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It is with great pleasure that we present this inaugural
issue of Hydro Science & Marine Engineering (HSME),
a peer-reviewed journal for academics to freely dissem-
inate research findings in areas including but not limited
to; Marine Biotechnology, Irrigation and Drainage, Ocean
Engineering, Coastal and Offshore Engineering, Hy-
draulics, Surface and Groundwater Hydrology, Sediment
Transport, Climate Change, Water Quality and Pollution
control, Coastal Protection and Lake/Shore Environment.
High standard research and developments in the above
areas are crucial for sustainable development and envi-
ronmental protection. The mission of HSME is to provide
researchers with an ideal forum to publicize academic re-
search and exchange information on all the above topics.

We welcome research articles with academic contri-
butions through different formats of research including
theoretical analysis, numerical simulations, experimental
studies, fields tests, applied research, case studies, re-
views, and so on. The journal is published under the Open
Access model, which allows for the greater dissemination
of research results by granting free access to the public.
The Open Access increases the citation and impact factor
of the published article. Under the Creative Commons
Attribution License (CC BY), the author retains the copy-
right of the content and the public is allowed to adapt and

*Corresponding Author:

Ming Zhao,

Western Sydney University, Australia;
Eamil: m.zhao@westernsydney.edu.au
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share the author’s content, as long as the author is proper-
ly credited.

The journal’s editorial team consists of leading experts
across the world. The editorial board is dedicated to en-
suring that the peer-reviewing process of the articles con-
forms to the international standard expected by the scien-
tific research community. To reflect our interest in quickly
publishing top quality papers with significant impact, we
give priority to the papers that are highly valued by the re-
viewers. HSME is a semi-annual publication. In addition,
we will periodically publish special issues that are focused
on research on interesting topics within specific disci-
plines. The special issues provide an ideal platform for
dissipating research on emerging areas, important science
and engineering issues, or cross-disciplinary applications.

We are committed to, through rapid and high-stan-
dard peer-review processes, to finding a home for papers
that report new theories, new methods, new discoveries,
new applications and reviews. I sincerely appreciate the
great contribution from the authors and reviewers to this
inaugural issue. With the enthusiasm and supports from
authors, reviewers, readers and editors, I strongly believe
HSME will achieve great success. Finally, I would like to
invite authors in all the research communities to submit
their research papers to this exciting journal.

DOI: https://doi.org/10.30564/hsme.v1il.1335 1
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1. Introduction

he depression failure of concrete surface around
the air-water boundary of bridge pier is a com-
mon damage phenomenon appears in old bridg-

es. These concrete surface failures are caused by various

factors such as construction defect, cycled fatigue loads

*Corresponding Author:
Nam-Hyok Ri,

This paper quantitatively evaluated the fatigue life of concrete around the
air-water boundary layer of bridge piers located in inland rivers, consid-
ering the long-term climate. The paper suggests a method to predict the
low-cycle fatigue life by demonstrating a thermal-fluid-structural analysis
of bridge pier concrete according to long-term climate such as tempera-
ture, velocity and pressure of air and water in the process of freezing and
thawing in winter. In addition, it proposes a reinforcing method to increase
the life of damaged piers and proves the feasibility of the proposed method
with numerical comparison experiment.

12 . . 2.5 .
1121 corrosion of reinforcement steel bar ), aggressive

[6-8]

climate change and so on. If the factor of construc-

tion defect is excluded, the failure of bridge piers located
in marine zone is mainly influenced by the accelerated
corrosion of reinforcement steel bars due to the salt

[3-5]

composition and the failure of bridge piers locat-

ed in inland zone is mainly influenced by freezing and
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thawing due to the temperature difference of the morn-
ing and evening in cold winter . Many experimental
and theoretical researches were achieved on the fatigue
strength of hydraulic concretes under the ordinary or low
temperature conditions "), Some experiments proved
that the influence of long-term freezing and thawing due
to the temperature difference of morning and evening
in cold winter on the fatigue life of old bridge concrete
cannot be ignored. In other words, even though the ther-
mal stresses generated during the freezing and thawing
process are not larger than the limits of static concrete
strength, but it is clear that they are in the range of stress
to cause low-cyclic fatigue failure of old concrete ™.
There are few researches on the qualitative analysis
about the influence of freezing and thawing on the fa-
tigue life of concrete pier, however, those on quantitative
analysis has never been performed '*”. Based on these
previous works, this paper analyzes the stress of old
bridge concrete using the thermal-fluid-structural analy-
sis, estimates the fatigue life quantitatively, and proposes
a proper reinforcing method to increase the life of pier.

2. Materials and Methods

The case study is “Ch” Railway Bridge constructed in
1975. The diameter of piers is 4 m, the height of the tall-
est pier is 22.3 m. The piers No. 12 and 13 of the bridge
were reinforced with non-reinforcement concrete, where
no reinforcement steel bar was used, because of con-
struction defects in 1976. After that, there occurred twice
of concrete depression failures and twice of reinforced
construction were performed with non-reinforcement
concrete in 1988 and 2001. However, in 2014, the old
reinforced layer of concrete has been damaged into the
original depth again. (Figures 1 and 2 """

Based on the atmospheric and hydro materials in re-
cent 10 years, the air temperature curve, wind velocity
curve and water temperature curve are interpolated into
various functions by MATALAB "', (Figures 3-5) All
points in graphs are average values per day.

Table 1 shows the thermal properties and structural
properties of pier concrete and reinforcement steel.

The analysis time is one year (from 1* of January to
31" of December) and the analysis objects are dynamical
temperature field, fluid feild and stress field. In order to
investigate the change of thermal stress due to the tem-
perature difference between morning and evening, the
time step is set to half of a day, which is the time interval
between 2:00 am, when the temperature decreases to the
lowest and 2:00 pm, when the temperature increases to
the highest.

Distributed under creative commons license 4.0

The river depth and flow velocity are assumed to be
constant in a year, excluding the rainy season.

The average velocity of water flow is 2 m/s on the
outer layer of the river flow (on the two-phase boundary
of water and air (Figure 6)), and is 0 on the bottom of the
river flow (on the boundary of water and ground). The
liquid flow is assumed to be the Newton viscous flow, in
other words, the velocity distribution is assumed to be
linear from the ground to the outer layer.

