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LAYER CHARGE REDUCTION OF SMECTITES WITH
LITHIUM DIFFUSION

Hulusi KARGI
K.T.U0., Jeoloji Miihendisligi Boliimii, Giimiishane / Tiirkiye

ABSTRACT: Smectites have some octahedral andfor tetrahedral layer charges
which are balanced by the presence of exchangeable interlayer cations. The octahedral
layer charge can be neutralized with the addition of R cations to the octahedral sheet
therefore it is a result of substitutions of R2+ cations for R3* cations. This can
experimentally be possible in dioctahedral smectites because dioctahedral smectites
have vacant octahedral sites.

This study includes an experimental study which were carried out on ten dioctahedral
smectite samples taken from Texas Tech University Clay Mineralogy Lab. Cation
exchange capacities of samples were significanily reduced after they were saturated
with lithium and heated at 220 °C for 24 hours. The reduction in cation exchange
capacities was largely caused by the reduction in layer charges. The location of lithium
ion in the clay structure and other faclors and possibilities which may effect the cation
exchange capacities are discussed in the text.

In addition, it was observed that the amount of methylene blue, which was used to
determine cation exchange capacity, was also affected by pH of slurries. In fact, the
adsorption of methylene blue is a function of the surface charge of clay particles, but
the change in the pH of slurry has also caused to change the surface charge of
particles. Hence, the amount of methylene blue used has varied with the pH of slurry.

SMEKTITLERDEKI TABAKA YUKUNUN LITYUM DIFUZYONU
iLE DUSURULMESI

OZET: Smektitler deisebilen tabakalar arast katyonlarin varligi ile dengelenen bir
miktar okiahedral ve/veya tetrahedral tabaka yiikiine sahiptirler. Oktahedral tabaka
yiikii, R2+ katyonlarin R3+ katyonlariun yerini almasinn bir sonucu oldugu i¢in,
oktahedral yapraga R katyonlarinn eklenmesi ile notiirlesebilir. Bu deneysel olarak
dioktahedral smektitlerde miimkiin olabilir ¢iinkii diokiahedral smektitler oktahedral
bogs kisumlara sahiptirler.

Bu caligma Texas Tech Universitesi Kil Mineralojisi Laboratuvarmdan alinan on adet
dioktahedral smektit drnegi iizerinde yapilan deneysel bir ¢aligmayl icermektedir.
Orneklerin katyon degisim kapasiteleri lityumla doyurulduktan ve 220 °C de 24 saat
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sitddiktan sonra onemli derecede diismiigtiir. Katyon degisim kapasitesindeki diisiis
biiyiik dlgiide tabaka viikiindeki diisiisten kaynaklanmaktadir. Lityum iyonunun kil
yapist icerisindeki yeri ve katyon degisim kapasitesine etki eden diger faktor ve
olastliklar metin icerisinde tartsimistir,

Ayrica, katyon degisim kapasitesini belirlemek igin kullanilan metilenin mavisinin
miktarimnda  siispansiyonun pH sy ile etkilendigi gozlenmigtir. Gergekte, metilen
mavisinin adsorpsiyonu kil taneciklerinin yiizey yiikiiniin bir fonksiyonudur fakat
stispansiyonun pH'syndaki degisim, taneciklerin Yyiizey yiikiiniinde degismesine neden
olmugtur. Béylece, kullanylan metilen mavisinin miktary siispansiyonun pH’syna bagl
olarak degisim gostermigtir.

1. INTRODUCTION

When tetrahedral and octahedral sheets in clays (phyllosilicates) are assembled into
layers, they may be electrically neutral or negatively charged (Moore and Reynolds,
1989). Few clay minerals are electrically neutral. In general, there is some deviation
from ideality, and the clay minerals have some layer charges. Isomorphous substitutions
of R3+ cations (usually AI3+ and rarely Fe3+) for Si%+ in the tetrahedral sheet and R2+
cations (Mg3+ and Fe2t) for Al 3+ in (he octahedral sheet produce tetrahedral and
octahedral charges, respectively (Bish and Guthrie, 1993). However, the basic structure
of clay is not effected by these substitutions and remains the same. The layer charge
which is produced by such isomorphous substitutions is balanced by the presence of
alkali, alkaline-carth cations, or ionic groups in the interlayer region. Potassium, sodium
and calcium are the most common single ions.

Smectite is a group name for clay minerals with layer charge between 0.2 and 0.6 per
formula unit and which swell in the presence of water (Bailey, 1980, 1982). It is a 2:1
layer silicate that contains 2 tetrahedral sheets and 1 octahedral sheet per unit cell.
Smectites are divided into two groups on the basis of their structures: dioctahedral
smectites and trioctahedral smectites. A layer in which oxygen or hydroxyl is
surrounded by two cations is known as dioctahedral and that is surrounded by three
cations is known as trioctahedral (Hurlbut and Klein, 1977). Depending on the type of
layer charge and their chemical compositions, smectites are further subdivided into
montmorillonite, beidellite, nontronite (dioctahedral smectites), saponite and hectorite
(trioctahedral smectites). Dioctahedral smectites arc mor¢c common in nature than
trioctahedral smectites and their general formula can be expressed as:

Z ey (AL35Mg 7 (Si4_x ALY O1p(OH),. n H, O

where x and y are tetrahedral and octahedral substitutions, respectively and Z+* is the
interlayer cation (Giiven, 1988). Because the octahedral layer charge is the result of
5
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substitutions of R2+ cations for R3+ cations, the addition of R+ cations to the octahedral
sheet will neutralize it. This can be experimentally performed so that dioctahedral
smectites contain vacant octahedral sites. Li is a suitable ion for this purposc because of
its ionic radius and coordination number (Bystrom-Brusewitz, 1975). The method needs
heating of samples (Greene-Kelly, 1952, 1953) and is known as the Greene-Kelly test.

An important property of clay minerals is their interactions with organic compounds
(Fripiat and Cruz-Cumplido, 1974; Harter, 1977: Mortland, 1970; Pinnavaia, 1983;
Weiss, 1969). methylene blue is one of the organic compounds used to determine cation
exchange capacities of clays (Brindley and Thomson, 1970; Hang and Brindley, 1970).
Cation exchange capacity (CEC) in smectites is a function of layer charge. The
relationships between CEC, layer charge, and absorption of methylene blue by clays ar¢
reviewed and discussed in this paper. Observations on the adsorption of methylenc blue
as a function of pH of the slurry are also presented.

2. METHOD
2.1. Sample Preparation

Ten dioctahedral and mostly octahedrally-charged (montmorillonite-like) smectites
were sclected from the Texas Tech University Clay Mineralogy Iab. collections and
1.25% clay suspensions were prepared by mixing the powdered samples with deionized
water. Particles in the suspensions were dispersed by mixer and ultrasonic bath and
2.12¢g 1LiCl was added to cach 100ml clay suspension to have about 0.5N LiCl saturated
clay suspensions. The suspensions were left on the magnetic stirrers overnight.

The first removal of excess salts and ions was carried out by centrifuging. The
centrifugation was repeated until the supernatant liquid was clear. The light-colored and
small particles were removed from the centrifuge tubes and placed into membranes and
dialyzed until ion concentrations of suspensions were below 20 ppm, determined by
both silver nitrate solution and “Ton Concentration Measurer”.

Particles in the suspensions, prepared from Li-saturated samples, were again dispersed
by mixer, ultrasonic bath, and magnetic stirrer. The suspensions were divided into two
parts (A, B) for cation exchange capacity measurements before heating (B) and after
heating (A). The suspension B was subdivided into 5 parts: B1, B2, and B3 are for
methylene blue titration at high, neutral and low pH, respectively. Acetic acid and
sodium hydroxide were used to adjust pH of suspensions. B4 is for determination of
dry-weight of samples. B5 is for another purpose that will not be mentioned here.

The suspension A was dried at 110°C in an oven. Dry samples were finely ground and
heated in porcelain crucibles at 220°C / 24 hours in order to move the Li ions from the
interlayer regions to the vacant octahedral sites. New suspensions were prepared from
the heated samples and divided into two parts: Al for methylene blue titration and A2
for determination of dry-weight.
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2.2. Methylene Blue Titration

After adding a certain amount of 0.01N methylene blue (starting point), the slurry was
stirred by a magnetic stirrer for one minute and tested for saturation depositing a drop
of slurry, with a glass rod to a piece of filter paper. If light blue ring appeared around
the dark blue stained clay particles, the slurry was stirred for three more minutes. After
three minutes, if a light blue ring was still observed, this was the saturation for that
particular experiment; if not, it was continued by adding more 0.01N methylene blue.
This procedure was repeated several times for each slurry until a consistent light blue
ring was observed. The consistent light blue ring was an evidence that no more
methylene blue was absorbed by the clays. The cation exchange capacity
(milli-equivalents per 100 grams of dry-sample) was calculated, after determining the
saturation, by the following equation:

Vmb x Nmb e

CEC= Ws

100
where Vmb is the volume of methylene blue solution used (ml) or saturation, Nmb is
the normality of methylene blue solution, and Ws is dry-weight of sample.

3. RESULTS AND DISCUSSION

Cation exchange capacities (= CEC) of samples before heating and after heating are
presented in Table 1. CEC’s of heated samples were significantly reduced (Figure 1),
but they were never zero. The observed reduction in CEC’s of samples ranges from
52% 10 96%. These numbers do not exactly correspond to layer charge reductions. The
reduction in layer charges may be higher than above numbers because methylene blue
not only balances layer charge by replacing interlayers, but also balances the charge at
the terminal edges of particles by sticking to the surfaces of particles. It will be helpful
o give an example for better understanding why the layer charge reductions may be
higher than above numbers: The CEC’s of the sample 3427 at neutral pH are 95 before
heating and 30 after heating. Assume that the surface charge causes 5 CEC unit
increase in both cases. So, percent layer charge reductions will be (95-30) / 95 x 100
=08.4 when the surface charge is ignored, and (90-25)/90 x 100 = 72.2 when the
surface charge is considered. It is difficult to estimate the surface charge of the samples
wilh the current data, but an experiment, the adsorption of methylene blue to kaolinite
which has zero layer charge, has supported the idea that the surface charges of clays has
caused to use of more methylene blue in the experiments.

However, the sum of percent CEC reduction and percent methylene blue adsorbed
to the surfaces of particles may still not be 100. In other words, if the samples are not
totally octahedrally charged and contain some tetrahedral charges due to substitution of
R3+ cations for Si?+ in the tetrahedral sheets, the remaining layer charges will not be

4
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Table 1. Cation exchange capacities of samples.

Sample# Natural pH | Adjusted pH | Dry weight |Starting point| Saturation| CEC
3427 (B1) 8.8 9.9 0.187 15.0 18.7 100
3427 (B2) 7.1 0.187 15.0 17.8 95
3427 (B3) 5.1 0.187 5.0 16.7 89
3427 (A1) 74 7.4 0.285 1.0 8.5 30
3940 (B1) 83 9.9 0.155 0.5 1.2 8
3940 (B2) 6.8 0.155 0.5 1.2 8
3940 (B3) 52 0.155 0.5 1.2 8
3940 (A1) 7.1 7.1 0.215 0.3 0.7 3
3752 (B1) 1.7 9.8 0.216 22.0 25.7 119
3752 (B2) Tl 0.216 22.0 25.5 118
3752 (B3) 5.1 0.216 10.0 22.8 106
3752 (A1) 7.5 7.5 0.302 1.0 5.5 18
C59 (B1) 84 9.8 0.230 24.8 285 124
C59 (B2) 6.9 0.230 24.0 28.5 124
C59 (B3) 5.1 0.230 10.0 255 111
C59 (A1) 13 7.3 0.343 1.0 1.8 5
3872 (B1) 8.7 9.8 0.136 10.5 12.0 88
3872 (B2) 7.0 0.136 9.0 11.5 85
3872 (B3) 5.2 0.136 0.5 10.0 74
3872 (AD) 7.3 73 0.218 1.0 3.5 16
3791 (B1) 8.2 10.0 0.123 7.0 7.8 63
3791 (B2) 6.9 0.123 6.0 7.8 63
3791 (B3) 5.1 0.123 7.0 7.3 59
3791 (Al) 13 73 0.224 0.5 32 14
3884 (B1) 9.9 9.9 0.110 10.0 11.8 107
3884 (B2 6.8 0.110 9.0 11.7 106
3884 (B3) 5.1 0.110 7.0 10.7 97
3884 (A1) 8.0 8.0 0.196 1.0 6.5 33
3792(B1) 10.2 10.2 0.177 16.0 16.7 94
3792(B2) 7.1 0.177 16.0 16.7 94
3792 (B3) 52 0.177 15.0 16.5 93
3792 (A1) 8.0 8.0 0.308 0.5 13.9 45
3941 (B1) 8.8 10.1 0.138 18.0 207 150
3941 (B2) 7.0 0.138 18.0 20.5 149
3941 (B3) 5.2 0.138 15.0 19.7 143
3941 (AD) 7.6 7.6 0.272 0.5 6.3 .23
3883 (B1) 7.5 10.1 0.186 19.0 242 130
3883 (B2) 7.5 0.186 18.0 22.7 122
3883 (B3) 5.1 0.186 10.0 19.2 103
3883 (A1) 1.7 7.7 0.295 0.5 7.8 26
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Cation Exchange Capacity

3427 3940 3752 C59 3872 3791 3884 3792 3941 3883

Sample #

Figure 1. Bar graph of CEC’s of heated and unheated samples. B1, B2, and B3 are
CEC’s of unheated samples at high, neutral, and low pH respectively. Al is
CEC’s of heated samples.

zero so that the Li-treatment only affects octahedral charges.In addition, other factors
affect the relationships between layer charge and CEC. It is accepled that the Li jon
migrates from the interlayer region to the vacant octahedral site upon heating and forms
a new octahedra by attaching oxygens of adjacent octahedras (Brindley and Ertem,
1971; Calvet and Prost, 1971; Jaynes and Bigham, 1987; Moore and Reynolds, 1989).
If the layer charge locally consists of an octahedral charge and is neutralized by
migration of the Li ion, the Li ion moves within the structure toward the vacant
octahedral site and the migration process is irreversible, Therefore, the Li ion that is
displaced by methylene blue before heating will not be displaced anymore after heating.
In this case, the reduction in the CEC is directly a function of the reduction in the layer
charge. On the other hand, if the layer charge locally consists of both octahedral and
letrahedral charges and is not neutralized by the process mentioned above, the Li ion
will not migrate into the octahedral vacant site or migrate, but reverse migration will be
possible because the Li ion will not be stable there. In this case, the Li ion can be
displaced by methylene blue. Much of the CEC’s of the samples after heating are
6
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probably caused by this type of layer charges that cannot be reduced.

If the Li ion never migrates into the vacant octahedral site, but is trapped in the
interlayer region (Luca et al., 1989), upon heating, it will not be displaced by methylene
blue either. In this case, the reduction in CEC’s will be not a function of the reduction
in the layer charge, but will be a function of the fixation. In fact, the ionic radius of the
Li ion is not suitable for this fixation type so that a Li ion only fills a part of the
hexagonal hole. In addition, if the fixation occurs, it will have no effect on the
expandability of smectites, but the smectites significantly loose their expandability
upon Li-treatment (Kargy, in prep.).

The amount of methylene blue adsorbed to the clays is partly effected by pH of the
suspensions; the higher pH of the suspension, the higher the CEC of the sample (Figure
2). CEC’s of samples, excepted sample 3940, measured at neutral pH are higher than
those measured at low pH. The increase in CEC’s from neutral pH to high pH is either
zero (e.g. 3791, 3792, and C59) or smaller than that from low pH to neutral pH (e.g.
3883, 3872, and 3941) . Why pH of the slurry effects CEC of the sample is probably
that the addition of acid or base also balances the charge at the terminal edges of
particles which is not related to the layer charge.

4. CONCLUSIONS

The cation exchange capacities of smectites, determined by methylene blue, were
reduced up to 96% after they were treated with lithjum and heated at 220 °C. The
absorption of methylene blue by smectites, or the cation exchange capacity, is function
of layer charge and of the charge at the surfaces of particles.

Much of the octahedral charges are neutralized by migration of Li ions into the vacant
octahedral sites. The remainder cannot be reduced so that the vacant octahedral sites are
not a suitable place for Li ions if the octahedral charge is locally combined with the
tetrahedral charge.

The adsorption of methylene blue to the surfaces of particles is effected by pH of the
slurry. In general, the amount of methylene blue used to determine cation exchange
capacity increases as the pH of slurry increases.
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GEOCHEMISTRY AND PETROGENESIS OF KARAKAYA
(SELKI-KONYA) DACITE : AN EXAMPLE OF CENTRAL ANATOLIAN
MIOCENE VOLCANICS

Mehmet ARSLAN
K.T. U., Jeoloji Miihendisligi Boliimii, Trabzon/Turkey
Veysel ZEDEF
S. U., Jeoloji Miihendisligi Baliimii, Konya/Turkey

ABSTRACT: In the Selki (Beysehir-Konya) area, Central Anatolia, Miocene aged
Karakaya dacite with dome structures crops out. The rock exhibits a variety of
petrographical disequilibrium textures such as oscillatory zoning and thin overgrowths
in plagioclase phenocrysts, breakdown products in hornblende and biotite, and
embayment in quariz, all of which can be related to magma mixing.

The rock is high-K dacite containing low to moderate Zr and Y, and high Al. Large
ion litophile (LIL} element enrichment, particularly Th, is significant. Geochemical
variations suggest that the dacite evolved mainly by fractional crystallization.
Hornblende fractionation played an important role in the evolution of the rock.
Furthermore, the dacite evolved under hydrous conditions at shallow levels in the
continental crust, and probably derived from an andesitic parental magma via
Jfractional crystallization. Therefore, it is concluded that mainly crystal fractionation
and less magma mixing have been involved in the evolution.

KARAKAYA (SELKI-KONYA) DASITININ JEOKIMYASI VE
PETROJENEZI: ORTA ANADOLU MiYOSEN
VOLKANIKLERINDEN BiR ORNEK

OZET: Orta Anadolu’'da Selki (Beysehir-Konya) yoresinde Miyosen yagl dom yapis
gdsteren Karakaya dasiti  yiizeyler. Mikroskopik incelemelerde, plajiyoklas
fenokristallerinde halkali zonlanma ve kristal iizerinde ince biiyiimeler, hormblend ve
biyotitlerde bozunma iiriinleri, kuvarsda kemirilme gibi magma karisinu ile iligkili
olabilen bir cesit petrografik dengesizlik dokular goriiliir.

Kayag diigiik-orta Zr ve Y, yiiksek oranda da Al iceren Yiiksek-K'lu dasittir. Biiyiik
iyonlu litofil element zenginlesmesi, Ozellikle Th, dnemlidir. Jeokimyasal degisimler,
dasitin esasen kesirli kristallesme yoluyla olustufunu gdostermektedir. Hornblend
ayrumlagmast kayacin olusumunda Onemli bir rol oynamustir. Buna ilaveten, dasit
kitasal kabuk icerisinde sig derinliklerde sulu sartlar altinda olugmus olup, muhtemelen
andezitik bir ana magmadan kesirli kristallesme yoluyla tiiremistir. Bu nedenle, dasitin
olusumunda esasen kesirli kristallesme ve az oranda da magma karisumimn etkili
oldugu sonucuna varimaktadir.
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1. INTRODUCTION

The study area is located at the south end of west Taurid Sultandaf: Orogenic Belt,
and the litologies in the area are supposed to be within Geyikdag1 Unit of Ozgiil (1976).
Furthermore, the area has been shaped mainly by Alpine orogenetic events.

Generally, there is no previous work on volcanic rocks of the area. However, a
number of work carried out on other parts of Sultandag: Orogenic Belt (e.g., Chaput,
1947; Balzer, 1969; Yalcinlar, 1971). In addition, Ayhan (1986) investigated Caltepe
and Seydisehir formations in SW Sultandagi, and discussed particularly the genesis of
barite occurrences which are the oldest beds both in Turkey and the World. This
research centres around the south of Selki town where Karakaya dacite covers
approximately 2.5 km?2 (Fig. 1), and investigates the dacite in terms of petrography,
geochemistry and petrogenesis.

2. GEOLOGICAL SETTING

The volcanic rocks in the study arca are only dacite, and produced mainly from
Karakaya Tepe volcanic centre with dome structures at Kéme Tepe and Findire Tepe
(Fig. 2).

The dacite is generally cream and grey but there are a few dykes with 70-80 m in
width, 150-200 m in length and purple in colour. These dykes are observed in two
places; one at Karakaya Tepe and other at Findire Tepe. Flow directions of dacitic lavas
indicate Karakaya Tepe as the main volcanic centre. Another feature of the dacite is that
it forms dome structures which are comparable with Erenler and Alacadag volcanics in
Konya region. Montmorillonite occur as a result of weathering and hydrothermal
alteration of the dacite.

The intrusion contacts where the domes cut sedimentary and metamorphic rocks are
obvious whereas contact zones are partially lost due to fumarolic alteration in Konya
region, commonly silicified zones as yellow, red and brown and few metres thick
chalcedonies especially at the upper levels of domes (Westerweld, 1957). Although the
domes in Konya region cut Upper Pliocene lacustrine limestones by steep contacts, the
limestones in the study area are Miocene in age (Fig. 2). Furthermore, Gevrekli
ignimbrites in Konya region have 3.35-3.77 m.y of radiometric age data. The dacite
studied should thus be Miocene or older in age hence Miocene limestones containing
abundant microfossil overly the Karakaya dacite (Zedef, 1987). There are also
compositional differences between two volcanics; Konya volcanics have dacitic to
andesitic compositions whereas the volcanics studied have only dacitic composition.

3. ANALYTICAL TECHNIQUES

Thin sections from collected samples have been analysed for mineral assemblages,
proportions of minerals and groundmass, rock texture and grain size distribution using a
12
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polarizing microscope. Rock analyses (Table 1) were carried out by XRF methods
using Harvey et al. (1973)'s fused bead method for major elements and Leake et al.
(1969)'s pressed powder method for trace elements using a Phillips PW 1450/20
automatic sequential X-ray spectrometer at Geology Department, Glasgow University,
UK.
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Figure 2. (A); Generalized cross section showing Karakaya dacite with dome
structures in the south of Selki town. 1-Permo-Carboniferous Suntandagi schists,
2-Karakaya dacite, 3-Miocene lacustrine limestone (after Zedef, 1987). (B); A cross
section around Fasillar-Yazyurdu (Beysehir-Konya)) area. The section length is 8 km,
and 1-Lacustrine limestone, 2-Volcanics, 3-Volcanic breccia (after Keller et al., 1972).
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4. PETROGRAPHY

Dacites are generally hypocrystalline and porphyritic containing feldspar 50% (nainly
as microlites), quartz 20%, volcanic glass 30% and mafic minerals (biotite, pyroxene,
homblende and augite). The groundmass is fine-grained and, or, glassy with plagioclase
microlites. Accessory apatite is present, and chalcedony is observed within internal
cracks.

Feldspars are mainly plagioclase up o 1.2 mm and some of which are resorbed,
indicating magmatic corrosion. Phenocrysts also show twinning and oscillatory zoning.
Partially resorbed phenocrysts and glassy inclusions occur in the core, sometimes with
an overgrown rim. The thin overgrown rims are common along the flow direction of the
rocks. Some plagioclase phenocrysts are enclosed thiny leumontite crystals.

