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ABSTRACT

Selection of appropriate Manning’s coefficient is critical to the accuracy of
computed water surface profiles. Moreover , estimation of channel
roughness parameter is of key importance in the study of open- channel flow
particularly in hydraulic modeling .Hence, it is essential to calibrate the
channel roughness coefficient for open channel whether natural or artificial

In the present study , it is attempted to calibrate the value of Mannnig’s “n”
coefficient by comparing the computed water surface profiles with observed
one , using HEC-RAS steady flow model for shatt al-Rumaith channel in Al-
Muthanna (lraq ) . For this calibration , the flows for the year 2014 has been
considered . It is found that the value of Manning's roughness coefficient for
shatt al-Rumaith shows a good agreement between the computed with
observed water surface profiles , is n=0.023and n= 0.04 for main channel
and floodplain respectively
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Introduction

All hydraulic computations involving flow in
open channels require an evaluation of the
roughness characteristics of the channel and also it
is one of the keys to successfully predicting water
flow in channel networks . At the present state of
knowledge, the selection of roughness coefficients
for natural channels remains chiefly an art. Since , a
direct determination of the roughness coefficient is
almost impossible in studying natural river flows,
including unsteady and steady channel network
flows. Consequently , the ability to evaluate
roughness  coefficients for natural channels
representing a wide range of conditions must be
developed through experience. Various factors
affecting the values of roughness coefficients were
presented by (Chow, 1959). Accordingly,
roughness estimation has attracted attention of
many investigators Because an estimation
accuracy of roughness coefficients is of vital
importance in any open channel flow study, among
them Patro et al., 2009 ; Usul and Turan , 2006 ;
Vijay et al. , 2007 ; Parhi et al. , 2012 and
Wasantha Lal , 1995 have calibrated channel
roughness for different rivers for the development
of hydraulic model for simulate open channel flows

Prafulkumar et al. , 2011 calibrated channel
roughness for Lower Tapi River, India using HEC-
RAS model. Prabeer et al. , 2012 in his study has
attempted calibrated the channel roughness
coefficient (Manning’s “n” value) along the river
Mahanadi, Odisha through simulation of floods
using HEC-RAS . Luay et al. , 2013 has estimated
the Manning’s Roughness coefficient for Hilla
River in Iraq through calibration using HEC-RAS
Model . Ross Doherty , 2010 was calibrated the
channel roughness for large number of semiarid
rivers of Western Australia having variable channel
characteristics for development of rating curves .
Therefore , in the above context, there is a need to
calibrate the channel roughness coefficient for
Shatt Al-Rumaith in Al- Muthanna government (
Irag ) , by comparing computed water surface
profiles with observed data , using HEC-RAS
model .

Study Area

Shatt al-Rumaith is a natural extension of the
Shatt al-Hilla . Generally , Shatt al-Hilla is the main
channel that branches from the left side of the
Euphrates River just at the upstream of the New
Hindiya Barrage . Hence , the water entering al
Hilla River , crosses Hilla City, and then its takes a
south course thereafter up to the town of al —
diwaniya away to the al Hamz- al Shrqgee. The case
study for this research , Al-Rumaith river
extending over a length of 30 km from al Hamza
bridge to alnajame regulator . Muthanna Province
depends solely on the Al- Rumaith River for
maintaining all its water needs. Shatt Al- Rumaith
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through a system of branch canals and distributaries
it irrigates an area of a bout(50000 ha.), all
information are taken from Department of Water
Resources, Al- Muthanna ( Iraq ) .

Steady Flow Water Surface Profile Calculations
The present version of HEC-ARS supports the
calculation of one-dimensional water surface
profile for steady gradually varied flow in natural
channels or network of channels . Subcritical,
supercritical, and mixed flow regime water surface
profiles can be calculated .
So , water surface profiles are computed from one
cross section to the next by solving the energy
equation with an iterative procedure . The energy
equation is only applicable when flow is steady
gradually varied and flow is assumed to be one-
dimensional . At locations where the flow is rapidly
varied, the program switches to the momentum
equation ( USACE , 2008) .

Equation (1) and Fig. (1) illustrate the main
computing process based on solution of one-
dimensional energy equation and basic profile
calculation, in steady flow ( USACE , 2008) .
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Where:
V1,Y> : depth of water at cross-section, m.
Z1,Z, . elevation of the main channel inverts, m.
v1,V, : Averaged velocity at the section, m/sec.
oy , 0y : is the weighted speed coefficient
g : gravitational acceleration,m/sec2.
he : head loss (the total energy loss ) ,m.
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Figure 1. Longitudinal Section of Channel
Reach
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The energy losses are evaluated based on friction
loss (Manning’s equation), expansion and
contraction . The head loss in a reach of length L
may be calculated as :

2
AP
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Where:

S : Representative friction slope between the two
sections.

C: Expansion or contraction loss coefficient

L : is the direction length

Al-Rumaith Steady Flow HEC-RAS Model
Development

Today, computer models play a pivotal role in
the hydraulic model development and hydraulic
analysis . From many hydrologic software, HEC-
RAS is a good choice for one-dimensional
hydraulic calculations in natural and constructed
channel systems . Fig. (2) shows the main menu of
HEC-RAS model . A number of studies have
showed that HEC-RAS is often suitable for
providing a reliable reproduction of the flow
simulation in natural rivers and streams (e.g. Horritt
and Bates, 2002; Castellarin et al. 2008).