In order to simulate the river flow, the Open Channel
Flow is applied by VOF (Volume of Fluid) of ANSYS
Fluent and the RNG k-¢ turbulent flow model is used
for modeling the fluid flow in the Pressure Based Solver
tool.

The velocity field and the pressure field around the
pier are analyzed by ANSYS. (Figures 7 and 8).

Based on the wind velocity (Figure 4) and the water
flow velocity (Figure 7), the convection coefficients are
calculated by the followed equations:

ka = kan + kafva (1)

kw = kwn + kwfvw (2)

where ka and kw are convection coefficients, kan

and k_ are natural convection coefficients, kaf and

kwf are forced convection coefficients and v, and v

are flow speeds of air (wind) and water (river).

The results of temperature field of thermal analy-
sis and pressure field of fluid analysis at every step of
time increment are changed into the thermal-structural
boundary conditions of the structural analysis and the
Drucker-Prager plastic model is used for analyzing elas-
to-plastic behavior of concrete in the transient structural
analysis solver.

On the basis of above materials and methods, the
sequential transient thermal-fluid-structural analysis is
performed by ANSYS "% and fatigue life is predicted by
MATLAB.

3. Ethics Statement

The study was approved by the National Program on
Key Science Research of the DPR of Korea. The work
described has not been submitted elsewhere for publica-
tion, in whole or in part, and all the authors listed have
approved the manuscript that is enclosed. I testify to the
accuracy on behalf of all the authors.
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4. Results

4.1 Fatigue Life Prediction of Sound Pier Con-
crete

Analysis results of temperature field and stress field
of sound pier

Figure 9 is the finite element model of the sound
bridge pier and Figure 10 is the temperature field and
stress field at the moment of the lowest temperature in
winter (at 2:00 am on January 15).

Figure 11 is the change curve of the 1% principal stress
along the radial direction inside the bridge pier at the
height of the air-water boundary layer and Figure 12 is
the change curve of the 1* principal stress along the ver-
tical direction on the outside surface of pier.

Figure 11 shows that the stress increases rapidly from
the center to the outside surface of the pier and Figure
12 shows that the stress on the concrete surface of the
air-water boundary layer changes sharply from com-
press to tensile. From this, it can be seen that the 1% prin-
cipal stress becomes maximum on the concrete surface
of the water-air boundary layer.

Figure 13 is the change curve of stress on the concrete
surface on the air-water boundary layer in a year, which
shows the season when the stress changes most aggres-
sively is winter, that is, from November 15 to February
15, respectively.

Figure 14 shows the change of the 1* principal stress
from November 15 to February 15 in detail.

4.2 Fatigue Life Prediction of Sound Pier Con-
crete

In general, the fatigue strength of the concrete in-
creases as the temperature decreases. To predict the
fatigue life, the paper uses Eq. (3), a fatigue life calcula-
tion formula of hydraulic concrete considering the effect

of temperature

1-5
IgN =C()———o—
g ()I—Smin/S 3)

max

, Wwhere N is the number of load cycles and C(t) is the
coefficient related to the environment such as tempera-
ture, which is generally in the range of 10 to 20. It takes
14.6 at 20 ° C and 20 at -24 ° C in case of C45 concrete.
Smax and Smin are the ratios of the maximum and
minimum stresses to the concrete strength in static state.
Considering that C(t) is a monotonic function accord-
ing to temperature and that the range of the temperature
change is not large, the function of C(t) can be inter-

4 Distributed under creative commons license 4.0

polated into a linear function of C(¢f)=at+b  where

a~-0.0614, b~8.5274 . So, Eq. (3) can be rewritten
as follow.

1—
B N = (—0.0614¢ +8.5274) ——Smax__ "
1- Smin /Smax

By using Eq. (4) and the graph of stress change ac-
cording to the time (Figure 11), the change curve of
fatigue life according to the stress amplitude per day in a
year can be obtained. (Figure 15)

Figure 16 shows that the limit number of load cycles
in the sound bridge pier is at least 10*” times (more than
70 years) under the condition that the depth and flow
path of river do not change.

4.3 Fatigue Life Prediction of Reinforced Pier
Concrete

The comparison between the previous reinforcing meth-
od with non-reinforcement concrete and this paper’s
reinforcing method with reinforcement concrete is per-
formed. The previous reinforcing method is to reinforce
the pier with non-reinforcement concrete of 80 cm thick-
ness on the outer surface of the original damaged pier.
The paper’s reinforcing method is to reinforce the pier
with reinforcement concrete of 30 cm thickness on the
outer surface of the original damaged pier. The diameter
of reinforcement steel bars is 12 mm and they placed un-
der the depth of 5 cm from the outer surface of reinforc-
ing layer. There are arranged 48 reinforcement steel bars
in the hoop direction and 10 reinforcement steel bars per
3 m in the axial direction of the pier.

On the two reinforcing methods, the values of 1%
principal stress and their changes on the outside surface
of reinforced layer are similar. (Figure 16) (They are 1.5
times larger than the stress of sound pier.)

However, the fatigue lives do not equal (Figure 17).
Figure 17 shows that the limit number of load cycles in
the bridge pier reinforced with non-reinforcement con-
crete is 10° times (more than 15 years) and one in the
bridge pier reinforced with reinforcement concrete is
10** times (more than 50 years) under the condition that
the depth and flow path of river do not change.

5. Discussion

The above results show that the reinforcing method with
reinforcement concrete can increase the fatigue life. It
is about 3.5 times more than on the reinforcing method
with non-reinforcement concrete. (Figure 17)

Moreover, the reinforcing method with reinforcement

DOI: https://doi.org/10.30564/hsme.v1i1.1009



Hydro Science & Marine Engineering | Volume 01 | Issue 01 | April 2019

concrete can reduce the effect of scouring phenomenon
at the bottom of the pier, which greatly influence on the
stability and buckling of the pier. The reinforcing meth-
od with reinforcement concrete can increase the safety
factor against the scour phenomenon because the thick-
ness of the reinforcement concrete layer is much thinner
than one of the non-reinforcement concrete layer.

