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ABSTRACT

Numerical Modelling is one of the most information-dependent researches compared to other
sectors. Computers have been used to improve the efficiency of management in most of the
engineering projects including the disaster recovery processes. Treating information
efficiently is the key to maintain a high degree of the security for all of the engineering

projects.

This research presents the numerical analysis of different simulation cases related to different
types of modelling tests using two of the leading softwares in the river modelling field which
are the ISIS and the HEC-RAS, these cases present two of the dam failure tests, the
simulation of the river flood, the dry bed river and the sinusoidal oscillation case. This
research gives also fully understanding steps for the two softwares from the starting up of the
programs and finishing with the results and the discussions. The research also highlights a
comparison of the results of this research and other results from previous researches then it
highlights a comparison between the ISIS and the HEC-RAS in order to decide which one is

more efficient, faster and more reliable than the other.

From the simulation analysis done in this research it presents some more advantages in the
HEC-RAS which they are not exist in the ISIS however the ISIS can be more efficient and
gives more reliable results if a different type of simulation cases were applied or different
size of data has been inserted into the programs so for these reasons this research suggests
more investigations to be done in the future studies before carrying on the simulation
processes with different types of cases and large amounts of data in order to decide which

software is more efficient than the other.

Keywords: ISIS; HEC-RAS; Steady State Analysis; Unsteady State Analysis; Upstream
Boundary Condition; Downstream Boundary Condition; Flow Hydrograph; Stage

Hydrograph.
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Chapter 1: Introduction

1.1 General Introduction

The rapid development of computer and communication technologies provides the potential
for inducing big changes in the use of data, information and knowledge in the civil
engineering projects industry. In particular, engineering software technologies and the
Internet make it increasingly possible to provide a good management for the engineering
projects in the field. Some firms have begun to adopt the new technologies believing that it
would improve the productivity and the safety of their projects. The main topic which is
being discussed here in this research is based on the software technologies ISIS and HEC-
RAS in the fluid dynamics field which used in so many companies throughout discussing the
dam failure cases, river flooding issues and simulating the rivers reactions in the flood cases

in order to maintain high level of the security in the engineering projects.

1.2 Research problem

Although there have been some researches into dam break analysis using ISIS and HEC-
RAS, no work has been done on a significant scale to investigate the ISIS and the HEC-RAS
applications in so many different cases of the dam failures and the river flood simulations.
Some research discussed specific cases of previous dam failures and made comparisons
between the analysis of the dam failures which come from the ISIS or HEC-RAS and the
other methods of analysis but no one made a simulation analysis for the two softwares on a
large scale and applied so many cases of the dam break analysis and the river simulation
analysis into the ISIS and the HEC-RAS at the same time. Greater attention needs to be paid
to the interaction of the ISIS or the HEC-RAS application with other numerical or physical
modelling methods in order to watch the difference, the advantages and disadvantages of the
ISIS and the HEC-RAS applications.

1.3 Research aims

The first aim of this research is to understand the usage of the HEC-RAS and the ISIS
applications in the numerical simulation of the flow analysis and show how much can these
softwares help in the simulation process of the dam failures and the flood in the rectangular
channels, the other main aim of this research is to know which is the best software between

the ISIS and the HEC-RAS, which one is faster, friendlier and gives most reliable results.
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1.4 Research layout
The research project consists of five chapters. Figure 1.1 shows the relationship between the
chapters. The first chapter gives a general introduction and a sample of the layout of the

research. The other chapters will be divided as the following:
Chapter two is the literature review that covers the following areas:

1. River floods events and factors causing floods.
e River flooding factors.
e Maximum floods records around the world.
e Sample of the flood hazard assessment (United Kingdom)
2. Dam failure background which includes the following points:
e Definitions and concepts of the dams.
e Historical background of the dam failure.
e Factors which causing the dam failure.
¢ Risk study assessment methodologies to reduce the dam failure likelihood.
Benefits of the numerical modeling.
4. Selection of the software and its user guide which include the following points:
e Starting ISIS and basic concepts.

e Starting HEC-RAS and basic concepts.

Chapter three explains the methodology which covers the following areas:
e Dam failure simulation cases selection.
e Other simulation cases selection.
e The methodology of the analysis of the simulation cases.

e Reliability check of the results of the analysis.

Chapter four which is the biggest chapter in this research illustrates the procedure of different
five simulation cases and the findings of the simulation analysis of each case using both the
ISIS and the HEC-RAS and then conducting comparisons between the two softwares in order
to tell which is the best. Chapter five is the last chapter; it includes the conclusions and

recommendations of the researcher.
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Chapter 2: Literature Review

2.1River flood events and factors causing floods

In the last few decades so many researches and case studies have been done in different
countries across the world in order to understand the potential danger of a sudden river flood
and try to minimize the likelihood of river floods throughout doing flood risk assessment,
trying to treat the factors of flooding and study the previous river flooding records. In this
part a brief discussion has been done on the factors causing river flood, the historical records
of famous flood records around the world and an example of how the flood hazard is being

assessed in one of the main developed countries in the world which is the United Kingdom.

2.1.1 River flooding factors

Floods are considered as a part of the hydrological cycle and it happens due to heavy rains
which may happen at any time during the year and it is not related to winter only. When huge
amounts of rain fall over short period of time which called flash floods and happen in small
or steep areas, one of the characteristics of the flash floods is the short duration which makes
it very dangerous because it has a little warning than any other type of floods so that it causes
the most hazard damage to the environment and the lives of people. When the heavy rains are
companied with heavy storms then the worst flood damage will take a place which called
with the tidal or the spring floods which is happening on very short period of time as well and
contains large height of the waves of water and it considered to be as danger as the flash
floods, other types of floods as the plain floods which happen in the large rivers and take
longer duration of time than the flash floods so it is considered to be less danger than the first

two types (Samuels, 2003).
Other reasons which cause the river flooding as listed in (Loh, 2011) are listed below:

1. Inadequate drainage system or failure of the drainage improvements.
2. Inadequate river capacity or tidal backwater effect.
3. The construction of bridges and culverts blocks the Reach Rivers and decrease the

capacity of the rivers.



2.1.2 Maximum floods records around the world

When the maximum floods take a place the most dangerous disasters will happen so for that
reason so many researchers have studied the maximum floods records around the world, as
141 rivers were selected around the world with maximum floods carry a flow of water equals
or greater than 10,000 m3/s it has been found that China had the most dangerous floods
percentage around the world with 32.14% which means 45 rivers between the 141 rivers had
the maximum floods in the world and the maximum floods in Asia which had the highest
percentage of the maximum floods through the all continents with 54.61%. The second
highest country in the world is the USA with 12.86% which means that 18 rivers between the
141 had the maximum floods in the world. Around 80% of the maximum floods around the
world relate usually to the solar activity and it is related especially to the relative solar
number R where it has been found that the maximum floods occur when the value of R is
around 24.73 or around 110.2 (Yongquan, 1993)

2.1.3 Sample of the flood hazard assessment (United Kingdom)

The effective flood management must be covered by an operational process which identify
the locations which are exposed to different types and different degrees of flooding, the
hazard mapping is an effective way which can manage the flood hazard through developing
the long term strategies of the flood management which is the current used method as a flood
hazard assessment in the UK which is responsible for identifying the areas where flood
problems can take a place (Brown and Damery, 2002). Flood hazard assessment in the UK is
a changeable matter because it is related to the developments of the agriculture and the
relationship between the agriculture future and the flood hazard management in the UK is
more than any other country, one more thing affects on the hazard management which is the

changing of the governmental policies (Penning-Rowsell and Handmer, 1988).



2.2Dam failure background

2.2.1 Definitions and meanings

The dam is that structure which blocks or changes the direction of water through a river or
any other stream flow, the main purpose of the dam is to collect and store the water in an area
so that the water can be used in many different purposes like irrigation, house usage or
energy generation. There are different types of dams according to their shape, height and the
material which used in the construction of the dam. According to the shape of the dams the
dams are divided into three types: small, large and major dams (Nuera, 2005). The ICOLD
defined the large dams as those dams having a height of 15 meters from the foundation or the
height is between 5 and 15 meters but the reservoir capacity is more than 3 million cubic
meters (Coface, 2003). The other two types of dams according to their shape defined by The
Asian development bank which defined the major dams as those dams having height more

than 150 meters and the small dams which having a height less than 3 meters.

(NRCS, 2003) mentioned that the dams are built in order to maintain two different major
purposes; the first one is to encounter the water and make flood management for the river
stream or any other water stream. The other type of dams is the diversion dam which is a
structure built in order to divert all or part of the river or water stream then that water stream
can be controlled effectively and used for different purposes, these purposes mentioned in
(Nuera, 2005) as the following:

1. Saddle dam: the saddle dam is built at the edge of the water stream in order to protect
the land next to that water stream from flood risk.

2. Dry dam: the dry dam is very important in the heavy rainy areas so the flow of the
river or the water stream is very big.

3. Overflow dam: the overflow dam is used to increase the level of water inside the river
then different sizes of weirs can be used at different levels in order to generate
electricity.

4. Check dam: the check dam is that type of dams used to ensure that the soil erosion not

take place and try to reduce the velocity of water flow in the river.

According to the material used to build the dams, the dams have been divided into two major
types, the first one is the embankment dam and the other one is the masonry dam. The

embankment dam is built out of fill materials, those materials are less dense than concrete so



it is expected that the embankment dam will need more material of loose rock or earth or a

combination.

The embankment dam has been divided into three different types of dams regarding the fill

material used in the construction of the dam as the following:

1. Rock-fill embankment: filled with loose rocks covered with a crest of concrete to
prevent the water seepage inside the fill, that crest can be made from any other
material prevent the passage of the water inside the fill.

2. Earth-fill embankment: made from well-compacted soil layers (more than 50% of the
fill material consists of soil) covered with waterproof layer as the rock-fill
embankment, sometimes a clay layer inserted inside the fill or outside the fill on the
upstream face.

3. Zoned embankment: used in modern dams which the core is made from water
resistant material and then covered with rock or soil in order to prevent the water to
go through the dam material. So that different degrees of permeability will be exist in

these types of dams.

On the other hand the masonry dam consists of stone, brick or concrete joined together with
mortar which is a mixture of sand, cement powder and water, the masonry dam has been
divided into three different types of dams which are the Arch dam, the Gravity dam and the

Buttress dam (NH Department of Environmental Services, 2006).

1. Arch dam: the arch dam is made of concrete or stone-brick material has the shape of
curve across the river, the main design purpose of the arch dam is to move the water
pressure onto the narrow walls of the river. This type of dams doesn’t depend on its
self-weight as the following type so it is not expected to be heavy. The arch dam can
be formed into eggshell shape or multiple arch shapes.

2. Gravity dam: this type of dams depends on its own weight to hold the water pressure
of the reservoir, the gravity dam is much heavier in weight than the arch dam and it is
made from concrete because concrete is known of its water resistance, heavy weight
and easy formation into so many different shapes.

3. Buttress dam (hollow dams): the buttress dam consists of concrete wall supported
with buttresses placed on the downstream face and made from steel bars, the buttress

dam used usually in the wide rivers like the gravity type of dams and not like the arch



dams which used in the narrow type of dams (NH Department of Environmental

Services, 2006).

The previous types of dams are considered the most common types of dams according to the

material used in the construction process, the following figure summarize the different types

of dams according to different kind of divisions.

Shape  Purpose Material

( N\
Water store dam Embankment
Small dam « Rock-fill
. . embankment
Diversionary dam « Earth-fill
embankment
» Zoned embankment
Saddle dam q y
Large dam
-
Dry dam Masonry
* Arch dam
Overflow dam « Eggshell type
. * Multiple Arch type
Major dam * Gravity dam
Check dam - Buttress dam )

Figure 2. 1 Dam Classification



2.2.2 Historical background of dam failures

One of the oldest manmade structures on the earth are the dams which have been used for the
first time in the Roman Empire in the first century in order to encounter the river water near
the Mediterranean Sea (Nuera, 2005). The construction of dams for many different purposes
continued until the modern age when the fluid mechanics science has become deeper and
more professional even though the failures and the breaks of the dams still one of the
important issues which concern the engineers and the designers all over the world. There are
many different causes of the dam failure, one third of those causes globally are because of the
Overtopping, and another one third of the dam failures globally are because of the foundation
defects, other reasons like piping, seepage and inadequate materials has took a place also

along the previous years (Probe international, 2008)

One of the dramatic historical dam failure cases which happened in 1959 in the Malpasset
dam in France and killed 500 people just after few weeks of the crack notice, the main reason
of the crack happened is the tectonic fault which has been realized to be exist after the crack
took a place, the existence of the tectonic plate under the downstream face built non uniform
pressure under the dam and when the heavy rains came, the level of the reservoir had

increased and helped in the Malpasset dam break ( Ahmed and Morris, 1999).

Another famous dam break happened in the kolnbrein in Austria in 1979, the cracks and the
seepage of the water were noticed after the second partial filling, they tried to drain the water
at that time but that wasn’t applicable and the problem still exists. In 1989 the engineers
decided to support the dam with buttresses from the downstream side in order to hold the dam
and prevent the failure but the repair cost was about 190 million $ and that was a case studied
and simulated by the engineers again and again in order to prevent some similar cases in the
future (Robinson et al., 2002).

Another two important historical cases in the dam failures issue were the Fontana dam in
USA and El Atazar Dam in Spain, the major problem of Fontana dam was the chemical
reaction between the aggregate and the cement inside the dam and that resulted in a
significant cracks. About El Atazar dam break the main reason behind that was the different
deformation between the left and the right side of the dam and that resulted in a significant

settlement in the foundations (Robinson et al., 2002).


http://simscience.org/cracks/intermediate/elatazar.html

A table illustrates some of the other historical dam failures cases happened is shown below

with the dates, names and the causes of the failures:

Table 2. 1 historical dams failures (Chanson, 2009)

Dam name Date Cause of failure

Blackbrook dam, Uk 1799 Dam settlement and
insufficient capacity

of the reservoir.

Hebra dam, Algeria 1881 Insufficient capacity
of the reservoir leads
to the overturning
and the heavy rains
increased the level of

the reservoir.

Teton dam, USA 1976 Piping in the dam.
Glashutte dam, 1953 Overtopping during a
Germany very large flood and

insufficient reservoir

capacity.

Tous dam, Spain 1977 Electrical problem
followed by
overtopping
Dale Dyke, USA 1863 Poor construction

work

2.2.3 Factors of dam failures

As mentioned before that the dam failures causes are considered one of the important subjects
which being studied by the engineers all over the world during the last years in order to
ensure the dam safety and to prevent the damage for the people or the structures to take a
place. So many researches have been produced for the dam failures in order to find the main
reasons behind the break of the dams and how to repair it. In this part a list of the major

reasons of the dam failures will be discussed as the following (Probe International, 2008):

10



Overtopping: as mentioned before that the reason of overtopping is considered to be
behind one third of the dam failures globally, the overtopping happened when the
level of the reservoir reach its limit and exceed this limit so the capacity of the water
inside the dam exceeds its limit. This reason happened when the spillway became
insufficient or the settlement of the dam crest exceeds its limit. The heavy rains
usually plays the facilitator of the dam failures because when the heavy rains come it
is expected to increase the capacity of the reservoir and then the level of the water
inside the reservoir exceeds the limit and so the failure take a place. (Probe
International, 2008).

Failure of the dam foundations: another one third of the all dam failures happened due
to the large defects of the foundations supporting the dam. The major reason behind
that is a design mistake when the weight of the dam hasn’t taken into consideration
very well then a differential settlement will occur underneath the dam that will result
in a non uniform pressure, this pressure will cause instability and landslide under the
dam so at that time if any seepage for water happened or any land shake took a place
it is expected that will dramatically compromise the structure. (Probe International,
2008).

