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L ABSTRACT ﬂ

The HEC-RAS Program was used to analyze one-dimensional unsteady
flow in open channel and water quality analysis for the Euphrates River (from
Hindiya Barrage to Kufa Barrage) in this thesis. The water quality model can be used
to track the path of pollutants along the study area, While the hydraulic model
developed herein can be used to analyze, monitor, and map river flows. It provides
a means for understanding and representing the hydraulics characteristics for river.
It has been successfully applied to the Euphrates River network, which consists of a
main reach with 65 cross sections. The following is the order in which this work was

completed:

In the hydrodynamic side and using the HEC-RAS model the calibration of
the direct routing model for the Euphrates River over the period (1/1-30/6/2020) The
accuracy of calculated Manning's roughness coefficient (n) is crucial in making
exact predictions in this work based on observed regular stage and flow data. As a
result, the roughness coefficient values (0.045) and (0.047) are optimal for the main
channel and floodplain, respectively, as well as the time weighting factor (0), which
was introduced herein as a unity. To determine the degree of agreement between
observed and computed outcomes, measurable parameters such as the root cruel
square mistake (RMSE) and coefficient of assurance (R2= 0.056, 7.453) were

utilized.

For analysis water quality data, the samples for laboratory work were
collected along four months (January, February, March, April). The studied
parameters, for water quality, were [ Temperature (T), Acidity Function(pH), Total
Dissolved Solids (TDS), Dissolved Oxygen (Do)]. After that, these parameters were
fed to the HEC-RSA program, in addition to the meteorological data, which were



obtained from the Meteorological Directorate (Baghdad). The measured and
calculated parameters were compared for each component, and the results showed

an acceptable agreement between the calculated and observed values.

Highest temperature T =34.1C recorded at 13:30 noon, the highest value of
DO was at 18:45 at noon, while the lowest value of DO was at 15:415 pm at
night.DO= 4.9 mg/l , DO= 2.45 mg/l, the highest pH value was at 16:45 in the
morning, while the lowest value was at 1:45 pm. pH= 8.03 , 6.9 ,the highest value
reached by the total dissolved solids was at 9:00 noon, while the lowest value was
at 1:30 at night .TDS= 1054 mg/l , 736 mg/I.
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CHAPTER ONE INTRODUCTION

CHAPTER ONE

INTRODUCTION

1.1 Introduction

Open channels are found in natural rivers, basins and estuaries. Several
problems in water resources, river dynamics and environmental hydraulics need an
accurate definition of the characteristics of the flow system parameters of these
channels, making water resource analysis, development and management one of
the key concerns of engineers.

The increasing demand for limited water resources, the need to conserve
the quality of water suitable for human, industrial and agricultural uses, and the
dynamic interactions between the various components of the human-water
environment have led to the use of more advanced forecasting techniques. In the
planning, design and management of the water resources system, This forecast is
important for forecasting criteria cover a number of topics, such as surface or
ground water prediction, resources and their quality.

In the assessment of surface water quality in Irag, the Euphrates River is
of particular significance because anthropogenic and recreational activities result in
significant changes in the quality of river water and pose a serious threat to the
quality of river water. In order to describe and predict the observed and future
effects of a change in the river system, modelling the quality of a river system is
usually done. Therefore, modeling can be used as an aid to decision-making on
quality control for resource distribution to achieve designated targets for water
quality. For the selection of the position of water intakes for different uses such as
agricultural, industrial water supply purposes, the prediction of the distribution of

pollutant concentrations in the river is significant.
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1.2 Problem Statement

The basis for the conservation and fair use of water resources is an
accurate measure of the degree of water pollution. Water quality in rivers is
continuously impaired by natural processes resulting from eutrophication and for
anthropogenic causes, so there is a need for successful decision-making approaches
that can be implemented to address problems with water quality management.

Four issues are the most common problems with water quality in rivers: -
1. Siltation refers to the deposition on the bottom of the river of small sediment

particles (silt), the suffocation of fish eggs and the degradation of aquatic insect
habitats, and the depletion of the food system sustaining fish and other wildlife.
Siltation can occur as a result of construction, agriculture and forest operations.

2. Pathogenic surface water pollution can cause problems with human health,
ranging from basic skin rash to acute gastroenteritis. Inadequately treated urban
wastewater, wildlife fecal material and agricultural, the major sources of
pathogens.

3. Nutrient contamination refers to large levels of nitrogen and phosphorus in the
water. Increased plant and algae growth are caused by inadequate quantities of
nutrients, resulting in decreased oxygen levels and diminished fish and other
desirable aquatic populations._The primary sources of nutrients are urban and
industrial wastewater discharges and drainage from agricultural land and
forestry operations.

4. The discharge into rivers and streams of oxygen-demanding content triggers a
loss of dissolved oxygen downstream from the discharge site. This poses
problems for marine life and has a serious effect on a river or stream 's natural
biota. Municipal and municipal waste water and agricultural and urban runoff

are the origins of oxygen-demanding pollutants.
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1.3 Objectives of The Research
The primary aim of the research is to build a one-dimensional water quality
model using the Hydrodynamics and Water Quality Model (HEC-RAS) software
for the Euphrates River system (from Hindiya to Kufa Barrage). This involves
collecting data on water quality and flow channels for the scheme of the Euphrates
River. The current research is split into two parts:
% Hydrodynamic Modelling
- To calibrate the value of Mannnig's "n" coefficient by using HEC-RAS
unsteady flow model for Euphrates River by comparing water surface
profiles with the observed one.
% Water Quality Modelling
- To test certain water quality improvement management scenarios in the
Euphrates River
- To estimate the water quality components such as the Euphrates River's
Temperature (T), total dissolved solids (TDS), dissolved oxygen (DO)
and acid function (pH) by taking samples from the water and
undergoing certain laboratory tests and then using the HEC-RAs (5.0.7)

simulation software for simulation.
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1.4 Thesis Layout
The dissertation is broken down into five chapters and arranged as follows:
1. Chapter One: Introduction
An introduction to the research and the aim of this study in addition to the
determinants and the study plan.
2. Chapter Two: Theoretical concept & Literature review
A general study of hydraulic techniques, flood characteristics and processes
for water quality throughout review of literatures is given
3. Chapter Three: Data Collection &Experimental Work
The practical side of the study includes sites for taking samples from the
river, methods of measurement, and devices used.
4. Chapter Four: Results & Discussions
This chapter focuses on the study area and uses the HEC-RAS software to
prepare the hydraulic model for this study area and evaluate the model using the
calibration and verification process in the addition water quality model using
the simulation for each parameter.

5. Chapter Five: Conclusions & Recommendations
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CHAPTER TWO
THEORY AND LITERATURE REVIEW

2.1 Introduction

Interest in using unsteady models directly for river modeling has grown in
recent years, as hydrology and hydraulics have become a major concern for
predictions of river flow in open channels. It is possible to outline the
establishment of the modern analysis of unstable flow in open channels to the latter
half of the nineteenth century, when the French engineer Saint-Venant introduced
the partial differential equations of continuity and momentum governing free

surface flow in open channels.
2.2 Hydraulic flow routing model

The method of hydrological routing depends on the solution of mass equation
conservation and the relationship between storage and discharge in a stream or
reservoir range. The system simulates stage and discharge to account for storage as
Water flows into the stream channel and the system of water control. In general,
the system of hydrological flood routing consists of two parts, the first dealing with
the change of rainfall into runoff and the second with the routing of that runoff to
the outlet of catchments. The flood routing method based on hydrological
modeling methodology is constrained in that the catchment parameter is lumped
together in a simplistic way that results in surface profile misrepresentations. The
system of hydrological flow routing also neglects the impact of back water and is
not accurate for fast rising hydrographs routed through mild to flat inclined rivers

(Sibanda, 2015). By using hydraulic flow routing methods such as the dynamic
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model, several of the limitations of hydrological modeling listed as stated above
can be addressed.

Previous studies have verified the functional validity of the flood routing
hydraulic model, despite the fact that it is not economically feasible to collect
cross-sectional data covering more than one hundred kilometers of flood routing
operation. Hydraulic flow routing models were used in the assessment of flood
plain depth, required altitudes of structures such as bridges or levees, real-time
forecasts of river floods and flood maps for dam break contingency planning,
according to Fread (1992).

2.2.1 Saint-Venant Equations

The Saint-Venant equations representing mass and momentum conservation
for one-dimensional open channel flow were based on assumptions used in their
derivation. The following assumptions were made when the Saint-Venant
equations were extracted from (Litrico and Fromion,2009):

1. The flow is one-dimensional, i.e., across the cross section, the velocity is
uniform and the water level is horizontal over the section.

2. The effects of boundary friction and turbulence can be considered similar to
those used for steady-state flow via the resistance law.

3. The average slope of the channel bed is slight, so that unity can alter the angle
of cosine it makes with the horizontal.

4.  Streamline curvature is minimal and vertical accelerations can be
insignificant, so the strain is hydrostatic.

5. The variations in the width of the channel along x are minimal.
We assume that there is negligible distributed lateral inflow and outflow. A
longitudinal axis indexed by the x-coordinate is shown in the Figure lengthwise
(2.1).
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\\ 4 \Q( xt) \_‘\‘\.‘ y

Figure (2.1): Flow of open channels along the longitudinal axis

Governing Equations:

The discharge Q (x, t) is defined as:

Q(x,t) = Ax,)v(xt) (2-1)
The equations in Saint-Venant are two partial deferential equations

combined. The first equation is the equation of mass conservation [Chow

(1959); Henderson (1966); Chow et al. (1988); Chanson (2004); Litrico and

Fromion (2009)]:

0A(x,t) . 0Q(x,t)
Jat T ox

Which is the g per channel length of the total lateral seepage flow and

q=0 (2-2)

lateral overland flow. The momentum conservation equation is the second

equation:
ov av dy _
—tv—+g——g(SH—5)=0 (2-3)
v velocity gradient, S, slope of the channel bottom, with the classical
Manning formula modelled on the friction slope St:
Q2n2

St=apar. (2-4)

AZRY/,

Which:
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n = is the Manning coefficient, and R the hydraulic radius (L), defined by:

P = is the wetted perimeter.

2.2.2 Numerical Solution of Governing Equation

In order to describe these equations in numerical solutions, such as finite
difference methods, the governing equations are carried out in two steps. Earliest
step, the equations are replaced by an equation of algebraic finite difference, and
secondly step, through solving linear equations, the solution of differential
equations is achieved. A range of numerical techniques can be developed
depending on how the procedure is performed in one or both of the steps (Zhan,
2003). The channel is split into a number of reaches. At discrete times,
computations were carried out. The (x-t) plane is divided into a row, commonly

referred to as the computational grid, Figure (2-2), (Chow et al., 1988).
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Figure (2-2): Grid of points [After Chow et al., 1988] on (x-t) plane

The explicit and implicit arrangements are further categorized by all finite
difference arrangements used in the direct and characteristic methods. The finite
difference equations were usually linear algebraic equations in the explicit scheme,
from which the unknowns can be directly determined. The implicit scheme of the
unknown exists implicitly in equations of finite differences that are normally
nonlinear algebraic equations. The implicit method is mathematically more
complicated, but it is stable, efficient and much faster from the explicit method,
especially when treating long-term unsteady flow phenomena such as floods in
Major River. Moreover, the implicit method can also handle channel geometry
varying significantly from one channel cross section to another (Chow et al.,
1988).