6. Conclusion

This paper quantitatively predicted the damage and
fatigue life of concrete around the air-water boundary
surface of bridge piers located in inland rivers, consider-
ing the thermal stress fatigue effect due to the long-term
climate.

(1) The most aggressive position to the thermal fa-
tigue of bridge pier concrete due to freezing and thawing
in cold winter is the zone around the air-water boundary
layer of the pier.

(2) The occurrence of fatigue cracking should be
predicted in about 70 years under the condition that the
depth and the flow path of river do not change.

(3) On the reinforcing method with non-reinforcement
concrete, the fatigue cracking should be predicted in
about 15 years under the condition that the depth and the
flow path of river do not change.

(4) On the reinforcing method with reinforcement
concrete, the fatigue life increases to 3.5 times (about 50
years), the safety factor against the scour phenomenon
increases to 1.2 times, and the amount of required con-
crete for reinforcing decreases to 33 %, compared to the
non-reinforcement concrete within the same strength.
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Appendixes

Table

Tablel. Thermal and structural properties of concrete and

steel
. Material
Properties
Pier concrete Reinforcement
steel
Specific heat (J/kg/ C ) 1004.8 455
Thermal prop- Heat conductivity (W/ 2675 30
erties m/C )
Expansion coefficient 1 11
(10%/C) ’
Density (kg/m’) 2470 7850
Structur.a I prop- Young’s ratio (GPa) 20 200
erties
Poisson’s ratio 0.167 0.3

Figures

Depression Failure

Figure 1. Damaged bridge pier

Figure 2. Geometric model of damaged pier

DOI: https://doi.org/10.30564/hsme.v1i1.1009 5
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Figure 3. Daily average air temperature changes in a year
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Figure 4. Daily average wind speed change in a year
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Figure 5. Daily average water temperature changes in a
year
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Figure 6. Volume fraction distribution on the air-water
two-phase flow
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Figure 7. Water flow velocity field around the pier (on the
depth of 1 m)

Staf e Pregsure [mwiure)

Figure 8. Water pressure field around the pier
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Figure 9. Finite element model
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Figure 10. Temperature field and stress field of the pier
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Figure 11. 1* principal stress change in radial direction
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Figure 14. 1¥ principal stress change curve on the air-wa-
ter boundary surface in winter
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Figure 15. Fatigue life change of pier concrete according
to day
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Figurel6. Thermal stress field of reinforced bridge piers
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ARTICLE INFO ABSTRACT

All environmental hazards impact the safety of polar ships, especially polar
merchant ship with light ice-class. In order to provide a systematic guid-
ance to deal with any situation during polar operation, International Mari-
time Organization (IMO) raised mandatory requirements of “Polar Water
Operation Manual”(PWOM) in Polar Code. This paper focuses on how to
determinate operational evaluation and limitation for the PWOM, which is
an important measure to avoid polar ships exceeding operational capability.
Features of polar navigation are summarized based on the former polar
navigation experience, and typical risk model is set up to describe the pro-
cess of operation evaluation. The operational limitation is analyzed to indi-
cate the actual capability and limitation as the ship encounters unexpected
accidents in polar waters. In conclusion, the operation procedure is studied
to give a detailed technical proposals for the whole polar operation, which
is the main component of PWOM. The outcome may provide help for to
arctic shipping of merchant ships.
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1. Introduction

s arctic ice coverage decreases with global

warming, more and more merchant ships want

to use arctic shipping routes in summer . The
arctic shipping has great value for reducing shipping cost,
increasing shipping safety, saving energy and reducing
emission. However, polar navigation is quite different
from conventional one since it needs the maritime indus-
try to be more cautious. International Maritime Safety
Committee (IMO) ninety-fourth session formally adopted
“International Code for Ship Operating in Polar Waters
(Polar Code)” ™, and it came into effect on January 1,
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2017. “Polar Water Operation Manual (PWOM)” is one
of the main parts of Polar Code, which is a compulsive
requirement from IMO. The PWOM explains ship oper-
ational limitation and operation procedure to captain and
crew, and it is an important measure to guarantee the safe-
ty of polar shipping.

Polar navigation has additional hazards'™” besides con-
ventional situation. In 2013’°s summer, a Chinese merchant
ship named “Yongsheng” successfully sailed through
arctic northeast channel™, and it attracted more merchant
ships to attempt the arctic navigation. As the IMO’s Polar
Code took effect on January 1, 2017, all polar merchant
ships must prepare the PWOM"™, including ship’s ca-
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pability and limitation, procedures for normal operation,
special procedures for accident, measures for the use of
icebreaker assistance etc. It is a realistic question to pre-
pare the eligible PWOM for all shipping companies that
want to attempt polar voyage.

This paper studies on the merchant ship’s operation-
al evaluation and limitation in polar water. The existing
arctic navigation experience was summarized, includ-
ing Xuelong ice-breaking research ship and Yongsheng
ice-strengthened merchant ship. The operational evalua-
tion method was studied based on the key factors which
affected the safety of arctic navigation. A series of risk
analysis models were set up to simulate the scenes during
polar operation. Then the operational capacity and limita-
tion was analyzed to reduce the risk level of polar opera-
tion when the ship encountered accident. As a conclusion,
the operation procedure was established to direct the
whole polar navigation process, which is the key to form
PWOM. Eventually, the outcome was verified by the fol-
lowed polar shipping voyages, and it was a technical basis
for the implementation of the IMO’s Polar Code.

2. The Features of Polar Navigation

The polar environmental condition is harsher than con-
ventional waters, geographical location of the former is
remote, and ecological environment is fragile . Thus, the
polar ships face higher risk level than conventional ships,
and the situation also was varied with geographical loca-
tion, air temperature and ice cover and other factors. The
requirements of PWOM in Polar Code only include the
targets, functional requirements and risk based operating
procedures in Polar Code. However, it is necessary to de-
velop a detailed technical method on how to prepare the
qualified PWOM related to ship types, ice conditions and
expected operating area.

The existing practical experience for ships was sum-
marized, including Xuelong and Yongsheng (see figurel).
The key steps were applied for polar navigation assess-
ment, as shown in figure 2.