Piping and internal erosion of soil: about one fifth of the all dam’s failures happened
due to the piping and seepage problems and that is considered very famous in the
embankment type of dams which considered semi-permeable. The seepage of water
through the dam reduce the strength of the dam and result in large cracks and
settlements through the dam, those cracks will play as water pipes through the dam
which will make the dam weaker and weaker and will compromise the dam in any
instant. (Probe International, 2008).

Other reasons: inadequate maintenance, insufficient in the materials used in the
construction and/or improper design for the dam. (Federal Emergency Management
Agency, 2006).
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Figure 2. 2 Dam Failure Causes

2.2.4 Risk study assessment
The risk study assessment of the dam failures should pass number of levels and points in
order to allocate the risk and try to reduce that risk at the end and try to increase the safety of

the dam; those stages are summarized here as the following (Hill et al, 2003):
e Estimating the probabilities of the dam failures:

There are so many available methods for estimating the probabilities of the dam safety risk
analysis, one of those methods is the historical performance method which study a similar
cases and dams as the dam which being studied and analysed then try to assume that this dam
will behave as the same old dams in the future, the historical method is considered to be
applicable for the initial stages of the risk assessment because it is not detailed and the
analysis of the dam safety can’t be relied only on it. Other method for estimating the
probability is the event tree method which simulates and models the dam failure process from
the beginning until the end with all the details of the dam and the foundation and can be
connected sometimes to the historical performance data in order to give a check for the

results of the assessment. (Hill et al, 2003).
e Combining probabilities:

In this stage there are two different cases should be discussed, the first one is the common
cause failure modes which can happen at the same time at any single section in the dam

should be studied and then it should be assumed that the failure of the dam will happen due to
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a combination of those probabilities, the second case is the study of the single failure cause

probability at different number of sections in the dam. (Hill et al, 2003).
e Apply the Uni-Modal bound theorem:

This theorem produce a method of how the probabilities of the dam failure causes at every
section inside the dam which they are not mutually exclusive can be modified and adjusted in
order to reflect the actual physical condition of the dam in on the modelling process. (Hill et
al, 2003).

e Risk Assessment methodology:

There are some methods and procedures consider the dam safety and try to make
methodologies in order to reduce the risk of the dam failures, one of those methodologies is
the RAM-D risk assessment methodology which was invented in order to evaluate the
security level of the dams, the RAM-D risk assessment methodology based on the following
equation (Harrald et al, 2004):

Risk = (Likelihood of accident) x (Consequence) x (1-System Effectiveness)

This risk methodology designed especially for the dam owners and the security managers,
away from the previous equation, the RAM-D use different types of equations and
worksheets in order to calculate the risk of the dam failure. To sum up the most important
objective of the RAM-D is to understand and identify the most critical risks which are
considered to be undesired then try to analyse the potential hazards of those risks and finally
suggest and recommend some steps to increase the emergency and security level. (Harrald et
al, 2004).

Other risk methodologies like the Portfolio Risk Assessment Methodology (PRA) which
produced by team of engineers, safety managers and decision makers, the risk assessment
steps include identification of the hazards then make an engineering assessment after that a
decision making will take a place and finally the prioritization and the recommendations will

be provided by the team who responsible for the methodology. (Harrald et al, 2004).

Another assessment tool for the dam safety has been produced by the Electric Power
Research Institute (EPRI) which works with the U.S. Federal Energy Regulatory

Commission’s (FERC) Division of Dam Safety and Inspections in order to produce a
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hydropower security assessment tool which will be used after that in the studies of the dam
safety related to the FERC. The tool aims at producing a security-planning program which
will facilitate the self-assessment of the dam and will produce applicable results which meets
the standards regulations of the dam safety for so many different purposes. (Harrald et al,

2004).

Estimating
Prpbabilities

Apply Security Risk Combining

methodology Assessment Probabilities

Using Uni-
bound theorem

Figure 2. 3 Dams Risk Assessment
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2.3Benefits of numerical model

The numerical model of the rivers is considered one of the most important branches in the

hydraulics science because of the following reasons as mentioned in (Abdullah et al, 2009):

1.

It performs a large testing operation for the hydraulic case and can evaluate the dam
break analysis.

It also gives a good prediction of the inflow and outflow hydrograph for any required
dam.

Calculate the magnitude of the flooding due to the dam and then that magnitude can
be compared with the PMF inflow capacity and then the failure risk on a specific
section of the dam can be determined.

An emergency response plans can be produced in order to prevent the failure of the
dams.

Determine the flood hydrograph, peak discharge, flood wave propagation time and so
on, this concerning with the type of the dam structures, mechanisms and size of the
break.

There are different models have been designed in order to manage the water resources. Those
models are ISIS, MIKE11, HEC-RAS, HYDRO-1D and Info Works RS (River Simulation).

Those programs have been designed to analyse the dam break and consider so many practical

hydraulic cases. Those programs can be used as empirical model, analytical model,

parametrical model and numerical model. (Abdullah et al, 2009).

In general and to sum up, the failures of the dams can’t be totally prevented by using the

numerical modelling but the numerical modelling gives a complete methodology in order to

reduce the failure risk. There are two ways to reduce the risk the first way is to decrease the

probability of the dam break and the second way is to reduce the impact on it. Before the dam

break occurs, the process of the flood forecasting should be completed at the fore stage.
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2.4 Selection of the software and its user guide

There are wide range of available softwares can compute and predict the flooding but as
mentioned before that the biggest concern in this research is to conduct the flow simulation
process through the ISIS and the HEC-RAS and compare them together. In this part of this
chapter a briefly description of each software, how it works and a simple user guide have

been provided to this research.
2.4.1 Starting ISIS and basic concepts

2.4.1.1 Introduction to ISIS

ISIS is one of the worldwide famous software in river modelling which invented by
consultants, professional engineers and public bodies from different countries. ISIS is
considered as one of the important software in the decision making and strategic planning, it
studies the flooding warning, the climate changes, and the development of the rivers areas. It
considered as one of the most important packages which deal with flood risk mapping, flood
prediction, surface water mapping and dam break analysis (Vasilyev, 2007).

The numerical brain of the ISIS software is based on the Preissmann Implicit Scheme or 4-
point Box Scheme. In the implicit approach, three unknown future values (j-1,n+1), (j,n+1),
(j*+1,n+1) will be used with other three known present values (j-1,n), (j,n), (j+1,n). All the
unknown values will be linked and solved together using the matrix principle approach
(Anderson, 1995).
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Figure 2. 4 Implicit method (Anderson, 1995)
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The three known values with the three unknown values will be used in the following equation
in order to form the matrix then after the matrix being solved the ISIS program can get the
future values (Vasilyev, 2007).

l

Tin+1 _ Tin e %( ir-ll-l — ZTin + Tin—l) + % (T'Til _ ZTin+1 + Tin_-lil
At (Ax)?

-B 4 0 0 o0 |7 K,
4 —-B 4 0O o | 7! K,
0 4 -B 4 0 |7/ |=|K,
0 4 -B 4 |7t K.
] o o0 4 -—-BIT/| | &

Figure 2. 5 Implicit method matrix (Anderson, 1995)

The ISIS software gives the choice for the user either to run steady or unsteady simulations, if
the user is doing steady run then he has the choice either to do a direct run or timestepping
run, the direct choice is considered to be faster and more accurate than the second choice. If
the user is doing unsteady run then he has the choice also to choose between two different
types of runs, the first one is fixed timespan and the second one is the adaptive timespan. I1SIS
gives the ability to do one dimensional modelling for the structures and the channels, all the
section including the weirs, the spills, the reservoirs and everything can be input into the ISIS
in order to find the results which depends on the data input quality and the skill of the user
not only the one dimensional modelling can be applied but also the ISIS gives the ability to
do two dimensional modelling based on the topography of the area, the hydrological data, the

roughness and the floodplain and channel locations (Vasilyev, 2007).

Finally all the results can be obtained from the ISIS software, all the water profiles and the
tables including all the information. Output numerical data may be plotted by ISIS by
Halcrow software or Microsoft Office Excel. The graphs of the river sections at different time
intervals can be plotted, the maximum water level and the maximum reservoir capacity can
be calculated then the output data can be analyzed and investigated considering different case

in order to form a good decision about the case which being studied (Vasilyev, 2007).
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2.4.1.2 Basic concepts of ISIS

In addition to the modelling of the flows and water levels in open channels, ISIS can be used
for different types of structures as bridges, sluices, weirs, culverts and pumps which can be
modelled easily in the simulation analysis process. The majority of the information in this
section has been retrieved from the ISIS by Halcrow User Manual through the software’s

website. The main concept in the simulation process consists of three main points:

1. The upstream boundary condition which represents a flow of water entering the river.

2. The downstream boundary condition which represents the flow of water getting out
from the river.

3. The river channel which will be represented by number of river sections (at least two

sections).

The main interface of ISIS is the Network Properties Window, which opens automatically
every time ISIS is opened. The Network Properties Window is used to insert the components
of the river model such as river sections and weirs. This interface consists of multiple icons
for different purposes some of them are related to the boundary conditions, the river cross
sections, the junctions through the river mode and the different types of the structural units

such as bridges, weirs, sluices and others as shown in the following figure:
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File Edit Run Tools Windows Help
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Label1 Lirit Sub Unit

b Genera [

L - —

Figure 2. 6 ISIS main interface
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ISIS deals with a large range of different types of files in order to control the model data and

the results. The most important file types are listed below in the following table:

Table 2. 2 Files Types in ISIS

File type Usage
.dat Include the all of the model data and the initial conditions.
275 Include the initial conditions only.
Jed Include alternative boundaries (optional).
Jdef Include the simulation parameters such as the name, the location, the time step etc.
.Zzn Include the simulation results in binary format.
ixy & .gxy | Include the visualiser and the GIS information.

2.4.1.3 Design simple single river channel and view the results
In this part a simple river channel will be designed in order to explain the major steps which

needed to design a river channel using the ISIS, most of the data used in this part with the

help of the ISIS Free & the ISIS profession quick start guide. As mentioned in the previous

part that there are three major considerations needed to design the river channel and to run the

simulation process successfully those parameters are the upstream boundary, the downstream

boundary and a minimum of 2 cross sections. The following points show the major steps

needed to build the river channel and to run the simulation analysis:

e Begin a new blank model by clicking on >File >New in the network properties

window or by clicking on the icon of New LI from the main window of icons.

e Define the upstream boundary condition by clicking on the icon of Flow Time

Boundary [&] then the node label editor has been appeared and the label has been

assumed to be S1 as shown in the following figure:

Mode label editor

==

MNodes l

Labelling Informatiorn

MNode label

D escription

An 1515 BOUMDARY unit has one

51

|

Boundary Unit Label

node label only attached.

[ Apply changes to whole model

QK. | Cancel Help

Figure 2. 7 Node Label Editor
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After the label of the upstream boundary has been inserted the data of the flow time
table need to be inserted through double click on the S1 (QTBDY), it has been
assumed that the peak flow is 20 m3 /s, the base flow is 10 20 m3/s and the peak

time is 12 hours as shown in the following figure:

v R
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EXTEND | |LINE&R 20,000 12.000
10.000 24.000

Flow/Time D ata
Units of Time Are: Time [ata Multiplier:

|HOURS x|

Flove Multiplier: Time Datum Adjustment:
| |0.000

Mirimurn Flow Y alue:

ID. 0oa

Plat... |
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Figure 2. 8 Upstream boundary condition

Now at least two cross sections have been inserted by clicking on the river section
icon (= then the node label editor has been appeared and in order to link the first
cross section with the upstream boundary it has been labelled with the same label of

the upstream boundary condition S1 as shown in the following figure:

-
Node label editar [ = ]
MNodes I Laterall Labeling Information————————————
Mode |abel Dezcription I A RMNER SECTION has_ a Secti_on
Section Label Label atd up to twao optiohal Spill
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The following nodes already exist in the model :

A s

Connect these labels 7

ak I Cancel | Help

Figure 2. 9 Connect the labels (ISIS)
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After the cross section has been labelled the geometric details of the cross section
need to be inserted by double clicking on the S1 (RIVER) then a new window which
shown in the following figure and it has been assumed to be filled with the following
data:

e B |
[ RIVER SECTION: S1 C=EESRl X
MNode Labels
Section: First Spill: Second Spill
st | | -
Edit Labels. ..
Lateral Inflavs Labels
First: Second: Third: Fourth:
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* (m} |y (mAD) | Mannings n | Panel | RPL | Marker | Easting | Northing Deactivation
.| 0.000 10,000 0.030 | 1.000 - 0.00 0.00 -
| | 50.000 0.000 0.030 [ 1.000 - 0.00 0.00 <
| | 100.000 10,000 0.030 [~ 1.000 - 0.00 0.00 <

Distance to Next Sechon: Slope for normal depth:
100.000 0.000700 Plat...
Phata... | & P;eviuus...| | ok Cancel | Help |

Figure 2. 10 River Section Details

The shape of the river section can be checked easily by clicking on Plot in the
previous figure, the following steps will be the same as the previous step but in the
last river section it should be noticed that the distance to the next section should be set
to be zero.

The last major step in order to complete the channel design is the downstream
boundary condition which must be satisfied by clicking on HTBDY boundary
condition icon [& which should be labelled with the same label of the last river
section in order to be linked as one river channel and the details of the downstream
boundary condition which include table of the stage head against the time values have

been assumed in this sample example to be filled as in the following figure:
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Figure 2. 11 Downstream boundary condition

e After completing the single channel the river channel can be visualised by clicking on

the icon of the visualiser icon %' and this icon will enable to see the all river channel

with the all links as shown in the following figure:

=57

ee{a] e

Figure 2. 12 ISIS Visuilizer
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Once all of the design criteria has been met the simulation analysis can be run at this
time which will generate flow output results which can be checked at the end of the
simulation process, by clicking on the simulation icon # a new window will appear
which include 5 types of the simulation analysis’s where the steady (direct) type
should be run first in order to make the initial conditions ready to the simulations
analysis, in the unsteady (Fixed timestep) and (Adaptive timestep) the finish time
should be larger than the start time and if the timestep was very small the software
will take more time to converge and the results will be more accurate.