According to above reasons, the implicit method is adopted herein to solve
routing problem of Euphrates River (from Hindiya to Kufa Barrages)
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The weighted four-point finite difference approximations appear most
advantageous and stable among different implicit finite difference arrangements
that have been advanced because they can be used with imbalanced distance and
time steps (Gindiiz,2004).

2.2.3 Formulation of Saint Venant Equations by Finite Difference
Method

In this section, the finite difference formulation of the dynamic flood

routing equation (2.1) will be detailed. In the implicit creation, all derivative terms

and other parameters were approximated by use the unknown at the forward time

line (j+1) as shown in the x-t grid shown in Figure (2.3) below. The tacit methods

of finite differences advance solutions simultaneously from one time line to the

next at all points in the time line.

Time Line
Time, t 4 (/ Space Line

‘\—’/
(i,j+1) +1)+1)
j#1 T
Upstream At Downstream
Boundary J N Boundary
(i.j) +1,)) |
Ax
0
+ Distance, x

Figure (2-3): The time grid of distances used to formulate the implicit scheme of finite differences [After
Gundiz, 2004]

10
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The net points were determined by the intersections of straight lines, these
parallel to the x axes and t axes, on a distinct rectangular net of points on the (x, t)
plane. The lines drawn parallel to the t-axis represent points in the channel and
times are drawn parallel to the x-axis. Spacing (Axi) draws the position lines, while
spacing (Atj) draws the time lines. While Ax and At are assumed to be constant for
simplicity in this development, in practice Ax and A t will differ as needed in space
and time. The t-axis can be used as the boundary location of the upstream channel,
and the last line drawn parallel to the t-axis can be used to symbolize the boundary
of the downstream channel, to be designated the N'™ line. Two indices mark each
point of the network, a subscript (i) to denote the x-positions of the point, and a
superscript (j) to designate the time value as shown in the above Figure (2.4).
Another important aspect of the Pressman's scheme is the applicability of an equal
time stage, mainly in the case of hydrograph routing, where flood waters will
usually increase relatively rapidly and leave gradually over time. The four points of
the grid from the ()" and (j+1)" time lines are used in this arrangement to
approximate the term in the differential equations. In order to change the effect of
the points (i) and (i+1), a weighing factor, 6, is used in the measurement of all
terms of the equations except for the time derivative. For the dummy parameter F,
the approximations of the derivative and constant terms in the four-point weighted

difference schemes are given as follows.

Time derivative (g) :

U+1) _ 5J (+1) j
oF _ Fivn) = Flivn Fi -F
ot AtJ +(1-9) AtJ (2-6)
. .. OF
Space derivative ol
g+1) U+1) j j
OF _ pFarn ~F Fivn ~ Fi
ax 0 Axt +(1-0) Axt (2-7)

11
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F=0 F(djiﬂ‘z @ 1-6) F<’£+1;—F’£ 2-8)
Where 1 and j were subscripts on the x and t axes, ¢ and 0 are weighing
factors between 0 and 1, respectively, and A x and A t are incremental duration and
time of reach, respectively. If the value of 0 is chosen between 0.5 and 1.0, the
weighted four-point implicit scheme is unconditionally stable for any time stage.
Examination of the effect of the weighing factor on the accuracy of computations,
in addition to stability parameters, showed that the accuracy decreases as 0.5
departs from and approaches 1.0. When the magnitude of the computational time
step increased, this effect became more pronounced. In addition, analysis also
revealed that unconditional stability and good accuracy were provided by a 0 value
of between 0.55, 0.6, making this scheme superior compared to the explicit scheme
that requires time steps of less than a critical value determined by the Courant

condition.
2.2.4 The Boundary Conditions

The two additional equations needed for the system to be calculated derive
from the external limits. At the upstream and downstream locations of the range.

At the upstream boundary, two kinds of boundary conditions can be specified:

1. Discharge Hydrograph,

2. Stage Hydrograph,
It is possible to specify one of the five available conditions at the downstream
boundary given as:

1. Discharge Hydrograph,

2. Stage Hydrograph,

3. Single-Valued Rating Curve,

4. Looped Rating Curve,

12
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5. Manning's eq .
2.2.4.1 Upstream Boundary Condition
Discharge or a stage hydrograph may be the upstream boundary conditions. It

defines a discharge hydrograph as:

0, —ew=0 (2-9)
Similarly, it defines a stage condition as:
hy 7t —h(t) =0 (2-10)

Where Q,0*V) and h,0*) are the discharge and stage to be measured at the
node of the upstream boundary, Q(t) and h(t) are the hydrographs entered into
the model.
2.2.4.2 Downstream Boundary Condition

A discharge or a phase hydrograph may be the downstream boundary state. A
single or looped rating curve that determines the relationship between step (or
depth) and discharge may also be used. Furthermore, a critical flow segment may
also be the downstream boundary. The equations corresponding to these conditions
are given as follows:

1. Discharge Hydrograph: -

The following equation is obtained when a discharge hydrograph is used at

the downstream boundary:

oy’ -0®=0 (2-11)
In which Qn0*Y is the discharge at the downstream boundary to be measured and
Q(t) is the hydrograph discharge value.

Inappropriate use of a discharge hydrograph can result in gross errors at the
downstream boundary. The imposed flow which exceed the channel's capacity to
supply the node with water. In addition, if at the upstream boundary, a discharge

condition is also defined, any mistake in the values of these flows is expressed in

13
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the water levels that may often cause the stream to be partially or fully dry. In this

respect, in unsteady flow simulations, a discharge condition at the downstream
boundary is seldom used.

2. Stage Hydrograph: -
If at the downstream boundary, a stage hydrograph is defined, one can obtain:
hy "t —h(t) =0 (2-12)
In which hy0*Y is the stage at the downstream boundary to be measured and
h(t) is the hydrograph stage value.
3. Single-Valued Rating Curve: -

If the downstream boundary condition is used as a single-valued rating curve,

the boundary condition equation is written as:
Q" -Q'® =0 (2-13)
In which QnU*Y is the discharge at the downstream boundary to be measured
and Q'(t) is the discharge value calculated from the rating curve. Any intermediate

discharge is computed by linear interpolation between the two data sets if the

rating curve is expressed in a tabular, piecewise linear manner:

Q'(t) = Qi+ 2= (hy T —hy) (2-14)

+1—hk
In which the ratmg curve hy0*Y s the stage at the downstream boundary, and

Qr, QD hy, &+ js consecutive tabular data sets.

2.3 Mechanisms of Mass Transport in Rivers

When a mass of material is introduced into a stream, it will move down the
stream as a concentrated mass. It will undergo mixing and dispersion so as to
occupy an ever increasing volume. Hence, the average and the maximum

concentrations within occur in the three different mechanisms. (Plawsky, 2001).

14
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1. Advection: Is the transfer of mass from one point to another in a current and
moving, Advection refers to the movement in any of three directions of
dissolved or very fine particulate material and the present velocity (longitudinal,
lateral or transverse, and vertical). Advective transport in rivers is the
consequence of the volumetric flow rate and mean concentration, as shown in
Figure (2.4) (Schnoor, 1996)

River Surface

n n Advection

-
: | - x
| S

River Bed

Figure:(2.4) Phenomena of advection (Schnoor, 1996)

2. Diffusion: There two type of diffusion:

a. The Diffusion (molecular): By random molecular motions, the dispersion of

particles.

b. Diffusion (turbulent): The dispersion of particles by turbulent motion,
considered approximately analogous to molecular diffusion, but with coefficients
of "eddy" diffusion, which are much larger than coefficients of molecular diffusion
and can be neglected in turbulent flow (Roberts and Webster, 2005), as shown in
the Figure (2.5).
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River Surface
Turbulent

.l Diffusion

. (7 A - ‘ 1

River Bed

Figure:(2.5) Phenomena of diffusion (Schnoor, 1996)

3. Dispersion: A still greater degree of mixing known as dispersion is caused by
the interaction of turbulent diffusion with velocity gradients induced by shear
forces in the water body. The transport of toxic substances in streams and
rivers is mainly by advection, but dispersion-controlled transport in lakes and
estuaries is often (Czernuszenko, 1987). Velocity gradients, such as vertical
profiles due to wind shear at the air-water interface and vertical and lateral
profiles due to shear stresses at the sediment-water and bank-water interface,
are induced by shear forces at the boundaries of the water body, as shown in
the Figure (2.6). The mixing of dissolved and fine particulate matter is
referred to as turbulent or eddy diffusion. There can be turbulent diffusion in

all three directions, but it is typically anisotropic (Schnoor, 1996).
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River Surface

Dispersion

( ) : —»\.'H | } [ -’Vx
)

/ River Bed

Figure (2.6) Dispersion phenomena (Schnoor, 1996)

2.3.1 Advection Dispersion Equation

The approach of Fickian advection-dispersion used in this study is based on
convective-diffusive mass transport in flowing water. The basic advection-
dispersion equation (ADE) for pollutant transport in running water is the
mathematical method employed. ADE is a partial differential (PDE) equation

derived from the mass balance applied in the river to a mass volume unit.

The rate of spread of type A in an arbitrary direction 'n' as a result of
molecular diffusion is mathematically expressed by Fick's first law of diffusion,
when an element of fluid type A is inserted into a mass of fluid type B (Aswed,
2000):

a
FTL = _MNB a_l(‘:l (2'15)

where: (Fn) is the rate of substance transfer per unit area from section
normal to (n), (MAB) is the coefficient of fluid (A) molecular diffusion into (B),
whilst (C) the fluid concentration is (A).
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For the diffusion of fluid B into fluid A, a similar equation will, of course,
hold. When the fluid added varies only in its concentration from the recipient
one, the coefficient of diffusion is called the coefficient of self-diffusion M and

Eq. (2.16) transforms into:
dc

The expression for mass preservation of a preservative material may be
stated as follows from the above description of the preservation of mass for

component (A) in the fluid element:

through the fluid element accumulation  with in
(inflow minus out flow) the fluid element

( The net flux of mass A ) ( The time  rate of mass A)

The above expression can be described in equation form as (Aswed, 2000)
by applying the above principle in Cartesian coordinates (x,y,z) for incompressible
fluid and dilute solutions in which the density and the diffusion coefficient are

essentially constant:

dc dc d%c = 9%c = d%c
—+u—+v—y+W£—M[a—2+ — (2-17)

at ax 2 x2 | 9y? | 9z2

Where: x: the longitudinal direction, y: the side direction and z: the vertical
direction (L).U, v and w: speeds in the X, y and z directions (L/T), respectively.C:
Material concentration, X, y, z function and time (M/L3).T: Time (T), and M:
Coefficient of Self-diffusion (L%/T).