For present study , HEC-RAS requires several
inputs for conducting flow simulation , the most
important of which are; channel geometry and an
estimate of channel roughness. The channel
geometry includes the definition of the profile of
the river channel in the study reach. This is
primarily achieved by a combination of surveyed
cross sections which longitudinally define the
channel shape. Hence , the modeler develops the
geometric data by first drawing in the river system
schematic from upstream to downstream , as shown
in Fig.(3).

The cross section data of the Shatt al-Rumaith
used for the present analysis that extending over a
length of 30 km were collected from the
Department of Water Resources, Al- Muthanna /
Iraq . Total 25 cross-sections at various important
locations on the river have been used , each cross
section is defined by a series of lateral and
elevation coordinates, Fig.( 4 ) shows the
information required that has been displayed on the
cross-section data editor . Once the geometric data
are entered , the modeler can then enter the steady
flow data .
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Figure 2. Main Menu of HEC-RAS model.
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Figure 3. Input menu of geometrical data

Bt ot Options Piot Help
L |
Reach [shumaths

‘Dn:uwm |rec 00

){;f;mm Eéjrnwmnmms Cleas Prev.
;Jiiﬂ

=] Aivessta:[30 ShatatRumath  Pla shRumatn® O7/MZ0M4

sec 00

Elevation (m)

8

I A
IBEUB R NS

[ Goss Secta Data- Staton (m)
Bt Edt Optoms Plt Help

| Foec [shr B R e B B I KeepPevys s

Raach [Samaths ] A s (21 41

Dwopion [ 70 ol

Figure 4. cross sections data editor



Ameera M. Awad /Muthanna Journal of Engineering and Technology , 4-1-(2016) 9-13

Al-Rumaith River HEC-RAS Hydraulic Model
Calibration

Despite the various methods proposed , which
published in the literature, but any studies to
estimate roughness coefficients in Al- Muthanna
are inexistent . Hence , this paper proposed a
method to estimate roughness , the data pertaining
to the flow for 2014 have been used for calibration
of Manning’s roughness coefficient, ‘n’. On the
basis of calibration process which are used to
choose the appropriate value of (n) , it has been
decided to use a model with two -effective
roughness values for the whole region (lower
roughness values of the main channel are associated
with high overbank Manning values ). This is due
to the presence of field crops, weeds located in the
banks . Hence , in this research , it can be
reasonably argued that the use of just two
roughnesses may represent the heterogeneity of the
region.

An n-value is first estimated based on Basic
references for selecting the Manning ( n ) may be
found in ( Chow ,1959) , ( Henderson ,1966) .
For example , the value of (n) for natural rivers
channels( Winding with shoals) is ranged from
(10.033-0.04) ( Henderson , 1966) . Hence, In this
steady flow simulation model, the assumed values
of Manning’s roughness coefficient (n) for Al-
Rumaith river range between 0.023 and 0.03 for
channel and ( 0.03-0.04) for floodplain roughness ,
this is due to the presence of field crops, desert
vegetation located in the banks .

In this study has been used the average
difference, D, in the water surface is computed
using,

D = (i1, (Ei-Eci)?/n)*

Where Ei is the measured water surface
elevation, Ec is the computed water surface
elevation at each cross-section i and t is the total
number of sections. This metric represents the
average vertical distance, over the study reach, that
the computed elevation is above or below the
measured elevation and provides an intuitive
measure of the accuracy. So , the computed water
surface profile is compared to the measured profile
and D are determined.

Calibration on the shatt Al-Rumaith began and
results of the model with these values of (n) are
compared with observed water surface profiles .
Note that the HEC-RAS run using the best user
estimate of n is shown on Fig. 5 . For clarity, only
the measured water surfaces and HEC-RAS
calibrated are shown with different values of (n) .
The average difference, D gives a clear view for
these differences . Consequently, table (1)
provides the smallest values of D . Hence , the
results of the steady flow HEC-RAS model show
that the values of (n) is (n=0.023) for channel and
('n=0.04) for floodplain roughness give the closest
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agreement between computed water surface profiles
with observed data .
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Figure 5. Water surface profiles for the Shatt al-
Rumaith

Table (1) : The average difference, D

n average
difference, D,

. in the water

Main channel Over bank surface
Description 0.023 0.04 0.371
of site )

0.027 0.03 0.5157

0.03 0.035 0.4822

Conclusions

The purpose of this study is to assess HEC-
RAS's ability to compute water surface profiles by
comparing measured data with model results .
Therefore , Steady flow HEC-RAS model is
developed for Al-Rumaith River to predict the
value of Manning’s coefficient through calibration
procedure . The average difference, D is 0.371m.

Hence ,the appropriate value of Manning’s
coefficient is (0.023) for channel and ( n= 0.04) for
floodplain roughness, since it gives reasonable
agreement between computed and observed data .
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