the downstream.

Alkalinity is one of the key parameters which is
distributed widely all along the course of the river stretch.
Maximum load was recorded at Downstream (P7). The
increased concentration of alkalinity could be due to
the combined effect of agricultural waste and industrial
effluents received from the riparian belt covering
Ichalkaranji and adjoining areas. Chloride load in
upstream estimated was 1673.717 kg/day and an increase
was noticed in the immediate downstream location
(13177.44 kg/day) which could be due to the inflow of
huge quantity of domestic waste enter the river in the
downstream Figure 4, particularly from the township
of Ichalkaranji which include industrial, domestic and
agriculture wastes.

In the case of sodium the increase was gradual with
a highest load of (10348.84 kg/day) in the downstream
of Ichalkaranji (P7). Similar observation was found in
the distribution of potassium where the maximum load
increased from 14.45 kg/day upstream to 39.7 kg/day in
the downstream. However, potassium load was minimum
at Ichalkaranji which could be due to the source area
variation and also due to the hydrodynamic conditions
and hydrochemical characteristics of the chemical load
discharged from the industries. Further, it is noticed that
both calcium and magnesium load are very high due to
the mixing of industrial wastes. Higher loads are observed
towards the downstream of Ichalkaranji (Ca= 16258.209
kg/day; Mg = 9290.40 kg/day). Therefore, it is evident that
the excess load is added through effluents discharged from
the textile industries. Figure 4 represents the variation of
chemical load along the course of the river. It is found
that there is a gradual increase in the load from upstream
part of the study area to the downstream. The increase in
the load of each parameter further substantiated the role
of agriculture and industrial wastes into the river all along
the river basin. It is also noticed that, due to the sanctity
of the Narsobawdi temple located on the Panchganga
river, receive large number of devotees on daily basis
and use the river water for temple activities and also for
swimming, bathing and cleaning of clothes. Therefore,
the man made disturbances also causes significant damage
to water quality of Panchaganga river. This was evident
from the observations on DO and BOD concentrations
monitored during the study period.

37



Hydro Science & Marine Engineering | Volume 03 | Issue 02 | October 2021

Table 2. Physico- chemical parameters of Panchaganga river between Shiroli and Narsobawadi (Pre- monsoon, 2019)

Location o Turbidity EC TDS Acidity HCO, cl TH Ca Mg Na K
p (NTU) uS/em  mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
P1 7.18 2.8 202.9 100 6 86 20.85 70 50 20 18.58 0.18
P2 7.14 4.2 486 200 10 112 22.83 94 76 18 25.66 0.35
P3 7.42 6.3 238.5 100 8 94 24.82 84 66 18 13.42 0.23
P4 7.18 4.5 617 300 12 116 36.73 90 84 6 55.84 0.18
P5 7.27 1.4 952.8 500 10 202 193.61 182 136 46 87.48 0.09
P6 7.33 43 836.2 400 12 196 64.53 130 120 10 47.89 0.41
P7 7.78 5.1 807.5 400 14 232 79.43 154 98 56 62.38 0.24
Table 3. Estimated Chemical load in Panchaganga river during Pre-monsoon (2019)
Loads Kg/day
Source
Cl HCO, Na K Ca Mg
1 Shiroli Section Pre-Monsoon
u/s 1673.717 6903.58 1491.49 14.449 4013.712 1605.484
D/S 1925.993 7294.25 1041.37 117.847 5121.49 1396.77
2 Ichalakaranji Section
u/s 2948.47 9311.811 4482.513 14.449 6743.036 481.645
D/S 13177.44 38488.82 10348.84 39.816 16258.209 9290.40
70000 negligible). It is further noticed that, along the stretch
50000 of river Panchaganga intensive agriculture activities are
oo ongoing all over the year which plays a significant role
o T in contributing chemical loads both during pre-monsoon
30000
== oysiaial) and post-monsoon seasons. The present observations as
20000 —&— U/s{shiroli} . 3 . ) .
10000 A~ well as the discussions held with the locals also indicated
o S the possible means of contamination from intensive
Na | K | Ca Mg | cl | HCO32 . « e, . . ..
touds Ka/dor agriculture activities and domestic wastes in addition to

Figure 4. Variation of chemical load in Panchaganga river
during Pre-monsoon (2019)

Figure 4 shows the concentrations of major anions and
cations along the different stretches of Panchaganga river
from Shiroli (Kolhapur) to Narsobawadi. The differential
loading between upstream (P1) and downstream (P7)
sections varies considerably high (from less than 6
times in the case of bicarbonate and more than 8 times
in the case of chloride and 2 times in case of potassium)
during non-monsoon period The higher concentration
of anions and cations during pre-monsoon season could
be attributed to base-flow components (supplied from
adjoining aquifer) and also due to the drying of reservoir
during non-monsoon period (dilution effect becomes
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industrial loads. One of the important observations found
during the study period is with regard to contribution of
non-point source of pollution which is significant and need
further investigations to quantify the load individually
from point and non-point sources.