2.3.2 Dispersion Coefficient Equation

Dispersion is an essential mechanism which helps to reduce the concentration

of pollutants. Rivers with a high dispersion coefficient have a high potential to
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minimize the concentration of pollutants, so several experiments have been carried
out to study the dispersion phenomenon in rivers and to measure its effects on the
quality of water. Dispersion has been characterized by the combined action of
velocity distribution and turbulent fluctuation as the distribution of known

components (Kefay, 2000).
2.3.2.1 Longitudinal Dispersion Coefficient Equation

After the total cross-sectional mixing has taken place, temporarily varying
source situations. To present simple formulas for its estimation, several studies
have been carried out. However, due to the uncertainty of the phenomenon, it

could not always result in precise prediction (Sahay and Dutta, 2009).

Fischer is known as one of the earlier researchers researching water
longitudinal dispersion. During the years of 1966, 1967 and 1968, he carried out
continuous research. In 1968, Fischer found in his experiments that when the
discharge (Q) increases depending on the resulting form of the velocity
distribution, the longitudinal dispersion coefficient (DL) value increases (Hashim,
2007).

Fischer et al. (1979) derived the following simple and approximate

expression for streams' longitudinal dispersion coefficient in open channel flow:

U2Tr?
HU,

DL = 0.011 (2-18)

Where: - U: Stream velocity (m/s). DL: Longitudinal dispersion coefficient

(m2/s). H: Cross-sectional average flow depth (m). T: Top width of water (m). U=

U~ = /RSg Shear velocity (m/sec). g: Acceleration due to gravity (L/T2). S:

Slope of bed channel (m/m). R: Hydraulic radius (in a wide river R=depth of flow
(Fisher, 1981)).
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Equation (2.18) is commonly used,for its simplicity and theoretical context,
but the significant deviation between the expected values and measured values now
made the equation unpopular (Rajeev, 2013). The deviation may be because the
assumptions inherent in the creation of this equation are not fully fulfilled by either
stream. Liu (1977) stressed the position of lateral velocity gradients in dispersion
after analyzing several dispersion data from US rivers and derived an expression
for (DL) as:

U2T2
HU,

DL=M

(2-19)

The parameter (u) is a function of channel geometry and distribution of

cross-sectional velocity. An approximate value of (i) was obtained (Godfrey and

Frederick, 1970) as:
U\ 15
M *=0.18 ( 7) (2-20)

(McKeefer and Quivey ,1974) successively resolved the continuity equation

with the dispersion equation to represent the following dispersion coefficient form:
DL = 0.058 = (2-21)
ST

Where: DL: Longitudinal dispersion coefficient (m2/sec). S: Slope of bed
channel (m/m). T: Top width of water (m). Q: Discharge (m3/sec).

Using dimensional and regression analyses on reported river data, (Falconer

and Kashefipour 2002) defined the following definition for DL in natural streams:
DL = 10.612(--)U? (2-22)

where:

As stated before, DL, U, H and U*.
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2.3.2.2 Lateral Dispersion Coefficient Equation

Lateral blending is much slower, but within a few kilometers downstream, it
is normally complete. The coefficient of lateral dispersion in the river described

by certain representative properties of the water body is taken into account.

(Fischer et al., 1979) note that river dispersion is commonly correlated with

the river's characteristics using the following relationship (Schnoor, 1996):
D= H U~ (2-23)

Where: -

DT: Lateral dispersion coefficient (m2/sec).
H: Cross-sectional average flow depth (m).
U*: Shear velocity (m/sec).

: Proportionality constant (dimensionless).

A number of values for (f) have been identified by researchers. () varies in
the laboratory flumes from (0.5 to 2.4). Fischer (1967) proposes ($=0.6) for
practical purposes. The dispersion coefficient in the lateral direction used by the
riverine variable is given by combining the equation (2.19) with (B= 0.6) (Schnoor,
1996):

Dr=0.6 H U« (2-24)
where: - As stated before, DT, H and U* .
2.4  General Philosophy of the Modeling System in HEC-RAS

HEC-RAS is an integrated software system intended to be used interactively
in a multi-task environment. A graphical user interface (GUI), separate
components of research, data storage and management capabilities, graphics and
reporting facilities compose the framework. The HEC-RAS system comprises four
elements of one-dimensional river analysis for:

1. steady flow water surface profile computations.
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2. unsteady flow simulation.
3. movable boundary sediment transport computations.
4. water quality analysis.

A key aspect is that all four components use a shared representation of
geometric data and common routines for geometric and hydraulic computation.
The system includes many hydraulic design features, in addition to the four river
analysis modules, which can be invoked once the basic water surface profiles are
computed.

The new HEC-RAS version supports of the Steady and Unsteady flow water
surface profile calculations; sediment transport/mobile bed computations; and
analysis of water quality. In future updates, new features and additional

functionality will be included.

2.4.1 Unsteady Flow Simulation
This HEC-RAS modeling system part is capable of simulating one-
dimensional unstable flow through a complete open channel network. The
unsteady flow equation solver was adapted from the UNET model of Dr. Robert L.
Barkau (Barkau, 1992 and HEC, 1997). For subcritical flow regime calculations,
the unsteady flow portion was mainly developed. However, with the release of
Version 3.1, in the unstable flow computation module, the model can now perform
mixed flow regime calculations (subcritical, supercritical, hydraulic leaps, and
drawdowns).
The hydraulic calculations were integrated into the unsteady flow module for
cross-sections, bridges, culverts, and other hydraulic structures that were

developed for the steady flow portion.
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Special features of the unsteady flow portion include: study of dam breaks;
breaching and overtopping of levees; pumping stations; operations of navigation

dams; and systems of pressurized pipes.

2.4.2 Water Quality Analysis

This part of the modeling system is designed to allow the user to perform
analyses of riverine water quality. Detailed temperature analysis and transport of a
small number of water quality constituents can be done in the current version of
HEC-RAS (Algae, Dissolved Oxygen, Carbonaceuos Biological Oxygen Demand,
Dissolved Orthophosphate, Dissolved Organic Phosphorus, Dissolved Ammonium
Nitrate, Dissolved Nitrite Nitrogen, Dissolved Nitrate Nitrogen, and Dissolved
Organic Nitrogen). The ability to transport many additional water quality elements

will be included in future versions of the program.

2.5 Previous Studies:

Numerous analysts have examined Hydrodynamic and water quality of the
Euphrates Waterway. A rundown of a few of these thinks about is recorded

underneath.

Shaymaa.A.M et al., (2012) carried out the analysis using nineteenth
criteria to determine the physical, chemical and biological quality of the drinking
and irrigation water of the Euphrates River by selecting the fourteenth sampling
sites along the river from Al-Qaim to Al-Qurnah stations during the period from
April 1998 to April 2001. The observed values of these physico-chemical
parameters were correlated with Iragi and WHO criteria. The results showed that

for drinking and irrigation use, the WQI of the Euphrates river ranged from "good"
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to "very bad" quality. The analysis was then needed as it would give the
preliminary judgment on the value of each water quality parameter at the
Euphrates river for WQI calculation. The statistical analysis was carried out by
measuring the matrix coefficient of correlation between the various pairs of
parameters. To exclude independent variables that show the lowest contribution in
variance, multiple linear regression (MLR) was applied. After eliminating the
variables with low variance, the DWQI was calculated based on ten variables out
of twelve parameters. Based on three variables from ten parameters with
correlation coefficients of (0.95) and the IWQI, this model with correlation
coefficients of the IWQI was predicted (0.907). These models are checked by
comparing their findings with the experimental data gathered from October 2009 to
September 2010 for the same stations along the river. The comparison results

suggest a strong agreement between the WQI values.

Emad A. Mohammad et al., (2012) demonstrated the utility of the
cluster analysis (CA)approach for analyzing and interpreting surface water datasets
in order to evaluate the temporal and spatial variations in the parameters of water
quality and to optimize the sampling network for regional water quality. Use of 16
parameters at 11 sampling sites for the 2008-2009 period for the Euphrates River.
The 8 months were divided into three cycles (I, Il and I11) by the Hierarchical CA
and the 11 sampling sites were categorized into two classes (I and Il) on the basis
of similarities in water quality characteristics. The temporal trend suggests that
April has higher levels of emissions compared with the other months. Sampling
site 7 (S7) has a lower level of pollution in spatial terms, whereas other sampling

sites have a higher level of pollution.
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Luay Kadhim.H et al.,, (2013) Estimated of Manning's roughness
coefficient Hilla River through calibration using the HEC-RAS model. The HEC-
RAS unstable flow model was applied to the river Hilla (upstream city of Hilla) to
predict the value of the coefficient of Manning. The data is collected for the period
from 20 August 2008 to 12 September 2008 and is divided equally into two sets,
the first for calibration purposes and the second for verification purposes. The
value of the roughness coefficient (n) of Manning for the Hilla river, which shows
strong agreement between observed and computed hydrographs, is found to be
(0.027).

Ameera Mohamad. A. (2015) used HEC-RAS to develop a hydraulic
model and determine the Manning Roughness Value for Shatt Al-Rumaith, it is
important to calibrate the channel roughness coefficient for open channels, whether
natural or artificial. By comparing the computed water surface profiles with one
observed, using the HEC-RAS steady flow model for the shatt al-Rumaith channel
in Al-Muthanna (Iraq), the value of Mannnig's 'n' coefficient is attempted to
calibrate.Flows for the year 2014 have been considered for this calibration.The
value of Manning's roughness coefficient for shatt al-Rumaith is found to indicate
a strong agreement between the measured water surface profiles, n=0.023 and

n=0.04 for the main channel and floodplain, respectively.

Abdul Hussain.A (2016) used one dimension and unstable case to study
river water hydrodynamic and TDS simulation using HEC-RAS in Shatt Al-Arab
River and related rivers. The data of discharge, stage and TDS was taken daily for
the year of 2014 at different sections along Shatt Al-Arab river and Tigris-
Euphrates confluence. These data were used to calibrate and validate the Model.

The results of the model were compared with the data found on these actual rivers.
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The result indicates a very good agreement with the minimum correlation (R)was

equal to (0.825) between observed and simulated data being.

Mohammed Ali et al., (2017) used the Water Quality Index (WQI) and
Geographical Information System (GIS) were used to determine the quality of the
raw water of the Kufa river for drinking water due to its significance in Najaf
province. From July 2013 to June 2014, water samples were obtained from seven
separate stations along the Kufa river for twelve months. Eleven parameters of
water quality including [(TH), (pH), (Ec), (TDS), (Alk.), (CI), (Ca), (Na), (Mg) and
(K)] were analyzed. In order to determine the quality of Kufa River water for
human use, the application of the Water Quality Index (WQI) with several
physicochemical water quality parameters was carried out. Throughout the study
period, the average annual general WQI for drinking water was found to be
(77.895).The quality of the Kufa River is rated as very low quality from this study.
The high WQI obtained is due to the numerous human activities taking place along
the banks of the river. The results indicate that the use of methods (GIS) and the
Water Quality Index (WQI) will provide a very useful and powerful tool for
demonstrating river contamination for various uses and for managing water
supplies.

