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ABSTRACT  

 

 

 22$22,$-3ɯ.%ɯ#$6 3$1(-&ɯ1$04(1$,$-32ɯ%.1ɯI +# Yɯ

NICKEL MINE IN WESTERN TURKEY  

 

"ÈÕÒÈÙÈȮɯIÐĀËÌÔ 

M.Sc., Department of Geological Engineering 

2Ü×ÌÙÝÐÚÖÙȯɯ/ÙÖÍȭɯ#Ùȭɯ'ÈÚÈÕɯ8ÈáċÊċÎÐÓ 

 

October 2011, 98 pages 

 

 

The purpose of this study is to assess the dewatering requirements of 

×ÓÈÕÕÌËɯ Ö×ÌÕɯ ×ÐÛɯ ÕÐÊÒÌÓɯ ÔÐÕÐÕÎɯ ÈÛɯ IÈÓËÈĀɯ 2ÐÛÌɯ ÐÕɯ 6ÌÚÛÌÙÕɯ 3ÜÙÒÌàȭɯ

Dewatering is required for safe and efficient working conditions and pit wall 

stability. With this scope, a groundwate r model of the study area is 

developed and used to predict the dewatering rate. The methodology mainly 

involves data collection, site hydrogeologic characterization and 

development of conceptual model, followed by construction and use of a 

groundwater mode l to predict the dewatering requirements of the mine site. 

The groundwater flow modeling is carried out using MODFLOW software 

and the dewatering simulations are carried out using MODFLOW Drain 

package. The drain cell configuration is determined by pit bou ndaries and 

invert elevations of drains corresponded to the bench elevations that will be 

achieved with respect to the mining schedule. In the transient model runs, 

monthly time steps were used. Using the outflow from in -pit drain cells, the 



v 

 

monthly dewate ring rates are calculated. In order to assess the impacts of the 

hydraulic conductivity of the laterite on the pit inflow rates, simulations 

were carried out for different values of hydraulic conductivity of laterites. 

The predicted flow rate using the cal ibrated model is 107.54 L/s. A tenfold 

reduction in the hydraulic conductivity of laterite resulted in three fourths of 

decrease in the flow rate (24.42 L/s). Consequently, a wide range of flow rates 

for different hydraulic conductivity values of laterite was calculated. In order 

to confirm the hydraulic conductivity of laterites in the area, and to obtain a 

realistic dewatering rate, further pumping tests are needed.  

 

 

*ÌàÞÖÙËÚȯɯ &ÙÖÜÕËÞÈÛÌÙɯ ÔÖËÌÓÐÕÎȮɯ IÈÓËÈĀȮɯ ËÌÞÈÛÌÙÐÕÎȮɯ ×ÐÛɯ ÐÕÍÓÖÞȮɯ

MODFLOW , drain  
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!ÜɯñÈÓċıÔÈÕċÕɯÈÔÈÊċɯ!ÈÛċɯ3ĹÙÒÐàÌɀËÌɯàÌÙɯÈÓÈÕɯIÈÓËÈĀɯ,ÈËÌÕɯ2ÈÏÈÚċɀÕËÈɯ

àÈ×ċÓÔÈÚċɯ ×ÓÈÕÓÈÕÈÕɯ ÈñċÒɯ ÖÊÈÒɯ ÕÐÒÌÓɯ ÔÈËÌÕÊÐÓÐĀÐÕÐÕɯ ÚÜÚÜáÓÈıÛċÙÔÈɯ

ÎÌÙÌÒÚÐÕÐÔÓÌÙÐÕÐÕɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐËÐÙȭɯ 2ÜÚÜáÓÈıÛċÙÔÈȮɯ ÎĹÝÌÕÓÐɯ ÝÌɯ ÌÛÒÐÕɯ

ñÈÓċıÔÈɯÒÖıÜÓÓÈÙċɯÝÌɯÖÊÈÒɯıÌÝɯËÜÙÈàÓċÓċĀċɯÐñÐÕɯÎÌÙÌÒÓÐËÐÙȭɯ!ÜɯÈÔÈñÓÈȮɯñÈÓċıÔÈɯ

ÈÓÈÕċÕċÕɯ ÉÐÙɯ àÌÙÈÓÛċÚÜàÜɯ ÔÖËÌÓÐɯ ÎÌÓÐıÛÐÙÐÓÔÐıɯ ÝÌɯ ÚÜÚÜáÓÈıÛċÙÔÈɯ ËÌÉÐÚÐÕÐÕɯ

ÉÌÓÐÙÓÌÕÔÌÚÐÕËÌɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯIÈÓċıÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯàġÕÛÌÔɯÛÌÔÌÓɯÖÓÈÙÈÒɯ