Figure 1. Polar navigation of Chinese ship
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Figure 2. Key steps for polar navigation assessment

From Figure2, polar navigation was function oriented,
which was distinguished from conventional navigation.
The main features were presented as follow. The rela-
tionship was very close among operational measures, ex-
pected task and the ship’s operational capability. The hull
structure and system equipment was specially evaluated
to be suit for the ice condition and low air temperature.
All the hazards were studied to determinate the risk level
during the polar navigation. The possible measures have
been planned ahead to improve the safety when the ship
encounter the unexpected polar environment.

In order to gain the qualified POWM, all features
mentioned above should be fully considered to develop
a method on operational evaluation and limitation. The
method could be divided into three parts: how to carry out
the operation evaluation, how to determinate the opera-
tional capacity and limitation, and what should be done
when the ship exceeds its limitation. These issues will be
studied further.

3. Operation Evaluation Method

The operational evaluation of polar ships and system
equipment should be conducted to constitute the contents
of the polar ship certificate. The intact operational evalu-
ation is consisted of ice status, temperature, high latitudes
and other hazards. There were four steps for the operation-
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al evaluation process: identifying risk, formulating a risk
model, assessing and determining risk acceptability, iden-
tifying existing or developing risk control alternatives.
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Figure 3. Risk analysis process for polar ship

The ice operation was taken as an example to illustrate
the flowchart of risk analysis process as shown in Figure3.
From figure 3, the operational evaluation was made up
of a series of risk analysis processes. There were about
10 main sources of hazards listed in IMO’s Polar Code,
including sea ice, experiencing topside icing, low tem-
perature, extended periods of darkness or daylight, high
latitude, lack of accurate and complete hydrographic data
and information, potential lack of ship crew experience,
lack of suitable emergency response equipment, rapidly
changing and severe weather conditions, sensitivity en-
vironment. All anticipated hazards should be analyzed to
reduce their impact on polar ship and polar environment.
Considering the expected hazards, several risk models
were built respectively separated from the whole ship
system. The risk assessment was analyzed to indicate the
different risk level, and then some proper measures were
studied according to severity of consequences.

4. Determination of the Operational Limita-
tion

The polar operation of the merchant ship was limited by
four main factors, including sea ice, low temperature,
high latitude and ship’s endurance. Sea ice may destroy
the hull structure and trap ship, and it is a crucial factor
for a merchant ship to choose the arctic route. Low tem-
perature threats to the life-saving and fire-extinguishing
systems, and it may also appeared in summer arctic water
occasionally. High latitude affects the communication and
navigation systems, which take a vital role in the safety
of polar navigation. Ship’s endurance directly affects the
distance and time of whole polar voyage. All these factors
should be studied.

4.1 Polar Operation against Sea Ice

The ship’s ice operational capability is classified accord-
ing to the ice class rule related to the nominal thickness of
a single ice type """, This is idealized for ice conditions,
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which doesn’t exist in reality. The actual ice condition is
composed of various types of ice and its corresponding
density, such as medium thickness of first year ice, old
thick ice. However, the ice information received from
weather forecast and ship observation is usually incon-
sistent with the ice-class. Thus, it is necessary to set up a
relationship between ice information and ice class for a
merchant ship.

In order to ensure the safety of ice operation, there are
four assessment methods: Polar Operational Limit As-
sessment Risk Indexing System (POLARIS) provided by
IACS, Arctic Ice Area Navigation System (AIRSS) pro-
vided by Canada, Arctic/Time System (Z/DS) provided
by Canada and Ice Passport provided by Russia. All those
methods could provide the empirical proposal about “go-
ing or not going” referring to the given ice condition.

In this paper, we mainly focus on the latest POLARIS.
The ice condition is the decisive factor for choosing the
ice class. First, operational time and area are chosen ac-
cording to target task, and ice information is collected for
the whole polar voyage. The operation risk index RIO is
calculated referring to the worst ice conditions to determi-
nate the suitable ice-class with formula(1)"*. The ship is
capable to operate in the ice water when the RIO is larger
than zero, vice versa. Additionally, the RIO value may
plus 10 with the escort of icebreaker.

RIO = (C,¥RIV)) + (C,xRIV,) + (C;¥RIV;) + ...(C,xRIV,)
(1)

Where: C,...C, are the concentrations of ice types
within the ice regime; RIV,...RIV, are the corresponding
Risk Index Values for each ice type.

The calculated RIO could indicate the ice operational
proposal based on the encountered ice condition. Then
some proactive measures could be adopt in advance to
avoid the severe ice condition exceeding the ship’s ice op-
erational limitation, such as changing navigation time or
route, requesting escort of ice-breaker.

4.2 Effect of Low Temperature

All ships with the lowest daily average temperature (LM-
DLT) below -10 degree are required to consider the opera-
tion capacity and limitation of low temperature according
to the requirements of IMO’s Polar Code. The low tem-
perature may freeze fire-fighting water and impact func-
tion of life-saving system. It is a great threat to the ship in
emergency. The limitation of low temperature is related to
the ship’s service temperature (PST), which is lower than
the LMDLT-10 degree at least. The definition of LMDLT
is shown in Figure4.
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low temperature

The evaluation process on how to determinate the low
temperature limitation is summarized as Figure 5. The
lowest temperature in arctic waters is about 0 degree
during July to October referring to the existing meteoro-
logical data. It is unnecessary to consider the operational
limitation of low temperature for a merchant according to
the requirement of Polar Code. However, the freezing phe-
nomenon is still possible during the arctic summer voyag-
es. It is wise to adopt some useful de-icing measures, such
as hammer, shovel, which could prevent key systems and
devices (e.g. life-saving system, escape route) from icing.
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4.3 High Latitude

The electromagnetic environment is complex in high
latitude area, which impacts the normal use of communi-
cation and navigation equipment during polar navigation.
According to the existing experience, direction force of
the magnetic compass is too weak and unstable at more
than 60 degree latitude, and the signal of GMDSS and
GPS is unstable at more than 80 degree latitude. That may
pose a great risk to polar navigation. It is necessary to
equip the reliable communication and navigation equip-
ment for polar voyage at high latitude.

