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Abstract

An unsteady one dimensional mathematical
model was calibrated for simulating the flow
and estimating the water surface profiles for
Al-Kufa River. The Hydraulic Model for the
studied river was implemented and run by
using the HEC-RAS (Version 4) software.
The calibrations and verification processes
of the model have been carried out by
making use of the field measurements. Al-
Kufa River was selected so that the
numerical results can be compared with
available measured flows and stages data.
The appropriate value of Manning’s
roughness coefficient (n) is chosen through
the process of calibration; i.e., the value
which reproduces observed data to an
acceptable accuracy. In the present study,
the HEC-RAS unsteady flow model is
applied to Al-Kufa river (between Al-Kufa
Barrage, and upstream Al-Kufa city) to
predict the value of Manning’s coefficient
through the calibration procedure. The data
are taken for the period from (10 / February
/ 2014) to (26/ May / 2014) and divided
equally into two sets; the first set is for
calibration purpose; i.e., estimation of (n)
and the rest for verification which is the
process of testing the model with actual data
to establish its predictive accuracy. It is
found that the value of Manning's roughness
coefficient (n) for Al-Kufa River which

shows good agreement between observed
and computed data is (0.032).

1- Introduction

Al-Kufa River is strongly influenced
by Al-Kufa barrage. The surrounding area,
in length of about (20 km) downstream the
river, is rural with many villages distributed
at both sides of the river, as shown in Fig.
(1). As the river passes mainly through
alluvial plan, and the climate conditions are
rather favorable, the land is predominantly
agricultural. There are no detailed studies of
hydrodynamics of the river. For that reason,
the setting of the hydraulic river model was
initiated. The roughness coefficient (n) in
natural channels is difficult to determine in
field. The Manning friction coefficient as a
one-dimensional (1D) open channel flow
parameter, various factors affecting the
values of roughness coefficients as
presented by (Chow, 1959). The friction
slope may thus be seen as a very important
parameter whose value must be chosen very
carefully. Although conditions of unsteady
flow simulation may require special
treatment of the friction slope, most works
in this area find the use of Manning's
equation for steady uniform flow acceptable
in this case (Chow et al.,1988). The typical
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value of (n) for natural irrigation channels is
(0.025) (Fenton, 2002) and for earth
channels ranges from (0.022 to 0.033)
(Gupta, 2007). Past experience of flow in
Iragi natural rivers indicates that the value of
Manning's (n) may vary between (0.025 and
0.034)
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For the beginning, the HEC-RAS
software is selected for numerical
calculation. That software has long been
used for one-dimensional river flow
simulations (Kalaba, 2014). As professional
software, and at the same time simple one-
dimensional, the HEC-RAS should serve as
a good tool for the hydraulic model setup

Fig.(1): Al-Kufa river in Iraq

2- Description of the HEC-RAS
Software

The Hydrologic Engineering Center
River Analysis System (HEC-RAS) is a
program developed by the US Army Corps
of Engineers. (Stevenson et al, 2009). The
HEC-RAS is numerical software for

hydrology calculations. It is widely used in
one-dimensional water surface profile
calculations in case of steady and unsteady
river flow regimes. In addition, it contains
components for one-dimensional sediment
transport numerical calculations (HEC-RAS,
2010). Fig. (2) shows the main menu of
HEC-RAS model.
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Fig. (2): Main menu of HEC-RAS model

3- HEC-RAS Data Requirements

HEC-RAS requires several inputs, 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

3-1- Geometric data

Geometric data in HEC-RAS consists of
linking the river cross sections along the
whole reach to create the schematic river
system (20 cross section). The path of river
reach is taken from topographic map loaded
into the HEC-RAS geometric data editor.
The reach starts downstream of the Al-Kufa
barrage, and ends at Al-Kufa Bridge where
the gauge station is found. Since the reach
length is (20km, twenty initial cross-
sections, were positioned at every (250 m).
The distances between cross-sections were
adjusted, first in order to achieve proper
length. Before the interpolation to a

which longitudinally define the channel
shape. The required concentration of cross
sections differs from station to station and
depends on site specific features such as
longitudinal uniformity of cross sectional
shape, channel linearity, degree of channel
meander, longitudinal slope and uniformity
of slope throughout the study reach.
(Motlagh et al, 2013)

maximum distance of (250 m) additional
cross-sections were added to all positions
where it was necessary due to sudden
change in flow geometry. The geometry of
cross-sections used in calculations was
based on extremely rough measurements
and do not represent exact cross-sections of
the river channel. More  precise
measurements remain to be carried out in
the future. a schematic diagram of Al-Kufa
system is drawn as shown in Fig.(3). A
certain cross sections in Al-Kufa River is
shown in Fig. (4)
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Fig. 3: Schematic diagram of the Kufa River
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Fig.(4): A certain cross sections in Al-Kufa River
3-2- Unsteady flow data (Abdevei,2013).The present version of

HEC- RAS software has been provided in
order to calculate the water level profiles in
gradually variable states of flows. The
system is able to computing process based

After entering the geometric data, flow data
were entered. Flow data in HEC-RAS
consists of the discharge and reach boundary

conditions. The value of slope is required as on solution of one-dimensional energy
one of the input to compute normal depth equation through standard step by step
and carry out steady flow analysis. method. (HEC-RAS, 2010).