ÝÌÙÐɯ ÛÖ×ÓÈÔÈȮɯ ÈÓÈÕċÕɯ ÏÐËÙÖÑÌÖÓÖÑÐÒɯ ÒÈÙÈÒÛÌÙÐáÈÚàÖÕÜȮɯ ÒÈÝÙÈÔÚÈÓɯ ÔÖËÌÓÐÕɯ

ÖÓÜıÛÜÙÜÓÔÈÚċɯÝÌɯÉÜÕÓÈÙċɯÛÈÒÐÉÌÕɯàÌÙÈÓÛċÚÜàÜɯÈÒċÔɯÔÖËÌÓÐÕÐÕɯÒÜÙÜÓÔÈÚċɯÐÓÌɯ

ÉÜɯÔÖËÌÓÐÕɯÚÈÏÈÕċÕɯÚÜÚÜáÓÈıÛċÙÔÈɯÎÌÙÌÒÚÐÕÐÔÐÕÐÕɯÛÈÏÔÐÕÐɯÐñÐÕɯÒÜÓÓÈÕċÔċÕċɯ

ÐñÌÙÔÌÒÛÌËÐÙȭɯ 8ÌÙÈÓÛċÚÜàÜɯ ÈÒċÔɯ ÔÖËÌÓÓÌÔÌÚÐɯ ,.#%+.6ɯ àÈáċÓċÔċɯ ÐÓÌɯ

àÈ×ċÓÔċıȮɯ ÚÜÚÜáÓÈıÛċÙÔÈɯ ÚÐÔĹÓÈÚàÖÕÓÈÙċÕËÈɯ ÐÚÌɯ ,.#%+.6ɯ #ÙÌn Paketi 

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ#ÙÌÕɯÏĹÊÙÌÓÌÙÐÕÐÕɯÒÖÕÍÐÎĹÙÈÚàÖÕÜÕÜɯÖÊÈÒɯÚċÕċÙÓÈÙċɯÉÌÓÐÙÓÌÔÐıɯ
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ÝÌɯÖÊÈÒÓÈÙċÕɯÔÈËÌÕɯ×ÓÈÕċÕÈɯÎġÙÌɯÒÈáċÓÔÈÚċɯÈàÓċÒɯáÈÔÈÕɯÈÙÈÓċÒÓÈÙċàÓÈɯÛÌÔÚÐÓɯ

ÌËÐÓÔÐıÛÐÙȭɯ .ÊÈÒÓÈÙċÕɯ ÐñÐÕÌɯ àÌÙÓÌıÛÐÙÐÓÔÐıɯ ËÙÌÕɯ ÏĹÊÙÌÓÌÙÐɯ ÒÜÓÓÈÕċÓÈÙÈÒɯ

ÚÜÚÜáÓÈıÛċÙÔÈɯ ËÌÉÐÚÐɯ ÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯ IÈÓċıÔada, lateritin hidrolik 

ÐÓÌÛÒÌÕÓÐĀÐÕËÌÒÐɯÉÌÓÐÙÚÐáÓÐÒɯÕÌËÌÕÐàÓÌɯÚÜÚÜáÓÈıÛċÙÔÈɯÚÐÔĹÓÈÚàÖÕÓÈÙċɯÓÈÛÌÙÐÛÐÕɯ

ÍÈÙÒÓċɯ ÐÓÌÛÒÌÕÓÐÒɯ ËÌĀÌÙÓÌÙÐɯ ÐñÐÕɯ ÛÌÒÙÈÙÓÈÕÔċıÛċÙȭɯ +ÈÛÌÙÐÛÐÕɯ ÒÈÓÐÉÙÌɯ ÌËÐÓÔÐıɯ

ÔÖËÌÓËÌÒÐɯÏÐËÙÖÓÐÒɯÐÓÌÛÒÌÕÓÐĀÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÈÕɯËÌÉÐɯƕƔƛȭƙƘɯ+ɤÚɀËÐÙȭɯ

