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ABSTRACT: Ever increasing energy needs in today's world no longer corresponds to the continuous
production of new solutions are required. Supporting renewable energy sources has been required to
remedy this need. Renewable energy support for the world-wide accepted feed-in tariff (FiT) policy is
being used effectively. FiT support policies, structure and application vary between countries. In this
study a new support model is proposed. The most important aim of this model is to obtain highest
benefit for both the government and the investors. The proposed flexible pricing model is depending on
a country's economic status, the energy market and energy production plants technical data. Efficiency
increasing of the photovoltaic (PV) systems and reduction of the costs has increased the choice of
renewable energy. Thanks to the spread of environmentally friendly solutions and production, load flow
problems in electric power systems can be solved and losses can be reduced. There are many areas in
Konya to establish solar power plant. In this study a performance analysis of the 1 MW grid-connected
PV power plants which was founded in Konya was conducted. In addition, proposals have been made
for investors and legislators for more efficient and less costly energy production.

Key Words: Cost analysis, Enerqy market, Renewable energy support, Solar energy.

Yenilenebilir Enerji Destek Politikas1 Gelistirilmesi ve Konya’da Bulunan Sebekeye Bagl
1 MWp Giines Enerjisi Santralinin Performans Analizi

OZ: Diinya’da hizla artan enerji ihtiyacinin karsilanmast igin siirekli iiretim yapabilen yeni ¢oziimlerin
bulunmasi gereklidir. Bu ihtiyact karsilamanin yollarindan biri de yenilenebilir enerji kaynaklarinin
desteklenmesidir. Diinya genelinde uygulanan yenilenebilir enerji destegi, tarife destekleme politikasi
olarak etkin ve yaygmn bir sekilde kullanilmaktadir. Tarife destekleme politikalarinin yapilan iilkeden
iilkeye degisiklik gostermektedir. Bu calismada yeni bir destek modeli &nerilmektedir. Onerilen yeni
modelin en 6nemli amaci hem yatirimcilarin hem de devletin kazancim arttirmaktir. Onerilen degisken
fiyatlandirma modeli {iilkenin ekonomik durumuna, enerji piyasasinin durumuna ve yeni kurulan
yenilenebilir santralin teknik verilerine baghdir. Giines enerji sistemlerindeki verimliligin artmas: ve
kurulum maliyetlerinin agag1 diismesi yenilenebilir enerjiye yoOnelimi arttirmustir. Cevre dostu
¢oziimlerin ve {iretimlerin yayginlasmasi sayesinde elektrik sistemlerinde yasanan ytik akisi problemleri
¢oziilebilir ve glic kayiplar1 azaltilabilir. Konya'da giines enerjisi santrali kurulabilecek birg¢ok alan
bulunmaktadir. Bu calismada sebekeye bagh olan 1IMWp giiciindeki bir giines enerjisi santralinin
performans analizi de yapilmistir. Buna ilaveten daha verimli ve daha diigiik maliyetli enerji
tiretebilmek i¢in yatirimcilar ve yeni ¢ikacak yonetmelikler i¢in 6nemli 6nerilerde bulunulmustur.

Anahtar Kelimeler: Maliyet analizi, Enerji piyasasi, Yenilenebilir enerji destegi, Giines enerjisi.

DOI: 10.15317/Scitech.2017.86
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INTRODUCTION

Today, energy is the number one problem on the world and also will be in the future. That's why it's
very important that economic energy production and use. One of the latest methods applied by
governments in order to obtain electrical energy economically is to support of energy production. One of
the most effective support models is Feed-in tariff (FiT). FiT was applied in US and Germany in 1978 and
1990, respectively (CEER, 2012). FiT for most of the world's countries rapidly increased is a renewable
energy support model. This support policy needs to improve the applicability for cleaner world (Palmer
et al., 2005; Stokes, 2013). In the last decade, the generation of electricity from solar energy, thanks to the
support policy has become quite common. The FiT policy has proven to be one of the most effective
mechanisms that encourage the deployment of solar power. In this way renewable energy production
and research and development activities in the field is supported. Until today, continuous increase in
the inverter and the panel efficiency is thanks to this supports.

Many countries and scientists conduct many researches for a cleaner and more economic energy
sources (Oguz et al., 2014; Gokgoz and Atmaca, 2012; Ding et al., 2010). Scientists also research costs of
renewable energy sources and support policies for greener world (Haasa et al., 2004; Dincer, 2011; Benli,
2013).

The main principle of FiT policies is to offer guaranteed prices for fixed periods of time for electricity
produced from renewable energy sources (RES) (Couture et al., 2010). FiTs can significantly reduce the
risks of investing in renewable energy technologies and thus create conditions conductive to rapid
market growth (Lipp, 2007; IEA, 2008). However, installation costs will not go down as quickly. A
number of different FiT designs expose investors to uncertain market prices (Pablo, 2012). These
structures, and potential augmentations, may allow for apportionment of market uncertainty. A
guaranteed price floor may be enforced to reduce investors’ exposure to low market prices, with
potential investors receiving the benefit should the market price exceed the guaranteed floor. The Irish
Renewable Energy Feed-in Tariff (REFIT) is designed in this way (Ireland, 2006). Globally, more than 40
countries have adopted some type of FiT system in order to take advantage of their solar potential. The
installed renewable power capacity has increased considerably in many of the countries after the
introduction of FiT policy (EPIA, 2011).

The FiTs are guaranteed for a reasonably long period of time in order to ensure security of the
investment for investors and operators (Mendonca, 2007). The FiT term is commonly determined such
that income is guaranteed over the lifetime of the system, i.e. at least 10-15 years. Different support price
and electrical market researches have also been studied before (Topkaya, 2012; Somasekhar et al., 2014;
Chang et al., 2013; Gozen, 2014).

Support policies, primarily evaluated in three different situations: FiT, Feed-in Premiums (FiP) and
Tradable Green Certificates (TGC). FiT provide a defined payment to investors for the Amount of kWh
generated over a certain number of years (10 up to 30 years). This tariff system, rather than technical
requirements are regulated by many political future plans. FiP provide a fixed or variable premium
payment above the wholesale electricity market price. Operators and investors have encourages to
adjust their production to price changes, but this also implies higher risk premiums. TGC Quota system
that obliges suppliers to source an increasing amount of their electricity from RES. Investors now also
face the TGC market risk (Leonardo, 2012).

In market-independent FiT policies, the first and most basic option is to determine a fixed, minimum
price at which the electricity generated from RES will be bought for a contracted period of time. The
electricity market regulator, keep up the prices fixed for the duration of the contract, irrespective of the
retail price of electricity. This support method should be applied only to the small renewable systems.

The alternative FiT policy option is the fixed price model with full or partial inflation adjustment.
Inflation adjustments guard renewable energy investors against a decline in the real value of project
revenues by tracking changes in the broader economy. Partial FiT policy is more risky than the fixed FiT
policy. Partial FiT should be applied to medium-sized renewable systems.
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Another policy model considered is the spot market gap model. In this model, the actual FiT
payment is occurred of the gap between the spot market price and the required FiT price. As a result, the
total payment is a fixed price consisting of the sum of the spot market price and the variable FiT
premium, when combined, create the total FiT payment. Mostly hourly pricing policies are applied
when purchasing energy. If the support price is higher than the hourly rate, the subsidy will be made.

RENEWABLE SUPPORT POLICY APPLIED IN TURKEY

Turkey is one of the fastest growing economies on the world with economic recovery. Turkey’s
annual primary energy consumption has increased by about 7% in last decade. Turkey has an annual
electricity consumption of 264 TWh with a nearly 78,7 million people in 2015. It is estimated that the
energy consumption in 2023 and in 2035, 400 TWh and 500 TWh, respectively (TETC, 2016). Rapidly
increasing energy needs requires making efforts to reduce production costs down. Another way to
ensure the energy needs is also supported in different ways in which renewable plant investment.
Depending on the type and amount of support to the future of the electricity market are directed.
Renewable resources should be correct guidance and should be supported for the correct use of the
existing capacity. Moreover, the wind power plants provide the largest contribution to renewable
sources more than the solar power plants. Most of the resources used to generate electricity are
hydraulic, coal and natural gas. The share of renewable energy sources is quite low.

Turkey faces large barriers to grid connectivity and electricity transmission from renewable energy
sources such as wind and solar power. This will likely be the major constraint to large-scale solar PV
development as well as the domestic market expands. Turkey's distribution grid capacity currently lags
behind the peak-hour supply of electricity generated by renewable. Because renewable sources have
accounted for only about 6% of total electricity generation, there has been little incentive for grid
companies to invest in innovation.

There are some failures in policy enforcement. For example, the Renewable Energy Law stipulates
that distribution utilities have to buy all of the electricity generated from renewable sources. However in
some cases wind power producers have faced significant difficulties in connecting to the grid and
obtaining a government-approved price.

The challenges facing Turkey's solar PV industry are even bigger than those facing the wind
industry, because they originate largely from the demand side. Turkey has yet to establish an official
national renewable energy industry association to effectively coordinate industry development and to
bridge the industry and policy-making process in a formal way. The true potential of renewable energy
should be provided with the right support and the right technology.

The potential of renewable energy sources in Turkey was estimated by the General Directorate of
Renewable Energy managed by Republic of Turkey Ministry of Energy and Natural Resources (MENR).
Turkey has six different renewable and usable economic sources, namely hydro, wind, geothermal,
solar, biomass and biogas, respectively. While the wind energy potential is 48 GW, geothermal energy
potential is around 32 GW. Until 2023, Turkey aims to achieve at least 30% of electricity production
obtained from renewable energy sources (Caynak, 2012). At the end of 2023, 3000 MW installed capacity
of solar power plants are planned to be obtained.

Turkey has a high potential for solar energy due to its advantageous geographical position. Many
studies for the map of the solar energy potential in Turkey have been made. Solar Potential: It was
determined that Turkey’s average period of sunlight is 2.640 hours per year (7,2 hours per day). The
average annual radiation force amounts to 1.311 kWh/m?2-year (3,6 kWh/m?-per day). The solar energy
potential is calculated as 380 billion kWh/year (EIE, 2016).

Turkey supports that the renewable energy power plants to meet the electricity needs. Therefore The
law on Electricity Production from Renewable Energy Sources (No. 6094, Official Newspaper: 8 January
2011, No.27809) was put into effect (Resmi Gazete, 2011). Turkish renewable FiT is guaranteed for 10
years at the same price while European renewable FiT's are generally guaranteed for a longer period, i.e.
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20 years or more. Turkish solar industry calculates the return period as ten years if solar FiT is about
18%cent/kWh. Therefore, 10 years duration seems to be insufficient to pay back solar investments with a
FiT of 13,3 $cent/kWh. But now, it can be said that; payback times are down for unit costs are also
reduced (Cetinkaya, 2015).

The fixed ten-year guarantee of purchase price prevent the rapid fall. The decreasing amounts of the
price support for the ten-year period allow electricity market balancing. Especially after the fifth year,
the price must be reduced on a regular basis. In this way, the investor deal with the installation and the
operation for the payback time is below five years. Renewable energy support prices applied in Turkey
is given in Table 1 (Resmi Gazete, 2011) below.

Table 1. Renewable energy support prices.

Type of Renewable Support Prices

Energy USD cent/kWh
Hydroelectric 7,3
Wind 7,3
Geothermal 10,5
Biomass 13,3
Solar 13,3

A new regulation came into force for the determination of the contribution of domestic
production in the installation of solar plants (Regulation no: 29752 date: June 24, 2016) (Resmi Gazete,
2016). According to this regulation in order to calculate the amount of additional local contribution the
formula (1) should be used.

DCEP = [Y%,(MCR;)] * DCFP 1)

Where DCEP is domestic contribution extra price (USDcent/kWh); MCR is material contribution
ratio; DCFP is domestic contribution full price (USDcent/kWh); n is number of pieces in material.

If some parts of renewable energy plants are domestic manufacturing, support prices will increase.
Domestic production support is available for the first five years. In fact, all kinds of support can be
limited as five years to force the investors to be more conscious. In this way, the costs of renewable
energy investments can be pull down. Technically all the parts are important for a power plant. But the
first, PV panels and the inverters play the most important role for solar power plants.

Average sales prices in the daytime hours for Solar PV, and 24-hour average sales prices for wind
can be used to calculate support prices. The hourly price application can be used for the other types of
power plants because of amount of the power production can be adjusted. If the hourly price application
for the renewable power plants is made the priority guarantee of purchase should be applied. The
average hourly prices should pay to operators who accept the support prices. In this way, the balance of
the price in all over the grid will be preserved.

Investments directed by the government by the showing the place or location are more accurate,
efficient, and equitable. Recycle time; not included in the cost of land and included in the cost of land is
about 7 and 10 years, respectively. In this study the land fee: $35/m? has been recognized. This price may
be more variable by location.

The aim of this study is to ensure that different FiT/kWh supports are given to the different plants.
Because all economic benefits and environmental impacts of renewable power plants are not the same.

The Potential of Solar Power in Konya

Konya province is one of the most suitable solar PV fields in Turkey with the appropriate
temperature and low humidity. The most important problem of land suitable for agriculture in Konya
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is used for PV power plants. Firstly, a macro plan must be done by the government to solve this
problem. Secondly, the declaration of eligible land can be more articulate in detail. Location, capacity
and name of the power transformers that can be linked to renewable power plants are advertised in the
present application.

Konya is an very important area with a monthly average radiation of 130,45 kWh/m? and an
average temperature of 12,25 °C along with an annual average sunshine duration of 2876 h. Climate
data are used in the forecasting of the total annual energy that can be produced. Especially PvGiS (JRC,
2016) use of this data is one of the most effective examples. The efficiency of the systems except the solar
panels is taken as 0,9249. The angle of the panels is selected as 30° which are most appropriate for Konya
province. The highest electricity that can be produced in one year is forecasted as 1650 MWh. The real
value of energy produced at the PV power plant is 1567 MWHh. It is clear that the actual values are very
close to forecasted values. The difference between actual data and forecasted data is determined as %5.
One of the biggest factors in the occurrence of this difference, especially this year is sudden changes in
the weather conditions.

1 MW Solar PV System Design for Konya

A Supervisory Control and Data Acquisition (SCADA) center is established in the Konya organized
industrial region for the monitoring of the electrical power grid. At the same time, remote control like
opening and closing operations can be performed in this SCADA center. Also SCADA center is used for
monitoring of the solar power plant.

The general structure of the solar power plant in Konya is shown in Figure 1. 4200 pcs total power
1008 kW solar panel is used. AC inverters total output power is designed as 850 kW. Connection to the
power grid is made through a Star/Delta transformer. The overall efficiency of solar power plant is about
84%.

The important characteristics of 1 MW solar PV power plant are shown in Table 2. The most
important values of the feasibility study are panel efficiency, efficiency drop and many unspoken
inverter prices. Inverter prices constitute approximately 18% of the total power plant cost.

Table 2. Characteristics of PV power plant

panel power 240 W

panel efficiency 14,75%

efficiency drop 10 years 90%, 25 years 80%
operating temperatures -25/+60

inverter power 17 kW AC

inverter max input voltage 1000 VDC

inverter efficiency 98%

total PV plant power 1008 kWp

grounding, lightning protection Yes

data recording, remote monitoring Yes

The data received from solar radiation measuring device and energy analyzer of the power plant as
shown in Figure 2 is saved hourly basis. Actually this curve shows how well the system is working in
the winter months. In this way, the power system production curve can be evaluated together with the
solar radiation. If the energy production cannot be done, the sources of failure should be reviewed.
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Daily energy production and solar irradiance for January 2016 are shown together in Figure 3.
Approximately 82000 kWh was produced in a month (January 2016). The system performance ratio is
calculated as 81,5%. The average daily solar irradiance is determined as 3135,13 Wh/m2. Thus, it is

proven that the solar system is capable of producing acceptable amounts in cold weather.
6000

1 MWp Solar Power Plant, Konya
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Figure 3. Energy and solar irradiance for January 2016
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PROPOSED RENEWABLE ENERGY SUPPORT ALGORITHM

The main objective of the proposed model; according to the benefits of different renewable energy
sources in the power system is to provide support price different amount. This allows all investors to
design the plants in an optimum way to get more support; they follow better the operation of the plant.
Thus, the efficiency of the power system is increased. A novel FiT support price algorithm is proposed in
this study. The information about technical data of the power plant and the production/consumption
balance of the power grid is taken at the start of the algorithm. According to the power plant's technical
data benefit/cost ratio is calculated. Support type, fixed or flexible, is decided. The support mechanism
now provides a flexible FiT which is calculated according to an algorithm based on economic situation
and technical data of the RES. The flowchart of the proposed model is shown in Figure 4.
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Figure 4. Flowchart of the proposed model

According to the proposed algorithm, the evaluation of the solar system is performed as follows.
The power system production/consumption balance in place of power plant must be known especially
for directing investment to areas where production is minimal. If this ratio is below 0,5, the support
coefficient is regarded as 1. If this ratio is above 1, the support coefficient is taken as 0,5. In this way if
production is greater than consumption in the region where the plant will be built, the system reduces
the support rate by half. If production/consumption ratio is between 0,5 and 1 for to find support ratio,
inverse ratio is applied. Thus priority in the areas where energy production is less will be recognized.
Another goal of this model is aimed to provide investors primarily to produce for their own needs.
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If power demand/capacity ratio is smaller than 2, the support coefficient is taken as 1, and then
support duration and price are determined. If this ratio is greater than 2, panel efficiency, type, solar
radiation, selling price of electricity, current fixed price and income-expense curve are evaluated to
determine support coefficient and duration. The coefficient of the usefulness of the power plant is
determined using this data. According to the coefficient of usefulness, the support type and duration are
determined. If recycling time calculated is less than 7 years the project will be supported. Otherwise,
algorithm is directed to 2. step for the new project entry. As a result, according to the proposed
algorithm price support for power plants as 100% is determined for power plants capacity not exceeding
need twice in an area that production less than consumption. If the proposed algorithm is presented to
users in real terms in a web page, investors can evaluate before the actual application. In this way, the
proposed algorithm can be used more effectively for energy efficiency, economical operation, power
system security and right investment.

FEASIBILITY ANALYSIS

The economic feasibility study summarizing the four different cases is shown in Table 3.
Comparisons have been made in the financial structure of all plants considered the same. In this paper,
the feasibility studies were performed for Konya province. The investors are interested in this province
due to sunshine durations and vastness of the land. RES power increases installation costs are reduced.
The energy production of the RES is proportional to plants powers. Annual energy production is
calculated using PVGIS (JRC, 2016). Annual energy production varies between 1500-1650 MWh
depending on the angle of placement of the solar panel. It has been considered to be the same efficiency
and operate under the same conditions. The average support prices are calculated by the proposed
algorithm. This study proposed a new FiT model that can be applied to the support policy. This model
has been named as semi fixed semi flexible FiT (SFFiT) that can be apply for all of RES. Full flexible FiT
(FFiT) support policies should apply only to high power RES (210MW). Standard FiT (SFiT) should be
apply for low power RES (< 1IMW). Partial FiT (PFiT) should be apply for middle power RES (IMW<
RES < 10MW). The proposed SFFiT model includes SFiT, PFiT and FFiT models. Even though the less
support price is given, payback time is shorter for SFFiT support model. Thus, both the state as well as
the investors would have won more. PFiT support can be considered as the worst case. In this case, the
payback time is the maximum. Support price is higher than FFiT and SFFiT cases even though it is not
the lowest risk. According to Table 3 it is seen that the proposed SFFiT model can be used for all plant
power. The carbon support has been taken into consideration for all cases. In the calculations, the carbon
emission for Turkey is assumed as 0,535 [kg/kWh] and the profit obtained from a ton of carbon is 20 €.
€/$ parity is taken as 1,12. Annual income/expense chart for 1 MW solar power plant may vary according
to the investors overall income/expense plan. Investors usually targets own plants to pay their debt with
their income. Payment balance is varying according to the size of the investors” financial status.

Table 3. Comparison of the case studies

Proposed models SFiT PFiT FFiT SFFiT
installed power [kWp] 1,000 5,000 10,000 10,000
unit cost [€/kWp] 1,100 1,050 1,000 1,000
total investment cost [K€] 1,100 5,250 10,000 10,000
ann. energy prod. [MWh] 1,550 7,750 15,500 15,500
ann. energy profit [K€/year] 184.06 864.90 1,660.67 1,702.21
carbon emissions [tone/year] 829.25 4,146.25 8,292.50 8,292.50
ann. carbon profit [K€/year] 16.58 82.92 165.85 165.85
average support price [€cent/kWh] 11.87 11.16 10.71 10.98
payback time [year] 5.48 5.54 5.47 5.35
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CONCLUSION

It is clear that the support time for renewable energy for Turkey is sufficient. In this study, the
proposed model seems to be more appropriate because the economic feasibility time is less than the
other support models. FiT support time in all countries definitely should not exceed 10 years. Fixed price
support policies for the installed capacity over 1 MW power plants should be abandoned definitely.
Large investors should develop appropriate management and investment policies to market
requirements. Especially in very large renewable energy power plants (>10 MW) like other power plants
can be operated with day-ahead pricing. Part-time flexible and part-time fixed structured support
policies should be developed and implemented. In this study, a support model (SFFiT) proposed to
improve the electrical market conditions. Turkey should continue the renewable energy support policies
for to reach year 2023 or year 2030 targets. The renewable energy support should not only be done in
time and cost, but also the renewable power production system efficiency must also be added into the
support policies. That will accelerate the transition to more efficient and more economic renewable
power systems. In this way, more informed investors and operators will earn more.

Turkey’s transmission system is mostly regional in functionality, and could benefit from improved
connectivity across region if renewable resources in remote areas are to be more fully harnessed. The
cost of developing the transmission system will be great. But surely the power system should be
strengthened and the voltage level should be increased. The new regulations are required for building
integration of solar renewable energy systems. The types of constraints, principles of using and
installation requirements necessarily must be defined. Feed-in tariffs, quotas, priority dispatch, technical
standards, mandatory connection and purchase should be decided at the beginning of the renewable
project. However the government also faces a few challenges such as the integration problem of
renewable power into the grid, and low operation efficiency during implementation.

The following recommendations are suggested for the regulation which will be removed in the
future for renewable energy production, sales and distribution.

Over the next five to ten years, Turkey plans to construct several giga watts wind power plants and
generate a large amount of grid-connected solar PV. It will be very difficult to connect large amount of
this renewable power to the electricity distribution grid, particularly at peak hours without smart-grid
technology. The Turkish Government should begin planning how to deploy smart-grid technology to
maximize renewable energy connection to the distribution grid.

A road-map should establish for renewable energy investors. A detailed feasibility study and
income expense report for renewable project application should be requested necessarily.

Fixed price supports should not to exceed seven years. If the renewable energy support duration is
determined as ten years, price support should be reduced gradually necessarily.

The researcher, investors, operators, the power system management and the legislators should work
together for cleaner and more economical RES.
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ABSTRACT: Based on Rytov method, on-axis scintillation index of laser communication link in a weak
oceanic medium is formulated for collimated annular beam. Employing these obtained scintillation
values, average bit error rate (<BER>) is evaluated where the intensity has log-normal distribution.

Scintillation indices of collimated annular beams are found for fixed primary source size ¢t , varying

Sl 7
annular beam thickness, propagation distance L, source size «, the rate of dissipation of the mean
squared temperature );, non-dimensional parameter representing the relative strength of temperature

and salinity fluctuation W. <BER> versus the source size and the average signal to noise <SNR> found
for the collimated annular beams are exhibited for various rate of dissipation of turbulent kinetic energy

per unit mass of fluid & and source sizes . At the stated link lengths, as secondary source size of

annular beam equals to zero, that is, for Gaussian beam, <BER> will offer more advantages.

Key Words : Oceanic turbulence, Ocean optics, Optical communication, Scintillation, BER

Halkasal Hiizmenin Zayif Okyanussal Tiirbiilansta Bit Hata Oran1

OZ: Rytov yontemine dayali olarak zayif bir okyanussal ortamdaki lazer iletisim baglantisimin eksen
tizerine 1pildama indeksi, paralellestirilmis halka hiizmesi i¢in formiile edilmistir. Elde edilen bu
degerler kullanilarak, ortalama bit hata orani (<BER>), log-normal dagilimli olarak degerlendirilmistir.

Paralellestirilmig halkali hiizmelerin 1pldama indeksleri; sabit birincil kaynak boyutu o , defisen
dairesel hiizme kalinligi, yayilma mesafesi L, kaynak boyutu @, ortalama karesel sicakligin dagilma

orani1 Y, , sicaklik ve tuzluluk dalgalanmasinin goreli kuvvetini temsil eden boyutsuz parametresi W

i¢in bulunur. Paralellestirilmis halka hiizmesi i¢in kayanak biiytiikliigii ve ortalama sinyal giiriiltii oran
(<SNR>)’" na gore <BER>, birim kiitle akiskani ve kaynak boyutlari i¢in tiirbiilans kinetik enerjinin gesitli
dagilim oram i¢in sergilenmektedir. Belirtilen iletisim baglantisinda, halkasal hiizmelerin ikincil kaynak
boyutu sifira esit oldugunda, yani Gaussian hiizmesi oldugunda, <BER> daha fazla avantaj
saglayacaktir.

Anahtar Kelimeler : Okyanussal tiirbiilans, Okyanus optigi, Optiksel haberlesme, 1pildama, BER

INTRODUCTION

Optical communications in underwater channels have fluctuations in the intensity measured by the
scintillation index. This affects the behaviour of the <BER> which is one of the most important
performance criteria in the link design. Some studies concerning the scintillation index of laser beams
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show how much the fluctuations in the intensity, measured by the scintillation index, impress the optical
communication in not only weak turbulence but also in strong turbulence. Also the types of beam model
effect the scintillations, hence the <BER> at the receiver (Tatarski, 1961; Ishimaru, 1978, Andrews et al.,
2001; Andrews et al., 2005; Arpali and Baykal, 2009; Arpali et al.,2008; Vetelino et al., 2007; Sandalidis et
al., 2008; Tyson et al., 2005; Namazi et al., 2007; Gergekcioglu et al., 2010; Gergekcioglu and Baykal, 2013;
Gergekcioglu and Baykal, 2013; Gergekcioglu et al., 2010; Gergekcioglu and Baykal, 2011; Gergekcioglu et
al., 2010). Studies involving scintillation index of annular beams have revealed important results at the
atmospheric channel (Gergekcioglu et al., 2010; Gergekcioglu and Baykal.,, 2013; Gergekcioglu and
Baykal, 2013; Gergekcioglu et al., 2010; Gergekcioglu and Baykal, 2011; Gergekcioglu et al., 2010).

The propagation of various kind of laser beams used in wireless optical links in underwater
channels will cause intensity fluctuations, also affect the performance of optical communication link
(Kumar et al., 2011; Lu et al., 2006; Korotkova et al., 2012; Baykal, 2015; Yousefi et al., 2015; Yi et al., 2015;
Gokee et al., 2016; Baykal, 2016; Cheng et al., 2016; Peng et al., 2017, Nikishov and Nikishov, 2000;
Gergekcioglu, 2014; Ata and Baykal, 2014). Especially, the scintillation indices of optical plane and
spherical and Gaussian beams propagating in underwater turbulent media are researched by using the
Rytov method (Gergekcioglu, 2014; Ata and Baykal, 2014).

In this study, thanks to utilizing the spatial power spectrum of the refractive index of atmospheric
media and developed on-axis scintillations in the weak atmospheric optical horizontal links, with the
spatial power spectrum of the refractive index of homogeneous and isotropic oceanic water, collimated
annular beams propagating in underwater turbulent media are analyzed and the scintillations and
<BER> are evaluated in horizontal oceanic optics links by using the Rytov method. Scintillation index of
collimated annular beams at changing features for propagation distance and source size is shown.
Furthermore, scintillation index and <BER> versus <SNR> are found by using the log-normal distributed
intensity for the collimated annular beams versus the for non-dimensional ratio of the relative strength

of temperature and salinity fluctuations W, various source sizes &, the rate of dissipation of the mean

squared temperature J; and the rate of dissipation of turbulent kinetic energy per unit mass of fluid & .

FORMULATION

The on-axis scintillation index M* of annular beams in ocean turbulence (Gercekcioglu and Baykal,
2011) with the spatial power spectrum of the refractive index of homogeneous and isotropic oceanic

water represented by @ (K) for k¥ >0 is represented as (Lu et al., 2006; Nikishov and Nikishov, 2000),

m? =4z RG{Id77i§1<d1<2_(|jd¢[TAi (77,1<,¢)+TA2 (U,K,¢)](Dn (1()} (1)

where Re(.) is to the real part of the argument, 77 is the variable showing the length along the
propagation axis, L is the propagation distance of the link, Kexp(i¢) is the two dimensional spatial

frequency in polar coordinates, K is the magnitude, I" () is the Gamma function,
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where, the rate of the dissipation of the mean squared refractive index fluctuation is

2
Xn = A Xr (W—l) / WZ, X7 is the rate of dissipation of the mean squared temperature taking values
for smaller & close in the range from 102 K?/s to 1010 K?/s, p is the Obukhov—Corrsin constant
whose value is taken as 0.72, & is the rate of dissipation of turbulent kinetic energy per unit mass of
fluid, the non-dimensional constant Q is a free parameter to be determined by comparison with

1/4
experiment where its value is taken as 2.35, and 77, = (V3 le ) is the Kolmogorov microscale, V being

the kinematic viscosity, W is non-dimensional representing the relative strength of temperature and
salinity fluctuations, which in the ocean waters can vary between -5 and 0, & =1 when the quantity of

eddy thermal diffusivity equals to the quantity of diffusion of the salt, PI; and Pr; represent the
Prandtl numbers for temperature and salinity respectively, where Pr,=7 and Prg=700, and the

refractive index is expressed as a function of temperature and salinity fluctuation, A=2.6x10"1/deg is
a constant.

The expressions in the integrand of Eq. (1) are

Ty (7.5,6) =—k*D(L)” A* (L+iaL) " exp| i (L—n)k™ (1+ian)(1+ial) ' &* | (3)

-1

Ty (k) =K D) AX (1410l ) (1L

X eXp {—O.Si (L—m)k™ [(1+ i) (1+ iocL)_l —(1— ia*n)(l— ia*L)l} K‘2} (4)

. -1

where D(L) = A(1+ ICXL) and the annular beam incident field at the source plane is given as
2

U s =ug §,,8, = ZA exp[— 0.5ke;s? — 0.5kg, 55 }, these examples of annular beam expressed
=1

by §= §,,S, is the transverse coordinate at the source plane, S,,S, representing the x and y

components, A, is in general the complex amplitude of the source field, A =—A, =1, *is the complex

. 05 .
conjugate, i = —1, k =27/ A is the wave number, A is the wavelength, &, =1/ ka3 + j/F,

a, and F, are the Gaussian source size and focusing parameter of the symmetrical primary beam.

Likewise, &, =1/ ka?, + j/F,, a,, and F, are the Gaussian source size and focusing parameter of

the symmetrical secondary beam, thickness is defined as difference between primary and secondary
source (Gergekcioglu et al., 2010).
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Substituting Egs. (3), (4) and the spatial power spectrum of refractive index fluctuation given in Eq. (2)
into Eq. (1), performing the integration over K and ¥/, the on-axis scintillation index of annular beams

in weak oceanic turbulence is found which is expressed as,

m* =87k’ Re{|D(L)|2 AA (1+iaLl)” (1—ia*L)_lJL.d77(EA1 +Fy,)
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The <BER> is given by Eq. (3) of [4] as

<BER >= o.5j p, (u)erfc(< SNR > 27*u )du (10)
0

where erfc(.) is the complementary error function, P, (U) is identified in weak oceanic turbulence as

the probability density function of the intensity with U >0 as [4],

p, (u)= mle_”u exp{—o.Sm2[In(u)+0.5m2]2}. (11)

For the collimated annular beams at the origin of the receiver in a weakly turbulent ocean., the <BER> is
found by using m? given in Eq. (5) inserted into P, (u) given in Eq. (11) which in turn is substituted
into Eq. (10).

RESULTS AND DISCUSSIONS

In this section, the results are obtained by utilizing the derived formulations in section 2
which are valid in oceanic weak turbulence. As taken in my article published in 2014, it is noted

that 1 =155 um and x,=10° K?s™" are chosen. While Figs.1, 2, 3, 4 and 5 indicate the
scintillation indices versus the propagation distance L, source size «,, rate of dissipation of the

mean squared temperature y; and the ratio of temperature and salinity fluctuations w,

respectively, Figs. 6, 7 and 8 indicate the variations of <BER> versus the primary source size

a, atvarious thickness, versus <SNR> for fixed primary source size ¢, =1cm and a, =2cm

, respectively.
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Figure 1. Scintillation index versus propagation distance L for collimated annular beams at fixed

Scintillation index ( m2)

primary source size (

o, =1CmM) and various thickness.
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Figure 2. Scintillation index versus primary source size &, for collimated annular beams at various

thickness.



268 H. GERCEKCIiOGLU

Annular beam ! ,'
0.08 E =oo,| =40m, =20 Cm,e = 1()_1 l’,' :
' s sl ’l’-
~ 007 i
NE ' ,':
1]
— 0.06 A
X — 1
% 152 J@Cm ll'l' :
2 0.05 — 4
= a =1.00cm N
c — i
S 0.04 82 NZ! ;
= ;s
S o3 a__=0.50cm i /
- s2 1
= \ AN
c 0N /
© 0.02 =0.00 cm ,7'{“
U‘) s2 \,f::' “..‘ /
0.01 o L
-""‘;{:“‘,u /
0 !ggggﬂ'ﬂﬂr"" "" = _/
-10 9.5 9 -85 -8 7.5 -7

log, , Xt ( K*st)

Figure 3. Scintillation index versus the rate of dissipation of the mean squared temperature ¥, for

collimated annular beams at fixed primary source size (¢, = 2 CM) and various thickness.

