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Abstract:-

Represent the study of this research is the problems of water levels fluctuation for differ-
ent discharges in downstream Gharraf regulator for Gharraf river of the reach kut-Hay
along 58.3 km . Compute Manning roughness coefficients which has not been determined
before and investigate rating curve by back water curve during study period to be used
simulation of HEC-RAS model. the roughness coefficient is one factors which effect on
flow depth in the rivers. Many researchers have made to estimate the river roughness co-
efficients, Because of its importance. Among them. Absolutely, the above methods cannot
be applied for each river reach due to differences in the factors affecting the roughness
coefficient as (backwater curve , flood plain ,sediment ,routing etc.) . These study are im-
portant due to the diversity and irregularity of natural rivers. Field measurements were
carried out during period(2016-2017) along reach included 22 across section surveys and
hydrological measurements. It is found that the value n for Gharraf river which shows
good agreement between observed and computed hydrographs is(0.026). The results show
that effect of Al-Hay regulator on upstream reach because of backwater curve .When was
gate opening less than (0.5)m for all available discharges, gate opening, (0.65 - 0.9)m for
discharge more than(175 m3/sec), gate opening (0.9 - 4)m for discharge more than (210
m3/sec), and gate opening(4 - 5.8)m for discharge more than(350 m3/sec) at upstream

reach.
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Introduction:

All hydraulic computations involv-
ing flow in open channels require an
evaluation of the roughness charac-
teristics of the channel and also it is
one of the keys to successfully pre-
dicting water flow in channel net-
works. At the present state of
knowledge, the selection of rough-
ness coefficients for natural channels
remains chiefly an art. Since, a direct
determination of the roughness coef-
ficient is almost impossible in study-
ing natural river flows, including un-
steady and steady channel network
flows. Consequently , the ability to
evaluate roughness coefficients for
natural channels representing a wide
range of conditions must be devel-
oped through experience. Various
factors

affecting the values of roughness co-
efficients (1). Accordingly, rough-
ness estimation has attracted atten-
tion of many investigators . Because
an estimation accuracy of roughness

coefficients is of vital importance in

any open channel flow study, among
them (11), (7) and (6) ; have cali-
brated channel roughness for differ-
ent rivers for the development of hy-
draulic model for simulate open
channel flows. (9) calibrated chan-
nel roughness for Lower Tapi River,
India using HECRAS model. (8) in
his study has attempted calibrated
the. channel roughness coefficient
(Manning’s “n” value) along the riv-
er Mahanadi, Odisha through simu-
lation of floods using HEC-RAS .
(6) has estimated the Manning’s
Roughness coefficient for Hila River
in Iraq through -calibration using
HEC-RAS Model. (10) was calibrat-
ed the channel roughness for large
number of semiarid rivers of West-
ern Australia having variable chan-
nel characteristics for development
of rating curves . Therefore , in the
above context, there 1s a need to
calibrate the channel roughness coef-
ficient for Gharraf river in Wasit
government ( Iraq ) , by comparing

observed water surface profiles with
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computed data , using HEC-RAS

model .

Study Reach

The study area is located on the
main stream of the Gharraf river be-
tween Kut city and Hay city that is
located southwest of Kut city. Fig.
(3.1). The Kut-Hay reach is 58.3km
long. Gharraf Regulator is located at
the upstream of reach and the Hay
Regulator is located at the down-

stream of reach. The discharge var-
ies along the reach since there are
some main channels branching out
form the Gharraf River in the reach
such as Um khala channel, Um Ne-
bra channel, project Alrumea chan-
nel, mdeleel channel, Al dhahaa
channel, Al Haider channel, Al Re-
jawiy channel, Al Janabea channel
and many other small channels upper
design discharge range between (

0.2 — 15) m3%ec.

Fig. 1 Satellite image showing the locations along AlI-Gharraf River

Model Description

The present version of HEC-
ARS supports the calculation of one

dimensional water surface profile for
steady gradually varied flow in natu-

ral channels or network of channels .
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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 solv-
ing the energy equation with an iter-
ative 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 illustrate the
main computing process based on
solution of one dimensional energy
equation and basic profile calcula-
tion , in steady flow ( USACE ,
2008).

2 2
y1+ﬂ+Z1:y2 +%+Zz+he.. (1)

29

Where:

V1, Vo : depth of water at cross-

section, m.

74, Z1 . elevation of the main channel

inverts, m.

vy, V2: Averaged velocity at the sec-

tion, m/sec.

a; , a4 : 1s the weighted speed coef-

ficient

g : gravitational acceleration, m/sec?.

h, : head loss (the total energy loss,

m).
Field Measurement

Field measurements were car-
ried out along Kut-Hay reach. They
included cross section surveys and
hydrological measurements.

Field surveys and Cross Section

The survey works included es-
tablishment of benchmarks and cross
section measurements. Seven
benchmarks were established along
reach of location Points is down-
stream on the right bank with flow
direct , the GR3 used all The survey
works to measure and cross section
on the river , The location and de-
scription of bench marks see Fig. 4.