LaÛÌÙÐÛÐÕɯÏÐËÙÖÓÐÒɯÐÓÌÛÒÌÕÓÐĀÐÕËÌɯÖÕɯÒÈÛɯÉÐÙɯÈáÈÓÔÈȮɯËÌÉÐËÌɯËġÙÛÛÌɯĹñÓĹÒɯÉÐÙɯ

ËĹıĹıÌɯ àÖÓɯ ÈñÔċıÛċÙɯ ȹƖƘȭƘƖɯ +ɤÚȺȭɯ 2ÖÕÜñɯ ÖÓÈÙÈÒȮɯ ÓÈÛÌÙÐÛÐÕɯ ÍÈÙÒÓċɯ ÏÐËÙÖÓÐÒɯ

ÐÓÌÛÒÌÕÓÐÒɯËÌĀÌÙÓÌÙÐɯÐñÐÕɯÎÌÕÐıɯÉÐÙɯÈÙÈÓċÒÛÈɯËÌÉÐÓÌÙɯÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯ ÓÈÕËÈÒÐɯ

lateritlerin hidrolik iletkenl ÐÒÓÌÙÐÕÐɯËÖĀÙÜÓÈÔÈÒɯÝÌɯÎÌÙñÌÒñÐɯÉÐÙɯÚÜÚÜáÓÈıÛċÙÔÈɯ

ËÌÉÐÚÐɯ ÌÓËÌɯ ÌËÌÉÐÓÔÌÒɯ ÈÔÈÊċàÓÈɯ àÌÕÐɯ ×ÖÔ×Èɯ ÛÌÚÛÓÌÙÐÕÐÕɯ àÈ×ċÓÔÈÚċɯ

gerekmektedir.  

 

 

 ÕÈÏÛÈÙɯ ÒÌÓÐÔÌÓÌÙȯɯ 8ÌÙÈÓÛċÚÜàÜɯ ÔÖËÌÓÓÌÔÌÚÐȮɯ IÈÓËÈĀȮɯ ÚÜÚÜáÓÈıÛċÙÔÈȮɯ

MODFLOW, dren  

 

 

 

 

 

 



viii  

 

 

 

 
 

 

 

 
 

To My Beloved Family  

 

  



ix  

 

ACKNOW LEDGEMENTS  

 

 

It gives me immense pleasure finally being able to live that day when I am 

writing these lines and expressing my gratitude to loved ones instead of 

complaining to them about how much work I have to do.  Firstly,  I owe a 

deep gratitude to my adÝÐÚÖÙɯ /ÙÖÍȭɯ #Ùȭɯ 'ÈÚÈÕɯ 8ÈáċÊċÎÐÓ who patiently 

supported and encouraged me throughout the study. His theoretical support 

and guidance mean a lot to me, further than completion of this thesis.  

 

I would also like to thank the invaluable members of my examini ng 

ÊÖÔÔÐÛÛÌÌɯ#Ùȭɯ*ÖÙÈàɯ*ȭɯ8ċÓÔÈáȮɯ/ÙÖÍȭɯ#Ùȭɯ,ȭɯ9ÌÒÐɯIÈÔÜÙɯÈÕËɯ ÚÚÐÚÛȭɯ/ÙÖÍȭɯ

Dr. Levent Tezcan. I would especially like to express my gratitude to Assoc. 

/ÙÖÍȭɯ#Ùȭɯ,ȭɯ+ĹÛÍÐɯ2ĹáÌÕɯÞÏÖɯÏÌÓ×ÌËɯÔÌɯÊÏÖÖÚÌɯÔàɯ×ÈÛÏɯÛÏÙÌÌɯàÌÈÙÚɯÈÎÖȮɯ

with his valuable advices. Furth ermore, I would like to thank Cevat Er who 

kindly provided all the data I needed for this study.  

 

There is the one person that contributed a lot to this stud y saving me from a 

serious amount of stress and sleepless nights. Without the excel macros of Ali 

©ÌÕÎġá (all rights reserved), I would not be able to move forward in the most 

important step of my study.  

