HYDROGEOLOGICAL CHARACTERIZATION OF THE NORTHERN PART
OF THE KISLADAG GOLD-MINE, USAK, TURKEY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF THE NATURAL AND APPLIED SCIENCES
OF
THE MIDDLE EAST TECHNICAL UNIVERSITY

BY

EGEMEN FIRAT

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
GEOLOGICAL ENGINEERING

NOVEMBER 2013






Approval of the thesis:

HYDROGEOLOGICAL CHARACTERIZATION OF THE NORTHERN PART
OF THE KISLADAG GOLD-MINE, USAK, TURKEY

submitted by EGEMEN FIRAT in partial fulfillment of the requirements for the degree of
Master of Science in Geological Engineering Department, Middle East Technical
University by,

Prof.Dr. Canan Ozgen

Dean, Graduate School of Natural and Applied Science

Prof.Dr. Erdin Bozkurt

Head of Department, Geological Engineering

Prof.Dr. Hasan Yazicigil

Supervisor, Geological Engineering Dept., METU

Examining Committee Members:

Prof.Dr. Mehmet Ekmekgi

Hydrogeological Engineering Dept., Hacettepe University

Prof.Dr. Hasan Yazicigil

Geological Engineering Dept., METU

Prof.Dr. M. Zeki Camur

Geological Engineering Dept., METU

Assist. Prof. Dr. Koray K. Yilmaz

Geological Engineering Dept., METU

Instr. Dr. Ozlem Yagbasan

Geography Teaching, Gazi University

Date: 01/11/2013



I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare
that, as required by these rules and conduct, I have fully cited and referenced all
material and results that are not original to this work.

Name, Last Name: Egemen FIRAT

Signature:

v



ABSTRACT

HYDROGEOLOGICAL CHARACTERIZATION OF THE NORTHERN PART OF
THE KISLADAG GOLD MINE AREA

Firat, Egemen
M.S., Department of Geological Engineering
Supervisor: Prof. Dr. Hasan Yazicigil

November 2013, 193 pages

The purpose of this study is to characterize the hydrogeological conditions at the northern
part of the Kisladag Gold Mine located in Usak Province in the West of Turkey. Because of
the planned mining activities in the area, it is essential to characterize the system in order to
assess the impacts of mining operations on surface and groundwater systems. The
characterization studies included hydrological, hydrogeological and hydrochemical analysis
of surface and groundwater. Hereby, the relevant measurements from the meteorological
stations are taken regularly so as to observe the surface water in the area. After the weirs are
set up, surface water level changes are observed and the necessary data is obtained from
chemical sampling. By using data collected from meteorological stations and weirs, and
information about the land cover and the land use, the hydrological water budget is
calculated. Within the scope of groundwater observation studies, some of the existing
exploration wells are converted to observation wells, and new wells are drilled in specific
places for hydrogeological observation purposes with the aim to observe the desired
formations and samples from the wells. By using the drilled observation wells in the area,
changes in groundwater levels are observed in the formations, while aquifer parameters of
the units are determined by applying aquifer tests in the wells. In addition, hydrological
sections are drawn with the help of the well information, and any possible correlations
between the hydro-lithological units are determined. Groundwater, surface water, springs
and fountains of the area are classified with respect to hydrochemical study by using the
parameters obtained from sampling, and further water facies are identified.

Keywords: Kisladag Gold Mine, Hydrogeological Characterization, Hydraulic Water
Budget, Aquifer Test
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KISLADAG ALTIN MADENININ KUZEY BOLUMUNUN HiDROJEOLOJIK
KARAKTERIZASYONU

Firat, Egemen
Yiiksek Lisans, Jeoloji Miithendisligi Boltimii
Tez Yoneticisi : Prof. Dr. Hasan Yazicigil