Quartz has rounded shapes with common internal cracks and embayments filled by
groundmass. Embayments are more likely to be result of dissolution because the
features characteristic of primary growth (Donald and Henderson, 1988) are missing.

Biotites (up to 1.5 mm) are partly or completely pseudomorphed forming as opaque
and semi-opaque crystals due to break down. Opaque parts developed mainly along the
cleavages of crystals. Similar reaction products of biotites in dacites were interpreted by
Nixon (1988a) as resulting from dehydration above the biotite stability limit as result of
magma mixing.

Hormblendes occur as aggregates of partially altered, or pscudomorphed grains. Partial
replacement by opaque oxides and quartz is observed, reflecting a hornblende
breakdown (e.g., Stewart, 1975; Garcia and Jacobson, 1979). Some hornblendes are
enclosed by cryptocrystalline quartz grains, and sometimes by biotites. The most
common hornblende breakdown gives cpx+opx+plagioclasc+magnetite+ilmenite, and
modal abundances of these products vary substantially, pointing the complexity of
decomposition reactions (Eggler, 1972a; Helz, 1973).

5. GEOCHEMISTRY

Major and trace element anayses of samples are presented in Table 1. The rocks have
been classified according to total alkali versus silica diagram of Le Bas et al. (1986),
and SiO;, versus K50 plot of Peccerillo and Taylor (1976) (Fig. 3). They fall within the
high-K dacite field on SiO, versus K>0 plot, showing K, O enrichment. Furthermore,
the dacites are typically calcalkaline in composition according to the classification of
Irvine and Baragar (1971), Gill (1981) and Ewart (1982) (Fig. 4). On an AFM plot (Fig.
3), the rocks also show little iron enrichment and plot in the calcalkaline field. The
rocks show chemical characteristics that arc comparable with those reported from
continental marging (Ewart, 1982; Baker, 1982).

AlyO3 shows little variation with increasing SiO5 , but TiO, , FeO*(total) and MgO

decreasc. Generally, K»0, Al,03, Rb and Sr increase with increasing SiO; .
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Table 1. Major and trace element analyses of Karakaya dacite samples.

Sample No KV.63 KV 64 . KVe6s KV 66 KV 67 Avg. rock

Si0g (wt.%)  67.28 67.87 68.60 66.57 66.27 67.32
TiO, 0.38 0.42 0.38 0.52 0.51 0.44
Al»O3 15.21 15.49 15.07 14.95 14.88 15.12
FeO* 3.48 362 341 4.54 4.58 3.93
MnO 0.09 0.10 0.08 0.14 0.09 0.10
MgO 1.63 1.47 1.03 2.08 2.39 172
CaO 3.66 3.68 3.63 3.20 3.67 3.57
NayO 3.25 3.28 3.29 2.97 3.20 3.20
K»>O 3.85 3.87 3.90 4.07 3.78 3.89
P5054 0.17 0.19 0.16 0.18 0.19 0.18
Total 99.00 99.99 99.55 99,22 99.56 99.47
Zr (ppm) 150 147 -- 154 153 151
Y 18 21 -- 18 18 19
Sr 1168 1225 -- 984 1035 1103
u 7 4 - 6 6 6
Rb 123 122 -- 132 124 125
Th 32 26 -- 30 32 30
Pb 46 37 - 37 36 39
Ga 17 15 - 16 16 16
Zn 38 41 22 47 46 43
Cu 16 22 - 27 27 23
Ni 5 10 - 17 14 12
Co 9 10 - 13 14 12
Cr 54 56 - 87 93 73
Ce 116 116 - 124 119 119
Ba 2153 2075 - 2384 2100 2178
La 39 44 - 46 51 45
Mg# 45.49 49.99 34.99 44,94 48.18 43.81
SI 13.35 13.08 8.86 15.23 17.13 13.50

Note: FeO* is total iron as Fe5O3, and major elements are in wt.% and trace elements are in ppm.
Mg# (Mg-number)=100xMg/(Mg+Fe).
SI (Solidification index)=100xMgO/(MgO+FcO*+NayO+K»0).
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Figure 3. Total alkali versus Si0, plot (Le Bas et al., 1986) and Si0O; versus K50
plot (Peccerillo and Taylor, 1976) for the Karakaya dacite. B-Basalt;
BA-Basaltic andesite; A-Andesite; D-Dacite: R-Rhyolite; TB-Trachybasalt;
BTA-Basaltic trachyandesite; TA-Trachyandesite; T-Trachyte.
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Figure 4. Chemical discrimination of the Karakaya dacite based on SiO, versus

NayO+K,0 plot (Irvine and Baragar, 1971) and SiO, versus FeO*/MgO
plot (Gill, 1981; Ewart, 1982).
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Figure 5. AFM plot showing the composition of the Karakaya dacite. The thick line
separates tholeiitic and calcalkali compositions (after Irvine and Baragar, 1971)
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These variations suggest that crystal fractionation of mafic minerals played a significant
role in the genesis of the dacites. Depletion of MgO and enrichment of K;O with
increasing SiO, reflect the crystallization of hornblende, plagioclase and pyroxene
(Romick et al., 1992). The decrease in TiO, reflects crystallization of titaniferous
magnetite (Barton and Huijsmans, 1986). The slight increase in NayO indicates that
plagioclase was an important crystallizing phase. Generally, trace clements show
considerable scatter. However, systematic trends are shown by most of the major and
trace elements are broadly consistent with crystallization of the observed phenocryst
phases in the rocks.

The general trends of progressive increase in Si05, K,0 and incompatible clements
(e.g., Rb, Ba, Th) with decrease in MgO, FeO*(total), CaO, TiO, and compatible
clements, suggest qualitatively that the evolution of the dacites was mainly by fractional
crystallization of a parent magma with lesser other magmatic processes. The decreases
in MgO, FeO*(total), TiO; , P20s , and MnO with SiO, reflect crystallization of
pyroxene, biotite, Fe-Ti oxides, apatite and plagioclase.

In Fig. 6A, FeO*(total) is plotted against MgO. The dacite samples cluster around the
trend of experimentally produced melt at 5 kb H,0, from olivine tholeiite at FMQ
buffer (Helz, 1976). In Fig. 7B, a plot of FeO*(total) versus Ca0, rocks plotting to the
lower right of the line usually crystallize biotite and, or, hornblende, and are
calcalkaline metaluminous to peraluminous whereas rocks plotting close the line
usually crystallize opxtbiotite and hornblende, and metaluminous (Warshaw and
Smith, 1988). Generally, the dacite samples studied plot lower right of this line (Fig.
6B), and are thus low-Fe types and calcalkaline metaluminous which is in accordance
with observed phenocryst types in the rocks.

Dacites have relatively high La/Y ratios, compared with typical calcalkaline orogenic
suites (Gill, 1981). Lambert and Holland (1974) described J- and L-type trends, which
Jead respectively to depletion and enrichment in Y in a calcalkaline suite. The J- and
L-type trends have been used for hornblende and pyroxene controlled fractionation
respectively, as these minerals can be critical in determining trend direction. In the Y
versus CaO plot (Fig.7), the dacites plot on the Y-depleted side of the standard
calcalkaline trend as obtained by pyroxene and plagioclase dominated fractionation
(Lambert and Holland, 1974). Therefore, the dacites define a J-type trend suggesting
hornblende controlled fractionation (Fig. 7).
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Figure 6. (A); total FeOt versus MgO for the Karakaya dacite. The trends of
experimentally produced melts at 1kb ( H,0=0.67, G-CH buffer) from a
Kilauea basalt (Spulger and Rutherford, 1983) and at 5 kb H,O from an
olivine tholeiite at the FMQ and HM buffers (Helz, 1976) are shown for
comparison (nos, 1, 2, 3 respectively). (B); total FeOy versus CaO plot.
Thick line separates high-Fe types from low-Fe ones (Warshaw and Smith,1988).
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Figure 7. Y versus La and CaO plots for the Karakaya dacite. Shaded area represents
the "standard" calcalkaline trend of Lambert and Holland (1974). The
vectors show qualitative trends of the effect of fractional crystallization,

Generally, the rocks show enrichment in all clements on MORB- and PM-normalized
patterns (Fig. 8). LIL element enrichment, particularly Th, is significant. The negative
anomalies shown by Ti and P may reflect Fe-Ti oxide and apatite fractionation during
differentiation.

6. CONCLUSIONS
The volcanic rocks studied overly unconformably Palacozoic rocks. Average
thickness of the volcanic rocks from this basement is 500 m.
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Figure 8. Primordial mantle- and MORB-normalized trace element patterns for the
average Karakaya dacite composition. PM- and MORB-normalizing values
are from Wood et al. (1979a) and Pearce (1983), respectively.

The age of dacites should be at least Miocene or older hence clays derived from the
dacites underlie Miocene lacustrine limestones.

The dacites display a varicty of disequilibrium textures. Plagioclase exhibit thin
overgrowth. Quartz is rounded and embayed, hornblende or rare biotite is replaced by
fine-grain opaques and silicates, suggesting a large degree of thermal and chemical
disequilibrium induced by magma mixing.

The rocks are high-K calcalkaline in chemical composition, and low-Fe type
metaluminous dacites. The gcochemical data suggest that the dacites evolved by
fractional crystallization, possibly {rom an intermediate composition. The data are also
consistent with a hydrous crystallization assemblage in which hornblende was one of
{he primary phenocrysts and exerted a major control on crystallization history of the
rocks, and probably derived by fractional crystallization from an andesitic parent
magma. The element variation plots indicate that hornblende fractionation played an

important role in the evolution of the dacitic magma.
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BOBREK TASLARININ MINERALOJiK INCELENMES|

ibrahim COPUROGLU ve Ali GUREL
Nigde U., Jeoloji Miihendisligi Boliimii, Nigde/Tlirkiye

OZET: Bobrek taglary, idrar igerisinde erimis olarak bulunan urat, fosfat ve oksalat
gibi maddelerin ya bobrek icerisinde ya da idrar kesesi ile idrar yollarinda
kristalleserek ¢okelmeleri sonucu olugurlar.

Bobrektagt diigiiren veya amelivatla bobreginden tas aldiran hastalar, mutlaka
bunlarm ne tiir bir tag oldugunu bilmeleri gerekmektedir. Boylece ayni Hir bébrek
taglarimin tekrar olugmasu dnlemek igin doktorlar tarafindan yazilan diyetleri
uygulayabilirler.

Bu kapsamada yerbilimelri laboramwvarlanida soz konusu bobrek taglart analiz
edilerek insan sagilina biiyiik hizmetler sunulmakandr.

Yapilan incelemeler sonucu asilik kalker eriviklerinden oksalat, fosfat ¢okeltilerinden
fosfat asitli wzlardan urat ve bunlarn karigumndan olugan karisumlh bobrek tag
gruplart belirlenmegtir. Bu gruba ait mineraller ise sunlardir; Whewellit, weddellit,
whwellit+weddelit, kalsiyum fosfat ve iirat grubu mineraller ile ¢ok az miktarlarda
bulunan kuvars, feldspaltlar ve kil mineralleridir.

MINERALOGICAL ANALLYSIS OF KIDNEY STONES

ABSTRACT:Kidney Stones are formed within kidney or urinary and urethra after
crystallization and sedimentation from urine which bears dissolved urate, phosphate
and oxalate components.

The paitents suffering fron kidney stones must know the kind of stones they have been
had if possible. In this case, they can prevent fron forming new kidney stones in their
body after folloving the instuctions about diet su ggested by the doclor.

The laboratory of jeologi also provide a good information about this matter usig its
XRD laboratory facilities, therefore give an important help concering human health.

According to the laboratory investigations, It has been observed that oxsalat type
kidney stones are formed from asidic carbonated solutions while phosphate type are
from phosphate solutions, urat type from asidic salted solutions and urat type from
asidic salted solutions and the mixed type kidney stones from the mixture of the
solutions above. The known minerals of these kidney stones are whewellite, weddellite,
whewellite-weddellite, calsiyum phosphate and urate group minerals. Trace amounts of
quartz, feldspar and clay minerals are also associated to those main kidney stone
minerals.
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1. GIRIS
1.1. Bobrek Taslar1 Hakkinda Genel Bilgiler

Bu calisma, yazarlarmn uzun yillar birlikte yiiriittikleri ¢alismalar ile son zamanlarda
Ankara'nin  gesitli hastanelerinden M.T.A. Laboratuvarlarma incelenmesi i¢in
gonderilen bobrek taglarimi kapsamaktadir,

Bobrek tag1 diigiiren veya ameliyatla bobreginden tag alman hasatalar mutlaka tagin
cinsi ve bilesimini v.s. hakkinda bilgi sahibi olmak zorundadir. Tag yapan hasta vucut,
gerekli dnlemler alinmadif taktidre tag yapmaya devam edeceginden, bunu dnlemek
icin up doktorlan s6zkonusu taglar: olusturan minerallerin cinsine gore Onlem almakta,
gerckli diyet regeteleri yazmaktadir.

Bobrek taslari, adindan da anlagildig gibi iki kelimeden olugmaktadir. BOBREK ve
TAS. Bobrek bir insanin kendi yumrugu biiyiikligiinde (Sekil 1), giinde yaklasik 1500
litre kani siizerek temizleyen bir organ olup, tabidir ki bunlarn incelenmesi ve tedavisi
tp doktorlart tarafindan yapilmaktadir. Bu calismada sozkonusu olan TAS'dir. Yani
bobrek tagidir. Taglar, bir veya birdan fazla minerallerin biraraya gelerek olusturduklari,
mineraller ise, yine bir veya birden fazla kimyasal clementlerin belirli fiziksel ve
kimyasal sartlar altnda biraraya gelerek olugsturduklart cisimlerdir. Bunlarin
incelenmesi de yer bilimciler tarafindan gerceklestirilmektedir.

Bu baghk altinda sunulan bilgiler, ¢ok cesitli yerli ve yabanct saflikla ilgili
yaymlardan derlenmis teorik bilgilerdir. Ancak bobrek tag1 digiiren hastalarin
edindikleri tesbitleri ve terciibeleri de ozetlenerck sunulmakta, boylelikle konu ile
ilgilenenlerin faydalanmalar1 amaglanmaktadir.

Bobrek taglar, Bohnert (1976), Fleisch (1983)ye gore, idrar icerisinde crimig halde
bulunan iirat, fosfat ve okslat gibi maddelerin ya bobrek icerisnide yada idrar kesesi ile
idrar yollarinda kristalleserek ¢okelmeleri sonucu olugurlar (Sekil 1).

Normal sartlar alunda saglikli bir kiginin idrar yollan asitli idrardan etkilenmez.
Ancak kiginin idrar yollarinda olusan bir iltihap, buralarm idrarlardan etkilenmesine
neden olur ve bu iltihaph yerlerde idrar icerisindeki kristalloidler ¢Okelmeye baslar ve
boylece soz konusu sevimsiz bobrek taglari olusur. Olusan bu taglar baglangigta uzun
bir siirc hicbir belirti géstermezler ve gizli kalrlar. Bazen cok hafif sancilar
hissedilebilindigi gibi bazen de hasta bobreginde ¢ok biiylik bir tag olmasina ragmen
(Foto. 1) hicbir act ve belirti hissetmeyebilir.

Buna rnek olarak Foto. 1'de goriilen ve Sekil 2a'da analizi sunulan bébrek tagimnin
sahibi, biinyesinde bu kadar biiyiik bir tas bulundurmasina ragmen hicbir ac1 ve bilirti
duymayarak, sadece asir1 yorgunluk, ¢ok terleme, istahsizlik ve yiiksek tansiyon
sikayetleri ile hastaneye miiracaat ettigini ifade etmistir,

Bobrek tag1 diigiiren hastalarin belirttiklerine gore, hastahk siiresi icerisinde genellikle
idrar yaparken siz1 ortaya cikar ve idrar yapmada giclik cekilmektedir. Bu belirtileri
hisseden kisilerin hemen bir saghk kurulusuna gitmeleri gerekmektedir. Zamanla
bobrek taglan ilk olustuklar yerlerden koparak mesaneye inerler, bazen de idrar
yollarinda hareket ederler.
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=> [Dis kabuk zari

Siizgegler

Bobrek taslar:
Bobrek damarlar

Mesane

idrar yolu

14 eml—

Sekil 1. Bir insan bobreginin kesiti ve bobrek taglarin olugabilecegi yerler (Bohnert,
1976).

Bu durumun agik belirtisi ise, ¢ok siddetli sanc1 ve idrarin kanh gelmesidir. Afrlar
aniden baglar ve dayanilmaz bir hal alir, aym zamanda sk sik idrara ¢ikma istegi
duyrulur. Siddetli sancilar hastada kalp ¢irpntist, kusma hissi, diigiik tansiyon, terleme
ve baygmlik yapabilmektedir. Sancmin seyrek araliklarla tekrarlamasi ve idrardaki
kanin kesilmesi, tagm bir yere takilarak durdufunun belirtileridir. Arzu edilen tasin
idrar yolundan gegerek mesancye gelmesi ve oradan da disan atilmasidir
(Bohnert,1976; Fleisch, 1983).

Ayrica irademiz diginda bobrek taglarimin  olugmasini  hizlandiran baz1 etkenler
sunlardir (Bohnert,1976):

- Bobrek veya idrar yollanindaki gegitli iltihaplanmalar,

- Idrar igerisinde tag olusmasin Onleyen iire, azot ve salisilik asit gibi maddelerin
eksikligi.

-Kiginin agirt terlemesi veya ¢ok yogun olarak idrar ¢ikarmasi SOnucu vucudun agirt
su kaybina ugramas, bunu gidermek icin yeterince su ve sulu yiyeceklerin alinmamast,

-Sik stk alinan alkali karekterli ilaglar,

-Kisinin ¢ok sinirli ve asabi krekterli olmast mide asidinin ve boylece idrann alkali
karekterli olmasim etkilemekte, bu dzellik ise, bdbrek taglanimin  olugmasini
hizlandirmaktadir,

- Kiginin GUT hastaligina yakalanmis olmas,

-Ailesel kaliim nedeniyle kisinin idrar yollanindaki darliklanin neden oldugu, idrar
akigtrun yavaglanlmg olmast,

-Kiginin vucudunda A-vitamininin eksik olmast,

-Kiginin vucudunda D-vitamini fazlahigt,

-Kronik kemik iltihaplart,

-Dengesiz Beslenme: Cok fazla sebze yiyen kimselerin idrarlar alkali olur ve bu
ortamda da oksalat-fosfat taglari, buna karsin ¢ok et yiyenlerin idrarlan ise, asitik
karekterli olur ki, bu ortamlarda da iirat grubu mineraller olugurlar.
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2. BOBREK TASLARININ INCELENMES]

Bobrek taglarinin analizleri son zamanlara kadar genellikle biyokimyasal yéntemlerle
yapilmaktayd: giiniimiizde jeoloji ve jeofizik alanlarindaki gelismeler sonucu optik
(mikroskop) ve X-RAY difraktometri cihazlari ile de ¢ok saghkl sonuglar alinmaktadir
(Tokugoglu ve dig., 1989).

Bu ¢alismada yapilan incelemeler optik (Troger, 1969) ve X-RAY difraktometri
(Krischner, 1974) metodlarni kapsamaktadir. Incelenmesi icin goénderilen bébrek
taglarmm ¢nce 0,03 mm kalinhifinda incekesitler hazirlanmakta, olup ve bunlarm tipik
goriintilerinin mikrofotograflan gekilmektedir (Foto 1,2,3,4,5,6). Bu belirlenen optik
Ozelliklerin en 6nemlilerinden biri, ilgili minerallerin 191k kinlma  ve ¢ift kirilma
indisleridir. Bunun igin refraktometre aleti veya normal polarizan mikroskoplar
kullanilmaktadir (Beke-Cizgisi). Daha sonra ayni bobrek tagimin artan difer parcalan
havanla toz haline getirilerek "Réntgen Ismlart Difraktometre Cihaz1" ile yine aym
kristalin kiristal yiizeylerini belirleyen diyagramlar elde edilmistir (Sekil 2). Elde edilen
bu dederler 6nceden bilinen standart degerlerle  kargilagurilarak mineral cinsleri
belirlenmisgtir,

Tokugoglu ve dig. tarafindan 151 hastadan alinan bobrek taglar1 (92 adedi erkeklere,
59 adedi ise kadmlara ait) hem biyokimyasal hem de optik kristalografik yéntemlerle
analizleri yapilak kargilastnlmigtir. Aymi aragurmacilar ve BakkaloZlu ve dig.(1988)
optik kristalografik analiz metodunun biyokimyasal analiz metodundan daha dogru, net
sonuglar verdigi ve de uygulama kolaylig nedeniyle tercih edilmesi gerektigi sonucuna
varmaglardir,

Uzun yillar igerisinde yazarlar tarafindan incelenen ¢ok sayidaki bobrek taslari ve
bunlara ait mineraller 5 ayr1 mineral grubu olusturmaktadir. Bunlar, Bakkaloglu ve did,
(1988), Bohnert (1976), Fyleisch (1983) ve Tokugolu ve dig.(1989)nin tesbit ettikleri
minerallere biiyiik benzerlik géstermektedir (Sekil 2), Bunlar;

1- Asitik kalkerlerden olugan oksalat taslari (Whwellit, weddellit ve her ikisinin
karigimi),

2- Tosfat gokeltilerinden olugan fosfat taglart (Kalsiyum, magnesyum  fosfat
mineralleri=Whitlockit),

3- Asitli tuzlardan olugan iiratlar (Urikasit, tirikasidihidrat, sodumbhidrojen iirat),

4- Bunlarin tamaminin birlikte olusturdufu karigimh taslar,

5- Yukarida belirtilen minerallere eslik eden, ¢ok az miktarlarda kuvars, faldspalt
grubu ve kil grubu minerallerdir.

2.1. Oksalat Bobrek Taslari

Ln 6nemli ve sikca rastlanan oksalat mineralleri whewellit ve weddellittir, Daha cok
hayvani besinler idrar igerisindeki oksalat asidini aritmakta ve bunun sonucu olarak da
bu mineraller olusmaktadir (Foto 34,5 ve 6).
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GENC

but nothing happened within tch Atakoy formation. This is definitely a discrapency
indicating these writer's lack of adequate experience and knowledge in the
interpretation of regional geology. at this stage, one should ask Bulut the following
questions:

1) Since you have already accepted that the Serdarli metamorphics create the base of
the Cambagi formation, do you still interpret these rocks as the products of the contact
metamorphism?

2) How can you explain the development of either a regional or contact
metamorphism only at the botton of the Cambag1 formation with a thickness less than
1500 metres but not in its upper levels and in the overlying Atakoy formation which is
the vertical continuation of the Cambag1 formation.

As explained in detail in Geng (1994), basal conglomerates and/or breccias have been
encountered at the contact between the Serdarli metamorphics and the Cambast
formation. In his discussion, again, bulut says "the unit described by Geng (19947 as
basal conglomerate is in fact a talus material". This gentlemen, has probably been
confusing the descriptions clear in his mind first, and then to know that when a
scientits is due to deal with a geological unit he/she is supposed to take close a look at
it, whereas during the field trip to the area for a scientific discission in situ Aslaner,
Tanyolu, Korkmaz and bulut himself observed these conglomerates and/or breccias
from a distance of approximately 100 metres, having refused to go and take a closer
view because of a warm day climatic and steep slope conditions. As a result, such a
non-scientific interpretation put forward by Bulut can not have any logical base.