H
Annular beam i
0.09 0 = - il 17
Zwo,L=40m,a =100cme= 10 A
s s1 ,:,’
008 ]
I3 1!
€ o0.07 ¥
1
;' L, =Lo0cm b
11
% 0.06 — i
c i
= 0.05 az—\1000m 11
g s \\II ,'I
'S 0.04 = / Fa
c_s asZ —\050 cm K U B
S 0.03 I I /
2 0. e G
S a _=0,00cm S5
¢ 0.02 s2 Al
PSR
0.01 /.’4"./"'/
-rﬂ‘-“:i”/
0 s e OO e iain
-10 9.5 9 8.5 -8 75 7

log, , Xt ( KZs?)

Figure 4. Scintillation index versus the rate of dissipation of the mean squared temperature ¥, for

collimated annular beams at fixed primary source size (¢, =1 CM) and various thickness.



269

Ber Of Annular Beams In Weak Oceanic Turbulence

T T
Annular beam i
008-F =aw,L=40m,e =2.00cme= 101 X = 108 i
. S ] H Sl . ¢l " t ™ '.'
"I
i
—~ 0.07 ;
N i
S i
— 0.06 ¥
X 1i
(D) ] 'l
S 0.05 a =150cm T
cC sP " 1 "
= i
1
o 004 a _ =1.00cm il
2 i A
= 0.03 LT
= a_ =050 cm ‘o
= s /‘%. K
Q 0.02 S
n « =0.00cm PNy
s2 \\- "a'"“f‘ ?’
0.01 cempmrrme T e /
e iietirEpiitiriinf et TR Sl i
O F r r r r
5 45 4 35 3 25 2 15 -1 05

W ( Effects of Temp. and Salinity )
Figure 5. Scintillation index versus effects of temperature and salinity fluctuations W for collimated

annular beams at fixed primary source size (&, = 2 CM) and various thickness.

-2
Annular beam
25 Fe. X2 10®% ¢= 107 L =40 m, <SNR> =10 dB
-3
-3.5
4 a =075Xa cm a = 0.25X0:Sl cm
6\: a ) = O.OOXCI{S:L cm asz - O.50Xasl cm
w 4.5
v \
-5 &E mpmToEnAm “'-'_"E\._‘ ________________________ L i - --.- ..........
P A . —
-55 s __~~~--~
" S
-6 1'{’:: “ i
6.5
10 O 5 10 15 20 25

Source size (asl) incm

Figure 6. <BER> versus scintillation index versus primary source size &, for collimated annular beams
at various thickness.



270 H. GERCEKCIiOGLU

O¢
Annular beam o
— . = _ _ ;
— F =wx,0 =10cm L=40m, X= 1x10
_1 \
2 s
N \\
\\ \\
A 3 €= 102 —— \\\
@ ‘ o RS
T e= 10 SN,
0 4 | N\ AN
VvV - | M N
a_=0.5cm AN
_5 % % \\
a =0.0cm A\\
s2 \\‘
_6 N
-7C L L L
0 1 2 3 4 5 6 7 8 9 10
<SNR> indB

Figure 7. <BER> versus <SNR> for collimated annular beams at fixed primary source size (¢, =1 Cm),

various thickness, and various rate of dissipation of turbulent kinetic energy per unit mass of fluid & .

O¢
Annular beam o
— . = _ _ B
— FS =, = 2.0 cm, L=40 m, Xt— 1x10
__‘]_ \
P’ \%~\~\
\\~
\\\
- ~
/\ '3 £ = 10 2 —_— \ \‘< 0
D: | | | » \‘
L e= 10— AT
m 4 | “\ Ry
vV | R
a =05cm \
5 | | R
a =00cm A {§
s2 \
-6 .
-7C L L C
0 1 2 3 4 5 6 7 8 9 10
<SNR> in dB

Figure 8. <BER> versus <SNR> for collimated annular beams at fixed primary source size (&= 2 CM),

various thickness, and various rate of dissipation of turbulent kinetic energy per unit mass of fluid & .



Ber Of Annular Beams In Weak Oceanic Turbulence 271

Scintillation index versus propagation distance L for collimated annular beams at o, = 2cm,
7:=10% K?*s™, &= 10"and various thickness is depicted in Fig.1. As thickness increases, scintillation
indices decreases until a,, equals to zero, i.e, Gaussian beam case. In Fig. 2, scintillation index versus the

primary source size &, for collimated annular beams at various thickness is drawn for propagation
distance L=40m, 7,=10° K’s™" and &= 107 and is seen that the lowest scintillation indices are at
o, = 0 cm. Fig. 3 and 4 show the scintillation index versus the rate of dissipation of the mean squared
temperature y; for collimated annular beams at fixed primary source sizes of &, = 2cm and
o, = 1cm, respectively. Figs. 3 and 4 are drawn at various thickness at the propagation distance

L=40m, x= 10® K% and £=10". As the thickness decreases, scintillation indices increase.

When Figs.3 and 4 are compared in terms of the scintillation indices at two different source size, smaller
source size value has better scintillation indices values.

Scintillation indices are plotted in Fig. 5 versus the ratio of temperature and salinity fluctuations, W

for collimated annular beams at &y =2 CM for fixed primary source size and various thicknesses. The
propagation distance is L= 40 m, y;=10®° K’ and &= 10". Increasing values w cause a rise in
scintillations. In Fig. 6, <BER> is depicted versus the primary source size ¢ at various thickness values

at propagation distance L=40m, y,=10° K?s!, £=10? and <SNR>=10 dB. <BER> is found to
have much smaller values when annular beam approaches the Gaussian beam. Figs. 7 and 8 indicate

<BER> versus <SNR> for various thickness and & values for fixed primary source sizes of &, = lcm

and (Zsl: 2cm, respectively. For the Gaussian beam, <BER> is found not to change at various & .

However, for the annular beam, small source size yields much lower <BER>. It is also observed that
when ¢ is larger,<BER> increases.

CONCLUSION

In this study, based on the temperature and salinity spatial power spectrum of underwater
fluctuations, on-axis scintillation index of annular beam is derived analytically for horizontal optics
communication links in a weak oceanic turbulence by utilizing Rytov solution, and <BER> with log-
normal intensity distribution is examined. The results of the on-axis scintillation index of annular beam
for horizontal optics communication link in weak oceanic turbulence are found to be similar to the
previously obtained results for horizontal optics communication links in weak atmospheric turbulence.
Our results show that as compared to collimated annular beam, annular beam yields much bigger
scintillations at short distances, unlike long distances as in other articles (Namazi et al., 2007;
Gergekcioglu et al., 2010; Gergekcioglu and Baykal, 2013; Gergekcioglu and Baykal, 2013; Gergekcioglu et
al., 2010; Gergekcioglu and Baykal, 2011). Propagation distance is taken shorter than the distances in
atmospheric links because strong oceanic turbulence can occur at short distances (Lu et al., 2006). As the
annular beam thickness decreases, the scintillation index, and naturally <BER> as well increase.
Gaussian beams are found to be favorable when compared to annular beams at the stated distances.

For collimated annular beam in a weak oceanic medium, the figure, including scintillation indices
versus propagation distance, shows that as secondary source size increases, scintillation index increases
at constant, primary source size, rate of dissipation of turbulent kinetic energy per unit mass of fluid,
and rate of dissipation of the mean squared temperature. Again, at constant, stated propagation
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distance, rate of dissipation of turbulent kinetic energy per unit mass of fluid, and rate of dissipation of
the mean squared temperature, when scintillation index and <BER> at fixed <SNR> versus source size is
depicted, as secondary source size increases in proportional to the primary source size, scintillation
index grows up. But, thinner annular beam has more advantages after a certain value without zero
secondary source size. Just as the growth in the rate of dissipation of the mean squared temperature
increases scintillation index at fixed, the stated propagation distance, primary source size, and the rate of
dissipation of turbulent kinetic energy per unit mass of fluid, the growth in the ratio of temperature and
salinity fluctuations increases scintillation index, and the growth in the rate of dissipation of the mean
squared temperature increases scintillation index at fixed, the stated propagation distance, primary
source size, the rate of dissipation of turbulent kinetic energy per unit mass of fluid. At certain values for
the propagation distance, primary source size, and the rate of dissipation of the mean squared
temperature, for the smaller value of the rate of dissipation of turbulent kinetic energy per unit mass of
fluid and chancing <SNR>, annular beam has more disadvantage than Gaussian beam. However,
derived formulation analytically is more important for horizontal optics communication link. The results
yielded in this paper can be used in the analysis of wireless optical communication links employed in
ocean.
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ABSTRACT: The main objective in designing an embankment dam is to achieve a structure that keeps
water and in addition prevents seepage in downstream that has piping and rupture. Therefore, the
present study examined the effect of height on upstream and downstream slope stability of
heterogeneous embankment dams with the same characteristics but with different heights at the end of
construction and Steady-State Seepage and Rapid Drawdown. To investigate the effects of height, two
dams with a height of 62 meters and 133 meters and 6 meters crest width were modeled in Geostudio
software. The embankment dam is composed of 14 different areas with different characteristics. To
analyze the dam stability, SLOP/W and to model the movement of water in dam due to presence of
water behind the dam in a Rapid Drawdown and Steady -State, seepage SEEP/W in Geostudio was used.
Finally, the obtained safety factors in two dams with different height are compared with each other and
the obtained safety factor was compared with USBR safety factor. This research showed that the safety
factor is safer for 62 meters dam. The safety factor in shorter dam is safer than long dam.

Key Words: Embankment dam, Height, Geostudio, Slope/w, Stability analysis,

Hetorojen Embankment Barajlarin Statik Stabilisezi Uzerinde Yiiksekligin Etkisi

OZ: Bir dolgu baraj tasariminda temel amag suyu tutan bir yap1 elde etmektir ve buna ek olarak b oru ve
yirtilmasi oldugu mansabinda sizint1 6nler. Bu nedenle, bu ¢alismada insaat ve-Kararli Hal Sizma ve
hizli Drawdown sonunda ayni Ozelliklere sahip heterojen dolgu barajlarin memba ve mansap sev
stabilitesi {izerine ancak farkl: yiikseklikleri ile yiiksekliginin etkisi incelenmistir. yiiksekligi etkilerini
arastirmak amaciyla, 62 metre ve 133 metre 6 metre kret genisligi yiiksekliginde iki baraj Geostudio
yaziliminda modellenmistir. su bendi, farkli &zelliklere sahip 14 farkli alanlardan olusmaktadir.
Yansimalar SLOP/W, baraj kararhligini analiz etmek ve nedeniyle hizli Draw down ve Sabit-Devlet baraj
arkasinda suyun varligina baraj su hareketini model, Geostudio i¢inde sizint1 SEEP /W kullanildi. Son
olarak, farkl yiikseklige sahip iki baraj elde edilen giivenlik faktorleri birbirleriyle karsilastirilmis ve
elde edilen giivenlik faktorii USBR emniyet faktorii ile karsilastirildi. Bu arastirma emniyet faktorii 62
metre baraj i¢in daha giivenli oldugunu gostermistir. kisa baraj emniyet faktorii uzun baraj daha
giivenlidir.

Anahtar Kelimeler: Su bendi, Yiikseklik, Geostudio, Slope/w, Stabilite analizi,

DOI: 10.15317/Scitech.2017.88
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INTRODUCTION

Embankments are made up of unsaturated compacted soils and their behaviour is strongly affected
by the climatic or environmental perturbations (Cui et al,, 2010; and Maharjan and Takahashi, 2014)
Understanding of the structural deformation performance can be causes to design structures in a safety
situation. Design and construction of structures must be including the environmental protection, the
preservation of structures during natural accidents and also construction costs (Gikas and Sakellariou,
2008).

Dams aretype of structures constructed against stream, river, or waterway for the purpose of restrict
and controlling the move of water. A dam is constructed for particular duty such as water storage;
irrigation; flood controlling and also dams are used for yield hydroelectric power (Ismail et al., 2012;
Novak et al,, 2001). There are two types of modern dam namely embankment dam and concrete dam.

One of the most important subjects of concern in Geotechnical and structural engineering for
embankment dam is Slope stability. Slope stability analysis of earthen dam is dependent to many
parameters which must consider in design and construction. Stability of these structures is composed of
many ambiguities relevant to lack of precise geotechnical parameters. Because of the importance of dam
construction and its related expenses, determination of dam behavior has an important result for
makers. By considering the uncertainties of geotechnical parameters, applying risk analysis is
unavoidable in dam construction (Manafi Ghorabaei et al., 2012).

Investigating of slope stability of earthen dam slopes is an advanced procedure which has been
shown to lead to a more economical design by many researchers like (Banaki et al., 2013) which states
that the cases that computed safety factor without modeling uncertainties is more than reality value.
These methods do not consider many uncertainties in their computations. Also, many conservative
factor of safety areusing to cover some uncertainties which in most cases are more than required, and in
some cases less than amount that is necessary. Actually, it is not possible to recognize the accurate effect
of these factors of safety on safety level (Manafi Ghorabaei and Noorzad, 2011).

Numerical simulation methods is a good method that usually lead to make easier the real behavior
of structure and widely applied in last decades. The numerical analysis is also able to simulate the
behavior and any possible damage pattern of a dam (Sakamoto et al., 2002). Dams should be designed
and constructed from available materials in any place that possible usually dams are constructed from
material which are near to location of work due to Dams required many materials and this will not be
economical to carry this material from places which are far from the location. The dams should stay
stable and showed suitable and useful performance under all conditions, during construction, and
ultimately in operation, both at the normal reservoir operating level and under all flood and dry
conditions. Also, the dam and foundation should be having suitable behavior across to manage seepage
and manage the suitablereservoir level (Ratnayaka et al., 2009). Considering the items mentioned above
and knowing that dams are structures which disruption and deterioration can causeirreparable financial
and physical damages, analysis of stability of embankment dams are of utmost importance. In this
study, dam static stability was examined using Geostudio (Geostudio, 2007) in different modes and
safety factor obtained for both cases.

MATERIALS AND METHODS

In this research, the stability of the upstream and downstream slopes of the dam embankment is
performed for themost critical or severe loading conditions that may take place along the life of the dam
as follow (USSD, 2007).

1) End of Construction — when significant pore pressure development is expected either in the
embankment or foundation during construction of the embankment.

2) Steady-State Seepage — when the long-term phreatic surface within the embankment has been
established.
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3) Rapid (or Sudden) Drawdown — when the reservoir is drawn down faster than the pore
pressures can dissipate within the embankment after the establishment of steady-state seepage
conditions.

In this paper, Geostudio (Geostudio, 2007) is used to model two embankment dams. To study the
effects of height, twodams with a height of 62 and 133 meters and 6 meters crest width were modeled in
Geostudio. To analyze the dam stability, SLOP/W (2007) and to model the movement of water in the
dam to analyze steady-state seepage condition, SEEP/W (2007) were used. One of the capabilities of
SEEP/W is to plot the balance passing the soil and velocity vectors and drawing the flow lines and
potential as well as calculating the discharge for a certain level of water. Also in Rapid Drawdown, it is
assumed that the balance of the reservoir water has dropped by 60 percent, for this purpose,
the 60 percent is multiplied in the height of the reservoir water in the Steady-State seepage mode to
obtain the water drop then by subtracting the amount of the total height of the reservoir, the water
height after drop is achieved. In this case, the materials are assumed to be consolidated and undrained
(CU).In modeling, both embankment dams are modeled with the same materials. Also both
embankment dams are composed of 14 different areas with different characteristics. In table 1 the
properties of materialis expressed. Mohr-Coulomb method, the most common way of defining the shear
strength of geotechnical materials is used in current research.

Table 1. Characteristics of materials

Material V7 (#) Vsat (#) ’ ¢ (#)
Zonel (UU) 2 2.06 10 10
Zonel (CU) 2 2.06 20 5
Clay core Zonel (CD) 2 2.06 28 0
Zone 2 2.1 2.2 43 0
Zone 3 2.1 2.2 41 0
Zone 4 2.1 2.2 39 0
Upstream Zone 5 21 22 38 0
section Zone 6 2.1 2.2 37 0
Zone 7 2.1 2.2 41 0
Zone 8 2.1 2.2 39 0
Downstream Zone 9 2.1 2.2 37 0
section Zone 10 2.1 2.2 36 0
Depth 0-20 2.6 2.65 35 30
m Zone 11
ZDSEZI;;)'ZO m Depth 20- 26 2.65 55 35
100 m zone 12

Mudstone Zone 13 2 2.1 25 10
Conglomerate, Zone 14 2 21 24 20

mud stone

FACTOR OF SAFETY

Conventional analysis methods characterize the stability of a slope by computing a safety factor. The
safety factor is clarified with respect to the shear strength of the soil as the ratio of the available shear
strength (s) to the shear strength required for equilibrium 7 as follow (US Army Corps of Engineers,
2003).
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_ Avaliable shear strength s 1)

- Equilibrium shear stress ¢

If the shear strength is defined in terms of effective stresses, the safety factor is indicated as follow
(US Army Corps of Engineers, 2003).

_¢'+(o-u)tang’ @)
T
where ¢’ , ¢' are Mohr-Coulomb cohesion and friction angle, respectively, expressed in terms of

F

effective stresses; O is total normal stress on the failure plane; u is pore water pressure; (o —u) is the
effective normal stress on the failure plane. If the failure envelope is curved, the safety factor can be
stated as follow follow (US Army Corps of Engineers, 2003).

)
Where s(o') characterizes the shear strength determined from the effective stress failure envelope

for the particular effective normal stress, o'. Eq 2 can be utilized with a curved failure envelope by
letting ¢’ and ¢’ characterize the intercept and slope of an equivalent linear Mohr-Coulomb envelope

that is tangent to the curved failure envelope at the proper amount of normal stress, ¢'. For total
stresses, the safety factor is stated using the shear strength parameters in terms of total stresses, as follow
(Spencer, 1967 and USBR, 2011).

_C+otang’
T

F 4)

WhereC , ¢ are the Mohr-Coulomb cohesion and friction angle, respectively, are expressed in terms

of total stresses. For analysis of Embankment dams, Morgenstern-Price (Morgenstern and Price, 1965)
method is used. Morgenstern and Price (1965) developed a method similar to the Spencer (Spencer,
1967) Method, but they allowed for various user-specified interslice force functions. This method
Considers both shear and normal interslice forces, Satisfies both moment and force equilibrium, and also
allows for a variety of user-selected interslice force function.

RESULT AND DISCUSSION

Embankment dams during construction and operation are exposed to a variety of stresses that
should be designed and implemented safe to withstand these stresses. Different researchers and
engineers have already introduced various methods to analyze the stability of the slope of
the embankment or rock-fill dam that can be divided into two general methods: limiting equilibrium
and stress-strain. The basis of limiting equilibrium methods is on determining the imposed stress and
mobilized resistance in a hypothetical fractured surface in embankment slope and then determining the
safety factor given the ratio of these two quantities. In stress — deformation method, stresses and strains
caused by dam in different parts of the body and foundation of embankment dam are analyzed and
according to it, while preparing a picture of the behavior of the dam, safety factor on the most potential
rupture surface is determined by comparing the mobilized shear strength in the surface. In examining
the stability of embankment dams, forces that causeslope instability include: gravity and leakage. Given
that the basic calculations are based on effective stress need to know the pore pressure, therefore, to
design three critical steps should be considered: 1) the end of construction, which is affected by the
compression due to the increased height of the embankment. 2) Steady-State seepage which occurs after
filling the dam reservoir and passing enough time. 3) Rapid Drawdown of the reservoir, which occurs
during or after the lowering of the water level in the reservoir after establishment of Steady-State
seepage condition.
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End of Construction Loading Condition

End of Construction phase has always higher safety factor than other phases, prior to the start of
catchment, due to the reduction of pore water pressuredistribution. In this case, the stability of the dam
should be examined in the case of effective stress and total stress. For effective stress analyses, pore
water pressures must be defined and their values must be specified. For total stress analyses using
computer program, hand calculation, or slope stability charts, pore water pressures are defined as zero,
actually, the pore pressures are not equal zero. This is essential because of all computer programs for
slope stability analyses subtract pore pressure from the total normal stress at the base of the slice [12]. In
end of the construction condition, both downstream and upstream slope of the embankment dam is in
critical condition. In this case, the materials used in the clay core are undrained and unconsolidated
(UU). In the effective stress space, pore water pressure is dedicated for the core. The core is also divided
into some parts. To allocate these coefficients to the core, 8 identical materials are defined for the core.
For these materials, according to the figure 1 values of Ru are defined and Ru related to each part is
assigned to the appropriate section. Also in the total stress, the core is considered without pore water
pressure. According to theobtained values, it was observed that in both dams, resulting safety factors in
upstream are safer than safety factors in downstream.

Figure 1. The values of pore water pressure Ru at the end of construction

Elevation

Distance

Distance

Figure 2. Analysis in effective stress space for upstream and downstream of the dam with a height
of 62 meters.
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Figure 3. Analysis in effective stress space for upstream and downstream of the dam with a height
of 133 meters.
Steady-State Seepage Loading Condition

After the construction of the dam and passage of the time required, Steady-State seepage condition
will be established in dam body and foundation and over time the consolidation will take place in dam
body. So the stability of upstream and downstream slope should be analyzed based on effective stress
analysis. The basic equation of groundwater motion is obtained as two-dimensional under conditions of
saturated and unsaturated flow by combining the Darcy's law and continuity equation. In Steady-State
seepage condition, the upstream and downstream of dam is analyzed after the dam catchment and the
stability safety factor will be controlled. Steady-state seepage loading condition should be performed
using effective stress shear strength parameters joined with measured or estimated embankment and
foundation pore pressures. The use of the CD triaxial shear test is appropriate for this phase (USBR,
2011). In Steady-state seepage conditions, first it should be determined the reservoir level that controls
development of the steady-state phreatic surface .Since the embankment dam in most of its lifetime is in
Steady-Stateseepage, and then it needed high safety factor. In this part, pore water pressure condition is
not defined by Ru.In this case, it needed to draw phreatic line for the dam and to this end; it is
performed by using SEEP/W of the software. One of thespecial features of this softwareis the possibility
of modeling the condition of half-saturated soil that affect the permeability. The materials used in clay
core are examined in consolidation and drained (CD) mode to let the materials to be fully consolidated
and also to have the opportunity for drainage. In this analysis, after the points are extracted from
SEEP/W, the extracted points are drawn in SLOP/W.in figure4 the phreaticline obtained
from SEEP/W is displayed for a dam with a height of 62 meters. Figure 5 is shown the Steady-State
seepage analysis in upstream and downstream for a dam with a height of 133 meters.

Elevation

TTTTTTTITTR TTTTTTTTTTTTTT]

Figure 4. The movement of water in the dam using SEEP/W for a dam with a height of 62 meters.
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Figure 5. Steady-State seepage analysis in upstream and downstream for a dam with a height
of 133 meters.

Rapid Drawdown Loading Condition

If the water level behind the dam can be lowered, the seepage in the dam body will change and
seepage line will be reversed. That's why the study of upstream slope against rapid Drawdown is
important. The reservoir rapid Draw down can cause instability and incidence slip in the upstream slope
which results is remaining the dam materials in saturation and starting the leakage flow towards
upstream slope. If the reservoir discharge is done at a rate that in time of drop in water level, the pore
water pressure inside the body is not changed and phreatic line remains in its previous position, this
process is called reservoir rapid Drawdown. In the rapid Drawdown of reservoirs, sharp reduction of
the pore water pressure will be created and with sharp and abrupt decrease in pore pressure, the
pressure imposed to the on the dam body will increase and cause rupture in the dam body. The use of
the CU triaxial shear test is appropriate for rapid drawdown condition (USBR, 2011). Tran (2004) by
studying the phenomenon of rapid Drawdown in the dam reservoir concluded that with water level
drops to one-third of the height of dam, confidence level decreases to a considerable amount. His studies
showed that safety factor of upstream slope stability is reduced to 34% for the water level to drop for a
third of the height of the dam, and the amount for the complete discharge of the reservoir is 43 percent.
In rapid Drawdown , it is assumed that the reservoir level has dropped 60 percent, to this
end, 60 percent is multiplied in the height of the water reservoir to obtain the water depression, then by
subtracting the amount of the total height of the reservoir, the water level after loss will be obtained. In
this case, materials are assumed as undrained and consolidated (CU). In Table 2 the overall results
obtained for the safety factors in different states are presented, these values are obtained by performing
a lot of analysis on dams.
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Figure 6. Rapid Drawdown analysis in upstream and downstream of dam with a height
of 62 meters.

Table 2. safety factors presented in different modes

. . 62(m) 133(m)
Loading condition
downstream upstream downstream upstream
End of Construction (o) 1.823 2227 0.986 1.264
End of Construction (c") 1.825 2.189 0.998 1.247
Steady-State Seepage 1.801 2125 0.994 1.166
Rapid Drawdown 1.78 1.359 0.979 0.967
CONCLUSION

In this study, two dams with the completely identical characteristics and different heights were
modelled using software and the effects of height on the obtained safety factor were studied. In the state
of end of construction, for dams with different heights, the effective stress and the total stress of the
upstream slope is more stable than downstream slope. Comparing the safety factor, it is clearly seen that
the safety factor in shorter dam is safer than the higher dam. Also the value of safety factor obtained
from the minimum value of USBR, which is 1.3, is more for shorter dam, which is concluded that the
shorter dam is stable in this case. In case of steady-state seepage of the dam upstream slope is more
stable than the downstream slope and by comparing with the value of USBR which is 1.5, it is
determined that thesafety factor is safer for 62-meters dam. In this case, the safety factor in shorter dam
is safer than long dam. In the case of the rapid Drawdown due to change for upstream phreatic surface,
and inversing the direction of seepage, pore water pressure distribution changes and seepage force may
cause instability of the slope and threatens the upstream slope and it should be used proper filter and
drainage for the dam. In this case, the safety factor in shorter dam is safer than the higher one. In this
case, the minimum USBR valueis 1.3, and then the safety factor value should be higher than the amount
that for 62-meters dam it is the same, although the use of filters and drainage for upstream dam for
reassuring is necessary. With an overall review of the study, it was determined that by increasing the
height, dam stability and safety factors will be reduced for stability.
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ABSTRACT: Landslides cause serious damage to infrastructure and property in many cities of Turkey,
as well as the loss of life. Samsun is one of the cities where landslides are most frequently seen in
Turkey. Most of the landslides occurred throughout the province, especially within the Atakum, Canik
and Tlkadim districts, have been described as natural disaster. In this study, the aim was to produce
landslide susceptibility maps for one of these highly sensitive districts, Canik. For this purpose, the
parameters of slope, aspect, altitude, topographic wetness index, profile and plan curvature, lithology,
distanceto drainage network and roads have been used in the landslide susceptibility analysis. Bayesian
Probability (BP) and frequency ratio (FR) models have been used in the study. The areas in the produced
susceptibility maps have been classified into five groups as “very low, low, moderate, high and very
high susceptible”. The verification and control results revealed that the landslide susceptibility map
generated using the BP model is more accurate than the FR model. At the same time, the very high and
high susceptible areas in the landslide susceptibility map produced by BP model were compatible with
the control landslides with a rate of 83.5%. These results indicated that the landslide susceptibility map
generated using the BP model can be used for land use planning and landslide risk reduction studies.

Key Words: GIS, Landslide susceptibility, Bayesian probability model, Frequency ratio model, Canik, Samsun.

Bayes Olasilik ve Frekans Oran1 Modelleri Kullanilarak Canik (Samsun) ilgesinin Heyelan
Duyarliligmin Haritalanmasi

OZ: Heyelanlar, Tiirkiye'nin bircok sehrinde altyap: ve miilkiyete ciddi zarar vermenin yani sira can
kaybina da neden olmaktadir. Samsun, Tiirkiye'de heyelanlarin en sik goriildiigii sehirlerden birisidir. I
genelinde dogal afet olarak nitelendirilen ¢ok sayida heyelan meydana gelmistir. Bu ¢calismada, Samsun
ili Canik ilgesinin heyelan duyarlilik haritalar1 tiretilmistir. Heyelan duyarlilik analizinde egim, baki,
yiikseklik, topografik nemlilik indeksi, profil ve plan egriligi, litoloji, drenaj aglarina ve yola uzaklik
parametreleri kullanilmistir. Calismada, bayes olasilik (BO) ve frekans orami (FO) modelleri
kullanilmisgtir. Uretilen duyarhlk haritalari, “cok diisiik, diisiik, orta, yiiksek ve ¢ok yiiksek derecede
duyarli” alanlar olmak {izere 5 grup altinda simiflandirilmistir. Dogrulama ve kontrol sonuglari, BO
modeli kullanilarakiretilen heyelan duyarlilik haritasinin FO modelinden daha dogru oldugunu ortaya
koymustur. Ayni zamanda, BO modeli kullanilarakiiretilen heyelan duyarlilik haritasindaki ¢ok ytiiksek
ve yiliksek derecede heyelana duyarli alanlarin kontrol heyelanlariile %83,5 oraninda uyumlu oldugu

Note: This paper has been presented at the Selcuk International S cientific Conference on Applied Sciences (ISCAS 2016) held in
Antalya (Turkey), September 27-30, 2016.
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tespit edilmistir. Bu sonuglar, BO modeli kullanilarak tiretilen heyelan duyarhlik haritasinin, arazi
kullanim planlamas1 ve heyelan risk azaltma ¢alismalarinda kullanilabilecegini gostermistir.

Anahtar Kelimeler: CBS, heyelan duyarliligi, Bayes olasilik modeli, Frekans oran modeli, Canik, Samsun.
INTRODUCTION

Disasters are the events that cause social, cultural and economic devastation. Vos et al. (2010) defines
disaster as “a situation or an event which overwhelms local capacity, necessitating a request at a national
or international level for external assistance; an unforeseen and often sudden event that causes great
damage, destruction, and human suffering”. In 2015, 376 natural disasters were reported at a global
level, resulting in death of 22,765 people, affecting more than 110.3 million victims, and causing an
economic loss of more than US$ 70.3 billion (Guha-Sapir et al., 2016).

In 1988, the Centre for Research on the Epidemiology of Disasters (CRED) launched
the “Emergency Events Database (EM-DAT) that contains essential core data on the occurrence and
impact of over 13,800 natural and 8,200 technological disasters across the globe, dating from 1900 to the
present day” (Guha-Sapir et al.,, 2016). EM-DAT handles disastersin two categories such as technological
and natural disasters. The category of natural disasters is divided into six subgroups including 17
disaster types. On the basis of this classification, natural disasters can be defined as the “results of
biological, meteorological, hydrological, climatological, and geophysical based events, which are
unpredictable and cannot be prevented”.

Landslide is one of the most common natural hazards in the world. Varnes (1958) defines the
landslide as “the downward and outward movement of the slopes composed of natural rock, soils,
artificial fills, or combinations of these materials”. As in other natural disasters,landslides causeinjuries,
deaths, economic losses, and loss of natural and cultural heritage. For example, in April 2017, because of
the massive landslide, 11 houses were devastated and 24 people were killed in the Uzgen district of
southern Kyrgyzstan.

Landslides are known as the most dangerous and widespread natural hazards in Turkey. When
natural hazards between 1950-2000 were examined in Turkey, it is seen that they are most common
natural hazard with a rate of 45% (Gokce et al., 2008). In Turkey, the devastating effect of the landslides
has been lastly seen in the Borcka district of the Artvin Province on 11 November 2015. 11 people were
injured and 2 people lost their lives in this landslide, which was caused by heavy rains. In Turkey,
Samsun is one of the foremost provinces, wherein landslides occur at a higher frequency. In the damage
distribution and microzonation study performed by Doyuran et al. (1985) in Samsun, the city center
including Atakum, [lkadim and Canik districts was divided into three regions; (a) inconvenient areas for
construction (existing buildings must be evacuated), (b) areas where new construction is objectionable
(existing structures will be freezed), and (c) the areas where new construction will be allowed under
certain circumstances. However, urbanization rate is higher in the mentioned districts where landslides
occur more frequently. Considering the fact that the landslides are the most important natural hazards
that cause property and life losses in Turkey, there is a need for producing landslide susceptibility maps
especially for cities with high landslide potential such as Samsun to prevent the possible loss of life and
property.

The economic, cultural and social losses caused by landslides can be reduced by effective planning
and management. For this purpose, different kinds of maps are prepared with different information by
making land and laboratory studies for geological and geotechnical purposes in the selection of
settlement areas, infrastructure works and other engineering works. One of the most important
geological based maps prepared in this framework is landslide susceptibility maps (Yalcin, 2007). These
maps provide information about susceptive areas for landslides in the future and the inclination of an
area towards possible landslides (Dagdelenler, 2013; Chalkias et al., 2014; Petschko et al., 2014). In the
studies evaluating the methods and parameters used to prepare the such maps (Gokgeoglu and
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Ercanoglu, 2001; Dag et al., 2011; Jebur et al.,, 2014; Kayastha 2015; Kavzoglu et al., 2015), it has been
stated that the lithology, slope, land cover and aspect are frequently used parameters, although the
researchers have been using different parameters in landslide susceptibility analysis due to regional
characteristics. However, in parameter selection, it is also important whether or not the data related to
any parameter can be obtained easily. Moreover, the literature shows that there is not yet consensus
among researchers about the parameters and methods used in the production of landslide susceptibility
maps, leading a large number of methods and parameters to be used (Chen et al., 2017; Sezer et al., 2017;
Colkesen et al, 2016; Barrile et al., 2016; Hong et al, 2016) because each researcher take into
consideration the parameters related to field that they work (Gokgeoglu and Ercanoglu, 2001; Dag et al.,
2011). Dag et al. (2011) stated that in the preparation of landslide susceptibility maps, statistical methods
are used in rate of 64%.

The main objective of this research was to produce landslide susceptibility maps for Canik, one of
the districts of Samsun province, known as highly sensitive to landslide occurrence. In this study, the
parameters of altitude, aspect, slope, topographic wetness index (TWI), profile curvature, plan
curvature, lithology, and distance to drainage network and roads were used. Bayesian probability and
frequency ratio models were chosen for this study since they are widely used in the literature, consist of
understandable and simple statistical models, provide accurate results, and can easily be applied.