22 a cross sections were measured
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along Kut- Hay reach. Fig. (3) and and total station was used to measure
Fig (5) shows locations of cross sec- distances along the flood plain and
tions. Acoustic Doppler Current Pro- bank.

filer (ADCP) was used to measure

cross section under water surface

Fig. 3 Satellite image showing the locations of cross sections for Kut-Hay reach in Ghar-

raf River

cs.13
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Fig. 4 Photo of benchmarks and the base point  Fig. 5 Cross section data window
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Geometric and Hydrologic Data
The hydrological study reach
field measurements were achieved
at seven sections during period from
Nov 2016 to May 2017.The meas-
urements included discharges and
water levels .The seven cross sec-
tions ( C.S.5,7, 8,11, 13,15 and
22 ) are shown in Table 1.Six sets of

discharge and water level were per-

formed. Each set document seven
discharge and water level measure-
ments. Each set of discharges and
water levels at the seven sections
was performed during the same day
by using Acoustic Doppler Current
Profiler (ADCP) and GPS for com-
pute Water-surface elevations were
read at the stream portion of the

study reach.

Table. 1 Six sets were measured in period from 28Nov2016 - 18May 2017

Description

First Set on Nov2016

Station | Discharge | Water level
Name of cross section
(m) (m3/sec) (m)
C.S.22 58+200 135.0 15.20
C.S. 16 40+300 133.3 14.65
C.S. 15 36+800 127.5 14.58
C.S.12 26+800 122.7 14.48
C.S.8 17+300 119.2 14.36
C.S.5 9+800 166.6 13.95
C.S3 0+600 110.0 13.45
Description Fourth Set on Mar-2017
Station | Discharge | Water level
Name of cross section
(m) (m3/sec) (m)
C.S.22 58+200 130 15.08

Second Set on Dec-2016 Third Set on Jan-2017

Discharge | Water level | Discharge | Water level
(m®/sec) (m) (m?/sec) (m)
147.0 15.34 113.0 14.78
144.0 14.69 109.6 14.24
142.8 14.56 108.0 14.19
141.5 14.44 106.0 14.12
140.1 14.06 103.0 13.64
136.9 13.56 95.50 13.22
135 12.9 91.00 12.65

Fifth Set on Apr-2017 Sixth Set on May-2017

Discharge | Water level | Discharge | Water level
(m?/sec) (m) (m?/sec) (m)
173 15.66 155 15.40
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C.S. 16 40+300 126.5 14.50
C.S. 15 36+800 125 14.37
C.S.12 26+800 123.8 14.27
C.S.8 17+300 121 13.78
CS.5 9+800 119.3 13.50
CS3 0+600 115 12.9

165 15.09 152 14.97
164 15.04 149.5 14.85
162.5 14.97 148.2 14.74
157 14.42 147.5 14.18
152.5 13.85 146.3 13.74
147 13.65 145 13.35

Calibration and simulation of
Stages and Flow for Different Val-
ue of Manning’s ‘n’

Each value of global Man-
ning's roughness coefficient (0.022-
0.030) was input for all profiles for
calibration. Calibration process was
carried out using stage measure-
ments along Kut -Hay reach. The ob-
tained stage values along Kut - Hay
reach course were used to calibrate
the model.

One set of data (sixth set on 28-11-
2016) was used for the verification
process is presented by the discharge
and water level along Kut - Hay
reach and using the global Manning's
n derived from the calibration runs.
The wverification process of the

steady flow model has been achieved

by making a comparison between the
observed and computed water sur-
face.

The root mean square error
(R.M.S.E) test was used to compare
The computed and the observed wa-
ter surfaces, Eq.(2). Table (2) shows

the statistical test of the calibration

results.

RMSE=\/§Z?‘:1(C.W. Si— 0.W.S)2 .(1)

where,

N= number of data.

C.W.S= computed water surface
O.W.S= observed water surface

The results showed that Manning's n
ranged from (0.025 to 0.027) for
several discharges with normal oper-
ation of Gharraf regulator ( gate

openings of fully in both regulators.
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The value of n=0.026 was adopted
for the reach and used to calculate
the rating curve since this value was
obtained for discharges which were
the most common in the reach.
obtained for discharges which were
the most common in the reach.

The value of Manning's n (0.026)
which is slightly lower than that in
cases others , represents the data of
the set on the 22th Dec, 8th March ,
4th April and 18th May where the
vegetation in the reach was less
dense than that of the subsequent
sets of the 28th Nov, and  the 12th
Jan when the growth of vegetation
increased indicating seasonal varia-
tion in resistance to flow

In case of lower water levels up-
stream of Al-Hay regulator down to
(12.65 m.a.m.s.l.) in normal opera-

tion the value of Manning's n may be

increased to 0.027 in the reach since
higher levels introduce areas of
higher resistance

Manning's n was affected by varia-
tion of water level and backwater
curve of Al-Hay regulator by raising
water levels along upstream reach.
Manning's n was affected by varia-
tion of water level and backwater
curve of Hay Regulator by raising
water levels along upstream reach.
The global Manning's n is a good
indicator for Kut-Hay reach. and dif-
ferent water level between observed
and computed.