Zainab Ali.O.et al., (2018) studied the Shatt Al-Hilla river for 51,100 km
length and discharge equal to 70 and 170 m3/sec was applied to the HEC-RAS
software by using the steady flow. The results of this study: Shatt Al-Hilla is an
alluvial river, ffor discharge 70 m3/s from upstream to downstream measured by
HEC-RAS, be slow velocities ranging from 0.71 to 0.27 m/s with low shear stress
of 0.60 N/m2 and low Froude No. ranging from 0.18 to 0.05 (13) ensuring that the
river was at risk of high sedimentation loads cumulative. In the case of discharge

170 m3/s the results do not differ much from the first, as The velocities ranged

26



CHAPTER TWO THEORY AND LITERATYE REVIEW

from (1.08 to 0.42) m/s, Slow velocity was considered, too,low shear stress 1.22
N/m2 and low Froude No. (0.22 to 0.06).High likelihood of erosion of
embankments and can cause natural sequences of regularly changing bends. It can
be noted that when the river passes within the center of Al-Hilla city, the speed

increased from the beginning of the specific research field.

Jumana Hadi.S. (2018)Calculated the roughness coefficient of
Manning’s channel by using the remaining verification data, which is the model
test with real data. The area was studied at the upstream of the Al-Meshkab
Barrage, where data were collected in 2010, through the adoption of the
mathematical one-dimensional mathematical model using the HEC-RAS program.
The value of the roughness coefficient (n) of Manning for Al-Meshkab River,
which demonstrates good agreement between observed and computed data, is
found to be (0.031).

Rafea H (2018) used Different frequency distributions models to fitted the
monthly data of the water quality parameters of the southern Iragi Shatt Al-Hilla
River.For the time, five water quality parameters were studied (2000-2013). The
monthly series for magnesium, alkalinity, total hardness, sulfate and calcium are
the data obtained. The equipped distribution models are the Gamma form of
Normal, Log-normal, Weibull, Exponential and Two parameters. The
Kolmogorov-Smirnov test was used to assess the accuracy of fit. The fittings were
done for the 9-year data span (2000-2008)..For the first three parameters, the best
suited distributions were used to forecast three sets of monthly data for each and
compared to the observed data sets for the last 5 years (2009-2013).The results of
the Kolmogorov-Smirnov test show the ability of these models to generate data

with the same frequency distribution as the observed frequency. For Sulphate and
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Calcium, no distribution of the tried ones will match. Therefore, (Lag Correlation)
analysis was for all the variables, performed to examine the reasons for the
Sulphate and Calcium non-fit. This study reveals that these two variables have
relatively high lag-correlation and thus low randomness behavior compared to the

other three variables.

Nassrin Jassim .H et al., (2019) used on the Saint-VVenant Equations, with
one-dimensional hydrodynamic model that Described the various unstable flows
found in natural channels. The model consists of the mass and momentum
conservation equations. With the Newton-Raphson iteration method with an
updated Gaussian elimination strategy, the formulas, kept up by the four-point
implicit finite difference scheme, solve the nonlinear system of equations. Using
data on the Euphrates River during the early spring flood in 2015, the model is
calibrated. It is confirmed by its application to the ideal channel and to the range
chosen by the River Euphrates. The feasibility of our methodology and the
accuracy of results (R2 = 0.997) are demonstrated by a comparison between model
results and field data, indicating that the model is ready for future use once field

observations are available.

Sarmad A. Abbas et al., (2020) presented the results of the hydraulic
model proposal to calculate the Tigris River roughness coefficient (Manning's
coefficient n) along 3.5 km within the Maysan Governorate, south of Iraq. The
simulation method used in this study was HEC-RAS software. By using two sets of
observed water levels, the HEC-RAS model was adopted, calibrated, and
validated. Findings from this investigation showed that a Manning coefficient
value of 0.025 provided an appropriate agreement between water level values

observed and simulated.
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2.6 The Summary

On the hydrodynamic side, and through previous studies by some
researchers, it was found that the value of the roughness coefficient (Manning's
coefficient n) for the Hilla River (0.027) [Luay.(2013)], the Rumaitha Shatt (0.023)
and (0.04) for the channel and flood plains, respectively, [Ameera .(2015)], the
River Al-Mashkhab (0.031) [Jumana.(2018)], the Tigris River in Maysan
Governorate (0.025) [Sarmad . (2020)].

In the aspect of water quality, where the water quality ranged between good
and bad for the Euphrates River, [Shaymaa. (2012)],[ Emad. (2012)], [Rafea
(2018)].

In the present research, the Euphrates river (from Hindiya Barrage to Kufa
Barrage) were adopted as study area for calibrate the value of Mannnig's "n"
coefficient Using data for the year 2020.After that, we proceed study to process of
transporting pollutants. This study, it is considered one of the studies that used

HEC-RAS in the field of pollutant transport simulation.
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CHAPTER THREE
MATERIALS & METHODS

3.1 Introduction

This chapter is concerned with the field work of the hydrodynamic and
water quality aspects. The data were collected at different various locations along
the Euphrates River (from Al-Hindiya to Al-Kufa Barrages). It was necessary to
put a working program for performing field and laboratory measurements to collect

the data required for application, calibration, and verification of the model.

Unfortunately, such data is not available and/or not enough. Therefore, for
the purpose of calibration and verification of the water quality model applied to the
Euphrates river (from Hindiya Barrages to Kufa Barrages) Flow, all the data used
in this analysis was collected and carried out. While the data is available on the

hydrodynamic side.

3.2 Study Area

The Euphrates River is the longest river in South-western Asia. The
Euphrates River has its source in the highlands of Eastern Turkey and its mouth at
the Arabian Gulf. And it passes through Turkey, Syria and Irag on its way, and
enters Iragi lands at Al-Qaim City in Al-Anbar Province, then enters Babel
Governorate and branches of Shatt Al-Hillah, then enters the Euphrates River into
Karbala Governorate, then Najaf Governorate, Diwaniyah Governorate, then
Muthanna Governorate, then Dhi Qar Governorate, to extend to form the marshes,
and to unite with it in Iraq the Tigris River to form the Shatt al-Arab, Its waters
flow into the Arabian Gulf for 90 miles (120 km). From its source in Turkey to its
mouth in the Shatt al-Arab in Irag, the length of the Euphrates River is
approximately 2,940 km, of which 1,176 km in Turkey, 610 km in Syria and 1,160
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km in Irag, and its width varies between 200 and more than 2000 meters at the
mouth.

In this study river reach has a length of 73 km, starting from the Hindiya
Barrages and up to the Kufa Barrages. During the study period, the flow rates were
(120-100) m3/s. Tables (3-1 and 3-2), as well as Figures (3-1 and 3-2), include both
hydraulic and spatial data for the Hindiya and Kufa Barrages, respectively.

The Figure (3-3) shows the zone of the study for the Euphrates River (from
Hindiya to Kufa Barrages). (Ministry of Water Resources, MOWRB,2021).

Table (3.1): Some hydraulic information about Hindiya barrage(MOWRB)

Date of construction 1984
Completion date 1989
Location Euphrates river
No. of gates 6
Dimension of slots (6.75x16) m
Type of gates Radial
Methods of gates operation Manually and Electrically
Maximum designed discharge 250 m3/s
Maximum designed level U/S 32.55 ma.s.l.
Normal operation discharge U/S 200 m3/s
Hydroelectric power 15 MW
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Table (3.2): Some hydraulic information about Kufa barrage (MOWRK)

Details Value
Date of construction 1984
Completion date 1988
Location Euphrates river
No. of gates 7
Dimension of slots (6.30x12) m
Type of gates Radial
Methods of gates operation Manually and Electrically
Maximum designed discharge 1400 m®/s
Maximum designed level U/S 25.7ma.s.l.
Normal operation discharge U/S (50-250) m®/s
Hydroelectric power 5 MW
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Figure (3.1): Hindiya Barrages [QWRB], Iraq
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Figure (3.2): Kufa Barrages [QWRB] ,Iraq
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Figure (3.3): The Euphrates River schematization [QWRB] ,Iraq
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Iraq, since it is far from the sea, is part of the tropical zone (semi hot). The
properties that are most significant are:
1. The great difference in temperatures between day and night and between
summer and winter.
2. Low annual precipitation in winter and spring.
3. The evaporation of water is high.

The climate property in Iraq is the rise in summer temperature. The hottest
months are June, July, and August when the temperature is (40-50 C°) and the
relative humidity at 2 p.m. at that time (15-18 percent). Although December,
January and February are the coldest months of the year, where temperatures often
drop below the freezing point and the air moisture content average is around (50
percent).

The expected amount of rain for each year is witnessing a marked
variation, as the rate of rainfall for the period for Babel Governorat (2015-2020)
ranges (1058.5) mm. (MORB,2020).

3.3 Data Collection
3.3.1 Flow -Stage Data

The hydraulic side data were obtained from the General Authority for
Surveying (Baghdad), which is represented in 65 cross-sections along the
Euphrates River (from Hindiya to Kufa Barrages), the positions of which are
shown in the Tables (3-3) and (3-4).
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Table (3-3): The location of the cross-sections the Euphrates River (from Hindiya Barrage to Kufa Barrage)
[QWRD]

1 Ll 1000 15 13+450 LR

2 1400 1000
1000 16 14+450

3 2400 1000
950 17 15+450

4 24950 950
950 18 16+450

5 3+900 1000
1000 19 17+400

6 4+900 1000
850 20 18+400

7 54750 950
900 21 19+400

8 6+650 1000
1000 22 20+350

9 74650 850
1000 23 214350

10 84650 950
1000 24 224200

11 9+650 900
900 25 23+150

12 10+550 700
1000 26 24+050

13 114550 9550
1000 27 244750

14 | 124550 1000
900 28 34+300

20 | 35+300 950
800 48 53+200

30 | 36+100 950

31 37+100 HIoe = S 1000

- —
37



CHAPTER THREE MATERIAL & METHODS

1000 50 55+150

32 38+100 1000
1000 o1 56+150

33 39+100 1000
1000 52 57+150

34 40+100 850
900 53 58+000

35 41+000 950
1000 54 58+950

36 42+000 1000
1000 55 59+950

37 43+000 1000
1000 56 60+950

38 44+000 1000
800 S7 61+950

39 44+800 4000
950 58 65+950

40 45+750 1000
1000 59 66+950

41 46+750 1000
800 60 67+950

42 47+550 1000
850 61 68+950

43 48+400 1150
1000 62 70+100

44 49+400 900
1000 63 71+000

45 50+400 1000
850 64 72+000

46 51+250 1150
1000 65 73+150

47 52+250 950
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Table (3-4): Schematic representation by HEC-RAS of the Euphrates River (from Hindiya Barrage to Kufa

Barrage)

Reach River Sta. No. Reach River Sta. No.

O© 00O ~NO Ok WwN PR

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Hilla

Euphrates river

Euphrates River
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As for the daily expenses and the real water depth, they were obtained
from the Directorate of Water Resources of Babylon, which are shown in the
Figures (3-4) and (3-5).

