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Sensitivity of the SHARC Model to Variations
of Manning Coefficient and Effect of "n" on the
Sediment Materials Entry into the Eastern Water
intake- A Case in the Dez Diversion Weir in Iran
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Abstract—Permanent rivers are the main sources of renewable
water supply for the croplands under the irrigation and drainage
schemes. They are also the major source of sediment loads transport
into the storage reservoirs of the hydro-electrical dams, diversion
weirs and regulating dams. Sedimentation process results from soil
erosion which is related to poor watershed management and human
intervention ion in the hydraulic regime of the rivers. These could
change the hydraulic behavior and as such, leads to riverbed and river
bank scouring, the consequences of which would be sediment load
transport into the dams and therefore reducing the flow discharge in
water intakes. The present paper investigate sedimentation process
by varying the Manning coefficient "n" by using the SHARC
software along the watercourse in the Dez River. Results indicated
that the optimum "n" within that river range is 0.0315 at which
quantity minimum sediment loads are transported into the Eastern
intake. Comparison of the model results with those obtained by those
from the SSIIM software within the same river reach showed a very
close proximity between them. This suggests a relative accuracy with
which the model can simulate the hydraulic flow characteristics and
therefore its suitability as a powerful analytical tool for project
feasibility studies and project implementation.

Keywords—Sediment transport, Manning coefficient, Eastern
Intake, SHARC, Dez River.

1. INTRODUCTION

OIL erosion due to poor watershed management in the

river basins of arid and semi-arid regions which have poor
vegetation covers is emerging as a major challenge in the river
engineering. This is because eroded soils are transported by
the water flow down the slopes in the mountain skirts, move
along the river stream and depend on the river characteristic
either settle along the river course or settle behind the
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hydraulic structure downstream . One of such structures is the
diversion weirs which are principally designed and
constructed to divert the flow into the water intake feeding the
irrigation and drainage canals which in turn operate to supply
the water requirements of croplands under its command [1].
Because of the vital importance of the renewable water
resource to meet the demands of various sectors in the arid
regions sedimentation can not only be a major challenge not
only for limiting the productive reservoir capacity but also
undermine the operational sustainability of the hydraulic
structures and for that matter the water supply system of the
area under its command [8]-[9].

Sediment formation behind diversion weirs and the
subsequent emergence of the sediment island immediately its
upstream can not only challenge the operational efficiency of
these hydraulic structures but can also change the established
hydraulic regime of the river. This includes changing the
hydraulic gradient and the river morphology which in turn
causes the flow to change its direction to a particular bank [8]-
[10]-[12]. Given the above considerations, this paper aims to
analytically study the sensitivity of SHARC model to the
variations of the Manning coefficient "n" in a specific river
range and the ways in which these might affect the operation
and behavior of these hydraulic structures in general, and in
the Eastern water intake of the Dez Diversion Weir in
particular.

II. MATERIALS AND METHODS

Dez diversion weir is situated 36 km downstream of the
Dez hydro-electrical dam and 6km downstream of Regulating
dam south of Dezful, a city surrounded by a gross command
area of 120,000 ha cultivated by a wide-variety of cash crops
and industrial sugarcane estates of Haftapeh and Karoon agro-
industrial complexes. It is designed as part of the complex
system of water abstraction, conveyance and distribution
system to meet the competitive demands of various sectors
including agriculture, industry, domestic and environment. It
is designed to divert and supply annual water requirements of
about 3.5 MM3 which is fed into Eastern and Western Canals
that irrigate strategic areas of Karkheh flood plain and
Shahvali area[1]-[10]. The diversion structure is designed to
incorporate Ogee shape concrete discharge structure of 394m
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long having 4m height from the river bed at 116.5 m altitude
from the free see level. Its hydraulic features include two
sludge gates, one on the western side incorporating two arc
gates with a dimension of 15%4m equipped with electrically
operated gates with 750 m3/sec discharge and another in the
eastern side having 850m3/sec discharge incorporating 8
electrically-operated slide gates.

There are two water intakes, one constructed on western
side of the weir with a capacity to feed a 157 m3/sec western
canal at a 200 angle and another at the Eastern side having a
93 m3/sec canal with a 900 intake angle. This structure is
design to operate at a maximum flooding discharge of 6000
m3/sec [1]-[2].