MATERIAL AND METHOD
Study Area
Canik district is located in Samsun Metropolitan Municipality boundaries. It neighbors Tekkekdy

district on the east, llkadim district and Mert River on the west, Black Sea on the north, Kavak and
Asarcik district on the south (Figure 1).
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Figure 1. Location map of the study area

According to the Address Based Population Registration System, population of Canik was 96.541 in
2015. The district is between 4104’ 4.59” — 41° 16’ 44.64” north latitude and 36012 2.89” — 36024’ 13.35”
east longitude and has an area of 262 km?2.

The slope ranges from 0° to 79.32¢in the district. The average slope is about 18°. Approximately 19%
of the study area, the slope is below 10¢. The areas where the slope is between 10° and 20° cover 34% of
the study area and the areas with the slope above 20° are about 47%. According to CORINE 2012 land
cover data, 58% of the study area is composed of agricultural and 35% is forest area. In Samsun, the
climate of the Black Sea is seen. This kind of climate is rainy every season, hot in summers and warm in
winters. The long-term average annual rainfall in Samsun is 694mm. According to the average of 40
years between 1970 and 2010, the average annual temperature in Samsun is 14.4°C. The hottest months
are July (23.3°C) and August (23.5°C), while the coldest months are January (7.0°C) and February (6.9°C)
(Bahadir, 2013).

Lithology of the Study Area

As shownin Figure 2, seven different formations areseen from older to younger in the Canik district
(Ozteke§in, 2008; Keskin, 2011; Temizel et al., 2014).
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Figure 2. Lithological map of the study area

Cankurtaran formation (Kc): Cankurtaran formation consists of tuff-tuffite, sandy limestone, and
marl intercalated with sandstone and shale alternations (Temizel et al., 2014).

Akveren formation (Kta): Akveren formation consists of sandstone, sandy limestone, limestone, and
marl with siltstone and shale intercalations (Temizel et al., 2014).

Atbasiformation (Ta): Atbasiformation consists of limestone, sandy limestone, sandstone, and marl

intercalations (Temizel et al., 2014).
Kusuri formation (Tk): Kusuri formation consist of marl, sandstone, siltstone, limestone and

calcareous sandstone alternations (Keskin, 2011).

Tekkekdy formation (Tt): Tekkekdy formation consist of sandstone, marl and tuffite alternations,
basalt and anglomera (Keskin, 2011).

Mahmurdag volcanics (Tmv): Mahmurdag volcanics consist of basaltic lava, dike and sills (Keskin,

2011).
Current flood-plain deposits (Qt): These deposits consist of silt, clay and very fine sand and their

thickness range from 10 to 15 m (Keskin, 2011).
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Data Handling and Data Preparation

In this study, the parameters, such as altitude, aspect, slope, profile and plan curvatures, TWI,
lithology, proximity to the drainage networks and roads were used. Descriptive statistical data of the
environmental parameters used in the study was presented in Table 1. The basic data required to
produce the landslide susceptibility maps of the study area were obtained from 1/25.000 scale Standard
Topographic Maps. At first, the digital elevation model (DEM) of the study area was created by using
contour lines in the topographic maps in ArcGIS 10.2. The DEM was converted into 10x10 m cell size
raster format and then altitude, aspect, slope, TWI, profile and plan curvature maps of the study area
were produced. 1/25.000 scale digital geology and landslide inventory maps of the study area were
procured from the MREI (General Directorate of Mineral Research and Exploration Institute). These
maps were also converted into 10x10 m cell size raster format. In order to produce the landslide
susceptibility map, the produced parameters maps were compared one by one with the landslide
inventory map, and thus the relations of each layer to landslides were found.

Table 1. Descriptive statistical data of the environmental parameters used in the study

Parameter Min. Max. Mean  Std. Deviation Data Type Scale

Elevation (m) 0 1000 535.01 212.26 GRID 10x10 m
Slope () 0 79.32 18.30 9.58 GRID 10x10 m
Plan curvature -16.55 13.63 -0.06 0.82 GRID 10x10m
Profile curvature -49.34 58.23 -0.20 1.08 GRID 10x10m
TWI 251 28.24 7.04 213 GRID 10x10 m
Proximity to road 0 193342 29841 264.38 GRID 10x10m
Proximity to drainage 0 819.39  151.77 105.01 GRID 10x10 m

The first step in assessing landslide susceptibility is to learn about the past landslides occurred
within theresearch area. This is based on the assumption that future landslides can occur under similar
conditions, wherein the past landslides occurred (Lee and Talip, 2005; Kumtepe et al., 2009; Erener and
Diizgiin, 2010; Kavzoglu et al, 2015). Therefore, one of the most important datasets required for
studying landslide susceptibility is “landslide inventory maps”, as these maps show the existing
landslide areas on land (Cevik and Topal, 2003; Yal¢in 2007).In this study, 1/25000 scale digital landslide
inventory maps produced by MREI were used. There are 20 landslides (6 active and 14 inactive) with a
total area of 232.52 ha on the landslide inventory map. In the 1/25.000 scale landslide inventory maps
produced by the MRE], classification of landslides was based on Varnes (1978) classification (Can et al.,
2013). However, in the digital landslide inventory map provided from MREI within the scope of the
study, landslides were classified as active and inactive according to their activities only. 46.8% of the
landslides were in the Cankurtaran formation and 29.11% were in the Akveren formation.
Approximately 77% of the landslide areas were analyzed and 23% were used as validation data sets.

Lithology is one of the most important parameters affecting the formation of landslides (Kumtepe et
al., 2009) and is an important parameter considered in the susceptibility studies, owing to the fact that
different lithological units have different levels of sensitivity to active geomorphological processes
including landslides. Geomorphological processes are partly based on the lithology and the dissociation
properties of the basic materials constituting to the lithology (Dai et al., 2001, Cevik and Topal, 2003).
Lithological units in the study area were obtained from the 1/25.000 scale geological maps produced by
MREI (Figure 2).

Slope angle is considered as the most important parameter of the landslide susceptibility analysis
(Lee and Min, 2001; Dai et al., 2001). In several studies, this parameter was given the first priority for
producing landslide susceptibility maps (Yal¢in, 2008; Yilmaz, 2009; Erener and Diizgiin, 2010). Previous
studies and field observations have indicated that susceptibility to landslide increases with the rising
slope (Yalgin, 2007). Therefore, the DEM of the study area was produced by using the contour lines in
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ArcGIS 10.2 GIS software. Generated DEM was converted into 10 m x 10 m cell size ESRI GRID format
and the slope of the study area map was determined. The produced slope map was reclassified with 5°
increments and the distribution of the landslides corresponding to each slope group was identified by
comparingit to the landslideinventory maps (Table 2). The maximum slope in the study area was found
to be 799 and the most of the landslides according to the slope map were in 15-20° slope group with
21.97% occurrence.

Like slope, aspectis also used as an important parameter in the generation of landslide susceptibility
maps (Cevik and Topal, 2003; Ercanoglu et al., 2004). An increase in the frequency of landslides in certain
aspects can generally be associated with both the morphology of the study area and the meteorological
conditions such as general rainfall direction or solar radiation intake. The soil infiltration capacity
depends on many factors such as soil type, slope, permeability, porosity, soil moisture, organic matter
contents, vegetation cover, and the season of precipitation. The slopes receiving more rainfall will reach
saturation more quickly than the other slopes. Accordingly, this leads to the development of pore water
pressure in such slopes (Gokgeoglu and Ercanoglu, 2001). In order to reveal the relationship between the
aspect and landslides, aspect map of the study area was produced with DEM. The aspect map was
divided into nine classes and the percentage presence of landslides in each group was calculated (Tables
2). The aspect map revealed that 21.65% of the landslides in the study area occur on the slopes with
south aspect, and 20.33% on the slopes with southwest aspect.

The altitude map of the area was produced using DEM to determine the landslide-altitude relations
in the study area. The altitude of the study area varies between 20 and 1000 m. The values of elevation
were divided into ten categories with 100 m increments, and landslide-altitude relationship was
identified. Using this map, it was identified that the most of the landslides with 36.31% frequency
occurred in areas at altitudes ranging from 300 to 400 m in the study area (Tables 2).

Curvature shows the morphological structure of topography (Lee and Min, 2001; Erener and
Diizgiin, 2010). Curvature maps are obtained as second derivative of DEM, thus they show changes in
the slope (Erener and Diizgiin, 2010). A positive curvature indicates an upward convex surface, while a
negative curvature is indicative of an upward concave surface, and zero represents a flat surface. Plan
curvature refers to the tendency of the surface for the water flow to converge (where the flow is
collected) or diverge (where the flow is dispersed). The plan curvaturewith negative valueindicates that
the flow is collected, and a positive value indicates that the flow is dispersed. Streams and ridges can be
removed from these values. Profile curvature indicates flow speed of the water on the surface and
convection of sediments along the slope of the curvature and erosion by expressing the slope change.
Negative profile component shows concave (hollow) and positive values show convex (top) structure
(Kili¢ and Gokasan, 2009). The plan and profile curvature maps of the study area were produced from
DEM.

Table 2. Spatial relationship between elevation, slope, aspect, plan and profile curvature with landslides

No. of No. of
Factor Category cells in landslide PoL PoC FR W+ W- C
category cells
20-100 112506 510 2.19 429 0.5102  -0.6773  0.0219  -0.6992
100-200 136814 2469 10.61 5.22 2.0312  0.7179 -0.0590 0.7769
200-300 177784 3182 13.67  6.79 2.0146  0.7095 -0.0774  0.7869
300-400 247729 8452 36.31 9.46 3.8402  1.3713 -0.3545 1.7258
Elevation 400-500 300688 5889 2530 1148 22044  0.8013 -0.1712 0.9725
(m) 500-600 426588 1860 7.99 16.28 04908 -0.7163  0.0953  -0.8117
600-700 615338 620 266 2349 01134 -2.1847 02432  -2.4278
700-800 423978 293 1.26 16.18  0.0778 -2.5620  0.1655  -2.7275
800-900 152730 0 0.00 5.83 0.0000 -6.3771 0.0606  -6.4377
900-1000 25606 0 0.00 0.98 0.0000 -4.5913  0.0099 -4.6012
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0-5° 317804 1579 6.78 1213 0.5592  -0.5851 0.0596  -0.6447
5-10° 172537 2284 9.81 6.59 1.4900 0.4032 -0.0355 0.4386
10-15¢ 364151 4454 19.14 1390 13767  0.3231 -0.0633 0.3864
15-20° 518619 5113 2197 19.80 1.1097  0.1051 -0.0277  0.1327
Slope (<) 20-25° 568313 4927 2117 2169 09758  -0.0247 0.0067  -0.0314
25-30° 416583 3047 13.09 1590 0.8233  -0.1961 0.0332  -0.2292
30-35° 188781 1230 528 7.21 0.7334  -0.3125 0.0207  -0.3332
35-40° 58196 521 2.24 222 1.0077  0.0077 -0.0002  0.0079
40-45° 12833 106 0.46 0.49 09297  -0.0735 0.0003  -0.0739
> 450 1944 14 0.06 0.07 0.8106  -0.2117 0.0001 -0.2118
Flat 212888 740 3.18 8.13 03912 -0.9439 0.0529 -0.9968
North 325497 2367 10.17 1242  0.8185 -0.2019 0.0257  -0.2276
Northeast 283137 2883 1239 1081 11461  0.1377 -0.0180  0.1557
East 319733 1901 8.17 1220 0.6692  -0.4046 0.0454  -0.4500
Aspect Southeast 301823 1567 6.73 1152 0.5844  -0.5409 0.0532  -0.5941
South 251493 5038 21.65 9.60 2.2548 0.8244 -0.1442  0.9686
Southwest 229258 4732 20.33 8.75 23232 0.8549 -0.1368  0.9917
West 285199 2442 1049 10.89 09638  -0.0372 0.0045 -0.0417
Northwest 410733 1605 6.90 15.68 04398  -0.8264 0.1000  -0.9264
Concave 1041698 10053 4319 3976  1.0862  0.0835 -0.0591  0.1426
Cuf‘:?t‘ure Flat 352312 1716 7.37 13.45 0.5482  -0.6051 0.0685  -0.6736
Convex 1225751 11506 4944 4679  1.0566  0.0555 -0.0515 0.1070
. Concave 1211429 11365 48.83 4624  1.0560 0.0549 -0.0498 0.1047
CE:‘(I’::IE " Flat 285623 1232 529 1090 04855 07272 00616  -0.7888
Convex 1122709 10678 4588 4286 1.0705  0.0688 -0.0548  0.1236
PoL: percentage of landslide occurrence in each subcategory, PoC: percentage of each subcategory,
FR: Frequency Ratio, W': positive weight, W™: negative weight, C: weights contrast

Another important variable controlling the stability of the slope is the degree of saturation of the
material on theslopes. The proximity of slopes to drainage networkis another important factor in terms
of stability. Running waters such as rivers or creeks disrupt the stability by eroding the filling and toe of
slopes or by saturating the material constituting the slope to the level of the stream or in both ways
(Yalgin, 2008). The drainage network in the study area was produced from DEM and the proximity map
of the drainage using related GIS analysis routines. The relationship between distance to drainage
networks and landslides is shown in Table 3. Approximately 90% of the landslides in the study area
were in the first 300 m distance to drainage networks.
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Table 3. Spatial relationship between lithology, TW], distance to roads and drainage with landslides

No. of No. of
Factor Category cells in  landslide PoL PoC FR W+ W- C
category cells
0-100 991780 7103 3052 3786 08061 -02173 01127  -0.3300
100-200 788517 8282 3558 30.10 1.1822 0.1690 -0.0824 0.2514
200-300 567426 5557 23.88 21.66  1.1023  0.0983 -0.0289 0.1273
Distance to 300-400 235527 2201 9.46 8.99 1.0518 0.0510 -0.0052 0.0562
drainage 400-500 33698 132 0.57 1.29 0.4409  -0.8239 0.0073 -0.8313
500-600 2248 0 0.00 0.09 0.0000  -4.4611 0.0009 -4.4619
600-700 373 0 0.00 0.01 0.0000  -2.6648 0.0001 -2.6650
700-819 192 0 0.00 0.01 0.0000  -2.0008 0.0001 -2.0008
0-100 691487 7208 3097 2640  1.1733 0.1614 -0.0647 0.2261
100-200 496860 5287 2272 1897  1.1977  0.1822 -0.0478 0.2300
200-300 380317 4666 20.05 1452  1.3809 0.3262 -0.0675 0.3936
300-400 295019 2538 1090 11.26  0.9683  -0.0325 0.0040 -0.0365
Distance to | 400-500 228447 1548 665 872 07627 -02730  0.0226  -0.2956
roads 500-600 167421 955 4.10 6.39 0.6420 -0.4463 0.0244 -0.4707
600-700 117792 452 1.94 4.50 0.4319  -0.8446 0.0266 -0.8712
700-1100 212091 621 2.67 8.10 03296 -1.1160 0.0579 -1.1739
1100-1500 28059 0 0.00 1.07 0.0000  -4.6827 0.0109 -4.6936
1500-1933 2268 0 0.00 0.09 0.0000 -2.1673 0.0009 -2.1682
2.51-6.04 854329 8784 37.74  32.61 1.1573 0.1475 -0.0798 0.2273
6.04-7.86 1176947 9712 41.73 4493 09288 -0.0745 0.0570 -0.1315
TWI 7.86-10.38 383989 3598 1546 1466  1.0547  0.0537 -0.0095 0.0632
10.38-14.12 171865 1088 4.67 6.56 0.7125  -0.3415 0.0202 -0.3616
14.12-28.24 32631 93 0.40 1.25 0.3208  -1.1430 0.0086 -1.1516
Ta 185202 0 0.00 7.07 0.0000  -4.2673 0.0740 -4.3413
Tk 382681 0 0.00 14.60  0.0000 -4.9930 0.1594 -5.1525
Tmv 46912 0 0.00 1.79 0.0000 -2.8941 0.0182 -2.9123
Lithology Tt 916458 5228 2247 3498  0.6423  -0.4462 0.1778 -0.6241
Kc 340041 10890 46.80 1298  3.6061  -4.8424  -0.4953  -4.3470
Kta 689789 6775 29.11 2632 1.1059  0.1013 -0.0388 0.1400
Qt 59223 378 1.62 2.26 0.7187  -0.3332 0.0066 -0.3398
PoL: percentage of landslide occurrence in each subcategory, PoC: percentage of each subcategory,
FR: Frequency Ratio, W*: positive weight, W™: negative weight, C: weights contrast

The stability problems can also be seen in slopes that are affected by the construction of roads
(Yalgin, 2008). The roads opened on the slopes cause load reduction both at the toe of slopes and in the
topography, leading to an increase in the tension behind the slope and the development of tension
cracks. Instability might be caused as the negative effects of road constructions, as water entering the
roads from outside may disturb the equilibrium on slope. The road network in the study area was
obtained digitally from Basarsoft Company. The map showing the proximity of the road was produced
using the corresponding GIS analysis routines. In order to determine the relationship between the
proximity to roads and the landslides, the road map and the landslide map were overlaid and it was
found that 30.97% of the landslides in the study area were occurred within 100 m of the roads (Table 3).

One of the indicators used while evaluating the saturation of geological material in a field is
topographic wetness index (TWI). This index provides information about the aerial dimension of the
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study area in respect to its water saturation. The infiltration of water into the material increases pore
water pressure in the material as well as reduces the strength of the material (Gokgeoglu et al., 2005).
Therefore, the direction and density of flow in the study area were calculated using the DEM; and the
relative TWI map of the area was prepared. The relationship between landslides with TW1is shown in
Table 3.

METHODS USED IN THE STUDY
Bayesian Probability Model

Bayesian probability model is a probability theorem, which can be used to obtain posteriori
probability by updating the premise of probability expectations related to an event with new
information obtained in case of the realization of the event (Akinci et al., 2015). Accordingly, when an
estimation of the risk of landslides in a region is desired, some of the possible situations must be
determined. In such a case, there might be following conditions of landslide events. The selected area
can be really a landslide area having two possibilities: there will be or will not be a landslide in the
future. If the selected areais not actually alandslide area, even in this case, there would be the same two
possibilities in the future about the prediction of a landslide. These instances can be expressed in the
form of probability propositions.

What is the probability of future landslides P(AIL) for the selected area in case of being a landslide
area according to the past experiences? What is probability of future landslides P (AlnotL) for the
selected area in case of not being a landslide area according to the experience? In case of the selected
area being a landslide area, according to the past experience, it is clear that the probability of no
landslide in the future P(notAl|L) and similarly P(notA InotL) should be effective on the final decision.
The posteriori probability values can be calculated with bayesian probability model by evaluating these
possibilities together in accordance with probability axioms. The forecasts predicting that the selected
area will face a landslide in the future are assigned positive weights, otherwise negative weights. This
approach is also called “weights of evidence (WoE)” model (Dogan et al., 2012).

WoE model was mathematically expressed by van Westen et al. (2003) and Regmi et al. (2010). The
equations, used in this study, were proposed by Regmi et al. (2010) and employed by Ozdemir and
Altural (2013) to calculate the weight of the sub-categories of factors affecting landslides:

Al
Al + A2
w* = in | 5555 (1)
L A3 + A4
4
AL+ A2

7 (2)
L A3 + A4

C=W*-w- ®)

In these equations, Al represents the number of cells of landslide in a selected subcategory, A2
represents the total number of landslide cells outside the selected category, A3 represents number of
cells with no landslide in the selected category, and A4 represents the total number of cells with no
landslide outside the selected category. Thus, (A1 + A2) represents the total number of cells in landslide
work area and (A3 + A4) represents the total number of cells with no landslide in the studied area.

As stated by van Westen (2002) and Vijith et al. (2014), “the positive weight (W+) is used to indicate
the importance of the presence of the factor for the occurrence of landslides. If W+ is positive the
presence of the factor is favorable for the occurrence of landslides, and if W+ is negative it is not
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favorable. Negative weight (W-) is used to evaluate the importance of the absence of the factor for the
occurrence of landslides. When W- is positive the absence of the factor is favorable for the occurrence of
landslides, and when it is negative, the factor is non-favorable”. The difference between the W+and W-
weights is called “weights contrast (C)”, and it reflects the overall spatial association of the predictor
variablewith thelandslide. A contrast valueequal to zero indicates that the sub-categories of the factors
causing landslides are not significant for the analysis. Positive contrast refers to a positive spatial
correlation, and negative contrast refers to the opposite (Ozdemir and Altural,2013). W+ and W- weights
of the sub-category of thefactors affecting landslide in study areas and C contrasts were calculated using
the above formula (Tables 2 and Table 3) and the landslide susceptibility map shown on Figure 3 was
generated using these weights.
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Figure 3. Landslide susceptibility map produced by bayesian probability model

Frequency Ratio Model

The frequency ratio model was used to determine the correlation between past landslide locations
and each factor affecting landslides (Lee and Min, 2001; Lee et al., 2004; Erener and Diizgiin, 2010). As
defined by the Lee and Talib (2005), the frequency ratio is the “ratio of the area where landslides
occurred in the total study area, and also, is the ratio of the probabilities of a landslide occurrence to a
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non-occurrence for a given attribute”. In order to find the frequency ratio of each factor that affects
landslides in the study area, each factor was assigned to a subcategory and the number of cells where a
landslide has occurred in each subcategory of each factor was determined. The following equation was
used to calculate the frequency ratio.

PoL
R = PoC (€3]

Here, PoL is the percentage of landslide occurrence in each subcategory of a factor that affects
landslide and PoC is the percentage of each subcategory of a factor that affects landslide. PoL is
determined as A/B and PoC as C/D, where A refers to the number of landslide cells in each subcategory,
B refers to the total number of landslide cells, C refers to the number of cells in each subcategory and D
refers to the total number of cells in the study area (Erener and Lacasse, 2007).
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Figure 4. Landslide susceptibility map produced by frequency ratio model

The frequency ratios greater than 1 indicatehigh correlations with thelandslides, whilesmaller than
1 indicate low correlations (Lee and Pradhan, 2007). The frequency ratios computed for each category
were assigned to the relevant layer in the ArcGIS 10.2 software and afterwards the Landslide
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Susceptibility Index (LSI) were calculated by overlapping alllayers over each other. The frequency ratios
of each subcategory were summed to calculate the LSI, as shown in equation 5.

LSI = XFr ®)

The LSI value varied between 3.18 and 17.13 in our case study. If the LSI value is high, it means a
higher susceptibility to landslide; a lower value means a lower susceptibility to landslides (Lee and
Evangelista, 2005). Subsequently, the LSI was divided into five classes with natural break classification,
each representing “very low, low, moderate, high and very high susceptible” areas. The final
susceptibility map with the five risk areas is shown in Figure 4.

RESULTS

In this study, we focused on two issues according to the findings. The first one is the prediction
(estimation) capabilities of models used in the production of landslide susceptibility maps, and the
second one is the determination of the principal factors causing landslides in the study area.

In the present study, two models were used in the production of landslide susceptibility maps.
Correct classification approach was primarily used to test the reliability of the landslide susceptibility
maps. The correct classification approach showed the estimated accuracy of the landslide area in the
control dataset in landslide susceptibility maps. For this purpose, the landslides in the landslide
inventory maps were not included in the analysis for controlling purpose; and the landslide
susceptibility maps were compared and distribution of landslide areas was determined according to the
susceptibility class.

For the evaluation of the landslide susceptibility map produced by the frequency ratio model, as
seen in Table 4, it was identified that 27% of the control landslides occurred in an area with a very high
degree of susceptibility, 39% in an area with a high degree of susceptibility, 24% in an area with a
moderate degree of susceptibility (90% in total).

On theother side, for the evaluation of the susceptibility map produced by the bayesian probability
model, as seen in Table 4, it was identified that 42.5% of the controllandslides occurred in an area with a
very high degree of susceptibility,41%in an area with a high degree of susceptibility, 9% in an area with
a moderate degree of susceptibility (92.5% in total).

Table 4. Distribution of susceptibility degree and density of control landslides

. Bayesian Probability Frequency Ratio (FR) Distribution of control landslides
Susceptibility
degree (WoE) Model Model WoE Model FR Model
ha % ha % ha % ha %
Very low 2434.36 9.29 4608.75 17.59 1.62 3.00 3.52 6.50
Low 7008.98 26.75 9426.01 35.98 243 4.50 1.89 3.50
Moderate 744391 28.41 6958.48 26.56 4.87 9.00 1298  24.00
High 6413.96 2448 3668.89 14.00 22.18 41.00 21.10  39.00
Very high 2900.04 11.09 1539.11 5.87 22.99 42.50 14.60  27.00
TOTAL 26201.24 100 26201.24 100 54.09 100 54.09 100

By all accounts, it was concluded that the produced landslide susceptibility maps offer an acceptable
level of accurate performance, whereas the best performance was obtained by bayesian probability
model.

The factors that make up the mass movement are divided into four groups in general: ground
conditions, geomorphological processes, physical processes, and the human effects. In the evaluations, it
was determined that themass movements in Canik district were caused by ground conditions. When the
relationship between the factors used in landslide susceptibility analysis (and sub -categories) and the
landslide areas found in the landslide inventory maps was considered, it is observed that landslides
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occur at a frequency of 46.79% in the fields with Cankurtaran formation, 29.13% in the fields with
Akveren formation, and 22.46% in the fields with Tekkekdy formation as per the characteristics of
lithological unit (Table 2). The landslides in these three formations account a total of 98.38% of the
landslides occurring in the study area.

CONCLUSION

In this study, the landslide susceptibility maps of the area of the Canik district of Samsun province
were produced using bayesian probability and frequency ratio models. Nine different factors affecting
landslides were used in the susceptibility analysis. The landslide susceptibility maps produced were
classified into five types as “very low, low, moderate, high and very high susceptible” areas. In order to
test the reliability of the landslide susceptibility maps, control landslides found in the landslide
inventory maps, which were not included in the analysis for control purpose, were analyzed; and
landslides susceptibility maps were compared and distribution of landslide areas was determined
according to the susceptibility class. The verification results showed that the landslide susceptibility
mapping using bayesian probability model is more accurate than frequency ratio model. Accordingly, it
was identified that 42.5% of the control landslides occurred in an area with a very high degree of
susceptibility and 41% in an area with a high degree of susceptibility, 9% in an area with a moderate
degree of susceptibility. As a result, it can be ascertained that the landslide susceptibility map produced
by using bayesian probability modelis consistent with the control landslides occurring in very high and
high susceptible areas with 83.5% frequency. This landslide susceptibility map can be used for
preliminary land use planning and hazard mitigation purpose.
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ABSTRACT: One of the most important characteristics of modern manufacturing is the continuous
variability of the demand. Today’s business world should be able to respond to sudden changes in order
to survive the competitive environment. The dynamic layout planning that take into account the
variability of demand in certain time periods is an example of these studies. The dynamic facility layout
problems (DFLP) attempt tobalancethe handling and transportation costs. In this study, closeness rates
between the departments are used as a parameter in DFLP model. In addition, a fuzzy decision system
which integrates multiple input types is proposed to determine the closeness rates and an DFLP
instance consisting of six departments and five periods is solved. Results obtained for conventional
closeness rates and the rates obtained by the offered method are reported. The results indicate the
superiority of the offered model over the conventional one.

Keywords: Fuzzy decision support system, Fuzzy rule base, Closeness rates, Dynamic facility layout
problem

Yakinlik Oranli Dinamik Yerlesim Diizeni Problemleri: Bir Bulanik Karar Destek Sistemi Yaklasimi

0OZ: Modern imalatin en 6nemli o6zelliklerinden biri, talebin siirekli degiskenlik gostermesidir.
Giiniimiiziin is diinyasi, rekabet ortaminda hayatta kalabilmek i¢in ani degisikliklere cevap
verebilmelidir. Belli zaman araliklarinda talebin degiskenligini ele alan dinamik yerlesim planlamasi, bu
calismalarin bir 6rnegidir. Dinamik tesis diizeni problemleri (DYDP) tasima ve tasima maliyetlerini
dengelemeye calismaktadir. Bu ¢alismada DYDP modelinde, departmanlar arasindaki yakinlik oranlari
bir parametre olarak kullanilmistir. Buna ek olarak, yakinlik oranlarimi belirlemek icin birkag¢ girdi
tiiriinii entegre eden bulanik bir karar sistemi 6nerilmis ve alt1boliim ve bes periyottan olusan bir DYDP
ornegi ¢oziilmiistiir. Geleneksel yakinlik oranlar: ve dnerilen yontemle elde edilen oranlar igin elde
edilen sonuglar raporlanmistir. Sonuglar, 6énerilen modelin geleneksel model {izerindeki {istiinliiglinii
gostermektedir.

Anahtar Kelimeler: Bulanik karar destek sistemi, Bulanik kural tabani, Yakinlik oranlari, Dinamik tesis
diizeni problemi

INTRODUCTION

Facility layout problem is one of the complex problems that have been widely studied in the
literature. It is about the physical organization of the departmentswithina facility. The facility can be
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described as a machine, a manufacturing cell or an office. A well-designed placement of the facility
contributes to the effectiveness of the processes and reduces the total operating expenditures, work-in-
process, idle times, manufacturing lead times, etc. In the other words, facility layout design plays an
important role for the productivity of a manufacturing system. The objective of the facility layout
problem is to minimize the total cost by placement of the departments (Nourelfath et al., 2007). The
effectiveness of layout problems conventionally has been attributed to flow of materials. The material
handling costis commonly used to evaluatealternative layout designs. Hence, the location of facilities in
a production system is determined under the criterion of material handling cost minimization
(Baykasoglu and Gindy, 2001). These costs are based on the quantity of material flow and the distance
between the facilities (Ulutag and Islier, 2009).

If the characteristic of the material flows does not change from time to time, the layout problem is
said to posses a static nature. In such cases, a single period facility layout problem is solved to minimize
total material handling cost. However, in application, companies generally produce in dynamic
environments. Due to demand variability, minor changes in the locations of departments or machines
may provide some advantages. Dynamic facility layout problems are based on the arrangement of
facilities to minimize the sum of material handling and re-layout costs by considering multi periods.
Dynamic approach provides more effective layouts to meet the requirements of the changing
environments compared to the static layout problems (Ulutas and Islier, 2009).

If a facility is configured without consideringthe demand variability, a new facility layout should be
determined. The re-layout of the departments may causesome production losses and some indirect costs
such as production control, loss of time and training costs. However, if the potential gain after changes is
large enough, the re-layout is considered as economical and reasonable. In such cases, the planner may
be willing to play a game against the nature. In this game, there are chance and decision points. The
customer changes his/her preferences, and a new structure of demand occur at the change points. Then,
the planner decides whether or not he will change the facility layout in the decision point. This decision
should balance the material handling and the re-layout costs. If the re-layout costs are lower than the
material handling costs, a new layout can be made (Ulutas and Islier, 2009).

The assumptions for the DFLP are clarified as follows (Pourvaziri and Naderi, 2014):
e Planning horizon is splited to T period.
e The distances between locations and the material flow between each pair of facilities are known.
e In each time period, each facility should be assigned only one location and one facility can be placed
to only one location.
o The objective is to achieved the layout plan which minimizes the sum of the material handling and
re-layout costs for all periods.

The static approach may be used in the dynamic environment though there are disadvantages. For
instance, a short planninghorizon can be used so that the flows are fairly constant during the horizon or
a long planning horizon can be used and ignored the changes in flow. The total flow over the planning
horizon can be determined by adding the material flows in each period to get the total flow. There will
be no re-layout costs, but this may cause in the layout being uneffective throughout the horizon. The
dynamicapproach corrects these imperfections by strikinga balance between the material handling and
rearrangement costs and planning future layout rearrangements (Balakrishnan and Cheng, 1998).

One of the assumptions of the classical linear programming is the certainty of the parameters. The
data often possess a stochastic nature in practice. Therefore, real-life problems can be modeled by using
fuzzy numbers representing indefinite numerical data. In this study, the closeness rates between
departments have been added to the model of DFLP as a new parameter. Besides, the fuzzy system
approach has been proposed to calculate the closeness rates. The conventional closeness rates and the
closeness rates which are obtained by the proposed approach have been tested on a DFLP instance with
6 departments and 5 periods. It has been shown that the proposed method produce better results.
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The paper is structured as follows: Quadratic Assignment Problem (QAP) and Dynamic Facility
Layout Problem (DFLP) are mentioned in Section 2. Then, the structure of fuzzy decision making system
is discussed in Section 3. Section 4 proposes the fuzzy decision making system to calculate the closeness

rates and tests the proposed method on an illustrative example. The last section comprises conclusions.

QUADRATIC ASSIGNMENT PROBLEM AND DYNAMIC FACILITY LAYOUT PROBLEM

The Quadratic Assignment Problem (QAP) is commonly seen in facility location studies. The basic
difference between the QAP and the classic assignment problem is that there is interaction between the
assignment pairs in the QAP, leading to a non-linear objective function. The QAP is NP-hard as shown
implying that finding a polynomial time heuristic solution method is unlikely by Sahni and Gonzales
(Sahni and Gonzales, 1976). Indeed, the computational complexity of QAP is such that even instances of
size 20< n <30 represent a real challenge for the current exact approaches (Benlic and Hao, 2013).

The QAP is initially introduced by Koopmans and Beckman (1957), where the cost of assigning
facility ito location j and of facility k to location [ is fi.dj with fi denoting the material flow per unit time
between facilities i and k and dj denoting the distance between locations j and I. Let xij to be 1 if facility i
is assigned to location j, and 0 otherwise. The formulation of the QAP is as follows:

n

Minimize= > f,d; XX, (1)
i jkl=L

y =1 Vjeil..,n

;X., ; jef J @)
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DFLP extends the QAP by minimizing the sum of material handling and re-layout costs by
arranging the layout for each production period. The mathematical model introduced by Balakrishnan
and Cheng is as follows:

. T N N N T N N N N
Mmzzzz A X i X "‘Z ZZZ i X X )
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where N is the number of locations and departments; T denotes the number of periods; fix indicates
material flow between departments i and k at period ¢; di stands for the distance between locations j and
[; and finally A is the re-layout cost of department i from location j to I at period .