Figure 6. Navigation of merchant ship at high latitude

In general, the highest latitude of a merchant ship’s
summer arctic route was about 77 degree (see Figure 6).
The magnetic compass and gyrocompass are uncertain at
that high latitude. Nonetheless, the INMARSAT system
and GPS system are available for communication and
positioning. The iridium satellite phone would also pro-
vide an ideal communication equipment at high latitude.
Therefore, all communication and navigation equipment
should be examined carefully to ensure applicability at the
expected high latitude. It is the guarantee of the safety for
polar operation.

4.4 Ship’s Endurance

The planned ship velocity """ is influenced by many un-

expected factors, such as severe ice condition, unexpected
low temperature, dense fog, lack of the escort of icebreak-
ers. It is advisable to plan the ship’s voyage carefully to
ensure sufficient ship’s endurance in polar waters.

The limitation of ship’s endurance depends on two fac-
tors. One is the storage of fuel, food and fresh water, and
the other is the disposal or storage capability of pollutant.
Thus, the captain must take management and control of
endurance capability into consideration during the voyage
plan in polar waters. According to the existing experience,
it usually need about 10 days for a conventional merchant
ship to cross the northeast passage in summer. The en-
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durance of polar ship should be no less than 1.2x10 days
=12days.

5. Operation Procedures

There is no absolute safety in polar navigation, because
the unexpected situations may occurr occasionally. Al-
though the ship has been evaluated carefully, the opera-
tion procedures must be studied based on risk assessment
including conventional operation procedures for normal
working scenario and emergency operation procedures for
unexpected accident scenario. The process of making the
operational procedures is summarized in Figure7.
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Figure 7. Process of making the operational procedures

The ice operation procedure is taken as an example
for a merchant ship with IA ice class. The IA ice class is
sufficient for the light first-year ice during summer arctic
navigation. But sometimes the thick multiyear ice from
the high latitude area may appear at the planed voyage,
which is beyond the ice operational limitation of 1A ice-
class. The risk level could be evaluated according to the
dangerous scenario with quantitative risk assessment
method (QRA). Some appropriate measures could be
adopted in case of the extreme risk level, which includes
modifying the voyage plan, strengthening observation
of ice condition to reduce the occurrence probability of
encountering severe ice condition, optimizing structure
to avoid the damage caused by ice impact, requesting the
escort of ice-breaker. Eventually, the measures referring
to all expected ice conditions should be concluded in the
ice operation procedure. The correct operational measures
could be chosen from ice operation procedure for the dif-
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ferent ice conditions during polar voyage.

6. Practical verification of Arctic navigation

The present method for merchant ship’s operational eval-
uation and limitation was vilified by bi-directional navi-
gation through Northeast Passage of Yongsheng in 2015.
Yongsheng ship departed from Dalian port at 8th July
2015, and sailed to north Europe through the arctic North-
east Passage. Then it returned to China at 3rd October
after 55 days and nearly 20 thousand nautical miles. That
polar voyage plan had a long time period with severe ice
condition, which pioneered the first time that China’s mer-
chant ships passed through the Arctic Northeast Passage
from Europe to China.

At the voyage planning stage, ice condition is the key
to choose the ship with ice-class. The worst ice conditions
during that polar voyage was collected as FigureS.

Maium Fist
Year bce
fdlecayh

Figure 8. Statistical/expected ice information processing

The calculated RIO values referring to ice-classes were
listed in table 1 with POLARIS method.

Table 1. RIO for different ice class ships

Ice Class RIO Value Result

PCs 21 P

PCé6 21 P

PC7 12 P
B1*/1A Supper 12 P
B1/IA 3 P
B2/IB -6 N
B3/IC -6 N

Note: P means the ship is able to ice operate; N means the ship can’t ice
operate.

The results shows that B1 ice-class is necessary for that
specified voyage planning without additional measures.
However, ice class of B2 and B3 also could be chosen
with especial icebreaker escort. Finally, Yongsheng with
ice-class B1 was chosen.

The POLARIS method is also meaningful for ships en-
tering the ice waters. When captain receives the ice infor-
mation on the route ahead, the RIO value is used to decide
the next step of the navigation strategy. During the ice
operation in polar waters, the next ice condition in front of
Yongsheng was 3/10 medium first-year ice, 6/10 thin first-
year ice, 1/10 open water.
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The ice information was analyzed with EGG Code as
Figure9.
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Figure 9. Real-time ice information processing

The calculated RIO value with POLARIS was 6, it
illustrated that the ship could sail ahead in the expected
ice condition. According to the above method, PWOM of
“Yongsheng” ship was formulated based on risk analysis
considering all the hazards and corresponding control
measures. It played a vital role during the actual arctic
shipping and reduced the influence to mariners, ship struc-
ture, goods and polar environment.

7. Conclusion

The shipping industry is paying more and more attention
to the arctic shipping because of great commercial value
and economic benefits. It is very important to study opera-
tional evaluation and limitation of merchant ship, because
safety is the key for polar navigation. This paper sum-
marizes the previous experience on polar navigation, and
presents a method on operational evaluation and limita-
tion. Three practical questions are solved including how to
carry out the operation evaluation, how to determinate the
operational capacity and limitation, and how to do when
the ship exceeds its limitation. The outcome has been used
in Chinese arctic shipping since 2015, which has the prac-
tical significance of engineering application and shipping
guidance.
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1. Introduction

he Golgohar Iron Ore Mine (GIOM) is including
six major iron ore mines. The total iron mineral
reservoir of these mines is more than 1.3 billion

tons, including mainly magnetite iron ore. Currently, five
mines are being extracted. Economical geology study
in Mine#3 shows the mine, with 660 million tons, is the
most principal iron ore reservoir in Iran. Extraction op-
eration of this mine has started in the northern half of the
mine from 2004. Mine extraction method has selected

open pit.