Field data were collected from along the river course
stretching about 1.4 km between the Diversion Weir and the
Old Dezful Bridge upstream. These were then complemented
by the observation data from the Dezful Hydrometric Station.
These data on hydraulic behavior and sedimentation processes
were analyzed considering the two water intakes and the
hydraulic features of diversion weir using the SHARC
software.  The crucial data requirement to model the
experiment included the river discharge and diverted flow
towards the ecastern water intake, river cross-section,
suspended sediment particles, and bed-load particles. In order
to validate and ascertain the reliability of data on calibration of
the model, the simulated data were then compared with
observational data.

A. Data for the simulation model

This paper used two methods to estimate the Manning
roughness co-efficient, Lacy and Simons and Albertson
(figures 1 and 2). This was needed to find out which of these
two methods would have the most appropriate choice of "n" to
measure water level (115.980 m) at specified river cross-
section.

Regime Methods

Select Method
" Lacey
{” Simons and Albertson

Discharge m3/s |132

Lacey Inputs

Side slope 1.35
7.458

Silt factor

NI

Cpnjpu@e Sllt VFractror

Calculate |

Help Exit |
Results

CEY REGIME CALCULATION

epth = 1.285 (m)
dth = 51.245 {m)

lope = 0.0039796

ean velocity = 1.940 {m/s)
anning roughness = 0.0372

Fig. 1 Methods of estimating the Manning roughness co-efficient
using Lacy method
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Simons and Albertson Type
" Sand bed and banks
" Sand bed and cohesive banks
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Temperature C 19.8
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Mean velocity = 2.366 (mis)

Side slope = 3.958
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Fig. 2 Methods of estimating the Manning roughness co-efficient
using Simmons and Albertsons method

B. Calibration of the manning roughness coefficient

The Manning roughness coefficient was calibrated by
inputting data on the river cross-section area, flow discharge
and longitudinal slope (figures 3 and 4)

o OF SHEET < 2

Dez river cross-section

% Dezful Fvw

Fig. 3 The Dez River's cross-section

Irregular Cross Section Calculations

Type of Calculation

(* Calculate Water Level and Velocity
¢ cCalculate Slope and Velocity
" Caleulate Discharge and Velocity

7" Fit Trapezoidal Section

Input Information

Create/Edit Cross Section ‘

Discharge (m3/s}

Longitudinal Slope |p_goo1 785

132.00
Manning Roughness [p p31

Help ‘ Exit
Results

RESULTS OF MANNING CALCULATION ON IRREGULAR SECTION
Water level WL = 115.991 (m)

Mean velocity v = 0.682 (mis)

Cross sectionarea =  193.47 (m2)

Hydraulic radius r =  1.992 (m)

Wetted perimeter p =  97.129 (m)

Maximum depth h = 3.211 (m)

Shear velocity u*= 0.0591 (mis)

Fig. 4 Calibration of the model based on the flow velocity
and water level with (n;=0.031)
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C. Calculating the hydraulic characteristics of the Dez
cross-section

This was achieved by inputting the river Bed Width on
Manning calculation menu, incorporating data on hydraulic

characteristics such as depth, mean velocity and shear velocity
(figure 5).

Mannings Calculations

Type of Calculation

{* Calculate Depth and Velocity
(" Calculate Slope and Velocity
(" Calculate Discharge and Velocity

Input Information

Discharge (m3/s) 132.00
Bed Width (m) 50655 Side Slope 1:55 1.35

Longitudinal Slope |0.0001785 Manning Roughness (0.0310

Calcuiate | Help | Exit |

Results
SULTS OF MANNING CALCULATION

epth h = 2.932 (m)
ean velocity v = 0.824 (mis)
hear velocity u* = 0.0681 {m/s)

Fig. 5 method of calculating the hydraulic features of the
river cross-section

D. Sand transport prediction

From the six methods that can be used by the software to
predict the amount of sediment transport Yang model was
selected to run the intake model [3] (figure 6).

Sand Transport Prediction

Select Sediment Transport Predictor

" Brownlie " Ackers and White (1973)
" Engelund and Hansen " Ackers and White revised
" wan Rijn + Yang

Input Variables Bed Material Sizes in mm

Depth (m) 2.932
Mean Velocity (m/s) 0.824
pso |22
Longitudinal Slope 0.0001785
Specific Gravity Sg 2.650
Temperature C 19.8
Calculate Help Exit.