Rosenblatt (1986) makes the first attempt to model the DFLP. He proposes a dynamic programming
model for solution of the DFLP. Heuristic methods are also used for the DFLP. For instance, Conway
and Venkataramanan (1994), Ulutas and Islier (2009), Mazinani et al. (2013), Pourvaziri and Naderi
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(2014) use genetic algorithm while Kaku and Mazzola (1997) present a tabu search algorithm to solve the
DFLP. Balakrishnan et al. (1992) presents solutions for constrained DFLP. Lacksonen and Enscore (1993)
examine different mathematical programming approaches. Hirabayashi et al. (1999) propose
evolutionary methods for flexible manufacturing systems. Balakrishnan and Cheng (2000) enhance the
genetic algorithm presented in the study of Conway and Venkataramanan (1994), Baykasoglu and
Gindy (2001) also present a simulated annealing application. Balakrishnan et al. (2003) develop two
heuristics that improve Urban’s steepest-drop pairwise interchange heuristic. The first one uses Urban’s
heuristic to generate solutions of the DFLP. The solutions generated for each forecast window is
improved by using a backward-pass pairwise exchange heuristic and the best solution is selected. The
second one combines Urban’s heuristic with dynamic programming. Besides, Erel et al. (2003) propose a
three-phase method to solve the DFLP. In the first phase, a set of “good” layouts are produced by
integrating the flow data using a weighting scheme and solving the static facility layout problem for
each period. In the second phase, the set of solutions generated in the first stage and dynamic
programming is used to produce solutions for the DFLP. In the third phase, the solutions obtained in the
second stage are improved using a random drop pairwise swap approach. Baykasoglu et al. (2006) made
the first attempt for DFLP with budget constraints. McKendall and Shang (2006) present hybrid ant
systems for the DFLP. Moslemipour et al. (2012) review the intelligent approaches for dynamic and
robust layout problems. El-Rayes and Said (2009) study a dynamic programming approach for a
dynamic site layout. Zouein and Tommelein (1999) solve a dynamic layout planning using a hybrid
method. McKendall and Liu (2012) propose new tabu search heuristics for the problem while Sahin et al.
(2010) study the DFLP with a budget constraint. Finally, Hosseini et al. (2014) propose a hybrid meta-
heuristic to solve the DFLP.

Fortenberry and Cox (1985) use the material handling cost as Aij = fidjri in their study on the static
facility layout problem. Here, fik shows the material flow between departments iand k while di shows
the distancebetween locations j and I, and ri is the closeness ratebetween departments iand k. We make
use of the closeness rate idea but extend it to multiple periods. Parameter i represent the closeness rate
between departments iand k in period t. As a result, the model is regulated as follows:
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THE STRUCTURE OF FUZZY DECISION MAKING SYSTEM

The word "fuzzy" describe all the information that is vague and deficient about an issue. In a fuzzy
environment, researchers cannot directly use the equations derived by conventional methods.
Fortunately, the problem at hand can be modeled by the fuzzy approach instead of deterministic
programming models. Since the events of the real world is too complex, it is unlikely controlling and
modeling of the events. In this case, the methods that can be solved are prefered. The fuzzy decision
making system approach can be shown as one of the methods.

Fuzzy set theory is introduced by Zadeh (1965). Accordingly, fuzzy set is defined which permits
partial membership. Consequently, the membership of an element is indicated by a number within [0,1]
interval. The fuzzy set theory is developed to solve problems having uncertain boundaries. It models
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uncertainties of the real life and has a wide range of the application. The fuzzy set theory is used in
many fields such as operations research, management science, artificial intelligence and expert systems.
The first application of fuzzy set theory for the facility layout problems is by Wilhelm et al. (1987).
Instead of the traditional closeness rates, proximity significance between each department pair is
calculated by an approach what they call as "similarity index". Grobelny (1987a,1987b,1988) and Raoott
and Rakshit (1991, 1993) also use the fuzzy method for layout problems. Dweiri (1999)'s the fuzzy
approach incorparates Analytic Hierarchy Process (AHP) for determinig the closeness rates. Deb and
Bhattacharyya (2005) develop a fuzzy decision support system for the development of facility layout
with fixed pickup/drop-off points.
The four main components of a fuzzy decision making system are given below (Altas, 1999; Deb and
Bhattacharyya, 2005; Dweiri, 1999; Sen, 2001):
* TFuzzification: The values of the input and output variables aremeasured, the range of these values is
determined, and converted into natural language (low, very low, high, etc.).
¢ Knowledge base: The membership functions are described by the experts of the system.
* Fuzzy rule base: “IF-THEN” type of rules logically connecting the input and output variables are
created. The structure of the rules should be as “If Ax and Bx, then Cz”. The connective ‘and’ can be
considered as the intersection operation in set operations. When the memb ership functions of fuzzy sets
are considered, conjunction function "and" determines the minimum value of the input variables’
membership values. Therefore, the membership value of output variable ‘z’ for each rule is determined
as follows:

H(z) = min[u(x), u(y)] (10)

This expression represents the relationship between X and Y spaces and is shown as Z = X xY
Cartesian product.

All fuzzy set connections between the input and output data should be considered while creating
the fuzzy rules. The rule base is a result of these fuzzy rules and so the implied connections. Fuzzy
relations are usually illustrated by tables, relationship diagrams and matrix.

* Defuzzification: All the rules created in the fuzzy rule base are converted to a crisp value using a
defuzzification method. The structure of the fuzzy decision support system is summarized in Figure 1.

Knowledge
Base
Fuzzification Defuzzification
Interface Interface )
fuzzy or crisp output

crisp input o

Decision

Rules

fuzzy fuzzy

Figure 1. Fuzzy decision making system (Dweiri, 1999)
AN APPLICATION ON AN ILLUSTRATIVE EXAMPLE

The relationship between departments in a facility is an important factor while designing the facility
layout. Some of the most common relationships considered in literature for facility layout problems are
(Dweiri, 1999):

. Flow relationships such as material flow, equipment, people, information and money.
. Environmental relationships such as safety, noise and temperature.
. Organizational relationships such as reporting.
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. Control relationships such as control of materials, inventory and shop floor.
Quantitative or qualitative data can be used in facility layout problems. For instance; from-to chart
includes quantitative data whileactivity relationship diagram works for qualitative data. The data used
in activity relationship diagram can be considered as the closeness degree. The relationships have 6
categories listed as A (Absolutely essential), E (Especially necessary), I (Important), O (Ordinary), U
(Unimportant) and X (Not desirable).

We summarize the steps of the calculation of the rix closeness rates for DFLP as follows:

Step 1- Determination of input variables and fuzzification: Material flow, information flow and
environmental condition are considered as input variables. The levels of material and information flow
are determined as “very low, low, medium, high and very high”. Alternatively, the levels are set as
“very dangerless, dangerless, medium dangerous, dangerous and very dangerous” for environmental
condition. On the other hand, the levels of the closeness rate which is output variables are expressed as
A E 1,0, UandX.

Step 2 - Determination of membership functions: In this step, the membership functions of the input
variables are decided. The membership functions of material flow, information flow and the
environmental condition are given respectively, in Figure 2, Figure 3 and Figure 4 depending on the
sample data in the implementation of the study. The trapezoidal membership functions are preferred
and the range of the closeness rate (A, E I, O, U, X) is considered as [0, 6]. Figure 5 shows the
membership function of the closeness rating.

Har(x)
A
Very Low Medium High Very High
| >< >< ><7
0
200 1000

Figure 2. Membership function of material flow

Lr(x)
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2 3 4 5 ] 7 8

Figure 3. Membership function of information flow
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Figure 4. Membership function of environmental condition

Lr(x)

Figure 5. Membership function of closeness rating

Step 3 - The creation of fuzzy rules: In this step, Table 1, Table 2 and Table 3 are prepared to create “IF-
THEN” rules between the input variables. According to these tables, a sample rule can be created as “ If
the material flow is medium and information flow between two departments is high, then closeness rate
between these departments is E (Especially)”. Tables are prepared by the experts or the decision makers
who know the system well. These tables may vary depending on the type of the facility layout. The
number of the rules is calculated by the following formula (Deb and Bhattacharyya, 2005):

N =i(]i[ L) (11)

j=1 =1

m: number of set of rules (j=1,2,...,m)

n: number of input variables used in each set of rules (i=1,2,..,1n)

L: number of membership functions or levels

According to the above formula, the total number of rules is N=5x5x5=125 in this study.

Table 1. If-then rules of material flow and information flow

Information Flow (IF)
Material Flow (MF)
Very Low Low Medium High Very High
Very Low U U @) ©) I
Low U @) @) I E
Medium @) @) I E E
High (@) I E E A
Very High I E E A A
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Table 2. If-then rules of material flow and environmental condition

Environmental Condition (EC)
Material Flow (MF) -
Very Dangerless Medium Dangerous Very
Dangerless Dangerous Dangerous
Very Low U U 8) U 8)
Low @) @) 8] U X
Medium I ©) U U X
High E E @) U X
Very High A A I o X
Table 3. If-then rules of information flow and environmental condition
. Environmental Condition (EC)
Information Flow
) Very Dangerless Medium Dangerous Very
Dangerless Dangerous Dangerous
Very Low U U U U U
Low @) @) U U X
Medium I @) U U X
High E I 8] U X
Very High A E @) U X

Step 4 - Defuzzification process: In this step, the defuzzification is performed to calculate the closeness
rates (r) between all department pairs for each period. The center of area (COA) method is chosen for the
defuzzification since it is the most commonly used defuzzification method in the literature. Accordingly,
the closeness rates are obtained as follows (Altas, 1999):

WIGEL

r==——
Z/ui(ri)

where i denotes the rule number and N is the total number of rules. g (I}) is set to zero for inactive

(12)

rules. For instance, consider that MF = 232 (Low), IF = 1 (Low) and EF = 1 (Very dangerless) for any
department pair. The active rules are created by:

e Rule 1: If the MF is low and IF is low, then the closeness rate is O (Ordinary).

¢ Rule 2:If the MF is low and EF is very dangerless, then the closeness rateis O (Ordinary).

¢ Rule 3:If the IF is low and EF is very dangerless, then the closeness rateis O (Ordinary).

The value of £ (I;) for Rule 1 equal to minimum of the membership values of MF=232 and IF=1. In
this case, it is determined as ,Ltl(l'l) = min[0.68, 0.5] = 0.5. Here, the membership value of the MF is 0.68
while the membership value of the IF is 0.5. In the sameway, it is found as £, (I,) =0.66 and #5(I;) =0.5.

The closeness rate for this department pair is calculated as follows:

r= [/u(rl)x o+ u(r) xr, + u(rg) x rS]/[/u(rl) +u(r,) +,u(l’3)] (13)
r=(0.5x3+0.66x3+0.5x3)/(0.5+0.66+0.5) =3
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Figure 6. Representation of the facility area

In thecase study, the best layout for a dynamic layout problem with 6 departments and 5 periods is
found. The material flows and relocation costs of the problem are taken from (Rosenblatt, 1986). The
information flows and environmental condition data of the problem are randomly generated. The
closeness rates used in the model are calculated by MATLAB. The data of the problem are given in
Appendix A. GAMS mathematical modeling language is used to solve the resulting DFLP formulation.
The total facility area that the departments assigned is shown in Figure 6. If the conventional closeness
rates areused, the total cost turns out to be 330,727 and the layouts for each period are as given in Figure
7. On the other hand, the fuzzy system approach for the offered study is used to compute the closeness
rates, the total cost is reduced to 281,901.54 and the resulting layouts for each period are illustrated in
Figure 8. Therefore, it is seen that a 14.76% reduction in the total cost is achieved by the fuzzy system
approach.

6 3 1 6 3 1 3 5 1
5 4 2 5 4 2 6 4 2
Period 1 Period 2 Period 3
4 6 1 4 1 3
3 5 2 3 2 6
Period 4 Period 5

Figure 7. Layouts based on the traditional closeness rates

6 3 5 6 3 5 6 4 3
2 4 1 2 4 1 2 5 1
Period 1 Period 2 Period 3
3 6 4 5 1 4
2 5 1 6 2 3

Period 4 Period 5

Figure 8. Layouts based on the closeness rates obtained by the fuzzy system approach
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CONCLUSION

FLP is considered to be staticif the material flows don’t change. However, production quantities can

be periodically changed in today's market. This variability may be caused by the reasons such as the
entry into production of new products, replacement of materials and equipment used in production,
changes in the quantity demanded. As results of these, the plant layout becomes a dynamic structure.
Each layout is associated with a period in the problems identified as DFLP in literature. Therefore, the
total cost of a dynamic facility layout plan is the sum of material handling and reorganization costs in all
periods. The reorganization costs occur when the departments are replaced to minimize the material
handling costs in the transition from period to the period.
In this study, the closeness rates between departments are added to the model of DFLP as new
parameters. The fuzzy system method is proposed to determine the rates. Thus, a final closeness rate is
obtained by integrating several types of input variables. Also, ignored factors can be used to determine
the conventional closeness rates. For an experiment, a DFLP with 6 departments and 5 periods is
considered. The conventional closeness rates and therates obtained by the fuzzy system approach in the
DFLP formulation are separately used. In comparison of the results, it is seen that a 14.76% reduction in
the total cost, and the different layouts are obtained.

The most important innovation of this study is to consider the environmental condition as an
ergonomic factor in estimating the closeness rates with the fuzzy system approach. In the next studies,
the input variable type can be increased to determine the rates, and heuristic methods can be improved
to solve problems of larger size.

REFERENCES

Altas, LH, 1999, “Bulanik Mantik: Bulanik denetim”, Enerji, Elektrik, Elektromekanik-3e, Vol. 64, pp. 76-
81.

Balakrishnan, J., Jacobs, F.R., Venkataramanan, M.A., 1992, “Solutions for The Constrained Dynamic
Facility Layout Problem”, European Journal of Operational Research, Vol. 15, pp.280-286.

Balakrishnan, J., Cheng, C.H,, 1998, “Dynamic Layout Algorithms: A State-of-The-Art Survey”, Omega,
Vol. 26(4), pp. 507-521.

Balakrishnan, ], Cheng, C.H., 2000, “Genetic Search and The Dynamic Layout Problem”, Computers and
Operations Research, Vol. 27(6), pp. 587-593.

Balakrishnan, ], Cheng, C.H.,, Conway, D.G.,, Lau, CM,, 2003, “A Hybrid Genetic Algorithm For The
Dynamic Plant Layout Problem”, International Journal of Production Economics, Vol. 86, pp. 107-
120.

Baykasoglu, A., Gindy, N.N.Z.,, 2001, “A Simulated Annealing Algorithm for Dynamic Layout Problem”,
Computers and Operations Research, Vol. 28, pp. 1403-1426.

Baykasoglu, A., Dereli, T., Sabuncu, I, 2006, “An Ant Colony Algorithm for Solving Budget Constrained
and Unconstrained Dynamic Facility Layout Problems”, Omega-International Journal of
Management Science, Vol.34(4), pp. 385-396.

Benlic, U.,, Hao, J-K, 2013, “Break Local Search for The Quadratic Assignment Problem”, Applied
Mathematics and Computation, Vol. 219(9), pp. 4800-4815.

Conway, D.G., Venkataramanan, M.A. 1994, “Genetic Search and The Dynamic Facility Layout
Problem”, Computers and Operations Research, Vol. 21(8), pp. 955-960.

Deb, SK., Bhattacharyya, B., 2005, “Fuzzy Decision Support System for Manufacturing Facilities Layout
Planning”, Decision Support Systems, Vol. 40, pp. 305- 314.

Dweiri, F., 1999, “Fuzzy Development of Crisp Activity Relationship Charts for Facilities Layout”,
Computers & Industrial Engineering, Vol. 36, pp.1-16.

El-Rayes, K,, Said, H., 2009, Dynamic Site Layout Planning Using Approximate Dynamic Programming,
Journal of Computing in Civil Engineering, Vol. 23(2), pp. 119-127.



310 B. TURANOGLU, G. AKKAYA

Erel, E, Ghosh, ].B., Simon, J.T., 2003, “New Heuristic for The Dynamic Layout Problem”, Journal of the
Operational Research Society, Vol. 54, pp. 1275-1282.

Fortenberry, J.F., Cox, J.S, 1985, “Multiple Criteria Approach to The Facilities Layout Problem”,
International Journal of Production Research, Vol.23(4), pp.773-782.

Grobelny, J., 1987a, “The Fuzzy Approach to Facility Layout Problems”, Fuzzy Sets and Systems, Vol. 23,
pp- 175-190.

Grobelny, J.,, 1987b, “On One Possible Fuzzy Approach to Facility Layout Problems”, International Journal
of Production Research, Vol. 25, pp. 1123-1141.

Grobelny, J., 1988, “The ‘Linguistic Pattern' Method for A Work Station Layout Analysis”, International
Journal of Production Research, Vol. 26, pp.1779-1798.

Hirabayashi, N., Kita, H.,, Nagasawa, H., 1999, “Dynamic Facility Layout Using Evolution Strategies”,
Proceedings of the Second World Manufacturing Congtess, 154-159.

Hosseini, S., Al Khaled, A, Vadlamani, S., 2014, “Hybrid Imperialist Competitive Algorithm,Variable
Neighborhood Search, and Simulated Annealing for Dynamic Facilitylayout Problem”, Neural
Computing and Applications, Vol. 25, pp. 1871-1885.

Kaku, BK, Mazzola, J.B,, 1997, “A Tabu-Search Heuristic for The Dynamic Plant Layout Problem”,
INFORMS Journal on Computing, Vol. 9(4), pp. 374-384.

Koopmans, T.C, Beckmann, M.J., 1957, “Assignment Problems and The Location of Economic
Activities”, Econometrica, Vol. 25, pp. 53-76.

Lacksonen, T.A., Enscore, EE, 1993, “Quadratic Assignment Algorithms for The Dynamic Layout
Problem”, International Journal of Production Research, Vol. 31(3), pp. 503-517.

Mazinani, M., Abedzadeh, M., Mohebali, N., 2013, “Dynamic Facility Layout Problem Basedon Flexible
Bay Structure and Solving by Genetic Algorithm”, International Journal of Advanced Manufacturing
Technology, Vol. 65, pp. 929-943.

McKendall, A.R., Shang, J., 2006, “Hybrid Ant Systems for The Dynamic Facility Layout Problem”,
Computers & Operations Research, Vol. 33(3), pp. 790-803.

McKendall, AR, Liu, W.H, 2012, “New Tabu Search Heuristics for The Dynamic Facility Layout
Problem”, International Journal of Production Research., Vol.50(3), pp.867-78.

Moslemipour, G., Lee, T.S, Rilling, D, 2012, “A Review of Intelligent Approaches for Design-Ing
Dynamic and Robust Layouts in Flexible Manufacturing Systems”, International Journal of
Advanced Manufacturing Technology, Vol. 60, pp. 11-27.

Nourelfath, M., Nahas, N. Montreuil, B., 2007, “Coupling Ant Colony Optimization and The Extended
Great Deluge Algortihm for The Discrete Facility Layout Problem”, Engineering Optimization, Vol.
39(8), pp. 953-998.

Pourvaziri, H, Naderi, B, 2014, “A Hybrid Multi-Population Genetic Algorithm for The Dynamic
Facilitylayout Problem”, Applied Soft Computing, Vol. 24, pp. 457-469.

Rosenblatt, M.J., 1986, “The Dynamics of Plant Layout”, Management Science, Vol. 32(1), pp. 76-86.

Raoot, A.D,, Rakshit, A., 1991, “A Fuzzy Approach to Facilities Layout Planning”, International Journal of
Production Research, Vol. 29, pp. 835-857.

Raoot, A.D, Rakshit, A, 1993, “A "Linguistic Pattern' Approach for Multiple Criteria Facility Layout
Problems”, International Journal of Production Research, Vol.31, pp. 203-222.

Sahin, R., Ertogral, K,, Turkbey, O., 2010, “A Simulated Annealing Heuristic for The Dynamic Layout
Problem with Budget Constraint”, Computers & Industrial Engineering, Vol. 59, pp.308-13.

Sahni, S., Gonzales, T, 1976, “P-Complete Approximation Problems”, Journal of the Association for
Computing Machinery, Vol. 23, pp. 555-565.

Sen, Z.2001, Bulanik Mantik ve Modelleme Ilkeleri, Bilge Yayincilik, istanbul.

Ulutas, HB., Islier, A.A.,, 2009, “A Clonal Selection Algorithm for Dynamic Facility Layout Problems”,
Journal of Manufacturing Systems, Vol. 28(4), pp. 123-131.

Ulutas, B., Islier, A.A., 2015, “Dynamic Facility Layout Problem in Footwear Industry”, Journal of
Manufacturing Systems, Vol. 36, pp. 55-61.



The Dynamic Facility Layout Problems With Closeness Rate: 311
A Fuzzy Decision SupportSystem Approach

Wilhelm, M.R., Karwowski, W., Evans G.W., 1987, “A Fuzzy Set Approach to Layout Analysis”,
International Journal of Production Research, Vol. 25, pp. 1431-1450.

Zadeh, L.A., 1965, “Fuzzy Sets”, Information and Control, Vol. 8, pp. 338-353.

Zouein, P.P.,, Tommelein, LD., 1999, “Dynamic Layout Planning Using A Hybrid Incremental Solution
Method”, Journal of Construction Engineering and Management, Vol. 125(6), pp. 400-408.



SELCUK

UNIVERSITESI
MUHENDISLIK FAKULTESI

S.U. Miih. Bilim ve Tekn. Derg., c.5,5.3,2017
Selcuk Univ. J. Eng. Sci. Tech., v.5,n.3,2017

Appendix A. The data of the problem

ISSN: 2147-9364 (Elektronik)

Material flow Information flow Environmental condition Traditional closeness rates Closeness rates obtained by the proposed method
1 2 3 1 5 6 1(2]|3]4(|5]|6]1 2 3| 4 5([6]1 2 3 4 5 6 1 2 3 4 5 6
1 0 63 [ 605|551 (116 (136 JO (1|44 |3 [2J0 (1T [2[2]1 3]0 |3 |5 (5 (|3]3 0 3 4.33 427 3 3
- 2 63 0 | 635941 |50 1911 |o (3|7 |1|1}J1 |0 |57 ]2 (2]3[0([5]|6]3]3 3 0 4 4 3 3
3 3 104 | 71 0 569 | 136 [ 55 14 |3 (0 (8|5 ]|4] 2 5 10| 4 1 ]1]5 51016 5|5 4.43 4 0 6 4.72 4.72
s 4 65 | 193 | 622 0 77 9 |47 |18[0[2]4]2 7 1410 |11|6]5 6 16 |0 5|5 4.27 4 6 0 2.62 3.75
R 5 162 | 174 | 607 | 591 0 17913 |1 |(5(2]0]2]1 2 |1 (1110 |1]3 31515 0|4 3 3 4.72 2.62 0 3.32
6 156 | 13 [667 | 611 |175 | 0 J2 |1 |4 |4 |20 3 |2 |1]6 |[1]0]3 |[3]|]5]|5]|4]|0 3 3 4.72 3.75 3.32 0
1 0 | 175|804 904 | 56 [176 O |53 |3 1|20 |2 2|3 ([1 ]3]0 |3]|]6]|6 /|3 /|3 0 3 4.7 4.52 3 3
. 2 63 0 743 1936 | 45 | 17715 |0 (4|43 |3] 2 0 14| 8 3 12|83 0|5 |6 313 3 0 5 5 3 3
3 3 168 | 85 0 918 (138 | 134 |3 |4 [0 |[8 |56 ] 2 4 |0 3 2 13]6 51016 516 4.7 5 0 5.67 4.33 5.33
s 4 51 94 | 962 0 1731 39 |3 [4]|8|10|4(3] 3 8 1310 9176 6 16 |0 515 4.52 5 5.67 0 3.32 2.86
R 5 97 | 104 | 730 | 634 0 14411 |13 |5(4]|]0]4]1 3129 012]3 31515 013 3 3 4.33 3.32 0 3
6 95 | 115 | 983 | 597 | 24 0 2(3]613|14(0] 3 2 |37 2 10|83 316 1|5 310 3 3 5.33 2.86 3 0
1 0 90 77 [ 553 | 769 | 13910 |5 |1|3|[6|2]0 (13|21 31110 313 |4 6 | 3 0 2.29 3 3.32 5.24 3
. 2 168 0 114 | 653 [ 525 | 185 5|0 (3 (5|6 |2]13 |0 |4 7 3 12|83 01315 4 | 4 2.29 0 3 3.29 4 3
2 3 32 35 0 664 (898 | 87 J1 |3 [0|6|5]|4] 2 4 |01 2 |11]3 31015 6 | 3 3 3 0 5 4.67 3.33
'5 4 27 | 166 | 42 0 960 [ 17913 |56 | 0[5 ]3] 1 7 1110 7 15] 4 51510 6 | 5 3.32 3.29 5 0 3.67 3.98
A 5 185 | 56 44 | 926 0 10416 |6 [5[5]|]0]|5] 3 3127 0|]1]6 416 |6 015 5.54 4 4.67 3.67 0 4.72
6 72 | 128 | 173 | 634 | 687 0 212141350} 1 2 |15 1 ]1]0]3 4 1315 510 3 3 3.33 3.98 4.72 0
1 0 112 1 15 | 199 [665 | 64910 |4 (1|3 ]|6|5] 0 2 |1 2 1 13]0 31213 515 0 3 2.3 3 5 4.33
« 2 153 0 116 | 173 (912 [ 671 4 |0 (2 (3|7 |5 ] 2 0 |13] 6 2 12|83 01313 6 | 5 3 0 3 2.44 5.4 4.43
3 3 10 28 0 182 |855 (542|112 |0 |1([2]4]1 3 0 4 1 12]2 31013 4 |5 2.3 3 0 3 3.91 4.43
'5 4 29 69 15 0 552 (751 |3 |3 |1|0(|5]|]6]2 6 |40 7 1613 31310 4 |5 3 2.44 3 0 2.55 3.6
R 5 198 | 71 42 24 0 75816 (712151071 2 (17 013]5 6 |4 |4 016 5 5.4 3.91 2.55 0 5.33
6 62 | 109 | 170 | 90 [ 973 0 5(5|4|16|7[0] 3 2 126 3 10]5 515 1|5 6 |0 4.33 4.43 4.43 3.6 5.33 0
1 0 663 | 23 [ 128 |119 | 50 yO |7 |6 |4 (8|4 ] 0 [11 3| 3 2 1110 6 |5 |6 6 | 5 0 3.67 4.6 4.52 5.72 4.69
" 2 820 0 5 98 | 141 | 66 |7 [0 |3 |3 |4 (4|11 | 0 |5]| 8 4 [1]6 01515 515 3.67 0 3.91 4 5 4.72
3 3 822 | 650 0 137 | 78 91 |6 131054 ]|3]3 5 10 3 2 1215 51013 313 4.6 3.91 0 3 3 3
B 4 826 | 570 | 149 0 93 (1514 |13 |5(0f2]17]3 8 1310 9 13]6 51310 313 4.52 4 3 0 2.33 3
R 5 915 | 515 | 53 35 0 177 18|44 |2(0|1] 2 4 29 0]1]6 513 1|3 013 5.72 5 3 2.33 0 3
6 614 | 729 | 178 | 10 99 0 4 (43|11 (0]}] 1 1 12] 3 1 (0]5 513 1|3 310 4.69 4.72 3 3 3 0
Re-layout costs | 887 | 964 | 213 | 367 | 289 | 477




S.U. Miih. Bilim ve Tekn. Derg,, c.5,5.3,2017

<l Selcuk Univ. J. Eng. Sci. Tech., v.5,n.3,2017
_ SELCUK ISSN: 2147-9364 (Elektronik)
UNIVERSITESI

MUHENDISLIK FAKULTESI

REMOVAL OF REACTIVE BLUE 19 FROM AQUEOUS SOLUTION BY PEANUT SHELL:
OPTIMIZATION BY RESPONSE SURFACE METHODOLOGY

1El¢in DEMIRHAN

Yildiz Technical University, Chemical Engineering Department, Davutpasa Campus Esenler Istanbul, Turkey,
TR 34220
ldemirhan@yildiz.edu.tr

(Gelis/Received: 26.01.2017; Kabul/Accepted in Revised Form: 20.03.2017)

ABSTRACT: In the present study, it was aimed to optimize the removal of reactive blue 19 dye by using
peanut shells as a low-cost adsorbent. The influence of various process parameters namely pH (2,3 and
4), temperature (25, 35 and 45°C) and adsorbent amount (0.5, 1 and 1.5 g/100 mL) were studied using
Box-Behnken design. According to the ANOVA results, the quadratic model with coefficient of
determination (R?) value of 0.9984 and model F value of 487.80 was showed good fit of the experimental
data to. Experimental conditions for optimum dye removal of 93.45% were determined as pH 2, 35°C
and 1.5 g/100 mL adsorbent amount. Langmuir fitted better to the obtained equilibrium data for removal
of reactive blue 19 than Freundlich and Temkin models. In addition, the adsorption kinetics was also
studied for the reactive blue 19 removal onto peanut shell. The kinetic studies showed that the removal
of reactive blue 19 fitted to pseudo-second-order model.

Keywords: Adsomption, Experimental design, Reactive blue 19, Peanut shell

Sulu Cozeltilerden Yer Fistig1 Kabuklar ile Reaktif Mavi 19 Giderimi: Cevap Yiizey Yontemi ile
Optimizasyonu

OZ: Bu calismada, reaktif mavi 19 boyarmaddesinin diisiik maliyetli adsorban olarak yerfistig1 kabuklart
kullanilarak gideriminin optimizasyonu amaglanmistir. Box-Behnken tasarim yontemi kullanilarak pH,
sicaklik ve adsorban miktar1 parametrelerinin etkileri incelenmistir. ANOVA sonuglarina gore,
regresyon analizi regrasyon katsayis1 0.9984 ve model F degeri 487.80 ile deneysel verilerin quadratik
modele uygun oldugunu gostermektedir. Optimum boyarmadde giderimi (%93.45) icin deneysel
kosullar pH 2, 35°C ve 1.5 g/100 mL adsorban miktar1 olarak belirlenmistir. Reaktif mavi 19 giderimi
icin denge verilerinden Langmuir izoterminin Freundlich ve Temkin izotermlerinden daha uygun
oldugu bulunmustur. Ayrica, yerfistigr kabugu ile reaktif mavi 19 giderimi i¢in adsorpsiyon kinetigi
incelenmistir. Kinetik ¢alismalar yalanci ikinci derece kinetige uydugunu gostermistir.

Anahtar Kelimeler: Adsorpsiyon, Deneysel tasarm, Yerfistigi kabugu, Reaktif mavi 19
INTRODUCTION

The dyes in effluents can have serious harm to the aquaticlife and also to humans and animals. They
can disturbe the food chain organisms and lead to ecological disbalance (Cheng et al., 2015; Dutta, 2013).

Dyes are synthetic, organic, and aromatic compounds and they contain of some heavy metals in their
structure. The sources for dye effluents can be the industries such as textile, leather, paper, plastics, etc.

DOI: 10.15317/Scitech.2017.91
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Dyes can accumulate into the soil and water. Due to this accumulation and environmental regulations,
colour removal from textile effluent has become an imprtant research area. Nowadays, different
methods are available for the treatment of dye wastewaters such as an reverse osmosis, ion exchange,
chemical precipitation, ozonation and solvent extraction. However, high capital cost and operational
costs or secondary sludge disposal problem are the disadvantages of the mentioned techniques
(Daneshvara et al., 2015; Etorki and Massoudi, 2011; Ravikumara et al., 2005). The adsorption technique
has significant adantages and it can be accepted as the best way to treat effluents. The highcost of
activated carbon and its regeneration is limited the application of this process (Zaidi and Mohd
Zulkhairi, 2014; Koushaa et al., 2012).

RSM is the combination of mathematical and statistical techniques for optimizing processes and can
be used to investigate both the relative and complex interactions of several factors even (Ravikumara et
al., 2005). The application of experimental design in adsorption process can improve product yields,
reduce development time and overall costs and reduce process variability (Arunachalam and
Annadurai, 2011; Liu et al., 2010).

In recent years, research on the production of low cost adsorbents alternative to commercially
available activated carbon has increased. Therefore, in the present study, peanut shells was used as low
cost adsorbent. It was aimed to optimize the adsorption of RB19 dye onto peanut shells. The effects of
process parameters (pH, adsorbent amount and temperature) were investigated by applying Box-
Behnken design. Moreover, modelling studies were performed to represent the adsorption isotherms
and kinetics.

MATERIALS and METHODS
Materials

Reactive Blue 19 used in this work was obtained from Giiler¢in Kimya A.S., Istanbul, Turkey. It was
dissolved in the distilled water to form solutions of 300 mg/L. The pH of the solution was adjusted by
diluted HCl or NaOH solution. The peanut shell samples were purchased from a local supplier in
Istanbul. For experimental studies, the peanut shells were rinsed with tap water, then washed with
distilled water dried at 80°C in a hot air oven for 24 h, ground and then sieved to uniform sizes of 100
mesh. The powder was preserved in airtight bottles for experimental use. Other chemicals of analytical
grade were purchased from Sigma Aldrich.