Kasim 2013, 193 sayfa

Bu ¢alisma, Tiirkiye’nin bat1 bolgesinde yer alan Kisladag altin madeninin kuzey boliimiiniin
hidrojeolojik karakterizasyonunu ortaya koyma amaclhdir. Yapilan karakterizasyon caligmast
bolgenin ylizey sularmi ve yeraltisularimin hidrolojik, hidrojeolojik ve hidrojeokimyasal
analizlerini igermektedir. Bolgede yapilan madencilik faaliyetleri dolayisiyla yeraltisulart ve
yiizey sularmin madencilikle nasil etkilesim i¢cinde oldugunu anlamak gerekmektedir. Bunun
sonucu olarak, bolgede bulunan ylizey sularmi gdzlemleme amaci ile meteoroloji
istasyonlarindan Ol¢limler diizenli olarak alinmis, savaklar kurdurulmus ve savaklar
kullanilarak, yiizey suyu seviyesi degisimleri go6zlenmis ve yapilan kimyasal
orneklemelerden gerekli veriler saglanmistir. Savak ve meteoroloji istasyonu verileri,
bolgenin toprak Ortiisii ve tarim alami bilgileri kullanilarak, hidrolojik su biitgesi
hesaplanmigtir. Yeraltisuyunu gozlemleme amagli yapilan g¢aligmalarda ise, halihazirda
bulunan arama kuyularinin bazilarin1 gézlem kuyusuna déniistiiriiliip, gézlemlemek istenilen
formasyonlar da baz alinarak, gerekli goriilen yerlerde hidrojeolojik gdzlem amacli yeni
kuyular agilmis ve kuyulardan oOrneklemeler yapilmistir. Bolgede agilmis olan gozlem
kuyulart kullanilarak, formasyonlardaki su seviye degisimleri gdzlenmis ve kuyularda
uygulanan akifer testleri ile birimlerin akifer parametreleri saptanmistir. Bununla birlikte,
kuyu bilgileri kullanilarak, hidrolojik kesitler ¢izilmis ve hidro-litolojik birimlerin olasi
uzantilar1 iliskilendirilmistir. Orneklemeden saglanan parametreler kullanilarak; bolgedeki
yeraltisularinin, yiizey sularinin, kaynak ve g¢esmelerin hidrokimyasal siniflandirilmasi
yapilmig ve su fasiyesleri belirlenmistir.

Anahtar Kelimeler: Kisladag Altin Madeni, Hidrojeolojik Karakterizasyon, Hidrolojik Su
Biitcesi, Akifer Testi
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CHAPTER 1

INTRODUCTION

1.1. Purpose and Scope

The Kisladag Gold Mine, located in the west part of Turkey in Usak, is the country’s biggest
gold mine. Mining in the area began in 2006. According to recent studies, it is expected that
the total ore extracted from this mine will be approximately 180.6 million tons with an
annual average production expected to be nearly 12.5 million tons. The economic life of the
Kisladag Gold Mine is predicted to be approximately 15 years, and includes the planned
duration of rehabilitation. As the mining processes continue, new areas should be required.
Therefore, within the scope of increasing mine capacity, a new waste rock dump and heap
leach pad areas will be needed at the northern part of the existing mine area. These areas
have to be hydrologically and hydrogeologically characterized in order to assess the impacts
of these mining units on surface and groundwater systems.

This study presents the hydrogeological investigation and characterization of the northern
part of the Kisladag Gold Mine with the aim of producing information to be used for the
Environmental Impact Assessment (EIA) studies for the expansion areas. Within the scope
of this study, (1) All the previous data collected from the current weirs including, the
Kisladag Gold Mine, the North Waste Rock Dump, and the North Heap Leach Pad areas
were evaluated; to determine the hydrological structure of watersheds and surface water
potential, a new weir was constructed and operated, and instant flow amounts of all the weirs
were measured twice daily during the study; all the measured data were then evaluated. (2)
Detailed hydrogeological investigations of the North Waste Rock Dump and the North Heap
Leach Pad were performed and the characterizations of physical, chemical and hydraulic
parameters of all areas were identified. In this respect, the specific locations were drilled as
observation wells. Moreover, core wells which have been previously drilled for exploration
purposes were converted into observation wells with casing. Pumping tests and slug tests
were conducted in order to determine the hydraulic parameters of aquifers. Groundwater
levels were measured for all of the observation wells throughout the study. (3) Water
sampling is performed on the wells drilled in the northern part of the mine area and water
quality data were obtained. These data were further evaluated with respect to hydrochemical
and water quality standards.

The conceptual hydrogeological model of the Kisladag Gold Mine area was then described
by determining aquifer units, the relations of these units with each other, the spatial
distribution of hydraulic parameters (hydraulic conductivity and storage coefficients),
temporal and spatial change of water levels, temporal and spatial change of water quality,
and the hydrological water budget (recharge).



1.2. The Location of the Study Area

The Kisladag Gold Mine, located in the Aegean Region of Turkey, is positioned
approximately 30 km southwest of Usak and 180 km east of Izmir. The largest residential
areas are Ulubey, 13 km southeast, and the town of Esme, 20 km southwest of the study area.
(Figure 1.1) The closest residential areas to the current mine and expansion areas are the
Kisla, Glimiigkol, Katrancilar, Bekisli, Karaca