1515 Scenario Data - C\Users\belal\Desktop\ISISEX~1\test3 . dat - |0 ﬁ
File Run View Help

Files  Times l Options ] Parameters ] Adwvanced Parameters ] Diagnostics ] Snapzhots ] CES ] Lows Flows Ophions ]L
Fiun Type
" Steady [Direct) ¢ Unsteady [Fized Timestep) " Boundary Mode
™ Steady [Timestepping) " Unsteady [Adaptive timestep)
Timestep (2] Save Interval [g]
Use Time Zero |2D 300
Start Time [hrz]
- Abzalute oo
Firizh Tirme (hrz]
-+ Abzolute 24 ’07
Bun Open ‘ Save | Save As... | Cloze
<| [ »

Figure 2. 13 Simulation Analysis (ISIS)

The results of the steady flow analysis appeared once the simulation completed as
word file contain the flow values, velocity values, Froude number and other
parameters at different river sections, the results of the unsteady state analysis can be
obtained by clicking on the tabular CSV command icon E& which give the ability to
obtain the values of velocity, flow, stage and other parameters for the unsteady flow

analysis.
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e Other results as the longitudinal profile for the river channel can be obtained by
clicking on the longitudinal section icon =l , the plot of the time series can be drawn

by clicking on the time series icon [ as shown in the following figure:
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Figure 2. 14 Time Sereis Sample (ISIS)

2.4.1.4 Dam breaks analysis using ISIS application

ISIS software has been used to simulate the case of the Malpasset Dam break and the Toce
River dam-break model, regarding the Malpasset Dam break a comparison has been made
between the ISIS results and the physical model results by (Ahmed and Morris, 1999), they
presented the numerical modelling of the Malpasset dam failure and they discussed the
differences between the experimental data and the field data. They found a difficulty in
simulating the dry be conditions of the river because of the 1-D package of the ISIS, they
recommended to perform a further researches in the improvement of the 1-D models because
of the time limitations of their test case so they didn’t consider everything related to the dam
failure, they recommended also a further checks to be established on the Malpasset dam like
the effect of using a head loss at the double curvature of the valley and the time changing of
the structure failure. Another test case has been made on the Toce river dam break by (Rosu
and Ahmed, 1999), they made a comparison between the ISIS results and the physical model
results, they found the same problem in the Malpasset dam break analysis using I1SIS which is
the inability to simulate the dry bed of the valley and another difficulty has been named in

this test case which is the inability to achieve the overflow of the reservoir.
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2.4.2 Starting HEC-RAS and basic concepts

2.4.2.1 Introduction to HEC-RAS

HEC-RAS is an integrated system of software which has been designed for different tasks
and purposes as the graphical usage, the hydraulic analysis, management capabilities and
reporting issues. This latest version of the HEC-RAS can perform one dimensional steady
and unsteady flow calculations, the sediment transport calculations are not included in this
version and it will be included in the next versions in the future. The water surface profiles
are computed by performing the step method for every cross section in the river which is an
iterative method solving the energy equation. The standard step method is considered to be
the most applicable method of calculating the flow profiles because it can be fitted for
different types of channels. This method based on dividing the channel into segments of

known length and then finds the unknown depth at one end of the segment (Bentley, 2009).

2.4.2.2 Basic concepts of HEC-RAS

The HEC-RAS defines the bed of the river or the channel by a number of sections in the x-
axis direction and elevations in the y-axis direction where the river station 10 is considered to
be the upstream boundary station and the river station O is considered to be the downstream
boundary station. Most of the information shown in this section has been retrieved from the
HEC-RAS user’s manual which has been downloaded from the US Army Corps of Engineers
website. There are major steps should be provided in order to get the simulation analysis

completed:

1. Drawing the river reach line which shows the direction of the flow from the upstream
boundary to the downstream one.

2. Define the river station and as mentioned above that the upstream boundary is
labelled with 10 and the downstream with 0.

3. At least two river cross sections are needed to define the geometric data for the reach
river.

4. Finally and before running the flow analysis the initial conditions plus the boundary

conditions must be defined.

The main interface of the HEC-RAS is shown in the following figure which contains so many
icons related to different tasks and purposes, for example from this interface a new project
can be created or an old one can be opened from File tap, the initial and the boundary

conditions can be inserted into the project from the Edit tap, running the steady or the
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unsteady flow analysis can be done from the Run tap and other options and views of the

results for the simulation of the projects can be seen from View and Options taps.

(| File Edit Run View Options GISTools Help

S EIE S mIE R R R e A S N E L E EE M

Project: |PEAE A |E:MUsers\belal\DocumentshPE &E 4. pri

Plan: | |
Geometn: | |
Steady Flow: | I
Unsteady Flaw: | |

Deescription : I - E“US Customary Units

Figure 2. 15 HEC-RAS main interface

2.4.2.3 Design simple single river channel and view the results

In this part a simple river channel will be designed in order to explain the major steps which
needed to design a river channel using the HEC-RAS, most of the data used in this part with
the help of the HEC-RAS manual. The following points show the major steps needed to build
the river channel and to run the simulation analysis:

e A new project can be created by going to >File >New project in the main interface of

the software, after doing that the HEC-RAS will ask for the name of the new project
as shown in the following figure:

| Title File Marne Selected Folder Default Project Folder | Documents |
| I IDEéEé.g" C:\Users\belalDocuments

S0
S Users
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[ 4SPIRE

[C1 Downloads
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[Z My DAP Downloads

[Z1 My Received Files

K Cancel | Help | Create Folder ... | I S e [WINDOWS] j
|Select drive and path and enter new Tite.

Figure 2. 16 Open a new project (HEC-RAS)
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After saving the new project then it is the time to enter the geometric data of the
project by clicking on the icon of Edit/Enter geometric data as shown in the following
figure:
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Figure 2. 17 Enter the geometric Data Button

In the following step a new window will appear and the river reach needs to be drawn
now by clicking on the icon of River Reach and by clicking on that icon and drawing
the beginning and the end of the river the HEC-RAS will ask for the name of the river
and the reach which can be named with any name as shown in the following figure:
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Figure 2. 18 Enter the geometric data window

From the geometric data window by pressing on cross-section button to enter the
details of the river cross section and from the new window appeared by going to
>QOptions >Add a new cross section then the geometric details can be easily inserted

into the new window where these details include the cross section coordinates (x-
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direction and y-direction), manning values, the distance to the next section and the

slope of the river bed. The following figure shows the cross section data window:
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Figure 2. 19 River section details (HEC-RAS)

Once >add new cross section pressed the HEC-RAS asks for the river station of the
cross section which should be 10 for the upstream boundary and 0 for the downstream
boundary. Since the same geometry data will be used in the following river sections
HEC-RAS gives the ability to copy the details of the current cross section by pressing
>QOptions >Copy current cross section, another important command gives the ability
to interpolate the rest of cross sections which can save the time by going to >Tools

>XS Interpolation as shown in the following figure:
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Figure 2. 20 XS Interpolation
28



The last step before running the flow analysis is to define the initial conditions, the
upstream and the downstream boundary conditions of the reach river by going to
>Edit >Steady Flow Data and that if the flow analysis is steady state, if it is unsteady
state it will be >Edit >Unsteady Flow Data. According to the available data the reach
boundary conditions will be defined but the usual definition of the boundary
conditions as the following:

. The upstream boundary condition is being defined as flow hydrograph.

. The downstream boundary condition is being defined as stage hydrograph.

. The sluice gates structures are being defined as T.S. gate openings.

The steady flow analysis and the unsteady flow analysis can be run by going to >Run
>Steady flow analysis >Compute or >Run >Unsteady flow analysis >Compute. The
starting, the ending time and the time step for the unsteady flow analysis should be

inserted into the new opened window as shown in the following figure:
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Figure 2. 21 Unsteady Analysis Window
Finally the results of the steady flow analysis can be viewed by going to the icon of

view summary output tables in the main window of the HEC-RAS, the unsteady flow
analysis results can be viewed by going to >View >Unsteady flow time series plot

which can show the results as either plots or tables of numbers.
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Chapter 3: Methodology

3.1 Research Methodology

This chapter presents the research methodology concerning Numerical Simulation Analysis
Using ISIS and HEC-RAS applications. The research aims to conduct different numerical
simulation cases under different situations. In order to achieve the stated aim, the ISIS and
the HEC-RAS applications were downloaded and so many cases were applied to the
programs. Ideas on the type of each case have been asked and answered and the associated
methods were generated and developed based on previous applications applied on the same
topic presented in international journals. A draft version of the simulations was generated by
the programs and then analyzed in order to correct the mistakes and regenerate those
simulations again and again to reach to the final shape of the simulations. The two softwares
system was developed in order to examine the research validity based on the identified
objectives. After comparisons, comments and amendments, a final form of the simulations

was produced as shown in chapter 4.

3.2 Simulation Cases Selection
Five simulation cases have been chosen to be conducted in both the ISIS and the HEC-RAS
covering different types of numerical simulations:

1. Two of those cases are covering the dam break analysis topic when two different
situations have been assumed the first one is simulating the dam failure as a sluice
gate opening abruptly, the toce river dam break was the example which has been
provided to this case and the second case represents one of the famous dam failures
which is the Malpasset dam failure and the both cases were chosen according to
previous published reports in international journals and once the simulation process
finished the results have been compared to the reports results.

2. The third case has been chosen to simulate the sinusoidal oscillation, the tidal
backwater effect has been simulated in the ISIS and the HEC-RAS and then compare
together.

3. The fourth case shows how the dry river bed can be simulated in both applications
and which is the simplest software in simulating the no flow condition and the change

from the dry to the wet case.
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4. The last simulation case shows how the flood routing for a rectangular channel can be

two applications have been compared together at the end.

3.3 Research Methodology Flowchart

Topic selection

»ld
Lt

simulated and this case has been chosen according to a previous report used the
simplified dynamic model to describe the case; the results from both the SDM and the

Define the problem

y

\ 4

Literature review

A

\ 4

Conducting Cases on

HEC-RAS
A

!

Check the validity by
doing comparisons

Develop
Research
plan
v >
Conducting Cases on
ISIS

Data Analysis and Discussion

A 4
Regenerate more
cases

\4
Results and
comments

\ 4
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Figure3. 1 Flowchart of Methodology
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3.4 Dual Software System Selection

The decision of the selection of the two softwares which have been used in this research has

been made according to the following points:

e The ISIS and the HEC-RAS are considered to be the most popular softwares in the
river modelling field in so many countries around the world and especially in the
United Kingdom.

e The modern features which have been developed in the ISIS and the HEC-RAS as the
model health checker, the results extractor, the 1D modelling, the 2D linked
modelling and the friendly user interface all these productivity tools increased the
degree of professionalism for the two softwares.

e Although there are main competitors to the ISIS and the HEC-RAS as the Mike 11
and the Infoworks RS the ISIS and the HEC-RAS are still considered to be the

simplest and the most accurate softwares in the river modelling area.

3.5 Verification of the Simulation Results

The simulation results of the five cases have been double checked as shown in the following

mechanism:

1. The first check by using the dual system software and compare the results together.
2. The second check by comparing the results from the softwares to the results of the

previous reports.

Results
Results Results ;
obtained from Checked with Cphe; l:: dovr\{lsth
the ISIS the HEC-RAS s

Figure3. 2 Process of the Verification of Results
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3.6 Methodology of the Flow Analysis and Results

The flow analysis of each simulation case has passed two main stages the first one was the
steady flow analysis and the second one was the unsteady state flow analysis, as mentioned
before it is very necessary to conduct the steady flow analysis before the unsteady analysis in
order to prepare the initial conditions for the flow analysis process. In each simulation case
the results of the steady state flow analysis appeared once the simulation is completed but in
the unsteady flow analysis it is necessary to extract the results using some commands in the

softwares in order to get the following important results:

e The flow Hydrograph which include the flow values at each river section for every
time step until the simulation time is finished.

e The stage Hydrograph which include the stage values against the simulation time
values.

e Other results could be very useful as the velocity values and Froude number values.

Although the ISIS and the HEC-RAS give the ability to draw the flow and the stage
hydrographs for each case the results have been extracted as tables and then moved to the
Microsoft Excel in order to compare those values with other values extracted from other

softwares or other reports.
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Chapter 4: Simulation Analysis & Discussion

4.1 Case 1: Simulation of the dam breaks as a sluice gate opening abruptly
through the dam

4.1.1 General description

The latest versions of the HEC-RAS model and the ISIS software include some new
algorithms facilitate the modelling process of the overtopping and piping breaches. HEC-
RAS and ISIS use hydraulic principles between the upstream and the downstream boundaries
passing through the cross sections of the river. In this case in order to define the dam break
process in both the ISIS software and the HEC-RAS model it has been considered that the
dam crest as an inline weir and by increasing of the breach by the time the flow through the
piping hole in the dam will be calculated as orifice flow and the flow through the breach will
be considered as weir flow. This type of simulation is being used to simulate the overtopping
and the piping failure in the dam breaks and in this scenario, the piping hole is simulated as a
sluice gate. Sluice gates are available in three different forms:

1. Vertical gate

2. Radial (Tainter) gate

3. Drum gate
In this section the dam break is being studied by quickly opening the sluice gate which has
been chosen to be vertical gate and then the water will go through this opening in the dam
and there will still be difference between the upstream and the downstream water levels at
different stages. Finally the water surface will be calculated in this test case in addition to the
outflow hydrograph through number of steps in both softwares through the steady and the
unsteady simulations and then the results with the comparisons between the two softwares
have been produced in order to see the difference between the two softwares throughout the

whole process.

hvi sluice gate
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Figure 4.1 Sluice Gate Shape (www.engineeringtoolbox.com)
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4.1.2 Test case 1 using the ISIS

In this section the test case 1 has been simulated through number of steps using the ISIS

software.

The upstream boundary has been defined by clicking on the Flow-Time Boundary
picture button in the tools bar or select > Edit > Insert >Boundaries > Hydrographs >
Flow/Time from the main menu and then the data has been filled into the window

appeared as shown in figure 1:

6 ¥ T uEmmm——
[FH QTEDY : 51 O | E S
Mode Label
31 Edi..
Comment;

Data Manipulati
e Flow (m3/s) | Time (d}

D ata Extending Method : [ata Interpalation : 30,000 0.000
|EXTEND | [LINE&R | | =0.000 2000

w

Flow/Time D ata

Units of Time &re;

|Dairs - |
Flows Multiplier: Time D aturm Adjuzstrment: I
| |0.000
Mirimum Flove ' alue:
|0.000
Flat...
'l Phota... | Mext... B Cancel ‘ Help |
|

Figure 4.2 Upstream Boundary

The river sections have been inserted using the picture button of the river section from
the tools bar or by select > Edit > Insert > Channels > River > River Section from the
main menu by entering the label of the cross section as S1 then the details of the river

cross section which has been assumed to be as in the figure 2:

Upstream Sluice gate Downstrean

Figure 4.3 The River Profile for Test Case 1
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Mode Label
Section: First Spill Second Spil:
Ist | | -
Edit Labels... |
Lateral Inflow Label
First: Second: Third: Fourth;
Comment :

x(m}  |y(mAD} [Manningsn |Panel [RPL  |Marker |Easting | Morthing | Deactivation |
| 0.000 10,000 0010 [~ 1.000 - 0.00 0.00 -]
| (10.000 10,000 0.0 [~ |1.000 - 0.00 0.00 -|
| |10.000 2000 0.010 [~ 1.000 ~ | 0.00 0.00 -|
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| 140,000 10000 000 [~ 1.000 ~ | 0.00 0.00 -|
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[0.000 T 0000100 Ll
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Cancel | Help

Figure 4.4 River Cross Section

The second step has been repeated for S2, S3 and S4up. The only difference in S4up
is the distance to the next section which is S4dn which has been inserted as zero as
shown in the figure 3:

(8 RIvER SECTION: 54 EE=E
Mode La;:l

Section: Firzt Spill: Second Spilk
= | |

Edit Labels...