In conclusion, a scientist is expected to use a scientific language in such a discussion,
that is when he/she talks about something he/she ought to present the evidences and/or
clues firs and then give the conclusions; whereas, bulut in his discussion, has followed a
contrary way drawing several conclusions without giving any evidence, because he has
been presumably unable to pay enough attention and time to regional geology and
particularly stratigraphical relations of various rock units during his field-work. There
fore, the geological setting and interpretation put forward by Geng (1994) definitely
reflects the reality although this has infuriated Bulut very much. As a result, T agree
with him on one point that when ever one wishes to have regional geological
information about the area around Caykara he/she must keep in mind that for the
reasons explained above Bulut (1989) and bulut and Tarhan (1991) are too vague and
unreliable and hennce should always be evaluated in tmhe light of Geng (1993, 1994),
Geng and Altunkayanak (1994) and Altnkaynak (1994) for being able to refrain from
further misleading and false information.
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LOW-GRADE REGIONAL METAMORPHISM IN EASTERN PONTIDES AND
ITS GEOTECTONIC SIGNIFICANCE, CAYKARA (TRABZON) AREA,
NE TURKEY

REPLY TO DISCUSSION WRITTEN BY BULUT,

Salim Geng
K.T.U., Jeoloji Miihendisligi Boliimii, Trabzon/T\ tirkiye

The first thing to be noted abouut this discussion is the unfortunate non-scientific
nature and approach adopted by Bulut with fixed-ideas without any evidence, relating
to the geology of the arca around the town of gaykara. There-fore, at this stage, it looks
significant to outline the problems that are due to be discussed in the light of
information given by Bulut (1989), bulut and Tarhan (1991) and Geng (1994). In fact,
the following problems have been debated in this context:

1) Do any type of regional metamorphic rocks crop out in the area of interest or not?
2) If these rocks occur, what stratigraphic relations do they have with the other units
in the area, or else what is their stratigraphical position in regional scale?

Neither Bulut (1989) nor Bulut and Tarhan (1991) were aware of the occurrence of
the regional metamorphic (the Serdarli metamorphics), which are the mapable units on
a 1/25000 scale, In the area around Caykara and for this reasonthey have mentioned
nothing about these rocks. According to them the only metamorphics in the area are
represented by metabasalts and metatuffs which have beenn produced as a result of
contact metamorphism around the edge of the Tagkiran granitoid. In his discussion,
Bulut has used the following sentence for the Serdarli metamorphics comprising
well-foliated slates, phyllites, calc-schists and metabasalts (Geng,1993, 1994; Geng and
Alunkaynak, 1994; Alunkaynak, 1994): "In deed, the metamorphics form basal part of
the Cambagi formation of Malm-Lower Cretaceous age...". As may be deduced from
this sentence, although any geologist even a student of geology can easily receognize
these metamorphics in the area of Caykara, Bulut has just been fortunate to admit the
occurrence of such rocks. Thus, it is apparent in reality that, in terms of misleading, not
Geng (1994) but Bulut (1989), and Bulut and Tarhan (1991) must have had a great
success in achieving that, giving false and/or deficient information about the geological
situation in the region.

Bulut (1989) and Bulut and Tarhan (1991) point out that the Taskiran granitoid
intrudes both the Cambag: and atakdy formations. However, the contact metamorphism
of the albite-cpidote-hornfels facies has only taken place within the Cambagi formation
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DISCUSSION

Fikri Bulut
K.T.U., Jeoloji Miihendisligi Boliimii, Trabzon /Tiirkiye

Geng (1994) indicates a disconformity between the Cambagi Formation of Malm age
and so-called serdarli metamorphics of pre-Malm (?) age, based on the presence of
basal conglomerate and/or basal breccia. This judgement has no scientific foundation
since none of these units occur in the region (B ulut, 1989; Bulut and Tarhan, 1991).
Serdarli metamorphics are introduced by geng (1994) as a new unit and attributed to
basement rocks of pre-Malm age.In deed, The metamorphics from basal part of the
Cambag: formation of Malm-Lower Cretaceous age and there is no disconformity and
basal conglomerate between the Cambasi formation and so-called serdarli
metomorphics. the unit described by geng (1994) as basal conglomerate is in fact a talus
material (Aslaner, Tanyolu, korkmaz and Bulut; Field observations, 1994). Hence, the
stratigraphic columnar section presented by geng (Figure 2, 1994) is incorrect. m
addition, his geotechtonic interpretation of the area is misleading. Therefore, it appears
essential to inform the readers of Geosound to avoid any further mistakes in following
studies in the area of interest based on the conclusions drawn by Geng (1994),
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TATAR ve KIZIL

4. SONUC VE ONERILER

Orta Anadolu Linyitleri Isletmesinde 1986 yilindan bu giine kadar, 6 panoda 3 ayr
sokiim yontemi uygulanmistir. Sokiim y6ntemlerinin karsilagtirilmast sonucu, 3. sokiim
yonteminin diger yontemlere gore daha ekonomik, daha emniyetli ve daha kisa siirede
yapildid1 agiktir.

Tablo 1 ve Tablo 2 incelendifinde tavan ayaklarda ayafin stkiimi igin
genigletilmesinden sonra, yiiriiyen tahkimat sokiimiine kadar yapilan igler ¢cok zaman
almaktadir. Bu nedenle kisa zamanda yamlabilecek tavan ayak sokiimii uzun zaman
almaktadir. Ortalama 10 giinlik hazirlik donemini olusturan bu siire, ayak sokim
galigmalarindan once bafimsiz bir zamanda yapilabilir. Omegin, tavan ve taban ayak
sokiim yerlerinin onceden belirlenerek, sokime uygun olgelerde kilavuzlann agilmas:.
Bu klavuzlarin tahkimat: sokiime uygun olarak yapilmalidir, Kilavuz igerisine monoray
hattt dosenmelidir. Yapilan bu hazirhiklar, ayak, sokim kilavuzuna girdikten sonra,
ayafm cok kisa bir siirede sokiilerek tagmmasin saglar.

Yapilan gozlemlerde, iyi bir planlama ile ayak sokim siiresi 30 giindiir. 3. sokim
yontemi uygulanarak taban ayak tavan damara gikip sOkiim noktasmna 15 giinde
ulagabilir. S6kiim klavuzlari ile hazirliklar daha dnce yapilirsa, pano stkiimii i¢in gecen
toplam siire 75 giin olacaktir. Daha onceki sokiim yontemlerinde panolarin sSkiimi igin
gecen toplam ortalama siire 150 giindir (Tablo 2). Belirtilen onerilerin yapilmast ile
panolarin sokiimi i¢in gegen toplam siire yan yartya azalacaktir.
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Gogiikteki yangm kirikli arakesmeden gegerek taban ayak sokiimiinde tehlike olugturur.
3. s6kiim yonteminde bu tehlike tamamen bertaraf edilmistir,

Tablo 1. Ayak sokiim siireleri

Pano adi  Ayak ady a b ¢ d e f g h
Al3 Tv.ayak | 22.12.1988 | 11.01.1989 [ 25.01.1989 15 | 45 27.01.1989 | 37 111
Tb. ayak | 01.04.1989 | 17.04.1989 29.04.1989 | 12 | 36 10.05.1989 | 41 123
A0l Tv.ayak | 17.07.1989 | 10.08.1989 | 26.08.1989 | 16 48 23.08.1989 | 37 111
Tb. ayak | 05.09.1989 | 18.09.1989 | 07.10. 1989 | 20 | 81 13.10.1989 | 39 177
A02 Tv.ayak | 21.10.1989 | 11.12.1989 | 26.12.1989 16 | 48 30.12.1989 | 70 [ 210
Tb. ayak | 29.01.1990 | 20.02.1990 | 08.03.1990 17 | 51 13.03.1990 | 44 132
Al7 Tv.ayak | 10.04.1990 | 24.05.1990 | 19.06. 1990 | 27 | 54 22.06.1990 | 73 147
Tb. ayak | 01.08.1990 | 17.08.1990 29.08.1990 | 13 | 51 05.09.1990 | 36 144
A03 Tv.ayak | 13.02.1992 | 05.03.1992 | 09.04.1992 36 | 108 | 17.04.1992 | 63 189
Tb. ayak | 02.08.1992 | 23.07.1992 | 02.09.1992 42 | 126 | 04.09.1992 | 33 132
AD4 Tv. ayak | 07.09.1992 | 29.09.1992 | 24.10, 1992 | 26 | 51 20.11.1992 | 75 168
Tb.ayak | 01.02.1993 | 13.02.1993 | 26.02.1993 13 | 54 26.02.1993 | 26 | 99

a Ayak stkiim baglangici
b: gild sokiimbaglangici

Tablo 2. Pano skiim siireleri

¢: sild s6kimbitimi
d: 5ild sdkiimsilresi (giin) ~ f: Ayak sékiim bitim tarihi

c:sild sokiim vardiyasayisi

g: Ayak sokiim siiresi (giin)
h: Ayak skiim vardiya sayis:

Pano ad: a b

Aciklama

Al3 78

63

141

Tavan ayakta 3 posta
Taban ayakta 3 vardiya siskiim
yapildi

A0l 76

89

Tavan ayakta 3 vardiya
Taban ayakta 4 posta sékiim yapildi

A02 114

30

144

Tavan ve taban ayakta
3 posta sskiim yapildi

A17 109

39

148

Tavan ayakta 3 posta
Taban ayakta 3 vardiya sékiim
yapildi

AO03 96 321

109

205

Tavan ayakta 3 posta

Taban ayakta 4 posta sékiim
yapildi,

Taban Ayakta yangin gikt.

A04 101 267

173

Tavan ayakta 2 posta
Taban ayakta 4 posta sskiim
yapildi.

a: Pano s6kiim siiresi (giin)
b: Pano sékiim siiresi

c: Iki ayak sékiimii arasinda beklenen siire (giin)
d: Pano stkiimii igin gegen toplam siire (giin)
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Kalin arakesmeli A13 ve AI7 panolarinda ise taban ayaklardaki silt sOékiimii tavan
ayaklara gore 9 ve 3 vardiya daha erken olmustur. En hizli ayak sokiimii 99 vardiya ile
A04 panosunda 3. sokiim yontemi ile yapilmastir,

Tablo 2'de net goriildiigii gibi ince arakesmeli AOL, A02, A03 ve A04 panolan
icerisinde en hizli pano stkiimii AO4 panosunda yapilmigtir. 3. sokiim ydnteminin hizh
sokiim yontemi oldufu aciktir. Ayni tabloda pano sokimii i¢in gegen toplam siirelere
bakildifinda, 3. yontemle sokiimiin 173 giinde yapildiffi goriiliir. Bu siire uzundur.
Ciinkii bu siireye iki pano stkiimii arasynda gecen bekleme siiresi dahildir. AO4
panosunda tavan damara ¢ikan taban ayak pano smrma kadar caliguf icin bekleme
siiresi ve pano sokiimii icin gegen toplam siire uzamig goriinmektedir. Gergekte ise bu
bekleme siiresi icinde tavan damarda tiretim yapilmaktadir.

3. sokiim yontemi ile A04 panosunda daha fazla komir dretilmistir. Clinki AO4
panosu 2. sékiim yontemi ile sokiilseydi, tavan ayak rekup baginda, taban ayak ise
tavan ayafin 5 m. gerisinde durdurulup sokiilecekti. 3. stkiim yontemi ile tavan
ayakbast rekubun 20 m. gerisinde durdurulurken, taban ayak tavan damara ¢ikip
ayakbas1 rekubun 20 m. ilerisine (4007 nolu desandreye 18 m. kala) kadar calisu. 3.
sokiim yontemi ile AO4 panosunda 11.653 ton daha fazla komiir Giretilmigtir,

1. ve 2. s¢kiim yonteminde taban ayaklarda kullanilan GI-110 profil tahkimat, hidrolik
direk ve agag tahkimat malzemenin bir kismi kurtarilamiyordu. Kurtarilan malzeme ise
deformasyona uframis oluyordu. 3. stkiim yontemiyle daha az malzeme ayak igerisine
sokuldufu gibi, bu malzemenin tamami kurtarilmaktadir. Ayrica bu malzeme
deformasyona da uframamaktadir. Ciinkii her iki ayak bakir bolgelerde sokiime tabi
tutulmaktadir.

1. ve 2. sokiim yénteminde malzeme ayak bagina ve ayak kuyruBuna ycrlestirilen
vinglerle yapiliyordu. 3. sokiim yonteminde ise ayak igerisine montaji yapilan
monoraylarla malzeme tagmmistr. Bu ig¢i sayisinda azalma saflamistr, 3. sokim
yontemi ile skiim daha az vardiyada tamamlandif i¢in igcilikic de tasarruf saglamistir.

1. ve 2. sokim yontemlerinde taban ayak, tavan ayafin gocifiiniin altinda
sokiiliiyordu, Yiiriiyen tahkimatarmn kurtarilmas: i¢in GI-110 profil ¢elik tahkimat ve
altina hidrolik direklerin kondu@u gegici emniyet tahkimati yapiliyordu. Yiiriyen
tahkimatlarin tamami kurtarildiktan sonra gecici emniyet tahkimatinin da kurtarilmasi
gerekir. Emniyet tahkimati alimrken ayak igerisine afag tahkimat yapilir. AZag
tahkimatl: ayakta, emniyet en zayiftir. Bu csnada tavan ayadin tavanindaki sok gogiikler
ve ani blok oturmalari taban ayakta tehlike olusturabilir. 3. sokim ydnteminde,
ayaklarm her ikiside tavan damarda, tavam bakir olan bolgede sokiildiiii igin daha
emniyetli ¢caligma ortami olmugtur.

Havza komiirii igerisinde % 4-5 oraninda kiikdrt bulunur. Bu yiiksek orandaki kiikiirt
komiiriin kendiilinden yanarak ocak yanginlarmm meydana gelmesine neden olur. 1.
ve 2. sokiim yontemlerinde tavan ayafin gerisinde (gogiikte) kalan az miktardaki
komiiriin kendilifinden yanmasina ve taban ayak sokiimiinde tehlike olugturmasina
neden olur. Ciinkii taban ayak sokiimii tavan ayafm gocigii altinda yapilmaktadir.
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tiretim durdurularak sokiim baglatildi. Boylece taban ayafin 150 metresi saglam tavan
alunda, 70 metresi ise tavan ayagin gociigi alunda sokiim ¢aligmalan yapildi.

1. yontemdeki bazi aksakliklar bu yontemde de goriildi. En énemli sorun yangin
tehlikesiydi.

2.3. Uygulanan 3. yontem

A04 panosunda ise A03 panosunda uygulamasi tam olarak gergeklesmeyen 2.
yontemin uygulamast ongoriildii. Bu nedenle tavan ayak pano sinir1 olarak belirlenen
rekup bagma 20 m. kala durduruldu. Yapilan calismalar sonucu AO4 panosu taban
ayadinda 3. bir sokiim yontemi dencnmesi kararlasurildi. Bu ydntemde taban ayak,
tavan ayak armmn aluna gelince yiikselerek iretim yapacakt.. Arakesme kesildikten
sonra tavan damara ¢ikacak ve iretimi orada devam ettirecekti. Tavan damara ¢ikarilan
taban ayak pano sonuna vardiginda tavan damar i¢inde sokimi yapilacakti (Sekil 7).

Rekup basina 20 m. kala durdurulan taban ayakta tamburlu kesici-yiikleyici ile
sokiimiin rahat yapilabilmesi i¢in genigletme calismalari yapildi. Bu arada yiriyen
tahkimatlarn iizerine GI-110 profil ¢elik tahkimat yerlestirildi. Genigletme isi bittifinde
tamburlu kesici-yiikleyici skiim i¢in ayak kuyrufuna gotiirildii. Yiriiyen tahkimatlarin
{izerine yerlestirilen GI-110 profil ¢elik tahkimat aluna miinferit hidrolik dirck kondu.
Miinferit hidrolik direkler arasi 1 m., GI-110 profiller arasimna ise c¢elik fir¢a yapildi.
Ayak kuyrugunda cift tamburlu kesici-yiikleyici sokiimi yapilirken, arinda komir
bosalmasina karst celik hasir yapildi. Bu arada ayak icerisine ayak malzemesinin nakli
icin monoray hattt dosendi. Akabinde ayak ici ¢ift zincirli konveydr, ayak baginda
baslanarak sokiimii yapildi, nakli saglandi. Konveydr tamamen sokiildiikten sonra ayak
kuyrufundaki yiiriiyen tahkimattan baglanarak gild tahkimat sokiimi baglandi. Yiriyen
tahkimatla birlikte ayak igerisindeki GI-110 profil ve hidrolik direklerde sdkiilerek
kurtarildi. S6kiimii yapilan ayak, kuyruktan itibaren gécmeye terkedildi.

Tavan ayak sokiimii bitirildikten sonra, taban ayak tavan ayak alunda diyagonal
olarak gegirildi. 17° lik bir efimle ayak yukari dogru trmandi. Bu trmanma, tavan
damara tam olarak girinceye kadar devam etti.

Tavan damarina kadar yiikselen taban ayak pano smirina kadar Gretime devam etti.
Pano smirinda ise tavan ayak icin uygulanan sikiim ayni gekilde uygulanarak taban
ayagin tavan damar icinde sékiimii yapildi.

3. SOKUM YONTEMLERININ KARSILASTIRILMASI

Pano sokiim ¢aligmalari gok riskli bir igtir. Bu nedenle en az riski olan ve en kisa
stirede sokiimii yapilan bir yontemin geligtirilmesi zorunludur. Tam mekanize iiretime
baglanan 1986 yilndan bu yana miiessedeki 6 panoda 3 ayn sOkiim yoniemi
uygulanmigtir. Sokiim ile ilgili rakamlar Tablo 1 ve Tablo 2'de verilmigtir. Bu tablolar
incelendiginde, ince arakesmeye sahip A01, A02 ve A03 panolarinda, tavan ayaklardaki
yiiriiyen tahkimatlar, taban ayaktaki yiiriiyen tahkimatlardan 3 ile 33 vardiya arasinda
degisen siirelerde daha erken sokiildiigii gorulir.
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2.1. Uygulanan 1. Yontem

Bu yontem Al3, A01, A02 ve Al7 panolarinda uygulanmigtir. Bu yontemde pano
smirna yaklagildigimda tavan ayak hizli, taban ayak yavas caligir. Tavan ayak pano
stnirina vardigmda, taban ayak 50-70 m. kadar geridedir. Bu mesafe tavan ayak sokiimii
yapilirken, taban ayafin bekletilmeyip calismas: icindir. Aksi taktirde bir ayagmn
sokiimii yapilirken diderinin bekletilmesi, yangin tehlikesi ve ayaktaki hidrolik yiiriiyen
tahkimatlarin asin1 yiiklenerek deformasyonura neden olur. Tavan ayak sokiimii
yapilirken, taban ayak 5 m. gerisine kadar caligilir. Tavan ayak sokiimii biter bitmez,
taban ayak sokiimii yapilir (Sekil 5).

Bu yontemle stkiimde A13 ve Al7 panolarinda arakesme kalin oldufu igin ¢ok
dnemli problemlerle karsilasimamusur. Ancak A01, AO2 panolarinda arakesme ince
oldugu icin taban ayak sokiimlerinde biiyiik giicliiklerle karsilasilmigtir. Taban ayaktaki
yiiriiyen tahkimatlarin sokiimi swrasinda, arakesme kirilarak tavan ayagm gogiigii, taban
ayak igerisine akiyordu. Akan pasa nakledilemedifi i¢in tahkimatlarm kurtarilmasini
giiclestiriyordu. Sokiim siiresi uzadikca ayak iizerindeki basinglar artiyor, ayak aciklif
azaliyor, sokiim igleri zorlagiyordu. Agirt yiik alundaki yiiriiyen tahkimatlarda cesitli
deformasyonlar goriilmiistiir. Bu olumsuzluklar nedeni ile taban ayak sokiimi uzun
siirmiig, bakim-onarun giderleri artmig, maliyetler agirt yikselmistir.

28m._ ) 7 m.

e
o3
CRhgXfoscu]
SRR

Sekil 5. 1. Yontemle sdkiim uygulamasi

2.2. Uygulanan 2. Yontem

Ince arakesmeli olan panolarda taban ayak sokiimiinde kargilagilan problemleri
yasamamak, sokiimii daha kisa siirede tamamlamak amaci ile AO3 panosunda 2. bir
yontem denendi. Bu yontemde tavan ayak pano smirma 10 m. kala durdurularak
sokiimii yamldi. Planlamada, taban ayak tavan ayadin altinda diyagonal olarak gegtikicn
sonra bakir bolgede saglam tavan altinda sokimii yapilacaktr (Sekil 6). Ancak taban
ayagin kuyruktan itibarcn 150. metresi tavan ayafm altunda gecmistiki ayak
kuyrugunda CO miktar1 yikseldi. Yangm belirtilerinin goriilmesi tizerine taban ayakta
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Sekil 3. O.A L. Komiir igletmesi ana hazirlik plani

kalinhigmdadir. Iki damar arasindaki arakesme kalnlifimm az olmasi, ayn panodaki her
iki uzun ayagin aym taban yolunun kullanilmasina olanak sa§lar. Bu durum iiretim i¢in
. avantaj saglar. Boylece her damar igin ayr1 ayr taban yolu siiriilmesi gerekmemektedir.
Ancak iiretim sirasmda kullamlan techizatn sokiilerek kurtarilmasinda dezavantajdir.
Uretim panolarmnin sonuna gelindiginde her iki ayaktaki ve taban yolundaki techizatlar
sokiiliir. Sokiilen techizat yeriistiindeki atdlyelere taginarak bakim-onarimdan gecirilir.
Daha sonra yeni panoya tagimarak montaji yapilir. Bu igler agafidaki nedenlerden dolay1
kisa siirede yapilmahdir,

a. . Komiir talebini karsilamak igin yeni panoda biran dnce iiretime gegmek,

b. Uretimi bitmis ayakta olusan yiiksek tavan basinciun, yiiriiyen tahkimatlart
olumsuz etkilemesine engel olmak,

c. Yangin tehlikesi olan iiretimi bitmis ayaklann biran dnce terkedilerek
kapatimasu.

Aym panodaki iki uzun ayagm ayni taban yolunu kullanmasi, sokiilen techizatin da
ayni taban yolunda naklini gerektirir. Bu ise sokiim siiresinin uzamasina neden olur.
Sokiim, bakim-onarim ve montaj islerinin hizla yapilarak siirenin kisaltilmast icin 3 ayn
yontemle sékiim yapilmigtir.
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Sekil 2. Genellestirilmis stratigrafik istif
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Iki damar arasmdaki arakesme kalnhfmin az olmasi aym panodaki her iki uzun
ayafmn aym taban yolunun kullamlmasma olanak saglamaktadir (Sekil 4).