Observed discharge(1/1-30/6/2020)
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Date

Figure (3-4): Inflow hydrograph for upstream boundary condition in station (1) (BWRB,2020)

Observed stage(1/1-30/6/2020)
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Figure (3-5): Stage hydrograph at station (65) (BWRB,2020)
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3.3.2 Water Quality Data

The purpose of river sampling is to obtain a representative and accurate
measure of the components of water quality along the river range. Because of the
complex system of the river and subject to many variations, many stations with
enough sample numbers to define the outcome are far more accurate than few

stations with only few samples.

In current work, four variables were calculated, which are Total Dissolved
Solids (TDS), Dissolved Oxygen (DO), Acid Function (pH), and Temperature].

In this study, the experimental work can be divided into two parts; field
work and laboratory work. Three station for the Euphrates river were selected these

points and their stations are shown in the Figure (3.6).
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Figure (3.6): Sampling Location
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Different field measurements were, these measurements were initiated on 1

November 2020 and were completed on 30 April 2021.

For the collection of samples from different Euphrates River locations,
using a rod made of wood with a length of 4 meters, there is a bottle with a

capacity of (1) litter at the end of it, as shown in Figure (3.7).

Figure (3.7) Sampling of collection

The table (3-5) shows the acceptable water quality limits of the river
system according to the 1967 Iraqi River Maintenance Requirements No25 (for

irrigation and drinking).
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Table (3.5): allowable limits of Iragi river maintenance for the river

samples
. Iraqgi River
S:/he_mlcal Symbol Measure_zment Water Standards
ariables Unit .
for river samples
Total Dissolved
Solids TDS mg/I 1500
Dissolved Oxygen DO mg/I More than 5
Acid Function pH / 6.5-8.5
Temperature T ce° 35C°

(*) Source: DGOHE, 1967

River and outfall water samples were obtained monthly according to
standard requirements and standard methods used to perform these tests. The
studies are carried out in the Environmental Engineering Department/Faculty of

Engineering Sanitary Laboratory.

Department of Engineering /University of Babylon. The name of the
measurement method and its comparison are shown in the following table. In

Appendix Al, the measurement methods are explained.
Table (3.6): The methods used in the analysis.

Method name or

Parameter devi Reference
evice name

PH PH meter (at location) APHA, 2005

Total Dissolved Solid Lovibond device
(TDS) HM digital (COM-100) APAy AU

: : (Al-

Dissolved Oxygen(DO) Winkler method Tufaili,2015)
Temperature (T) BB AETORTE ] APHA, 2005

(at location)
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The following Figures (3-8),(3-9),(3-10) and (3-11) show the results of the
tests for the four water quality parameters (Temp,,PH,DO,TDS), respectively.

Temp c°
30
25
20
15
10
5
0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun

Figure (3-8) The measured temperature in practice

Ph

12

10

SAVAVAVAN NV AV

1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun

Figure (3-9) The measured PH in practice
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DO(mg/1)
6
5
MAMUAEVIA,
3
2
1
0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun
Figure (3-10) The measured DO in practice
TDS(mg/I)
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1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun

Figure (3-11) The measured TDS in practice
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3.3.3 Meteorological Data

Meteorological data were obtained from the Meteorological Directorate
(Baghdad) one full scale meteorological dataset was given to model the
temperature of the water. For the required simulation duration, each meteorological
dataset contains a time series of weather variation in the study area, including
atmospheric pressure, air temperature, humidity, solar radiation, wind speed, and
cloudiness. The air temperature and the shortwave radiation were included in the
dataset based on the elevation and the latitude-longitude of the area. Was the wind
speed 64.25 m/s , the cloudiness factor is to be 0.2,atmospheric pressure 1013 mb
and humidity 49.7 mb, in the months of study, during which the simulation is

carried out.
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3.4 Methodology of The Study

Figure (3-12) shows the stages of implementing the research plan from the
beginning, through data collection and entry into the program, and the most
important results that have been reached.

Select Stations

Select Cross Sections
River Sampling

Hydrodynamic and water quality Model
(HEC-RAS)

Calibration-Validation

Hydrodynamic Water Quality
Results Results

Figure (3.12) Methodology of study
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CHAPTER FOUR

Results and Discussion

4.1 Introduction

This chapter is concentrated the procedures required to develop the HEC-
RAS hydraulic and water quality models. Essentially, the next steps are concerned
with the HEC-RAS model calibration process, which was carried out to document
inputs and assumptions used in the simulation of the Euphrates river (from Hindiya
to Kufa Barrages) using HEC-RAS to show that this model is sufficient to assess
the hydraulic characteristics of the case study in relation to different operation

scenarios as well as water quality.

4.2 HEC-RAS Model

A well-known river analysis system model HEC- RAS (V.5.0.7) was used in
this study to perform analysis in the Euphrates river (from Hindiya to Kufa
Barrages). The Hydrologic Engineering Center of the United States Army Corps of
Engineers created and designed HEC-RAS for one-dimensional hydraulic
calculations in natural and built channel systems. The HEC-RAS model allows for
the simulation of both steady and unsteady flow in a single or branched channel
structure. HEC-RAS is a software framework that is designed to be used
interactively in a multi-tasking, multi-user network environment. The system is
comprised of a graphical user interface (GUI), different hydraulic analysis
modules, data storage and management features, graphics and reporting

capabilities. Figure (4-1) depicts the main screen when the model is first started.
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HEC-RAS 5.0.7 -
File Edit Run View Options GI5Tools Help

AL e = e e A NP A o S R B B = A [N < [l Ml
Project: 2020 IC:\Jsers\DELL \Desktop HEC-RAS\0.038 - Copy\2020.pr
Plan: Plan 06 iC:\Users'\DELL \Desktop\HEC-RAS\0.032 - Copy\2020.p06

Geometry: 2020 IC:\Users\DELL \Desktop\HEC-RASY0.039 - Copy}2020.g01

Steady Flow: 2020 io:\sers\DELL \Desktop\HEC-RASY0.039 - Copy2020.f01

Unsteady Flow: 2020 IC:\Users'\DELL \Desktop\HEC-RAS\0.039 - Copy}2020,u01

Water Quality: Mew Water Quality File IC:\Users\DELL \Desktop \HEC-R.ASY0.039 - Copy}2020.w01

Descriptian : | J |51 Units

Figure 4-1: The HEC-RAS model's main screen

The HEC-RAS system includes four components for one-dimensional river

analysis:

1. Water Surface Profiles for a steady Flow: This part of the modeling method
calculates water surface profiles for a steady yet gradually varied flow. A single
river reach, a dendritic system, or a complete network of channels may all be
handled by the system. The steady flow portion can model water surface
profiles in the subcritical, supercritical, and mixed flow regimes.

2. Simulation of an Unsteady Flow: This part of the HEC-RAS modeling
framework will simulate one-dimensional unsteady flow through a complete
network of open channels. The UNET model of Dr. Robert L. Barkau was used
to build the 1-D unsteady flow equation solver (Barkau, 1992 and HEC,1997).
This 1-D unsteady flow portion was designed primarily for calculations of
subcritical flow regimes.

3. Sediment Transport/Movable Boundary Computations:This part of the
modeling method is used to simulate one-dimensional sediment transport and
movable boundary calculations caused by scour and deposition over long
periods of time (typically years, although applications to single flood events

will be possible).
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4. Water Quality Analysis: This part of the modeling framework allows the
consumer to conduct riverine water quality assessments.HEC-RAS can only
perform comprehensive temperature analysis and transport of a small number of
water quality constituents in its current version (Algae, Dissolved Oxygen,
Carbonaceuos Biological Oxygen Demand, Dissolved Ammonium Nitrate,
Dissolved Orthophosphate, Dissolved Organic Phosphorus, Dissolved Nitrite

Nitrogen, Dissolved Organic Nitrogen and Dissolved Nitrate Nitrogen).

4.3 Modeling of the study area in Euphrates river

Two files are needed to prepare an unsteady flow model using the HEC-

RAS model: the geometric data file and the unsteady flow data file.
4.3.1 Geometric Data File (GDF) of the study area

Drawing a schematic of the river system from upstream to downstream is
the first step. The extension is defined by 65 cross-sections, the positions of which
are shown in the Tables (3-2) and (3-3) on the Euphrates (from Hindiya Barrage to
Kufa Barrage).

The schematic system for the Euphrates River (from Hindiya Barrage to
Kufa Barrage) was drawn based on the plans for the Euphrates River mentioned

above as shown in the Figure (4-2).
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. Geometric Data - 2020 — O x
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Figure (4-2): Schematic diagram of the Euphrates River (from Hindiya Barrage to Kufa Barrage)
system by HEC-RAS.

The entire reach is drawn in the flow direction, from upstream to
downstream. The Euphrates River (from Hindiya Barrage to Kufa Barrage) system
schematic is then plotted, followed by the critical geometric data, which contains
the streams system's connectivity information, i.e. geometric data for each reach
and cross-sections. The geometric boundaries of the streams are defined by cross
sections data. The rivers reach and rivers location identifier (station and elevation
point), lengths of subreaches, chief channel bank station, and contraction and
expansion coefficient are all required for a cross section. The cross sections data

editors view all of the necessary information as shown in Fig. (4-3).
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== Cross Section Data - 2020 - O bt
Exit Edit Options Plot Help
River: Ihilla LI tipply Data |kﬂ|; + ‘l Plot Options [ Keep PrevXSPlots  Clear Prev | [V Plot Terrain (f availal
Reach: Ia LI River S13.:|5 LI ﬂJ 2020 Plan-
Description | J FIDw:121[IQD-
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Cross Section Coordinates LOB Channel ROB
Station Elevation | |950. IQSO. IQSU.
_1)0 32.59 2
_ 2|13 32.66 LOB Channel ROB
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4|13 28.26
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Figure (4-3): Cross section of of the Euphrates River (from Hindiya Barrage to Kufa Barrage) reach

Figures 4-4 to 4-8 display a 3-D plots of multiple cross sections in an XYZ

plot interpolated by the HEC-RAS model along entire reach.
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E X-V-Z Perspective Plot — O =
File Options
|Upstream R5: a5 - ﬂﬂﬂ '.'l il i3 N Reload Data |
j 170
Downstream RS: Il vI R ———
Azimuth Angle 30 =
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Flowe: 2020 11

Legend
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L]
Bank Sta

Figure (4-4): 3-D modeling plot of different cross areas from stations [0+00 to 73+150]
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Figure (4-5): 3-D modeling plot of different cross segments from stations [0+00 to 58+000]
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Figure (4-6): 3-D modeling plot of different cross areas from stations [0+00 to 45+750]
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Figure (4-7): 3-D modeling plot of numerous cross segments from stations [0+00 to 24+750]

T EEEEEEm—
57



CHAPTER FOUR RESULTS AND DISCUSSION
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Figure (4-8): 3-D modeling plot of different cross segments from stations [0+00 to 16+450]
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4.3.2 Boundary and Initial Conditions

To perform an unsteady flow analysis, it need steady flow data. The
boundary condition and initial conditions are described in detail in unstable flow
data. The flow in each segment at the start of the simulation, as well as the stage
hydrograph, are among the initial conditions. At all open ends of the river system
being modeled, a boundary condition must be defined. The following types of
boundary / initial conditions can be used to model the upstream end of the channel
system: inflow discharge hydrograph; stage hydrograph flow; and stage
hydrograph. According to the available data for the model, the downstream end of
the channel system can be modeled using the following types of boundary
conditions: rating curve, normal depth (Manning's equations); stage hydrograph;
flow hydrograph; stage and flow hydrograph. This data is entered into the form
through the list of unstable flow data through the window shown in Figure (4-9),

which was mentioned in the third chapter.