Lateral Inflow Label
First: Second: Fourth:

Camment :

|y (m AD) | WMannings n | Panel | RPL | Marker | Easting | Northing | Deactivation |
10,000 | 0.070 [ [1.000 =000 0.00
10,000 | 0.010 1.000 - 000 0.00
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10.000  0.010 1.000 ~ | 0.00 0.0
10,000 | 0.070 1.000 =000 0.00

Distance to Mext Sechion: Slope for nomal depth:
ID.DDD ID.DDD'I oa

Photo... | E‘P[e\riuus...l Mext.. B |

Figure 4.5 Section S4up
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Between sections S4up and S4dn the sluice gate has been inserted by clicking on the
vertical sluice button picture in the tools bar then all assumed data of the weir and the
gate has been inserted into the windows appeared which are shown in figures 4, 5 and
6. The dam data has been assumed to be as the following table 1. After the weir
geometry has been edited the calculation method in the coefficients tap has been

changed to variable mode:

Table 4. 1 Dam Information

Name Value (meters)
Height of the gate (dam) 12
Elevation of the crest 2.1
Length of the weir 10
Breadth of the weir 30
Opening of the gate 5
B SLUICE VERTICAL: Sdup | | B
M ain Data l Cantral Data]
Mode Labels
|Jpstream : Diownztream :
|54up |54dn Edit...
Carmment :

"wieir Data I Gate Data | Coefficients

Wieir Geometry
Elervation of Crest Length of Weir: Breadth of Weir :
2100 10.000 |30.EIIIIIZI
| Height of */eir Crest Above Bed TUﬁ’
Crest
| Upstrean [pl1]: Downiztream [p2): el[:\?atinn
0,100 0.100 5 g il
—
wieir length
Fhoto... ‘ 5 P[eviuus...| Mest... B ‘ Cancel Help

Figure 4.5 Weir data
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"[EH SLUICE VERTICAL: S4up
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Mumber OF G ates : T —
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Figure 4.6 Gate Data

S SLUICE VERTICAL: S4up

Main Data  Contral Data |

Data Manipulation Time Data
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Contral |
Control Method - Contraller/Rules Data
[TIME |
Controller Label : M ax Movement Rate :
Edit G ate: I I
|1 3. Plat... |
Finirnurn S etting : M awinium Setting
Time (d} | Opening (m)
L 0.000 5.000 I I
| |2000 5.000
—Remate Contral D ats
Femote Mode Label : Biaz Factor :
f1.000 =
Photo... & Previous. | Mest . B | Cancel | Help |

Figure 4.7 Gate opening data
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The rest of the river sections S4dn, S5, S6, S7 and S8 have been inserted with the
same previous way as shown in figure 7 and the only difference in S8 is the distance
to the next station which has been inserted as zero because it is the last section of the
river profile. Then the downstream boundary of the river has been defined by clicking
on the Head-Time Boundary button picture in the tools bar as shown in figure 8:

Mode Label
Section; First Spill: Second Spil:
58
I I | Edit Labels... |
rLateral Inflow Label
First: Second: Third: Fourth:
Camment :
®x(m) |y (mAD) [Manningsn |Panel [RPL  |Marker |Easting | Northing | Deactivation |
0.000 10.000 0.010 [~ 1.000 =000 0.00 -]
10.000 10.000 0.010 1.000 ~ | 000 0.00 |
10.000 2.000 0.010 1.000 =000 0.00 |

40.000  2.000 0.010
40,000 10.000 0.010
50.000  10.000 [ 0.010

1.000 - 000 0.00 -
1.000 - 0,00 0.00 -
1.000 - 000 0.00 -

[TTTT
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Figure 4.8 The last River Section
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Figure 4.9 The Downstream Boundary
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e The steady state simulation flow has been run by clicking on Run Flow Simulation
button picture in the tools bar and it has been found that the free gate flow (UMODE)
is 5 and the opening of the gate (USTATE) is 5 as shown in the following figures 10
and 11:

File Edit View State Window Help -

@ 1515 Flow - Run Log EIIE

® 2009 Halcrow Group Ltd and others
ISIS Flow
Revision: 6.4.0.52 Date: 16/06/10

ISIS Free edition. —
Simulations limited to 250 nodes;
Hydraulics/hydrology modules only.

Initial conditions from C:\USERS\BELAL\DESKTCP\ISISEX~1\SLUICE GATE DAM FAILURE CASE 1.ZZ5

No errors found in node labels

successful solution in 0 network iterations WAISISEX~10\SLUICE GATE DAM FAILURE CASE 1.DAT N

*%% gteady flows are in: C:\USERS\BELAL\DESKTOP\ISISEX~1\SLUTL I 1SIS
|

[N

- Simulation completed

“iew output file(z)?

Wiew... I Wiew / Exit Cancel

Running

LS — = — — = —

Figure 4.10 The Steady State Flow Simulation

FILE=SLUICE GATE D&M ISIS VER= 8.4.0.52

results from the direct method at time 0.0000 hours
lakellz 2 flow Itage froude welocity urode ustate Z
51 ¥ 30.000 2.04% 0.237 0.953 0.000 0.000 Z.000
52 ¥ 30.000 3.044 0.23% 0.952 0.000 0.000 Z.000
53 ¥ 30.000 3.03% 0.30z2 0.983 0.000 0.000 Z.000
30_000  3.033 0963 5_000 5_000 Z._000
S4dn ¥ 30.000 3.023 0.30% 0.977 0.000 0.000 Z.000
55 ¥ 30.000 3.017 0.311 0.383 0.000 0.000 Z.000
g ¥ 30.000 3.01z2 0.314 0.388 0.000 0.000 Z.000
37 ¥ 30.000 3.008 0.31ls 0.954 0.000 0.000 Z.000
58 ¥ 30.000 3.000 0.31% 1.000 0.000 0.000 Z.000

Figure 4.11 Steady Simulation Results
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The unsteady state simulation flow has been run by clicking on Run Flow Simulation
button picture in the tools bar and then select the unsteady (fixed time step), and if the
time step changed to 3 and save interval into 60 and the finish time at 24 hrs, it has
been found that flow stage decreases at the gate break location (Section 4) and the
water volume below 3.003 meters can be neglected because 3.003 meters is

considered as the minimum stage level and the 3.05 is the maximum stage record at

the beginning of the river.
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Figure 4.12 Unsteady simulation completed

Longitudinal Profile Shows The Max. Stage

3.06

3.05

3.04

S4up

3.03

sad nk

3.02

Stage (meters)

3.01

3

2.99

50

100 150 200 250

Length (meters)

300 350

400

Figure 4.13 Longitudinal Profile
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4.1.3 Toce river dam break test using I1SIS

The test case 1 has been repeated according to the research paper on the Toce valley dam
break analysis so the data of the upstream boundary conditions has been changed to be
similar to that case by changing the values of the flow with time to be similar to the following

values:

Table 4. 2 Upstream boundary conditions

Flow (m3/s) | Time (s)
0.001 0.0000
0.001 15.000
0.050 17.000
0.100 20.000
0.150 22.000
0.200 23.000
0.228 25.000
0.220 27.000
0.225 29.000
0.180 30.000
0.150 50.000
0.100 100.00
0.060 180.00

Prw Boundary Daa L

TS5 W15 D X W B M OS5 N 5 60 B MO W B W K 0N M N5 1N B 10

Time (s}

Figure 4.14 Flow Vs Time
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By running the steady state simulation first the following results have been appeared, the free
gate flow (UMODE) is 4 and the opening of the gate (USTATE) is 0.25 as shown in the

following figure:

FILE=SLUICE GATE D&M I5I5 VER= ©.4.0.52
results from the direct method at time 0.0000 hours
lakbellZ 2 £flow Itage froude velocity umode ustate =z
51 Vi 0.001 T.250 0.ooa0 0.ooa0 0.0a0a0 0.000 Z.000
5z ¥ 0.001 T.250 0.000 0.000 0.000 0.000 Z.000
53 Vi 0.001 7.250 0.000 0.000 0.000 0.000 Z.000
S4dn ¥ 0.001 2.000 0.000 0.000 0.000 0.000 Z.000
55 ¥ 0.001 3.000 0.aaoa 0.aaoa 0.0aaa0 0.00a0 Z.000
Se ¥ 0.001 3.000 0.ooa 0.oaoao 0.00a0 0.000 Z.000
57 ¥ 0.001 2.000 0.000 0.000 0.000 0.000 Z.000
58 ¥ 0.001 3.000 0.aaoa 0.aaoa 0.0aa0a0 0.000 Z.000

Figure 4.15 steady state results

The main purpose of the steady state simulation is to make the boundary conditions ready to
the simulation process so for that reason the steady state simulation should be run first, when
the unsteady (fixed time step) has been run by selecting the time step to be 3 and the interval
to be 60 so the simulation process completed successfully and the longitudinal section of the

river through the river sections from S1 to S8 has been found to be in the following shape:

Long Seetion: &1 - 53 - Stage; 0.000 h

Elevation (m 2D
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Figure 4.16 Unsteady state (fixed time step) results
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At the river section S4dn if the time series plot has been drawn in the unsteady (fixed time

step), the plot will be as in the following figure:

|
Time Series: S4dn - Stage; #2: S4dn; 0 - 24.000 h.
0 1 2 3 4 5 8 7 8 9 10 1 12 13 14 1‘5 18 17 18 19 20 il 2 23 24
Time (h)
Figure 4.17 Time series for unsteady adaptive time step
stage plot
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Figure 4.18 Stage plot for test case 1

As shown in the figure above that the stage plot of the eight sections, by changing the
distance it has been found that the stage is changing but the inflection point is between 120

and 220 meters.
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4.1.4 Test case 1 using the HEC-RAS
In this section the test case 1 has been simulated through number of steps using the HEC-
RAS software.
e A new project has been started by opening the HEC-RAS window then from the file
tap a new project can be started and titled then it can be saved as a file in any

directory as shown in the following figure:

e

Title File Marne Selected Folder Default Project Folder | Documents
II I.pri C:\UgershbelalhDocuments
dambreak darnbreak. prj [
dambreak1 darnbreak 1. prj S Users
gluicedam sluicedam. pri Eqbelal
sluice gate dam break sluicegatedambre. prj & Documents
(LI ASPIRE
(L3 Downloads
[Z Irvvenbor Server w64 AutoCAD 2012 Language Pack - Er
[CAMATLAR
(23 My DAP Downloads

(2 My Received Files

oK Cancel | Hep | Create Folder... | [& ¢ minpows) =

|S et drive and path, then enter a new project title and file name.

Figure 4.19 starting new project in the HEC-RAS

e After the new project has been created in the HEC-RAS main window, the geometric
data of the new project needs to be entered by clicking on the geometric data button
picture from the main menu in the software, a new window has been appeared from

this window a new river reach has been defined by drawing the upstream and the

downstream boundaries of the river.
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Figure 4.20 Entering the geometric data into the HEC-RAS
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As shown in the previous figure that the software asks for the name of this river and reach

which can be named as the same name of this project.

e The cross sections of the rivers have been inserted into the new project by pressing
the cross section button picture from the left hand side in the new project window
then a new window has been appeared and then the software asked for adding a new
cross section in order to give the ability to put all the details of the cross sections of
the river which have been assumed and inserted in there as shown in the following

figure:

== Cross Section Data - Geom 01 b@ﬂ
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Figure 4.21 cross sections details

The previous cross section has been described to be the upstream river station which has been
assumed to be 10 and with a distance equals 50 meters from the next cross section and the

manning coefficient has been assumed to be 0.01 as shown in the figure above.

e The cross section at the downstream river station has been defined with the same way
of the upstream but this time the downstream river station has been assumed to be 0
and the other parameters have been left to be the as the same in the upstream river

station.
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The river cross sections between the upstream and the downstream river stations have
been inserted into the project by using the interpolation tool which gives the ability to
interpolate the distance between the upstream and the downstream boundaries because

of the uniform river sections as shown in the following figures:

r Rl
\( Geometic Data -Geom oL N o) )
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Figure 4.22 cross sections interpolation
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Figure 4.23 XS interpolation between river stations
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The maximum interpolated distance has been assumed to be 50 meters and then the button

“Interpolate New XS’s” has been pressed to give the river channel with different stations

between the upstream and the downstream boundaries as shown in figure 27.

e In this step the dam has been inserted as a vertical sluice gate between the fourth and

the fifth sections of the river channel by clicking on the “Inline Structure” button

picture from the left hand side tap then a new window has been appeared and press

ass inline structure from the options menu, the river station of the inline structure has

been assumed to be 4.5 (which is approximately the mid distance between the fourth

and the fifth sections of the river channel), then the geometric information of the gate

and the weir embankment has been added as shown in the following figures:

-

Inline Gate Editor

Geometric Properties

Height: 12
I Width b
Irveert: 2

# Openingz. |2

Centerling Stations

Station -
115 J
2|35
3
e
E
6|
7]
)
| [
10]
il
12 -

Gate Group:  |[EE ]~ ﬂﬂ gyﬂ

[Gate type [or methodology]: |Sluice
[ate Flow
Sluice Gate Flow
Shuice Discharge Coefficient (0.5-007):

Submerged Orifice Flow
(rifice Coefficient (typically 0.8]:

Head Reference: Sl Irveert) A

‘weir Flow Over Gate Sill [gate out of water)

=

r—

T

“wieir Shape: Broad Crested hd
Wi Coefficient: 1.67
Ok Cancel Help

Figure 4.24 gate opening information

The number of gate openings has been assumed to be 2 times as shown in the figure above,

the gate height has been assumed to be 12, the width is 5 and the invert is 2. It has been

assumed two elevations coordinates for two different weir stations as shown in the following

figure:
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Lo
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() Ogee
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Figure 4.25 weir stations & elevations
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i dambreak!  Plan: Plan 04
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]

-

[Select the river for inline stiucture ediing

Figure 4.26 Inline Structure Data
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Figure 4.27 River channel profile

e In this step some more information has been added to the project before running the
simulation process: The gate opening information: it has been added by pressing the
“steady flow data” button from the edit menu then >options >gate openings, the open

height has been assumed to be 5 meters as shown in the following figure:

DRI e s g 4 iz s emagem o i e i e,
"% Steady Flow Data-Flow 02 =[5 R J
File Options Help
Enter/Edit Mumber of Profiles (25000 max): |1 Reach Boundary Conditions ... I Apply Data |

River: |bel Add Multiple... |

Fieach: I bel

=13
Desc. | # Gate groups: |1

Gate Group | # Openings FF1 |
# Open |Dpen Ht
Gate #1 2 1 5

[Enter gate opening height far profile 1

Edit Steady flow data f¢

Figure 4.28 Gate openings information
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Before running the steady state and the unsteady state analysis the reach conditions
for the upstream and the downstream should be defined, there are different ways to

define the reach conditions as the following:

Steady state analysis:

For the upstream boundary and the downstream boundary conditions, they can be defined

using one of the following methods (go to >edit >steady flow data):

a.
b.
C.
d.

Enter the rating curve (by inserting the changes in values of stage against the flow).
Enter the downstream slope for normal depth computation.
Set the condition to be a critical depth (unknown value).

Enter the water surface elevations for different values of flow.

Unsteady state analysis:

In the unsteady state analysis the upstream boundary can be defined using one of the

followings parameters (go to >edit >unsteady flow data):

a.
b.

C.

Stage hydrograph.
Flow hydrograph.
Stage/flow hydrograph.

The downstream boundary condition can be defined in the same parameters of the

upstream boundary plus the rating curve and the normal depth. So from those parameters

one of them is enough to define the boundary conditions which have been chosen to be

the stage hydrograph in this test case

S oy s T

I % Set boundary for all profiles " Set boundary for one profile at a time

Available External Boundary Condtion Types

Ko WS, | Critical Depth | Mormal Depth | Rating Curve | Delete

:d Boundary Condition Locations and Types

Frofile |Jpatream Downstream
Rating Curve

Steady Flow Reach-Storage Area Optimization ..

[Select Boundary candition for the dawnstream side of selected reach.

Figure 4.29 define the boundary conditions
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e In this step the steady state analysis has been run and the information of the gate

opening has been provided through the HEC-RAS tables from the main menu and it
was as in the following figures:

-

e
1~ Steady Flow Simulation

River bl RS: 10

Reach: bel Mode Type:  Cross Section

Profile: FF1

Sinaton 111 I
~ Computation Mezsags

Steady Flow Simulation Wersion 4.1.0Jan 2010

Finished Steady Flow Simulation

Task Time:
Complete Process 0.06 sec

Computation messages wiitten to: C:\Usersbbelal\Documentshdambreak 1 pl4 camp_msgs.tal

Figure 4.30 Steady state analysis complete

rote oo o e I =

File Options 5td, Tables Locations Help
HEC-FAS Plan: Plan 01 River: bel Reach: bel  Profile: PF 1 Reload Data |
Fiiver Sta | Profile E.G. Elev|'w.5 Elev| O Total | O 'wWeir | O Gates

[rn] [mn] [m3/s] [z 3z
45 FF 1 318 314 30.00 19.63 10.37

Energy gradeline for given WWSEL.