Results

EDIMENT TRANSPORT CAPACITY PREDICTION BY
YANG METHOD

oncentration = 94, ppm

Fig. 6 Estimating sediment transport capacity prediction using Yang
method

E. Determining hydraulic characteristics of the Eastern
Intake

Various hydraulic parameters (i.e., river discharge, water
level gradient, Manning roughness co-efficient, water
temperature, sand particle specific gravity and estimated sand
transported concentration) were provided by the software in
order to simulate the eastern intake structure model (fig. 7).

Intake Model I

Site Name ‘I]ez Diversion Dam

Runfill [ntakestagetLA1) SelectRun  (jptzke. stage 1(L-171) v

River Data Sediment Properties

River sand concentration (ppm) 94

River fine sediment concentration (ppm) |12,

River Discharge (m*3/s) 132

River slope (mim) 00001785

Manning's Roughness value  |p,03¢ Sand specific gravity 2,65
Water Temperature (celcius) 499 Setup Sand Sizes |
[~ River Bend at Intake
Setup Fine Sediment Settfing Velocities |
Setup River Cross Section
Intake Details
Intake arrangement:
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Refine ‘ Set Refine Defaults | GTme? CTyed
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Clear Run ‘ Save as New Run |
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Help ‘ Exit |

Fig. 7 Running the model

After carrying out the aforementioned stages a test was
necessary to ascertain the sensitivity of the SHARC model
relative to the variations in the Manning coefficients. For this
purpose the latter was increased by 10 %( the "n2" obtained
from the Simmons and Albertsons method for all parameters
in the model was increased from 0.031 to 0.034).

F. Equations

The methodology followed by Simons and Albertson
(1963) was based on available data on a databank of few
North American rivers. In order to provide a systematic
methodology for their theoretical model, they classified five
types as follows [5]:

Typel- Sand bed and banks

Type2- Sand bed and cohesive banks

Type3- Cohesive bed and banks

Type4- Gravel

TypeS5- sand concentrations > 2000 ppm

Typical equations used by Simons and Albertson in their
study are as follows
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B =0/9P , P =K,Q*”
1V
R:K 0 /26 , S — 1/n
.Q . —Rz(—KS)
~1/21R , R <2/1m
Yo " lo/61 +0/93 R , R >2/1m

These constant values depend on the type of canals, i.e., for
the type 2 canals the following constants can be used: [5]
n=0.33 K=4.71 K,=0.484 K;=10.81

Yang and Mollinos used the principle of the disturbed flow
showed that the following relation between the total sediment
volume and the flow strength should be established as shown
bellow:

logC; =M +N logE
WX
Where M and N are without dimension and depend on
the flow and sediment characteristics. Yang provided a
formula for rivers with sandy bed and particle sizes diameters
less than 2 mm as follows:

WD. 4571108
V4 W,

S

+ (1.799 —0.40910g %5 _ 0.314logu}log(vs _vcsj
V4 W, W,

logC; =5.435-0.286log

W,

S S S
Where Cr is total sediment transport (ppm). Yang (1984)
provided another equation for rivers with sandy bed having

particle size between 2-10 mm as follows [6]:

logC, = 6.681— 0.63310gW5TD3 —4‘816log\ljv—

S

W,

S

+ [2.784— O.305110gW5TD5 - 0.282loguj.log(
W,

S

VSVSJ

S

One of the equations that can be used to determine the flow
velocity for the steady flow conditions is provided by
Manning (1889) which has been applied in this study as
follows:

Manning formulae in Empirical System

2 1
1486 o3
n
Manning formulae in Metric System
2 1
v=1lRrss>
n
Where,
V is average flow velocity,
R is hydraulic radius,
"n" is Manning Roughness Coefficient,
S is canal slope.

V =

The Manning formula was derived at data obtained from
Bazin experiments where the "n" in all seven equations both in

the Metric and Empirical systems are similar and "n" is
considered as dimensionless quantity [11].

III. RESULTS AND DISCUSSIONS

Results of the calibration of the SHARC model based on
increasing the water level and increasing "n" in the program
from 0.031 to 0.032 (fig. 8) showed that the software
estimated the water level at 115.983 m. this was the case
where the actual observed water level at the river cross-section
was 115.98m [2]. This indicates a very close proximity
between the model and the observational data. Such proximity
between two sets of data along the study area where various
research studies were conducted [4, 8, 9, 10] and focused on
the "n" factor but applied different methodology all arrived at
similar results.

Irregular Cross Section Calculations
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f+ Calculate Water Level and Velocity
{” Calculate Slope and Velocity
"~ Calculate Discharge and Velocity

" Fit Trapezoidal Section
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Craate/Fdit Cross Section ‘
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Help ‘ Exit.