B HECmas 507 - W
Fiz Edt FRun VYiew Opticrs G5 Tosls Help
O] CoE 1P o = 2 L e R 1
Proger eady Flow Data.. | EUsers DL Desking HECRAS 0,078 - Copy 2020, pry [
Plan: Cruasi Unsbeady Flow (ediment dnabyss) . il
Gasafe Lnsteady Flow Data ... B Eribsers DELL \Deskctp HEC-RAS .07 - Copp 20201
Stead I Umere OELL \Desctop HEC-HAS0,0 39 - Copy 2030.F01
Sedirrant Dak . -
Liite e E e ELL D og L FLAS .07 « Cogry 0oLl
Wiate SWr Oy S [ Erisers DL Dasiop HECRAS 10078 - Copy 2020w
Pesrpten: | - ;"HI.h:;

Figure (4-9): Unsteady Flow Data "Input Menu*".
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4.4 Calibration and Validation of the Hydraulic Model

Unsteady flow simulation must be calibrated and checked, which is
possibly convenient for all models. Accurate prototype data is needed for these
processes. Two independent, statistically accurate sets of prototype data were
needed for calibration and validation.

According to French and Krenkel (1980), the first data set is used to
determine the optimum coefficient value, and the second data set is used to
demonstrate that the calibration processes determine optimal coefficient values.
Many variables in unsteady flow models can't be calculated directly or aren't
physically dependent in reality. In such models, the value of the roughness
coefficient (Manning's n) is typically the focus of attention, which cannot be
calculated explicitly and must be estimated.

In this analysis, Manning's coefficient values were assumed for each cross-
section based on field investigations or previous studies in the study area (region of
Euphrates River). Previous experiences of flow in an Iragi natural river suggest that
the Manning's coefficient value which range from 0.025 to 0.04 [cited by Hameed,
2011], Jumana(2018), and Al-Aboodi(2018) (2020). Ameera (2015) specified a
channel roughness range of 0.023 to 0.03 and a floodplain roughness range of
(0.03-0.04). According to the previous analysis, a Manning's coefficient range of
(0.038 to 0.05) for the main channel and (0.039-0.052) for the floodplain is used to
calibrate an appropriate Manning's coefficient value for the study area’s river reach.

In this study, the data is based for the time span from January 1, 2020 to Jul
30, 2020, for calibration purposes, i.e., an approximation of Manning's coefficient,
and for verification purposes, i.e., testing the model with real data to determine its

predictive accuracy.
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4.4.2 Initial Conditions

The initial conditions are represented in Figures (4-10) and (4-11), which are
presented by discharges and stages determined using the HEC-RAS model using
Default parameter flow conditions along the Euphrates River (from Hindiya
Barrage to Kufa Barrage) reach.

Initial discharge profile
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Figure (4-10): Computed Initial Discharge Profile in the Euphrates River (from Hindiya Barrage to Kufa

Barrage)
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Figure (4-11): Computed Initial Stage Profile in the Euphrates River (from Hindiya Barrage to Kufa
Barrage)
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The Manning's roughness coefficients which used is ranged between (0.038
to 0.05) for the main channel and (0.039-0.052) for the floodplain. Figures (4-12)

and (4-13) display the results predicted by the model for a given value of 6=1 and a

time phase of one day duration, compared computed and observed stage

hydrograph (measured) at section (65) .
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Figure (4-12): Computed and observed stage hydrograph at section (65) for different value of manning's
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Figure (4-13): Computed and observed stage hydrograph at section (65) for different value of manning's
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The time weighting factor 0, which is used in the finite difference
approximation when solving the unsteady flow equation, is another parameter that
must be calibrated due to its important effect on simulation stability. Practical
values of 6 tend to be in the range of (0.6 <6 < 1.0). According to the obtained
results, the value of 6=1.0 produces the most stable solution, which implies a more
robust simulation, while the value of 6=0.6 provides more precision, but appears to
cause oscillations in the solution. In HEC-RAS unstable flow models, the default
value of is equal to unity (HEC- RAS, User's Manual, 2010).

Many scholars, including (Dronkers, 1969) and Schaffranek (1981), have
noted that if © =1 yields the best computational stability, the values of are set to
unity in the current work. As Manning's coefficient is set, the following are
general patterns that emerge. Except for the particular variables being calibrated,
this trend assumes that all geometric data and variables will be kept constant
(HEC,2010):

1. Where the Manning's n value is increased in the region, the stage will increase
locally.
2. As the flood wave moves downstream, the peak discharge will decrease

(attenuate).

In addition, to validate the hydraulics model performance, statistical test
Is used to compare predictors and observations. The root mean square error
(R.M.S.E) criterion is a widely used statistical measure for evaluating the validity
of numerical predictions.

1i1=1(Qo—Qp)2

n

R.M.S.E=

(4-1)

where:
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n: the total number of data sets

I: 1s the rank of data

Qo: is the observed values (discharge or stage) by the model.
Qp: is the predicted value of (discharge or stage) by the model.

Table (4-1) compares the observed and measured hydrographs for the stage at
position No. (65) and the discharge at position No. (1). The corresponding value of
R.M.S.E is the smallest in the case of time step (t=1 day), n=0.027, and 6=1.

Table (4-2) showing the values of (R.M.S.E) for the validated result obtained
by hydraulic model for comparison with discharge and stage hydrographs at
positions No. (1) and No. (65) of Hilla reach.

Table 4-1: R.M.S.E. Values for the Calibrated Result

Station At 0 n >RMS
g[o} Stage
0.038-0.039 0.059
0.04-0.047 0.0741
1 1 1 0.045-0.047 0.0147
0.047-0.049 0.0524
0.05-0.052 0.0471
0.038-0.039
0.04-0.047
65 1 1 0.045-0.047
0.047-0.049
0.05-0.052
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Table (4-2): Values of R.M.S.E for the Verified Results between Observed and Computed Hydrographs

For stage hydrograph
at Sta. (1)

YR MS.

1Jul-31Des 2020 0.056

4.5 Water Quality Model

River water quality is affected a variety of natural and human pollutants.
Geological, hydrological, and climatic pollution are the three types of natural
pollution that are most prevalent. Water contamination occurs when a body of
water is adversely impacted by the incorporation of harmful materials. It may come
from a variety of sources. Computer simulation is one of the most effective
methods for studying hydrodynamics and monitoring water quality. It is a strong
and necessary tool for monitoring and making decisions about water quality
parameters. To assess river water quality, we can compile and analyze
hydrodynamic and water quality parameter data for a specific length of river.

Based on hydrodynamic simulation and unsteady flow, we conduct a
water quality model of the Euphrates river from (Hindiya Barrage to Kufa Barrage)
to evaluate the degree of pollution loading in the river and to provide various

engineering solutions to prevent further degradation of the river water.

4.5.1 Model Description

The HEC-RAS water quality model solves one-dimensional advection
dispersion equations with explicit numerical methods. For modeling the quality of
river water, the model has three parameters: water quality data entry, water quality

analysis menu, and finally output tools. The water quality data entry program
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successfully enters all of the quality parameters in a time series format. The water
quality data entry program successfully enters all of the quality parameters in a
time series format Figure (4-14) shows the list of water quality data entry.

The water quality analysis menu then simulates and forecasts changes in
water quality parameters over time and space, and the output tools present the
simulated results to the user in the form of time series or spatial plots (HEC-RAS
manual 2015).

Water samples will be collected at the following three sites. Water quality
parameter tests on collected water samples were used to generate data for the water
quality simulation. The pH, Dissolved Oxygen (DO), Total dissolved solids (TDS)

and Temperature.

B HEC-RAS 507 - k4
File Edft Run View Opbees G5 Tech Hedp
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Par: Ohuasa Unstesdy Flow (Sedmment Anabysis) . I IE: . Talegram Deskion0.0375- Copy - Copy - Copy - Copy - Copy D000 203
Carzars Ureteady Flow Data | [C:\, .. Tebegram Desiing'0.0375= Copy » Copry = Copey « Capy = Copy' 20200001
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Figure (4.14): Water Quality Data ""Input Menu™".

4.5.2 Initial and the Boundary Conditions
pH, dissolved oxygen (DO), total dissolved solids (TDS), and temperature
measurements were taken. The points of section 1 and section 65 were used as a

boundary condition for the model in this analysis as shown in Figure (4-15). The
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initial conditions were taken along Euphrates river from from (Hindiya Barrage to

Kufa Barrage).

Boundary Condition Locations

Legend

Wi Cells

BC Locations

Figure (4.15). TDS, PH, T, DO boundary conditions

4.6 Model Simulation

The HEC-RAS model was used to compute the variations of river water
quality parameters using the desired inputs for the current river system. The
analysis is being carried out during the defined simulation period. The simulation
results were given with a 1-hour output time interval so that the differences in the
water quality parameters could be seen every 1 hour. The simulation's outcomes
included a longitudinal and time series variance plot of the water quality
parameters. Figures (4-16, 4-17, 4-18 and 4-19) Temp, pH, DO and TDS.
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Figure (4.16) Compassion between simulated and observed Temp (C°)
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Figure (4.17) Compassion between simulated and observed PH (mg/I)

68



CHAPTER FOUR

RESULTS AND DISCUSSION

DO(mg/l)

1-Jan

1-Feb

e e» @ DO.Obev

1-Mar

1-Apr
Date

Do.Comp

1-May

1-Jun

Figure (4.18) Compassion between simulated and observed DO (mg/l)
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Figure (4.19) Compassion between simulated and observed TDS (mg/l)
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4.7 Discussion of Water Quality Model.

Based on the results of model simulations for water quality parameters
along the river stretch at various points in time. The following conclusions can be

taken in order to determine the river's water quality:

% Temperature: Figure (4-20) depicts longitudinal temperature
variations along the length of the river, with the highest temperature
recorded on 25/6/2020 at 13:30 noon.

s DO: Figures (4 -21a,b) represents the longitudinal differences DO

>

respectively along the length of the river, as it was observed that the
lowest value of DO was on 3/1/2020 at 15:15 at night, while the
highest value of DO was on 5/6/ 2020 at 18:45 pm .

% PH: Figures (5-22a,b) depict longitudinal pH differences along the
river's length. It was discovered that

% TDS: Figures (5-23a,b) shows the longitudinal differences TDS
respectively along the length of the river, as it was observed that the
lowest value reached by the total dissolved solids was on13/1/2020
at 1:30 at night, while the highest value was on 25/5/2020 at 9:00

pm.