Figure 4.31 Results of the steady state analysis

From the results of the steady state analysis, it has been found that the flow of the river at the
gate equals 10.37 m3/s and the elevation of the gate is around 3.15 meters. The general

profile of the river and the water surface profile have been shown in the following figure:
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T Legend
o ““\\ Vel Right PF 1
SID 1 EIH] 1 éll 2EII|] 250 3EII|] 350 4EII'|]'
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Figure 4.32 General profile plot

e The last step in this analysis is to run the unsteady state analysis in the HEC-RAS

software then compare its results with the results obtained from the ISIS, the results

have been grouped in the following graph to compare between the two softwares:

Stage (meters)

3.06

3.05

3.04

3.03

3.02

3.01

2.99

ISIS Vs HEC-RAS

s | S1S
\ ———HEC-RAS
0 100 200 300 400
Length (meters)

Figure 4.33 Stage Hydrograph (ISIS Vs HEC-RAS)

From the figure above it has been noticed that the HEC-RAS is higher than the ISIS stage
values but both values still acceptable and close to each other.
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4.2 Case2: Malpasset dam-break test

4.2.1 General description

The Malpasset dam is a double curvature arch dam type with a maximum height of 66.5
meters, crest length of 223 meters and reservoir capacity of 55 Mm3. The main purpose of
the dam was the irrigation and the storage drinking water usage, the dam failed on the second
of December 1959 and just a little part of the arch dam remained. The researches reasoned
the failure of the dam to the high pore water pressure in the rock under the heavy rains

happened during the construction process of the dam (Ahmed and Morris, 1999).

A comparison has been made between the ISIS numerical model results and the physical
model results by (Ahmed and Morris, 1999) throughout simulating the Malpasset dam failure
using the ISIS software by considering the dam failure as 3 sluice gates opening 10 seconds
per each one and then drawing the outflow hydrograph with the hydrograph resulted from the
physical model in one graph in order to watch the difference between the two curves. The
journal run two simulations; the first one used the EDF hydrograph data and the second one
used the computed hydrograph and in order to have this process done in the ISIS the two
simulation processes have been done separately. The following graph shows the difference
between the ISIS hydrograph and the EDF hydrograph where the ISIS hydrograph has been
found to be longer than the physical one.

Qutflow Hydrographs for Malpasset Dam Test Case

80000

70000 400 DataByEDF |
60000 ,ﬂ \ Isis I
50000 \\ \,.‘,ﬂ

40000 \’\\

30000
20000

10000 \\

0 x

0 500 1000 1500 2000 2500 3000 3500
Time [Seconds)

Discharge (mlfs)

Figure 4.34 Outflow hydrograph, (Ahmed and Morris, 1997)
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4.2.2 Test case 2 using ISIS

The simulation process steps of this test case are totally similar to the first test case with only

some changes listed below:

e The upstream boundary condition was imposed to be small flow of 10 m3 /s which is

the same as assumed in the journal and the downstream boundary condition to be a

rating curve with fixed stage of 3 meters as shown in the following figures:

EREE R

Mode Label

e

Edt.. |

Comment:

—[rata Manipulation

[ ata Extending Method

D ata Interpolation

EXTEND

|LINEAR

Flow (m3/s)

Time (=}

Flowsd Tirne Dats

Units of Tirme &re:

Time D ata b ultiplier:

|sECONDS

Flow Multiplier:

Time D'atum Adjustment:

binirnum Flow ' alue:

|D.DDD

|n_nnn

1000.000

| 7300.000
| 4500.000
| 1500.000
| |1000.000

500.000

| |20.000
| |nooo

0.000
100,000
500,000
1000.000
1500.000
2000.000
2500.000
3000.000

Plat... |

LCancel |

Mode Label
{ —

Edit... |

Comment:

[rata b anipulation

Stage (m AD) Time {h}
[ata Extending Method : [ ata Interpolation : » [3.000 0000
EXTEND x| JUNE&R =l | 2.000 500,000
3.000 1000, 000
Time Data - |3.000 1500.000
Units of Time &re: Time [rata Multiplier: || 3.000 2000.000
HOURS ;| | | |3.000 2500.000
3.000 3000.000
Flat... |
Fhoto... | & P[eviuus...l Ment. L | Help |

Figure 4.36 Downstream boundary condition
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e The dam break has been simulated using 3 radial sluice gates opening 10 seconds per
each one so the total opening time is 30 seconds which is the same assumed time in
the journal, the following information has been assumed to be the same as in the

journal as well:

Table 4. 3 Gate data

Data values

Height of the gates 9.7 meters

Radius of gates 15 meters

Height of the pivot 14.7 meters

Elevation of the crest | 56.8 meters

e e ) s b e

[EH SLUICE RADIAL: S4up =RRE X

Main Data l Control Data]

MNode Labels

Upstrearm : Dranriztreamm
|54up |54dn Edi...
Comment :

WeirData Gate Data l Eoefficients]

MHumber OF Gates : Radiuz of Gates :
- G ate radius
1 = 15.000 k "
Height of Gates : Height of Fivot
9,700 14.700

Gate opsning T
[~ Gate mavements measured in degrees F .Y

N [v Allow free under-gate fow

Photo... & previous..| Mext. B Cancel Help

. — o = =

Figure 4.37 Sluice radial gate information

As mentioned before that the ISIS cannot run two different models at the same time so the
two different models should be run separately then the results of the two models will be

combined together in one Excel graph as shown in the following steps:
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e The first step in the dam break analysis process is to run the steady state flow analysis
and the results of that analysis have been found in the following form which shows

the big difference in the velocity values before and after the dam location point :

FILE=LAST.dat
ISIS VER= 6.4.0.52
results from the direct method at time 0.0000 hours
lakellZ ? flow stage froude welocity umode
ustate Z
sl v 1000.000 73.185 0.008 0.227 0.000
0.000 0.000
32 v 1000.000 73.185 0.008 0.227 0.000
0.000 0.000
33 v 1000.000 73.185 0.008 0.227 0.000
0.000 0.000
S4up v 1000.000 73.184 0.008 0.227 2.000
0.000 56.700
S4dn v 1000.000 5.134 0.457 3.248 0.000
0.000 0.000
85 v 1000.000 4.781 0.508 3.486 0.000
0.000 0.000
S6 v 1000.000 4.268 0.603 3.504 0.000
0.000 0.000
37 v 1000.000 3.000 1.024 5.555 0.000
0.000 0.000

Figure 4.38 Steady state analysis results

e Secondly the unsteady Tixed time step flow analysis has been run and the tlow values
for the river sections have been computed through the CSV tabular command in the
ISIS and the following graph has been drawn using Excel:

Flow hydrograph
(1SIS)
7000
6000
—s1
5000
z Y
@ 4000 o3
E 3000 S4up
[V
2000 ——S4dn
1000 —55
s6
0
0 0.2 0.4 0.6 0.8 1 1.2 >7
Time (hours)

Figure 4.39 Flow hydrograph (ISIS)
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As noticed from the previous flow hydrograph that the maximum flow point is around 6000
m3 /s and it has been reached after some time from the beginning of the simulation process
then it decreased gradually until it reached zero by the end of the simulation time, it is very
clear also that the highest flow hydrograph curve is at the first section then it decreased in the

next following sections.

The following graph shows the comparison between the outflow hydrograph obtained by the
journal and the one obtained from this analysis in one graph which shows that there is a slight
difference in the maximum flow point which has been found in the journal to be around 7000

m3 /s and this might happen due to rounding decimal or human error.

Outflow hydrograph
ISIS Vs ISIS (journal)

8000

7000 I’\\
6000

5000 e |S1S

\
4000 \\
\\ == |SIS(journal)
A\

3000
2000 / \
" —~_

0 0.2 0.4 0.6 0.8 1 1.2

Flow (m3/s)

0

Time (hours)

Figure 4.40 Outflow hydrograph comparison
The second graph shows the ditterence In the starting value ot the tlow which has been found
around 5000 m3 /s and the other difference is the maximum flow point which has been found

to be less than 7000 m3 /s with a little value:
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Figure 4.41 Outflow hydrograph ISIS Vs EDF
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4.2.3 Test case 2 using HEC-RAS

The same procedure followed in the previous part has been applied here with some
differenced related to the HEC-RAS; the major steps of the simulation process for this test

case using the HEC-RAS software are listed below:

The same gate information has been used to describe the Malpasset dam as a radial

sluice gate with three openings, the following figures describe the shape of the weir,

the information of the gate and the openings information:

- Geomel

Height:
fidth:

Invert:

# Openings: |3

Centerling Stations

1| Gate Group: I vI ﬂﬂ Elﬁﬁlil

tric Properties

37

15
56.48

Skation

0
20.

9 S 5 P

JEry Yy
raf—=|c

-20.

Gate twpe [or methodology]: IHadiaI
— Gate Flov

R adial Gate Flow
Radial Discharge Coefficient 1

L«

Trunnion Exponent:

Opening E=ponent: 1

Head E=ponent:

Trunnion Height

Submerged Orifice Flow
(Dlifice Coefficient [typically 0.8]:

= ==
== |
-

Head Reference:

ISiII [Irevert] VI

mweir Flow Owver Gate Sill [gate out of water)

Weir Shape: IBrDad Crested VI
|1 E7

Weir Coefficient:

0K | Cancel | Help |

File VWiew Options Help

s B

River:

Figure 4.42 Gate information

v Inline Structure Data - Geom 01 =k

Apply [ata | + .l

Reach: Ihea

j FliverSta.:IE.E vlﬂﬂ

| pstream 5 g | Upstream channel length; 185.096 [m)

Description

Piliat Flonsy

Breach [plan data] ... | Rules [unsteady data ... |

dambreak2  Plan: Plan 01 -

Bewation (m)

=20 -10 4]

Station {m)

[Select the river for inlfine structure editing

Figure 4.43 Weir embankment data
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e The same number of river sections with the same information has been used also in

this part to describe the river reach to be similar to the one used in the ISIS case and
the one used in the journal:

e o D R

Exit Edit Optiens Plot Help
River |pea - Apply Data | M, + al Plat Options @ I™ KeepPrev xS Plots  Clear Prev |
Reach; [bea ] RiverSta:[7 =l ﬂﬂ dambreak?  Plan: Plan 01
Description Iup - | up |
Del Row | Inz Row I Downstream Reach Lengths 1007 I 003 I Tegend
Cra n Coordinates LOB Channel ROB — — —
Station Elovation || 185095  [185095  |185.096 EG Max WS
Bl i a0 . &y T |wswexws
_ 2|30 0 LOE_ [ Charmel [ ROB G
BEEN 0 E & *
4302 a0 = Bank Sta
— [=}
i s
B 2 40
| |02 EE “
e
— 201
N
1] 0 T — .
= 40 30 20 10 0 10 20 30 40
Station (m}

[Edit Station Elevation Data (m)

Figure 4.44 Cross section details
The initial flow condition has been set to be 10 m?/s, the upstream boundary
condition has been defined as a flow hydrograph using the same details which used in
the previous section, the downstream boundary condition has been defined as a stage
hydrograph with the same data as well and the last boundary condition was the
opening times of the sluice gate as shown in the following figure:

(o - L o e
3 vty oo R

File Options Help
£ Boundan Conditions| Initial Conditions | [ Aprly Data |

Boundary Condition Types

Stage Hydrograph | Flawe Hydrograph I StagesFlow Hydr. I Frating Curve I
Mormal Depth | Lateral Inflowe Hypdr. I Urifarmn Lateral [nflow I Groundwater [nterflow I
T.5. Gate Openings | Elev Controlled Gates I I avigation Dams I IE Stage/Flow I
Fulez | @
Add Boundary Condition Location
AddRS.. | | AddStoragedrea.. | | AddSAConrection..| | AddPump Station .. |
Select Location in table then ct Boundary Condition Type
River Reach RS Boundary Condition
1| bea bea 10 Flowe Hpdrograph
2| bea bea BE 15 [T.5. Gate Openingz
3| bea bea I Stage Hedrograph

Figure 4.45 Unsteady flow boundary conditions
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e The last step in this process was conducting the steady flow analysis followed by the
unsteady one and then the flow hydrograph values can be obtained using the
computation level output which give the spatial time series plot for each section

separately, those flow hydrographs have been grouped altogether in one flow

hydrograph as shown below:

8000
7000
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5000
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3000
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2000
1000

Flow Hydrograph
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Time (Seconds)

—1S1
—S2
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S4up
e SA AN
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It has been noticed that the maximum flow value obtained by the HEC-RAS was around 7200
m3 /s and this value decreased in the following sections until it reached around 4000 m3 /s in
the last section. The flow curve between 1000 seconds and 2000 seconds grew again until it

reached a maximum local value which was 2800m?3 /s which describe some instability of the

Figure 4.46 Flow hydrograph (HEC-RAS)

software at the last river sections.
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4.2.4 Comparison between the results obtained from the ISIS, the HEC-RAS and

the results obtained from the journal

The following outflow hydrograph includes the following curves:

1. The outflow hydrograph obtained from the ISIS.

2. The outflow hydrograph obtained from the HEC-RAS.

3. The outflow hydrograph obtained from the journal using the ISIS.

4. The outflow hydrograph obtained from the journal using the physical model (EDF).

It is obvious that the outflow hydrograph obtained from the HEC-RAS and the ISIS (journal)
are coinciding on each other in most of the graph points and the dam failed when the
discharge was 7200 m3 /s in both of them, as seen from the ISIS hydrograph that the dam
failed when the discharge was 6000 m2 /s which is not the same of the ISIS (journal) as said
before that the reason behind that could be the rounding decimal or a human error. The EDF
hydrograph recorded 6800 m3 /s flow value when the dam failed which is still a quite closer
to the value obtained from the HEC-RAS and the ISIS (journal).