2. The Study Area

*Corresponding Author:
Maknooni Gilani,

The iron ore minerals reservoir of Golgohar Mine#3 is more than 660 mil-
lion tons. It is the biggest in Iran and rate of ore extraction is more than 15
million tons per year. The pit takes place on the way of runoff pathway of
this watershed and it needs an especial strategy for conserving the pit mine
during next imminent floods. The area of Mine# 3 watershed is 20785700
square meters and its general slope in its topography map is 0.59 percent;
then initial scheming indicates it can causes a great deal of problems for
mining operation n the next floods; particularly, the pit is located into de-
gree 4th sub branch of a main ephemeral river. For this purpose, the Soil
Conservation Service Curve Number (SCS) method was employed to esti-
mate intervals period of next floods based on the magnitude, the intensity
and the duration of precipitation events data. Conceptual design of runoff
drainage of the watershed was designed to lead the flood to a better path-
way location. The Mine#3 overburden deposition occupies a huge area on
the watershed; and it has been considered and redesigned in terms of size,
form, dimensions and location to manage as a physical obstacle against
next floods. Hydraulic calculations were applied for designing two essential
open channels which can preserve the pit.

Iran's largest iron ore deposits take place in the GIOM
171 The mine is located 950 km south of Tehran in
Kerman province about 55 km southwest of Sirjan city
(see Figure 1). The study area, the GIOM, is located in
the middle south of Iran (55 16 to 5520 E and 29 05 to
29 06 N) shown in Figure 1 "'*. This area has a unique
geological history in the Middle East. Many scientists
believe that in the south of the Paleotethys Ocean, the
block of Central Iran during the movement toward the
North has met the block of Eurasia in late Permian *
Almost at the same time, the Neotethys Ocean appeared
in the South between the Arabian and the Central Iran
block. The best witness to this event is upper Triassic to
Jurassic sediments (Ophiolite) that are presently between
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these two blocks in the southern part of Iran '*”. After
that, the trend of opening of Neotethys has been reversed
and the subduction of ocean crust of Arabic block under
the Iran block started ").Then, an elongated zone con-
sisting of magma and igneous rocks was created parallel
to the Neotethys Ocean, as the Sanandaj-Sirjan structural
zone was named after the names of the cities located in
the beginning and the end of the zone in Iran. About the
time of the closing of Neotethys ocean, some scientists
believe the closing occurred in late Cretaceous to Paleo-

6 . . .
cene *"! some determine it late Oligocene "' and even
[5,10,12]

some suggest Miocene .

b

Figure 1. The location of the GIOM

Tectonic Sanandaj-Sirjan zone has many folded igne-
ous and metamorphic rocks accompanied by lots of re-
versed or normal faults which are formed in an extensive
period . The Calc-alkaline and volcanic rocks prove
that this zone was an active continental margin in Meso-
zoic. A kind of magmatic arc is found in Sirjan and many
other areas in the zone of Sanandaj-Sirjan >>*7!H114101

GIOM is located in the margin of the central desert
of Iran in the zone of Sanandaj-Sirjan and is bounded by
some salt pan in the north and south. Few local, medium
height mountains are also seen in the north and south of
the area """,

The structural zone of the area is the most active tec-
tonic zone in Iran and has passed the Cenozoic magmat-
ic and metamorphic phases. The GIOM is placed in the
Paleozoic metamorphic rocks as the oldest formations
in this area termed as Golgohar Metamorphic Complex
(GMC) formation, which includes five hard rock units:
(1) serpentinized ultramafic and metamorphic rocks, (2)
dolomitic marbles to Calcific Marbles, (3) Mica schist
some gneiss and amphibolite, (4) Gneiss and (5) an alter-
nate of marbles, gneiss, mica schist, amphibolite, schist
and black quartzite on the gneiss "*. Units one and two
are not exposed in the GIOM area. The complex has no
distinct lithological pattern in depth or surface. The com-
plex consists of six ore field sets "'™'*),

The topography of the study area of the five rain

16 Distributed under creative commons license 4.0

catchments surrounding the GIOM, i.e. the Chahderaz
(CH), the Qatarbaneh (QA), the Ein-ol-Baghar (EB), the
Kheyrabad (KH), and the Mine (MI) rain catchment ar-
eas is shown in Figurel. The PW-A1S5 is located nearby
the boundaries of the CH, EB and MI catchments. Long
period average annual precipitation of the area is 148
mm, which mainly happens in the winter. The potential
evaporation is reported to be more than 2800 mm in a
year. There is no eternal river in a radius of 200 km of
the area. The climate of the area is semiarid to arid with
cold winters and warm summers 7',

The SSZ structural geology state is formed as a strip
with a width of 150 to 200 km parallel to the last rem-
nants of Neotethys to the Zagros Mountains suture. The
Closing of this paleo-ocean was coincided the crust
subduction of the Neotethys plate beneath the central
Iran plate. At the same time, volcanic lava erupted
along the SSZ. The SSZ structural geology state is
known as a poly-phase deformed zone. The age of the
Neotethys closing is not definitely found out. The first
group of scientists says it happened in the late Creta-
ceous to Paleocene '“'*). But others found it the late Oli-
gocene ' and some of them discovered it the Miocene
[5,10,12]

So far, different theories about the SSZ creation have
been presented. Many believes that this zone is a prod-
uct of the imbricate slice of the ocean crust along with
the metamorphic agglomerate in the green schist faces.
Some other geologists state the SSZ is as a part of the
Central Iran ! which has a subduction toward the
north '*”). Another theory says the existence of this zone
was a micro-continental plate into the paleo-ocean .
And some others demonstrate the SSZ is a part of the
Arabian plate which was appended to the Eurasian plate
as a rifted plate "', The recent theory is rejected due to
disaffiliation of the lithology.

The lithology of the GMC was generally studied
(Figure 2). Many parts of the study area were covered
by hard formation members of GMC formation """,
The GMC is made of Neotethys sediments formation of
Paleozoic (Figure2). But the age of metamorphism in
GMC formation is calculated based on the Argon iso-
topic studies Jurassic "'"'*. In terms of geomorphology,
the GIOM takes place on the flat plateau """ (Figure
3). The Lithology of some mountains of the study area
is made from carbonate part of the GMC. Alluvial plain
in the GIOM is 1730 meters high in average. There are
three salt pans in study area, the More and the Mey-
dan-Gel salt pans in the south the Kheyrabad in the
north.

17,18]
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Figure 2. The GMC stratigraphy

SRS

Figure 3. The rain catchment area, salt pans and topogra-
phy map around of the GIOM

3. Definition of problem

There are numerous problems in mining. Some of them
can be due to existence of water. Primarily, it would be
better to mention a few of these problems:

(1) Groundwater seepage increasing

(2) Flood damage

(3) Need to increase dynamic drawdown of mine
groundwater

(4) Necessity to a tailing dam to collect wastewater of
factories (and mine wastewater too)

(5) Incorrect locating of mine deposits (waste, ore,
overburden and etc.) in mine rain catchment area

Many techniques have to be applied to solve each of
these problems.