The key cause of changes in water quality parameters is a combination of
factors, including temperature differences between summer and winter, night and
day , unusual phytoplankton formation, and sewage discharge into the riverbed. As
a result, these factors contribute to the depletion of significant quantities of
dissolved oxygen in the water, the death of fish, the degradation of the river's
aesthetics, the development of many lung diseases, hus having a significant hand in
the degradation of the river water quality.
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Figures (4-24, 4-25 4-26 and 4-27) shows Schematic for Water Quality

Parameters.
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Figure (4.24): Schematic for Parameter Temperature
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Figure (4.27): Schematic for Parameter TDS
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CHAPTER FIVE
CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

After analyzing the data provided by the HEC-RAS Model and laboratory

work, the following conclusions were reached.

1. Weighting factor 6 values that provide reliable and accurate solutions tend to be
in the 6 < 0.95 range. When a weighting factor of 6 =1 is used, accurate results
are obtained.

2. Manning's coefficients (0.045) and (0.047) are suitable for the main channel and
floodplain, respectively, since they provide fair agreement between computed
and observed hydrographs.

3. The findings of the field data revealed that:

a. The temperature of water for sources does not exceed the permitted Iraqi
specifications of the temperature factor of (35 C°). With the highest
temperature recorded on 25/6/2020 at 13:30 noon. While the lowest
temperature was recorded on 16/1/2020 at 12:30 morning.

b. The acidity function pH throughout the research time and the study scope,
remained within acceptable limits (6.5-8.5). The lowest pH value was on
7/1/2020 at 16:30 in the morning, while the highest value was on 29/5/ 2020
at 1:45 pm.

c. The concentration of dissolved oxygen (DO) in most of the stations was less
than 5 mg/l, indicating that the water river is unhealthy. The lowest value of
DO was on 3/1/2020 at 15:15 at night, while the highest value of DO was on
5/6/ 2020 at 18:45 pm .
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d. Total Dissolved Solid (TDS) is not exceeds the allowable limits in all stations.
as it was observed that the lowest value reached by the total dissolved solids
was on13/1/2020 at 1:30 at night, while the highest value was on 25/5/2020
at 9:00 pm.
4. A model verification revealed that the calculated and predicted values were in

full agreement.

5.2 Recommendations

1. Using a Two-dimensional model in the HEC-RAS software, run simulations for
various parameters.

2. Measuring more parameter for water quality such as Tss , Calicum ,Potassium
and Heavy metals.

3. Further studies concerning lateral outflows, seepage, and losses from the
Euphrates river and its main branches should be recommended for the study
region, which is primarily dependent on agriculture, in order to meet current and
potential irrigation requirements and other requirements.

4. Using a finite element computational technigue to solve the governing equations
in two dimensions of flood wave diffusion (coupled flow and contaminant

transport modeling).
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APPENDIX- A
LABORATORY TESTS
A-1 Laboratory Test.

A-1-1 Temperature.

The temperature was measured directly from the source of the sample.
Figure (A-1-1) shows how this was done.

Figure (A-1.1): Temperature measurement
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A-1-2 Acidity Function pH

The measurements were taken at the collection site. In order to
calculate pH, you must first calibrate the instrument, then place the electrode

in a well-mixed sample and read the pH directly from the pH meter, as shown
in figure (A-1-2)

Figure (A-1.2): The pH meter

A-1-3 Dissolved Oxygen (DO)

The physical, chemical, and natural forms in a water body influence

dissolved down oxygen (DO) levels in natural and wastewaters. The
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dissolved oxygen (DO) is a measure of the quality of water. Increased
dissolved oxygen levels are beneficial to marine organisms for a variety of
reasons. The DO is also essential in the precipitation of organic substances in

water and their dissolution.

The Winkler strategy was utilized to assess the concentration of the
dissolved down oxygen in water in this study about. Samples are collected in
a 300 mL container, with special attention paid to the absence of air bubbles.
Two milliliters of manganese sulphate, base iodide are added to the sample
and shaken several times before left for 10 minutes to precipitate. Add two
milliliters of concentrated sulfuric acid and shake the container, oxygen is
installed (this process is done in the collection site). Titrate 203 mL of the
sample against sodium thiosulfate using starch as an indicator before the
solution color changes from blue to colorless to complete the measurement (
Al-Tufaili,2015).

The (DO)mg/L = the volume of sodium thiosulfate. The steps of this
method shown in Figure(A-1-3) and(A-1-4).
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Figure (A-1.4): Do measurement
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A-1.4: Total dissolved solid. (TDS)

Total dissolved solids were tried with a two-in-one (TDS) squander water
quality analyzer, the show HM computerized (COM-100).Measuring TDS
entails calibrating the instrument by inserting an electrode in a well-mixed
solution and then reading the TDS directly, as seen in Figueroa's diagram (A-
1-5).

Figure (A-1.5): Total Dissolved Solid Meter
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APPENDIX- B

Table (B-1) Computed and observed stage hydrographs in section (65) for different value of

manning
1/1/2020 30 29.88 2992 3002 3006 3012
1/2/2020 30.03 29.91 29.95 30.05 30.09 30.15
1/3/2020 30.11 29.98 30.02 30.13 30.17 30.23
1/4/2020 30.19 30.06 30.1 30.21 30.25 30.32
1/5/2020 30.25 30.11 30.15 30.27 30.31 30.38
1/6/2020 30.29 30.14 30.19 30.31 30.36 30.43
1/7/2020 30.32 30.17 30.22 30.34 30.39 30.46
1/8/2020 30.32 30.17 30.23 30.35 30.4 30.47
1/9/2020 30.32 30.16 30.22 30.35 30.4 30.47
1/10/2020 30.31 30.16 30.21 30.34 30.4 30.47
1/11/2020 30.31 30.15 30.21 30.34 30.4 30.47
1/12/2020 30.31 30.15 30.21 30.34 30.39 30.47
1/13/2020 30.31 30.15 30.21 30.34 30.39 30.47
1/14/2020 30.31 30.15 30.21 30.34 30.39 30.47
1/15/2020 30.3 30.14 30.2 30.33 30.38 30.46
1/16/2020 30.29 30.13 30.19 30.32 30.37 30.45
1/17/2020 30.28 30.12 30.18 30.31 30.37 30.44
1/18/2020 30.27 30.12 30.17 30.31 30.36 30.44
1/19/2020 30.27 30.11 30.17 30.3 30.36 30.43
1/20/2020 30.24 30.09 30.15 30.28 30.33 30.41
1/21/2020 30.24 30.07 30.12 30.26 30.31 30.39
1/22/2020 30.21 30.06 30.11 30.24 30.3 30.37
1/23/2020 30.19 30.04 30.09 30.23 30.28 30.35
1/24/2020 30.17 30.02 30.07 30.2 30.25 30.33

1/25/2020 30.16 30.01 30.06 30.19 30.24 30.31
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1/26/2020 30.15 30 30.05 30.18 30.23 30.3
1/27/2020 30.14 30 30.05 30.17 30.22 30.29
1/28/2020 30.15 30 30.05 30.17 30.22 30.29
1/29/2020 30.16 30.01 30.06 30.19 30.24 30.31
1/30/2020 30.18 30.03 30.08 30.2 30.25 30.32
1/31/2020 30.18 30.03 30.08 30.21 30.26 30.33
2/1/2020 30.18 30.03 30.08 30.21 30.26 30.33
2/2/2020 30.18 30.03 30.08 30.2 30.25 30.32
2/3/2020 30.18 30.03 30.08 30.2 30.25 30.32
2/4/2020 30.199 30.04 30.09 30.22 30.27 30.34
2/5/2020 30.2 30.05 30.1 30.23 30.28 30.35
2/6/2020 30.2 30.05 30.1 30.23 30.28 30.35
2/7/2020 30.21 30.06 30.11 30.23 30.28 30.36
2/8/2020 30.21 30.06 30.11 30.24 30.29 30.36
2/9/2020 30.21 30.06 30.11 30.24 30.29 30.36
2/10/2020 30.21 30.06 30.11 30.24 30.29 30.36
2/11/2020 30.2 30.05 30.1 30.23 30.28 30.35
2/12/2020 30.2 30.04 30.1 30.22 30.27 30.35
2/13/2020 30.19 30.04 30.09 30.22 30.27 30.34
2/14/2020 30.19 30.04 30.09 30.22 30.27 30.34
2/15/2020 30.2 30.05 30.1 30.22 30.27 30.35
2/16/2020 30.21 30.06 30.11 30.24 30.29 30.36
2/17/2020 30.22 30.07 30.12 30.25 30.3 30.38
2/18/2020 30.24 30.08 30.13 30.26 30.31 30.39
2/19/2020 30.24 30.09 30.14 30.27 30.32 30.39
2/20/2020 30.26 30.11 30.16 30.29 30.34 30.42
2/21/2020 30.29 30.13 30.19 30.32 30.37 30.44
2/22/2020 30.3 30.15 30.2 30.33 30.39 30.46
2/23/2020 30.3 30.14 30.2 30.33 30.38 30.46
2/24/2020 30.29 30.13 30.19 30.32 30.37 30.45
2/25/2020 30.27 30.11 30.17 30.3 30.35 30.43
2/26/2020 30.28 30.1 30.15 30.29 30.34 30.42

2/27/2020 30.28 30.1 30.16 30.29 30.34 30.42



APPENDIXS

2/28/2020 30.28 30.1 30.16 30.29 30.34 30.42
2/29/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/1/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/2/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/3/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/4/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/5/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/6/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/7/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/8/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/9/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/10/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/11/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/12/2020 30.28 30.1 30.16 30.29 30.34 30.42
3/13/2020 30.27 30.12 30.17 30.31 30.36 30.44
3/14/2020 30.29 30.14 30.19 30.33 30.38 30.46
3/15/2020 30.29 30.15 30.21 30.34 30.39 30.47
3/16/2020 30.33 30.18 30.23 30.37 30.42 30.5
3/17/2020 30.36 30.2 30.26 30.4 30.45 30.53
3/18/2020 30.38 30.22 30.28 30.42 30.47 30.55
3/19/2020 30.39 30.24 30.29 30.43 30.49 30.57
3/20/2020 30.4 30.24 30.3 30.44 30.5 30.58
3/21/2020 30.41 30.25 30.31 30.45 30.51 30.59
3/22/2020 30.42 30.26 30.32 30.46 30.51 30.59
3/23/2020 30.42 30.26 30.32 30.46 30.52 30.6
3/24/2020 30.42 30.26 30.32 30.46 30.52 30.6
3/25/2020 30.43 30.26 30.32 30.47 30.52 30.6
3/26/2020 30.42 30.26 30.32 30.46 30.52 30.6
3/27/2020 30.41 30.25 30.31 30.45 30.51 30.59
3/28/2020 30.41 30.25 30.31 30.45 30.51 30.59
3/29/2020 30.4 30.23 30.29 30.44 30.49 30.57
3/30/2020 30.38 30.21 30.27 30.42 30.47 30.55