Mekanize uzun ayaklarda kazi arac1 olarak, kémiiriin jeolojik, petrografik ve mekanik
Gzelliklerine baglt olarak Eickhoff EDW 200/230-L tipi ¢ift tamburlu kesici-yiikleyici
kullamlmaktadir. Ayak tahkimati olarak Westfalia Liinen WS 1.7 Shield tipi 2 direkli
hidrolik yiiriiyen tahkimat iiniteleri kullamilr. Cift tamburlu kesici-yiikleyicilerle
kazilan kémiir ortadan ¢ift zincirli konveyore yiiklenerek, ayak icerisinden taban yoluna
nakli saglanir,

2. MEKANIZE PANODA SOKUM YONTEMLERI
Ust linyit diizeyindeki iki komiir damart ortalama kalinligi 85 cm. olan arakesme ile
birbirinden ayrilir. Ust damar yaklagik 1,5 m. kalinlifinda, alt damar yaklasik 1,7 m
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1. GIRIS

Tiirkiye'de tam mekanize kémiir iiretimine ilk olarak 1986 yilnda Orta Anadolu
Linyitleri (O.A.L.)'nde baglamis ve baganli olarak devam etmektedir. Linyit havzasi
Ankara ilinin 124 km, batisindadir (Sekil 1). Jeolojik etiidler ve sondajli aramalar
sonucu 520 milyon ton linyit komiiri rezervi saptanmigtir. Komiir marn katmanlart
arasinda ii¢ damar halinde olugmustur (Sekil 2). tstteki iki linyit damari st linyit
diizeyini olusturur. Bu iki damar arasinda ortalama 85 cm. kalmh@inda arakesme
bulunur. Alt linyit diizeyi ise st linyit diizeyinin yaklasik 150 m. kadar daha altindadar.
dretim st linyit diizeyindeki iki damarda yapilmaktadir. Bu damarlarin ortalama
kalmhif1 46 m. kadardir. iist linyit diizeyindeki komiir damari ortalama %22,06 nem,
%30,17 kiil, %29,25 ugucu madde, %23,94 sabit karbon, %4,12 kiikiirt igermektedir ve
2848 KCal/kg alt 1s1ya sahiptir.

[ S e

FAKarayolu
BE= Demiryolu
=3 Dere ve kaltar
=] Yerlesim alani
== Baraj goli
3 Sehir merkezi '
[(x10cak yeri
1 Acibasi kirectas: sahas
2 Dudas kirectasi sahasi

ANKARA

Cayirhan
Tarmik Santral .
QLCEK-1/1000.000

BEYPAZARI

N )
SIVRIHISAR
2

Sekil 1. O.A.L. Caywrhan yer bulduru haritast

3 milyon ton/yil iiretime gore planlama yapilmigtir. Heniiz 2,2 milyon ton/yil iiretim
yapilmaktadir. Ihtiyaca gére iiretim arttirilabilir. Havalandirma, nakliyat ve tektonik
kosullardan dolay1 pano boylar1 600-1700 m. arasinda, ayak uzunlugu ise 220 m. olarak
secilmigtir, dirctim geri doniimlii arkadan gogertmeli tam mekanize uzun ayak tretim
yontemi ile yapilmaktadir. Uretim yapilan panonun taban yolu gocertilmeyip, bir
sonraki iiretime gececek panonun tavan yolu olarak kullanilmaktadir (Sekil 3).
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OZET: Orta Anadolu Linyitleri (0.A.L.)'nde geri doniimlii arkadan gocertmeli tam
mekanize uzun ayak firetim yontemi uygulanmakiadir. Havalandirma, nakliyat ve
lektonik kogullardan dolay: pano boylar: 600 ile 1700 m. arasinda, ayak wzunlugu 220
m. olarak segilmistir.

Uretim panolarinn sonunda, ayakiaki ve taban yolundaki techizatlar sokiilerek
yeryiiziindeki atolyelerde bakimi-onarimu yapidikian sonra, yeni panoya tasinarak
montaje yapilmaktadir. Sékiim, bakim-onarim ve montaj calismalart uzun zaman
aldigindan, mekanize iiretim sisteminin en kritik asamasiru olugturur. 0.A.L.'de ii¢ ayn
Yontemle sokiim yapilnugur. Bu ¢alhismada bu tig ayri yontem karsilagtirilarak en uygun
Yontem ortaya ¢ikardnugtir,

MECHANIZED LONGWALL PANEL DISMANTLING APPLICATIONS AT
MIDDLE ANATOLIAN LIGNITE MINE

ABSTRACT: The full mechanized longwall retreating method is used at the Middle
Anatolian Lignite mine. The panel lengths vary between 600 m and 1700 m and the face
length is chosen as 220 m because of the ventilation, transportation and tectonic
conditions.

At the end of the each production panel, the double drum shearer and self advancing
longwall roof-support units at the Jace and the transportation equipments on the
hawlage road are dismantled and carried to the workshops. After the maintenance, they
are carried fo the face of a new panel and installed again. Dismantling, maintenance
and montage of powered supports are time consuming operations, therefore, they are
the most critical stages of the mechanized production system. Three different
dismaniling systems were applied at the Middle Anatolian Lignite mine. In this study,
these three different dismantling systems are compared and the optimum one ise
identified.
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Plt/n)

Figure 10. Distribution of rock pressure along the steel support for readings (The
Main Drift, 462 m).

5. CONCLUSION

The deformation of the drift caused by different main reasons. The deformation of the
drift caused by the swelling pressure is mainly due to the physical and mechanical
characteristics of weak swelling rock strata and nature of their behaviour.

1. Low strength (0, = 3.26 Kg/cm2)
2. High moisture content silty clay (% 35.2)
3. High plasticity (PI, %47.6)

Under the influence of these factors, the strength of the surrounding rock is reduced
substantially, weighting occurs in all directions from the opening, and the amount of
floor lift increases obviously. So it is very important to avoid the harmful effect of these
factors on the surrounding rock.

The resulting of the deformation and the load on supports show that the convergence
values of " Floor Arched Steel Set + Concrete Lining" support system is much lower
than of the previous support system. However, deformations of the concrete lining of
support system is still exist. The load measurement results also show that the load
distribution on the drift support system is not uniform and maximum rock load is
around 79 tones/m2(0.77 MPa).

An effective support system must be introduced and some strict construction measures
must be taken, which might improve the drift support conditions to a great exient when
the drift or roadways has to be driven in a weak stratum.
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Figure 8. Distribution of the measured values f, and | along the arch after 28 days.
The Main Drift, m 462.

The corresponding distribution of the stress resultants M and N along the axis of the
arch is shown in Figure 9. The derived rock pressure distribution at drift length 462 m
and its development with time is shown in Figure 10. The maximum value of the radial
load was determined for the last but one reading and found to be around 79 tones/m?2,

Figure 9. Distribution of Moment and Normal Force along the steel support after 28
days (The Main Drift, 462 m).
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monitoring of the load cells was conducted. As a result of the observations, when, the
load cell with hydraulic prop which is installed at the face was given available values
for pressure, the load cell which is installed over the steel arch support was not able to
obtain available values. Figure 7. shows, variations of rock pressure as a function of
measuring time in the Main Drift at 462 m in Soma-Igiklar Coal Mine.

It was observed that the rock pressure increases sharply within as a function of
measuring time. However, these measurements are not enough to determine for arch
support pressure. Thus, the other measurement technique was used for estimating of the
support pressure in this Main Drift at Soma-Isiklar Coal Mine. This method and
measurement results are given in the following section.
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Figure 7. Developing of the measured rock pressure with load cell (hydraulic prop) as
a function of measuring time.

- 4.2.2. Integrated Measuring Technique for Rock Pressure Determination

The support installed in the drift was deformed as rock pressure increased. A
technique has been developed for the back analysis of rock pressure by KOVARY and
is known as the integrated measuring technique. In this study, rock pressure was
determined through in-situ measurement of deformation of the support.

4.2.2.1. Application in the Field

To give an example of a series of readings 1 consider Figure 8, in which the measured
values f, and 1 are given in terms of the arch length. The full line is the smooth curve
obtained by spline interpolation. The determination of moments and normal forces from
these values is best done with the aid of a diagram even on site.
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deformations of the concrete lining of support system is still exist. Therefore, new
supporting systems are investigated for the Main Drift in this study.

K ) 8 (A HE day) 20 24 28

20 ——— ~—
Tu N \ _ |
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Figure 5. Convergence observed in the Main Drift at 462 m in Soma-Isiklar Coal
Mine.

4.2. Rock Load
4.2.1. Measurement Technique For Rock Pressure With Load Cell System

After supports were installed, deformation of supports and load applied to them were
measured using the load cell system, and magnitude and orientation of load were
analyzed through -the results of in-situ measurements, Two types of load cell system
were used. Those systems are illustrated Fig. 6.

=
g}fﬂ/ .
27

Figure 6. Load - cell types

Load cells were installed at the face and observational stations in the main drift. As
the support pressure is expected to be the max. at stations load cells were installed only
at these stations.These were monitored both with face advance and over lime. Daily
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For the section of drift situated in clayey formation two kinds of problems were faced.
Firstly, large deformations were occur. Secondly, it was known that the given silty clay
possesses a considerable swelling capacity. In this part the bottom of the main drift was
encountered large floor heaving due to high swelling capacity of the weak formation.
Figure 3.a shows cross-section of the main drift with previously used support system.
Figure 4 shows total vertical and horizontal shortening for a measuring station in the
main drift. As convergence for a drift height of 3.50 m such a displacement amounts to
max. 28 %.

4.1.2. Recommended Supporting System

The principle of this system is to remove {he material susceptible to heaving with drift
advance. Floor unit in parabolic form has ability to resist floor pressure. The side walls
reinforced with concrete blocks as seen in Figure 3.b.
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Figure 4. Variations of convergence as a function of measuring time for No.390
support set (15/93/1 - 19/93/3)

The results of vertical and horizontal movements measurements at the main drift
supported by (his system arc illustrated in terms of time in Fig.5. The total vertical
movement is seen to be in order of 6 cm (Average). As convergence for a drift height
of 3.50 m such a displacement amounts to max. 4.2 %. The total horizontal movement
is seen to be in order of 12 cm (Average). Horizontal displacement amounts to max.3
%. These results reveal that the ground movements experienced are rather "
unimportant ". This system, compared with earlier tried system, provided a very
successful performance against floor heaving within a period of 2-3 months. However,
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Table 1. Engineering Properties and Geotechnical Index Values of Samples

Eﬂgineering Properties Units Clay Samples Notes
Uniaxial Compressive Kg/cm?2 3.26 Very Low Strength
Strength
Friction Angel 5
Cohesion Kg/cm?
Index Characteristics Units Clay Samples Notes
Clay | % 36.9-20.0 Silty Clay
Grain Composition si % 63.1-77.0
Sand | % 0-3.0
Natural Unit Weight g/cm3 1.90
Specific Gravity g/cm3 2.36
Water Content % 35.20 HighWater Content
Porosity % 41.00
Plastic Limit, PL % 44.40 Extremely High Plasticity
Liquid Limit, LL % 92.00
Plasticity Index, PI - 47.60 Active Clays
Activity, A - 1.52 Very Stiff
Consistency Index, CI - 1.19 Heavy Slake
Bulk Shrinkage Index, 81}31 % 10.96

4.1.1. Previously Tried Supporting System

450 m of the main drift was driven in marl, sandstone and clay. In this part, the mine
management had tried "Rigid arches + concrete lining" supporting system. Thig system
was encountered various Stability problems.

(a) (b)

Figure 3. Convergence Imeasuring systems
213



ONARGAN ve KOSE

b. Between 300 - 720 meters : In this section, the main drift was run on P2 formation.
This unit is composed of clay, sandstone, silt. The directions of -bedding is
perpendicular to the tunnel line. Slopes were 20 - 40° and through E. This formation
caused some stability problems during the construction of Main Drift. During the tunnel
excavation, swelling and deformations were encountered in the part of rock which
contains large amount of clay by effect of water.

¢. Between 720 and 960 meters : This section of the main drift will flow down on
limestone. During the construction, swelling and serious deformations are not expected
in the part of the rock. For this section, it is necessary more detail knowledge, especially
water inflow will be determined.

3. LABORATORY and FIELD STUDIES

This study is based on two section; first section includes identification of clay
samples, second section includes determines of geotechnical parameters of soft rock
around the main drift at Soma-Isiklar Colliery. Different block samples which are
obtained from tunnel face has been used in this study. The test results are summarized
in tables 1.

4. OBSERVATIONAL DESIGN APPROACH FOR MAIN DRIFT AT SOMA -
ISIKL AR COAL BASIN

Geomechanical instruments were installed on several underground monitoring stations
in order to obtain the necessary in-situ quantitations data regarding displacement,
deformation of supports and load applicd to them were measured using the load cell
system, and magnitude and orientation of load were analyzed through the results of
in-situ measurcments. Also, rock pressure was determined through in-situ
measurements of deformation of the support. As a result, the practical and suitable drift
support system of the coal mine are studied.

4.1. Convergence Monitoring

Convergence measurements at the main drift revealed variations in measured values
over long periods of time and independence of those values with respect o the face
advance. 13 measuring stations were considered suitable for the analysis of the
measured data.

At stations, horizontal and vertical convergence were measured between points of the
rock wall. This measuring system was used for first support system. In order to obtain
accuracy values for floor heaving and roof convergence, another measuring system was
conducted. Both of these systems arc illustrated in Fig.3. Convergence measurements
were recorded daily for a period of about two years until the convergence rate
decelerated significantly.
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Soma-Igiklar basin which contains two thick Miocene lignite seams designated the
KM2 and KM3. The Miocene deposils rest unconformable on Mesozoic basement
rocks. Pliocence deposits rest conformably on the Miocene and contain two poorly
developed lignite seams designated the KP1 and KP2.The stratigraphy of the
Soma-Igiklar is summarized in general stratigraphic column as shown in Figure 2.

2.3. Engineering Geology

The lithologies along the drift line, the dissociation alteration degrees of lithologies,
some engineering features such as rock explosion, swelling, expanding flowing are
given separately for each unit expected to be faced along the drift route. The Main Drift
route planed by the Acgean Lignite Company has the length of approximately 960 m.
All the studies had been conducted on this route planned.

The route was divided in to three main section that represent different geologic
conditions and ground features by the thought of a detailed investigation.

a. Between O - 300 meters : The first 300 m of the tunnel flows down on the marl,
tuffitic sandstone, tuff,and clay. During the studies in this part, there was no stability
problems about support and excavation.
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Figure 2. Generalized stratigraphic section ( After Nebert)
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1. INTRODUCTION
For efficient and safe mining operation, it is essential to estimate deformation and
stress distributions around the mining opening and roof and floor stability with
excavation sequence in coal mine. :
The main drift in to the mine in Soma-Isiklar coal mine has been driven since 1992.
During the construction, some support and stability problems(floor heaving and
deformation of the drift support have been encountered.

An attempt is made in this study to provide an outline of the mechanism of heaving
and design guidelines for a support system to be used in swelling formation at
Soma-Istklar Colliery. As a result, the practical and suitable drift support system of the
coal mine are studied.

2. GEOLOGY
2.1. Location and General Information

The projected underground mine is delineated on Figure 1. The arca lies about 10 km
south of the town of Soma at the west Anatolia in TURKEY. The distance between
Soma and the provincial center of Manisa is about 93 km. :

It is propesed that the main access drift in to the mine will serve both the KM3 and
KM?2 seams. KM3 scam developed first. The main conveyor drift is driven at an
inclination of 12.80. Total length of the main drift is 960 m, and 5.2 m width, 3.9 m
high. Its length was 505 m at 06/01/1995.

—A
—2 1rAQ
- ¢

Kilometres 0200 <00 800 1200
—_—tai

Mites G 100 200 300 40C
LOCATION MAP SCALE {Approx.)

Figure 1. Site location

2.2. General Geology
The lignite deposits of southwestern Turkey are contained within a series of
northeast-southwest trending Tertiary basins. This section is concerned with the
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ABSTRACT: In this study, the in-situ and laboratory studies has been investigated 1o
define the weak formations through which the main drift has been driven at
Soma-Isiklar coal field. After drift excavation and support installation, the deformation
and the load on supports were measured to determine the most suitable support method
of the main drift in Soma-Igiklar coal mine.

SOMA ISIKLLAR KOMUR OCAGI ANA GIRIS DESANDRESININ
JEOTEKNIK ACIDAN iNCELENMES]

OZET: Bu caligmada, Soma-Isiklar kémiir sahasinda agmakta olan ana girig
desandresinin icinde sirilldiigii zayif kayaclarin tammlanmasina yonelik bir dizi
laboratuvar ve saha caligmalart yapinugur. Desandrede, kazi ve tahkimatn
kurulmasindan sonraki asamalarda yerinde konverjans ve tahkimata etki eden yiik
dlgtimlert yapilnug ve en uygun tahkimat yontemi belirlenmeye cakigtimigtr.
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PARAMETRIK OLMAYAN RANK ANALIZ YONTEMLERININ MADEN
MUHENDISLIGINDEUYGULANMASI

endeksine sahip olan teknik veri kiimelerinin lineer ranklama esasmna dayanan bir
normda regresyonel ifadelemelere gidilebilmesi sebebiyle, en vyaygin olarak
kullanlabilecek bir yontem olarak belirlenmisgtir.
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Kaya Dolgusu
-25 mm oc
kiir
oc 1.000 s/¢
kiir 0.412 1.000 s’k
s8¢ 0.223 -0.514 1.000 fraksiyon
s/k -0.330 -0.129 -918 1.000
fraksiyon -0.891 -0.171 -0.135 0.117 1.000

Rank analiz bulgularimin analizi sonucunda, 0.01 anlamlilik diizeyinde malzemenin
basing dayamm performansina etkiyen bafimli ve bagimsiz defiskenleri arasinda
kurulacak olan istatistiksel ifadelemelerin gegerli olabilecegini gostermigtir. Farkli bir
uygulamada ise, aym veriler diger tekniklerle de irdelemeye alinmig ve analiz bulgular1
istatistiksel anlamhlik agisindan benzer sonuglar: gostermigtir. Performans tahmini i¢in
etkin bagmmsiz faktorler ile ok degigkenli istatistiksel regresyon analizleri yapilarak
korelatif deZerleri yiiksek olan istatistiksel ifadeler olugturulmustur.

Gang dolgusu,
6. =0.106 x 10 0.032A1 4 0,034 x 100089 Al Jog A2 R=10.996

Kaya dolgusu, _
6.=0.600x 100.039A1 4 2110x 100027Al jopg A2~ R=0.998

burada,
Al: Cimento kullanim orani, %,
A2: Kiir siiresi, giin olarak alinmigtir.

Bu incelemelerden edinilen sonug; ¢imento kullanim orani ve kiir siirelerine bagiml
degiskenler olarak elde edilen korelatif tek eksenli basing dayanim degerleri,
regresyonel iligkilerin anlamlilik diizeyleri %98 in iizerinde olmasi sebebiyle, pratik
olarak tahmin yéntemleri icin kullanilabilecegini gostermistir.

5. SONUCLAR

Bu calismada ele ahnan nonparametrik rank korelasyon tekniklerinin, maden
miihendisligi kapsaminda kalan bir¢ok spesifik uygulamalarda. teknik verilerin effektif
olarak degerlendirilmesinde kullanilabilirli§i etiid edilmis ve &zellikle maden igletme ve
maden tasarimlandirma proseslerinde uygulanabilir genig perspekitifli bir boyut
kazandirdif1 gozlenmistir. irdelemeye alman nonparametrik istatistiksel tekniklerden
Spearman Rank Korelasyon Yontemi, maden miihendislifinde nonlineer dagilim
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Sekil 2. Nonparametrik Rank Analizi - Madencilik Faaliyetleri mteraksiyonu

irdelenmesi uygun bulunmug ve yontem olarak Spearman Rank Korelasyon teknigi
kullamlmigtir.  Bu teknik, iki farkly bagimli ve bagimsiz degiskenin non-parametrik
olarak yapilan dofrusal rank faktorlerinin belirlenmesi esasina dayandirilmistir,
Bagimli degisken olan dolgu basimng dayanim verileri, difer bafimsiz faktorler
arasindaki istatistiksel yaklagim, dogrusal olarak rank korelasyon katsayilarinin
tammlanmasiyla irdelenmeye alinmigur.  0.01 anlamhlik diizeyinde, gang ve kaya
dolgusu malzemeleri ile ilgili rank istatistigi Tablo 8 de sunulmustur.

Tablo 8. Spearman rank korelasyon degerleri.

Gang
-150475 um oc
kiir
ac 1.000 sl¢
kiir 0.291 1.000 s’k
s/c 0.761 0.123 1.000 fraksiyon
sk -0.313 0.004 0.127 1.000
fraksiyon 0.882 -0.112 -0.098 0.208 1.000
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3. RANK ANALIZ YONTEMLERININ MADEN MUHENDISLIGINDE ONEMI
Giintimiiz geligen miihendislik teknolojisinde, miihendislik tasarmmlarnmmn gergeksi,
giivenilir ve ekonomik olarak gergeklestirilebilmesi i¢in tasarim biiyiikliikleri arasinda
optimal kiyaslama dafilimlarinin, onceden belirlenen hata miktan icinde kalacak
sekilde incelenmesi gerekmektedir. Maden igletme projelendirmelerinde, her bir tasarim
asamasinda, kaya¢ malzemelerine iligkin basing dayanimi, ¢ekme dayamim, elastisite
Ozellikleri gibi parametre deferlerinin tasarim miihendisine teknik veri olarak
saflanmas1 gerckmektedir. Jeomekanik parametre degerlerinin caligilan projenin
Ozelliklerine gore kabul edilen maximum ve minimum sinirlari iginde bulunmast
gerekmektedir. Yapilacak uygulamalarda, laboratuvar ve arazi ¢alismalarindan elde
edilen verilerin "istatistiksel biiyiikliikleri" (dagilim aralifi, standart sapma, standart
hata, degiskenlik katsayisi, ortamin alt ve {st smirlart) belirtmek suretiyle sdz konusu
sonuglarin  kabul edilebilir deferleri temsil edip-ctmedii dOzenle tahkik
edilebilmektedir. Kayag karakterizasyonunun yapilmasinda modern yaklagimlar,
istatistigin temel iglevleri ile dogrudan iligkilidir. Burada amag, tasarim miihendisine,
kayaclarin teknomekanik parametre verilerinin minimum risk kapsaminda deerleri
hakkinda optimum ve saflikli bilgileri saglamaktir. Maden igletme tasarimlarinda,
teknik veri eldesinde temel olarak iki problemle karsilagilmaktadir; birincisi, numune
boyutlandirmas: ve kaya¢ kiitlelerinin test edilerek elde edilen sonuglarin
optimizasyonu ile ilgilidir. Digeri ise, laboratuvar caligmalarindan cikarilmig teknik
verilerin, yerinde (in-situ) verileri yerine ne kadar saglikli olarak kullamlabilecegidir.
istatistiksel yaklagimla, genellikle, bu veriler lineer bir dafilim egilimi yerine serbest
dagilim egilimi gostermektedirler. Normal bir dagilim efilimi gostermeyen parametrik
verilerin optimizasyonu, nonparametrik rank analiz yontemleri ile yapilabilmektedir. Bu
yontemlierin maden miihendisliinde kullanim alanlan Sekil 2 de verilmistir.

Rank analizi yontemleri, madencilik faaliyetleri kapsaminda kalan degisik iglevlerin
tasarmmlandirilmasi, optimizasyonu, parametre kriter se¢imi, i§ organizasyonu, teknik
veri etiidleri gibi hususlarnin irdelenmesi islemlerinde effektif olarak kullanilabilecegi

~ vurgulanmaktadir.