Experimental Design

A threelevel Box-Behnken design was used to obtain the optimum process variables for the reactive
blue 19 removal by using the individual and complex effects of these variables. The independent
variables are temperature, pH and adsorbent amount and the dependent variable is the efficiency of
adsorption. The range of independent variables and their levels were presented in Table 1. A second
order polynomial model (Eq. 1) was fitted to the experimental data obtained from the Box—Behnken
design:

Kk k k-1 k
Y:ﬁo+2ﬂixi+zﬂiixiz+z Z'Biixixj+g @
i=1 i=1

i=1 j=i+l

Where Y is the process response (dependent variable); xiand x;are the variables; f3; is the intercept

coefficient; B;, B, ﬂij are the interaction coefficients of linear, quadratic and the second order terms,

respectively; k is the number of independent parameters; €is the random error. The data were subjected
to analysis of variance to show the fitness of the model.
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Table 1. Independent process variables, ranges and levels

Independent variable Coded Levels
-1 0 +1
pH, x1 2 3 4
Temperature, x2 25 35 45
Adsorbent amount, x3 0.5 1 1.5
Batch Experiments

Adsorption experiments were conducted by varying the process parameters obtained from Box—
Behnken design. The experiment was initiated by the addition of adsorbent to 100 mL of RB19 solution
at desired pH and adsorbent dose value. The mixture was shaken at 175 rpm agitation speed at room
temperature on a translatory shaker for the obtained contact time. During the experiments, the samples
were taken from themixture at timed intervals and centrifuged to remove the adsorbent particles. After
centrifuging, the concentration of RB19 was measured by using UV/vis spectrophotometer at a
wavelength of 592 nm. The assay was carried out in triplicate for each sample and their averages were
taken. In the study, all experiments were carried out at least in duplicate and the reproducibility
between trials was within +5%.

Adsorption capacities were calculated from Eq. 2:

:(CO_Ce)'V (2)

m

e

where qe is equilibrium adsorbed concentration (mg/g), Co and Ce are the initial and equilibrium dye
concentrations (mg/L), respectively. V is the volume of the solutions and m is the weight of adsorbent

(8)

Adsorption Isotherm Models

Langmuir, Freundlich and Temkin isotherm models were used to evaluate the data obtained from the
reactive blue 19 adsorption experiments:

Langmuir model:
Langmuir model defines the monolayer adsorption on the surface of the adsorbent, and after that there
is not further adsorption takes place (Dada et al., 2012).

1 1 1

= 4+ —
0. Q*b*C, Q ®

where ge is the equilibrium adsorbed concentration (mg g-1), Ce is the equilibrium dye concentration (mg
L), Q is the maximum sorption capacity (mgg?!)and b is the adsorption equilibrium constant.

Freundlich model:
The Freundlich model describes the multilayer adsorption and generally is used for heterogeneous
systems (Piccin et al., 2011).

InqezanF+1InCe @)
n

where Kr is the Freundlich affinity coefficient, n is the Freundlich exponential coefficient.
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Temkin model:

Temkin isotherm can be derived from Langmuir isotherm. In this model, it is assumed that the heat of
adsorption is decreased linearly due to sorbate/sorbent interactions. According to Temkin isotherm
model, adsorption is a spontaneous process (Sampranpiboon et al., 2014; Khan, 2012).

qezglnAT+ElnCe ®)

T T
where Ar is the Temkin isotherm constant and bris a constant related to heat of sorption.

Adsorption Kinetics of Removal of Reactive Blue 19

Several methods are available to study the adsorption mechanism. In this study, in order to
determine the adsorption kinetics, the data obtained from the RB19 removal process were analysed with
four different kinetic models as follows:

Pseudo first order model:

- kit
IOng qt — 1 (6)
. 2303

where; ge is the adsorbed amount at equilibrium (mg g!); qtis the adsorbed amount at time t (mg/g); ki is

the pseudo first order adsorption kinetic parameter (min-?)

Pseudo second order model:

LA L @)
4% kg, 4.

where, k2is the pseudo second order adsorption kinetic parameter (g mg?! min?).

Elovich model:
The Elovich equation is valid for chemisorptions kinetics and systems in which the surface is
heterogenous.

d, :%In(aﬂ)+%lnt 8)

where; a is the initial adsorption rate (mg g min);  is the constant related to extent of surface coverage
and activation energy consumption (g mg1).

Intra particle diffusion model:
0.5
q, =kt +C, ©)

where; ki is the intra particle diffusion kinetic parameter (mg g-! min-2); Ciis the constant related to layer
thickness (mg g).

RESULTS AND DISCUSSION
Optimization of Reactive Blue 19 Adsorption Process Variables
Box—Behnken design and regression model

In order to obtain the optimum operational variables for the reactive blue 19 removal, a three level
Box-Behnken design was employed. According to the Box—Behnken design, a series of experiments was
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conducted for exploring different combined parameters and for evaluating the combined effects of these
factors. The coefficients of the response function (Y) for different dependent variables were determined
by using Design Expert 10.0 trial software. Table 2 shows the predicted, and an experimental data
related to percentage removals of RB19 obtained. Using the experimental results from Table 2, the full
quadratic second order polynomial equation (Eq. 10) was fitted to the data appropriately and the
equation was presented as follows:

Removal (%) = 45.94 — 18.46X, + 1.53X, + 13.42X, — 0.67X, X, — 4.86X,X; + 0.010 X, X; +
15.10X, % + 1.60X,% — 5.43X,2 (10)

On the basis of the coefficients in this equation, it can be said that the removal % of reactive blue 19
increases with decreasing pH and increasing adsorbent amount. The pHand adsorbent amount have a
more profound effect on the removal of dye. In order to determine the adequacy of model to repr esent
percentage of removal of reactive blue, the adequacy of the model test were carried out and it was
shown that the p-value for the quadratic model was lower than 0.05 and the R2 for the quadratic model
was highest as compared with other model. Therefore, the quadratic model was chosen to illustrate the
relationship between independent variableand the response values. Comparison of the observed versus
predicted values was shown in Fig.1. This figure showed the correlation between the experimental and
predicted values and the cluster points around the diagonal line indicates the good fit of model (Zaidi
and Mohd Zulkhairi, 2014).

Table 2. Box-Behnken design matrix and comparison of observed predicted values of dye removal (%)

% Removal % Removal

Run X Xa X (Experimental) (Predicted)
1 0 0 0 45.68 45.94
2 0 -1 +1 53.47 53.90
3 0 0 0 4511 4594
4 +1 0 +1 46.22 45.71
5 -1 +1 0 83.38 83.30
6 0 +1 -1 30.55 30.12
7 +1 -1 0 43.23 43.32
8 +1 +1 0 45.71 45.04
9 0 -1 -1 28.44 27.26
10 -1 0 +1 93.45 92.35
11 0 +1 +1 55.98 57.16
12 0 0 0 46.76 4594
13 -1 0 -1 55.27 55.79
14 +1 0 -1 27.47 28.59
15 -1 -1 0 78.24 78.90
16 0 0 0 46.18 4594
17 0 0 0 45.98 45.94
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Figure 1. Scatter diagram of predicted response versus actual response of RB19 removal

The results of ANOVA studies for removal of RB19 were given in Table 3. As can be seen from the
Table 3, the F value of the model is 487.80 and the p-value is <0.05 and it can be concluded that the
model terms are significant. The coefficient of determination (R2) and adjusted R2 of this model were
0.9984 and 0.9964, respectively. The differences between these two values are small; therefore, it shows
the adequacy of the model to the response. The lack of fit F-value of 6.32 implied that the lack of fit was
not significant relative to the pure error. A non-significant lack of fit was considered good and was
desired for the model to fit.

Table 3. Analysis of variance (ANOVA) of the fitted quadratic polynomial model

Source Sum of df Mean F-value P-value
Squares Square
Model 5353.51 9 594.83 487.80 <0.0001 significant
A-pH 2727.28 1 2727.28 2236.52 <0.0001
B- Temp. 18.73 1 18.73 15.36 0.0058
C-Ads. Amount 1441.58 1 441.58 1182.17 <0.0001
AB 1.77 1 1.77 1.45 0.2676
AC 94.38 1 94.38 77 40 <0.0001
BC 0.040 1 0.040 0.033 0.8614
A2 959.44 1 959.44 786.79 <0.0001
B2 10.82 1 10.82 8.87 0.0206
C 124.36 1 124.36 101.99 <0.0001
Residual 8.54 7 1.22
Lack of Fit 7.05 3 2.35 6.32 0.0536 not significant
Pure Error 1.49 4 0.37
Cor Total 5362.05 16
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Effects of process variables

In order to determine the effects of variables and their interactions, 3D response surface plots for the
reactive blue 19 removal were shown in Fig. 2a—c. As can be seen from this figure, the decrease in the pH
resulted an enhancement in the adsorption rate of the dye within the experimental range. It can be
concluded that adsorption rate increases with increasing adsorbent amount due to the availability of
more surface area of the adsorbent for adsorption. The pH and adsorbent amount are considered to be
most effective in influencing the dye removal process as mentioned before. Moreoever, in the studied
range, the temperature has little effect on the reactive blue 19 removal. A maximum dye removal (93.5
%) was observed at pH2, adsorbent amount of 1.5 g and 35°C.

Adsorption Isotherms for Reactive Blue 19

In order to determine the adsorption isotherm of the RB19 onto peanut shells, three classic
adsorption models (Langmuir, Freundlich and Temkin) were used. The estimated parameters of these
models and statistical values were presented in Table 4. Among these isotherm models, Langmuir
isotherm model was determined as the most appropriate one for the RB19 adsorption data with the high
values of correlation coefficient (R2?). This result indicates that RB19 adsorption occurs as monolayer onto
the homogenous adsorbent surface.

Table 4. The estimated parameters and statistical values of isotherm models for RB19 adsorption onto
peanut shells

Langmuir Izotermi

Q max b RZ 0

39.53 0.037 0.9827 0.2881

Freundlich izotermi

Kr n R2 o

5.165 2.597 0.8791 0.2647

Temkin izotermi

ATt bt R2 o

0.4694 323.85 0.9436 3.5171
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Figure 2. Response surface plots for the combined effects on the reactive blue 19 removal
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Adsorption Kinetics of Reactive Blue 19

Evaluation of theadsorption kinetic as well as adsorption equilibrium is very important to plan and
control the adsorption process. In order to describe the adsorption kinetic of RB19 onto peanut shell, the
four different kinetic pseudo first order, the pseudo second order, Elovich and the intra particle
diffusion models were used. The estimated parameters and statistical data of these models were
presented in Table 5. As can be seen from this table, among these models, pseudo second order kinetic
model was observed as the most appropriate one for all the experimental data with the high values for
the coefficient of determination and low the standard error values. The result obtained was in agreement
with the studies for RB19 removal onto rice straw fly ash (El-Bindary et al., 2016), citrus waste biomass
(Asgher and Bhatti, 2012) and jujube stems powder (Ghaneian et al., 2014).

Table 5. The estimated parameters and statistical values of kinetic models for RB19 adsorption onto
peanut shells

Pseudo First Order Kinetic Model

ki (1/dak) R2 o
0.0388 0.8833 0.7892

Pseudo Second Order Kinetic Model

k2 (g/mg.dak) R2 (o]
0.0565 0.9999 0.0368

Elovich Kinetic Model

a p
R2 o
(mg g-ldak) (g mg)
4.14E+10 2.0530 0.9668 0.1421

Intra Particle Diffusion Model

ki G R2 5
(mg g dak-?) (mg g1)
0.1609 12.925 0.9165 0.2225

CONCLUSION

In the present study, the removal of RB19 from aqueous solution using peanut shell as low -cost
adsorbent was investigated. The effect of three parameters as pH, tempearute and adsorbent amount
were studied. Results showed that a decrease in the pHresulted an enhancement in the adsorption rate
of the dye within the experimental range. The pH and adsorbent amount are considered to be most
effective in influencing the dye removal process as mentioned before. Moreoever, in the studied range,
the temperature has little effect. A maximum dye removal (93.5 %) was observed at pH 2, adsorbent
amount of 1.5 g and 35°C. The isotherm data for RB19 removal using peanut shell fitted well to the
Langmuir isotherm model. Furthermore, kinetic data were fitted to the pseudo-second-order kinetic
model. As a result, it can be concluded that peanut shell can be employed as an effective adsorbents for
removal of RB19.
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ABSTRACT: Synthesis of carbon supported palladium particles based on a polyol process was
investigated. The activity of Pd catalysts, synthesized by microwave assisted polyol method on carbon
support, has been examined for formic acid electro-oxidation reaction. The catalysts were characterized
with XRD to identify their nanostructure properties. The effect of catalyst preparation parameters on
electrocatalytic performance of catalysts was examined. The electrocatalytic properties of Pd/C catalysts
for the oxidation of formic acid were investigated by cyclic voltammetry (CV). The electrocatalytic
activity of Pd/C synthesized at 30 s and 130 °C are higher than the other Pd/C catalysts synthesized at
different temperature and reaction time. It is proposed that the longer reaction time and higher
temperature increased the particle size.

Key Words: Formic acid electro-oxidation, Palladium catalysts, Polyol method, Preparation conditions, Fuel cells

Mikrodalga Destekli Poliol Yontemiyle Sentezlenen Pd/C Katalizorler i¢in Formik Asit
Elektro-Oksidasyonu

OZ: Karbon destekli paladyum pargaciklarinin sentezi poliol prosesi ile gerceklestirildi. Mikrodalga
destekli poliol yontemi ile sentezlene Pd katalizorlerin formik asit elektrooksidasyon reaksiyonu igin
aktivitesiaragtirildi. Katalizor yapilar1 XRDile karakterize edildi. Katalizor hazirlama parametrelerinin
katalizorlerin elektrokatalitik performansina etkisi incelendi. Formik asitin oksidasyonu i¢in Pd/C
katalizorlerin elektrokatalitik Ozellikleri doniisiimlii voltametri (CV) ile incelendi. 30 s ve 130 °C'de
sentezlenen Pd/C katalizoriiniin elektrokatalitik aktivitesinin, farkli sicaklik ve reaksiyon zamanlarinda
sentezlenen diger Pd /C katalizérlerinden daha yiiksek oldugu bulundu. Artan reaksiyon siiresinin ve
sicakligin parcgacik boyutunu arttirdig diistintilmektedir.

Anahtar Kelimeler: Formik asit elektrooksidasyonu, Paladyum katalizbrler, Hazwlama sartlan, Poliol metodu
Yakit hiicreleri.

INTRODUCTION

The over-consumption of fossil fuels leads to environmental problems. Therefore, it is necessary to
develop new power sources. As a high-efficiency energy conversion device, fuel cells have significant
role in the energy utilization sector.

Hydrogen is often seen as an ideal fuel for fuel cells due to its ease of oxidation. However, the generation
and storage of hydrogen is very difficult. Therefore, the use of liquid fuels such as methanol, ethanol or
formic acid is an attractive way for the direct fuel cells.

DOI: 10.15317/Scitech.2017.92
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Direct formic acid fuel cells (DFAFCs) have been investigated as potential power sources owing to
their high theoretical energy density, fast oxidation kinetics, easy storage and low crossover effect
through the nafion membrane (Zhu et al.,, 2004). Pt catalysts have been studied extensively for formic
acid electro-oxidation. However the electro-oxidation of formic acid at the Pt catalyst is generally
through the indirect pathway and Pt is easily poisoned by CO at lower potential. Therefore researches
have been made to overcome the CO poisoning and improve the electrocatalytic activity of Pt
(Mazumder et al., 2010). The use of bimetallic catalysts by alloying Pt with other metals is an effective
way to solve the catalyst poisoning problem on formic acid electro-oxidation (Nethravathi et al., 2011).
However CO could accumulate during long time operation and reduce the cell efficiency. In recent
years, much attention has been focused on Pd based catalysts for formic acid oxidation. Pd-based
catalysts are considered better catalysts for formic acid oxidation due to their high catalytic activity
compared with Pt-based catalysts. The electro-oxidation of formic acid at the Pd catalysts is mainly
through the direct pathway that means no formation of poising intermediates (Antolini, 2009).
Moreover, Pd is more abundant and less expensive than Pt (Zhang et al., 2011).

The preparation method has great influence on the catalyticactivities and properties of catalysts. At
present palladium nanoparticles were synthesized using various methods such as polyol (Wang et al.,
2015), electrochemical deposition (Sarto et al., 2014), chemical reduction (Shao et al, 2006) and
hydrothermal (Guo et al, 2012) method. Among these methods, polyol synthesis is known very
promising method for the preparation of metal catalysts. However, the polyol method with conventional
heating needs a long preparation time. It has been known that using microwave heating provides
selective, time and energy consuming synthesis (Harish et al., 2012; Husin et al., 2014).

In this study, the microwave assisted polyol method was used to synthesize the Pd nonoparticles
supported on carbon black (Pd/C) catalysts for formic acid oxidation. A series of catalysts were
synthesized to optimize the preparation conditions such as microwave heating time and temperature.
The catalytic activities of prepared catalysts for formic acid oxidation were investigated by cyclic
voltammetry.

EXPERIMENTAL

Preparation of catalysts

Pd/C catalysts were prepared by microwave- assisted polyol process in ethylene glycol 99.9%,
J.T.Baker) with PdCl2 (98%, Sigma-Aldrich). Carbon powder and 4.0 M HNO:s (98% Sigma-Aldrich) was
impregnated with aqueous solutions of Pd. 4 mL of 0.12 M KBr (99% Sigma-Aldrich) and appropriate
amount of NaOH (Merck) was put into the above mixture to obtain a solution with a pHof 11 and then
heated in a domestic microwave oven (Electrolux Ems model 21400W, 2450 MHz, 800 W). The
temperature was measured by using an Infrared Thermometer Cole Palmer 800-323-4340.

Finally, the samples were filtered, washed and dried in a vacuum oven for 2 hours. The preparation
conditions of different catalysts were shown in Table 1.
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Table 1. Catalyst preparation conditions

No | Catalysts Catalyst preparation co?ditions
Temperature (°C) Time (s)
1 Pd/C 30 30
2 Pd/C 50 30
3 Pd/C 75 30
4 Pd/C 100 30
5 Pd/C 130 30
6 Pd/C 190 30
7 Pd/C 200 30
8 Pd/C 130 10
9 Pd/C 130 30
10 Pd/C 130 60

Preparation of catalyst modified electrodes

The bareglassy carbon electrode was polished carefully with alumina slurry and then washed with
water. For the modification of electrode, 5 mg of catalyst was added into 1 mL of 0.5% Nafion solution to
get catalyst mixture. Then, 3 mL of the mixture was pipetted onto the cleaned GCE. Finally, the modified
electrode was dried under room temperature to evaporate the solvent.

Electrochemical measurements

Electrochemical measurements werecarried out in a standard three-electrode cell using a CHI 6043d
electrochemical workstation at room temperature. A Pt wire was used as the counter electrode and a
saturated calomel electrode (SCE) was used as the reference electrode. The working electrode was a
glassy carbon disk with a diameter of 3.0 mm. Cyclic voltammograms were recorded in 0.5 M H2SOs
solution on Pd/C catalysts at different preparation conditions. The formic acid oxidation reactions on the
Pd/C catalysts were performed in 0.5 M H504 + 1 M HCOOH. In all experiments, the electrolyte was
previously saturated by nitrogen. To measure the activity of formic acid electrooxidation reaction, cyclic
voltammograms were recorded between -0.25 V and 1.0 V vs. Ag/AgCl with a scan rate of 50 mV s-..

RESULTS and DISCUSSION

In this study, catalyst preparation is done by microwave assisted polyol synthesis method in
microwaveoven at different preparing conditions. The influence of heating temperature (30-200 °C) and
time (10-60 s) on the particle size and the activity of the catalyst have been evaluated. The temperature
and microwave heating time in oven has great influence on the catalysts structure and consequently on
formic acid electro-oxidation activity.

The effect of heating temperature

First, the carbon supported Pd catalysts were kept in the microwave oven at different temperatures,
keeping the heating time constant (30 s). This process was carried out to investigate the effect of the
temperature on catalyst activity for formic acid electro-oxidation. For this aim Pd catalysts were
synthesized in the microwave oven at seven different temperatures ranging from 30 to 200 °C.

The electrochemical characterization of Pd/C electrocatalysts prepared at different temperatures was
evaluated by cyclic voltammetry in the 0.5 M H2SOssolution. The cyclic voltammograms for formic acid
electro-oxidation was recorded at a scan rate of 50 mV/s (Fig. 1a). Highest current value of hydrogen
adsorption-desorption peaks was obtained for the Pd/C catalyst synthesized at 130 °C.



Pd/C Catalysts Synthesized By Microwave Assisted PolyolMethod For Formic Acid Electro-Oxidation

The cyclic voltammograms for formic acid electro-oxidation was also evaluated on Pd/C catalysts
prepared with different temperatures in 0.5 M H250:+ 1.0 M HCOOH solution. As shown in Fig. 1b, the
electro-oxidation peak currents increase with the temperature up to 130 °C. This result was attributed to
the increase in the size of Pd nanoparticles with temperature. However, further increase in temperature

resulted in the formation of particle aggregation.
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Figure 1. Cyclic voltammograms on Pd/C with different microwave heating temperature in an N2-
saturated solution of 0.5 M H2SOxs (a), 0.5 M H2SOs+1.0 M HCOOH (b). Scanning rate: 50 mV/s

The effect of heating time

Another important parameter affect the catalyst preparation is microwave heating time. After the
optimum catalyst preparation temperature was determined, carbon supported Pd catalysts were
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prepared at different heating times. Thus, three different catalysts were synthesized at a temperature of
130 ° C for 10, 30 and 60 s.

XRD pattern of these catalysts were shown in Fig. 2. XRD pattern of these catalysts exhibits a
diffraction peak at around 20° value, related to the (002) reflection of the structure of hexagonal carbon
(JCPDS card no 75-1621). Furthermore, XRD pattern of these catalysts have (111), (200), (220), and (311)
planes, revealing that this catalyst Pd face-centered cubic (fcc) structure (JCPDS card no 46-1043).
According to the XRD data, the catalysts prepared with the increasing time has been getting narrower
that is attributed to the increase in the size of the particles with time.

The cyclic voltammograms (Fig. 3) for formic acid electro-oxidation was also recorded for Pd/C
catalysts prepared with different heating time. The highest formic acid electrooxidation current has been
obtained for 30 s heating time.

The above results indicated that the size of the palladium particles increases with time .Further
increase in microwave heating time resulted agglomeration of palladium particles. When the particles
are too small, crystallinity is not suitable for adsorption of formic acid on the Pd surface. If the particles
are large, electrochemical active surface will decrease. The Pd/C catalysts synthesized at 30 s heating
time has better catalytic performance for formic acid oxidation than the other synthesized palladium
catalysts.
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Figure 2. XRD patterns of catalysts prepared different heating time.
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Figure 3. Cyclic voltammograms on Pd/C with different microwave heating time in an N2-saturated
solution of 0.5 M H2SO++1.0 M HCOOH. Scanning rate: 50 mV/s
CONCLUSION

In summary different size of carbon supported Pd catalysts were prepared by microwave
assisted polyol method and characterized by XRD technique. The electrocatalytic properties of the
synthesized materials were investigated with cyclic voltammetric technique. Study on the electro-
oxidation of formic acid on the catalysts showed that Pd/C catalysts prepared with 30 s
microwave heating time at 130 °C temperature has much higher catalytic activity than the other
Pd/C catalysts prepared at different preparation conditions. The longer microwave heating time
and higher reaction temperature increased the size of palladium nanoparticles.
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OZ: Acik ocak basamaklarinda sev duraysizligi olusmasi sonucu meydana gelen kaymalar yasam kaybi
yaninda ekonomik kayiplara ve ocak geometrisinin bozulmas: gibi sonuglara neden olabilmektedir. Bu
tiir olaylarin 6niine gegilmesi i¢in alinmas1 gereken tedbirlerin basinda emniyetli jeoteknik tasarimlar,
desteklemeler, kaya diisme Onleme sistemleri ve sevlerde olusan deformasyonlarin degisiminin
izlenmesi gelmektedir. Bu calisma, giiniimiizde halen Yatagan Termik A$ biinyesine olan ancak
dlciimlerin yapildigi yil olan 2011'de Tiirkiye Kémiir Isletmeleri Giiney Ege Linyitleri Isletmesi'ne (TKI-
GELI) bagh olan Yatagan-FEskihisar linyit agik ocaginda gergeklestirilmistir. Ocakta yapilan incelemeler
ve On degerlendirmeler neticesinde ocagin bat1 tarafindaki sevlerde sev duraysizlig1 olasiligi bulunan
alanlar tespit edilmistir. Bu alanlarda karsilasilan ve tehlike yaratacagindan kuskulanilan sevdeki
hareketi izlemek amaciyla tespit edilen ¢ekme catlagindaki deformasyon degisimlerinin izlenmesine
karar verilmistir. Bu kapsamda sahada belirlenen bu sorunlu bolgelerde izleme galismalar: yapilmasina
karar verilmistir. Ocakta dekapaj ve komiir {iretimi sonrasi bat1 sevlerinde olusan gerilim ¢atlaklari ve
buna bagl gelisen sev duraysizlifi olasiligi nedeniyle 6l¢lim istasyonlari kurularak, jeodezik 6l¢iim
yontemleriyle 216 giinliik bir siiregte belirli araliklarla sev hareketliligi izlenmistir. Elde edilen veriler
sonucunda sevdeki deformasyon hareketliligi degerlendirilmis ve hareketin orta hizli bir egilimde
devam ettigi belirlenmistir. Bu hareketlilige bagli bir matematiksel esitlik gelistirilmistir. Gelistirilen
model sonuglari ile gergek veriler arasinda yiiksek korelasyon mevcuttur. Bu model ile sevde gelecekte
olusabilecek deformasyon miktarlari ve hizlarini tahmin etme ihtimali olusabilecektir.

Anahtar Kelimeler: Acik isletme, Sev, Duraylilik analizleri, Deformasyon

Monitoring the Deformations in an Open Pit Lignite Mine Slopes by Geodetic Methods and
Mathematical Analyses

ABSTRACT: Slope sliding and landslides occurring on the open pit benches can lead to consequences
such as the loss of life as well as the economic loss and deterioration of the stove geometry. Safe
geotechnical designs, supports, rock fall prevention systems and monitoring the deformations occurring
on the slopes are among the most familiar precautions which must be taken to prevent these
consequences. This study is performed in Mugla Province Yatagan District Eskihisar lignite open pit
mine which was in the management of TKI-GELI (Turkish Coal Enterprises-South Aegean Lignite
Management) in 2011. As a result of investigations and preliminary assessments at the mine regions
which have instability problems were identified at the western side of the mine. Then, it is decided to
monitor these regions which could have instability problems. Measurement stations were set up on the

tension cracks which are the signs of a probable instability problem at the western slopes and slope
movements were monitored periodically for 216 days by geodetic measurement methods. As a result of
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the obtained data deformation movements were evaluated and it was determined that the movement
was continuing in a moderate velocity trend. A mathematical model was developed related to these
movements. It was seen that there is a good correlation between the results of the model and the in-situ
data. It will be possible to predict future deformation rates and velocities on the slopes of this location
with this model.

Key Words: Open pit mining, Slope, Stability analyses, Deformation
GIRIS (INTRODUCTION)

Acik ocak madenciliginde olusturulan sev basamaklarinin durayliligmin korunmasi madencilik
faaliyetinin saglikli yiiriitiilebilmesi ac¢isindan biiyiik 6neme sahiptir. A¢ik ocak maden isletmelerinde
sev kaymalarina sebebiyet vermemek icin ocagin kalict ve iiretim basamaklarindaki sevlerin
durayliliginin saglanmasi gerekmektedir. Olusabilecek herhangibir sev kaymasi can ve mal kayiplarina
yol agabilecektir. Bu anlamda, uygun sev agisinin belirlenip bu degere uygun olarak madencilik
faaliyetlerinin yiiriitiilmesi esastir. Ancak uygulanan kazi teknigi, jeolojik yapisal 6zellikler, sevin
geometrisi, yeralt1 su durumu, malzeme 6zellikleri gibi faktorler sev durayliligini etkileyen faktorlerdir
(Ozgenoglu, 2005). Bu faktorler goz dniinde bulundurularak sevlerin siirekli izlenmesi ve kontrol altinda
tutulmasi, sev durayliliginin bozulmasina yonelik belirtilerin 6nceden fark edilmesi a¢isindan 6nemlidir.
Bu izleme ve kontrol etme islemleri icin farkli teknikler gelistirilmistir. Bunlardan bazilari, jeodezik
olctimler, elektronik mesafe 6lgerlerin kullanilmasi, fotogrametrik yontem, gerilim ¢atlag: ve eklemlerde
agilma miktarlarmin siirekli dl¢tilmesi, bir sondaj borusu igerisinden yiizeyin altinda olusabilecek
deformasyonlarin izlenmesine olanak saglayan inklinometrik yontem ve yiizeye yerlestirilen
ekstansometrelerdir (Kulaksiz, 2012).

Bu yontemlerden olan jeodezik yontemle izlemede, heyelan bolgesinin hareket beklenen, hareket
olasilig1 olmayan ve hareket edeceginden kusku duyulan karakteristik yerlerinde se¢ilen noktalardan
olusan kontrol agmin uygun zaman araliklarinda tekrarlanan Oolgiilerinden, elde edilen nokta
koordinatlarindaki degisimin matematik ve istatistik test y ontemleriyle kanitlanmasi esasina dayanan
yontem, heyelan bolgesinde istinat duvari, drenaj vb. énlemlerden sonra da uygulanarak alinan bu
onlemlerin etkinliginin kontrol edilmesinde de uygulanabilir (Altan ve dig., 1991). Son yillarda bu
konuyla ilgilenen birgok arastirmaci araziden elde edilen verinin modellenmesi igin farkli calismalar
ortaya koymuslardir. Arazideki deformasyon verilerinin toplanmasi i¢in inklinometre, radar izlemesi,
jeodezik izleme gibi bircok farkli metot kullanarak ardindan da bu verileri laboratuvar test sonugclari ile
birlestirmis ve elde ettikleri veri tabanini gesitli yontemler ile modellemeye ve duraysizlik
mekanizmasini ¢ziimlemeye calismiglardir. Ornegin Frastia ve dig. (2014), jeodezik yéntem kullanarak
bir tas ocaginda 2013 yilinda olusan sev kaymasinin ardindan yeni sev kaymalarinin gelisiminin
belirlenmesi ve Onlenmesi amaciyla sev izleme c¢alismasi gergeklestirmislerdir. Sonug¢ olarak
deformasyon olusum yonlerini ve biiyiikliiklerini yiiksek hassasiyetle belirlemis ve ocaktaki m adencilik
calismalarini bu sonuglara bagh olarak yonlendirmislerdir. Kaizong ve dig. (2016), calismalarinda
Chencko demir madeninde 8 yil boyunca GPS ile dl¢iimler alarak yatay ve diisey deformasyonlari
belirlemeye calismiglardir. Zhao ve dig. (2015), GB-InSAR metodu ile Fushun acik ocak kémiir
madeninde sev kaymasi mekanizmalariiizerine ¢alismislardir. Osasan ve Stacey (2014), radar izleme ile
bir bakir agik ocaginda kayma zamanini tahmin etme ¢calismalar1 yapmislardir. Dongming ve Da (2016)
ve Shengwen ve dig. (2006) uzun yillar siiren gozlemler ile Cin’in Gongjiafang ve Macoping
bolgelerinde meydana gelen heyelanlarinin olusum mekanizmalarin1 anlamaya yonelik ¢alismalar
yapmiglardir.

Bu calismada TKi-GELI Miiessesesi Yatagan-Eskihisar linyit sahasi bat1 sevlerinde olusan olas1
kayma alanlar1 {izerinde olusan deformasyonlar jeodezik 6l¢iim yontemi ile izlenmistir. Kaymanin
onceden tespiti icin, oncelikle kontrol aglar1 kurulmus ve belirli araliklarla 6lgmeler yapilarak heyelanl
bolgedeki test noktalarinin {i¢ boyutlu koordinatlarinin degisip degismedigi arastirilmistir. Degisme
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miktarlar1 izlenerek kaydedilmis ve elde edilen zamana bagh deformasyon verilerinden matematiksel
bir esitlik gelistirilmistir. Ardindan bu esitlikten elde edilen veriler gercek verilerle karsilastirilarak
gergek veriler ile tahmini veriler arasinda olusan bagintilar ve bu bagintilarin istatistiksel dogruluklari
belirlenmisgtir.

CALISMA SAHASI (FIELD STUDY)

Eskihisar linyit ocagi, Giineybati1 Anadolu’da Mugla iline bagh Yataganilgcesinin kuzey batisinda yer
almaktadir. Ocagin Yatagan ilgesine olan uzakligi 8 km’dir. Sahanin uydu goriintiisii ile 2011 yilinda
TKI-GELI'ye bagli isletmeler ve bu isletmelere ait ulasim haritas1 Sekil 1’de verilmistir.

Eskihisar havzasinda degisik arastirmacilar tarafindan jeolojik calismalar yapilmis olup, Ulusay ve
Yoleri'ye gore hazirlanan havzadaki formasyonlarin stratigrafisi alttan {iste dogru Paleozoik yasl sistler,
Mezozoik yasli mermerler, Turgut Formasyonu (Kil, kum, silt), Sekkdy Formasyonu ve Yatagan
Formasyonu seklinde dizilmistir (Ulusay ve Yoleri, 1990). Bunlardan yola c¢ikarak, Yatagan bolgesindeki
Eskihisar komiir havzasinda temel kayaclari, Paleozoik yasl sistler ve Mezozoik yasli mermerler
olusturmaktadir. Turgut, Sekkdy ve Yatagan Formasyonlarinin Neojen doénemi c¢okeller oldugu
goriilmektedir.