3/31/2020 30.37 30.21 30.27 30.41 30.46 30.54
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4/1/2020 30.37 30.21 30.27 30.41 30.46 30.54
4/2/2020 30.43 30.22 30.28 30.42 30.48 30.56
4/3/2020 30.43 30.23 30.29 30.43 30.49 30.57
4/4/2020 30.41 30.24 30.3 30.44 30.5 30.58
4/5/2020 30.41 30.25 30.31 30.45 30.51 30.59
4/6/2020 30.45 30.26 30.31 30.46 30.51 30.6
4/7/2020 30.45 30.26 30.32 30.46 30.52 30.6
4/8/2020 30.45 30.26 30.32 30.46 30.52 30.6
4/9/2020 30.45 30.26 30.32 30.47 30.52 30.6
4/10/2020 30.43 30.26 30.32 30.47 30.52 30.61
4/11/2020 30.41 30.24 30.3 30.45 30.5 30.58
4/12/2020 30.4 30.21 30.27 30.42 30.47 30.55
4/13/2020 30.36 30.19 30.25 30.4 30.45 30.53
4/14/2020 30.34 30.18 30.24 30.38 30.44 30.52
4/15/2020 30.32 30.16 30.22 30.36 30.42 30.5
4/16/2020 30.3 30.14 30.2 30.34 30.4 30.48
4/17/2020 30.3 30.14 30.2 30.34 30.39 30.47
4/18/2020 30.3 30.14 30.2 30.34 30.39 30.47
4/19/2020 30.3 30.14 30.2 30.34 30.39 30.47
4/20/2020 30.3 30.14 30.2 30.34 30.39 30.47
4/21/2020 30.29 30.13 30.19 30.32 30.38 30.45
4/22/2020 30.27 30.11 30.17 30.3 30.36 30.43
4/23/2020 30.27 30.1 30.15 30.29 30.34 30.42
4/24/2020 30.27 30.09 30.14 30.28 30.33 30.41
4/25/2020 30.27 30.08 30.14 30.27 30.32 30.4
4/26/2020 30.22 30.07 30.12 30.26 30.31 30.38
4/27/2020 30.21 30.05 30.11 30.24 30.29 30.37
4/28/2020 30.2 30.05 30.1 30.23 30.28 30.36
4/29/2020 30.2 30.04 30.09 30.22 30.27 30.35
4/30/2020 30.19 30.03 30.09 30.22 30.27 30.34
5/1/2020 30.18 30.03 30.08 30.21 30.26 30.34
5/2/2020 30.18 30.03 30.08 30.21 30.26 30.33

5/3/2020 30.15 30 30.05 30.18 30.23 30.3
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5/4/2020 30.11 29.96 30.01 30.13 30.18 30.25
5/5/2020 30.1 29.93 29.98 30.1 30.15 30.22
5/6/2020 30.1 29.91 29.96 30.08 30.12 30.2
5/7/2020 30.04 29.9 29.94 30.06 30.11 30.18
5/8/2020 30.03 29.89 29.93 30.05 30.09 30.16
5/9/2020 30.02 29.88 29.93 30.04 30.08 30.15
5/10/2020 30.01 29.88 29.92 30.03 30.07 30.14
5/11/2020 30.01 29.87 29.92 30.02 30.07 30.13
5/12/2020 30 29.87 29.91 30.02 30.06 30.13
5/13/2020 30 29.87 29.91 30.02 30.06 30.13
5/14/2020 30 29.87 29.91 30.01 30.06 30.12
5/15/2020 30 29.87 29.91 30.01 30.06 30.12
5/16/2020 30 29.87 29.91 30.01 30.05 30.12
5/17/2020 30 29.87 29.91 30.01 30.05 30.12
5/18/2020 30 29.87 29.91 30.01 30.05 30.12
5/19/2020 30 29.88 29.92 30.02 30.06 30.12
5/20/2020 30.02 29.89 29.93 30.04 30.08 30.14
5/21/2020 30.05 29.92 29.97 30.07 30.11 30.17
5/22/2020 30.08 29.95 29.99 30.1 30.14 30.21
5/23/2020 30.1 29.97 30.01 30.12 30.16 30.23
5/24/2020 30.12 29.98 30.03 30.14 30.18 30.25
5/25/2020 30.14 30 30.04 30.15 30.2 30.27
5/26/2020 30.14 30 30.04 30.16 30.2 30.27
5/27/2020 30.13 29.99 30.03 30.15 30.2 30.26
5/28/2020 30.12 29.98 30.03 30.14 30.19 30.26
5/29/2020 30.13 29.99 30.04 30.15 30.2 30.27
5/30/2020 30.14 30 30.05 30.17 30.21 30.28
5/31/2020 30.15 30.01 30.06 30.17 30.22 30.29
6/1/2020 30.16 30.01 30.06 30.18 30.23 30.3
6/2/2020 30.16 30.01 30.06 30.18 30.23 30.3
6/3/2020 30.17 30.01 30.06 30.18 30.23 30.3
6/4/2020 30.17 30.01 30.06 30.18 30.23 30.3

6/5/2020 30.17 30.01 30.06 30.18 30.23 30.3
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6/6/2020 30.17 30.01 30.06 30.18 30.23 30.3
6/7/2020 30.16 30.01 30.06 30.19 30.24 30.31
6/8/2020 30.16 30.02 30.07 30.19 30.24 30.31
6/9/2020 30.17 30.02 30.07 30.19 30.24 30.31
6/10/2020 30.17 30.02 30.07 30.19 30.24 30.31
6/11/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/12/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/13/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/14/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/15/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/16/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/17/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/18/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/19/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/20/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/21/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/22/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/23/2020 30.19 30.02 30.07 30.2 30.25 30.32
6/24/2020 30.2 30.02 30.07 30.2 30.25 30.32
6/25/2020 30.2 30.02 30.07 30.2 30.25 30.32
6/26/2020 30.2 30.02 30.07 30.2 30.25 30.32
6/27/2020 30.2 30.02 30.07 30.2 30.25 30.32
6/28/2020 30.2 30.02 30.07 30.2 30.25 30.32
6/29/2020 30.2 30.02 30.07 30.2 30.25 30.32

6/30/2020 30.2 30.02 30.07 30.2 30.25 30.32
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Table (B-2) Simulation of Temp (C°)

0 19.96 1000 17.57
1150 19.96 1000 17.5
1000 19.89 800.0001 17.44

900.0001 19.82 1000 17.38
1150 19.75 9550 17.02
1000 19.68 700 16.67
1000 19.61 900.0001 16.61
1000 19.54 950.0001 16.55
4000 19.37 850.0001 16.49
1000 19.2 1000 16.43
1000 19.13 950.0001 16.36
1000 19.06 1000 16.29

950.0001 19 1000 16.22

850.0001 18.94 950.0001 16.16
1000 18.87 1000 16.09
1000 18.8 1000 16.02
1000 18.74 1000 15.95

950.0001 18.67 900.0001 15.89

950.0001 18.6 1000 15.82
1000 18.54 1000 15.76

850.0001 18.47 900.0001 15.69
1000 18.41 1000 15.63
1000 18.34 1000 15.56

850.0001 18.28 1000 15.49

800.0001 18.22 900.0001 15.42
1000 18.16 850.0001 15.36

950.0001 18.09 1000 15.3

800.0001 18.03 950.0001 15.23
1000 17.97 950.0001 15.17
1000 17.9 1000 15.1
1000 17.84 1000 15.03

900.0001 17.77 0 15.03
1000 17.71 / /

1000 17.64 / /
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0
1150
1000

900.0001
1150
1000
1000
1000
4000
1000
1000
1000

950.0001

850.0001
1000
1000
1000

950.0001

950.0001
1000

850.0001
1000
1000

850.0001

800.0001
1000

950.0001

800.0001
1000
1000
1000

900.0001
1000

Table (B-3) Simulated of PH (mg/l)

7.876
7.876
7.887
7.896
7.907
7.918
7.928
7.938
7.963
7.988
7.998
8.009
8.018
8.028
8.037
8.047
8.057
8.067
8.077
8.086
8.096
8.105
8.115
8.125
8.133
8.142
8.152
8.161
8.17
8.18
8.19
8.2
8.209

1000
1000
1000
800.0001
1000
9550
700
900.0001
950.0001
850.0001
1000
950.0001
1000
1000
950.0001
1000
1000
1000
900.0001
1000
1000
900.0001
1000
1000
1000
900.0001
850.0001
1000
950.0001
950.0001
1000
1000
0

8.22
8.23
8.24
8.249
8.258
8.311
8.363
8.371
8.381
8.39
8.399
8.409
8.419
8.429
8.439
8.449
8.459
8.469
8.478
8.488
8.498
8.508
8.517
8.528
8.538
8.547
8.556
8.565
8.575
8.585
8.595
8.605
8.605
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Table (B-4) simulated of DO (mg/l)

0 3.547 1000 3.973
1150 3.547 1000 3.985
1000 3.56 800.0001 3.996

900.0001 3.572 1000 4.007
1150 3.584 9550 4.071
1000 3.597 700 4.133
1000 3.609 900.0001 4.143
1000 3.622 950.0001 4.154
4000 3.652 850.0001 4.165
1000 3.682 1000 4.176
1000 3.695 950.0001 4.188
1000 3.707 1000 4.2

950.0001 3.719 1000 4.212

850.0001 3.729 950.0001 4.224
1000 3.741 1000 4.236
1000 3.753 1000 4.248
1000 3.765 1000 4.26

950.0001 3.777 900.0001 4.272

950.0001 3.789 1000 4.283
1000 3.8 1000 4.296

850.0001 3.812 900.0001 4.307
1000 3.823 1000 4.319
1000 3.835 1000 4.331

850.0001 3.846 1000 4.343

800.0001 3.856 900.0001 4.355
1000 3.867 850.0001 4.365

950.0001 3.879 1000 4.376

800.0001 3.89 950.0001 4.388
1000 3.901 950.0001 4.4
1000 3.913 1000 4.412
1000 3.925 1000 4.424

900.0001 3.937 0 4.424
1000 3.948 / /

1000 3.96 / /
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Table (B-5) Simulated of TDS (mg/l)

[ e e

0 989.3 1000 1006
1150 989.3 1000 1006
1000 989.8 800.0001 1006

900.0001 990.2 1000 1007
1150 990.7 9550 1009
1000 991.2 700 1012
1000 991.6 900.0001 1012
1000 992.1 950.0001 1012
4000 993.3 850.0001 1013
1000 994.4 1000 1013
1000 994.9 950.0001 1014
1000 995.4 1000 1014

950.0001 995.8 1000 1015

850.0001 996.2 950.0001 1015
1000 996.7 1000 1016
1000 997.1 1000 1016
1000 997.6 1000 1017

950.0001 998.1 900.0001 1017

950.0001 998.5 1000 1017
1000 998.9 1000 1018

850.0001 999.4 900.0001 1018
1000 999.8 1000 1019
1000 1000 1000 1019

850.0001 1001 1000 1020

800.0001 1001 900.0001 1020
1000 1002 850.0001 1021

950.0001 1002 1000 1021

800.0001 1002 950.0001 1021
1000 1003 950.0001 1022
1000 1003 1000 1022
1000 1004 1000 1023

900.0001 1004 0 1023
1000 1005 / /

1000 1005 / /
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