Comparison of Outflow Hydrpgraph
8000
7000 -\
6000 |
ISIS
— 5000
B HEC-RAS
£ 4000
_E = = = = |S|S(journal)
= 3000
\\\ = = EDF (journal)
2000 \
\
\§
1000
0 S
0 02 04 06 08 1 1.2
Time (hours)

Figure 4.47 Comparison of outflow hydrograph
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4.3 Case 3: Sinusoidal Oscillation

4.3.1 General description

The river discharge has been assumed to be constant value which is 2 m3 /s and the length
between sections has been set to be 500 m, the constant discharge with the other data of the
cross section have been used to create the tidal backwater effect in the ISIS and the HEC-
RAS softwares, the tidal backwater effect will be simulated by changing the values of the
downstream boundary condition periodically over the time, the results of the analysis for the
river sections in this case will be in the wave oscillation form for all of the results
components like the velocity, the stage, the flow and others (Loh, 2011). Other parameters

have been assumed to be as in the following table:

Table 4. 4 Assumed parameters

Parameter Value
Number of sections 8
Channel base width (meters) 5
Channel deep (meters) 5
Manning coefficient 0.0300
Slope for normal depth 0.0003
Simulation time (hrs) 48
Time step (secs) 60
Save interval (secs) 300
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4.3.2 Test case 3 using ISIS
The previous data has been inserted into the ISIS as the same steps of the previous cases as
shown below:
1. Define the upstream boundary condition by setting the flow discharge as 2 m3/s as
shown in the following figure:

Mode Label
|51 Edi... |
Comment:

D ata Manipulatior Flow (m3is) Time (h}

Data Extending Method : Data Interpolation : Fl 2000 0.000
EXTEMD - |LIMEAR ~|

rFlow/Time Data

Units of Time Are: Time Data Multiplier:
|HOuRs =l

Flaw bultiplier: Time D aturn Adjustment:
| |o.o00

Mirimurn Flow Walue:
|00

Flat... |
Phata... | 5 Previous | Mest. B | [u] 4 I Cancel | Help |

v

Figure 4.48 Upstream boundary condition

2. The 8 river cross sections details have been inserted to be as in the following:

Mode Label
l Section: Firgt Spill Second Spill:
I 1et | | -
Ecit Lobels...
rLateral Inflow Label
First: Second: Third: Faurth:
Comment :

% (m) |y (m AD) | WMannings n | Panel | RPL | Warker | Easting | Northing | Deactivation |
|p| 0.000 5.000 0.030 [~ 1.000 ~| 000 0.00 -]
| |2.000 5.000 0.030 [~ [1.000 -1 0.00 0.00 -|
| |2.000 0.000 0.030 [~ |1.000 - 0.00 0.00 -|
| | 7.000 0.000 0.030 [~ 1.000 + | 0.00 0.a0 -
|| 7.000 5.000 0.030 [~ 1.000 > 0.00 0.00 -|
| |5.000 5.000 0.030 [~ 1.000 ~ 000 0.00 -

Digtance to Mest Section: Slope for normal depth:
[500.000 ] [2-000300 E';tl
Photo... | & P[eviuus....l Mest.,. B | oK I Cancel | Help |

Figure 4.49 Cross section details
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3. The details of the downstream boundary condition have been inserted to be oscillating

over the time as shown in the following figure:
Mode Label
( |53 Edi... |

Camment:
[ata Manipulation Stage mAD) [T () i
Drata Extending bethod : [ ata Interpalation : F1.000 1.000 b
EXTEND >l |UNE#R | | z000 2.000 3
| 3.000 3.000
Time Data : 2000 4.000
Uritz of Time Are: Time D ata b ultiplier: | 1.000 5.000
2.000 £.000
HOURS -
LI I 3.000 7.000
IR 8.000 -
Flot... |

Fhoto... & previous..| Mest L | oK I Cancel | Help |

Figure 4.50 Downstream boundary condition

4. Conduct the steady state simulation first in order to allow the ISIS prepare the initial
conditions, the steady state simulations results has been found to be as in the

following figure:

FILE=TEST3.dat ISIS VER= ©.4.0.52
results from the direct method at time 0.0000 hours
labellZz 2 flow Stage froude welocity umode ustate =
51 ¥ Z2.000 1._435 0.074 a.27%9 0.00a0 0.0aa a.00a
52 ¥ Z2.000 1._354 0.a78 a.287 0.00a0 0.0aa a.00a
53 ¥ Z_000 1_343 0.08z2 0.297 0.00a0 0.0aa a.00a
54 ¥ Z_000 1_2538 0.08& 0.308 0.000 0.0aa a.00a
55 ¥ Z_000 1.24%2 0.0582 0.322 0.00a0 0.0aa a.00a
S5a ¥ Z_000 1.177 0.100 0.340 0.000 0.0aa0 a.00a
57 ¥ Z_000 1.0%5%5 0.111 0.3g4 0.000 0.0aa0 a.00a
=] ¥ 2_000 1.000 0.128 0.400 0.000 0.0aa0 a.000

Figure 4.51 Steady state analysis results
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5. Run the unsteady state (fixed timestep) simulation by setting the timestep to be 60
seconds, the save interval to be 300 seconds and the finish time to be 48 hours as

shown in the following figure:

IEH 1515 Scenario Data - C:\Users\belal\Desktop\ISISEX~1\test3.dat o (=]
File Run VWiew Help
Filez Times lelions] Parameters] Advanced Parameters] Diagnoslics] Snapshots] CES ] Lows Flaows Dptions]_L
Run Type
" Steady (Direct) * Unsteady [Fized Timestep) " Boundary Mode
" Steady [Timestepping) " Unsteady [Adaptive timestep]
Timestep [z Save Interval [z]
Usze Time Zemo |BU.|:||:| 300.00
Start Time [hrs]
> Abhsolute 0.00
Finizh Time [hrs]
-» bbgolute L] IDi
Bun Open | Save | Save fgs... ‘ Llose
1| | »

Figure 4.52 Unsteady state analysis

6. The long section of the river water surface has been found to be sinusoidal oscillated
each different hour because of the continuos change of the river surface height each

different hour as shown in the following figures:
B8 Long Section: S1. - $8- Stage: el

Long Secfion. &1 - 58 Stage; 0000

Elevation (m AD)
~

Node Label 1

Figure 4.53 Longitudinal profile after 0 hours
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Long Secton: 51 - 58 - Stage; 1.000 h

Elevation (m AD)

Node Label

Figure 4.54 Longitudinal profile after 1 hours

Long Secton: S1- 58- Stage; 2000 h

Elevation (m AD)

Node Label

Figure 4.55 Longitudinal profile after 2 hours
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EH Long Section: $1- 58 - _

Long Seclion: 51- 58 - Stage; 3000 h.

Elevation (m AD)

s1
s2
s3
sS4
55
s6
s7
s

Node Label

Figure 4.56 Longitudinal profile after 3 hours

B8 1ong Section: S1-58 -

Long Secton: 51 - 58 - Stage; 4.000 h

Elevation (m D)

- o n =+ 1
0 in i il @

Mode Label

ES
=7
S8

Figure 4.57 Longitudinal profile after 4 hours
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Long Section: 51 - S8 - Stage; 5,000 h

44
42

34

32

24
22

Elevation (m AD)
™~

Node Label

Figure 4.58 Longitudinal profile after 5 hours

7. The results of the unsteady state analysis have been taken through the CSV tabular
command which gives all the variables including the velocity, the stage, the flow etc.
So the stage and the velocity information for this case have been taken throughout this
command the then plotted against the time in order to see the backwater tidal
oscillations which have been found that those oscillations started from the last section
S8 to the first one S1 from those following graphs it has been found that the more
distance from the start of the river till the higher wave height it becomes for the
velocity and the lower wave height it becomes for the stage and that proves the wave
energy decreases as it travels due to the losses of the velocities and the friction forces
from the channel bed and the river walls from the upstream boundary to the
downstream boundary. The following figures show the wave oscillations for the stage

and the velocity against the change of the time:
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Figure 4.59 Stage hydrograph (ISIS)
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Figure 4.60 Velocity hydrograph (ISIS)
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4.3.3 Test case 3 using HEC-RAS

e The river reach has been defined using 8 cross section starting from the river station

10 at the upstream boundary to the river station O at the downstream boundary as

shown in the following figure:

RN e T

File Edit Options View Tables Tools GISTools Help

Editors, | 23¢h

it
@

Tools | River |storage | s RS L
Conn. | Station Drescription : I
— [ 1239 @

Cross

g

Brdg/Culy

Inline
Structure

{

Lateral
Structure

Storage
Area

:

wiew |2

I Section 10

\SIK

Pumg

be B Plat ‘w5 extents for Profile: I[none]

2Bl 7 14085+

5.714z28*

\\4.235?1'

Some schematic data outside default extents (see View/Set Schematic Plot Extents...)
" | None of the X5's are Geo-Referenced [ = Geo-Refuser entered XS — Geo-Ref interpolated XS — Mon Geo-Ref user entered XS — Non Geo-Ref -

2.85714*

1.42857

F

Figure 4.61 Reach river

1.1028, 0.9488

e 1he cross section detalls have been assumed to be as the same Information inserted in

the ISIS for this test case where the distance between the cross sections is kept to be

500 meters and the manning coefficient to be 0.03 and any other details are shown in

the following figure:

= Cross Section Data - test4

|| River:  |bel

Exit Edit Options Plot Help

Apply Data |ﬁ'§Jﬂ| Plat Optiohs

@ ™ KeepPrevS Plots  Clear Prey | I

Reach: Ibel

| River Sta.[7.14285° 41

Diescription I
Del Fow |

Ing

Fow |

tion Coordinates

[FREI R

=

2 |

oo oo

2 [

Downstream Reach Lengths

LOE Chatinel ROB

- tatlon Elevation ‘l ISDD IEDD |5DD

LOE Charnel ROB
003 jo.os joo3
Main Charinel Bank Stations
Left Bank Right Bank

Contraction Expansion

i8] [03

Elevation {m)

dambreak1 Plan: testd

03

4

Tegend

EGMEWE
WE N WE
ERL ]

ERER-CE )
ERAT L]

WS 13002011 0759
R T

wE Az 0
e p—
6 1308011 0059

M
WS 13005011 0059
R —
EG 13002011 0959
R —
WS 13MULD011 0858

Ground
B 5

2 4 3 8
Station (m})

10

Figure 4.62 Cross section details
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In order to run the steady state simulation analysis a pre step has been done which is
defining the steady flow data from: >edit >steady flow data, then the flow discharge
set to be 2 m3/s and the boundary conditions have been defined using the rating

curve option for both the upstream and the downstream boundaries:

= - e — - =B R
7= Steady Flow Data FlF)W 03 - . - —_—— -l
File Options Help
Enter/E dit Mumber of Prafiles (25000 max): 1 [ Reach Boundary Condiions.. | Appl Date |
Locations of Flow D'ata Changes
|| River |[bel = Add Muliple.._ |
Reach: Ibel ;I Riveer Sta.:I‘ID ;I Add A Flow Change Location |
| Flovs Change Location Profile Mames and Flow Rates
| River [Reach |Rs [PF1
| 1] bel bel 10 2
| Steady Flow Bounda
l & Set boundary for &l profiles " Set boundary for one profile at a time

Aailable External Boundary Condtion Types

Koo w5, I Critical Depth | Marmal Depth Fiating Curve Delete

Boundary Condition Lo
Frofile Upstream D ownstream
Fiating Curve

Steady Flow Reach-Storage frea Optimizatior ... | SRR Canhcel Help

[Enter ta accept data changes.

Figure 4.63 Steady flow boundary condition

The steady state analysis has been computed then the following results from the output

summary tables for the steady state analysis have been extracted as shown below:

Profile Output Table - Standard Table SHEEN X

File Options 5td. Tables Locations Help
HEC-RAS Plan: testd River: bel Reach: bel  Prafile: PF 1 Reload Data |

Reach | River Sta | Profile [ Total |MinChEl|'.5. Elev| Cit'w'.5. | E.G. Elev|E.G. Slope| Vel Chnl | Flow Areal Top \Width| Froude # Chi

[m3/z] [} [} [m] [} [mdm] [ms] [mz] [}

bl 10 PF1 2.00; 0.00 210 210 0.000027 0.3 1051 .00 0.04

bel B.57142 | PF1 2.00 0.00 2.09 2.08 0.000022 0.15 10.44 5.00 0.04

bel 714285 (PF1 200 0.00 207 208 0.000023 013 103y 500 .04

bl 571428 | PR 2.00 0.00 2.06 206 0.000023 0.3 1030 .00 0.04

bel 4.28571% | PF1 2.00 0.00 2.05 2.06 0.000023 0.20 10.23 5.00 0.04

bel 285714 [PF1 200 0.00 203 203 0.000030 020 1015 500 .04

bel 1.42857* | PF1 2.00 0.00 2.02 202 0.0000: 0.20 1008 2.00 0.04

bel 0 PF1 2.00 0.00 2.00 . 2.00 0.000031 0.20 10.00 5.00 .05

Tatal flow in crozs section.

Figure 4.64 Steady state results
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The last step is to run the unsteady state analysis but before doing that step the
unsteady state flow data needs to be defined using the same way of the steady state
flow data but this time the only difference is how to show the sinusoidal case in the
reach river using the same information used in the ISIS. The same information has

been inserted into the downstream boundary condition as a stage hydrograph and for

the upstream boundary condition as a flow hydrograph as shown below:

Flow Hydrograph

River: bel Reach: bel RS: 10

il

River: bel Reach: bel HS: 0

Select/Enter the Data's Starting Time Reference

Date:  13JUL2011 Time: |00:00 & 1se Simulation Time:

" Read from D35 before simulation Select D55 file and Path " Read from DSS before simulation Lot D33 TR and Path
File: | File: |
Path: | Path: |

(% Enter Table Data time interval: |1 Hour hd % Enter Table Diata time interval: |1 Hour hd

Select/Enter the Data's Starting Time Reference

Date:  NAULATT Tipe: [00:00

All the InTormation needed Trom the unsteady analysis can be extracted througn an
important option in the following window which allows showing details about the
stage and the flow at every section in the river. This option can be activated by tick

Date: Time: " Fixed Start Time: Date: [225EP2008 1| Tire:
No. Ordinates Interpolate Missing Walues | Diel Row | Ing Raw | Mo. Ordinates Interpolate Missing Walues | Del Row ‘ Inz R |
Hydrograph Data Hydrograph Data
Date Simulation Time Flaw - Date Sirnulation Time Stage -
[hours) [m3s) [hours) [m)

1| 120ui2011 2400 000 2 1| 1202011 2400 000 1.
2| 13002011 0100 01:00 2 2 13Jul2011 0100 01:00 2
3| 13ul2011 0200 0z:00 2 3| 1302011 0200 0z:00 3
4| 134ul2011 0300 03:00 2 4 13Jul2011 0300 03:00 1.
5 13Jul2011 0400 04:00 2 5 13Jul2011 0400 04:00 2
E|  13Jul2011 0500 05:00 2 Bl 13ul2011 0500 05:00 3
7l 134ui2011 0800 0E:00 2 j 7| 134ul2011 0800 0E:00 2
Time Step Adiustment Options ["Critical boundary conditions] 8 1321 0700 0700 1.
3 13Jul2011 0800 08:00 3
tax Change in Flaw [withaut changing time step: 10] 13ul201 0900 03:00 1.
11| 13Jui2011 1000 10:00 2

Min Flow: Multplier: 12l 130011 1100 11:00 3 Ad

Plot Data oK Cancel Flot Data oK Cancel
S ——— s —

Figure 4.65 Unsteady state boundary conditions

the box in front of computation level output sentence as shown below:

;
PT=TETE

File Options Help

[

Plan: | Short 1D
Geometry File : |test4 ;I
Unsteady Flow File : |Un$tead}l Flows 03 LI
Flan Deszcription : |
Programs to Bun EI
v Geometry Preprocessor
v Unsteady Flow Simulation
v Post Processor I
Sirnulation Time Window
Starting D ate: 13I0L2011 o Starting Time:  |000
Ending D ate: 13JuL2011 & Ending Time:  |10:00
Computation Settings
Computation Interwal: 1 Minute - Hydrograph Output Intersal: 1 Minute -
[+ Computation Level Output Dretailed Output Interval: 1 Minute

DSS Output Filename: |C:\U$els\belaI\D ocumentsikoko. dss

W Mixed Flows Regime [zee menu: "Options/Mized Flow Options _..""]

=

[: Cormpuis

Figure 4.66 Unsteady flow analysis
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As soon as the unsteady state analysis finished all the information needed to draw the graphs
of the stage and the flow against time can be extracted from >view >unsteady state flow time
series plot, so all the information needed has been extracted and moved to the Excel to draw

the following graphs as shown below:

Stage Vs Time

35

'2 / \// \\// \\/ .

15 :‘.’ \ —10

Stage{m)

a5

0 100 200 300 400 500 600 700

Time (minutes)

Figure 4.67 Stage hydrograph

Flow Vs Time

15

10

—_—57

—10
100 200 300 400 \“LOO 600 700
0

Flpwi{m3s)
;
A
(
=

-10

-15
Time (minutes)

Figure 4.68 Flow hydrograph
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From the graphs above the backwater tidal oscillations are obviously exist in the stage and
the flow graphs at different sections of the river and it has been noticed also the further from
the beginning of the river reach the lower in the water surface and the more unstable in the
flow of the water.