In 1992, it precipitated 130 millimeter in the area
during three days. The 3 deepest benches of the Mine#1
were under-watered due to flood flow that had started
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from upstream of the mine. Its subsequent economical
detriment was perceptible. In 2017 another flood occurred
in this area which affected all of the five mines. This sec-
ond flood took place after a 170 mm precipitation, that it
caused more structure damage of the mines and facilities
of them. This paper tries to presents a manner to restrain
future floods in a watershed.

4. Materials and Methods

At first, boundaries of the rain catchment areas were de-
termined around the GIOM. For this purpose, ArcView
GIS software was applied. Then the output of it was trans-
ferred to Gemcom software which uses in mining opera-
tion. The physiography characteristics of the watersheds
were also obtained using geological and topographic
parameters using topography maps of the area. Precipita-
tion data was obtained from meteorological station which
located into the GIOM area. A synoptic meteorological
station in the GIOM region was established in 2006. But
before then, for more than 20 years, the meteorologi-
cal data were gathered using another old climatological
station where was nearby the same station. Using these
digits, distribution of precipitation statistics in these mines
was analyzed. The period time of flood was calculated in
the area using these 2 softwares: Distrib 2.13 and Smada
6.43. Using the physiological characteristics of the rain
catchment area, which was measured on topography map,
the hydraulic coefficients of the field were obtained for es-
timating the runoff. The unit hydrograph of the watershed
was calculated applying Smada 6.43. Methodical analyzes
of the flood characteristics of the selected watershed were
calculated for different periods of the floods flow. It was
decided that the Mine#3 designing should be protected
effects of the 200 year flood. Knowing the hydrological
characteristics of the 200 year flood, the location of flood
outlet in the watershed and the overburden deposition of
the mine was determined. Also, some essential specifica-
tions of the watershed are deliberated for hydraulic de-
signing of the flood drainage channels. For this purpose,
hydraulic calculations of open channel river were applied.

5. Results

The rain catchment areas of the GIOM area were recog-
nized using the 1/10000 GIOM topography map. There
are five following Rain catchment areas which encircle
the six mines:

(1) Rain catchment area No.l or Chahderaz

(2) Rain catchment area No.2 or Ein-ol-Baghar

(3) Rain catchment area No.3 or Ghatar-Bane

(4) Rain catchment area No.4 or Kheyrabad
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(5) Rain catchment area No.5 or Mines

These watersheds are shown in Figurel. The flood
of the No.2 and 3 rain catchment areas transfer over the
south of the study area towards Mor and Meydan-Gel salt
pans. The flood of No.1, 4 and 5 rain catchment areas pour
over towards the Kheyrabad salt pan in the North.

Above classification was re-checked. The ArcView soft-
ware researches focuses in the study area where includes
all six mines and their industrial units:

(1) Factory watershed

(2) Mine#l watershed

(3) Mine#2 watershed

(4) Mine#3 watershed

(5) Northern watershed

(6)Tailing Dam#l watershed

(7) Tailing Dam#2 watershed

(8)Mine#6 watershed

Only the two last watersheds pour over the Ein-ol-
Baghar rain catchment area, and the rest of them are
geographically the portions of the Ghatar-Bane rain catch-
ment area. This article focuses only on Mine#3 watershed.

5.1 Physical Properties of the Mine#3 Watershed

The area of the Mine#3 watershed is 20785700 square me-
ters. This watershed is located in the west of the Mine#1
watershed. The outlet of these watersheds joins together in
the South of them. The watershed runoff pours toward the
South of the Mine#3 watershed where locates the South-
east of Mine#1. This property of the watershed hazardous-
ly affects technical activities of these mines during floods.
Because the runoff of floods can pass through the pits of
the Mine#3 and 1 before they pour over the Ghatar-Bane
rain catchment area basin "',

The area of permeable part of this watershed is
18312800 square meters, and the non-permeable part
is 2472900 square meters. The perimeter is 18250 m.
Length of the watershed (based on the longest river) is
7600 meters. Other descriptive physical factors of this wa-
tershed determined: elongated watershed with 0.359 the
shape factor, which indicates a high range and dangerous
hydrograph for the facility located on it. The Gravelius
coefficient is 1.121 which indicates a low deviation from
the circle. Its elongation ratio is 0.677, which is a low
rate. The length of rectangle is 4755.9 m and the width of
it is 4370.5 m. The mean slope of watershed is calculated
0.59% using contour lines method. Slope direction in the
west side of watershed is from the West to the East. But
dominant slope direction of this watershed is from the
North to the South.

Concentration time of the watershed was calculated
using 6 below equations Izzard, Kerby, Kirpich, Kinemat-
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ic, Bransby-Williams and Federal Aviation Agency. The
average value of them for the concentration time is 237.7
minutes.

5.2 Distribution of Precipitation Statistics

The GIOM meteorological center is located 1 km far from
the watershed. This center has proper long-term precipi-
tation data. The 32-year precipitation data of this center
was entered to a PC to run on Distrib 2.13 software. Flood
routing was performed by probabilistic method of location
of Weibull data and distribution function of Log Pearson
type I11.
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Figure 4. Using the Distrib 2.13 software to recognize
distribution and prediction of precipitation in Mine#3

The reason for choosing this distribution function in
spite of its high standard deviation was that the Log Pear-
son Type III distribution function assessed the highest pre-
cipitation height and made the most realistic estimation of
a 200 year flood of the mine against these five other distri-
bution functions: 2 Parameters Log Normal, 3 Parameter
Log Normal, Gamble, Gamble Type I External and Pear-
son Type III (Figure4). Then, for this temperamental river,
the highest precipitation height is preferred.

Table 1. Distribution of precipitation amount with differ-
ent probability and return periods

Standard Devia- Precipitation Period -
tion (mm) (year) Probability
31.36 104.17 200 0.955
20.46 80.43 100 0.99
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Accordingly, the probability of occurrence and height
of precipitation runoff in the watershed with different
periods are estimated in Table 1. The baseline of flood
calculations for the project was assumed to be at least 200
years. Therefore, in future calculations, flood routing was
performed for a precipitation of 174.14 mm.