‘ TURGUT SAHASI

TASKESIK SAHASI

N

f

1/250.000

N TERMIK SANTRAU (630MW)

ESKIHISAR ACIK &
iSLETMESI

BAGYAKA ACIK ISLETMESI
BODRUM

Yatagan-Eskihisar Linyit“’t

TINAZ ACIK ISLETMESI

Agik Ocagi ¢
AXBELEN SAHASI
IKIZXOY ACIK ISLETMESI

SEKKOY ACIK ISLETMESI

g BELENTEPE AGIK ISLETMESI

HUSSAMLAR ACIK ISLETMESI
ALATEPE ACIK - KAPALI ISLETMESI

GOKOVA KORFEZI

Sekil 1. TKI-GELI Yatagan Eskihisar Ocaginin uydudan goriintiisii ve ocaga ulagim haritasi
Figure 1. Appearance and site location of TKI-GELI Yatagan Eskihisar lignite mine

SEV HAREKETLERININ ANALIZi (ANALYSES OF SLOPE MOVEMENTS)

Bu calismada, Sekil 2’de goriildiigii gibi baz1 kismi kaymalarin ve sev {izeri gerilim catlaklarmin
goriildiigii bolgeler tespit edilerek bu bolgelerde olasi kayma miktar1 ve yoniinii tespit etmeye yonelik
calismalar yapilmasina karar verilmistir. Bu kapsamda olas1 kayma bolgesi iizerinde 11 adet jeodezik
Ol¢iim istasyonu kurulmus ve periyodik araliklarla bu istasyonlardan yatay ve diisey deformasyonlari
tespit etmeye yonelik Olglimler alinmistir. Cizelge 1’de Ol¢iim istasyonlarinda yapilan Olc¢iimlerin
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tarihleri goriilmektedir. Cizelge 1’den de goriildiigii tizere dl¢timler 7 Eyliil 2010 tarihinde baslamis ve
son Ol¢iim 11 May1s 2011 tarihinde alinmistir. Toplamda 11 adet yapilan 6lgiimler 216 giin stirmiistiir.

Cizelge 1. Jeodezik dl¢lim tarihleri
Table 1. Geodetic measurement dates

Ol¢iim No Ol¢iim Ol¢iim No Ol¢iim
Tarihi Tarihi
1 07.09.2010 7 07.01.2011
2 16.09.2010 8 18.02.2011
3 21.09.2010 9 25.03.2011
4 28.09.2010 10 26.04.2011
5 10.11.2010 11 11.05.2011
6 07.12.2010

' So o R \/ R v
Sekil 2. Sahada goriilen gerilim catlaklariile kismi kaymalarin gozlendigi ve muhtemel duraysizliklarin
olusmasi beklenen sevler
Figure 2. Tension cracks seen on the field and probable instable slopes

Sahada yer yer sev kaymalar: gozlenmis ve buna bagl olarak da yine bazi bolgelerde sev
duraysizligl olusabilecegi ihtimali goz oniinde bulundurularak bu bélgelerin izlenmesine karar
verilmistir. Sahada madencilik ¢alismalar: devam etmektedir. Eskihisar oca ginda, 65 yd3 kapasiteli bir
adet dragline, 15 yd3’likk alt1 adet ve 10 yd3’liikk iki adet olmak iizere toplam 8 adet ekskavatdr ile
yapilan Ortii tabakasi ve komiir kazisi, 85 ve 150 short ton kapasiteli kamyonlar yardimiyla
tasinmaktadir. Ocakta ¢alisma, dogu-batiistikametinde hazirlanan 80 m genisligindeki dragline panolari
ile yapilmakta olup ocagin asil ana ilerleme yonii giineyden kuzeye dogrudur. isletme projesine gore
ocagin kuzey istikametine dogru artarda dizilmis 56 dragline panosu mevcuttur. Ocakta projeye gore
genel sev acis1 34°, basamak yiiksekligi 12 m ve basamak sev agisiise 70°-75"dir. Saha 6zellikle bahar ve
kis aylarinda yagis alan bir bolgede bulunmaktadir. Bu etkenlerin sahada duraysizliga yol acabilecek
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deformasyonlaraneden olmasi ve olusan bu deformasyonlarin ilerlemesi neticesinde bir sev kaymasina
dontisme ihtimali mevcuttur. Bu kapsamdajeodezik yontem kullanilarak sahada deformasyon dl¢iimleri
gergeklestirilmistir. Deformasyon dlciimleri 216 giine yayilanbir siirecte 11 adet istasyondan izlenmis ve
bu siirecte belirli araliklarla 11 adet jeodezik olgiim alinmigtir. Olciimlerde, x, y ve z koordinatlar1
alinarak t1 ve t2 zamanindaki deformasyon farkliliklar: tespit edilmistir. Toplam deformasyon bu iig
yondeki ayri ayri deformasyonlarin bileskesi seklinde olusturulmus ve bu toplam deformasyon
tizerinden hesaplama ve matematiksel esitlik gelistirme islemleri gerceklestirilmistir. Elde edilen toplam
deformasyon miktarlarindan oncelikle hareket hizlar1 belirlenerek bu hiza gére bir siniflama yapilmis
ardindan tespit edilen deformasyon davranisi matematiksel olarak ifade edilmeye c¢alisilmistir.
Matematiksel esitlik gelistirme c¢alismasinda amag¢ siirli bir zaman diliminde alinan gergek
deformasyon hareketinin daha ileriki bir zaman dilimindeki davranisini belirlemeye yo6nelik calismay1
yapmaktir.

Oncelikle siniflama calismasi kapsaminda Cruden ve Varnes’in hareket hizina gore siniflama
esaslar1 dikkate alinmistir. Cruden ve Varnes’e gore kiitle hareketleri yenilme modellerine gore
siiflandirildigi gibi hareketin hizlari dikkate alinarak da siiflandirilabilir. Duraysizliklar hizlarma gore
Cizelge 2’de verildigi gibi siniflandirilabilir.

Cizelge 2. Duraysizlik hizlarina bagli olarak olusan hareketin siniflandirilmasi
Table 2. Classification of the movement related to the velocity of instability

Hareketin >5,0 m/sn 5,0 m/sn- 3 m/dak- 1,8 m/saat- 1,3 m/ay- 1,6 m/y1l- <1,6
hiz1 3 m/dak 1,8 m/saat 1,3 m/ay 1,6 m/y1l 16 mm/y1l mm/yil
Sinifi Asirthizli Cok hizhi Hizh Orta hizli Yavas Cok yavas Asiriyavas

Bu dlgegin {ist limitini kaya diismesi ve hareket mesafesi biiyiik akma-kaymalar, alt sinirini ise ana
kayada meydana gelen siinme olusturmaktadir (Cruden ve Varnes, 1996). Bu degerler 1s181nda ocaktaki
hareket, hizlarina gore Cizelge 3’de verildigi gibi sinmiflandirilmistir.

Cizelge 3. Istasyon numaralarina gore ortalama deformasyon hizlari ve Crudden ve Varnes (1996)'ya

gore siniflandirmalari
Table 3. Average deformation velocities and classifications according to station numbers

Istasyon Ortalama Istasyon Ortalama
Numarasi Deformasyon Numarasi Deformasyon
Hiz1 (m/y1l) Hizi (m/y1l)

1 2,503 Orta Hizlh 7 2,765  Orta Hizlh
2 2,847 Orta Hizlh 8 1,467 Yavas
3 2,672 Orta Hizli 9 1,671 Orta Hizli
4 2,758 Orta Hizlh 10 2,820  Orta Hizlh
5 2,815 Orta Hizli 11 2,236 Orta Hizli
6 2,700 Orta Hizli

Cizelge 3’den goriildiigii {izere 8 nolu istasyon haricindeki tiim istasyonlarda deformasyon hizi
Cruden ve Varnes siniflamasina gore “1,8 m/saat-1,3 m/ay” araliginda kalmis olup “orta hizli” hareket
olarak nitelendirilebilir. Sadece 8 no’lu istasyonda deformasyon hizi “1,5 m/ay-1,5 m/y1l” araliginda
kalmis olup “yavas” hareket sinifindadir (Cruden ve Varnes, 1996). En hizli hareket eden istasyon 2,847
m/y1l hiziyla Istasyon 2’de goriiliirken, en yavas hareket 8 no'lu istasyonda 1,467 m/yil hizinda
kaydedilmistir (Sekil 3). Ayrica tiim istasyonlara ait hiz-zaman ve hiz-ivme grafikleri de
olusturulmustur. Buradan elde edilen bulgulara gore 6l¢iimlerin 33.giiniinde hiz en yiiksek seviyeye
¢ikmis ve bu giinitin ardindan diisme egiliminde devam ederek 1,467-2-847 m/y1l arasinda degisen
seviyelerde sabitlenme egilimine girmistir. Ancak sabit hizla da olsa hareket devam etmektedir ve bu
hareket “orta hizli” seklinde nitelendirilen bir hareket tarzindadir. Sekil 4’deki grafikten de goriildiigii
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tizere Ol¢limiin 216. gliniiniin sonunda Cizelge 1'de goriilen nihai hiz degerlerine ulasilmistir. Bu
noktada hareketin ivmesinin de incelenmesi yararl olacaktir. Sekil 4’de goriilen ivme-zaman grafigi
incelendiginde hareketin ilk basladig1 tarihlerde ¢ok yiiksek bir ivmenin oldugu ve zaman igerisinde
azalma egilimine girdigi, ancak hiz analizlerinde de goriilen 33. giinde yine artma egiliminde oldugu ve
33. giinden sonra azalma hatta sifirlanma egilimine girdigi goriilmiistiir. lvmenin sifira dogru
yaklagsmas1 hareketin de sabit bir karakterde devam etme egiliminde oldugunun kanitidir. ivmelenme
neredeyse sifirlanmistir ancak hareketlilik sabit hizla devam etmektedir. Bu durumda 216 giinliik gercek
veriye dayanarak ileride olusabilecek deformasyon miktarlarini, hizlarim1 ve ivmelerinin tahmin
edilebilir olmasi biiyiik 6nem tagimaktadir.
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Sekil 3. Istasyonlarin yerleri ile hareket hizlar1 ve deformasyon ilerleme y&nleri
Figure 3. Locations and the movement velocities of the stations and deformation dilatation directions
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Sekil 4. Sevde olusan deformasyon hareketlerinin hiz ve ivme grafikleri
Figure 4.Velocity and acceleration graphs of deformation movements occurred on the slopes

MATEMATIKSEL ESiTLIK (MATHEMATICALEQUATION)

Boliim 4’deki siniflama sonucundan da goriilecegi iizere ocakta “orta hizli” sev hareketinin mevcut
oldugu anlasilmaktadir. Ciddi sonuglar1 olabilecek bu hareketliligin ne tiir bir egilim icerisinde
oldugunun belirlenmesi agisindan her bir istasyondaki gercek deformasyon verisi istatistiki olarak
incelenmis ve genel egilim kapsaminda her bir istasyon icin bir matematiksel esitlik gelistirilmistir.
Burada amag eldeki verilerden yola ¢ikarak ileriki bir zamanda olusabilecek deformasyon miktar1 ve
hizinin belirlenmeye ¢alisilmasidir.

Daha 6nce bu konuda yapilmis olan ¢calismalarda deformasyon ile zaman arasinda iistel bir iligki
oldugu tespit edilmistir (Kennedy vd., 1970). Aynu {istel iliski Kuzey Bohemia’da uluslararasi bir yol
kenarinda kumtasinda meydana gelen bir heyelanin zamana bagli izlenmesi sonucunda da goriilmiis ve
sev kaymasi2 ay énceden tahmin edilmistir (Zvelebil ve Moser, 2001). Yine bu galismaya konu olan TKi-
GELI Yatagan ocagindakine benzer bir ¢alisma TKi-GLI Iigin linyit acik ocaginda gerceklestirilmis,
olusan gerilim catlaklar: tiizerinde deformasyon Olciimleri yapilarak bir matematiksel esitlik
gelistirilmeye calisilmistir. S6z konusu c¢alismada deformasyon ile zaman arasinda bir bagint:
olusturularak Esitlik-1'deki iligski ytiiksek korelasyon ile belirlenmis ve gercek veri ile esitlikten elde
edilen veri karsilastirilmistir (Ozsen ve Ozkan, 2013).

U= (a+e")t (1)

Burada,

U: Deformasyon miktar: (mm)

t: Zaman (giin)

a ve b: Uygun istatistiksel parametrelerdir.

Aynibagitibucalisma kapsaminda Yatagan’da elde edilen jeodezik 6lciim verileriile de denenerek
sonuglar elde edilmistir ve Cizelge 4’de sunulmustur.Buna ek olarak Esitlik 2’de verilen bagintiile de
yiiksek iliski elde edilmis ve ¢alismalarin bu yenielde edilen esitlik ile yapilmasina karar verilmistir. Bu
kapsamda elde edilen matematiksel esitlikler ve korelasyonlar1yine Cizelge 4’de sunulmustur. Cizelge
4’deki esitlikler dikkate alinarak, ornegin istasyon 2’deki model deformasyon verilerinin her iki esitlik
i¢in zamana bagli olarak degerlendirilmesi sonucunda Sekil 5’deki gibi bir egilim iginde oldugu tespit
edilmistir.
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U=(C0" @)

Burada,

U: Deformasyon miktari (mm)

t: Zaman (giin)

Cive Cz: Uygun istatistiksel parametrelerdir.

Cizelge 4. Tiim istasyonlar icin gelistirilen esitlikler ve korelasyon katsayilari
Table 4. Equations developed for all stations and correlation coefficients

Istasyon No U=(a+eb)t R2 U = (C t)°2 R2
1 U=(14,56+¢-0.003763t )t 0,89 U=(578,3t)6217 0,89
2 U=(18,35+e-0.004242t ) 0,94  U=(1240t)0592 0,93
3 U=(16,35+¢-0.003778t ) 0,92  U=(698,1t)oe214 0,93
4 U=(18,26+e-0.004468t)t 0,93  U=(1776t)0o747 0,92
5 U=(17,97+e-0004223t ) 0,93  U=(1025t)06032 0,92
6 U=(17,37+¢-0.004380t ) 0,90  U=(1068t)05%1 0,89
7 U=(17,10+e-0.004180t )t 0,90 U=(873,2t)o6077 0,89
8 U=(8,7 6+¢-0.003005t ) 0,89  U=(113,7t)o6s62 0,89
9 U=(8,40+¢-0.0033991 )¢ 0,82  U=(568,6t)05797 0,87
10 U=(21,08+¢-0.005494t)¢ 0,89  U=(5051t)%52% 0,88
11 U=(16,62+¢-0.005455t )t 0,85  U=(46371)05150 0,84
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Sekil 5. Istasyon 2'nin Zaman-Deformasyon grafigi
Figure 5. Time vs. Deformation graph of Station 2

Cizelge 4’de goriilen fonksiyonlarda 216 giin olan nihai 6l¢iim zamani yerine konuldugund a Esitlik
1 ve 2’den Cizelge 5'deki degerler elde edilmistir. Bu degerlerden de goriilecegi iizere her iki esitlikte de
gercek veriye cok yakin sonuglara ulasilmistir. Bu degerlerin karsilastirmah grafikleri olusturuldugunda
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aralarinda dogrusal bir bagintinin oldugu belirlenmis (Sekil 6) ve bu dogrultuda galismalar yapilmistir.
Esitlik 2’deki denklem kullanilarak olusturulan Esitlik 2’de bulunan sonuglar Esitlik 1’den elde edilen
Esitlik 1’e nazaran daha iyi sonuglar vermistir. Arazi deformasyon verileri (adv) ile esitlik deformasyon
verileri (edv) arasindaki bagintilar Esitlik 3 ve 4’te verilmistir. Esitlik 1 verileri ile gercek arazi verileri
arasindaki dogrusal iliskiden yola ¢ikilarak elde edilen regresyon katsayis1 0,88 olurken Esitlik 2’den
elde edilen regresyon katsayisi degeri 0,93 olmustur. Bu durumda Esitlik 2'nin gercege daha yakin
veriler iirettigi sonucuna varilabilir.

adv = 0,8152(edv)1 + 159,97 3)
adv=0,9324(edv): + 88,467 4)
Burada;

adv: Arazideformasyon verisi (mm),
edvl: Esitlik 1’den elde edilen deformasyon verisi (mm),
edv2: Esitlik 2’den elde edilen deformasyon verisi (mm)dir.

Cizelge 5. Arazide elde edilen deformasyon miktarlari ile esitliklerden elde edilen deformasyon
miktarlarinin karsilastirilmasi
Table 5. Comparing the amount of deformations obtained from the field and the equa tions

Istasyon | Arazi Verisi Esitlik 1 Verisi  Esitlik 2 Verisi

No adv (mm)* edvi (mm) edv2 (mm)
1 1481 1395 1474

2 1685 1585 1700

3 1581 1561 1651

4 1632 1502 1618

5 1666 1559 1675

6 1598 1456 1573

7 1636 1497 1606

8 868 989 1029

9 989 870 891

10 1669 1389 1563
11 1323 1105 1231

*216 glin sonunda
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Sekil 6. Arazi deformasyon verileri ile esitliklerden elde edilen deformasyon verilerinin
karsilastirilmasi
Figure 6. Comparing the in-situ data and the data obtained from equations

SONUCLAR (CONCLUSIONS)

Bu calismada, TKi-GELI Eskihisar linyit agik ocag1 bat1 sevlerinde 07.09.2010 tarihinde baslayip
11.05.2011 tarihinde sona eren ve 216 giin boyunca siiren deformasyon 0l¢iimleri gerceklestirilmistir.
Arazide sev duraylilif1 sorunu yasanabilecegi diisiiniilen noktalara toplam 11 adet dlgiim istasyonu
kurulmus ve deformasyon olgiimleri jeodezik 6l¢iim metotlar: kullanilarak elde edilmistir. Elde edilen
veriler degerlendirilerek X, y ve z yonlerindeki deformasyonlar ayri ayr1 belirlenmis, ardindan tiim
yonlerdeki deformasyonlarin bileskesi alinarak tek bir toplam deformasyon miktarina ulagilmistir. Bu
islem yapilirken 6nce yataydaki deformasyonlarin bileskesi alinmis bu bileske ile diisey deformasyon
miktarinin bileskesi alinarak toplam deformasyon miktar1 ve yoniine her bir istasyon igin ulasilmistur.

Bu kapsamda;
e En biiyiik deformasyon 1685 mm olarak 2 no'lu istasyonda,
e En diisiik deformasyon 868 mm olarak 8 no'lu istasyonda gergeklesmistir.
e Tiim istasyonlarda hareket dogu yoniine dogru tespit edilmistir.

Elde edilen deformasyon verilerinin zamana bagli hareketinin hiz ve ivie degerleri incelenmis ve
sonug olarak sabit hizla da olsa hareketin devamlilik arz ettigi bu hareketin “orta hizl1” seklinde
nitelendirilebilecek bir hareket hizinda oldugu belirlenmistir. Ocakta bu sekilde bir deformasyon
hareketliliginin olmasi, bu durumun ileride ne sekilde sonuglanabileceginin sorgulanmasina yol
agmigtir. Oncelikle Ozsen ve Ozkan (2013) tarafindan gelistirilen esitlik, eldeki veriler iizerinde
uygulanarak yiiksek korelasyon elde edilmistir. Ardindan bu ¢alisma kapsaminda sonug degerlerine
yakinsamada ¢ok daha iyisonuglar veren yenibir esitlik gelistirilerek veriler {izerinde uy gulanmistir. flk
esitlige nazaran daha yiiksek bir korelasyon saglandig: goriilmiis ve her iki esitlik igin de deformasyon
verileri elde edilmistir. Elde edilen matematiksel esitlikte amag, bilinen veriler, yani eldeki
deformasyonlar kullanilarak elde olmayan deformasyon miktarlarina ulasmak, busayede ileribir tarihte
olusabilecek deformasyon miktarini tayin edebilmektir. Deformasyon miktarinda olusacakartislarin hiz
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ve ivmesi gibi bazi parametreler goz oniine alarak kritik hiz ve ivme degerlerine yaklasildiginda bir
takim tedbirlerin alinmas1 gerekebilecektir. Bu tedbirler kapsaminda olusan deformasyon hareketinin
hiz1 ve ivmesi gozlem altinda tutulmali ve bu degerler belirtilen sinirlarin iistiine ¢ikarsa mutlaka
mevcut bolgedeki calismalar durdurulmali ve dnlem alinmalidir. Bu ¢alismada ele alinan bolgedeki hiz
ve ivme degerleri normal degerler igerisinde seyretmektedir. Ancak zaman igerisinde bodlgede yapilan
calismanin yogunlugu, yapilacak delme-patlatma ¢alismalari, bolgede olusabilecek depremler veya
siddetli yagis gibi baz1 parametrelerin degismesi neticesinde olusabilecek deformasyon artiglar: farkl
durumlara neden olabilecektir. Sevlerin izlenmesinin siirekli yapilmasi ve elde edilen sonuglarin hemen
degerlendirilmesi olusabilecek kétii durumlarin oniine gegilmesi agisindan 6nem arz etmektedir. Bu
calismadaki denklemlerin kisa vadeli sonuglar i¢in kullanilmasi uygun olacaktir. Yukaridaki etkenlerin
degisimi ile denklemler de revize edilmeli ve yeni duruma uygun bir sekilde hareket edilmelidir.
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ABSTRACT: Taguchi optimization method was used to determine optimum conditions for the
extraction of nickel from lateritic ore in hydrochloric acid solution with hydrogen peroxide. Leaching
time, stirring speed, temperature, hydrochloricacid concentration and hydrogen peroxide concentration
were chosen as parameters. The optimum conditions for dissolution w ere found as leaching time of 240
min, a temperature of 70°C, hydrochloric acid concentration of 3 M, hydrogen peroxide concentration of
0.1 M and without stirring. The experimental results under optimum leaching conditions, showed that
the extraction of nickel from lateritic ore was 90.66%. Analysis of variance (ANOVA) was applied to
experimental results. Percentage contributions of each factor for the extraction of nickel were
determined.

Key Words: Leaching, Lateritic ore, Nickel; Hydrochloric acid, Hydrogen peroxide; Taguchi method

Nikelin Lateritik Cevherden Hidrojen Peroksitli Hidroklorik Asit Cozeltisinde Coziindiiriilmesinin
Taguchi Yontemiyle Optimizasyonu

OZ: Nikelin lateritik cevherden hidrojen peroksitli hidroklorik asit ¢ozeltisinde ¢oziindiiriilmesinin
optimum kosullarinibelirlemek i¢in Taguchi optimizasyon yontemi kullanilmistir. Deney parametreleri
olarak, siire, karistirma hizi, sicaklik, hidroklorik asit derisimi ve hidrojen peroksit derisimi segilmistir.
Coziindiirme i¢in optimum kosullar, karistirma yapilmadan, 240 dakika li¢ siiresi, 70 °C sicaklik, 3 M
hidroklorik asit derisimi ve 0.1 M hidrojen peroksit derisimi olarak bulunmustur. Optimum kosullarda
yapilan deney sonuglari, nikelin lateritik cevherden ¢6ziindiiriilmesinin %90.66 oldugunu gostermistir.
Deney sonuglarina varyans analizi (ANOVA) uygulanmis ve her faktoriin nikel ¢éziindiiriilmesine olan
katkis1 belirlenmistir.

Anahtar Kelimeler: Lic, Lateritik cevher; Nikel; Hidroklorik asit; Hidrojen peroksit; Taguchi metodu
INTRODUCTION

Nickel is a widely used metal due to its chemical and physical properties, such as corrosion
resistance, alloying, electrical, thermal and catalyst properties. The main use area of nickel is the
production of stainless steel and alloys, other uses are electroplating and chemistry. Laterites are oxide
ores widely distributed in the equatorial regions. Lateritic nickel deposits occur during laterization,
namely, a weathering process of ultramafic rocks containing minerals such as olivine, pyroxene and
amphibole (Golightly, 1981). Ni-laterites can be classified in three main groups as oxide, hydrous silicate
and clay silicate deposits ( Golightly, 1981; Gleeson, etal., 2003; Brand et al., 1998; Sagapoa et al., 2011;
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Georgiou and Papangelakis, 1998). Nickel laterites constitute an important part of world reserves of
nickel. About 70% of the world’s nickel reserves occur from laterite deposits, the rest of sulphide
deposits (Elias, 2002; Landers et al., 2009; Soler et al., 2008). However, about 40% of the world's nickel
production is provided from lateritic ores (Gleeson, et al., 2003; Elias, 2002; Brand et al., 1998; Dalvi et al.,
2004). Nickel production from lateritic ores contains pyrometallurgical and hydrometallurgical processes
(Deepatana et al., 2006). Generally, pyrometallurgical processes (ferronickel and matte smelting) involve
drying, calcining/reduction and electric furnace smelting. However, hydrometallurgical processes canbe
applied as the Caron process, HPAL (High pressure acid leaching), AL (Atmospheric leaching) and acid
heap leaching (Dalvi ef al., 2004). In the literature, there are several studies related to lateritic nickel
leaching in different solutions using high pressure or atmospheric pressure (agitation or heap leaching).
The solutions used in these studies can be given as sulphuric acid (Georgiou and Papangelakis, 1998;
Agacayak and Zedef, 2012; Luo et al., 2010; Stopic et al., 2002; Ayanda et al., 2011; Rubisov et al., 2000;
Agatzini-Leonardou and Zafiratos, 2004; McDonald and Whittington, 2008a; Thubakgale et al., 2013;
Landers et al., 2009; Mohammadreza et al., 2014), hydrochloric acid (Ayanda et al., 2011; Park and Nam,
2008; Agacayak et. al., 2011; Olanipekun, 2000; Wang et al. 2012; Guo et al., 2015; McDonald and
Whittington, 2008b; Li et al., 2012), nitric acid (Agacayak and Zedef, 2013; Ayanda et al.,, 2011; Ma et al.,
2013), ammonia (Zhai et al., 2010; Chen et al., 2010; Zuniga et al., 2010), citric acid, oxalic acid and acetic
acid (Sahu et al., 2011; Behera ef al., 2010; Sukla and Panchanadikar, 1993, Kursunoglu and Kaya, 2015).
The main aim in leaching studies is to provide metal extraction with high recovery. Therefore,
optimization of leaching parameters is very important. Taguchi method is widely used in optimization
studies, both leaching studies and other scientific fields (Bese et al., 2010; Abali et al., 2006; Demir and
Donmez, 2008; Babaei-Dehkordi et al., 2013; Asl et al., 2015; Dogan and Yartasi, 2014; Copur, 2002; Abali
et al., 2011; Moghaddam et al., 2006; Ata et al., 2001; Safarzadeh et al., 2008; Ilyas et al., 2010; Zolfaghari et
al., 2011). One of the advantages of Taguchi method is to keep costs to a minimum level compared to
conventional experimental design methods and closer performance to the desired level. Another
advantage is to adapt optimum conditions obtained from laboratory studies to real production
conditions (Taguchi, 1987; Demir and Donmez, 2008; Donmez et al., 1998; Ata et al., 2001; Roy, 1995;
Safarzadeh et al., 2008).

The dissolution of lateritic nickel ore in hydrochloric acid solution with hydrogen peroxide was
investigated. As a result of the literature review, no study was found on the optimization of the
dissolution of lateritic nickel ore for this medium. Hence, it was aimed to determine optimum leaching
condition of lateritic nickel ore by Taguchi method.

MATERIAL AND METHOD
Lateritic nickel ore sample was taken from the Gordes (Manisa) region of Turkey. The sample used

was a typical limonitic laterite ore with high iron content. According to the mineralogic analysis, the
sample contains goethite, hematite and quartz. The XRD pattern of the sample was given in Figure 1.
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Figure 1. XRD pattern of the sample
First, the sample was ground to —212 um in order to use in the experiments. Then, the sample was
wet sieved to obtain different particle size fractions as —212+150, -150+106, -106+75 and -75+53 pm.

Nickel and iron contents were determined with Atomic Absorption Spectrophotometer (AAS). Nickel

and iron contents of each size fraction were given in Table 1.

Table 1. Nickel and iron contents of each size fraction

Particle size, pm Ni content, % Fe content, %
-212+150 1.05 36.01
-150+106 1.02 37.03
-106+75 1.00 36.40
-75+53 1.01 38.25

Leaching experiments were carried out in a 1 L glass vessel placed in a thermostatically -controlled
water bath. For the stirring process, Heidolph brand RZR 2021 model mechanical stirrer equipped with a
Teflon-covered propeller was used. For each experiment, 5 g lateritic nickel ore sample with a fraction
size of 75x53 um was used in 500 mL HCI+H20: solution. Taguchi method was used in the design of
leaching experiments. Experimental parameters wereapplied as stirring speed (0—600 rpm), temperature
(40-70 °C), HC1 concentration (0.5-3.0 M), 202 concentration (0.1-1 M) and leaching time (30-240 min).
At the end of leaching time, 5 mL solution was taken and diluted with distilled water to 100 mL in a
volumetric flask. The amount of Ni in the leaching solution was determined using a GBC mark SensAA
model flame atomic absorption spectrometer (AAS).

RESULT AND DISCUSSION
Taguchi Method and Optimization Studies

For optimizing a process by using Taguchi method, the design of an experiment involves the
following stages: selection of independent process parameters; determination of the number of levels for
the process parameters; selection of the suitable orthogonal array and assignment of the process
parameters; performing the experiments proper to the orthogonal array; calculation of the performance
characteristics; analyzing the data using the performance characteristics; determination of the optimum
levels of the process parameters; performing the confirmation experiment using the optimum process
parameters (Bese et al., 2010; Phadke, 1989; Abali et al., 2006). The change in the quality characteristics in
reply to a factor presented in the experimental design is the signal of the requested effect. The noise is
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the effect of external factors that were not designed in experiments on the outcome. The signal to noise
ratio (S/N) shows the sensibility of the quality characteristic to noise factors (Roy, 1995). Usually, three
different equations of S/N ratio were used depending on performance characteristics. These are, lower is
better, nominal is best and higher is better (Roy, 1995; Atil and Unver, 2000; Zolfaghari et al., 2011). The
aim of this study was to provide maximum metal extraction, “higher is better” which given in Equation
(1) was used,

1 1
S/N = —10log;, [;Z(EOMi)Z] o

where n is the number of repetitions of the experiments and EoM: (the extraction of metal) is the
result of the experiment. Experimental factors and their levels were given in Table 2. The orthogonal
array (OA) experimental design plan (Lis) was given in (Table 3). EoM: and EoM:show the extraction of
metal for the first and second leaching test, respectively. As seen from Table 3, the maximum S/N value
which obtained from test 10 was represented in bold. To investigate the optimum conditions, the
analysis of the means (ANOM) statistical method was used. For that reason, the mean of the S/N ratios
calculated and the mean of the S/N ratios of factor Iin level j, is given by Equation (2):

Table 2. Experimental factors and their levels

Factor Description Level 1 Level 2 Level 3 Level 4
A Leaching time (min) 30 60 120 240

B Stirring speed (rpm) 0 200 400 600

C Temperature (°C) 40 50 60 70

D Acid concentration (M) 0.5 1 2 3

E H20:2 concentration (M) 0.1 0.3 0.5 1

Table 3. Experimental results and Lis (45) plan table

Factor EoM (%) S/N
Test
A B C D E EoMz EoM:

Test1 30 0 40 0.5 0.1 24.23 24.80 27.79
Test2 30 200 50 1 0.3 25.67 26.42 28.31
Test3 30 400 60 2 0.5 30.93 30.95 29.81
Test4 30 600 70 3 1 57.04 62.37 35.49
Test5 60 0 50 2 1 27.96 31.09 29.37
Test6 60 200 40 3 0.5 26.94 31.21 29.20
Test7 60 400 70 0.5 03 29.23 31.15 29.58
Test8 60 600 60 1 0.1 30.40 30.93 29.73
Test9 120 0 60 3 0.3 49.92 51.74 34.12
Test10 120 200 70 2 0.1 60.97 62.41 35.80
Test11 120 400 40 1 1 28.58 28.56 29.12
Test12 120 600 50 0.5 05 29.33 29.05 29.30
Test13 240 0 70 1 0.5 48.38 48.50 33.70
Test14 240 200 60 0.5 1 33.75 3391 30.59
Test 15 240 400 50 3 0.1 56.44 57.04 35.08
Test16 240 600 40 2 0.3 32.75 32.45 30.26
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Level=i
For example, (M)gactor=1 , the mean of the S/N ratio of factor [in level i, is given by Equation (2):

nr

» 1 S Level =i
Dk = — [(—) ] @
ny; = N Factor =1 )i

s Level=i

In Equation (2), nii shows the number of views of factor Iin the level i. (E)Fﬂctm:f is the S/N ratio of factor

I'in level i, and its sequence of view in Table 3 is the jth. Subsequently, the values of the S/N ratio were
Level=i
transferred into Equation (2) and the mean of the S/N ratios of a certain factor in the ith level, (M)Factor—1 ,

was obtained (Table 4). As seen from Table 4, the bold values show the maximum of the mean of the S/N
ratios. Thus, it shows the optimum conditions for Ni extraction from lateritic ore.

Table 4. S/N ratio response table for Ni extraction

[/ ], onges,
Factor/Level
=1 j=2 j=3 j=4

Al 2779 2831 2981 3549 30.35
A/2 29.37 2920 2958 29.73 2947
A/3 3412 3580 29.12 2930 32.09
A/d 33.70 30.59 35.08 30.26 32.41
B/1 27.79 2937 34.12 33.70 31.24
B/2 2831 2920 35.80 30.59 30.98
B/3 29.81 2958 29.12 35.08 30.90
B/4 3549 29.73 29.30 30.26 31.20
Cc/1 27.79 2920 29.12 30.26 29.09
C/2 28.31 29.37 2930 35.08 30.52
C/3 2981 29.73 34.12 30,59 31.06
C/4 3549 2958 35.80 33.70 33.65
D/1 27.79 2958 29.30 3059 29.32
D/2 2831 29.73 29.12 33.70 30.22
D/3 29.81 2937 35.80 3026 3131
D/4 3549 2920 34.12 35.08 33.47
E/1 27.79 29.73 35.80 35.08 32.10
E/2 28.31 2958 34.12 30.26 30.57
E/3 29.81 2920 29.30 33.70 30.50
E/4 3549 2937 29.12 3059 31.14

Also, analysis of variance (ANOVA) statistical method was applied to experimental results to
investigate the effect of factors on Ni extraction. The percentage contribution of each factor, or, was
given by Equation (3).