4. PRATIK UYGULAMA

Farkli dolgu malzemeleri iizerinde yapilan bir dizi laboratuvar deneylerinden elde
edilen sonuglarn, nonparametrik lineer ranklama esasina dayanan regresyonel analiz
metoduyla irdeleme bulgulart 6zet olarak sunulmaktadir. Dolgu basing dayanim
performansma etkiyen parametreler arasinda, tek eksenli basing dayammi degeri
bagimli defigken olarak ele alinmig ve kiir siiresi, ¢imento orani, su/kati oran1 ve boyut
fraksiyonu gibi fakiorier de bagimsiz degisken olarak belirlenmistir (Giindiiz, 1992).
Bagiml: ve bagimsiz degigken olarak 5 farkli dediskenin dolgu basimg dayanumna ve
kangim kompozisyonlarma etkisinin ranklama esasina dayanan bir yéntemle
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p-deferi =p (x = ¢) veya
p-deferi =p (x<¢)

PARAMETRIK OLMAYAN RANK ANALIZ YONTEMLERININ MADEN
MUHENDISLIGINDEUYGULANMASI

Yukarida algoritmast belirtilen tekniin maden mekanizasyonunda kullammma bir
omek verilecek olursa; bir acik igletmede makina parkmda bulunan 15 degisik tiir is
makinasinin yillik saat bazinda ig sarfiyati ve birim maliyet degerleri arasinda toplam
isletme maliyetine etkilerinin belirlenebilmesi amaciyla karakteristik bir faktoriin tayini
i¢in yapilan nonparametrik lineer bir iligkinin varlifimi belirlenmeye ¢alisilacak olursa;
test igin gerekli populasyon degerleri Tablo 6 da ¢zetlenmistir. Theil C faktoriiniin
belirlenebilmesi i¢in populasyon defer farklari arasindaki pozitif (+) ve negatif (-)

ranklama iglemi ise Tablo 7 de verilmistir.

Tablo 6. Maliyet farklari i¢in teknik veri.

Tablo 7. Maliyet analiz degerlendirmesi

is No Is sarfu Birim

(saat) Maliyet
1 191 10.8
2 127 113
3 155 11.8
4 79 12.7
5 72 13.0
6 91 13.2
7 63 13.8
8 82 13.9
9 34 14.5
10 43 15.1
11 49 15.8
12 36 17.5
13 6 18.8
14 11 20.2
15 57 24.2

is is Sarfi| Birim Rank Farki
No (saat) |Maliyet |Negatifler] Pozitifler

1 191 10.8 - -

2 127 113 1 0

3 155 11.8 1 1

4 79 12.7 3 0

5 72 13.0 4 0

6 91 13:2 3 2

7 63 13.8 6 0

8 82 13.9 4 3

9 34 14.5 8 0

10 43 15.1 8 1

11 49 15.8 8 2

12 36 17.5 10 1

13 6| 188 12 0

14 11 20.2 12 1

15 57 24.2 8 6

Toplam 98 17

Dogrusal egrinin egimi i¢in Theil C parametresi ise:
C=(+1).(+ rank toplamu) + (-1).(-rank toplami)

C=(+1).(17)+(-1).(98)
C=-81
olarak bulunmaktadir.
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irdelenmekte ve kurulacak hipotezlerin gegerlilifi arastinlmaktadir (Press et.al., 1992).
Bu teknikde en fazla iki populasyon deferi irdelemeye almabilmektedir. Her bir
populasyon icin lineer bir ranklama yapilmakta ve populasyonlardaki toplam numune
verilerinin fazla olmasi, belirlenecek rank korelasyon katsayisinin anlamlilik derecesini
artiracaktir. Arzu edilen minimum toplam numune sayist bir populasyon igin 6'dir.
Olusturulan hipotezler cergevesinde populasyonlar arasinda Lineer bir yaklagimin
nonparametrik olarak bulunup bulunmadi$i asafidaki esitlik yardumiyla, rank
korelasyon katsayisi belirlenmektedir (Mendenhall and Sincich, 1992):

1 6-3d;

n(n’-1)

=

burada
rs : Spearman rank koeralasyon katsayisi,
d;2 : Populasyon rank farklarinmn karesi,
n : Her bir populasyondaki toplam numune sayisidir.

Bu esitlik yardimiyla belirlenen rs rank korelasyon katsayis1 degerlendirmeye aliacak
olan o anlamhlik diizeyine bagimli olarak r  gibi bir kargilasurma endeks verileri ile
mukayese edilmektedir.

Theil C Test Teknigi: Iki farkli veri seti arasinda, dogrusal lineer bir regresyon
modelinin nonparametrik lineer dogrusallik faktériiniin belirlenmesi esasina dayanan ve
v = Bg+B; x+& fonksiyonunun dofrusallik derecesinin tayini i¢in uygulanan bir
yontemdir. Dogrusal egrinin efimi i¢in serbest dagilimin karekteristi§ini belirleyen bir
C katsayis1 (Theil C-test endeksi) olusturulur. Bu teknikde en fazla iki populasyon
degeri analiz edilebilmekte ve iki populasyondan olusturulan bir data grubu icinde
populasyonlar arasindaki farklar niimerik isarctleme yani farklanin pozitif (+) ve negatif
(-) degerde olmalann goz Oniine alinarak populasyonlarda bulunan veri kalemleri
arasindaki farklara gore lineer bir ranklama yapilmaktadir (Mendenhall and Sincich,
1992). Bu ranklama iglemi, pozitif ve negatif populasyon deger farklar arasinda
tamamlandiktan sonra rank toplamlarn belirlenmektedir. Yukandaki fonksiyonel
esitlifin dogrusallik derecesini bulmak i¢in, Theil C parametresi su sekilde
belirlenmektedir:

C=(+1).(+ rank toplamu) + (-1).(-rank toplami)

Burada, populasyonlardaki toplam numune sayisma bagimli olarak bir Theil test kriter
faktorii (p-degerd) bulunur. P deferinin sayisal olarak biiyikligi yukaridaki
fonksiyonel ifadenin anlamlilik diizeyini verir. Ozet olarak onemlilik seviyesi:
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Yukaruda kisaca algoritmasi veriien teknidin madencilikte uygulanmasinin daha iyi
anlagilabilmesi amaciyla bir drnekleme yapilacak olursa; ii¢ farkli arastirmaci
tarafindan farkli yer ve zamanlarda 10 degisik mermer tiirii iizerinde asinma
karakteristiginin belirlenmesi amaciyla, mermer numuneleri tizerinde yapilmig agmma
dency verileri Tablo 4 de verilmistir. Toplam 10 degisik mermer tiirii icin verilen data
lizerinde yapilan Friedman randim rank degerleri ise Tablo 5 de sunulmustur,

Tablo 4. Mermer aginma endeks verileri. Tablo 5. Mermer tiirlerine ait rank
degerleri.

Mermer Aragtirmact Mermer L IL IIIL.
I IL I Rank Rank Rank

1 21 23 15 1 2 3 1

2 29 30 21 2 2 3 1

3 16 19 18 3 1 3 2

4 20 19 18 4 3 1 1

5 13 10 14 5 2 2 3

6 5 12 6 6 1 3 2

7 18 18 12 7 23 2.5 1

8 26 32 21 8 2 3 1

9 17 20 9 9 2 3 1

10 4 10 2 10 2 3 1

Ti=19.5 | Tii=26.5 | Tiii=14

Kurulan hipotez irdelemelerine gore; yukandaki esitlik yardimiyla Fr=7.85 olarak
belirlenmekte ve 0.05 anlamhilik diizeyinde hipotez gegerliligi 5.99147 olarak kabul
edilmektedir. Buradaki irdelemede Fr=7.85 > 5.99147 olmas1 sebebiyle, mermer tiirleri
arasindaki yapilacak olan herbir nonlineer hipotez yaklagimlan gegerli olmayabilecektir
ve mermerler i¢in genel bir asgmma karakteristifi ile ilgili istatistiksel ifade
olusturulamayabilecektir.

Spearman Rank Korelasyon Teknigi: 1ki farkli veri seti arasinda lineer bir
korelasyonun varlifinin belirlenmesi amaciyla hesaplanan korelasyon katsayisinn, veri
set degerleri iizerinde olusturulan lineer ranklama csasma dayanan bir nonparametrik
regresyon yontemdir (Kreyzig, 1988). Temel olarak, farkli veri setlerinin lineer olarak
istatistiksel ifadelerin kurulmast bu teknikde aynen kullanilabilmektedir.  Ancak,
korelasyon katsayisinin ranklara bafimli olarak belirlenmesi sebebiyle korelasyon
katsayisi, teorik olarak belirli siir deferleri arasmda bulunup bulunmadi§
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belirlenmekte ve 0.05 anlamiilik diizeyinde hipotez gegerlilifi 5.99147 olarak kabul
edilmektedir. Bu degerlendirmeye gore H=1.22<5.99147 olmasi nedeniyle, herbir
formasyonun veri deferleri arasinda kurulacak olan nonlineer ifadeleme gegerli
olabilmektedir (Sekil 1).

.z

a=0.05

i

0 122 5.99147
|"“-— Red Bolgesi

H

Sekil 1. I¢ dagihmin mukayesesi i¢in red bolgesi

Friedman Teknigi : Varyans T test tekniginin nonparametrik esitlifinde randim
olarak istatistiksel blok veri tasanmlarimn irdelenmesinde kullanilan spesifik bir
algoritmaya sahiptir. Bu teknik, zellikle, lincer varyans analizleri i¢in genel varyans
kabiillerinin yapilamadift durumlarda rolatif lokasyonlara sahip Gi¢ veya daha fazla
popiilasyon deger irdelemelerinde kullanilmaktadir. Algoritmik olarak meveut farklt
malzeme popiilasyonlarindaki degerlerin niimerik  dagilimlan  Gzerinde kurulan
hipotezler ile malzeme tirleri arasinda randim esasma dayanan Friedman IT test
dagiim endeksi (serbestlik derecesi)ne bagunli istatistiksel nonlineer bir iligkinin
bulunup bulunmadifi tesbit edilebilmektedir. Hipotezlerin gegerliligi irdelendikten
sonra gegerli hipotez konumlart igin F-test ve (-test teknikleri, populasyonlar arasmda
regresyonel iligkiler kurulabilmektedir. Friedman Fr dagilim endeksi ise (Mendenhall
and Sincich, 1992):

12

Fr=g i+ 1)

k

3 T17-3b (k+1)
i=1

esitligi ile belirlenmektedir.

Burada;
Fr :Friedman dagiim endeksi,
b :Toplam veri blofu sayis,
k :Toplam veri grubu sayisi,
Ti : Bir grubun toplam rank degeri.
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burada,
H : Chi-square endeksi,
n : Populasyonlardaki toplam veri say1si,
n; : Bir populasyondaki toplam veri sayist,
T, : Bir populasyonun toplam rank degeri,
k : Toplam populsayon sayisi.

Kruskal-Wallis teknigi, bir érek ile agiklanacak olursa; aym kayag tiiriine ait ii¢
farkli formasyondan alinan numuneler lizerinde yapilan tck eksenli basing dayanimai test

sonuglar: Tablo 2 de verilmigtir:

Tablo 2. Tek cksenli basing dayanimi degerleri.

A formasyonu | B formasyonu C formasyonu
36 49 H
48 33 31
5 60 140
67 2 59
53 55 42

Toplam 15 adet numunenin niimerik verileri arasinda lineer olarak olugturulan rank
degerleri ise Tablo 3 de sunulmustur,

Tablo 3. Kayag formasyonlarina ait rank verileri.

Rank A Rank B Rank C
5 8 14
7 4 3
2 12 15
13 1 11
9 10 4]
TA=36 TB=35 TC=49

Kurulan hipotez irdelemelerine gore; yukandaki csitlik yardimiyla H=1.22 olarak
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Tablo 1. Kayac Sertlikleri.

Maden Kayac¢ | Kayag Fark |Mutlak Deger| Rank
Miih. A B A-B Farki
1 6 4 2 2 5
2 8 5 3 3 7.5
3 4 5 -1 1 2
4 9 8 1 1 2
5 4 1 3 3 75
6 7 9 -2 2 5
7 6 2 4 4 9
8 5 3 2 2 5
9 6 7 -1 1 2
10 8 2 6 6 10
T+=46
T-=9

Bu degerlendirmeye gore, test teknifinin irdclenmesi amaciyla bir hipotez kurulmakta
ve bu hipotezde; kayag numune verileri (A ve B) sabit olarak ele alimrsa pozitil ve
negatif rank toplamlarindan (T+ ve T-) hangisi kii¢iik degerde isc bu dagilim, teknigin
test parametresi olarak ele alinmaktadir. Bu deger, kurulan hipotezlerde irdelenerck
belirli bir yargtya varilabilmektedir.

Kruskal-Wallis H Teknigi : Varyans [ test takniginin nonparametrik esitlifi
esasina dayanmaktadir. Testin algoritmasinda, meveut farkli malzeme tiirleri arasinda
Chi-Square dagilimi (serbestlik derecesi)nc bagiml istatistiksel nonlineer bir iligkinin
bulunup-bulunmadifn tesbiti  yapilmaktadir (Kreyzig, 1988). Kurulan hipotezlerin
gecerli olmast durumunda F-test teknifi baz alinarak secilen fakli malzeme tiirleri
arasinda korelasyonel ifadeler elde cdilebilmektedir. Numune verileri iizerinde
yapilacak olan ranklama baz alinarak, her bir veri populasyonuna ait toplam rank
degering  bafmmli  olarak  su esitlik  yardimiyla chi-square  daffilim endeksi
belirlenmektedir (Mendenhall and Sincich, 1992):

i)

ade

K T
L = ¥ebon iy

= 11(n+1)_E=1 1;
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istatistiksel parametre) veri tabanlars icin nonparametrik test algoritmalarinin en basiti
Sign Test Teknigi dir. Bu teknik devamhlik arzeden bir veri tabaninin ortalama degerini
belirlemek amaciyla  gelistirilmis hipotezlere bagmmli bir yontemdir. Sign testi,
istatistiksel olarak veri tabaninda ortalama deger olarak alinan degerin iizerinde bulunan
toplam veri sayisina bagimli bir teknik olup, bu bagml degisken S ile ifade edilirse,
veri tabanindaki toplam veri sayisin (n20) olmast durumunda, Sign testinin binomial
dagilim parametresi yaklagik olarak (Mendenhall and Sincich, 1992):

Burada,

Zs : Sign teknigi parametresi,
S : Binomial dagilim endeksi,
n  : Toplam veri sayist,

Wilcoxon Rank Toplami Teknigi : Sign tekniginin tersine, veri tabanindaki
numunc ortalama deger degiskeni yerine, iki farkli numune verileri iizerinde olusturulan
rank toplamlar: yaklagimma bagiml bir tekniktir. Sign teknigine benzer bir sekilde, bir
7, dafilim parametresinin belirlenmesi sekliyle analiz algoritmast kullanilmakta ve
toplam veri sayisinin 10 dan fazla olmas1 durumunda, test parametresi (Mendenhall and
Sincich, 1992); '

Troiny+n(npx1)

VIllnz(nﬁ n,+1)
12

Zy=

ifadesi ile belirlenmektedir, Burada,

Zw : Wilcoxon Rank Sum teknigi parametresi,
nl.n2 : Farkl verilerin toplam sayisi,
T1  : Veriler i¢in rank toplamidir,

Wilcoxon Signed Rank Teknifi : Esas itibariyle randim olarak veri tabaninda rank
belirlenebilecek bir gMup tasarimi prensibine dayanmaktadir (Kreyzig, 1988). Diger
tekniklerde oldugu gibi, bu teknikte de kurulan hipotezlerin analizi ile bir yargiya
varilmaktadir. Ornegin: iki farkls kayacin kuramsal olarak sertlifinin belirlenmesi
hususunda 10 farkl: miihendisinin goriigleri Tablo 1 de verilmistir.,
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1. GIRIS

Maden miihendislifinde, proje hazirlama ve proje deerlendirme asamalarinda,
kayaclarin defisik oOzellikleri ile ilgili parametrik degerler, yapilacak ampirik
yaklagimlarda input verileri olarak kuollamlmaktadir. Projelendirmenin saglikh
olabilmesi, clde edilen parametrik verilerin giivenilirlik derecesine bagimli olacag
kagmilmaz bir gergektir. Ancak, gecmis yillardan itibaren yapilan degisik calismalardan
da elde edilen tecriibeler gostermistir ki, bir proje sahasindan alman dency drneklerinin
parametrik  degerlerine, birgok faktorlerin etkilesmesi sonucu, elde edilen deney
sonuglarmda farkliliklarin goriilmesi, her bilim dalinda oldufu gibi madencilik
projelendirmeleri iizerinde aragtirmalar yapan aragtirmacilant istatistiksel yorumlara
gotiirmiigtiir, Bu konuda, bircok aragtirma yorumlanmaya calisilmistir. Ancak, son
yillarda yapilan c¢ahismalarda, bir proje sahasindaki kayag tirleri icin yapilan
laboratuvar veya yerinde deney sonuclanmin irdelenmesinde genelde uygulanan
yaklagim, sonuglarin ortalamasimn ahinmasi ve standart sapma faktorii belirlenerek,
parametrik degerler arasmdaki veriler bulunmaya ¢aligilmigtir.

Istatistik alaninda kaydedilen gelismelerden yararlanilarak, yiiksck anlamlilik
diizeylerinde minimum hata sinirlar gercevesinde kayaglar iizerinde yapilan laboratuvar
veya yerinde deney sonuglarinin irdelenmesi asamasinda afirlikli veri degerlerinin
tesbitinde "parametrik olmayan (nonparametrik) rank analizi" ydntemleri, niimerik veri
analizlerinde kullammi yaygmlagmaktadir. Bu yontemler, normal bir dagilim egilimi
gOstermeyen parametrik verilerin optimizasyonu amaciyla gelistirilmis olan "serbest
dagilim test teknikleri" diye de adlandinlmaktadir. Bu makalede, nonparametrik
istatistiksel yaklagimlarin, maden mihendisliginde uygulanmasi prensipleri tanitilmakta
ve pratik uygulamalar1 sunulmaktadir.

2. NONPARAMETRIK RANK ANALIZ YONTEMLERI
Nonparametrik istatistiksel yaklagimlardan:

*Sign Teknigi,

*Wilcoxon Rank Toplam: Teknigi,

*Wilcoxon Signed Rank Teknigi,

*Kruskal-Wallis H Teknigi,

*Friedman Teknigi,

*Spearman’s Rank Korelasyon Teknigi,

*Theil C Test Teknigi

gibi yontemlerin maden miihendislifinde uygulanmasi prensipleri tamtilmaktadir.

Sign Test Teknigi : Linecer regresyon analizinde t-testinin uygulanamadig (t testi -
hipotezlerin smir deferlerini belirten kabul ve red bélgelerinin simrlarmi veren
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PARAMETRIK OLMAYAN RANK ANALIZ YONTEMLERININ
MADEN MUHENDISLIGINDE UYGULANMASI
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OZET: Giiniimiiz geligen miihendislik teknolojisinde, miihendislik tasarimlarinin
giivenilir ve ekonomik olarak gergeklestirilebilmesi i¢in tasarim biiyiikliikleri arasmda
optimal kiyastama da@limlarinin onceden belirlenen hata siurlar icinde kalacak
sekilde irdelenmesi gerekmekiedir. Istatistiksel analiz ieknikleri, bircok miihendislik
birimlerinde yaygin olarak kullamilmasina ragmen, maden miihendisliginde uygulama
galigmalary gereken yerini alamamugtir. Giiniimiize kadar kullamlagelmis analiz
teknikleri, bu bilim dalinda yalnizea lineer regresyonel istatistik irdelemelerle simrly
kalmusur. Teknik verilerin istatistik irdeleme vyogunlugunu artirmak ve maden
mithendisligi bilim dalina yeni boyuilar kazandirmak amaciyla nonlineer istatiksel
analiz  ¢aligmalarina  da yer vermek kagumlmaz bir gereklilik arzetmekiedir.
Nonparametrik  Rank Analiz  Yontemlerinin  Maden Miihendisliginde kullanma
prensipleri ve uygulamalarvun sunuldugu bu makale, maden miihendisligindeki
nonlineer istatistiksel analiz calismalarina yeni bir boyut getirmektedir.

AN APPLICATION OF NONPARAMETRIC RANK ANALYSIS
TECHNIQUES IN MINING ENGINEERING

ABSTRACT: Nowadays in an improving engineering technology, the design
paramelers in a marginal error handling previously defined are required to evaluare
Jor making a secure and economical engineering approaches. Although the statistical
techniques are currenily applied in a large range of engineering skills for different
purposes, its applications are not so popular in mining engineering field, yet. In this
Jield, previously applied analysis techniques were limited for only linear regression
statistical evaluations. In an aim of improving the statistical evaluations of technical
data and making a new approaches in mining engineering science, the applications of
non-linear statistical analysis techniques are inevitable need. This paper, representing
the applicable principles of nonparametric rank analysis fechniques in mining
engineering and demonstrating its practical applications, is built a new dimension for
studying the non-linear regression statistics in this engineering science.
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4. CONCLUSIONS

The mineral matter in the fly ashes from 7 different power stations in Turkey, is
dominated mainly by anhydrite, lime, quartz and hematite+ferrite spinel. The fly ashes
studied are mainly composed of Ca0, SiO, and Al,0O5. The chemical and mineralogical
compositions of the investigated high-Ca fly ashes make them a good binding agent and
a possible substitute for slags, pozzuolana and gypsum in the amelioration of clinker.
The physical and chemical properties of the fly ash are considered necessary for
identifying and preventing problems concerning health, the environment and the
construction industry.
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Figure 3. pH development of some Turkish fly ashes
Table 4. Chemical composition of some Turkish fly ashes
Element Oxide
(by weight) No 1 No 2 No3 No 4 No 5 No 6 No 7
Si0O, 45.18 49.50  53.50 15.35 47.60 15.14  52.10
Al,O4 20.94 2670 1571 5.54 2431 7.54 19.06
Fe,05 7.99 542 8.81 3.52 4.48 3.30 10.10
CaO 1.22 0.84 0.29 25.62 0.20 23.66 0.10
MgO 2.79 2.92 294 2.61 1.00 4.50 6.11
K>O 2.24 2.42 1.19 041 3.50 0.28 1.32
Na,O 0.57 0.81 0.77 0.27 0.58 0.57 0.49
TiO5 1.04 0.99 0.12 0.63 1.50 1.03 1.07
SO3 5.63 1.59 1.11 20.86 0.57 13.22 0.83
LOI 1.87 6.47 3.78 1.33 1.87 2.31 4.62
Total 89.47 9766 8822 76.14 83.54 71.55  95.80
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to the influences of distributions in mean wall thickness, void volume and particle
diameter.