 

My sincere thanks are to those who had an impact on the course of my life. I 

ÈÔɯÎÙÈÛÌÍÜÓɯÛÖɯ$ÓÐÍɯ ĀÈÙÛÈÕɯÞÏÖɯÚÜ××ÖÙÛÌËɯÔÌɯ×ÈÛÐÌÕÛÓàɯÍÙÖÔɯÛÏÌɯÍÐÙÚÛɯËÈy I 

came to the lab as her roommate. *ċÝÈÕñɯ8ĹÊÌÓȮɯ2ÌËÈɯIÐñÌÒȮɯYavuz Kaya, 

Felat Dursun, Mustafa Kaya and Ayıe Akñar have made my days more 

colorful, joyful and sometimes even turned the unbearable days into bearable 



x 

 

ones. Whatever I say I cannot thank enough to Burcu Erdemli; the roommate, 

the late-ÍÖÜÕËɯÍÙÐÌÕËȮɯÛÏÌɯÊÖÕÍÐËÈÕÛȮɯÛÏÌɯɁÛÌÈÊÏÌÙɂȭɯ$ÝÌÕɯÐÍɯÐÛɯÞÈÚɯÓÈÛÌȮɯ(ɯÈÔɯ

glad I have her in my life so close to me. Finally; my dear radio friends 

Hakan Demirbilek,  Ó×ɯ$ÚÔÌÙÎĹl, &ġÒÉÌÕɯIÈÓċıÒÈÕ, Sevda Kanat and Zeki 

Kanat (Zeki and Sevda are the honorary radio friends for me) ; despite all the 

distractions coming from them trying to take me out, I was able to write and 

complete this thesis. Everything aside, without them I do not think I could 

concentrate and study the way I did. I would like to thank a ll my overseas 

friends, but ÌÚ×ÌÊÐÈÓÓàɯ ÕċÓɯ#ÖĀÈÕ, for all the support and confidence he 

made me feel even from such a distance.  

 

$áÎÐɯ*ÈÙÈÚġáÌÕȮɯÛÏÌɯÔÖÚÛɯ×ÙÌÊÐÖÜÚɯÍÙÐÌÕËɯ(ɯÏÈÝÌȮɯÛÏÌɯÛÈÓÒÚɯÞÌɯÏÈÝÌɯÈÉÖÜÛɯ

how last minute people we are and how we do not learn from our mistakes 

will rem ain the same for at least fifty more years. Every time we both suffer 

from the same habit, but every time we get the achievement we deserve, in 

its best. So, no pain no gain. 

 

I cannot thank enough to Can ²ÕÌÕ, who was the one holding me together 

when I wa s about to fall apart very easily. What I admire most in him is the 

patience he has especially in dealing with me during the forgetful and 

anxious days I was going through. The gratitude I express here is only 

regarding this study; the rest, he knows  from heart.  

 

Finally, my deepest gratitude is to my family but I know whatever I say, I 

will not be able to express my feelings completely. The endless and 

unconditioned support my mother 3ĹÓÈà Cankara, my father Mete Cankara 

and my aunt Pervin Cankara provide d me is priceless. I hope, with the steps 



xi  
 

I am taking, I am successful in making them happy and proud of me.  dÓÒÌÙ 

Cankara and Deniz Cankara shared all my hard times from overseas; I 

always felt their support like they were right by my side.  My one and only 

brother dÓÒÌÙ Cankara is my guide, and model for self improvement and hard 

studying for anything in life. Although I was silent to him during the busy 

days of this study, he knows he is always the one I run to for advice and 

sharing.  

 

With all these people in my life, I will always be able to achieve much more 

ËÐÍÍÐÊÜÓÛɯÛÈÚÒÚɯÛÏÈÕɯÙÌÊÌÐÝÐÕÎɯÛÏÐÚɯÔÈÚÛÌÙɀÚɯËÌÎÙee. I am lucky having such 

valuable people so close to me.  

 

In addition to  all those people in my life, without some bands I would not be 

able to work that hard. Especially in the last and most busy months of th is  

study, I could not concentrate well enou gh if I had not listened to Iron 

Maiden, Megadeth, Pink Cream 69, Danzig, Rainbow, Alan Parsons Project, 

Acoustic Alchemy and Supertramp continuously. I appreciate them for being 

the soundtrack of my studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii  
 

TABLE OF CONTENTS  

 

 

 

ABSTRACT  .................................................................................................................... iv  

x9ɯ ................................................................................................................................... vi 

ACKNOWLEDGEMENTS  .......................................................................................... ix 

TABLE OF CONTENTS  ............................................................................................. xii  

LIST OF TABLES  ......................................................................................................... xv 