The followning figure shows the water surface of the river at different times during the
simulation process and it has been noticed that the largest level of water reached 3 meters

after 2 hours from the beginning of the simulation process:

bel-bel }

02:00 hrs

08:00 hrs

25 06:00 hrs

xS wesel (m)

01:00 hrs

2.l L

10:00 hrs

00:00 hrs

o 500 1000 1500 2000 2500 3000 3500

lain Channel Distance (m}

Figure 4.69 Longitudinal profile at different simulation times
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4.3.4 Comparison between ISIS and HEC-RAS

The following graph shows the difference between the two softwares in the flow hydrograph
where the ISIS has been found to be similar to the HEC-RAS at the first section of the river
but at the other sections there is a slight difference between the two graphs as shown below, it

is noticed that the HEC-RAS is quicker than the ISIS in reaching the maximum and minimum

flow values:
Flow Hydrograph (ISIS Vs HEC-RAS)
8
6
A $1(ISIS)
Q , s4(I1SIS)
= ,
£ ' ———58(ISIS)
2 0
8 $1 (HEC-RAS)
= oe %' 5
2 \ ‘ l[ | ===-S4(HEC-RAS)
-4 — — S8(HEC-RAS)
6
Time (hours)

Figure 4.70 Outflow hydrograph comparison

The second graph shows the difference between the two softwares in the stage hydrograph
where the ISIS has been found to the same as the HEC-RAS in the stage values with some

difference in the timing between them:

Stage Hydrograph (ISIS Vs HEC-RAS)

z zz A AN AN\ /X ——s1(lsls)
L, L/ AN AN NN A T
SRRV VARV AR\ . A
g . 51 (HEC-RAS)
0.5 ——54 (HEC-RAS)
0 58 (HEC-RAS)

Time (hours)

Figure 4.71 Stage hydrograph comparison
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4.4 Case4: Dry River with constant flow discharge

4.4.1 General description

The main purpose of this test case is to simulate the dry river bed with no water flow then
simulate a constant flow discharge through the river until it reaches the steady state flow, the
height of the water in the river should be determined and plotted into a graph. This purpose
can be simulated by making some assumptions into the initial condition of the river channel
to be dry with no flow of water the river bed starts to change from the dry form to the wet
form by increasing the time of the simulation until it reached the steady state case. The

following assumptions have been made to be used in the case:

Table 4. 5 Assumed parameters

Parameter value
Base flow (m3/s) 10
Distance between cross sections (m) 50
Cross section (m*m) 5*5
Slope of the channel 0.0001
Simulation time (hrs) 48
Time step (secs) 20
Save interval (secs) 300
Manning coefficient 0.03

4.4.2 Test case 4 using ISIS
e The first step to simulate the dry river bed is to define the constant flow discharge of
the river in the upstream boundary condition to be 10 m3/s after one small value
which has been assumed to be 0.001 m3 /s, that small value has been assumed instead
of zero flow value as the ISIS can’t run a simulation with zero flow value, the

following figure shows the upstream boundary condition details:
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Mode Label

|51— Edit . |

Comment:

Data Manipulatior

Flow (m3iz) Time (h})
Data Extending Method : Data Interpalation : oom 0.500
EXTEND =] |LINE&R > [ oo 1.000
- |10.000 1.500
" |10.000 2.000
" |10.000 2500

- |10.000 3.000
|HD"'HS = | " |10.000 24.000

Flow Multiplier: Tirme D atum Adjustrment;
| [0.000

~Flow/Time Data

Units of Time Are: Time D ata Multiplier:

Finiruim Flow ' alue:
|0.000

Flot... |

Phata... | 5l previons | Mewt. B CUTOE |

2

Figure 4.72 Upstream boundary condition

The second step is to define 8 cross sections of the river (S1 to S8) with the details

shown in the following figure:

e — —

Mode Label

Section: Firzt Spill; Second Spil:

Ist | | -

Edit Labeks.. |
Lateral Inflow Label

Firat: Second: Third: Fourth:
Comment :

x(m}  |y(mAD} [Manningsn [Panel |[RPL  [Marker |Easting [ Morthing | Deactivation |
| 0.000 5.000 0.030 [~ 1.000 ~ | 000 0.00 -]
| |2.000 5.000 0.030 [~ 1.000 ~ | 000 0.00 -|
| [2.000 0.000 0.030 [~ 1000 ~ | 000 0.00 -
| |7.000 0.000 0.030 [~ 1.000 ~ | 000 0.00 -|
| |7.000 5.000 0.030 [~ 1000 ~ | 000 0.00 -|
| [9.000 5.000 0.030 [~ 1000 ~ | 000 0.00 -

Diztance to Nest Section: Slope for normal depth:
[50.000 | 000000 Ll

Photo... | ﬁpge'.riuus...l Mest... B |

LCancel | Help |

Figure 4.73 Cross section details

79



e Finally and before running the simulation analysis, the downstream boundary
condition should be defined as a constant stage 1 meter over the change of the

simulation time as shown in the figure:

i Y

Mode Label
(I% Edi... |
Comment:
[1ata b anipulation Stage (m AD) |'I'|me {h} A
[ ata Extenditg Method : Drata Interpolation : y [1.000 0500 b
EXTEND =l |umEsR =l [ 1.000 1.000
" [1.000 1.500 =
Time Data - [1.000 2.000
riits of Time Are: Tirne D ata Multiplier: || 1.000 2500
1.000 3.000
HOURS - |
—I I 1.000 3.500
| 1.000 4.000 -
Flot... |
Phota... | Fes) P[Ewiuus...l Mext... L Cancel | Help |

A

Figure 4.74 Downstream boundary condition

e The steady state simulation has been run, the results of the steady state analysis at
zero hour time show the dry river bed simulation where the values of the velocity, the
Froude number and the flow values are equal zero as shown in the figure:

| FILE=TEST3.dat

ISIS VER= 6£.4.0.32

results from the direct method at time 0.0000 hours

labell2 ? flow stage froude welocity umode
ustate z

81 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

32 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

33 i 0.001 1.000 0.000 0.000 0.000
0.000 0.000

54 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

85 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

S6 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

37 i 0.001 1.000 0.000 0.000 0.000
0.000 0.000

88 v 0.001 1.000 0.000 0.000 0.000
0.000 0.000

Figure 4.75 Steady flow results after 0 hours
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The results of the steady state simulation analysis after one hour of the simulation show the
change of the river bed from the dry case to the wet case as the velocity values start to
increase, the Froude number and the stage as well, the following figure shows the change

from the dry to the wet:

| FILE=TEST3.dat

ISIS VER= 6£.4.0.32

results from the direct method at time 1.0000 hours

label12 ? flow stage froude vwelocity umode
ustate z

51 v 10.000 1.804 0.264 1.10% 0.000
0.000 0.000

32 Vi 10.000 1.7453 0.277 1.14¢6 0.000
0.000 0.000

33 Vi 10.000 1.680 0.253 1.151 0.000
0.000 0.000

54 v 10.000 1.603 0.314 1.246 0.000
0.000 0.000

33 Vi 10.000 1.518 0.341 1.317 0.000
0.000 0.000

S6 Vi 10.000 1.411 0.381 1.417 0.000
0.000 0.000

37 v 10.000 1.267 0.448 1.375 0.000
0.000 0.000

38 Vi 10.000 1.000 0.635 2.000 0.000
0.000 0.000

Figure 4.76 Steady flow results after 1 hours

e In the last step of simulating the dry river bed is to run the unsteady state flow
simulation fixed time step where the time step has been set to be 20 seconds and the

simulation time assumed to be 12 hours:

[EH 1515 Scenario Data - C:A\Users\belal\DesktophISISEX~1\test3.dat - O] x|
File Run View Help
Files  Times letions] Palameters] Advanced Parametels] Diagnosticsl Snapshots] CES ] Lowe Flows Dptinnslll
Run Type
(™ Steady [Direct] * Unsteady (Fiked Timestep) " Boundary Maode
" Steady [Timestepping) " Unsteady [Adaptive timestep)
Timestep [s] Save Interval [g]
Uze Time Zern |2D 300
Start Time [krs)
-» ibgolute 0.on
Finizh Time [hrg]
-» Absolute 12.00 ,07
Open ‘ Save ‘ Save Az . ‘ Close
1 | »

Figure 4.77 Unsteady flow analysis
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ISIS Flow - CAUSERS\BELAL\DESKTOPISISEX~I\TEST3.dat W

File Edit View State Window Help

- -
B 1515 Flow - C:\USERS\BELAL\DESKTOPAISISEX~1... [ = || @ | 2 | | BBISIS Flow - Run Log (= =] ==
Simulation Time = 12.00 hours (100%) K| © 2009 Halcrow Group Ltd and others A
ISIS Flow
Timestep =  20.0 seconds 1515 Fres =dition.

Simulations limited to 250 nodes;
Hydraulics/hydrology modules only.

Itesations/ Timestep
| max
e Initial conditions from C:\USERS\BELAL\DESKTO
logic
min No errors found in node labels

CAUSERS\BELAL\DESKTOP\ISISEX ~ 1\TEST3.DAT

Simulati
Tolerar
—Flow run compl)
—Leve .
I I i I I I I I I 0 Convergdy i Simulation completed

Total Flows Max In= 10.0 Maxout= 10.0
o

Wiew output filefs)?

—infio iem... I Wigw / Exit Cancel

—outt

L I I I I L I |
00 1.2Z Z& 36 &8 60 7.Z 68 96 105 12005

< [ b < 3

‘Running |

Figure 4.78 Unsteady state flow analysis completed

The following figures show the maximum surface of the water in the river which reaches
1.813 meters in section 1 and from the longitudinal river section it is obvious the increase of

the height of the water by the time from section 8 to section 1 (from left to right):

Cross-Section Data: §1; 0 hours

Elevation (m AD)

Figure 4.79 Cross section plot
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Figure 4.80 Longitudinal profile after 0 hours

The values of the stage against time have been run through the tabular CSV command and
then plotted to be as shown in the following figure which indicates the maximum height of
the river at 1.8 meters and the more distance from the first section the lower in the stage

against time:
Stage Vs Time

1.9

1.8
1.7 s1
1.6 s2

B

‘9’.; 15 e § 3

c 1.4
a 1.3 -
: —S5

1.2
e S6

1.1
. la S7
0 2 4 6 8 10 12 14 58

Time(hrs)

Figure 4.81 Stage hydrograph (ISIS)
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The last figure shows the flow values against the time values which indicate the dry river bed
at the beginning of the simulation time and then the increase of the flow and the height of the

water surface until it reach the constant value for all of the river cross sections.

Flow Vs Time
12
10 . =31
= 8 —S2
k |
£ & -3
3 | —s4
z 4
| —55
2
[} —S6
o 57
0 2 4 6 8 10 12 14
s8
Time(hrs)

Figure 4.82 Flow hydrograph (I1SIS)
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4.4.3 Test case 4 using HEC-RAS

e The first steps are exactly the same of the previous case and the only difference in the
boundaries of the reach river and they will affect the result only in the unsteady state
analysis, so before running the steady state analysis, the boundaries of the reach river
have been assumed using the rating curves then the value of the flow discharge has
been assumed to be 0.001 then to be increased suddenly on the next hour of
simulation to be 10 and this will reflect the change from dry case to wet case.

e In order to simulate the dry bed of a river through the HEC-RAS, the flow discharge
of the water should be assumed to be very small value at the beginning of the
simulation time then the change of the state from dry to wet will be through
increasing the value of the discharge in the river over the time, the next graph show
the dry bed condition in the steady state analysis where the values of the velocity and

Froude number equals zero:

. X
Profile Output Table - Standard Table 1 — Lo o=
L —

File Options 5td. Tables Locations Help

HEC-RAS Plat: testd River bel Reach: bel  Profile: PF 1 Reload Data
Reach River Sta | Profile [ Total | MinChEl|*/. 5. Elev| Ciit\w.5. | E.G. Elev|E.G. Slope| %el Chnl | Flow Area| Top Width| Froude # Chi

[m3/s) [m)] (m] [m] (m] [m/m] [m¢s] (m2) (m]
bel 10 FF 1 0.01: 0.aa 1.00 1.00 0.000000 0.ao0 5.00 5.00 0.00
bel 8.57142° [PF1 0.0 0.aa 1.00 1.00 0.000000 0.0o0 5.00 5.00 0.0a
bel 714285 [PF1 0.m 0.aa 1.00 1.00 0.000000 0.ao0 5.00 5.00 0.00
bel 5.71428" [PF 1 0.m 0.aa 1.00 1.00 0.000000 0.0o0 5.00 5.00 0.0a
bel 428571 [PF1 0.m 0.aa 1.00 1.00 0.000000 0.ao0 5.00 5.00 0.00
bel 2.85714° [PF1 0.0m 0.0a 1.00 1.00 0.000000 0.00 5.00 5.00 0.00
bel 1.42857 |PF 1 0.m 0.ao 1.00 1.00 0.000000 0.0o 5.00 5.00 0.oa
bel 0 PF 1 0.01 0.00 1.00 0.01 1.00 0.000000 0.00 5.00 5.00 0.00
Tatal flovs in cross section.

— |
Figure 4.83 Steady flow results after 0 hours

The change from the dry to the wet condition is illustrated in the following figure where the

values of the velocities started to increase over zero and the Froude numbers as well:

Ll L Lk

L [
B Profile Output Table - Standard Table 1 — [E=EE
e T

File Options Std Tables Locations Help

HEC-RAS Plan: testd River bel Reach: bel Prafile: PF 1 Reload Data
Reach | River Sta | Profile {] Tatal | Min ChEl|" 5. Elev| Crit\w S | E.G. Elev|E.G. Slope| Vel Chnl | Flow Area| Top 'Width| Froude # Chi

[m3/s] | [m] (m) (m) (m] (m/m) | [mfs) |_ [m2) (m)
bel 10 PF1 10,00 0.00 317 319 0.000230 063 1583 5.00 on
bel 8.57142* [PF1 10.00 0.00 3.04 307 0.000255 0EE 1522 5.00 012
bel 714285 [PF1 10.00 0.00 291 293 0.000287 063 1453 5.00 013
bel 571428 [PF1 10.00 0.00 275 278 0000333 073 1378 5.00 014
bel 4.28571% [PF 1 10.00 0.00 256 253 0.000401 07 128 5.00 016
bel 285714 [PF1 10.00 0.00 2.33 237 0000517 086 1164 5.00 018
bel 1.42857 [PF 1 10.00 0.00 2.00 205 0000783 1000 1000 5.00 0.23
bel 0 PF 1 10.00 0.00 1.00 0.74 1.20 0.005633 2.00 5.00 5.00 0.64
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Figure 4.84 Steady flow analysis after 1 hours
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The maximum level of water has been found to be 3.5 meters as shown in the
following figure where the level of water started to increase from 1 meter and stopped

at 3.5 meters at the end of simulation time :
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Figure 4.85 Profile plot
The stage and flow hydrographs can be plotted either using the HEC-RAS or the

Excel, the following figure shows the flow and the stage plots for the 10 station :
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Figure 4.86 Stage Vs Flow (HEC-RAS)
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e Finally the values of the stage and the flow can be extracted from the tables of the
unsteady state spatial time series then those values can be transferred into Excel to
plot the stage and the flow hydrograph for each river section altogether in one plot as

shown in the following plots:
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Figure 4.87 Stage hydrograph (HEC-RAS)

The previous plot show the decrease in the water level by moving away from the upstream
boundary of the river until it reach the downstream boundary where the value of the stage is
constant and equals 1 meter, the next graph shows the change of flow over time for all river
sections and it is obvious that the flow at the beginning of the river (upstream boundary) is

higher than the flow at the end of the river (downstream boundary):
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Figure 4.88 Flow hydrograph (HEC-RAS)
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4.4.4 Comparison between ISIS and HEC-RAS

There is no big difference in simulating the dry bed river between the two softwares and the
only difference is in the beginning of the simulation time where the hydrograph in ISIS takes
some time to start increasing but in the HEC-RAS it started to increase at (0,0) point as

shown in the following figures:

Flow Hydrograph (ISIS Vs HEC-RAS)
12
10
z 8 ——51(ISIS)
g 6 —54 (ISIS)
3 . 58 (ISIS)
- I ——51 (HEC-RAS)
2 ' ——54 (HEC-RAS)
0 ——— 58 (HEC-RAS)
0 5 10 15
Time (hours)

Figure 4.89 Flow hydrograph comparison
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Figure 4.90 Stage hydrograph comparison
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4.5 Case 5: Simplified dynamic model for flood routing in rectangular cross

sections channels

4.5.1 General description

There are different types of methods and approaches can determine and estimate the floods
and the change of flow over time for a particular stream, (Keskin and Agiralioglu, 1997)
have derived a new momentum equation can estimate the flood routing for a rectangular
channel; they called that model the simplified dynamic model. In addition to the simplified
dynamic model the ISIS and the HEC-RAS have the ability to estimate the flood routing and
find the variation of flow discharge over the change of time at different sections through the
river stream. The following assumptions have been assumed to be the same as used in the
journal of (Keskin and Agiralioglu, 1997); these assumptions have been inserted into ISIS
and the HEC-RAS softwares in order to find the difference in the results between the
simplified dynamic model, the ISIS and the HEC-RAS.