Table 3. Density distribution of some Turkish fly ashes

Fly Ash No Bulk Density (g/cm3) Specific Gravity (g/cm3)
1 1.07 1.99
2 0.95 212
3 0.88 1.58
4 1.44 299
5 1.07 195
6 1.05 2.70
7 1.11 1.83

3.4. pH Development

The data on development of pH with time of solutions of fly ash in water are
presented in Figure 3. All ashes cause the solution to become basic in varied degrees for
a period of 24 hours and the pH devolopment does not appear to be characteristic of the
fly ash type. In the cases of fly ashes No 4 and No 6, the pH of the solution was almost
constant at approximately 12.5. In the cases of fly ashes No 1 and No 7, the pH of the
solution reached a peak value of 9.7 at 10 hours and 10.4 at 5 hours, respectively, then
kept the same level for a period of 24 hours. When used as a partial replacement for
cement, the effect of the fly ash on the pH of the mixing water will be largely masked
by the rapid rise in pH resulting from the reaction of the cement grains. Nevertheless,
the study of the pH development of ash in solution is interesting from the point of view
of characterization of the fly ash itself.

3.5. Elemental Composition

The main source of the chemical elements in fly ash is, of course, the coal source . By
virtue of its origin, coal contains every naturally occurring element. Substantial
fractions of the elements in coal could be lost during processing. For instance, Ford et
al. (1976) found that up to 70% of the As, Pb, Mn, Hg and Se could be removed in the
coal processing. Chemical analyses of the fly ash samples are given in Table 4. The
Iron (Fe,03) content was found to be higher in No 1, No 3 and No 7. The Al;03+Si0,
contents were higher than 65% (by weight) for all samples (CaO being correspondingly
lower), except for No 4 and No 6. The highest content of sulphur (SO3) was found in
No 4. The LOI ranged from 1.33% to 6.47% by weight for all samples.
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Figure 2. Particle size distribution of some Turkish fly ashes

Table 2. Specific surface arcas of some Turkish fly ashes

Fly Ash No Specific Surface Area (m%/g)

0.334
0.207
0.115
0.168
0.139
0.342
0.094

~N OB W N -

3.3. Density Distribution

As seen from Table 3, the bulk density of the fly ash samples ranged from 0.88 g/cm?3
to 1.44 g/em3, and specific gravity also ranged from 1.83 g/em3 10 2.99 g/cm3 for all
samples. In addition, it was cvident that both bulk and specific gravily increased as
particle size of the fly ash decreased. The major density differences were probably due
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400

INTENSITY
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Figure 1. X-ray diffractograms of some Turkish fly ashes. (a) No I, (b) No2,
(c) No 3, (d) No4, (¢) No 5, (f) No6and (g) No 7. Principal phases are:
H=hematite, Q=quartz, M=mullite, ~FS=ferrite spinel, ~LM=lime,
AN=anhydrite, ME=melilite, MW=merwinite, BM=brown millerite and
SO=sodalitc.

The specific surface areas of the ashes are given in Table 2. Most of the ashes have a
specific surface area of approximately 0.15 m2/g. It was also noted that the specific
surface area measured by laser beam technique was greatly affected by the presence of
high surface area particles of unburnt carbon.

Even taking into account the assumptions inherent in surface area measurements, it
appears that coal fly ash has a significant "internal” surface area. This is probably in the

form of pores or cracks or a porous surface layer (Fisher and Natusch, 1979).
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fly ash in water was monitored using a universal glass pH probe and pH meter. Fly ash
weighings of 2 g were suspended in 100 ml of water by continous stirring. The
immediate pH of the solution and readings of each hour for a period of 24 hours was
recorded. Elemental analysis of all samples was carried out by a wet chemical method,
involving hydrofluoric acid digestion and measurement by  atomic absorption
spectrophotometry (AAS). Loss on ignition (LOI) was determined by heating a
pre-weighed dry sample (left at 105 °C in an oven and then cooled in a desiccator) to
600 °C over a period of two hours.

3. RESULTS AND DISCUSSION
3.1. Mineralogy

The three low-Ca fly ashes, No 2, No 3 and No 5, have the typical, relatively simple,
crystalline phases: Q, Mu, Hm and FS (Figure 1). The high-Ca fly ash, No 4, has the
most complex assemblage of crystalline phases. The much higher Ca concentrations in
this sample result in formation of lime (Ca0), Melilite ((Ca, Na), (Mg, Al, Fe) (Si, Al),
O7) and Merwinite (possible phase) (Caz Mg (8iO4),). The presence of Anhydrite in all
samples indicates that the high Ca activity which also promotes the formation of
sulfates (Ah and SO) from calcite (in the presence of sulfur and oxygen) but also
dehydration of gypsum during and after combustion occurs at temperatures greater than
400-500 °C (Mitchell, 1976 and Pearson, 1979). It is very important to understand the
interaction of high-Ca fly ashes with water occurring in Portland Cement (C3A, C,S),
Ah, hydrate to give gypsum and lime, with latter the hydrating to give the Ca(OH),
solutions that promote pozzolanic reactions (McCarthy, 1988).

3.2. Fineness Variation

Complete particle size distribution results for fly ash samples are shown in Figure 2.
As seen from the figure, about 65-80% by weight of the fly ash samples were made up
of particles with diameters <45 pum (silt and clay size) for No 1, No 2, No 4 and No 6.
However, the other fly ash samples (No 3, No 5 and No 7) showed different particle
size distributions. About 17-45% by weight was less than 45 [im for these samples.

This variation in size distribution is probably due to the different methods of fly ash
collection such as cyclones, bag filters or electrostatic precipitation used at the power
stations. The fine texture of fly ash reflects a number of important physical parameters
such as water permeability and infiltration rates. In addition, the fineness of fly ash also
affects the performance of concrete when it is used as a replacement material. It was
noted by Lane and Best (1982) that an increase in the mass of the F class fly ash less
than 45 im resulted an increase in the strength of the concrete.
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1. INTRODUCTION

Physical and chemical properties of any fly ash depend, amongst other factors, upon
the coal type which it is produced. The particular coal type used in power generation
depends, in turn, to a large extent upon the geographical location of the plant. Lignite
beds in Turkey are under intensive exploitation by open cast and underground mining.
The annual production of lignite exceeded 44 million tons in 1993 which gives an
emission of 10 million tons of particle matter namely fly ash to the environment (Yigit,
1994). There are many power plants across Turkey using coal (lignite and bituminous
coal) from many different sources. This paper comparcs mineralogical, physical and
chemical properties of 7 different fly ashes from Eastern, Central and Western lignite
and bituminous coal fields in Turkey. ‘

2. EXPERIMENTAL
2.1 Materials

Representative samples of the fly ashes for this study were obtained from 7 different
power plants burning lignite and bituminous coal across Turkey (Table 1).

Table 1. Fly Ash Types and Sources

Fly Ash No Coal Type Sources
1 Lignite Yatagan
2 Lignite Soma
3 Lignite Seyitomer
4 Lignite Yenikoy
5 Bituminous Catalagz
6 Lignite Afgin-Elbistan
7 Lignite Tungbilek
2.2. Methods

XRD analyses were performed using a Philips powder diffractometer employing
CuK-alpha radiation (40 KV, 30 mA) in the range 10-40° 20 at a goniometer rate of
2° 20 /min. Particle size measurement of each fly ash sample was carried out by a
combination of sieving and laser beam techniques. Dry mechanical sieving was used for
{he determination of material coarser than 75 pm. For sub-sieve (-75 pm) material,
sizing was carried out by a Malvern Series 2600. A pycnometer was used for the
determination of the specific gravities of fly ash samples. Specific surface area of the
ashes was found by the laser beam method. Development of pH in suspensions of each
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ABSTRACT: Mineralogical, physical and chemical properties of 7 different fly ashes
Jrom Eastern, Central and Western lignite and bituminous coal Jields in Turkey were
compared in this study. The mineral matter determined by XRD in the fly ashes is
dominated mainly by anhydrite, lime, quartz and hematite+ferrite spinel. Chemical
analyses of the studied fly ashes showed that they were mainly composed of Ca0, SiO,
and Al,03.

TURKIYE'DEKI BAZI TERMIK SANTRAL UCUCU KULLERININ
FIZIKSEL VE KIMYASAL OZELLIKLERI

OZET: Bu calismada, Tiirkiye'deki Dogu, I¢ ve Ban Anadolu bolgelerindeki 7 farkl:
termik santralden ahnan ucucu kil drneklerinin mineraloji, fiziksel ve kimyasal
ozellikleri karsasurdnugnr. Ugucu kiil Omeklerindeki mineral maddelerin baglica
anhidrit, kireg, kuvars ile hematit+ferrit spinel den olustugu XRD calismalar ile
saptanmugtir. Kimyasal analiz sonuglar: dreklerin biiyiik bir ¢ogunlukla Cao0, Si0, ve
Al O3 den olustugunu gostermektedir.
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temizleyiciler kullanilirlar, Hava temizleyiciler komiiriin transfer noktasina su spreyleri
ile birlegtirilerek  yerlestirilirler (Niewiadomski at all., 1982). Toz yiikli hava
lemizleyicinin bir tarafindan girer diger taraftan su buluty enjekte edilerek tozly havayi
temizlerler. Hava temizleyici su giiciiyle calismaktadir, Diger bir yontemde ise toz
kollektérii kesicinin igersine yerlestirilir ve birden fazla sy spreyi ile techiz edilirler.

Yukarda s6zii edilen toz kontrol yéntemlerinin yaninda, k6miir kazist sirasinda fazla
0z olusumunu engellemek icin kaz1 dncesi kémiire su enjekte edilmesi uygulamada
kullanilan etkili bir yontemdir. Su, kémiir damarinmn sondaj deliklerinden yiiksek
basingla enjekte edilmekiedir. Enjekte edilen su klivaj diizlemleri, gecirgen ara
kesmeler ve tabakalasma diizlemleri boyunca damarin icersine dogru niifiiz eder.
Burada amag kémiiriin biinyesinde var olan kiigiik kilcal bosluklart su ile doldurmaktir.
Komiir damarinin prozitesi ve gegirgenligi arttikca bu yontemin verimi de artmaktadir,

Stzkonusu yéntemin defisik uygulamalari meveuttur, Bunlar taban ve tavan
yollarindan, alindan ve calisilan pano disindan sondajlarla komiire su verme islemi
olmak iizere ii¢ sinifa ayrilmaktadir,

Komiire su enjekte edilmesi sonucunda, komiir 1slatilarak solunabilir boyuttaki tozlar
6nemli 6lciide azalmakta ve ayrica kmiir biinyesindeki metan gaz1 disar1 aulmaktadir
(1. Cervik at all., 1977).

4. SONUC

Insan saglifi ve giivenligi agisindan gercek bir tehlike olan tozlara kars: etkin bir
kontrol kag¢imlmazdir. Giiniimiizde artan komiir ihtiyacint arsiiamak yeralti kdmiir
isletmecilifinde, mekenize uzun-ayak sisitemlerinin uygulanmasi ile miimkiin
olmaktadir. Bu sistemlerde artan liretim kapasitesine paralel olarak toz olusumu da
artmaktadir,

Bu konuda yapilan aragtrmalar sonucunda, tozun baslica kaynaginin yiiksek iiretim
kapasitesine sahip olan kesici makinalar oldugu gozlenmistir. Kesiciler iizerindeki
keskilerin kesme derinliklerinin arttirilmas; ile daha iri boyutta komiir iiretimi ve daha
az oz olusumu miimkiin olmaktadir.,

Toz standard: limitinin saflanmasi; ¢ikarilan kémiiriin fiziksel Ozellikleri, kullanilan
havalandirma sistemi, ocaga verilen havanmn miktar1 ve kalitesi, armnda iiretilen toz
miktar1 ve uygulanan toz bastirma tekniklerine bagh olmaktadir,

5. KAYNAKLAR ;

Foster-Miller Associates, Inc., 1982, Evaluate Longwall Dust Sources and Control
Technology, Interim Technical Progress Report, submitted 1o U.S.B.M. under Contract
HO202016, 85 pp.

F.N. Kissell, N.J. Jayaraman, C. Taylor and R. Jankowski, 198]. Reducing Dust at
Longwall Shearers by Confining the Dust Cloud 1o the Face, U.S.B.M. Tech.Prog.Rep.
111. February, . 21pp.
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Sekil 6. Ayaktaki Ortalama Hava Hizinin Kesici Operatoriiniin Maruz Kaldig1 Toz
Miktarina Etkisi (Foster and Miller, 1982)
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Sekil 7. Neme Bagl Olarak Solunabilir Toz Yogunlufunun Ortalama Hava Hizina
Baglh Degisimi (Foster and Miller, 1982)
3.4. Tozu Toplama

Toz toplama aletleri kullanilarak asihi durumdaki tozlar kesiciye ulagmadan filtre
edilir. Ayak baginda ayaga giren havanm toz yogunlugunu digiirebilmek icin hava
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I¢ sprey sisteminde ise spreyler sabanin (kesici kafanin) icersine yerlestirilir. Yiiksek
basmg¢h su bir hortum araciifiyla saglanir. Néziillerden ¢ikan su bulutu saban ve
konveyér iizerine serpilir. Bu yoéntemde toz yofunlufu yaklasik %70 oraninda
diisiiriilebilmektedir (Schnier at all., 1976).

3.2.3. Yiiriiyen Tahkimat Uzerindeki Su Spreyleri

Yiirtiyen tahkimatin Stelenmesi sirasinda siirtiinmeden ve ezilmeden dolay1 toz olugur.
Tavanda olusan 10z miktan ezilme miktanyla orantily olmaktadir. Tahkimatin
ilerlemesiyle olusan tozlari basturmak igin yine sy spreyleri kullanilmaktadir, Spreyler
yiirliyen tahkimat iinitelerinin tavan plakasina veya gociik kalkanmnin bulundugu iiggen
kismina yerlestirilirler, By spreyler tahkimat ilerledifi zaman tavana su piskiirtiirler
(Foster and Miller , 1982).

3.3. Tozun Yénlendirilmesi

Tozun yonlendirilmesi ti¢ sekilde yapilmaktadir.

(1). Havadaki tozu uzaklasurmak igin ayaga yeterli miktarda ve hizda havanin
saglanmas: gercklidir, Yapilan pratik aragirmalara gére ayaktaki ortalama hava hiz
2.3-2.8 m/sn arasinda oldufu zaman kesici operatorlerinin maruz kaldig1 asili tozlarin
yoSunluu diismektedir (Sekil 6). Eger ortamdaki {oz afithk olarak %3-4 nem
igeriyorsa, hava hizim 2.3-3.0 m/sn aralifinda toz yogunlugu azaltillabilmektedir,
Tozun nem orant agirlik olarak % 5-8 arasmda ise, havanm hizi 4.5 m/sn'ye kadar
artirilarak (oz yofunlugu diisiiriilebilmektedir (Sekil 7). Hava hiz1 bu limitleri asarsa
labana ¢6kmiis olan tozlar havaya kanigarak (0z yoZunluBunun artmasina neden olurlar,
Ozellikle ince damarlarda ¢ift tamburlu kesicilerin kullanildig1 durumlarda havanim hizi
¢ok dnemlidir (Foster and Miller , 1982).

(2). AyaBa beslenen havayr korumak igin ayafgm arkasina sizintilan (kacaklarr)
Onlemek gerekir. Bunu saglamak i¢in temiz havanmn ayafa girdigi (ayakbasma) baglant
noktasma bir perde asilir ve temiz havanin gbciige sizmasi engellenir. Buna gociik
perdesi denilmektedir. Bu perde ayak ilerkledikge otelenmektedir. Bu durumda hava
kayiplan azalacafindan ayaktaki havanin hiz1 artmakta ve dolayistyla ortamin toz
yoBunlugu azalmaktadir,

(3). Komiiriin taginmast ve ayak basinda bosalmasi sirasinda da azimsanmayacak
oranda toz olugmaktadir. Bu tozu azaltmak havanin akig yoni ve hizindan
kaynaklanmaktadir, Klasik havalandirma yonteminde, havanm akig yonii ile komiir
lagima yoniine zit olmaktadir, Bu nedenle tozlann ocak havasina karismas1 daha
kolaydir. Baz1 durumlarda bu sekilde olugan tozlar havadaki tozlarin yaklagik % 50'sini
olugturmaktadirlar, Bdyle durumlarda hava aki§ yoniin kémiiriin nakli ydniinde
yapilmasiyla ortamin toz yoZunlugun diigiiriilmesi saflanmaktadir. Ancak s6zkonusu
durumda ayak arkas: iyi kontrol edilmelidir (Foster and Miller , 1982).
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Sekil 5 . Kesici Temizleyici Sistem (Kissel at all,, 1981)

Hem teorik ve hem de pratik ¢aligmalar gostermistir ki, kesici temizleyici sistem klasik
sisteme oranla daha iistiin olmaktadir ( Kissell at all., 1981).

3.2.2. Sabanlardaki Su Spreyleri

Sabanlarda da i¢ ve dig olmak iizere iki gesit su spreyi kullamlmaktadir. Dig sistemde

yiiksek basingh hat zincirli konveydr boyunca, tek ve grup spreyler halinde statik
noktalara yerlegtirilir. Bu spreyler elektromanyetik olarak kontrol edilirler. Havadaki
toz yogunlugu fazla oldugu zaman biitin spreyler caligir. Bunun diginda saban spreyin
yanmdayken caligir, gegtikten sonra kapanir.
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spreyleri kullanilir. Su Sprey sistemi toz kontrolii icin en ¢ok kullanilan bir yontemdir.
Bu spreyler ayakta toz iiretilen noktalara yerlestirilir. S6z konusu sistemde tozu
bastirmanin temel prensibi noziilden ¢ikan yiiksek miktardaki su damlaciklan ile tozu
bastrmak ve aymi zamanda taban yiizeyini slatarak ¢okmiis olan tozlarm havaya
karigmasini énlemektir (Cheng, 1978). Uygulamalara gore yiiksek hizli ve 200 mikron
caph damlaciklar tozu yakalamak icin idealdir. 500 mikron ¢apll damlaciklar ise
¢arpigma icin en uygunudur. Kiigiik ¢apli damlaciklar ile tozun yakalamip daha biiyiik
¢apli damlaciklar ile bastiriimasi saflanir (Courtney and Cheng, 1977).

Noziil ¢ikisinda yeterli miktarda ve basingta suyu saglamak icin biiyiik miktarda bir su
kaynafma ihtiyag vardir. Aynica yiiksek pompa kapasitesi, hortumda minimum basing
kayb, geligtirilmis noziil yapist ve filtrasyon sistemi de gerekmektedir.

3.2.1. Tamburlu Kesicilerdeki Su Spreyleri

Noziillerin yerlesimine gore kesicilerdeki su spreyleri i¢ ve dis olmak iizere ikiye
ayrilir. I¢ sprey sisteminde noziiller ve su borulart tamburun igine yerlestirilir. Dig sprey
sisteminde ise noziiller tamburun iizerine ve Ozel kollara yerlestirilir,

I¢ su spreylerini yerlestirmelerinin de gesitli yontemleri vardir, Birkag su spreyi
spirallere yerlestirilir ve yonleri dairescl ve keskilere dogru olur. Ayrica tamburun
gerisine de gesitli noziiller yerlestirilir. Su spreyleri ile tozu bastirmanin diger bir yaran
ise keskileri sogumas: ve agmmalarim azaltmasidir. Ancak sistemin maliyeti yiiksek
olmaktadir, Tambura yerlegtirilen noziiller tozu bastirir, kollardaki ve tambur
cevresindeki disg spreyler ise toz yikli havanin akigim diizenlerler. Tek tamburlu
kesicilerde bu yéntem ¢ok etkilidir. Yapilan arastirmalara gore ¢ift tamburlu kesicilerin
klasik su spreyleri ile donatilip kuyruktan basa (hava akimmin tersi yoniinde) kesim
yapilirken ¢ndeki tamburun ¢evresinde biiyiik miktarda toz olusmaktadir. Kesicinin
yanlarma ve 6n (arafina yerlestirilen su spreyleri toz yiiklii havayi, hava akiminm tersi
yoniine dofru iterler (Sekil 4). Burada tozlu hava temiz hava ile karsilagir ve tiirbiilans
olugur. Tercih edilen durum ise makinanmn ve operatdriin temiz hava ortaminda
caligmasidir. Bunu saglamak icin tamburlu kesicinin iizerine bir ayarlayic1 kol
yerlegtirilir (Sekil 5). Bu ayrici kolun vzunlugu yaklasik 0.46 m. civarinda olmaktadir,
Ayrict kola bir perde asilarak iceriye gelen havanm ikiye ayrilmas: saglanir. Bu
kisunlardan biri, toz yiikli hava ile kargilagir digeri ise temiz kalir. Makinanin operalori
ise temiz hava tarafinda caligir. Tozlu kisunda su spreyleri toz yiikli havay: hava
akimiyla ayni yénde iterler ve ayrici kolda olugan su bulutu bir perde olugturarak tozlu
havay1 alin tarafinda kalmasmi saglar. Toz yiiklii havanm kesicinin 6n tarafinda tutmak
icin makinaya iki su spreyi yerlestirilir. Kuyruk tarafina ise i¢ tane su spreyi
yerlestirilir. Bu spreyler toz yikli havay: kuyruk tamburu iizerine dogru iiflenmesini
engelleyecek sekilde yerlestirilirler. Bu sisteme kesici temizleyici sistem denilmektedir.
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kesiciler kullanilmaktadir. Bu kesicilerin yaklagik yarisi ayak-bagindan kuyruga dogru
kesim yapmaktadir, Kesici makinanm 6n tamburu tam cap kesim yapmakta arkadaki
tambur ise tabanda kalan komiirii kesmektedir. Stz konusu kesim sisteminde hava
akimi arka tambura kadar toz yofunlufu az olmakta, arka tamburdan sonra toz
yogunlugu yiikselmektedir. Dolayisiyla ayak boyunca toplam toz miktar1 diigiik
seviyede olmaktadir. Tersi kesimde (kuyruktan-baga) ayak boyunca olusan toz miktart
daha fazla olmaktadir. Bu kesimde, ayaktaki toz yogunlufu on tamburun cevresinde
artmaktadir. Tozun artma siiresi ¢ok kisa olmamasina rafmen toz yogunlugu bu bolgede
20-30 mg/m3'e ¢ikabilmektedir. Ozellikle vardiyada 6-8 kez kesim yapilan ayaklarda
bu toz seviyesi cok 6nem kazanmaktadir (Niewiadomski at all., 1982).

Tek yonlii kesmede toz iiretimini azaltmak igin ayak bagindan-kuyruga dogru kesim
yapilmaktadir. Bu yoéntemde, ¢ift tamburlu kesicilerle kesim yapilirken arka tambur
tabanda kalan k&miiri keserken bir miktar toz olugur. Bu etkiyi azaltmak igin
kuyruktan-baga kesimde ¢n tambur tam cap kazi yapmakta arka tambur ise bogta
kalmakta veya minimum diizeyde kazi yapmaktadir. Tabanda kalan komir ise doniigte
arka tambur tarafindan almir. Boylece her iki kesimde de kesici makina temiz hava
tarafinda olmaktadir. Bu sekildeki kazi sisteminin dezavantaji ise ¢ift tamburlu
kesicilerin planlanan kapasitelerinden yeterince yararlanilamamasidir. Ayrica kesici
makinanin ¢aligma sirasinda dengesiz konumlanmasi soz konusudur. Bu kesim teknigi
tek tamburlu kesicilerde daha iyi uygulanmaktadir.