Results

RESULTS OF MANHING CALCULATION ON IRREGULAR SECTION
Water level WL = (m)

Mean velocity v = 0.668 (m/s)

Cross section area = 197.61 {m2)

Hydraulic radius r = 2.024 {m)

Wetted perimeter p = 97.650 {m)

Maximmum depth h = 3.253 {m)

r:?hear velocity uw*= 0.0595 {mis)

Fig. 8 validation of the model data by increasing Manning coefficient
by 10%

The results further showed that by 10% increment on the
Manning roughness coefficient but keeping the river discharge
constant and assuming the river cross section as rectangular,
the following equation was derived at:

EZ(LJ@
2 |y,

Where ;

nl= the original Manning coefficient
n2=increasing the Manning coefficient by 10%
y1= original river depth

y2=secondary river depth
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&)
0.031 (293213
0.034 \3.097

Results suggest that approximately same quantities in both
sides of equation which indicates that increment of the 10%
Manning roughness coefficient would not make a significant
statistical difference in the results of the model. Results [figs
12 and13] further indicated that increment of 10% on the
Manning roughness coefficient, the median bedloads materials
size in the Eastern intake head reach increases from 1.99mm
to 2.00 mm. It can be interpreted that such proximity in the
two quantities might be a clear sign to substantiate the results

and support their validity components.

— 09117 #0.9127

Type of Calculation
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Results
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Fig. 9 estimation of the cross-sectional characteristics by 10%

increment on "n".
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Sand Transport Prediction
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i Ackers and White (1973)
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+ Yang

Depth (m) 3.097
Mean Velocity (m/s) 0777
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Longitudinal Slope 0.0001785
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Temperature C 19.8
Calculate Help Exit.

Bed Material Sizes in mm

Results

YANG METHOD
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EDIMENT TRANSPORT CAPACITY PREDICTION BY

Fig. 10 transport sediment load concentration by 10% increment on
the "n".

Intake Model .

Site Hame  [nez Diversion Dam

RunTitle |intake-stage-2(L-171)

River Data

River Discharge (m*3/s) 132

River slope (m/m) ,W
Manning's Roughness value W

Water Temperature (celcius) 19.8
[ River Bend at Intake

Setup River Crass Section ‘

|
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Delete Run | Save Run ‘
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Fig.11 running the intake model after 10% increment on "n"

Sand concentration entering canal
Performance ratio for sand sizes
Median sand size in material entering

Silt concentration entering canal

Summary Output from Intake Sediment Model »

Predicted river water level at cross section= 115970 m

Median bed material size in canal headreach =
Maximum sand size in transport in the river =  4.240 mm

Performance ratio for silt sizes = 0.013

= 121.7ppm
= 0.294

cnal= 0.293 mm
1.992 mm

= 136 ppm

S

Fig .12 Results of the original simulation model for the intake with

41.856 m3/s

discharge.
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I report -2 - Notepad g@f@

File Edit Format view Help
Summary Output from Intake Sediment Model -~

Predicted river water level at cross section= 116.100 m
Sand conceriTation entering canal = 123.8ppm
Performance ratio for sand sizes = D391

Median sand size in material entering canal = 0.296 mm
Median bed material size in canal headreach =  2.094 mm
Maximum sand size in transport in the river = 4.38} mm
Silt concentration entering canal = 12.8ppm

Performance ratio for silt sizes = 0.015 7

Fig .13 Results of the simulation model for the intake with 41.856
m3/s discharge by 10% increment on the "n".

Moreover, comparisons of the results (fig. 12 and13)
indicated that sand concentration entering the intake structure
increases from 123.6ppm to 123.8ppm. This shows that the
simulation model was not very sensitive to variation of the "n"
factor and its influence (effects) of 'n' on the sediment load
concentration entering the Eastern water intake structure.

It can be concluded that the "n' that was introduced in the
model within the study area of the river range was appropriate
and by comparison it with the similar models like the SSIIM
[71-[13] within the same river range there was no significant
statistical differences between the two . However, it supports
the validity of the model's results and indicates no sensitivity
to the variations in parameters that were introduced in the
model.

The overall conclusion being that the optimum "n" in this
particular river range is 0.0315. It was further shown that the
SHARC model can be considered as a powerful analytical tool
for the feasibility studies and the operation and maintenance of
water resources projects under arid and semi-arid climatic
condition like Dezful region in Iran.
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