The total length of the channel equals 2000 meters.
The bottom width of channel equals 5 meters.

The depth of the channel equals 5 meters.

The bed slope of the river equals 0.0005.

Manning coefficient equals 0.0138.

o g &~ L D E

The base flow has been assumed to be 3 m3/s and the peak flow is to be 12m3/s.

The cross section details have been assumed to be the same rectangular section used in the
previous test case and the distances between the sections have been assumed as the same
assumed by (Keskin and Agiralioglu, 1997); the following table show the detailed distances

between the cross sections of the river:

Table 4. 6 Distances between sections

Section number | Distance to the next station
S1 50
S2 550
S3 600
S4 800
S5 0
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4.5.2 Test case 5 using ISIS

e The first step is to define the upstream boundary condition to be as the same in the

following figure which meets the design criteria for (Keskin and Agiralioglu, 1997):
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Plat... |

Lancel | Help |

Figure 4.91 Upstream boundary condition

e The number of cross sections have been assumed to be 5 identical cross sections and
their details have been assumed to be as in the following figure with the specified
distances which have been used in the simplified dynamic model method:
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Figure 4.92 Cross section details
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The downstream boundary condition has been assumed to be a constant stage with 1

meter value over the change of time as shown in the following figure :

Tws AR e

Mode Label
’7 |55 Edit... |
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Data Manipulation Stage (m AD) Time (i
Data E xtending Method : Data Interpolation : » (1000 0.000
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Unitz of Time Are: Time Data kultiplier:
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Plat... |
Phota... ¢S previous..| Medt. Lancel | Help

Figure 4.93 Downstream boundary condition

The results of the steady state flow analysis are shown below and it shows the values

of the stage which are around 1 meter according to the base flow 3 m3/s :
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results from the direct method at time

labellz 7 flow
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Figure 4.94 Steady flow results
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e The last step is to run the unsteady fixed time step analysis with time step equals to 3

seconds and interval of time equals to 10 seconds as shown in the following graph:

I8 1515 Scenario Data - C:\Users\belal\Desktop\ISISEX ~1\testd.dat - O] x|
File Run View Help
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Timestep (5] Save |nterval [3)
Use Time Zero |3.|:|D 10.00

Start Time [hrg)

> Abszolute 0.00

Finizh Time [hrs)

- Abzolute | [1] ,07

Bun Open | Save | Save bz | Close

| | »

Figure 4.95 Unsteady state flow analysis

The unsteady state flow analysis has been completed and then the values of flow over time
can be extracted through the CSV tabular command in the ISIS which gives the values of

velocity, stage, flow and others in a table over the change of time:

18 1515 Flow - CAUSERS\BELAL\DESKTOPVISISEX~1\TEST4dat EIEE
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min -
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Figure 4.96 Unsteady flow analysis completed
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The following figure shows the change of flow values over the time for the five different
sections through the river, it is obvious that the highest value of flow exist in the first section
and it becomes lower and lower at the following sections, the shape of the flow over time at

the first two sections is stable triangle and it becomes more unstable at the following sections:

Flow Vs Time
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Figure 4.97 Flow hydrograph (ISIS)
The following figure shows the inflow hydrograph using the simplified dynamic model

approach which has been found to be similar to the previous graph with some small changes

in the stability and the smoothness of the last two curves for the last two sections:

—={—inflow ~—{—Hydrograph —e=—Hydrograph —}—Hydrograph

Hydrograph at x=800 m. at x=1200 m. at x=2000 m.
o === ¥ ¥ = 1
0 10 20 30 40 50
Time, min

Fig. 1. Inflow hydrograph and computed outflow hydrographs at different distances,

Figure 4.98 Flow hydrograph, (Keskin and Agiralioglu, 1997)
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The values of the inflow hydrograph at the first section using the simplified dynamic model
approach and the ISIS have been drawn together in one graph in order to see the difference
between the ISIS and the SD model:

1. The curve of the SD model hit the peak flow value which is 12 m3 /s but the curve of
the ISIS can’t hit that point but they are still very close to each other.
2. The ISIS is much quicker than the SD model in reaching the peak value and the base

value as shown in the figure.

SDM Vs ISIS (At Section 1)

14

12

10 M\ SD Model
NIA\ — s

Flow (m3/s)
/
/
L~ al

0 10 20 30 40 50 60

Time (minutes)

Figure 4.99 Flow hydrograph (ISIS Vs SDM)
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4.5.3 Test case 5 using HEC-RAS
e Five sections have been inserted using the same details as used in the ISIS as shown

in the following figure:
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Figure 4.100 Cross section details

e Before running the simulation analysis, the upstream and the downstream boundaries
have been defined using the same stage and flow hydrographs which have been used

in the ISIS as shown in the following figures:

Flow Hydrograph - - Stage Hydrograph
I River: bel Fieach: bel
" Fead from D55 before simulation Select DSS file and Path | [l  Fead from DS before simulation Select D53 file and Path |
File: | I Fie: | {
Fath: | | Path: |

(¥ Enter Table D ata time interval: |1DMinute 'IJ & Enter Table D atatime interval: |1 Hour 'l
I —|

— Select/Enter the Data's Starting Time Reference — Select/Enter the Data's Starting Time Reference—————————————————
Date  [1BJUL2011 Time; 100:00 © Use Simulation Time: Date I1E\JU|—2U11 Time: IUU:UD
Date: Time: @ Fived Start Time: Date  [1BIUL2011 jTime: |o0:00
Ho. Ordinates | Interpolate Missing Yalues | Del Row | Inz Flow | II No. Ordinates | Interpolate Missing ¥ alues | Del Row | Inz Flow |
Hydrograph D ata Huydrograph D'ata
Date Simulation Time Flow - Date Simulation Time Stage -
[haurs] [m3/s) [haurs) [m]

1| 15Jul2011 2400 00.00 3 1| 15ul2011 2400 00:00 1.
2| 16Jul2011 0010 0010 12, 2| 16Jul2011 0100 01:.00 1.
3| 16Jul2011 0020 00:20 3 3| 1RJul2011 0200 0200 1.
4 16Jul2011 0030 00:30 3 4| 16Jul2011 0300 0300 1.
5| 16Jul2011 0040 00:40 3 8 16Jul2011 0400 0400 1
B[ 16Jul2011 0050 00.50 3 Bl 16Jul2011 0500 0500 1
71 18Jul2011 0100 01:00 3 j 7| 16Jul2011 0500 0E:00 1.
Time Step Adiustment Options ["Critical” boundary conditions] 8 1RJul2011 0700 0700 1.
9] 16Jul2011 0500 0800 1.
tax Change in Flow [withaut changing time step): 10| 1&Jul2011 0900 0500 1
11| 18Jul2011 1000 10:00 1.

Min Flow: | LOlteicy] | 172 0T 100 1100 1. Ad

Plat Data | 0K | Cancel | ll Plat Drata 0K Cancel |

I =

Figure 4.101 Unsteady flow boundary conditions
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e The values of the flow discharge over the change in time have been found using the
unsteady flow time series command in the HEC-RAS and then those values have been

moved to the Excel to draw the flow hydrograph for the different river sections:
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Figure 4.102 Flow hydrograph (HEC-RAS)

e The flow hydrograph of the ISIS and the HEC-RAS for S1, S3 and S5 have been
drawn together in one graph and from the graph it can be noticed that the flow
hydrograph of the HEC-RAS is quicker than the flow hydrograph of the ISIS and that
means the HEC-RAS reaches the peak flow value before the ISIS. One other point can
be noticed where the values of the flow hydrograph of the ISIS at the end of the river
(at section 5) are higher than the values of the flow hydrograph of the HEC-RAS.
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Figure 4.103 Flow hydrograph (ISIS Vs HEC-RAS)
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The comparison of the flow hydrographs between ISIS, HEC-RAS and the simplified
dynamic model can be noticed after drawing all of the flow hydrographs in one graph and in
order to make the comparison very clear the graphs have been divided into 3 graphs each one

describe the comparison at different section through the river:
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Figure 4.104 Flow hydrograph (ISIS Vs HEC-RAS Vs SDM) at S1
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Figure 4.105 Flow hydrograph (ISIS Vs HEC-RAS Vs SDM) at S3
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ISIS Vs HEC-RAS Vs SDM
(AT S5)
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Figure 4.106 Flow hydrograph (ISIS Vs HEC-RAS Vs SDM) at S5

From the graphs above the following points can be noticed:

1. At the first section of the river the three methods are very close to each other even
though the HEC-RAS is quicker than the other two methods.

2. At the third section S3, the values of the flow hydrograph for the HEC-RAS are the
highest followed by the ISIS flow hydrograph values followed by the SDM method.

3. Atthe end of the river there is a clear instability in the ISIS and the HEC-RAS but in
the SDM maintained its stability and the values are smoother than the other two

methods.
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4.6 Comparison highlight between ISIS and HEC-RAS

4.6.1 Comparison highlight between ISIS and HEC-RAS according to the cases
observations

By looking at the comparisons which have been done between the two softwares during the 5
previous cases some major points can summarize the observed difference between the ISIS

and the HEC-RAS, those differences are listed below in the following points:

e The ISIS and the HEC-RAS have resulted in the same stage hydrograph and the same
output values for the first test case and the only difference between the two softwares
were the two following points:

1. The HEC-RAS can reach higher maximum stage value than the ISIS.

2. The difference in stage values between the upstream and the downstream levels for
the ISIS was larger than the one resulted from the HEC-RAS.

e In the comparison of the outflow hydrographs which have done in the second test case
it has been found that the HEC-RAS recorded higher flow value than the ISIS at the
time of the Malpasset dam break which was 7200 m3 /s but the ISIS recorded 6000
m3/s , this means that the 1SIS give a higher factor of safety than the HEC-RAS.

e In the third test case the two softwares have been noticed to be very close to each
other and the only difference noticed is the time needed for the ISIS to reach to the
maximum flow value and the same thing has been found in the stage hydrograph and
from this point it can be concluded that the ISIS is slower than the HEC-RAS in most
of the points.

e There is an obvious problem can be noticed in the ISIS when the dry bed river has
been simulated because it needed some time to start the increasing in the flow and the
stage hydrograph but the HEC-RAS started to increase at the (0,0) point and didn’t
need much simulation time to do that.

e There is no much difference between the two softwares in the last test case where the
flow hydrographs at different river sections have been found to be similar to each
other with a slight difference in the maximum flow value at the end of the river and
some instability of the two softwares at the simulation of the end of the river.

e The HEC-RAS give the user the choice to enter the reach boundaries but in the ISIS it
should be as a flow hydrograph or stage hydrograph only.
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4.6.2 Comparison between ISIS and HEC-RAS according to the CPU time

The CPU required time to converge or to find the results in each software has been calculated

for each simulation case and then showed in the following table:

Table 4. 7 CPU Elapsed Time

Case Number ISIS HEC-RAS
Steady Unsteady Steady Unsteady
Case 1 00:00:01.16 00:00:02.63 00:00:00:00.31 00:00:01.96
Case 2 00:00:01.20 00:00:02.52 00:00:00:00.37 00:00:01.85
Case 3 00:00:01.10 00:00:02.78 00:00:00:00.17 00:00:02.05
Case 4 00:00:01.02 00:00:02.58 00:00:00:00.10 00:00:01.91
Case 5 00:00:01.10 00:00:02.03 00:00:00:00.25 00:00:01.73

From the table above it is very obvious that the CPU elapsed time by the HEC-RAS in both
the steady and the unsteady flow analysis is much less than the CPU elapsed time by the ISIS
and this is considered as an advantage to the HEC-RAS in the race between the two
softwares. The following figure summarizes also the difference in the CPU elapsed time

between the two softwares:

CPU Elapsed Time in Seconds
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H SIS
B HEC-RAS
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Figure 4.107 ISIS Vs HEC-RAS
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Chapter 5: Conclusions, Recommendations and Future work

5.1 Conclusions

After five simulation cases have been done through the ISIS and the HEC-RAS, detailed
comparisons have been conducted also so the best software can be recommended, there are
many difficulties have been experienced from the simulation results while using the ISIS but
on the other hand the HEC-RAS doesn’t have these troubles, the following points conclude
the differences between the two softwares:

e In simulating the dry river bed conditions the ISIS consumes some of the simulation
time before starts to increase the flow and the stage values in both the flow and the
stage hydrographs which will cause sort of replicating problem and this happens in
the ISIS free edition because it is 1D limited package which doesn’t have the ability
to simulate the case of the dry river bed accurately on the other hand the HEC-RAS
doesn’t consume any time in simulating the dry river bed conditions and it starts to
simulate the flow hydrograph from the first part of the second.

e In simulating the dam break test the ISIS gives a higher factor of safety than the HEC-
RAS while the HEC-RAS gives values and results closer to the numerical physical
models which have been done in previous reports.

e As mentioned before that the ISIS gives the ability to enter only one option to define
the boundary conditions which are the stage and the flow hydrographs but the HEC-
RAS gives more options to define that as the critical depth, the stage/flow hydrograph
which gives the ability to insert the two values simultaneously.

e From the comparison of the CPU consumed time in both softwares it is very clear that
the ISIS consumes more CPU time in order to find the results than the HEC-RAS.

Finally and from this research it has been found that both of the HEC-RAS and the ISIS are
considered as very efficient softwares in the field of the numerical simulation analysis for the
river floods and the dam break simulation tests but from the differences listed above it can be
stated that the HEC-RAS is faster, more accurate, more reliable, more flexible and can
simulate any test case without any difficulty however the ISIS could be similar in the
processing speed yet a rather expanded range of values should be tried and tested at inputs to

further validate a broad spectrum for the simulation outputs.
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5.1 Recommendations and future work
In this part some points have been recommended to be applied and studied in the future

studies:

e |t should test both softwares ISIS and HEC-RAS with large amount of data input to
study the processing time for the response that the simulations could give for these
data and further validate which software could be more appropriate for the data type
and ranges acquired through research.

e |t should work out a complete investigation about the topics and collect more data to
be inserted in the simulations so more reliable results will get out from the softwares.

e More improvements are needed in the next studies should be made on the simulations
model and their limitations and try to solve the problems appeared in the previous
studies such as the dry bed simulations in the 1D package.

e The future studies should propose an emergency response plans in the cases of dam
breaks and river flooding.

e |t should test which is the most suitable software for river flood simulations between
the ISIS and the HEC-RAS throughout changing the types of the simulation cases and

increase the size of each case.
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