3.1.2.2. Cift Yonlii Kesim

Tahkimatsiz tavan agiklifimi azaltmak ve iretimi artrmak igin ¢ift tamburlu
kesicilerle ¢ift yonli kesim yapilmaktadir. Fakat bu durumda iretim kapasitesi biiyiik
oranda arttif1 icin, toz iretiminin artmasi da kagmilmazdir. Bunu Onlemek icin
tamburlarin dizaym gerekmektedir. Bu da farkli boyutlarda dizayn edilen tamburlarla
saglanmaktadir. S6z konusu kesici makina bastan-kuyrufa kesim yaptiginda Ondeki
biiyiik tambur tam ¢ap kazi yapmakta, arkadaki kii¢iik tambur ise serbest haldedir.
Déniigte kiiglik tambur damarin ortasint keserken biiyiik tambur ise tavanda ve tabanda
kalan komiirii kesmektedir. Bu yontemle kazi sirasinda minimum miktarda toz dretilir.
Ciinkii kiiciik tamburun dénme hizi daha diigik ve ortama tozu iifleyecegi bir agiklik
yoktur, Bu iki ozellik toz iretimini azaltmaktadir. Degisken kahnhktaki komiir
damarlarinin iiretiminde kullamlan ¢ift tamburlu kesicilerin éndeki biiyiik tamburlar
uygun bir sekilde dizayn edilmelidir, Biiyiik tamburun damarin tamamii kazamamast
durumunda kiiciik tamburun kazi yapmas: gerekmektedir (Niewiadomski at all.,1982).

3.2. Tozun Bastirilmasi
Olusan tozlarm ve tabana ¢okmiis tozlarn havaya karigmasmi Onlemek igin su
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baglt olmaktadir. Ayn1 zamanda spiral agist toz olusumuna da etki etmektedir. Spiral
acis1 ¢ok biiyiik olursa toz kolaylikla iifleme yoluyla havaya karigmakta, spiral agisinin
cok kiiciik olmasi durumunda ise kazilan komiir daha ¢ok kinlp ezilmekte ve toz
retimi artmaktadir. Uygun spiral acistyla oz dretimini yaklasik %50 oraninda
azaltmak miimkiin olabilmektedir (Mundell at all, 1980).

Ayrica tamburun doniig yonii de tozlarin hareketini etkilemektedir (Sekil 3). Tambur
tavandan-tabana donerek kesim yaptiinda olusan tozlar kiigiik agilarla tabana
iflenirler. Bu tozlar tabana serbest halde ¢okerler ve kiigiik tepecikler olustururlar. Bu
donme diizeninde tozlarn yere diisme yiikseklikleri az oldugu igin ocak havasina daha
az oranda karigmaktadirlar. Tambur tabandan-tavana kesim yaptifinda olusan tozlar
makinanin govdesine dogru piiskiiriic. Bu doénme diizeninde tozlarin yere diisme
yiikseklifinin fazla olmasi nedeniyle hem havaya karismasi kolaylasmakta hem de
makinaya zarar vermesi s6z konusu olmaktadir (Chiang, 1980) .

Havadaki Toz Orani Yiiksek

Sekil 3. Tambur Déniis Yoniiniin Ortami Toz YoZunluguna Etkisi (Chiang, 1980)

3.1.2. Kesme Yéniiniin Toz Uretimine Etkisi
3.1.2.1. Tek Yonlii Kesim
Diinyada tek yonlii kesimlerin yapildif ayaklarin yaklagik %75 'inde cift tamburlu
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Sekil 2. Ug Ana Toz Kaynagmin Agida ¢ikardigi Ortalama Toz Miktarlari
(Foster and Miller, 1982)

3.1. Toz Uretiminin Azaltilmas
3.1.1. Optimum Calisma Parametreleri

Komiir kesimi sirasinda toz olusumu kagmmlmaz ise de, kesim sirasinda olugan tozu
azaltmak olumlu bir yaklasimdir. Bu da kesme parametrelerinin dofru secilmesiyle
saglanmaktadir. KoOmiiriin kesme ve yiikleme veriminin artmasi, makina verimini
artirmakradir. Kesme veriminin artirilmasi, tambur doniis hizinin azaltulmasi ve
ilerleme hizimn artirilmasi ile miimkiin olmaktadir. Bu durumda, s1f kesime oranla
daha iri boyutta komiir iiretildigi icin toz olusumu azalmaktadir. Ayrica tambur hizini
diizenli bir gekilde diigiirmek, kesme derinlifini arttirdif1 gibi dénme etkisiyle iiflenen
toz miktarim da azaltmaktadir (Chang, 1971) .

Tambur iizerindeki keski dizaymi da toz olusumuna etki etmektedir. Keskilerin
birbirlerine ¢ok yakin olmasi ve fazla sayida kullanilmas: halinde ¢ok ince toz iiretimine
neden olurlar. Sz konusu durumda {iretilen komiriin parga boyutu kiigiildiigii i¢in
ezilmeler ve kinlmalar daha kolay olmakta dolayisiyla toz yogunlugfu artmaktadir,

Kullanilan keski tipi, keski agisi, keski hizi ve keski derinlifi gibi ctkenler toz
olusumunu onemli Gl¢ide etkilemektedir. Hangi tip keski kullamihrsa kullamilsin
keskilerin keskin olmasi toz agisindan avantajli olmaktadir. Ciinkii keskin olmayan
keskiler kesme derinligini diisiirmekte, toz iiretimini ve cnerji tiikketimini .

Tamburlu kesicinin yiikleme performansmm artirilmast ¢nemli oranda spiral agisina
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2. MEKANIZE UZUN AYAK MADENCILIGINDE ANA TOZ KAYNAKLARI
2.1. Komiiriin Kesimi ve Yiiklenmesi Sirasinda Olusan Toz

Komiiriin kesilmesi ve yiiklenmesi lozun baglica kaynaidir, Kesici makinalar
tarafindan kesilen komirler yiikleme esnasinda spirallerde ufalanarak ayrica toz
olusumuna neden olurlar. Ayrica kdmiiriin sertlifi ve yumugaklifi toz yogunluguna etki
ctmektedir. Sert kdmiiriin tiretimi sirasinda daha fazla toz olusmaktadir, Tavan ve taban
taglarmin kesilmesi durumunda ortamin oz yogunlugu daha da artmaktadir.

2.2. Kémiiriin Zincirli Konveyorde Taginmasi ve Ayak Baginda Transferi
Sirasinda Olusan Toz

Kazilan kdmiiriin, ayak ici zincirli konveyor tarafindan taginmasi ve ayak baginda
bogalmasi sirasmda onemli miktarda toz olusur. Komiiriin ayak icersinde taginmas
sirasinda konveydriin titresiminden dolayr kesme ve yiiklemedeki kadar olmasa da
belirli bir miktar ufalanma olmaktadir. Konveyiriin hareket yonii hava akis yoniniin
tersi konumunda oldugu icin olugan toz zerreciklerinin havaya kolayca kanigmalan s6z
konusudur. Ayrica kémiiriin ayak baginda transferi sirasinda da énemli miktarda toz
olugmaktadir (Chiang, 1980).

2.3. Tahkimatin flerlemesi Sirasinda Olugan Toz

Meckanize uzun ayaklarda kullanilan yiiriiyen tahkimat sistemleri yiiksek dayanim
kapasitelerinden dolay: tavan basmcina karst biyiik direng gosterirler. Tahkimatin
tavana direng gosterdikleri (temas ettikleri) noktalarda birgok yiik yiiklemesi ve
bosalmasindan dolay: bir tavanda bir miktar toz olusmaktadir. Tahkimatm ilerlemesi
sirasinda bu tozlar havaya kansmaktadir. Tavan olusan tozlar silis oranlart tavan
kayacin silis icerifine bagh olarak genelde yiiksck olmaktadir,

U¢ ana toz kaynagindan olugan toz miktarinin ayak boyunca seviyeleri Sekil 2'de
goriilmektedir. Ayak bagindan itibaren ayagin 1/3'lik kismma kadar olan bolgede ayak
i¢i zincirli konveyorden kaynaklanan toz miktart maksimum olmaktadir. Bunun nedeni
ayak baginda yapilan komiir transferidir. Konveyoriin yiiklii kesit alam geriye (ayak
kuyrufuna) dogru azalmakta ve buna bagh olarak toz olusumu da azalmaktadir. Biitiin
ayag goz Oniine aldifimizda komiriin kesimi tozun ana kaynagi olmaktadir. Tahkimat
ise en dnemsiz kaynaktir (Foster and Miller, 1982) .

3. TOZ KONTROL Y6NTEMLERI
Genel olarak ; toz iiretiminin azaltilmasi, tozun bastirilmasi, tozun yonlendirilmesi ve
tozun toplanmas: asamalarini icermektedir.
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1.GIRIS

Havada asih olarak kalabilen, agirhin nedeniyle ¢okme egilimi gosteren 0.5-120
mikron biiyiikliigiindeki kat1 parcaciklara toz denilmektedir. Yeralti komiir ocaklarinda
tozlar kdmiir ve yankayaglardan olusmaktadirlar. Bazi tozlar hava ile kangtifinda
patlayici &zellik gosterirler, bazilari zehirli ve hatta radyoaktiftirler. Ocak havast
icersinde 5 mikron altindaki tozlar solunabilir toz olarak tammlanmaktadir. Bu tozlar
¢ok miktarda ve belirli bir siire solundugunda akciger toz hastaliklarina (pnémokonyoz)
neden olmaktadirlar. Uluslararast Is¢i Saghigi ve Is Giivenligi hiikiimlerine gore ocak
ortaminin 1oz yogunlugunun 2 mg/m3 i gegmemesi istenmektedir. Tozun difer bir
dezavantaji ise goriig mesafesini azaltmasi, gozi tahris etmesi, yeraltindaki ¢aligmalan
psikolojik olarak etkileyip ¢aligma verimini diisiirmesidir.

Son yillarda ozellikle kazida uygulanan mekanizasyon yeralti maden ocaklarinda toz
olusumunu artirmigtir. Dolayistyla modern madencilikte bile ocak tozlan, ¢alisma
kosullarin1 zorlagtiran, saghia zarar veren bir sorun olmaktadirlar, Mekanize uzun
ayaklarda 1978 yilinda yapilan toz élgimlerinin sonuglart Sekil 1'de verilmektedir,

e
o
E 25F
B 2t
o
E 15
£ 1
o
c o5 [13MC Wi12mG
: 7
E /) :
© Saban Tek Tam. Cift Tam.
Kesici Kesici

Sekil 1. Kesicilerde Agifa Cikan Solunabilir Toz Miktar1
(Schlick and De Michiei, 1980)

Sekilden de goriildiigii gibi sabanlarin ve tek tamburlu kesicilerin kullamldigi ayaklarda
olusan toz miktan1 dngoriilen toz standard: deferini agmamaktadir. Buna kargm ¢ift
tamburlu kesicilerin kullanildi$1 ayaklarda ise toz standard: agilmaktadir (Schlick and
De Michiei, 1980).

Ortamin toz yogunlugu ve siirekliligi sadece tozun airhifi, sekli ve biiyikliga ile
ilgili olmay1p, sdzkonusu ortamdaki havanin hizi ve tozun rutubetiyle de ilglidir. Bu
faktorler degistiginde, havadaki asili tozlar tabana ¢okebilir, ya da tam tersi tabana
¢okmiis durumda olan tozlar havaya karigabilirler. Fakat asili tozlar hem saflik ve hem
de giivenlik acisindan daha tehlikeli olmaktadirlar,
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OZET: Bu makale'de mekanize uzun-ayaklardaki toz kaynaklart ve toz kontrolii
lizerine bir literatiir aragtirmas: sunulmugtur. Yeralt komiir madenciliginde yiiksek
verim, mekanize uzun-ayak ekipmanlari ile saglanmaktadir. Bu Yitksek verime karsin
toz oramda artmakta ve yasal toz standartinm korunmas: zorlasmakrtadir. Mekanize
uzun-ayaklarda tozu olusturan onemli parametreler ve tozun nasil azaltilabilecegi
actklannugtir.

DUST SOURCES IN MECHANISED LONGWALL FACES AND DUST
CONTROIL METHODS

ABSTRACT: This paper presents a literature survey on dust sources and dust
control at longwall faces. Underground coal mining provides high productivity by
equipment used in mechanised longwall. However, a lot of dust is produced as a result
of using mechanised longwall equipment and thus, it is difficult to keep to legal dust
standard. In addiation, this paper explains important parameters on how dust
production can be decreased in mechanised longwall mining.
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151l defere sahip tiivenan kdmiirden , % 26.67 kiillii, 4522 kcal/kg 151l degere sahip lave,
% 49.33 yanabilir verimle elde edilmigtir. Buradan, tiivenan komiiriin kiil oraninin % 39
oraninda azaluldigi, kalori degerinin % 46 oraninda artirildigs, elde edilen bu iiriiniin
tufla ve ¢imento sanayinde rahathkla kullanilabilecek ozellikte oldugu saptanmigtir.
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Imis tablosu verilmistir. Buradan Kiil orannin % 43.21'den % 26.67'ye indirildigi, 1s1l
degerinin ise 3112 kcal/kg'dan 4522 kcal/kga % 49331k yanabilir verimle
yiikseltildigi goriilmektedir.

Tablo 6. - 1.7 + 0.30 mm.'lik iiriiniin sallantil masa deney sonuglan (kuru baza gore)

Uriinler Beslemeye gore Miktar Kiil Kalori (keal'kg) Yanabilir
miktar (%) (%) (%) A.LD. Randiman (%)

Lave 3.36 26.88 30.71 4292 31.30

Mikst 3.76 30.11 35.09 3989 32.84

Sist 537 43.01 50.37 2034 35.86

Toplam 12.49 100.00 40.48 3230 100.00

Tablo 7. Karigtirma+jig ve sallantil masa deneylerinin toplu sonuglan
(kuru baza gore)

Uriinler Miktar Kiil Kalori (keal/kg) | Yanabilir
(%) (%) A.LD. Randiman (%)
Lave 38.20 26.67 4522 49.33
Mikst 24.88 41.20 3426 25.76
Sist 36.92 61.68 1441 2491
Toplam 100.00 4321 3112 100.00
3. SONUC VE ONERILER

- 19 mm boyutlu (% 43.21 kiil ve 3112 keal/kg 11l degerli) Tavas yoresi linyit
kémiirleri iizerinde yapilan deneysel galigmalar sonucunda;

-Yapilan elek analizleri degerlendirme tablosundan komiiriin tane boyutu kiiciildiikce
kiil oranmm % 55'lere kadar artt11, 1s1l degerinin ise 2076 keal/kg'a kadar distiigi,

-Kanigtrma  iglemleri sonucunda sozkonusu numunenin atilan kisimlarindaki  kiil
oranmnin % 70 - 77'lere ulagtify, elde edilen iiriinlerin kiil oranlanmn % 36 - 41'lere
kadar indirilebildigi, aym iriinlerin 1sil degerinin 3230 - 3760 kcal/kg arasina
yiikseltilebildigi,

-Yapilan jig deneylerinde, elde edilen iiriinlerin kiil oranlarmm % 25 - 28'lere kadar
indirilebildigi, 1s11 degerlerinin ise 4345 - 4825 kcal/kg'a kadar yiikseltildigi,

_Sallantili masa deneyleri sonucunda ise, kiil oranmin % 30.71, 1s1l degerinin 4292
kcal/kg'a kadar yiikseltildigi belirlenmisgtir.

Bu grupta yapilan tiim deneysel caligmalarn sonucunda % 43.21 kiil ve 3112 kcal/kg
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2.3. Jig Deneyleri

Jig deneyleri boliim 3.2'de belirtildigi gibi - 19+1.7 mm boyutunda yapilan karigtirma
deneyinden elde edilen iiriin lizerinde yapilmgur. Jig deneyi 6ncesi bu iiriin - 19 +8 ve
- 8+1.7 mm boyutlarina ayrilarak, ayn ayn jig deneylerine tabi lutulmug ve deney
sonug¢lar: Tablo 4. ve 5'de verilmigtir,

Tablo 4'den, kiil oraninm % 34.97'den % 24.53'% indirildigi, 1s11 degerinin 3974
kcal/kg'dan 4825 kcal’kg'a yiikseltildigi ve yanabilir verimin % 61.44% ulastign
goriilmektedir,

Tablo 5'den ise, kiil oraninm % 36.17'den % 27.52'ye indirildigi, 111 deZerinin 3621
kcal/kg'dan 4345 kcallkg'a yiiksetildigi ve yanabilir verimin % 54.76'ya ulastig:
goriilmektedir,

Tablo 4. -19 +8 mm 'lik iri iiriiniin Jig deney sonuglart (kuru baza gore)

ﬂrl‘inlcr Beslemeye gire Miktar Kiil Kalori (kcal/kg) Yanabilir
miktar (%) (%) (%) A.LD. Randiman (%)

Lave 14.45 52.94 24.53 4825 61.44

Mikst 10.71 39.22 45.70 3173 3275

Sist 2.14 7.84 51.76 2240 5.81

Toplam 27.30 100.00 34.97 3974 100.00

Tablo 5. - 8+ 1.7 mm.'lik ince tirtiniin jig deney sonuglart ( kuru baza gore)

Uriinler Beslemeye gire Miktar Kiil Kalori (keal/kg) |  Yanabilir
miktar (%) (%) (%) A.LD. Randiman (%)

Lave 20.39 48.22 27.52 4345 54.76

Mikst 1041 24.62 38.78 3483 23.61

Sist 11.49 27.16 49.17 2460 21.63

Toplam 42.29 100.00 36.17 3621 100.00

2.4. Sallantih Masa Deneyleri

Sallantih masa deneyleri, kanigtirma sonucu elde edilen - 1.7 + 0.3 mm boyutlu iiriin
tizerinde yapilmis ve sonuglar Tablo 6'da gosterilmigtir,

Tablo 6'dan, kiil oraninin % 40.48'den % 30.71'% indirildigi, 1s11 degerinin 3230
kcal/kg'dan 4292 kcal/kg'a yiikseltildigi, yanabilir verimin ise % 31.30 degerine ulagti
goriilmektedir.

Tablo 7'de ise jig ve sallantili masa deneylerinden elde edilen iiriinlerin birlegtiri
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Tablodan goriildiigii gibi tane boyutu kiigiildiikge kiil oranlarinin arti1, buna kargin
1511 degerlerinin azaldif goriilmektedir

2.2. Karistirma Deneyleri

Kanistirma deneyleri, iki boyutta su ile IKA-WERK tipi mekanik kanstricida (% 20
kat: orani, 100 dev/dk donme hizi, 5 dk siire) yapilmistir.

- 19 + 1.7 mm boyutunda yapilan karigtirma deneyinin sonuglari Tablo 2'de
verilmistir. Tablo 2 'nin incelenmesinden karigtima deneyleri sonucunda % 76.65 kiil

_igeren, beslemenin agirhkea % 11.21'ni tegkil eden sist atilmig, geri kalan kisim  jig
deneylerine tabi tutulmustur.

- 1.7 mm boyutunda yapilan kangtirma deneylerinin sonuglan ise Tablo 3 ‘de
verilmigtir. Tablodan da goriilecefi tzere kangtirma iglemleri sonucu % 70.31 kiil
igeren, besleme malnin afirlikea % 6.71'ini teskil eden ince kisim siiziilerek atilmig,
geriye kalan kisum sallanti masa deneylerine tabi tutulmustur.

Tablo 2. -19 +1.7 mm ‘lik komiir numunesinin kanstirma deney sonuclari
(kuru baza gore)

Elek boyutu | Beslemeye gore Miktar Kiil Kalori (kcal’kg) | Yanabilir
(mm) Miktar (%) (%) (%) A.LD. Randiman (%)
-19.0+ 1.70 69.59 86.13 35.70 3759 94.48
-1.70 + 0.00 11.21 13.87 76.65 310 5.52
Toplam 80.80 100.00 4138 3281 100.00

Tablo 3. - 1.7 mm 'lik komiiriin karisurma deneyi sonuglari (kuru baza gore)

Elek boyutu | Beslemeye gore Miktar Kiil Kalori (kcal’kg)| Yanabilir

( mm) Miktar( %) (%) (%) A.LD. Randiman (%)
-1.70+0.30 12.49 65.07 40.48 3230 78.88
-0.30+0.00 6.71 34.93 70.31 856 21.12
Toplam 19.20 100.00 50.90 2401 100.00
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Sekil 1. Uygulanan zenginlestirme yénteminin genel akim gemas:
2.1. Elek Analizi

Sozkonusu numunenin elek analizi ve buna b

de sunulmustur.

Tablo 1. Elek analiz degerleri( kuru baza gére)

agl olan kiil ve kalori degerleri Tablo 1

Elek boyutu Miktar | Kiil Alt Isil degeri Kiim. Elek Ustii A.LD.

(mm) (%) (%) |A.LD (kcal/kg) Miktar (%) Kiil (%) |(kcal / kg
-19.00 + 12.50 13.47 36.97 3382 13.47 36.97 3382
-12.50 + 8.00 17.72 41.82 3322 3119 39.73 3348
- 8.00+ 4.75 23.50 40.93 3375 54.64 40.28 3363
- 475+ 2.80 16.83 41.30 3235 71.52 40.49 3330
- 280+ L70 9.28 48.26 2903 80.80 41.38 3281
- L.70+ 0.85 6.64 48.42 2631 87.44 41.92 3232
- 0.85+ 0.60 4.19 48.53 2592 91.63 42.22 3203
- 0.60 + 0.425 1.73 53.73 2247 93.36 42.43 3185
-0.425+0.300 1.69 54.15 2147 95.05 42.64 3166
- 0.300+0.000 4.95 54.12 2076 100.00 43.21 3112
Toplam 100.00 43.21 3112
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1. GENEL BiLGILER

Ulkemizin enerji iiretiminde en onemli kaynagin olugturan linyit rezervimiz 8374
milyon tondur. Bu rezervin % 63 gibi onemli bir boliimiiniin 1s11 degeri 2000 kcal/kg
dan digiiktir. % 32'si 2000 - 4000 kcal/kg arasmda yer alir. Geri kalan % 5'i ise 4000
kcal/kg'dan fazladir (Arslan ve digerleri, 1993 ve Inalan, 1993).

Mevcut linyit rezervlerimizin tilketim amacina uygun ve yerinde kullanilabilmesi,
linyitlerimizin ozelliklerinin iyi bilinmesine ve tiikelim amacina uygun hangi tir
linyitlerin kullanilabileceginin saptanmasma bagli olup, ekonomik faktdrlerin 6n planda
utuldugu giinimiizde bilyiik bir énem arz etmcktedir. Bagta 1sinma olmak iizere, sanayi
ve termik santral gibi alanlarda linyite duyulan talep gin gegtikge artmaktadir, Bu
durum ise, mevcut potansiyelin iilke ckonomisine uygun bir sekilde kazandirilmast ile
miimkiindiir (Semerkant ve digerleri, 1988).

Bu amagla, kiil, kiikiirt oranlan yiiksck ve yantagt fazla olan komdirlerin tasima
masraflarimin énemli bir maliyet girdisini tegkil etmesi, ayrica énemli oranlarda gevre
kirliligine neden olmasi yiiziinden, linyitlerimizin degisik zenginlestirme yontemleriyle,
kullamm alanlanina uygun, temiz ve kaliteli {iriinler haline getirilerek tiiketim
merkezlerine ulastirilmasi zorunlu hale gelmektedir.