4- Determination of roughness important to simulate River flows. As an
. . empirical ~ parameter, the roughness
coefficients.

coefficient actually includes the
components of surface friction resistance,

Estimation of Manning’s  roughness h )
form resistance, wave resistance and

coefficient (or Manning’s n) is very
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resistance due to flow unsteadiness (Ding
and Wang, 2004). The roughness
coefficient (n) in natural channels is
difficult to determine in field. Various
factors affecting the values of roughness
coefficients were presented by Chow,

5- Results and discussion

The initial conditions are the discharge (Q)
and stage (h) along Al-Kufa river at initial
time computed using the computations of
steady state flow using HEC-RAS model as
shown in Figs.(5) and (6). The upstream
boundary condition for unsteady flow model
consists of the observed discharge and stage
hydrographs, Fig. (7), at station (20) which
was measured at daily intervals. Fig. (8)
shows the (XYZ) plot for Al-Kufa River.
Friction slope for the normal depth at station
(1) as shown in Fig. (9) is used as the
downstream boundary condition. In this
unsteady flow simulation model, the
assumed values of Manning’s roughness

Fread et al (1998) reported that by using
larger time step (At ) and (6) approaching
unity, the implicit finite difference equation
becomes more stable. The results of the
unsteady hydraulic model show that the
values of (n) in the range (0.025-0.034) give
the closet agreement between the observed
and computed hydrographs. Consequently, a
good agreement is obtained with a value of
(n=0.032). In the present study, the data is
taken during the period from (10 / February /
2014) to (26/ May [/ 2014) and for
calibration purpose, i.e., evaluation of (n),
and the rest for verification which is the
process of examining the model with actual
data to achieve its predictive precision.
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1959). In the present study, the data are
taken for the period from (26March-26
May 2014) and divided equally into two
sets; the first set is for calibration purpose;
i.e.,, estimation of (n) and the rest for
verification.

coefficient (n) for Al-Kufa River range
between (0.025 and 0.038). The weighting
parameter (0) is applied to the finite
difference approximations when solving the
unsteady flow equations. A practical limit is
from (0.6) to (1). The default value of (0) in
HEC-RAS unsteady flow model is (0.95).
The larger value of (8) should be used to
insure greater stability (HEC, 2009).
Previous studies on unsteady flow
simulation (direct routing) indicate that the
value of weighting factor (0) that gives a
stable and accurate solution appears to be
(0.95).

In this simulation model, the proposed
values of Manning roughness coefficient (n)
range between (0.025-0.034). Results of the
model for the estimated values of water
surface elevation to different values of (n)
were compared with observed water surface
measured at  profiles for  sections
(7,6,5,4,3,2,1) with discharges of(50, 70,90,
100,130, 160 m3/sec) as shown in Fig.(10).
Results of the unsteady model with these
values of (n) and specified values of
(6=0.95) and (At=1 day) are compared with
observed discharge and stage hydrographs
measured at station (1) and station (20) as
shown in Figs.(11), (12).
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Fig.(5): Discharge profile as initial condition
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Fig. (6): Stage profile as initial condition
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The results of the unsteady flow HEC-RAS computed hydrographs. Consequently, a
model show that the values of (n) in the good agreement is obtained with a value of
range (0.028-0.032) give the closest (n=0.032).

agreement between the observed and

Observed discharge
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Fig. (11): Computed and observed discharge for different values of (n)
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Fig. (12): Computed and observed stage for different values of (n)
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6- Statistical test of the calibration
results

A statistical test is used to compare the
calculated results with the respective
observed ones. The test is the root-mean-
square (R.M.S.) test. Table (3) shows the
statistical test of the calibration results; the
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root mean-square (R.M.S.) values. These
values are the results of the comparison
between the observed and computed
hydrographs: that of the stage at station no.
(20) and of the discharge at station no.(1).
As listed in Table (1), the values [At =1 day;
n=0.034] provide the smallest (R.M.S.)
value.

Table 1. Statistical test of the calibration results

Station At >R.M.S.
]

20 0.0733
1day 0.031 0.069

(Upstream
boundary)

1
Downstream | 1lday 0

boundary

YR.M.S.
(Discharge)

* The discharge used as upstream boundary condition
** The stage used as downstream boundary condition
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Model verification, which is an essential test
for any simulation model, is achieved by
applying it to the second set of data from the
period (26March-26 May 2014) using the
parameter (n=0.032) derived from the
calibration runs. The verification process of
the unsteady flow model has been achieved
by making a comparison between the
observed and computed hydrographs: that of
the stage at [station no. (1)] and that of the
discharge at [station no. (20)]. These
locations have been chosen because there
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are measurements at other locations on Al-
Kufa River that would suffice. Results of the
verification process show that the (n) value
of (0.032) reasonably produces hydrographs
closer to the observed ones as shown in
Fig.(13). Stage hydrograph results at station
no. (1) of Al-Kufa river are as shown in
Table (2). Analysis of results shows that the
(n) value of (0.032) reasonably produces
hydrographs closer to the observed ones and
this indicates that the model is acceptable.

N
N

—— Observed discharge
Computed Stage(n=0.032)"

215

Stage (m)
o U1 O U1 -

N
o
n

o

«

10 15

20 25 30 35
Time (days)

Fig. (13): Computed and observed stage (n=0.032)

Table 2. Statistical test of the verification results of the observed and Computed hydrographs

(n=0.032)

Date

For stage hydrograph
at station no.(8)

XR.M.S.

26March-26 May 2014

0.093

7- Conclusions

Unsteady flow HEC-RAS model is
developed for the upper reach of Al-Kufa
River to predict the value of Manning’s (n)
through calibration procedure. The first
geometric data were collected, the basic
hydraulic model for the starting reach was

constructed, the results obtained from
simulations are in good agreement with the
measured data The appropriate value of
Manning’s (n) is (0.032), since it gives
reasonable agreement between computed
and observed hydrographs.
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. Notation

Q: Discharge;

h: Stage;

n: Manning’s roughness coefficient;
0 :Weighting factor;

At: Time interval,

Ax: Distance interval.
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