LIST OF FIGURES  ...................................................................................................... xvi  

CHAPTERS 

1. INTRODUCTION  ....................................................................................................... 1 

    1.1 Research Objectives .............................................................................................. 1 

    1.2 Geographical Location and Extent of the Area ................................................. 2 

    1.3 Information about Proposed Mining  ................................................................. 3 

    1.4 Previous Works ................................................................................................... 11 

1.4.1 Previous Works Within and Around the Study Area  ............................. 11 

1.4.2 Previous Works about Dewatering Simulations ...................................... 13 

2. DESCRIPTION OF THE STUDY AREA ................................................................ 18 

    2.1 Morphology  ......................................................................................................... 18 

    2.2 Climate and Meteorology .................................................................................. 19 

2.2.1 Temperature .................................................................................................. 22 

2.2.2 Relative Humidity  ........................................................................................ 24 

2.2.3 Precipitation ................................................................................................... 26 

2.2.4 Evaporation ................................................................................................... 28 



xiii  

 

2.2.5 Wind ............................................................................................................... 29 

    2.3 Geology ................................................................................................................. 30 

2.3.1 Regional Geology .......................................................................................... 30 

2.3.2 Site Geology ................................................................................................... 32 

3. HYDROGEOLOGY ................................................................................................... 35 

    3.1 Water Resources .................................................................................................. 35 

3.1.1 Surface Water Resources .............................................................................. 35 

3.1.2 Springs and Seeps ......................................................................................... 40 

3.1.3 Wells ............................................................................................................... 42 

    3.2 Groundwater Bearing Units  .............................................................................. 44 

3.2.1 Hydrogeologic Classification of Groundwater Bearing Units  ............... 44 

3.2.2 Hydraulic Properties of Groundwater Bearing Units  ............................. 45 

3.2.3 Groundwater Levels ..................................................................................... 48 

3.2.3.1 Spatial Variation in Groundwater Levels ........................................... 48 

3.2.3.2 Temporal Changes in Groundwater Levels ....................................... 51 

3.2.4 Water Balance and Groundwater Recharge .............................................. 56 

4. GROUNDWATER FLOW MODEL  ........................................................................ 57 

    4.1 Software Description .......................................................................................... 57 

    4.2 Conceptual Model ............................................................................................... 58 

    4.3 Model Setup ......................................................................................................... 59 

4.3.1 Finite Difference Grid ................................................................................... 59 

4.3.2 Boundary Conditions ................................................................................... 62 

4.3.3 Hydraulic Parameters .................................................................................. 64 

4.3.4 Areal Recharge .............................................................................................. 66 

4.3.5 Wells ............................................................................................................... 67 

    4.4 Model Calibration  ............................................................................................... 68 

4.4.1 RMS and Normalized RMS of the Calibrated Model .............................. 68 



xiv  

 

4.4.2 Calculated Groundwater Budget ............................................................... 72 

4.4.3 Sensitivity Analysis ...................................................................................... 73 

5. DEWATERING SIMULATIONS ............................................................................. 78 

    5.1 Methodology ........................................................................................................ 78 

    5.2 Predicted Flow Rates .......................................................................................... 80 

    5.3 Water Levels in the Pits ...................................................................................... 84 

6. CONCLUSION AND RECOMMENDATIONS  .................................................... 93 

REFERENCES ................................................................................................................ 96 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xv  

 

LIST OF TABLES  

 

 

 

TABLES 

Table 1 Detailed information about meteoro logical stations ............................ 21 

Table 2 Monthly minimum and maximum observed, a verage monthly 

minimum and maximum temperature values for the regional network  ........ 23 

Table 3 Average monthly relative humidity for stations  .................................. 25 

Table 4 Runoff curve number calculation............................................................ 38 

Table 5 Discharge rates of springs ........................................................................ 42 

Table 6 Information about monitoring wells  ...................................................... 47 

Table 7 Summary of hydraulic conductivity and stor ativity parameters  ....... 48 

Table 8 Annual Water Balance Results for the Project Area ............................. 56 

Table 9 Calculated groundwater budget for the  whole domain  ...................... 73 

Table 10 Change of flow rates with the change of hydraulic conductivity of 

laterite ....................................................................................................................... 81 

 

 

 

 

 

 