8.3 Determination of De-oxygenation Rate

The presence of dissolved oxygen in the flowing water
depends on de-oxygenation and re-aeration coefficient.
Both the coefficients indicate the hydraulic conditions,
geomorphological characteristics and the organic matter
content in water and sediments of the river. Various
methods have been devised for the estimation coefficients.
In the present study, de-oxygenation rate was determined
using Thomas and Hydroscience methods and presented



Hydro Science & Marine Engineering | Volume 03 | Issue 02 | October 2021

in Table 4.

Variation of de-oxygenation coefficient showed only
marginal variation indicating that the river health is
considerably good all along the river stretch under study.
It is found that the average de-oxygenation coefficient
was higher in the case of Hydroscience method as
compared to Thomas. The values were compared with
other tributaries of Krishna (Tungabhadra, Ghataprabha
and Malaprabha) and it is found to be closer to the one
estimated by Hydroscience methods. Similar observations
were made by the studies carried out for river tributaries
of river Krishna by National Institute of Hydrology,
Belagavi (unpublished), Highest de-oxygenation
coefficient is noticed at Kasaba Bawadi and lowest in
Narsobawadi. The highest value could be attributed to the
higher concentration of organic matter carried from the
effluent stream flowing through the Kolhapur city (Shiroli
MIDC). However, there is a considerable reduction in
the de-oxygenation rate towards the downstream. The
wide variations observed in the downstream region
could be due to the variation in the effluent supply and
river hydraulics of the region. Further, as the agriculture
activities are intensive in the region, large quantity of
water is used for agriculture and such water re-enters the
river as irrigation return flow. The reduced de-oxygenation
coefficient observed at Kurandawadi and Narasobawadi
could be due to the increased self-purification capacity and
also due to the mixing of Krishna water with Panchganga
at the confluence (Narsobawadi). This is evident from the
observations taken during the study period.

Table 4. De-oxygenation coefficients calculated by
Thomas and Hydroscience methods

De-oxygenation constants K, (day)”

Stations
Hydroscience Equation
Thomas method Method
Pl 0.216 0.256
P2 0.152 0.226
P3 0.1 0.274
P4 0.126 0.215
P5 0.051 0.223
P6 0.058 0.184
P7 0.035 0.182

8.4 Estimation of Re-aeration Rate

Re-aeration coefficients estimated for different stations
of Panchaganga river, using different methods viz.,
Connor et al (1956), Churchill et al (1962), Owens et al

(1964), Langbein and Durum and Jha et al (2003).

The estimated values of re-acration coefficient by
different empirical methods were compared with the one
suggested by NIH (based on unpublished data) and it
showed relatively closer resemblance with the method
estimated by O’connor and William. Therefore, re-
aeration coefficient values obtained from Connor and
William method were considered for of Panchaganga
River. The highest re-aeration coefficient is observed at
Nagadevwadi (0.158/day) and lowest for Narsobawadi
(0.058/day), which could be due to multiple factors
such as the low flow conditions, geomorphological
characteristics and depth of the stream. It is also found
that the shallow water showed higher coefficient of re-
aeration, due to ease of mixing across the depth profile
and greater surface turbulence. Variation of re-aeration
is significantly associated with the hydrodynamic
conditions of the river. BOD;, 20 °C showed marginal
variations in all sections of the study area (in none of the
cases, it exceeded the permissible limit). This could be
attributed to the self purification capacity of the river. The
summary of the estimated parameters and experimental
observations Table 5 indicate that though the re-aeration
coefficients are slightly lower than the de-oxygenation
coefficient however, DO remained steady and also within
the desirable limits.

The higher DO observed in majority of the locations
reflect the higher primary productivity levels and
eutrophication process taking place in the riverine environment.
The presence of BOD (variation is between 0.9 mg/L and 1.88
mg/L) could be the result of accumulation of organic particles
received from agriculture and industrial effluents. It is very
important to observe that, as the river passes through
rural habitations, due to lack of proper sewage systems,
the untreated sewage enter the riverine environment from
septic tanks and illegal piping connections. This kind of
processes resulted in an increase of organic matter and
increase in de-oxygenation coefficients (K,) **\. Such
changes in K, could be due to variation in temperature
which ultimately influence the metabolic activities of the
microorganisms. Further, ' opined that the significance
of K, and BOD lies when two different samples have
the same value as BOD;, as it indicates the uptake of
dissolved oxygen under similar conditions.