Linyit rezervlerimizin % 63'li 1s1l degeri diigiik komiirlerden olugmaktadir. Iste bu tiir
komiirlerden birisini olusturan Tavas yoresi komiirlerinin 1811 deferlerinin artirlmast
amaciyla, yikama sonrast jig ve sallantih masada sistematik zenginlestirme deneyleri
yapilmistir. Sonugta, elde edilen veriler 1s1ginda, linyitlerin kullanun alanlarina uygun

iiretimleriyle ilgili dneriler sunulmustur.

2. DENEYSEL CALISMALAR

Tavas yoresinden alman -19 mm boyutlu kémir numunesi %18.86 hidroskopik nem,
9 43.21 kiil ve 3112 kecal/kg 11l deferindedir. Bu numune iizerinde elek analizleri,
karigirma, jig ve sallantili masada zenginlestirme deneyleri yapilmis, Sekil 1 'de
deneylerde izlenen akim semast verilmigtir.

Deneysel ¢aligmalardaki tim 1s1l degerler IKA-4000 marka adyabatik ve otomatik

kontrollii kalorimetre bombasi cihazi ile yapilmigtr.
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TAVAS (Denizli) YOREST LINYIT KOMURLERININ
ZENGINLESTIRILMESI

Ahmet Yamik, Nanuk Giines, Vedat Deniz
S.Demirel U., Maden Miihendisligi Bolimii, Isparta/Tiirkiye
Oktay Bayat
C.U., Maden Miihendisligi Boliimi, Adana/Ti lirkiye

OZET: Aragtirmada Tavas (Denizli) Yoresi yiiksek kiillii ve diigiik kalorili, kolaylikla
wfalanma ozelligine sahip olan komiir numunesinin kil orammn azaltilmas: ve buna
bagli olarak kalori degerinin artirdmas amactyla seri deneyler yapimugnr.

Oncelikle, numune icinde bulunan gslam boyutundaki killi kusmn kanistirma
deneyleriyle komiir biinyesinden uzaklagurimasina ¢alisimugtr. Daha sonra da,
kilinden arndinlan komiir  numunesinin Jig ve sallanuli masada zenginlestirme
deneyleri yapunugnr.

Sonugta % 26.67 kiil ve 4522 keal/kg isil degerine sahip lave komiir % 49.33 yanabilir
verimle elde edilmigtir.

BENEFICIATION OF LIGNITES IN TAVAS (Denizli) REGION

ABSTRACT: In this investigation, a series of tests were carried out Jor the purpose
of reducing ash content and increasing calorific value of Tavas region (Denizli ) lignite
which originally contains high ash content with low calorific value and easily ground
property.

Firstly, clay content in the samples may be removed from lignite structure by agitation
experiments. Further, concentration experiments with shaking table and Jig have been
made on the coal samples after removing clay contents.

Finally, a clean coal having 26.67 % ash and 4522 keal/kg calorific value is produced
by a 49.33% combustible substance recovery.
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modiili  5793-74513 kg/cm2, toplam - deformasyon modiilii  4080-40039 kg/cm?
arasindadir. Ayrica krip faktérii en disiik % 13 en yiiksek % 133 bulunmustur,

4- G-4 galerisi icin elastik modil 8276-41739 kg/cm?2, deformasyon modiilii 3122 -
14385 kg/em2, 1oplam deformasyon modiilii 1986-10336 kg/em?2, krip faktorii % 17 - %
38 arasinda bulunmustur.

Degerler topluca incelendiginde baraj yerindeki kayaclan jeoteknik acidan ii¢ gruba
ayrnlabilir,

A- Saglam ve aynismamig sokulumlar ;

Magmatik Kaya Kompleksi Ozellii tagiyan temel kaya icerisinde, kuvarsca zengin,
laze yiizeyli granofir ve sonradan sokulum yapmus diyorit ile mikrodiyoritlerde yapilan
deneylerde Elastik modiil (ee)=35 000 kg/cm? civarinda bulunmustur.

B- Saglam az ayngmis sokulumlar ;
Kompleks icerisinde yer alan diyorit, gabro ve az ayngmis granodiyoritlerde elastik
modiil (ge) = 25 000 kg/cm?2 civarinda bulunmustur,

C- Aynismig ve zay1f 6zellik sunan sokulum]ar veya diizeyler;

Bu grupta yer alan kayaclar daha ¢ok yeni sokulumlarin etkisi ile ezilmig paralanmig
Ve ayngmugur. Elastik modiil (ee)= 25000 kg/em®den kiigiiktiir. Kirkly Ve ayrigmig
kesimlerde bu deger 8276 kg/em?, ye kadar diismekedir.

6. SONUCLAR

Magmatik kaya kompleksi derinlik, yan derinlik ve yizey kayaclarindan olusur,
Yapilan mikroskop incelemesinde ana kayanimn ayrigmis - az aynsmis granofir ve
kuvarsh kayaglardan olustuu, ana kaya icerisinde sokulum yapmig gabro, diyorit ve
diyabazlarm bulundugu Saplanmigur. Miihendislik 6zellikleri gozoniine alindiginda
Imagmatik kaya komplcksinin gegirimsiz ozellikte, catlakli yer yer gok ayrisms, sik
eklemli diisiik ve orta direngli, yomsak-orta sertlikte oldugu saptanmustir. Parametreler
lopluca incelendiginde Magmatik kaya kompleksi ii¢ katagoriye aynlir. Buna gore, 1-
Saglam ve ayrigmamig sokulumlar; diyorit ve mikrodiyoritler, iyi kaya 2- Saglam az
aynigimig okulumlar; granofir ve az ayrigmig gabrolar, orta kaya 3- Aynismig ve zayif
Ozellik sunan sokulumlar veya diizeyler; ayngmig gabrolar ve ayrigmig granofirler zayif
kaya olarak siiflandinilabilir,

7. KAYNAKLAR

Bianiawski, Z.T.,1976. "Proceding of Symposium  on Exploration for Rock
Engineering, Johannesburg.

Giiven, M., 1990." Pamukluk Baraji Aks Yerinde Yapilan Kaya ve Zemin Mekanigi
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Sekil 3. Aragtirma galerileri ve deney kuyular: lokasyon haritasi

Deneyin Yapilisi

Acilan 2x2m boyutundaki galeri igerisinde taze kaya yiizeyine krikolar vasitasi ile
belirli zaman dilimlerinde, artan yiikler uygulanarak kayamn deformabilite ve elastisite
ozelliklerinin saptanmasidir. Uygulanan yiik sonunda kayanin deformasyonlar: hassas
ekstansometreler vasitasiyla olgiilmektedir.

Toplam deney siiresi 28 saat 40 dakikadir. Yiikleme ve bogaltma kademelerinde S'er
dakika minumum ve maksimum basmg¢ kademelerinde 25'er dakika bekleme
yapilmistir. Dordiincii evrenin (3,5-70,0 kg/cm2) maksimum basing kademesinde
kayanin zamana bagh deformasyon ¢zellifinin belirlenmesi icin 24 saat sabit basing
altinda bekleme yapilir.

5.2.1. Deney Sonuclari

1- Yiikleme metoduna gére 2. evrenin elastik ve deformasyon modiilleri gbz éniine
alindiginda, G-2 sag sahil galerisi i¢in elastik modiil 439-71967 kg/cm2, deformasyon
modiili 1046-32096 kg/cm?2, toplam deformasyon modiili de 1619-26213 kg/cm?2
arasinda bulunmustur. Ayrica krip faktorii en disik % 11.7 en yiiksek % 53.0
bulunmustur (Tiirkel, Gliven 1992).

2- G-1 sol yaka galerisi icin elastik modiil 4719- 25437 kg/cm2, deformasyon modiilii
1546-17983 kg/cm?2, toplam deformasyon maodiilii 816- 15451 kf/cm2, krip faktériinde
% (0.7-% 22.0 arasinda bulunmugtur.

3- G-3 sol yaka galerisi igin eclastik madiil 12565-104385 kg/cm?, deformasyon
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Laboratuvarda yapilan deney sonucunda elde edilen tek eksenli basim¢ dayanimlart
¢izelge halinde fiziksel 6zelliklerle birlikte verilmigtir (Cizelge 2).

5. KAYA VE ZEMIN MEKANIGI DENEYLERI

Pamukluk Baraj yerinde kayaglarin mekanik 6zelliklerini saptamak amaci ile yerinde
deneyler yapilmistr. Temel kayanin tagima giiciini ve olast oturma hesaplamalarini
yapabilmek igin acilan 6 adet temel sondaj kuyusunda pressiometre deneyleri
yapilmigtr. Ayrica temel kayanin elastik 6zelliklerinin belirlenmesi icin saf yakada 1
adet; sol yakada da 3 adet arastirma galerisi agtinilmi§ ve bu arastirma galenlcrmde
plaka yiikleme deneyleri yapilmistr (Sekil 3).

5.1. Pressiometre Deneyi

Pressiometre dencyinde uygulanan yontemin esast, agtlan bir sondaj kuyusu

vasitasiyla zemine radiyal basing uygulamak ve bu basmcin zeminde olusturdugu
deformasyonlari lgmektir. Basing sondaj kuyusu igine indirilen silindirik lastik propla
uygulanir. Propun zemini deforme ederek genigleraesi ise hacimsel deformasyon olarak
Olgiiliir ve cihazm hacim 6lgiilerinden okunur.

Pamukluk barajinda zeminin mukavemeti géz éniinde bulundurularak basing artimlar
her iki metrede bir baglangigta birer atmosfer daha sonra ticer atmosfer uygulanmisgtir.
Pressiometre deneyi ile zeminin tagima giicii ve baraj yiikseklifine gore oturma
hesaplar1 yapilmigtur,

Pressiometre deneyi yapilan sondaj kuyular1 SK-2A, SK-4A, SK-5A, SK-9A, SK-10A
ve SK-11A" dir. Bu kuyulardan SK-5A sag yakada dierleri sol yakadadir. SK-4A ise
talveg kotunda agilmigtir (Sekil 3).

5.1.1. Pressiometre Deneyinin Sonuglari

Hesaplamalar temel zemini saglam kayaya oturtularak yapilmistir. Hesaplamalara
gore dolgu yiksekliginin (100 m, temel genisliginin 50 m olmasi halinde zemindeki
oturmalar 2.74 cm ile 5.72 cm arasinda degisecektir. Dolgu yiiksekliginin 120 m olmasi
halinde oturmalar 3.29 c¢m ile 6.86 cm arasmda defisecektir.

Zemin emniyet gerilmesi ise 14.74 kg/cm? ile 27. kg/cm? arasinda hesaplanmistir.
Projede zemin emniyet gerilmesinin (qa) 20.0 kg/cm? alinmasi uygun olacaktir. Her
kuyu ve civar i¢in oturma ve farkli oturma miktarlar: kabul edilebilir limitlerin alunda
olup, oturmalarla ilgili bir sorun olmayacaktir (Giiven, 1990).

3.2. Plaka Yiikleme Deneyleri

Baraj aks yerinde temel kayanin deformabillite 6zelliklerini saptamak amaciyla sag ve
sol yakada agilan aragtirma galerilerinde (G-1, G-2, G-3, G-4 Galerileri) yatay yiikleme
deneyi olmak iizere toplam 22 adet plaka yiikleme deneyi yapilmigtir (Sekil 3).
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Goriiniir

Tek eksenli

Ornek no ve yeri | Kayag ad 6 zglil agirhk Birim agirlik Su emme %

(gr/cm3) (gr/cm3) porozite % basing dayanimi

{Kef/cm?2)

DSK-2 Ayrigmig 2.75 2.44 4.3 10.5 85
40.35-40.70 m gabro
SK-9 sondaj kuy. Gabro 277 2.58 2 52 115
39.70-40.00 m
SK-9 Granofir - 1.89 1 1.9 440
12.60-12.90 m
SK-1 Diyabaz 2.86 2.77 1.4 3.9 260
90.60-90.95 m
SK-4 Gabro 2.74 2.46 3.1 7.6 300
45.80-46.20 m
SK-4 Kuvarsh 2.66 2.46 2.8 6.9 225
53.20-53.50 m diyorit
SK-4 Gabro 2.73 2.45 3.9 9.6 590
28.30-28.60 m
SK-6 Gabro 2.1 2.60 23 6.0 535
68.00-68.20 m
SK-10 Diyorit 298 275 i 3.0 760
32.85-33.10 m
SK-10 Granofir 2.82 2.52 3.0 7.6 450
38.70-39.00 m
SK-6 Ayrigmig 2.70 2.43 4.1 10.0 40
35.10-35.40 gabro
SSK-1 Diyorit 2.89 2.66 1.1 2.9 640
17.20-17.40 m
SSK-1 Ayrismig 2.82 2.64 34 9.0 80
21.70-21.90 m diyorit

Cizelge 2. Baraj Yerindeki Kayaglarin Fiziksel ve Mekanik Ozellikleri
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4.1.1. Fiziksel Ozellikler

Alinan ornekler lizerinde yapilan deneyler sonucu Birim Hacim Afirlik (gr/cm3),
Ozgiil agirhk (gr/em3), Su emme(%), Porozite (%), Bosluk orani (%), arazi
¢aligmastyla kayaglarin sertligi saptanmigtir.

Sertlik

Baraj yerinde ve arastirma galerisi duvarlarinda N tipi Shimidt cekici yatay tutularak
geri tepme sayilart okunmug ve ortalama degerlerinden magmatik kaya kompleksi
icerisinde yer alan kayagclarm sertlikleri bulunmustur.

Buna gire

Gabro Orta sert-Yumugak

Diyorit Cok sert

Granofir. Sert

Diyabaz Sert

Ayrnigmig gabro

Ve granorir Orta sert-Yumugak olarak bulunmustur.

4.1.2. Mekanik Ozellikler

Kayalarin miihendislik amaglart igin simiflandiriimasinda mekanik ozelliklerin onemli
bir yeri vardir. Ozellikle kaya kiitlesi simiflamalan ve kaya kiitlelerinin saglamliklarini
belirlemede yogun bir sekilde kullamlir. Bu amagla Pamukluk baraj yerindeki
kayaclarin mekanik ozelliklerinin belirlenmesine yonelik olarak yerinde deneyler
yapilmug, arazide N tipi Shimidt gekici kullamilarak, tek eksenli basing dayanimi ,
kayanin sertligi ve ayrica tamamlanan sondajlardan karot ornekler ve sekilsiz drnekler
hazirlanarak, laboratuvarda deneye tabi tutulmugstur. Laboratuvar deneylerinde
kayaglarin tek eksenli basing dayanimlar bulunmustur (Cizelge 2).

Direng dzellikleri

Arazide yapilan Shimidt cekici deneyi sonucu belirlenen tek cksenli basing
dayanimlar;

Gabro 20-30 MPa Diisiik direncli

Diyorit 100-150 MPa Yiiksek direngli

Granofir 20-30 MPa Diisiik direngli

Diyabaz 90-100 MPa Orta direngli

Ayrigmig gabro

ve granofir 10-20 MPa Cok diigiik direngli olarak belirlenmistir.
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Granofir olarak belirlenen karotlarin
% 10'nu ¢ok kot RQD= %0-25

% 20'si kotii . RQD= %25-50

% 50'u orta RQD= %50-75

% 30'u iyi, cok iyi RQD= %75-100

Ayrismug gabro ve granofir olarak belirlenen karotlarmn
% 50'si cok koti  RQD= %0-25

% 30'u kotii RQD= %25-50
% 20'si orta RQD= %50-75 kalite olarak belirlenmistir.
3.2. Gegirimlilik

Sondaj kuyularmnda yapilan basingh su dencylerinde genellikle gecirimsiz degerler
elde edilmigtir. Basincli su deneyleri 2 m aralikli kademelerde tek lastikle yapilmisg,
deney sonuglar amprik formiille hesaplanmigtir.

Basingh su deneylerinde baraj sa§ yakasinda yeralan taze goriiniimli sert ve saflam
yapili diyorit ve mikro diyoritlerin yizeye yakin kisimlarinda 10-20 lugeon arasinda
kagaklar elde edilmigtir. Nispeten az ayrigmig granofirlerin iist seviyelerinde ve farklh
Ozelliklerdeki kayaglarm kontaklarinda da gecirimli deferler belirlenmistir.

Gabro ayrigmis gabro ve aynigmig granofirlerin gegirimsiz oldugu saptanmigtir, Genel
olarak gecirimsiz ozellikte olan magmatik kaya kompleksinin basingli su deneyinde
gegirimli olarak belirlenen kisimlarmnin yiizeyden itibaren derinlere dogru azaldiff1 ve bu
kesimlerin ¢atlak veya kiriklarm fazla oldufu seviyeleri gosterdigi kabul edilmigtir.
Diger sondaj kuyularinda da baz seviyelerde yer yer 1 - 3 lugeon arasinda kacaklar
Gleiilmistiir. Bu kisimlar yine kirik ve catlakli seviyelere karsilik gelen kesimlerdir.

Bu nedenle magmatik kaya kompleksinin 0 - 15 m arasinda baz diizeylerin kirik ve
catlakli olmasi dolayisiyla gegirimli kabul edilmesi ve buna gore degerlendirilmesi
uygun olacakiir.

4.BARAJ YERINDEKI KAYACLARIN MUHENDISLIK OZELLIKLERT
4.1. Fizikomekanik Ozellikler

Fiziksel ve mekanik 6zelliklerin belirlenmesinde arazide ve laboratuvarda yapilan
deneylerden yararlanilmigtir. Laboratuvar deneylerinde Tiirk Standartlari Enstitiisii
tarafindan belirlenen standartlar kullanilmigtr (TS 699,1900). Laboratuvardaki
deneylerde; sondaj kuyularmdan alinan karotlar, arastirma galerilerinden alinan blok
omekler, karot alimmna imkan olmayan birimlerde kiip ve sekilsiz &rnekler
kullanilmigur.

15
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fakat bazi kesimlerde ise piroksenlerin yerini  serpantinlegmis veya kismen
iddingsitlesmis olivin alir. Gabro tiirii kayaglarda da yine tektonizma etkileri
gozlenmigtir, genelde minerallerde ¢atlama, kirilma ve 6zellikle piroksenlerde
bikilmeler gozlenmistir. Alterasyon mineralleri olarak plajiyoklaslarda kaolenlesme,
kismen kloritlesme ve serisitlesme, piroksenlerde ise uralitlesme tespit edilmistir.

3. SUREKSIZLIKLERIN JEOTEKNIK OZELLIKLER}

Siireksizliklerin miihendislik agisindan ctkilerini arastirmak ve kaya kiitlesinin
oOzelliklerini belirlemek igin magmatik kaya kompleksi igerisinde yer alan degisik
Ozellikteki birimlerde gozlemler yapilmistr. Yamlan gozlemlerde ISRM (Intenational
Society for Rock Mechanics) ve EGWP (Engineering Geology Group Working Party)
tarafindan Gnerilen veri toplama ve deferlendirme yontemleri esas alinarak
streksizliklerin jeoteknik ozellikleri belirlenmeye ¢aligiimigur,

Siireksizliklerin; yénelim ve takim sayisi, devamhlik, agikhk, piiriizliilik, dolgu
malzemesi gibi jeoteknik 6zellikleri ile kayag kiitle bozunma dereceleri belirlenmis,
sonuglar ¢izelge halinde sunulmustur (Cizelge 1).

3.1. Kaya Kalitesi Tanimlamasi (RQD)

Baraj yerinde agilan karotlu sondajlarda 10 cm ve daha biiyiik karotlarm tiimii
olgiilmiis ve RQD (Rock Quality Designation) yiizdeleri hesaplanmigtir.

RQD degeri ile kaya kalitesi arasindaki iligki asafidaki gibidir Deere (1964),

ROD %  Kayakalitesi
<25 Cok fena
25-50 fena
50-75 orta
75-90 iyi

- 90-100 pekiyi

Olgiilen RQD degerlerine gore;

Diyorit olarak belirlenen karotlarin
% 20'si kétii RQD= %0-25,

% 50" orta RQD= % 50-75,
% 30'u iyi ¢ok iyi RQD= %75-100

Gabro olarak belirlenen karotlarin

% 10'nu kotii RQD= %0-25

% 20'si kotii RQD= %25-50
% 40" orta RQD= %50-75
% 30'u iyi RQD= %75-90
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kiitleyi granitoitik kayaglar olusturur, bunlar genellikle ayrismig ve bazi kesimleri yer
yer arenalagmigtir. Difer birimlerle kontak yapug1 yerlerde bilesimsel olarak degigimler
gozlenmigtir. Ornegin kontaktan iki metre uzakta granit izlenirken tam kontakta ve
kontaja yakin bolgelerde granodiyorit, kuvarsl diyorit veya granofir gibi farkli kayag
tiirlerine gegigler saptanmigtir. Aym sekilde esas kiitleyi kesen difer birimlerde de
dokanak iligkileri ok belirgin olarak kayaglarn bilesimsel veya yapisal olarak defisime
ufratmstir,

Magmatik kompleksin olusumunda granitik kiitle yerlestikten sonra, kiitle asidik .
ozellikli kayaglar tarafindan kesilmig daha sonra ayni kiitle bazik ozellikli kayaglar
tarafindan tekrar kesilmistir. Magmatizma bir ¢ok defa etkinligini gostermistir. Kesme
ve kesilme durumu ¢ok farkli gériintimler olusturmustur. Omegin garanitik kiitlenin
bazik ozellikli kayaclar tarafindan kesildigi bazi yerlerde granitik kiitlenin azmbkta
kald11, diger bazik ve nétr 6zellikli birimlerin ise cok daha yaygm oldugu goriilmustir.
Fakat genel olarak granitik kiitlenin her tarafta daha yaygm oldugu ve ilk yerlesen kiitle
oldugu saptanmuigtir.

Yapilan mikroskopik incelemeler sonrasinda magmatik komplekste asit, notr ve bazik
ozellikli kayaglar belirlenmigtir. Bunlarm petrografik incelemelerine asafida kisaca
deginilmistir.

2.1. Asidik Kayaglar

Magmatik kaya kompleksinde esas kiitleyi 6IU§turan granit yaninda asidik kayaglar
olarak monzonit, granodiyorit, kuvarsh diyorit, granitporfir, garanofir, aplit ve riyolit
saptanmigtr. Bu kayaglarda genel olarak tektonizma etkisiyle minerallerde yer yer
catlama, kirilma ve biikiilmeler gozlenmistir. Kuvarslarda kismen dalgalt sOnme,
plajiyoklaslarda  yer yer serisitlesme ve kaolenlesme, biyotitlerde kloritlesme,
hornblendlerde de yine kloritlesme ve epidotiasma saptanmigtir.

2.2. Notr Kayaclar

Magmatik kaya kompleksi igerisinde siyenit ve diyorit sokulumlar tespit edilmistir.
Dig goriiniigleri saflam ve taze gorinim vermelerine kargin bunlarda tektonik kuvvetler
etkisinde kalmig ve kayaci olugturan mineraller kinkli ve catlakhh bir yapi
olusturmustur. Siyenitte genellikle pertitik yapida goriilen feldspatlar kaolenlesmis,
homblendlerde ise kloritlesme  belirlenmigtir.  Diyoritlerde ferro-magnezyen
minerallerinden piroksenlerde uralitlesme, % 40-45 anortit iceren andesin tiri
plajiyoklaslarda ise kaolenlegme ve yer yer Klorit ve zeolitlegme tespit edilmistir.

2.3. Bazik Kayaglar

Gabro ve diyabaz, kompleks igeris