 

 

 



xvi  
 

LIST OF FIGURES  

 

 

 

FIGURES 

Figure 1 Location of the study area on Google Earth image .............................. 3 

Figure 2 Locations of mine units on topographic map  ........................................ 6 

Figure 3 Directions of these cross sections ............................................................ 8 

Figure 4 Cross Section 1-ƕɀɯ×ÈÚÚÐÕÎɯÛÏÙÖÜÎÏɯÈÓÓɯ×ÐÛÚ ............................................ 9 

Figure 5 Cross Section 2-Ɩɀɯ×ÈÚÚÐÕÎɯÛÏÙÖÜÎÏɯ/ÐÎɯ5ÈÓÓÌàɯ/ÐÛ .............................. 10 

Figure 6 Cross Section 3-Ɨɀɯ×ÈÚÚÐÕÎɯÛÏÙÖÜÎÏɯ2ÖÜÛÏɯ/ÐÛ ...................................... 11 

Figure 7 Digital Elevation Model (DEM) of the model area  ............................. 19 

Figure 8 Meteorological stations around the study area. .................................. 21 

Figure 9 Average monthly relative humidity graph for each station  .............. 26 

Figure 10 Distribution of average monthly precipitation for the stations in the 

regional network  ..................................................................................................... 27 

Figure 11 Average monthly evaporation at Salihli and Akhisar stations  ....... 28 

Figure 12 Average monthly wind speed  ............................................................. 29 

Figure 13 Outline geological map of western Anatolia showing Neogene and 

Quaternary basins and subdivision of the Menderes Massif. .......................... 31 

Figure 14 Geological map of the study area ........................................................ 33 

Figure 15 Drainage patterns, major surface waters, surface water monitoring 

stations and streamflow gauging stations in the region  .................................... 36 

Figure 16 Average monthly flow rates at Stations No. 518 and 533 ................ 40 

Figure 17 Springs and seeps in the study area .................................................... 41 

Figure 18 Wells located in the area ....................................................................... 43 

Figure 19 Hydrogeological map of the study area ............................................. 45 



xvii  

 

Figure 20 Groundwater level map of the study area ......................................... 50 

Figure 21 Map of depth to water table ................................................................. 51 

Figure 22 Temporal water level changes in monitoring well GK -1 ................. 52 

Figure 23 Temporal water level changes in monitoring well GK -2 ................. 53 

Figure 24 Temporal water level changes in monitoring well GK -7 ................. 53 

Figure 25 Temporal water level changes in monitoring well GK -8 ................. 54 

Figure 26 Temporal water level changes in monitoring well GK -9 ................. 54 

Figure 27 Temporal water level changes in monitoring well GK -10 ............... 55 

Figure 28 Temporal water level changes in monitoring well GK -11 ............... 55 

Figure 29 N-S cross section displaying four model layers ................................ 59 

Figure 30 Gridded model domain  ........................................................................ 61 

Figure 31 Boundary conditions  ............................................................................. 63 

Figure 32 Hydraulic conductivity distribution of first layer in plan view in 

the conceptual model .............................................................................................. 65 

Figure 33 Hydraulic conductivity zones in the conceptual model, N -S 

directional cross section ......................................................................................... 66 

Figure 34 Recharge distribution in the study area ............................................. 67 

Figure 35 Calibration graph  ................................................................................... 69 

Figure 36 Observed heads (a) and calculated groundwater levels (b) ............ 70 

Figure 37 Hydraulic conductivity distribution in Layer 1 after calibration  ... 71 

Figure 38 Sensitivity analysis for Laterite in the First Layer  ............................ 74 

Figure 39 Sensitivity analysis for ultramafics in the first layer  ........................ 75 

Figure 40 Sensitivity analysis for limestones in the first layer  ......................... 75 

Figure 41 Sensitivity analysis for recharge .......................................................... 76 

Figure 42 Sensitivity analysis for drain conductance ........................................ 77 

Figure 43 Pits represented by drains in the model ............................................. 79 



xviii  

 

Figure 44 Time versus flow rate plot for each pit separately and the total for 

all pits (for the calibrated mode l) .......................................................................... 83 

Figure 45 Time versus flow rate plot for each pit separately and the total for 

all pits (for one tenth of hydraulic conductivity of calibrated model)  ............ 84 

Figure 46 Observation locations ............................................................................ 85 