The comparison of observed and
computed water surface profiles for
values of Manning's n are shown in
Fig.(6), Fig.(7), Fig.(8), Fig.(9),
Fig.(10), and Fig.(11). For more de-

tails.
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Table. 2 Statistical test of the calibration results

Y. R.M.S.E ( water surface profile)
Manning s n
PF1 PF2 PF3 PF4 PF5 PF6
0.022 0.16174 | 0.24018 = 0.30711 0.27640 | 0.23210 | 0.23616
0.023 0.12525 = 0.18864 @ 0.26632 0.18068 = 0.19048 = 0.18807
0.024 0.10624 | 0.15297 | 0.23167 0.13908 | 0.18154 | 0.14793
0.025 0.09259 = 0.10549 = 0.19730 @ 0.10869 = 0-13538 = 0.12201
0.026 0.11569 | 0.09142 = 0.18012 0.09725 | 0.13490 | 0.11116
0.027 0.14615 | 0.10750 = 0.15906 0.10810 = 0.15165 = 0.12575
0.028 0.18682 | 0.14177 = 0.15951 0.13856 | 0.17968 | 0.15548
0.029 0.21391 | 0.18605 @ 0.17167 0.17399  0.21798 = 0.19379
0.030 0.271819 | 0.232256 @ 0.188225 | 0.216531 @ 0.26139 | 0.23516
Gharraf river ( Kut-AL-Hay) >J1
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Fig 6 Computed and observed W.L. profile along reach for PF1 and Manning's n =0.025
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Fig. 7 Computed and observed W.L. profile along reach for PF1 and Manning's n =0.026
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Fig. 8 Computed and observed W.L. profile along reach for PF3 and Manning's n =0.027
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Fig. 9 Computed and observed W.L. profile along reach for PF4 and Manning's n =0.026
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Fig. 11 Computed and observed W.L. profile along reach for PF2 and Manning's n =0.026

Backwater curve tially varied and the relationship be-
tween the discharge of upstream
The available discharges at 8 P

reach and discharges of other sec-
upstream reach were used as bound-

. ) ) tions was determined from the data.
ary condition. The discharge is spa-
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Investigation of the operation da-
ta of Hay Regulator shows that
gate openings which were the
most widely used were (0.95,
1.10 and Fully) m, and these
have been used to compute rating
curve in HEC-RAS model. The
available discharges at upstream
reach were used to compute the
rating curve.

Manning's n coefficient (0.026)
and gate openings (0.5, 0.65 ,
0.75, 0.90, 0.95, 1, 1.2, 2, 4, and
5.8 (fully) m, were adopted to
compute the rating curve for up-
stream reach to know the effect
of Hay Regulator on upstream
reach.

The results show that effect of
Hay  Regulator on
reach  because of

upstream
backwater

curve was evident for cases
which has gate opening less than
(0.5)m for all available discharg-
es at upstream reach, for gate
opening more than (0.65)m to
(0.9)m for discharge more than
(175 m’/sec) at upstream reach,
for gate opening more than
0.9)m to (4)m for discharge
more than (210 m’/sec) at up-
stream reach and for gate open-
ing more than (4)m to (5.8)m for
discharge more than (350 m’/sec)
at upstream reach as shown in
Fig.(12).That mean the Gharraf
Regulator are affected by Hay
Regulator operation for cases
above ,therefore the rating curve
of Gharraf Regulator is not valid
due to effect of backwater curve
which occur during Hay Regula-
tor operation.
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Fig. 12 .Rating curve of U/S reach (C.S.22, D/S Gharraf Reg.) for multi gate openings

Roughness impact on flow depth

Change of the Manning's n
coefficient did affected the rating
curve of upstream reach (gate open-
ings Fully and 1.1) as shown in
Fig.(13) and Fig.(14) . The effect of
the Manning's resistance coefficient
n; on flow depth increasing the value
of Manning's n from 0.022 to 0.026
led to increase the water depth about
30

cm , and also increasing the value of
Manning's n from 0.026 to 0.030 led
to increase the water depth about
(40) cm too. Rating curves computed
for upstream reach included the gate
openings (0.5-0.9)m, with Manning's
n (0.026). The observed rating curve
differed from the computed ones and
generally fell between the computed
rating curves for the 0.5m to 0.9m
openings of Hay regulator.
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Conclusions

According to results of the pre-
sent study, the following conclu-
sions

were reached:

1- Global Manning's n coeffi-
cient was calculated steady state for
all data sets and ranging between
(0.025 to 0.027) with average equal
to 0.026.

2- Th
e Kut-Hay reach and Al-Gharraf
Regulator are affected by Al-Hay
regulator.

3- 'Y
ater levels fluctuation is influenced
by several factors, including the val-
ue of the roughness -coefficient,

which varies with flow depth.
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