Table 2. Distribution of precipitation intensity with differ-
ent probability and return periods

Sta“d“:ir:nDeVia' Pr::tis:s?glon l:;’:;‘;;’ Probability
(mm/hour)
0.29 3.23 200 0.995
0.25 2.88 100 0.99
0.21 2.53 50 0.98
0.17 2.20 25 0.96
0.12 1.76 10 0.90
0.08 1.44 5 0.80
0.6 1.19 3 0.67
0.4 0.97 2 0.50

According to the GIOM precipitation records, this is
equivalent to the 60-hour precipitation that occurred on
January 19, 1992, that caused a $ 4 million damages to the
mine, plants and their facilities.

Precipitation distribution was also considered in this
process. In this estimation, the two-parameter log-nor-
mal distribution was used, that has the highest estimation
intensity among 200-year-old period. The results of this
estimation are presented in Table 2. Accordingly, the high-
est precipitation intensity with a 200-year period is 3.23
millimeter in hour.

Precipitation duration was also analyzed by above
method and software; the results are presented in Table 3.

Table 3. Distribution of precipitation duration with differ-
ent probability and return periods

Sta"diir:nDeVi“" Prlgfnig::;on ]();:::‘)’ Probability
(hour)
15.4 54.81 200 0.995
10.4 43.44 100 0.99
6.7 33.56 50 0.98
4.1 25.06 25 0.96
2.0 15.79 10 0.90
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12.71 60.19 50 0.98 1.1 10.12 5 0.80

7.46 43.22 25 0.96 0.7 6.62 3 0.67

342 25.4 10 0.9 0.4 4.19 2 0.50

1.82 1511 > 0.8 Therefore, the duration of flooding of a 200 year period
1.08 9.13 3 0.667 is calculated 54.81 hours.

0.63 5.28 2 0.5

5.3 Watershed Runoff

In addition to using a cylindrical precipitation gauge, an
automatic precipitation gauge was also installed at the
GIOM meteorological station to calculate the runoff and
to determine the watershed unit hydrograph.

Due to the lack of any hydrometric device in the river
of the watershed there is not hydrography data during the
flood, then the conventional Curve Number (CN) method
was applied to estimate the surface runoff volume of the
watershed and to obtain the unite hydrograph. The runoff
CN is usually an empirical parameter which applied for
flood or infiltration predicting from precipitation. The CN
method was established by the USDA Natural Resources
Conservation Service, and was previously called the Soil
Conservation Service or SCS , the number is still com-
monly recognized as a "SCS runoff CN" in the hydrolog-
ical studies. The CN is extensively applied in new studies
too and is a proper method for deceiving a rough quantity
of flood in each study area. According to the type of soil
and the green cover quality, the CN value of the Mine#3
watershed was considered 70. Then, the precipitation sta-
tistics of one of the major floods in the watershed were
calculated, that occurred in 1992, and was plotted using
the above CN method (Figure 5).

Watershed Hydrograph

il "m
i /\// \
Flow £ \

) il / \

Time (hours)

Figure 5. The hydrograph of Mine#3 watershed
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Flood routing was performed applying Smada 6.43
software using unit hydrograph of watershed. In this way,
the flood hydrograph in the watershed was obtained by
extending of the existing unit hydrograph (Figure3). Then,
the 200-year flood peak discharge was calculated. The dis-
charge of flood is 5206 cubic feet per second (147 cubic
meters per second).

5.4 Flood Discharge Location

Determining of a deposit locating for flood is one of the
major problems for the GIOM due to the following com-
plications:

(1) The study area is factually a wide savannah; there-
fore, there is no bulky reservoir for flood accumulation.

(2) The pit Mine#3 takes place at the southern end of
the watershed. The watershed flood should not be aggress-
ing towards the pit, but its topography makes it flowing
toward.

(3) The cost of tailing dam construction for this pur-
pose is enormous.

(4) The Mine#l is in the east of the Mine#3 watershed
and the western heights overlooking Mine#3 restricts
flood outlet of watershed (Figure 7).
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Figure 6. The unit hydrograph of the watershed using
Smada 6.43 software
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Figure 7. Topography map of Mine#3, watershed Mine#1
and these catchment outlet by Gemcom 4.0 Software
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After further field studies and investigates on the topo-
graphic maps of the area, it was decided that the flood of
this watershed would diverge in two branches of river in
the East and the West. From an environmental point of
view, although this will be accompanied by a change in
the natural path of the flood in the Northern half of the
watershed, but it seems the existing technical and structur-
al problems leave no other way to avoid it.

5.5 Channel Specifications

According to the flood characteristics of the watershed,
the channel characteristics were calculated through open
channel hydraulic calculations and river engineering ref-
erences:

(1) Confidence factor: 1.80

(2) Wide of channel: 30 meters,

(3) Channel depth: 4 meters,

(4) Channel slope: 0.21%

(5) Section of channel: trapezoidal

(6) Channel slope is 1:2 or 26.58°

(7) The length of the main channel: 3650 meters

(8) Channel width : 14 meters

(9) Area of channel surface: 96 square meters

(10) The wet-channel environment: 33.88 m

(11) The hydraulic radius of the channel: 2.83 meters

(12) Water velocity in channel: 2.78 meter per second

(13) Maximum water discharge: 266 cubic meters per
second

Accompany with the main channel designing, as shown in
Figure 8, a hydraulic gabion wall is need to restricted flood
water into the channel. And a smaller channel is designed in
the East of the Mine#3 to keep away the water from the pit.
The final drainage design within the Mine#3 watershed was
prepared using the Gemcom software (Figure 8).
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Figure 8. The schematic flood drainage design for the
Mine#3
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6. Conclusion

(1) Due to the location of the Mine # 3 on the way to
the watershed river, next flooding events is inevitable.

(2) The special channel construction is necessary to
gather the flood by two channels and a hydraulic wall..

(3) Finally, overburden deposit and facility location of
Mine#3 was redesigned with hydrological and flood con-
trol perspectives.
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