Figure 47 Initial head, water level and mining progress in the center of 

Hematite Pit  ............................................................................................................. 86 

Figure 48  Initial head, water level and mining progress in the center of Pig 

Valley Pit  .................................................................................................................. 87 

Figure 49 Initial head, water level and mining progress in northern part of 

South Pit ................................................................................................................... 88 

Figure 50 Initial head, water level and mining progress in center of South Pit

 .................................................................................................................................... 89 

Figure 51 Initial head, water level and mining progress in the center of 

Hematite Pit  ............................................................................................................. 90 

Figure 52 Initial head, water level and mining progress in the center of Pig 

Valley Pit  .................................................................................................................. 91 

Figure 53 Initial head, water level and mining progress in northern South Pit

 .................................................................................................................................... 91 

Figure 54 Initial head, water level and mining progress in center of South Pit

 .................................................................................................................................... 92 

 

 

 

 

 

 



1 

 

 

CHAPTER 1 

 

 

INTRODUCTION  

 

 

1.1 Research Objectives 

 

The development of a mine often means penetration of water table, causing 

inflows of groundwater to the mine.  Mine dewatering was crucial for the 

miners even in Neolithic t imes, and where no dewatering techniques were 

available, the mine had to be closed down (Shepherd, 1993). Dewatering  is 

required for safe and efficient mining conditions and pit wall stability. At 

IÈÓËÈĀɯ2ÐÛÌɯÐÕɯthe western Turkey; nickel mining is planned and this study 

aims to assess the dewatering requirements of the project. Main objectives of 

this thesis are hydrogeological conceptualization of the groundwater system 

implemented in a numerical model, calibration of the model with existing 

field data, and prediction of flow rate to be applied in dewatering , using 

dewatering simulations . With in this scope, the groundwater flow model of 

the study area was developed and calibrated; using MODFLOW .  

Afterwards, excavation of three open pits was simulated via MODFLOW  

Drain Package. With evaluation of the results, dewatering requirement of the 

site and the rate at which dewatering will be achieved were predicted .  
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1.2 Geographical Location and Extent of the Area  

 

The study area is located about 15 km north of Turgutlu in the Manisa 

Province, Western Turkey (Figure 1). It encloses an area of 76.7 km2 and lies 

between UTM 4266070 ɬ 4276980 N and UTM 563000 ɬ 570031 E coordinates. 

The area lies in the Gediz Graben.  
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Figure 1 Location of the study area on Google Earth image 

 

 

 

1.3 Information about Proposed Mining  

 

(ÕɯIÈÓËÈĀȮɯÔÐÕÌÙÈÓɯÌß×ÓÖÙÈÛÐÖÕɯÚÛÈÙÛÌËɯÐÕɯƕƝƘƔÚɯÔÈÐÕÓàɯÍÖÙɯÐÙÖÕɯÔÐÕÐÕÎȭɯ3ÏÌɯ

discovery of nickel in the area dates back to 1970s; however due to relatively 

small size of the deposit and low-grade of nickel ore, nickel mining was not 
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considered to be economic at that time. In the beginning of 2000s, a 

ËÌÔÖÕÚÛÙÈÛÐÖÕɯ ×ÓÈÕÛɯ ÞÈÚɯ ÊÖÕÚÛÙÜÊÛÌËɯ ÐÕɯ IÈÓËÈĀɯ ÈÕËɯ ÈÛÔÖÚ×ÏÌÙÐÊɯ ÏÌÈ×ɯ

leaching using sulphuric acid was tested. The results demonstrated nickel 

ÏÌÈ×ɯÓÌÈÊÏÐÕÎɯÐÕɯIÈÓËÈĀɯÈÚɯÈɯÓÖÞɯÊÖÚÛɯÈÓÛÌÙÕÈÛÐÝÌɯÛÖɯÊÖÕÝÌÕÛÐÖÕÈÓɯÕÐÊÒÌÓɯ

processing (Oxley et al., 2007). 