__ SSp—(DOFpVEgy)

P =R X 100

®)
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In Equation (3), DOFr is produced by subtracting one from the number of levels. The total sum of
squares, the factorial sum of squares and the variance of error are symbolized as SSt, SSr and Vi,
respectively.

m n . 2
SSr = Z (Zl EoMi2> — mn(EoMT) 4)

j=1 Jj

In Equation (4), m and n represents the number of experiments and the number of repetitions,

respectively. EOM7 represents the average of total EoM.

SS—an FoM., — FoMy)
=7, (oM — Eotir) ®

In Equation (5), EoMi is the average value of the experimental results of a certain factor in the kth level.

The variance of error, Ve, is given by Equation (6):

SSt — XF=aSSp
mn—1) ©)

VEr =

Optimization Conditions

For optimization of nickel extraction from lateritic ore, 16 tests were performed according to
conditions given in Table2. By takinginto account the number of experimental repetitions and results of
metal extraction (EoM), the S/N ratios of each test condition were determined (Table 3). In Table 3, the

maximum S/N value was represented in bold. Subsequently, the S/N ratio values were transferred into
Level
Equation (2) and the mean of the S/N ratios were given in Table 4. (M)actor refers to result of the effect

of each level of each factor and the maximum values of these show the optimum conditions for nickel
extraction. As a result of this, optimum conditions were given in Table 5. As seen from Table 5, an
experiment was carried out to compare the results of test 10 and obtained optimum conditions.
Consequently, it was determined that the value of the S/N ratio of optimum conditions was greater than
the value of the S/N ratio of test 10. Additionally, the average of EoM rises from 61.69% to 90.66%. Each
level of each factor and corresponding the mean of the S/N ratio values which obtained from Table 4
were plotted and shown in Figure 2-6.

Table 5. The optimum condition for Ni extraction

A B C D E EoM: EoM: S/N
Test10 120 200 70 2 0.1 60.97 62.41 35.80
Optimization condition 240 0 70 3 0.1 89.60 91.71 39.15

Table 6. The average of the experimental results of a certain factor in the kth level and the average of
total EoM (EoMr) for Ni extraction

Level EoMj EoMy EoMy EoMy EoM, EoMr
Level 1 35.30 38.33 28.69 29.43 43.40 37.66
Level 2 29.86 37.66 35.38 33.43 34.92
Level 3 4257 36.61 36.57 38.69 34.41
Level 4 42.90 38.04 50.00 49.09 37.91
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Leaching time

Figure 2 shows theeffect of leaching time on the S/N ratio for extraction of nickel from lateritic ore in
hydrochloric acid solution with hydrogen peroxide. As seen from Figure 2, it was determined that the
optimum leaching time was 240 min. It may be concluded that an increase in time of the presence of ore
particles in solution causes to increase the extraction of nickel. Thus, the amount of metal ions dissolved

from particle that passes into solution increases with time.
33 -

32 - Optimum time

S/N ratio

29 T T T T T T T
0 30 60 90 120 150 180 210 240

Leaching time (min)

Figure 2. Effect of leaching time on the S/N ratio for extraction of nickel from lateritic ore

Stirring speed

In Figure 3, effect of stirring speed on the S/N ratio for extraction of nickel from lateritic ore in
hydrochloric acid solution with hydrogen peroxide was shown. As seen from Figure 3, it was
determined that no significant effect of stirring speed on the extraction of nickel. Thus, the optimum
condition was provided by no stirring. Although a kinetic investigation was not performed in this study,
it may be considered the negligible effect of stirring speed on extraction of nickel from lateritic ore could
stem from dissolution mechanism. Georgiou and Papangelakis (1998) expressed that stirring speed had
a negligible effect on the rate of nickel dissolution from limonitic laterite.

33 1

32 1 Optimum
stirring speed

2
3 S
2
175}
30 1
29 ; . . . : :
0 100 200 300 400 500 600

Stirring speed (rpm)

Figure 3. Effect of stirring speed on the S/N ratio for extraction of nickel from lateritic ore
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Temperature

The plot of the effect of temperature on the S/N ratio for the extraction of nickel from lateritic ore in
hydrochloricacid solution with hydrogen peroxide was shown in Figure 4. As seen from Figure 4, it was
determined that the optimum leaching temperature was 70°C. The extraction of nickel increased with an
increase in temperature of solution. As known, temperature increases reaction rate and equilibrium
constant. However, rapid decomposition of hydrogen peroxide occurs at higher temperatures
(Antonijevic et al., 1997; Mahajan et al., 2007).

34 -

Optimum temperature

30 40 50 60 70
Leaching temperature (°C)

Figure 4. Effect of temperature on the S/N ratio for extraction of nickel from lateritic ore

Acid concentration

Figure 5 shows the effect of acid concentration on the S/N ratio for extraction of nickel from lateritic
ore in hydrochloricacid solution with hydrogen peroxide. As seen from Figure 5, it was determined that
the optimum hydrochloric acid concentration was 3 M. The results presented in Figure 5 show that, S/N
ratio values increase as acid concentration increases. Aydogan (2006) and Antonijevic et al. (1997)
expressed that hydrogen peroxide shows oxidative action in acidic solutions.

34 1 Optimum acid
concentration

29 T T
0 1 2 3

Acid concentration (M)

Figure 5. Effect of acid concentration on the S/N ratio for extraction of nickel from lateritic ore
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H20:2 concentration

The plot of the effect of H2O2 concentration on the S/N ratio for extraction of nickel from lateritic ore
in hydrochloric acid solution with hydrogen peroxide was shown in Figure 6. As seen from Figure 6, it
was determined that the optimum H2O:2 concentration was 0.1 M. The results presented in Figure 6 show
that, S/N ratio values decreases as H2O2 concentration increases.

34 1
33 1
Optlmum H:O:
232 concentration
z
7 31 1
30 1
29 T T T T T
0.0 0.2 04 0.6 0.8 1.0

H,0; concentration (M)

Figure 6. Effect of H2O2 concentration on the S/N ratio for extraction of nickel from lateritic ore

Percentage of Contribution

In order to determine the percentage of the contribution of each factor, the average values of the

experimental results of a certain factor in the kth level (ﬁi) were obtained using EoMivalues in Table
3 and given in Table 6. After this, the factorial sum of squares, SSy, for each factor was calculated. The
total sum of squares, SSt, was determined. After this process, using SSr and SSt values, Vir was obtained.
Consequently, the percentage contribution of each factor, pr, was determined. All of the obtained values
were given in Table 7. As seen from Table 7, the importance order can be seen as; temperature, acid
concentration, leaching time, H2O2 concentration and stirring speed.

Table 7. Percentage contribution of each factor

Factor DOFr  SSr pr(%)  SSr Ver
Leaching time (min) 3 943.80 18.693  5048.95 1.96
Stirring speed (rpm) 3 13.57 0.269

Temperature (°C) 3 1912.98 37.889

Acid concentration (M) 3 1738.65 34.436

H:0: concentration (M) 3 408.64 8.094

Error 31.30 0.620

CONCLUSION

The optimum conditions of extraction of nickel from lateritic ore in hydrochloric acid solution with
hydrogen peroxide were determined by Taguchi method. The effects of some parameters (leaching time,
stirring speed, temperature, hydrochloric acid concentration and hydrogen peroxide concentration) on
extraction of nickel were investigated. The optimum conditions determined by Taguchi method were;
leaching time of 240 min, a temperature of 70 °C, hydrochloric acid concentration of 3 M, hydrogen
peroxide concentration of 0.1 M and without stirring. As a result of experimental results, it was
demonstrated that, extraction of nickel was obtained with a recovery of 90.66% in optimum conditions.
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In addition, analysis of variance (ANOVA) was applied to experimental results. Percentage
contributions of each factor for extraction of nickel were: temperature (37.889%), acid concentration
(34.436%), leaching time (18.693%), H202 concentration (8.094%) and stirring speed (0.269%). In point of
these results, the extraction of nickel is most dependent by temperature.
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ABSTRACT: In this study, dissolution kinetics of nickel from Gordes (Manisa-Turkey) lateritic ore by
sodium fluoride in sulphuric acid solution was investigated. The effects of stirring speed, sulphuric acid
concentration, sodium fluoride concentration and temperature on nickel extraction were examined. To
determine the dissolution kinetics of nickel in sulphuric acid medium under effect of sodium fluoride,
shrinking core model was applied to dissolution recoveries. As a result of kinetic studies, it was
determined that mixed kinetic model was appropriate. The activation energy (Ea) for the dissolution was
calculated as 41.24 kJ/mol.

Key Words: Dissolution kinetics, Lateritic ore, Nickel, Sulphuric acid, Sodium fluoride, Activation energy

Sodyum Floriir Etkisinde Siilfiirik Asit Lici ile Gordes (Manisa-Tiirkiye) Lateritik Cevherinden
Nikelin Coziinme Kinetigi

OZ: Bu calismada, sodyum floriir iceren siilfiirik asit ¢ozeltisinde Gordes (Manisa-Tiirkiye) lateritik
cevherinden nikelin ¢dziinme kinetigi arastirilmistir. Karistirma hizi, siilfiirik asit ve sodyum floriir
derisimi ve sicakligin nikelin ¢d6ztinmesine olan etkileri incelenmistir. Sodyum floriir etkisinde stilfiirik
asit ortaminda nikelin ¢dziinme kinetigini belirlemek i¢in elde edilen ¢oziinme verimlerine kiigiilen
cekirdek modeli uygulanmistir. Kinetik c¢alismalar sonucunda karisik modelin uygun oldugu
belirlenmistir. Nikelin ¢6z{inmesi i¢in aktivasyon enerjisi 41.24 kJ/mol olarak hesaplanmaistir.

Anahtar Kelimeler: Coziinme kinetigi, Lateritik cevher, Nikel, Siilfiirik asit, Sodyum floriiv, Aktivasyon enerjisi
INTRODUCTION

It is known that nickel was used in the production of coins at thousands of years ago. However, the
use of nickel in the metal industry is based on two centuries ago. Nickel was discovered and isolated as
an element by the Swedish scientist Axel Cronstedt in 1751 (Kamberovi¢ et al., 2014; Rezende, 2006).

Owing to its some properties, such as corrosion resistance, alloying, electrical, thermal and catalyst
properties, nickel is used as an important metalin producing of stainless steel and super alloys. Laterites
are oxide ores widely distributed in the equatorial regions. Lateritic nickel deposits occur during
laterization, namely, a weathering process of ultramafic rocks containing minerals such as olivine,
pyroxene and amphibole (Golightly, 1981). Ni-laterites can be classified in three main groups as oxide,
hydrous silicate and clay silicate deposits (Golightly, 1981; Gleeson, ef al., 2003; Brand et al., 1998;
Sagapoa et al., 2011, Georgiou and Papangelakis, 1998). It is known that nickel laterites are
approximately composed 70 % of the world nickel reserves. However, about 40 % of world's nickel
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production is provided from lateritic ores (Dalvi et al., 2004, Soler et al., 2008). The production of nickel
from lateritic ores includes pyrometallurgical and hydrometallurgical processes (Deepatana et al., 2006).
Pyrometallurgical and hydrometallurgical processes are given in Figure 1 for the recovery of nickel and
cobalt from the lateritic nickel ores.

Drying Drying High Pressure
Leaching
v v 7
Calcine/ Calcine/ ccD
Reduction Reduction D&

Neutralization

v !
Ammonical
Smelting Leaching Redesolution

v v v

v

Precipitation&

Refining or Purificationé Purificationé

Converting Recovery Recovery
FeNi or Matte Ni or Co Ni or Co
SMELTING CARON PROCESS HPAL

Figure 1. Pyrometallurgical and hydrometallurgical processes for lateritic nickel ore (Dalvi et al.,
2004).

In the literature, there are several studies related to lateritic nickel leaching in different solutions
using high pressure or atmospheric pressure (agitation or heap leaching). The solutions used in these
studies can be given as sulphuric acid (Georgiou and Papangelakis, 1998; Agacayak and Zedef, 2012;
Luo et al., 2010; Stopic et al.,, 2002; Ayanda et al., 2011; Rubisov et al., 2000; Agatzini-Leonardou and
Zafiratos, 2004; McDonald and Whittington, 2008a; Mohammadreza et al., 2014), hydrochloric acid
(Ayanda ef al,, 2011; Park and Nam, 2008; Agacayak ef al., 2011; Guo et al., 2015; McDonald and
Whittington, 2008b; Li et al., 2012), nitric acid (Agacayak and Zedef, 2013; Ayanda et al., 2011; Ma et al.,
2013), ammonia (Zhai et al., 2010; Chen et al., 2010; Zuniga et al., 2010), citric acid, oxalic acid and acetic
acid (Sahu et al., 2011; Behera ef al., 2010; Sukla and Panchanadikar, 1993; Kursunoglu and Kaya, 2015).
In the present work, to investigate the effects of parameters such as stirring speed, sulphuric acid
concentration, sodium fluoride concentration and temperature on the leaching of nickel from a limonitic
laterite ore and to describe dissolution kinetics of nickel was aimed.

MATERIAL AND METHOD

The lateritic nickel ore used in this study was obtained from Manisa (Gordes) region in Turkey. The
sample was ground and wet sieved into three particle size fractions (-150+106, -106+75 and -75+53 um)
for the experiments. Nickel and iron contents of each size fraction were given in Table 1.

Table 1. Nickel and iron contents of each size fraction.

Particle size, Ni % Fe %
pm
-150+106 1.02 37.03
-106+75 1.00 36.40
-75+53 1.01 38.25
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An XRD analysis was carried out to find the mineralogic composition of the laterite ore. The main
minerals were determined as goethite, hematite and quartz. XRD pattern of the sample was given in
Figure 2.
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Figure 2. XRD pattern of the sample.

The nickel leaching experiments were conducted in a 1000 mL vessel in a thermostatically-controlled
water bath using 5/500 g/mL solid-liquid ratio. Since Ni and Fe contents of each size fraction of the
lateriticore were almost same, -150+106 um particlesize fraction was used in the experiments. The leach
solution was stirred by Heidolph brand RZR 2021 model mechanical stirrer with teflon lined impeller.
Amount of the nickel in the solution was measured using flame atomic absorption spectrophotometer.

RESULT AND DISCUSSION
Effect of Parameters

The effect of variables such as stirring speed, sulphuric acid concentration, sodium fluoride
concentration and leaching temperature on Ni extraction was investigated. The effect of stirring speed
on the nickel extraction from lateritic nickel ore was investigated in 0.5 M H2SO4++0.3 M NaF solution at
50 °C in the range of 0-600 rpm stirring speed for 180 min. The experimental results were shown in
Figure 3a. It was observed that the dissolution increased as the stirring speed increased. Therefore, 600
rpm was selected as optimum stirring speed to investigate the effect of other parameters on dissolution
of nickel. To determine effect of the sulphuric acid concentration, leaching experiments were done using
different sulphuric acid concentrations under effect of 0.3 M sodium fluoride at 50 °C. The experimental
data were presented in Figure 3b. As shown from Figure 3b, nickel extraction increases with increasing
leaching time and sulphuric acid concentration. To determine effect of sodium fluoride concentration,
leaching experiments were carried out using different sodium fluoride concentrations at 50 °Cin 0.5 M
HoSOs. Figure 3c shows the effect of sodium fluoride concentration on the nickel dissolution. As shown
from Figure 3¢, nickel extraction increases with increasingsodium fluoride concentration. Thus, it can be
concluded that some of nickel in the lateritic ore could be in silicate structure. Harouiya and Oelkers
(2004) and Mitra and Rimstidt (2009) reported dissolution of quartz in fluoride solutions. Lateritic nickel
ore was leached at different temperatures (40-80 °C). The obtained results were presented in Figure 3d.
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The nickel extraction recovery increased for 3 hours of leaching time from 30.89% to 72.63% for 40 °C
and 80 °C, respectively.
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Figure 3. Effects of parameters on the nickel extraction
Kinetic Models and Determination of Activation Energy

The kinetic of dissolution reactions is often described by the shrinking core model. According to the
shrinking core model, it is thought that the reaction between solid and fluid reactants takes place on the
outer surface of solid (Levenspiel, 1999).

aAfiid + bearticle — Product (1)

Therefore, chemical reaction model, diffusion model and combination of both chemical control and
diffusion model (mixed model) were investigated in this work. The dissolution of Ni from the lateritic
nickel ore can be explained by a shrinking core model which can be expressed as follows (Habashi 1969;
Levenspiel, 1999; Ekmekyapar et al., 2003):



Dissolution Kiretics of Nickel from Gordes (Manisa-Turkey) Lateritic Ore by Sulphuric Acid Leaching 357
under EffectofSodiumFluoride

if thereaction is controlled by surface reaction,

1-(1-0t)3=kst 2)
if thereactionis controlled by film diffusion,

1-(1-a )23 =kit @)
if thereaction is controlled by diffusion from product layer
1-2/3a-(1-a)23=kat “4)
if thereaction is controlled by combination of both chemical and diffusion
1-2(1-a)3+(1-0t23=Kkmt )
where o is the fraction reacted, ¢ is the reaction time, ks, k¢, kaand km are the rate constants. In this study,

shrinking core model was applied to the dissolution recoveries obtained at different temperatures. Plots
of the shrinking core model for various temperatures of Ni extraction were given in Figure 4.
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Figure 4. Plots of the shrinking core model vs leaching time for different temperatures.
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Apparent rate constants (k) at different temperatures wereobtained from the slope of the linear plots

in Figure 4 for nickel. The correlation coefficients and apparent rate constants for each temperature were

given in Table 2.

Table 2. Values of ks, k¢, k4, km and correlation coefficients for different temperatures.

Surface Reaction Film Diffusion
1'(1'0()1/3 1-(1- a)2/3
Temperature °C
Apparent rate Correlation Apparent rate Correlation
constant (ks)x103 coefficient, constant (ks)x103 coefficient,
(R?) (R?)

40 0.49521 0.94 0.91549 0.94

50 0.88494 0.99 1.49352 0.98

60 1.21441 0.91 1.97425 0.89

70 1.01943 0.80 1.59097 0.78

80 0.98306 0.86 1.43322 0.84
Diffusion from Mixed Model
Product Layer 1-2(1-a)3+(1-c)??

Temperature °C 1-2/3a -(1-a0)*?
Apparent rate Correlation Apparent rate Correlation
constant (ks)x103 coefficient, constant (ks)x103 coefficient,
(R?) (R?)

40 0.20633 0.99 0.07493 0.99

50 0.69124 0.99 0.27635 0.99

60 1.08712 0.97 0.45456 0.98

70 1.03451 0.84 0.44789 0.86

80 1.15299 0.90 0.53290 0.92

These results indicate that the dissolution of nickel is combination of both chemical and diffusion
controll. The application of the mixed model is shown in Figure 4d. Equation [5] is applied to the data
obtained at each temperature to determine the rate constants used in the Arrhenius plot (Figure 5). The
activation energy was calculated as 41.24 kJ/mol. The dissolution of nickel from lateritic ore in sulphuric
acid solution was reported to be controlled by chemical or diffusion from product layer by different
authors. In these studies, activation energies were given as 53.9 kJ/mol (Luo et al.,, 2010), 68.66 k]J/mol
(Agacayak and Zedef, 2012), 60.00 kJ/mol (Stopic et al., 2002) and 67.53 kJ/mol (Ayanda et al., 2011).
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Figure 5. Arrhenius plot of data presented in Fig. 4d.
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CONCLUSION

The contents of the lateritic nickel ore and dissolution kinetics results of nickel from the lateritic
nickel ore were given as follows: The nickel and iron contents of the ore used in the experiments were
determined as 1.02% and 37.03%, respectively. According to XRD results, the main minerals were
determined as goethite, hematite and quartz. Dissolution kinetics of nickel from Gordes (Manisa-
Turkey) lateritic ore using sodium fluoride in sulphuric acid solution was investigated. Experimental
parameters used were stirring speed (0—600 rpm), temperature (40-80 °C), sulphuric acid concentration
(0.1-0.5 mol/L), sodium fluoride concentration (0-0.5 mol/L) and particle size (-150+106 um). It was
found that the dissolution rate increased with an increase in the leaching temperature, stirring speed,
sulphuric acid and sodium fluoride concentration. In order to determine the dissolution kinetics of Ni,
shrinking core model was applied to dissolution recoveries obtained at different temperatures. It was
determined that, nickel dissolved in sulphuric acid solution under effect of sodium fluoride from the
lateritic nickel ore by combination of both chemical and diffusion control (mixed model). Activation
energy (Ea) was calculated for Ni as 41.24 kJ/mol.
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OZ: Yeralti komiir madenciliginde termal konfor, is verimliligine ve calisanlarin saghigina etki eden
onemli bir faktor olmasina ragmen daha az dikkat ¢ekmektedir. Termal konfor, giiniimiizde yeralt1
komiir ocaklarinin daha derinlere inmesiyle, artan sicakliga bagl olarak 6nemini daha da artiracaktir.
Bu ¢alismada, linyit komiirii {iretimi yapan bir yeralt: ocaginda termal konfor sartlarina bagl olarak
ocak ortaminin c¢alisanlara zararli etkileri arastirilmistir. Yapilan Ol¢iimler sonucunda; c¢alisma
ortamlarinin PMV (Predicted Mean Vote) degerleri hesaplanmistir. Olgiimlerin yiiriitiildiigii yeralt:
ocaginda asir1 sicak ve asir1 soguk bolgelerin olmadig goriilmiistiir. Sonug olarak termal konforun
calisanlarin sagligina zarar vermeyecek diizeyde olmasi i¢in alinacak tedbirlerden bahsedilmistir.

Anahtar Kelimeler: Yeralt: kémiir madenciligi, Is sagligi ve giivenligi, Termal konfor.

Investigation of Thermal Comfort Conditions in an Underground Lignite Coal Mine

ABSTRACT: Although thermal comfort in underground coal mining, is a major factor affecting the
health of the occupants and the work productivity, it attracts less attention. The idea of thermal comfort
will increase its significance today as the underground collieries exploit the deeper reserves depending
on the temperature also increasing in parallel with the geothermic gradient.

In the present work, the detrimental effect of the temperature of the mine air on the mine workers
depending on the thermal comfort conditions in underground collieries was investigated. The factors
influencing the thermalload and the climatic conditions in underground working places were discussed.
It was seen that the changes in the mine environment caused by these factors adversely affect the mine
workers. The precautions to be taken for the maximum comfort level for the occupants were also
mentioned. The rules and the standards to be obeyed when taking the measurements for the thermal
comfort were additionally given.

Keywords: Underground coal mining, Occupational health and safety, Thermal comfort.
GIRIS (INTRODUCTION)

Diinyadaki hammadde ve enerjiihtiyacinin yiikselisi, komiir tiretiminin artmasina sebep olmustur.
Giiniimiizde agik ocak komiir madenciligine uygun rezerv miktar1 azalmistir. Artan enerji ihtiyacini
karsilamak amaciyla yeralt:1 komiir madenciligi daha fazla 6nem kazanmigtir. Ayni derinlikte metal
madenciligine oranla, kémiir madenciliginde maruz kalinan sicaklik daha fazladir (Giiyagiiler, 1988).

ASHRAE 55 Standardina gore termal ¢evreden memnun olma durumuna termal konfor denir. Diger
bir ifade ile termal konfor; galisanlarin psikolojik, fizyolojik, kiiltiirel ve sosyal durumlarini olumsuz
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etkilemeyecek ve calisanlarirahatsiz etmeyecek sekilde olmalidir. Isletmede galisilan ortamda kullanilan
sogutucu ve 1siticilar, galisanlarin saghigini olumsuz etkilemeyecek sekilde yapilmalidir. Isyerinde
caliganlarin bulundugu ortamlarin tiimii termal konfor sartlaria uygun olmalidir (IBEASGOIY, Yén.,
2013).

Insanin, viicudu ve bulundugu ortamin 1s1l dengede olmasi gerekir. Isil dengenin saglanabilmesi
i¢in deri nemliliginin ve ¢alisanlarin viicut sicakliginin degiskenliginin az olmas1 gerekmektedir (Ekici,
2013).

Yeralt1 linyit ocaginda calisanlarin termal konforlarinin degerlendirilebilmesi i¢in bagil nem, hava
hizi, metabolik oran ve giysi yalitim katsayisi birlikte degerlendirilmelidir. Uretimdeki verimliligin
saglanmas1 igin gerekliliklerden biride termal konfor sartlarinin saglanmasidir. Termal konfor
saglanmadig1 durumlarda, sakatlanmalar, meslek hastaliklari ve is kazalar1 artmaktadir (Ergun, 2007;
Giiyagiiler, 2005).

ILO 2011’de belirtildigi gibi yeralt: linyit ocaginda termal konfor i¢in tehlike sebepleri; 1s1 ve nemin
asir1 yiiksek ve asir1 diisiik oldugu durumlar, ¢alisanlarin maruz kaldig yiiksek hava hizi, ¢calisma
esnasinda giyilen elbiseler ve yapilan isin yiikiidiir.

Bu ¢alismada, bir yeraltilinyit ocaginin 9 farkli ¢calisma bolgesinde dlgtimler alinmis ve standartlara
gore termal konfor sartlariincelenmistir.

TANIMLAR (DEFINITIONS)
Termal Konfor Sartlar1 (Thermal Comfort Conditions)

Calisanlarin  bulundugu ortamda termal konfor sartlarinin ifade edilmesi igin 6 faktor
kullanilmaktadir. Bunlar;hava hizi, nem, hava sicakligl, radyant 1s1, metabolik oran ve giysi yalitimidir.
Bu faktorler zamana bagh olarak degisiklik gostermektedir. Bu sebeple c¢alisanlarin ortama uyum
saglamalar1 gerekeceginden dlciimlere baglamadan bir saatlik siirenin gegmesi gerekmektedir (Imanci,
2014). Ozellikle yeraltimaden ocaklarinda termal konforu etkileyen sartlara baktigimizdaisi kaynaklari,
nem, hava hizi ve komiir ocaklar1 icin kendiliginden yanmanin 6ne ¢iktig1 goriilmektedir.

Yeralt Maden Ocaklarinda Termal Konfor Sartlarini Etkileyen Faktorler (Factors Affecting Thermal
Comfort Conditions in Underground Mines)

Is1 kaynaklar1 (Heat sources)

Yeralt1linyit kdmiir ocagindaki 1s1yiikii, havalandirma sistemiicinde olusan 1s1 nakillerinin toplami
olarak tanimlanmaktadir. Is1 yiikii hesaplanirken linyit ocagmin bir boliimii goz éniine alinabilir. Iklim
sartlar1 ve 1s1 yiikiine sebep olan etkenler; tabaka ve kayaglarin hareketi sonucu agiga ¢ikan 1s1, gevre
kayaglarin ve nakledilen cevherin yaydigi 1s1, ¢alisanlarin metabolizmasinin ve makinelerin yaydigi 1s1,
patlatmalar esnasinda ategleme yapilirken sebep olan 1s1, yeralt: ¢atlaklarindan sizan 1s1 ve su gelirine
bagli nem artisidir (Onder ve Sarag, 2003).

Nem (Humidity)

Yeralt1 ve yeriistii su kaynaklari yeralt: ocaklar: i¢in 6nemli tehlikelere sebebiyet vermektedir.
Ozellikle tiretilen maden, komiir ise sorunlar daha biiyiik olmaktadir. Berkowitz; “Yanma kuru ve nemli
komiir ara ylizeylerinde olusmaktadir. Islanma ile olusan 1s1, 1slanmis yiizey ile dogru orantilidir ve
komiiriin nem igerigi kapasitesinin bir fonksiyonudur” ifadesiyle nemin yeraltinda yanginlara sebebiyet
verdigini agikca sdylemektedir (Berkowitz, 1979).

Bununla beraber tabii ki ocak icerisindeki havanin fazla nemlenmesi sonucu termal konfor sartlar:
da bozulmaktadir. Ciinkii nem miktarinin artmasi ile birlikte ortamda hissedilen sicaklik artis gosterir.
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Hava hiz1 (Air velocity)

Yeralt1 maden ocaklarinda havalandirma; dogal ve mekanik havalandirma olmak {izere iki sekilde
saglanir. Maden Isyerlerinde Is Saglig1 ve Giivenligi Yonetmeliginde (2013), yeralti ocaklarinda hava
hizinin 0,5-8,0 m/sn arasinda olmasi gerektigi belirtilmektedir. Burada 6zellikle bilinmesi gereken husus,
ocagin hicbir yerinde durgun havanin olusmamasini saglamaktir. Boylece; zararli gazlarin
uzaklagtirilmasi, gerekli hava miktarmnin temini vb. hususlar dikkate alinarak uygun ocak iklimi
saglanmis ve boylece ¢alisanlar igin; uygun termal konfor ortami saglanmis olacaktir (MIISGY, 2013).

Komiiriin kendili§inden yanmasi1 (The spontaneous combustion of coal)

Koémiir ocaklarinda ocak havasinda bulunan oksijeninin bir kism1 kémiir ytiizeyi tarafindan absorbe
edilir. Bu oksitlenme olay1 sonucu CO, CO2 ve st agiga ¢ikar. Agiga ¢ikan bu 1sinin havalandirma akimi
ile atilmamas1 veya 1s1 liretim hizinin havalandirma sogutma hizindan yiiksek olmasi durumunda,
sicaklik giderek artacak ve galisanlar i¢in uygun olmayan termal konfor sartlari ortaya ¢ikar (Saltoglu,
1983).

MATERYAL VE YONTEM (MATERIAL AND METHOD)
Materyal (Material)

Olgiimleri alinan yeralti ocag1, tam mekanize sistemle komiir {iretimi yapilan bir ocaktir. Ocakta gift
tamburlu kesici yiikleyici ile {iretim yapilmaktadir. Galerilerin a¢ilmasinda ise galeri agma makinesi
kullanilmaktadir. Tahkimat, su atimi, taban taramalar: vb. islemlerde gorev alan personel bedenen
calismaktadir. Ocakta, CHs ve CO problemleri bulunmamaktadir (CH4ort=0,06, COort=5 ppm). Ocakta
iretilen linyit komiiriiniin ortalama kalorisi 3000-3500 Kcal/kg civarindadir. Kendiliginden yanma olay1
ocak havalandirmasinin yeterli olmas1 ve su gelirinin kontrol altinda tutulmasindan dolay1 yapilan
sicaklik ve CO olgiimlerinde kendiliginden yanma tespit edilmemistir.

Yontem (Method)

Termal konfor oOl¢limleri; 6zel problar (sicaklik, nem ve hava hizi) ile donatilmig DELTA OHM
WBGT 32.3 termal konfor 6l¢iim cihaziyla, 08:00-16:00 vardiyasi siiresince yapilmis ve ortalamalari
alinmigtir. Giysi 1s1l direnci ve metabolizma orani ¢alisma yeri goz oniine alinarak ASHRAE 55
standardina gore kabul edilmistir (Cizelge 1, Cizelge 2).

Cizelge 1. Cesitli Giysi Tiirleri ve Yalitim Katsayilar1 (fmanci, 2014; ANSI - ASHRAE 55 - 2010)
Table 1. Typical garment clo-value

Kiyafet Yalittim Katsayzisi, Icl (clo*) Kiyafet Yalittim Katsayzsi, Icl (clo)
Pantolon, kisa kollu gémlek 0,57
Pantolon, uzun kollu gomlek 0,61
Pantolon, uzun kollu gémlek, ceket 0,96
Diz uzunlugunda etek, kisa kollu gémlek 0,54
Ayak bilegi uzunlugunda etek, uzun kollu 1,1
gomlek, ceket

Etek / Elbise 0,54-1,10
Sort 0,36
Onliik / Tulum 0,72-1,37
Spor Kiyafetleri 0,74

*1 clo =0.155 m2K/W
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Cizelge 2. Bazi Isler Icin Metabolizma Oranlari (ANSI - ASHRAE 55 - 2010)
Table 2. Metabolic rates of different activities
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Aktivite Metabolik Oran (W/m?) Metabolik Oran (met*)
Yiiriime 115-220 2,0-3,8
Ascqlik 95-115 1,6-2,0
Ev temizleme 115-200 2,0-3,4
Makine Kullanilarak Yapilan igler

Testere ile yapilan isler 105 1,8

Hafif isler (6r. Elektrik end.) 115-140 2,0-24

Agir isler 235 4,0
Agir yiik kaldirma (50 kg) 235 4,0
Kazma, kirma isleri 235-280 4,0-4,8

1 met = 58,2 W/m?

Yeralt1 ocagindan alinan dlgtimler, TS EN 27243, TS EN ISO 7730 standartlar1 ve ASSHRAE 55’den
almis oldugumuz verilerle, Fanger modeline gore degerlendirmeye tabi tutulmustur. Bu modelde, PMV
Esitlik 1’de tanimlanmaistir (Fanger, 1972; TS EN ISO 7730, 2006).

PMV =[0,303 x exp (-0,036 x M) + 0,028] x

(M-W)-3,05 x 10-3x [5,733 = 6,99 x (M-W) — pa] — 0,42 x [(M-W) - 58,15] - 1,7 x 105 x M x (5,867-pa) — 0,0014
X M (34-ta) — 3,96 x 108 x for x [(tc+273)t — (& + 273)] — fer x he X (tei - ta)

Burada, M = metabolik hiz (kcal / saat)

Apu = DuBois (viicut yiizey) alani (m2)

1 = mekanik verimlilik

Pa=ortam havasindaki buhar basinct (mmHg)
ta=ig ortam hava sicaklig (° C)

fa = giyinmis gdvdenin yiizey alaninin, ¢iplak viicudun yiizey alanina orani
ta = giyinmis viicudun dis yiizeyinin ortalama sicakligi (° C)

tmrt = ortalama 151n sicakligy (° C)

hc = konvektif 1s1 transfer katsayisi (kcal / saat m2° C).

PMV degerinin yorumlanmas: Cizelge 3’de verilmistir. Bu sonuglara gore; ortamin termal
konforunun uygun ya da uygun olmadigindan bahsedilebilmektedir (TS EN ISO 7730).