8.5 Streeter Phelp’s Model

According to Streeter-Phelps model, the Oxygen sag
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Table 5. Re-acration coefficients calculated by different methods

Panchaganga basin

Re-aeration constant (day)" by different methods

Connor & William

Stations Dobbins method Churchill et al Owens et al Langbein& Durum Jha et al

P1 0.158 0.047 0.088 0.067 1.120

P2 0.107 0.031 0.054 0.049 1.079

P3 0.200 0.061 0.117 0.083 1.164

P4 0.126 0.050 0.069 0.084 1.481

P5 0.138 0.054 0.078 0.089 1.463

P6 0.050 0.013 0.021 0.024 0.925

P7 0.058 0.018 0.0263 0.034 1.101
curve is one of the best tools to understand the oxygen 7 Dissolved Oxvgen Sag
deficit with respect to de-oxygenation (K,) and re-aeration 2
(K,) at any time” ™ Self-purification capacity of a EXlE \ !,f [ Rverony o |
flowing stream decides the natural health of a river as it z 1/
involves physical, chemical and biological processes and L
help to retain the original water quality characteristics of 0 20 4 60 8 100 120 140
the stream. Therefore, the basic parameters of concern are T———
de-oxygenation and re-aeration coefficients which were ~ Figure 5. DO sag curve developed using Streeter Phelp’s
estimated by using simple empirical equations. Based on model (Shiroli MIDC)
the above parameters, the DO sag curves were developed
using Streeter Phelp’ s equation for two sections of the 7 e
river (Shiroli in the upstream and Narsobawadi in the z —
downstream). Dissolved oxygen Sag curve for Shiroli  [wnrg] \— | Ruer omy

(Figure 5) shows three distinctive zones of degradation,
decomposition and the recovery along the river course.
Initially observed DO at the confluence point of river
and effluents (Shiroli MIDC) showed a sharp decline
to less than 1 mg/L, whereas, in the flowing stream DO
showed a normal value of 6 mg/L prior to the entry of
waste water and the river mixed with effluents indicated
a drop in the DO to 5 mg/L. It is very significant to note
that the self purification capacity is so high that the DO
attains almost a normal status within a distance of 15 m
to 20 m. Therefore, the study implies that the impact of
waste water mixing does not cause significant pollution
at Shiroli. This kind of observation indicates that the
industries may be discharging the water after primary and
secondary treatments.

The above observation was done for a small stretch in
the downstream of Ichalkaranji and Narsobawadi (Figure
6). The observations were similar, but need further
evaluation. At Ichalkaranji, large quantity of waste enters
the system, however, the flow pattern suggest that, the
river maintain the DO to the normal due to the confluence
of number of tributaries which supply comparatively large

quantity of fresh water from the catchment.
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Figure 6. DO sag curve developed by Streeter Phelp’s
model (Narsobawadi)

9. Conclusions

The primary objective of the present observation is to
evaluate the water quality parameters to understand the
impact of both agriculture and industrial wastes received
by the river particularly between Shiroli and Narsobawadi.

(1) The water quality parameters during study
period showed considerable variation from upstream to
downstream. However, it is noticed that the variation in
both physical and chemical ions are marginal. Turbidity
was within permissible limit in all stations except in
station P-3 where the Jayanti nallah confluences with
Panchaganga.

(2) The estimated loads of major cations and anions
during study period showed gradual increase in the
load from upstream to downstream which is mainly
due to agriculture and industrial wastes entering the
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river. Therefore chemical mass Balance study showed
contribution of non-point source of pollution is significant.

(3) The estimated De-oxygenation and re-aeration
coefficient showed marginal variations and a considerable
balance between the two parameters which clearly indicate
the good health of the river stretch under investigation.
The de-oxygenation coefficient value was slightly higher
at Kasaba Bawadi due to discharge of domestic waste and
industrial effluent near to it.

(4) Application of Streeter Phelp’s model showed that
the self purification capacity of the river is very high and
the accumulation of organic load is significantly low due
to geomorphologic and existed flow conditions. However,
a critical assessment of the Panchaganga river is highly
essential as the present study is limited to a particular
period and time. It is also pertinent to understand the
sediment water interaction process in the river as the
organic pollutants can adsorb on to fine sediments and
lead to intermittent issues of water quality hazard.
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