 

In heap leaching method, a large heap of crushed ore is built and the heap is 

fed with acid solution from the top. Leaching is possible with various acids; 

however sulfuric acid is preferred due to mainly economical reasons. As the 

acid moves through the heap, metal particles in the ore are dissolved and 

taken into solution. The pregnant solution is collected at the bottom and 

treated chemically for metal recovery ȹ!ĹàĹÒÈÒċÕÊċɯand Topkaya, 2009). In 

ÛÏÌɯ×ÙÖ×ÖÚÌËɯÔÌÛÏÖËÖÓÖÎàɯÐÕɯIÈÓËÈĀȰɯÛÏÌɯÚÜÓ×ÏÜÙÐÊɯÈÊÐËɯËÐÚÚÖÓÝÌÚɯÛÏÌɯÕÐÊÒÌÓɯ

and cobalt, and iron is continually removed from the solution with the help 

of limestone. The iron free solution is returned back to the heap to increase 

the levels of nickel ȹ&ġÝÌÓÐȮɯƖƔƔƚȺ. 

 

As mentioned by  #ÈĀËÌÓÌÕɯand &ĹÕÎġr (2010), the most up to date resource 

evaluation was done by Snowden in 2008. According to this evaluation, the 

total mineable nickel reserve ÐÕɯIÈÓËÈĀ is approximately 33.2 million tons 

with an average grade of 1.14% Ni. Together with nicke l, besides other 

metals 0.07 % cobalt and 21.64 % iron production is expected.  

 

The ore deposit in the area is divided into three pits: Hematite Pit, Pig Valley 

Pit and South Pit. The 15 years of production starts in the Hematite Pit  

(operates in three stages), continues with Pig Valley Pit  (operates in three 

stages) and South Pit (operates in four stages), respectively. Other than the 
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three open pits, a leach pad and a waste rock storage area is located in the 

study area (Figure 2).  
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Figure 2 Locations of mine units on topographic map  

 

 

 

The total surface area of the Hematite Pit is 315,400 Ôƴ and the total mineable 

reserve in this pit is 4.43 million tons. All three stages of this pit is planned to 

be completed in the first 3 years. The maximum water level in Hematite Pit  is 
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about 867 m and the minimum pit bench elevation to be reached is 752 m, 

producing  a maximum drawdown of 115 m for mining under dry conditions . 

In order to disp lay the initial water levels together with topography and 

planned pit bottoms, cross sections were drawn; Figure 3 displays directions 

of these cross sections. It should be noted that the topography displayed in 

these cross sections is the initial topography before any excavation. In Figure 

4; Cross Section 1-ƕɀȮɯpassing through all pits, is shown. After Hematite Pit is 

mined out in 3 years, it will be backfilled using some of the waste rock from 

Pig Valley Pit.  
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Figure 3 Directi ons of these cross sections 
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Figure 4 Cross Section 1-ƕɀɯ×ÈÚÚÐÕÎɯÛÏÙÖÜÎÏɯÈÓÓɯ×ÐÛÚ 

 

 

 

Pig Valley Pit has a total surface area of 952,637 ÔƴɯÈÕËɯÛÏÌɯÛÖÛÈÓɯÔÐÕÌÈÉÓÌɯ

reserve in this pit is 19.07 million tons. First stage of this pit is planned to 

start operation in the 2nd year and the completion of all three stages is 

planned to be achieved in the 12th year. In the Pig Valley Pit, the maximum 

water level is around 783 m with minimum pit bench elevation of 5 00 m; in 

this pit maximum required drawdown is 2 83 m. In Figure 5, Cross Section 2-

Ɩɀɯpassing through Pig Valley Pit is shown.  The completed stages of Pig 

Valley Pit will be backfilled with waste rock from its ongoing stages and 

from South Pit.  
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Figure 5 Cross Section 2-Ɩɀɯ×ÈÚÚÐÕÎɯÛÏÙÖÜÎÏɯ/ÐÎɯ5ÈÓÓÌàɯ/ÐÛ 

 

 

 

The total surface area of the South Pit is 730,229 ÔƴɯÈÕËɯÛÏÌɯÛÖÛÈÓɯÔÐÕÌÈÉÓÌɯ

reserve is 9.72 million tons. Within the 6 th year, initiation of production in the 

first stage of South Pit is planned and the completion is expected in the 15th 

year (end of mine life). The maximum water level in this pit is 649 m; 

minimum pit bench elevation producing  the maximum required drawdown 

is 440 m. In Figure 6, Cross Section 3-ƗɀɯÞÏÐÊÏɯpasses through South Pit is 

shown. During the progress of South Pit, completed stages will be backfilled 

with material from later stages being excavated. 