Cizelge 3. Yedi nokta 1s1l duyum 0lcegi (Fanger, 1967).
Table 3. Seven-point thermal sensation scale

PMV Anlam Yorum

+3 Asiri sicak Bunaltici ve tolere edilemez
+2 Sicak Cok sicak

+1 Hafif sicak Tolere edilebilir, sicak

0 Notr Konforlu

-1 Hafif serin Tolere edilebilir, serin

-2 Serin Cok serin

-3 Soguk Tolere edilemez, soguk

Ekici'nin 2013’de belirttigi gibi; Fanger metodu asagidaki sekilde uy gulanmustir.

1. Hava sicakligl, bagil hava hizi ve bagil nem degerleri dl¢iilmiistiir.
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2. Metabolizma hizi TS EN 27243’den secilmistir. Mekanik verim degerleri Fanger’in (1972) verdigi
tablodan sec¢ilmistir.

3. Ortam havasindakibuhar basinci (pa); Parsons’un (2005) formiiliinden hesaplanmistir (pa doymus
buhar basincinin bagil nemle ¢arpilmasi ile bulunmaktadir).

4. Kiyafet 1s1l direnci degerleri (clo) ASHRAE 55’de bulunan tablolardan segilmistir.

5. Kiyafet yiizey sicakligi ve hc degeri Fanger’in (1972) olusturdugu tablodan segilmistir.

6.1k 5 adimda bulunan degerler denklemde yerine konularak PMV degeri elde edilmistir.

Linyit ocagmnin termal konfor sartlarinin degerlendirilmesinde, ASHRAE 55 standard: temel
almarak olusturulan, Berkeley Universitesi Yapisal Cevre Merkezi tarafindan hazirlanan internet
araytizlii termal konfor programi kullanilmistir.

BULGULAR (RESULTS)
Koémiir ocaginda, yerinde alinan 6l¢iimler sonucunda hava hizi, ¢alisma sicakligl ve nem degerleri
elde edilmistir. Giysi 1s1l direnci ve metabolik oran ¢alisma yeri goz 6niine alinarak ANSI-ASHRAE 55-

2010 standardina gore kabul edilmistir (Cizelge 4).

Cizelge 4. Termal konfor 6l¢iim ve kabul degerleri
Table 4. Thermal comfort measurement and acceptance values

Giysi Isil  Metabolik

Konum Hava Hiz1 Calisma Nem (%) Direnci Oran

(m/sn) Sicaklig1 (°C) Idl (clo) (met)
Desandre 1 1,61 10,4 52 0,96 2,0
Desandre 2 1,79 23,1 91 0,96 2,0
Alt taban yolu 1 0,86 13,5 66 0,96 4,0
Alt taban yolu 2 0,58 25,3 54 0,96 4,0
Alt taban yolu 3 0,79 18,4 72 0,96 4,0
Ust taban yolu 1 0,60 25,0 76 0,96 4,0
Ust taban yolu 2 1,99 24,8 81 0,96 4,0
Kilavuz 1,15 24,2 78 0,96 4,0
Arin 0,57 25,0 87 0,96 4,0

Bu bolgelerin hesaplanan PMV degerlerine ait degerler Cizelge 5’de verilmistir.

Cizelge 5. PMV degerleri
Table 5. PMV values

Bolge PMV
Desandre 1 -1,71
Desandre 2 0,44
Alt Taban Yolu 1 0,30
Alt Taban Yolu 2 2,41
Alt Taban Yolu 3 1,24
Ust Taban Yolu 1 2,59
Ust Taban Yolu 2 2,07
Kilavuz 2,20
Arin 2,07




Yeralt Linyit Ko miir Madeninde Termal Konfor Sartlarmin Incelenmesi 367

9 bolgeye ait termal konfor sartlar1 hesaplanmis ve Sekil 1’de verilmistir.

Desandre 2

At Taban Yolu 1 0

Nem orani (gwkges)
Hem eran: (gukga)
Nem orani (gukges)

10 12 14 16 18 20 2 24 2% 28 0 R X
Kury hazne sicakiis (°C)

0 1z 1¢ 1 18 @ 2 22 2 28 W 2 M 0 12 14 16 8 20 2 24 % 8 30 2 M
Kuru hazne sicaki () Kuru hazne sicakli ()

Alt Taban Yolu 2 “ Al Taban Yolu 3 ] Ust Taban Yolu 1 30
2 / %

A

%

3
Nem orant (gw/kgas)
&
Nerm oran: (gukgas)
Nem orant (gukgss)

5 10 12 1 16 18 20 2 24 26 28 I R M

0 12 14 %6 18 B 2 4 % B N R M B 0oRoe e 2 28w
Kuru hazne sicakiis (°C)

Kuru hazne sicaki (C) Kury hazne sicakiig (°C)

(st Taban Yolu 2

Nem orani (gukga)
Nem orani (guhgas)
Nem orani (gaKga)

10 12 4 16 18 20 2 24 26 28 0 32 M 0 12 % 16 18 0 2 24 % B W R M 0 12 1 16 18 20 2 24 2% 2B N R M4 I
Kuru hazne sicakhs (°C) Kur hazne sicakifs (°C) Kuru hazne sicakii (°C)

Sekil 1. Linyit ocagindaki termal konfor grafikleri
Figure 1.Thermal comfort chart in lignite mines

Bu sonuglara gore desandre2 ve alt taban yolu 1 konforlu bdlge igerisine girmektedir. Calisanlar igin
desandre 1’de tolere edilebilir serin ve alt taban yolu 3’de tolere edilebilir; sicak ortam vardir. Alt taban
yolu 2, iist taban yolu 1-2, kilavuz ve arinda ise ¢ok sicak bir ¢alisma ortami bulunmaktadir ki bu da
konforsuz bir ¢alisma ortamidir.

SONUCLAR (CONCLUSIONS)

Yeralt1 linyit ocaginda alinan 6lgtimler ve yapilan PMV hesaplamalari sonucunda; desandre 1'de
alinan verilere bakildiginda ortam sicakliginin (10,4 °C) olmas1 PMV degerini eksiye diislirmiistiir. Hava
hiz1 ve nem degerlerinin uygun olmasi ise tolere edilebilir serin bir ortam olusturmustur.

Desandre 2’de nem oraninin yiiksek olmasina ragmen, hava sicaklig1 ve hava hizinin termal konfor
sartlar1 i¢in uygun aralikta olmasi nedeniyle PMV degeri 0,44 bulunmustur. Bu da $Sekil 1’de goriildiigii
tizere termal konfor bolgesi icinde kalinmasina olanak saglamistir.

Alt taban yolu 1’de ortam sicakliginin diisiik olmasina ragmen diger sartlarin uygun olmasi ve
¢alisan insan viicudunun serin havay1 tolere edebilmesi dolayisiyla PMV 0,30 ¢ikmis ve termal konfor
bolgesi iginde kalinmasini saglamaistir.
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Alt taban yolu 2'de sicakli§in alt taban yolu 1’den yiiksek olmasi ve hava hizinin ise diisiik olmas:
ile ortam konforsuz bolgeye girmektedir. Alt taban yolu 2’de olusan, taban kabarmalar1 ve kesitin
bozulmas: da etkenlerdendir.

Alt taban yolu 3’de ise, sicakligin diismesi, nemin artmasi ve alt taban yolu 2’ye gore nispeten hava
hizinin da artmasz ile tolere edilebilir serin bir ortam olusmasina sebep olmustur. Bu ise konforlu
sayilabilecek bir ortamdir.

Ust taban yolu 1’de nem ve sicakligin normal degerlerde olmasina ragmen hava hizinin diisiik
olmas1 ortamin termal konfor smirlarinin disina ¢gikmasina sebep olmustur.

Ust taban yolu 2, hava hizi ve sicakligin normal ama nemin %80'in iizerine cikmast ile termal konfor
sartlari saglanamamaktadir.

Kilavuz galerisinde ise; nemin kritik seviyeye yaklasmasi ile Fanger’in vermis oldugu ¢izelgede de
goriilecegi {izere ¢ok sicak ortam olusmustur. Bu da ¢alisanlar igin tolere edilemeyecek seviyede
konforsuz bir alan demektir.

Arinda beklendigi tizere, calisan tamburlu kesicinin piiskiirtmiis oldugu suyun etkisi ile ortamda
nem orani %87’ye ¢ikmistir. Sicakligin normal bir seviyede olmasina ragmen, hava hizinin da yeraltinda
miisaade edilen en diisiik hiz olan 0,5 m/sn’ye yaklasmasi ile kilavuz galerisinde oldugu gibi ¢ok sicak
bir ortam olusmustur.

Bu calisma bize, sadece sicaklik degerlerinin 6l¢iilmesinin galisilan ortamin termal konforuna karar
verilmesindehatali olacagini gdstermistir. Sicaklikla beraber, hava hizi, nem, metabolik oran ve giysi 1s1l
direnglerinin de hesaba katilmasi gerektigini gostermektedir.

Ocakta termal konfor agisindan problemli bolgelerde, nem ve hava hizi sorununun oldugu
goriilmektedir. Esasinda ocak igerisinde hi¢bir bolgede yonetmelikte bildirilen 0,5-8,0 m/sn hava hiz1
araliginin disina ¢ikilmamaktadir (MIISGY, 2013). Buna ragmen alt taban yolu 2, iist taban yolu 1 ve
arinda hava hizlarinin 0,5 m/sn limitine yaklasmasindan dolay:r ortamda termal konfordan
bahsedilememektedir. Bu bolgelerde ek havalandirma sistemleri (vantiip vb) konularak sorun
¢oziilebilecegi diistiniilmektedir. Ayrica ¢alisanlarin metabolik oranlarini diisiirerek de (is yiikiinii
azaltmak vb.) sorun asilabilir.

Nem problemi, su gelirinin fazla oldugu, kilavuz galerisi ve arinda kullanilan makinelerin
piiskiirtmiis olduklar1 suyun havada nem oranini yiikseltmesi sonucu olusmustur. Bu bolgelerde
calisanlara gerekli olan kisisel koruyucu donanimlar verilerek sorunun asilabilecegi diisiiniilmektedir.

Ocakta calisanlar tarafindan kullanilan kiyafetlerin giysi 1s1l direnci 0,96 clo’dur. Termal konforun
saglanamadigy, sicak bolgelerde, giysi 1s1l direnci 0,61 clo olan is kiyafetleri tercih edilmelidir.
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ABSTRACT: In this study, analytical and Artificial Neural Network (ANN) models’ output of the
discharge value, passing over Ogee Spillways, were compared. For this aim, a flume having 7.5 cm
width, 15 cm depth and 5 m length, was used in the laboratory. Discharge values above the spillway
were measured for different heads. Discharge values were also computed by the formula for the
measured heads. An ANN model was set by using the experimental results in order to estimate the
discharge value. So, the performance of the ANN model was investigated. As the result, it was seen that
ANN model produced very successful output.

Key Words: Discharge, Ogee spillway, Artificial neural networks

Ogee Tipi Dolusavaklarin Uzerinden Gegen Akim Verilerinin Analitik ve Yapay Sinir Aglar1 Modelleri

OZ: Bu galismada Ogee tipi baglamalar iizerinden gegen debilerin analitik ve yapay sinir aglari model
sonuglar1 karsilastirilmistir. Bunun igin 7.5 cm genisliginde, 15 cm yiiksekliginde ve 5 m uzunlugunda
bir acik kanal diizenegi kullanilmistir. Kullanilan diizenekte farkli savak yiikleri gegmesi durumunda
debiler odlgiilmiis ve bu debiler formiil kullanilarak da hesaplanmistir. Ayrica deneyden elde edilen
sonuglar ile yapay sinir aglar1 modeli kurularak debiler tahmin edilmis ve modelin performanst
arastirilmistr. Elde edilen sonuglara gore yapay sinir aglar1 modeli oldukca tatmin edici sonuglar
vermigtir.

Anahtar Kelimeler: Akim, Ogee dolusavak, Yapay sinir aglan
INTRODUCTION

Spillways are used to hold water at a certain level in reservoir besides to store water for different
aims, such as energy, irrigation, flood control, etc. Ogee-shaped spillways let excessive water in reservoir

pass to downstream. The ideal form of the spillway recommended by The United States Bureau of
Reclamation (USBR, 1987) is seen in Fig. 1.

DOI: 10.15317/Scitech.2017.97
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Figure 1. Standard crest profile of an overflow spillway (USBR, 1987)

The downstream ofthe spillway canbe defined by Eq.1.
Y x\"
=k G W

K and n are constant, depend on the upstream inclination and the velocity and Ho is the design head.
The dischargeover the spillway canbe calculated by Eq.2.

Q = CLH3? )

Q (m3/s) is the discharge, C is the discharge coefficient, L (m) is the length of the crest and H (m) is the
head over the crest.

Many researchers have studied for numerical and experimental studies on spillways (Savage and
Johnson, 2001; Song and Zhou, 1999; Sanchez et. al., 2000). And ANN model have also used for studies
on spillways. Azamathulla et. al. (2008), studied for scour depth prediction for ski-jump type of
spillways. They also used some traditional methods. Their study showed that the traditional equation-
based methods of predicting design scour downstream of a ski-jump bucked could better be replaced by
one of the soft computing schemes. Salmasi and Ozger (2014), investigated the applicability and
accuracy of the neuro-fuzzy approach in estimating the proper values of energy dissipation of skimming
flow regime over stepped spillways. They were also developed multi regression equations. They found
that neuro-fuzzy model is more successful than regression equations.

In this study, it was aimed that to investigate the capability of ANN model to estimate the discharge
value flow over Ogee spillway.

MATERIALS AND METHODS

In this study, an experimental setup containing a simple flume which was made plexiglass and
having 7.5 cm width, 15 cm depth and 5 m length, was used in order to calculate discharge passing over
ogee-shaped spillway for different heads (Fig. 2). The flume had closed loop water system and the flow
to the flume was supplied from constant head water tank and the flow discharge was regulated by a
valve. That the transparent flume also enables to see the flow conditions. Flow depth measured with a
measurement device holded along the flume to an accuracy of + 1 mm.



372 A.YARAR

Figure 2. General view of the flume used in the study

A tank, made by smooth plastic which has 63 x 67 x 72 cm dimensions, was used to measure the
discharge. An ogee spillway model was modeled by Eq. 1 according to USBR type and manufactured
with steel material to use in the experiments (Fig. 3).

Figure 3. Ogee spillway model

Artificial Neural Networks

The composition of ANN is inspired from biological neural networks. A neuron is one of the basic
components of neural networks. It can vary in terms of size and shape, according to its function and
mission in neural systems (Dorum et. al., 2010).

The system consisting of three layers, an input layer, an hidden layer and an output layer, named
Multi Layer Perceptron (MLP) (Fig.4).
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Figure 4. A structure of Multilayer Perceptron

The processing elements in each layer are called neurons or nodes. The input layer contains input
parameters. The output layer produces the predictions. The output function of the output layer is a
linear function that aggregates the input signals of the output layer. The hidden layers between the input
and the output layers deliver signals. The most important part of the hidden layer having a main role in
transferring the network inputs to output is an activation function, typically a continuous and bounded
nonlinear function such as hyperbolic-tangent-sigmoid (Tansig) or logarithm-sigmoid (Logsig) functions
(Cybenko, 1989).

The mathematical expression of a three-layer feedforward ANN for prediction is

Oj = f1(bj +2 Wijlik) ®)

where f1is the activation function for the hidden layer, Ii is the ith input for the kth sample point, Ojk
is the output of jth node of the hidden layer, Wi and Wj are the weights that control the strength of
connections between layers and bj and b are the biases that are used to adjust the mean value for the
hidden layer and the output layer, respectively (Chitsazanet.al., 2015).

RESULTS AND DISCUSSION

The flow depths over the spillway were measured for different discharge. The discharges were
determined by the tank for each water heads. This process was done with holding time until filling
certain volume (Fig. 5).
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Figure 5. Water depth and discharge measurement points on the experimental set up

Discharge values were also calculated by Eq. 2 using the water heads. Then the discharge values
obtained from both experimental and analytical results were compared with each other. Measured water
heads and corresponding discharges for both experimental and analytical studies were given in Figure 6
and the relationship between them is also given in Figure 7.
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Figure 6. Comparison of the experimental and analytical results
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Figure 7. Relationship between the results of experimental and analytical studies

Experimental results were used for ANN modeling. 6 data set of the 11 data set were used for
training and remaining 5 data set were used for testing. Feed forward back propagation ANN model
and Scaled Conjugate Gradiant (SCG) algorithm were used for modeling. Three layered ANN formed
with 1 input layer 1 hidden layer and 1 output layer was used in ANN model. The relationship between
ANN results and experimental results is shownin Fig 8.
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Figure 8. Relationship between the results of experimental and ANN test
CONCLUSIONS

Hydraulic design of a spillway is one of the most studied subject in hydraulic engineering. Properly
designed spillways will be able to pass flood flows efficiently and safely to downstream of dams. So,
determining the discharges correctly becomes important for the water structures. In recent years,
artificial intelligence methods based on learning from examples statistical methods of artificial neural
networks have been widely applied in hydraulic structures. In this study, it was aimed to investigate the
ANN performance on determining the discharge over the ogee spillways. For this purpose both
experimental and analytical studies were done. It was seen that ANN model produced very successful
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results. Overall, the studies presented in this paper showed us that ANN model can be an alternative
method to determine the discharge value passing over the spillways.
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ABSTRACT: The natural rocks used today as well as in the history for a variety of purposes were a
subject of different alteration, weathering and deterioration conditions. These conditions are strictly
controlled by environment and nature of rock varieties (marbleand stone). This study is a first approach
to understand the relation between some geological features and behavior against salt (Na2504) decay of
Moroccan marbles and stones. For this purpose, widely used four dolomitic limestones, two crystalline
limestones, one limestone and one basalt sample (total 8) were chosen from Morocco. Extra attention
paid to choose locations being a representative of all Moroccan country. The carbonate samples
(limestone and dolomite) consist of mainly dolomite and calcite with micritic and sparitic cement. The
sole, non-carbonaceous sample is basalt of Khenifra containing mainly plagioclase and pyroxene. In
general, both bulk-dry and powder density values of the studied rock samples are homogeneous. The
limestone of Bir Jdid has the highest (10.81 %) effective porosity and dry weight loss value (4.61 %). The
loss on ignition value of the Khenifra basalt has thelowest value with 1.26 %. The loss on ignition values
are also relatively uniform. The obtained data indicate that outdoor uses (especially in coastal areas) of
limestones of Bir Jdid and dolomitic limestones of Taza are more risky than the others.

Key Words: Geomechanical and geological features, Marbles, Stones, Dry-weight loss, Motocco

Fas’in Bazi Karbonat Mermerleri ve Bazalt Taslarinin Jeolojik ve Jeomekanik Ozellikleri

OZ: Hem gecmis donemlerde hem de giintimiizde ¢ok ¢esitli amaglar i¢in kullanilan dogal taslar farkl
ayrisma, dagilma ve bozunmaya ugramaktadirlar. Bu sartlar ¢evre ve kayacin tiiriine (mermer ve tas)
siki sikiya baghdir. Bu ¢alisma Fas mermerleri ve taslarini tuza (Na250s) karsi dayanimlarini ve bazi
jeolojik ozelliklerini anlamak igin yapilan ilk ¢alismadir. Bunun igin Fas’tan getirilen ¢ok kullanilan 4
dolomit, 2 kristalize kirectasi, 1 kirectas1 ve bir bazalt (toplam 8 adet) 6rnegi secilmistir. Ornekler
miimkiin mertebe Fas'in degisik yerlerinden se¢ilmistir. Karbonat kayaclar1 (kirectasi ve dolomit) temel
olarak dolomit ve kalsit minerallerinden miitesekkil olup ¢imento mikrit ve sparittir. Karbonatsiz tek
kayag¢ olan Khenifra bazalt1 esasen plajiyoklas ve piroksen icerir. Genel olarak orneklerin kuru ve
ogltiilmiis agirliklaribirbirlerine benzer. Bir Jdid kirectaslar1 en yiiksek etkili porozite (% 10.81) ve kuru
agirlik kaybina (%4.61) sahiptir. En diisiik ates zayiati Khenifra bazaltlarindadir (%1.26). Ates zayiatlar1
genel olarak homojendir. Eldeki veriler Bir Jdid kiregtaslar1 ve Taza dolomitik kirectaslarinin disarda
(0zellikle sahil bolgelerinde) kullanimlarinin digerlerine gére daha riskli olduguna isaret etmektedir.

DOI: 10.15317/Scitech.2017.98
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Anahtar Kelimeler: Jeomekanik ve jeolojik 6zellikler, Mermerler, Taglar,Kkuru agwlik kaybi, Fas
INTRODUCTION

The natural rocks throughout the world have been extensively used for various purposes, for
example as building stones, ornamental stones and sculptures. These types of the usage of the natural
rocks throughout the history can be seen in places of worships (mosques, churches, synagogues and
temples of various civilizations), palaces, fountains, caravanserais and many more. Today, the rocks
have been used asbuilding stones, artworks and ornamental stones as in the past. These rocks lose their
original look since they affected by natural and artificial reasons. The rocks used in several applications
mentioned above, have to be preserved for not only their aesthetic values but for future generations as
an important proof from past. To preserve them, enough information has to be provided on rocks’
geological, mechanical and chemical properties.

There are many factors that affect weathering-alteration-deterioration conditions of the natural
rocks. The natural structure (mineralogical-chemical compositions, petrographic properties and physical
resistance) of the rocks, environmental conditions and negative corrosive effect of the salt are the most
important of them. Processes that cause alteration- weathering of the rocks have been investigated for
long time. The first published data (or to our knowledge) for alteration of rocks belong the year 1895 (Yu
and Oguchi, 2010). Important agents affecting the stability of the rocks have been described in detail by
Shaffer (1932) and later on by Winkler (1966). These two studies are the milestones of this subject and
still find places in reference lists. Extensive works have been published in the last two decades. The
factors causing the alteration-weathering and deterioration of the rocks can roughly be divided into
three, namely chemical, physical and biological processes (e.g., Blows et al., 2003). In practice almost all
type of weathering-alteration processes (chemical, physical and biological) progress altogether within
and/or surface of the rocks. Combination of these processes significantly enhances the intensity of decay
when compared with the physical or biological agents acting along (e.g., Papida et al., 2000).

Chemical processes start with separation of fresh rocks. During this separation some ions and
molecules became free for formation of new minerals (Eden, 1990). Lal Gauri and Bandyopathyay (1999)
provided very detailed reaction pathways for especially carbonate rocks. Circulating SOz, NOx and COx
gases within atmosphere and hydrosphere could react with K+, Ca*, Na*, Mg*, Fe* (and so on) found
within the rocks and their surface (if any) to form salts. When water phases evacuated from the
environment salts start to crystallize to give rise pressure (by volume increase) on the rocks. This
pressure causes disintegration of the rocks. The gases mentioned above are directly related to
environmental pollution, thus the alteration of rocks is also associated to environmental pollutions. The
types of rocks are also an important part of alteration degree and speed (Zedef et al., 2007).

A variety of Moroccan carbonatemarbles and stones have been used for several purposes at present
as well as in the history. Although there have been many carbonate marble and other building stone
sources in Morocco, many of them are under operate, there have been no study (at least to our
knowledge) on their physical, chemical, geological and geomechanical properties. This study is a first
approach of a research aimed at understanding the nature of the stone materials produced by complex
geological processes of Morocco (Because of this, we also displayed a very brief explanation of the
geological background of Morocco).

More than 70 % of Morocco is covered by mountains which have been shaped by continental
collision. In the geological point of view, Morocco can essentially divided into five parts (also known as
tectonic units) from South to North (Stets and Wurster, 1982; Crevello, 1991; Ledo et al., 2011): (I) The
Anti-Atlas mountains lies in the South of the country and they can be high up to 2500 m. In this unit,
Paleozoic aged formations and Hercinien Orogenesis is dominant, but the rocks were deformed very
little. The Anti-Atlas mountains is a part of the northwestern part of African Craton, (II) The High Atlas
Mountains raise in the central which has 700 km long from East to West and can be reach up to 4000 m
high. This unit has more tectonic deformation when compared to the Anti -Atlases. The unit was formed
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during Paleozoic and covered unconformably by slightly folded Mesozoic and Cenozoic formations. (III)
The middle Atlas Mountains found in the North of the High Atlas and they include extremely thick
Mesozoic aged sedimentary rocks, (IV) The Rif Mountains are located at the far most north of the
country along with Atlantic Ocean and Mediterranean costs. Intensively deformed Mesozoic and
Cenozoic aged rocks are the main features of the Rif Mountains, and (V) Moroccan Mesata includes
plateaus and plains of recent alluviums. The Mesata covers a large area along the cost of Atlantic Ocean,
but not considered as tectonic unit (Figure 1). The investigated carbonate marbles and stones are a part
of these rock units.

METHODOLOGY

This investigation was limited to 8 locations in which carbonate marbles and basalt stones
outcropped (Figure 1). All these rocks have indoor and outdoor applications allover Morocco since they
have well developed joint system.Petrographicinvestigations were carried out on thin sections by using
polarizing microscope. The polarizing microscope, in turn, and X-Ray diffractometer (XRD) were used
for mineralogical identifications. The XRD analyses were done at the laboratories of Gebze Technology
Institute, Izmit, Turkey. All other analyses were undertaken at Selcuk University, Konya, Turkey. The
geomechanical tests were applied at least three samples of the rocks studied. The loss on ignition (LOI)
was measured on 250 mesh powdered samples at 1000°C.

The quantification of salt weathering of the samples was measured by assessing the dry weight loss
(DWL) of the rocks. There have been many laboratory test proposed for DWL determinations. The most
used tests are the American standard test ASTM (C-88, C-128), the Germany standard test DIN (52111)
and the Spanish standard test UNE-EN (12370). All these test have three stages: immersion (total),
drying and cooling. We followed the Spanish standard test for DWL assessments (except the dimension
of the samples since we had some difficulty to provide thick samples, nevertheless the test allow us to
compare the rocks against salt effect). In this test 14% Na250a solution was used. In the immersion stage,
clean and dry rock samples wereintroduced intoa container and covered with the solution at 20 °C for 4
h.In the dryingstage, the samples were taken out of the container and settled into the heating cabinet at
60 °C for 16 h. The duration of this cycle is 24 h and the similar procedure was repeated for 15 days (total
15 cycles). The solution was changed every five cycles as the samples lose weight. After 15 days, the
tested samples were cleaned with pure water to eliminate salt. The samples were then dried until a
constant weight realized. The dry weight loss (DWL %) was calculated at the end of this stage.

S

Figure 1. Main tectonic units of Morocco (Modified from Crevello, 1991 and Ledo et al., 2011).
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The location of the studied samples (1 to 8) are also shown in accordance with Table 1.

RESULT AND DISCUSSION

Specific name (or local name), location and color of the collected samples representing carbonate
marbles and basalt stones were displayed in Table 1. The investigated rock types are also shown in
Figure 2 and 3. The mineralogical composition, cement characteristics and rock type were also indicated
in Table 1. It can be said that the carbonate samples (limestone and dolomite) have micritic and sparitic
cement. At most samples (except sample 4 and 5), these two agents found together. Crystallinelimestone
(marble) of Timahdite (sample 4) and dolomitic limestone of Taza (sample 5) have a cement of sparite.
Basalt sample of Khenifra (sample 8) has a volcanic origin and has a glassy matrix. The Khenifra basalt
and Volubilis dolomitic limestones have quite large pores (Figure 4 and 5), but limestones of Bir Jdid
have more connected pores than all other samples since it has the highest e ffective porosity.

Carbonate samples overwhelmingly made of calcite and dolomite minerals with notable amount of
organic matter, iron oxides and extraclasts in some samples, for example sample 4 and sample 5 (Table
1). The glauconite minerals were observed in twosamples (sample 1 and sample 4) as intraclasts. On the
other hand, dolomitic limestone of Volubilis (sample 2) has plenty of pizoids, while some samples have
fossils and stilolites (sample 4 and 7). It is notable that one sample (sample 1) have green algae. The sole,
non-carbonaceous sample (sample 8) of this study has mostly pyroxene and plagioclase minerals as well
as some olivine and opaque minerals in composition. The XRD examinations also revealed most of these
observations. Some of the olivine minerals in this sample were iddingsitised (altered olivine consisting
of a mixture of clay minerals, iron oxides and ferrihydrites).

The bulk-dry density, effective porosity, dry weight loss (DWL) and loss on ignition (LOI) values of
the studied samples were shownin Table2. The bulk-dry densities of the samples are between 2.23g/cm?3
and 2.71g/cm3. Effective porosity values of three samples are very close to zero (sample 3,4 and 7). The
limestone of Bir Jdid (sample 1) has the highest (10.81 %) effective porosity, indicating more connected
pores. In addition, this sample has the highest (4.61 %) DWL value. The dolomitic limestones of Taza
(Sample 5) and basalt of Khenifra (sample 8) have considerably higher effective porosity values which
are 525 % and 6.67 % respectively. The highest dry weight loss value belongs to the sample 1 (4.61 %)
which represent the limestone of Bir Jdid. The sample 5 has also high DWL while three samples (sample
3, 6 and 7) have DWL value of zero. The Khenifra basalt has the lowest LOI value with 1.26 %. The LOI
values are relatively uniform (except sample 3 which has 34 % LOI) for other samples.
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Table 1. Specific name, location, color and some mineralogical features of the Moroccan carbonate

marbles and basalt stone.

Sample no- specific [Rocktype Color Cement Minerals Remarks
nmame- location
1-Bir Jdid-Sefrou  |[Limestone Pale  Mainly sparite %92 Opaque
brown with less micrite calcite, minerals and glauconite
%8 dolomite present, remains of
greenalgae and fossils
are observedas
extraclasts
2-Volubilis- Dolomitic ~ Beige Micrite- %60 calcite, Plenty of
Taghazout limestone dolomicrite Sparite- %40 dolomite pizoids
dolosparite
3- Rose-Agadir Crystalline Pinkish Sparite with %94 calcite,
limestone quarts and feldsparas %6 extraclasts
(marble) extraclasts
4- Timahdite- Ifrane [Crystalline Pink  Sparite %90 sparite, Fossils and
limestone %8 organic matter stylolites are present
(marble) and/or iron oxide,
%?2 extraclasts
(mainly glauconite)
5- Taza-Taza [Dolomitic Beige Sparite %84 sparite, Very porous,
limestone %13 dolomite, idiomorphic and
(very porous) %3 extraclasts hypidiomorphic
dolomite rhombeders
are visible
6- Bejaad-Smaala [Dolomitic Beige- Micrite, %55 calcite, Fossils,
limestone  yellow sparrycalcite, dolomite, %45 dolomite peloidalmicrite and
dolosparite idiomorphic
dolomite rhombeders
are present
7- Gris-Oued [Dolomitic Grey  Micrite, sparite, %85 calcite, Stilolite and
Cherrat limestone dolomicrite, dolosparite %15 dolomite fossils are present
8- Black Khenifra- [Basalt Black Intersertal- %30 plagioclase,  Some of olivines are
Meknes phylotacsitic texture %35 pyroxene, iddingsitised

%27 matrix

%3 altered matter,
%>5 olivine and
opaque minerals
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Figure 2. The studied samples of Bir Jdid limestone (1), Volubilis dolomitic limestone (2), Rose marble
(Ifrane) (3) and Timahdite marble (4).

Figure 3. The studied samples of dolomitic limestones of Taza (5), Bejaad (6), and Gris (7), and Khenifra
basalt (8).
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Figure 4. The studied sample of the Volubilis dolomotic limestone. Note that quiet large (up to 5 mm)
pores.

Figure 5. The studied sample of Khenifra basalt. The pores relatively more connected than all other
samples (except Bir Jdid limestone).

It is clear from the Table 2 that there has been no positive or negative correlation between the bulk-dry
densities and powder densities. When excluding sample 8, a slight positive correlation can be seen
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between the effective porosities and dry weight loss values of the samples. This is especially true for
sample 1 and sample 5. These two samples also have relatively high powder densities. As indicated
earlier, the sole non-carbonaceous sample of this study (Khenifra basalt) has a very distinctive effective
porosity (6.67 %), dry weight loss (0.99 %) and loss on ignition (1.26 %) values. Note that this sam ple is
also quite different mineralogical composition. This indicates that the effect of salt (in this study Na250a)
on rocks controlled not only by porosity, density and environmental conditions but mineralogical
composition is also vital.

Table 2. Density, porosity, dry weight loss and loss on ignition values of the studied carbonate marble
and basalt samples.

Bulk-dry Effective Dry weight loss Loss on ignition
Sample number density (g/cm?) porosity (%) (%) (%, 1000°C)
1 2.23 10.81 4.61 41.88
2 244 2.36 0.78 44.00
3 2.72 0.18 0 34.00
4 2.72 0.06 0.56 40.35
5 2.51 525 3.01 43.36
6 2.62 292 0 4499
7 271 0 0 43.19
8 2.58 6.67 0.99 1.26
CONCLUSIONS

The following conclusions can be inferred from this study:

(I) This study is a first approach to understand some geological and geomechanical properties of
Moroccan carbonate marbles and basalt stone which are widely used in Morocco.

(I) The studied carbonate marbles and basalt stone have a relatively uniform bulk-dry density values
while their effective porosity and dry weight loss values are variable.

(IIl) The carbonate rocks are mostly made of calcite and dolomite minerals with micritic and sparitic
cement. Some rocks also have considerable amount of extraclasts and organic matter as well as fossils.
(IV) The sole, non-carbonaceous sample of Khenifra basalt has very different mineralogical composition
than the others. These differences gave rise the different dry weight loss and loss on ignition values of
this sample, since it clearly has higher silica and different chemical composition.

(V) Bir ]Jdid limestone and Taza dolomitic limestone are the most sensitive rocks against salt (N a250s)
decay, therefore the outdoor use of these rocks should be avoided.
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