
FRACTURE EFFECT LIMITATION ON RESIDUAL OIL SATURATION & 
VISUALIZATION BY COMPUTER TOMOGRAPHY 

A THESIS SUBMITTED TO 
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES 

OF
MIDDLE EAST TECHNICAL UNIVERSITY 

SERHAT CANBOLAT 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR 

THE DEGREE OF DOCTOR OF PHILOSOPHY 
IN

PETROLEUM AND NATURAL GAS ENGINEERING 

JUNE 2018 



… 



Approval of the thesis: 

FRACTURE EFFECT LIMITATION ON RESIDUAL OIL SATURATION
& VISUALIZATION BY COMPUTER TOMOGRAPHY 

submitted by SERHAT CANBOLAT in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Petroleum and Natural Gas 
Engineering Department, Middle East Technical University by, 

Prof. Dr. Halil KALIPÇILAR                              ____________
Dean, Graduate School of Natural and Applied Sciences 

Prof. Dr. Serhat AKIN       ____________ 
Head of Department, Petroleum and Natural Gas Engineering

Prof. Dr. Mahmut PARLAKTUNA      ____________ 
Supervisor, Petroleum and Natural Gas Engineering

Examining Committee Members 

Assoc.Prof. Dr. Çağlar SINAYUÇ             ____________ 
Petroleum and Natural Gas Eng. Dept., METU 

Prof. Dr. Mahmut PARLAKTUNA                ____________
Petroleum and Natural Gas Eng. Dept., METU 

Assist.Prof. Dr.İsmail DURGUT          ____________
Petroleum and Natural Gas Eng. Dept., METU 

Assoc.Prof. Dr. Emre ARTUN       ____________
Petroleum and Natural Gas Eng. Dept., 
(METU Northern Cyprus Campus) 

Assist.Prof. Dr. Tuna EREN            ____________ 
Petroleum and Natural Gas Eng. Dept., 
İzmir Katip Çelebi University 

Date: 25 June 2018 



 
iv 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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: SERHAT CANBOLAT 
 

           Signature  : 
 

 
 
 

 



 
v 

 

 
 

ABSTRACT 
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CANBOLAT, Serhat 
Ph.D. Department of Petroleum and Natural Gas Engineering 

Supervisor: Prof.Dr.Mahmut PARLAKTUNA 
 
 

June 2018, 205 pages 
 
 

 
Recovery estimations of fractured reservoirs are considered to be extremely 

challenging due to complexity and heterogeneity of the geological patterns. Most 

reservoirs consist of natural and artificial fractures, including isolated microscopic 

fissures. These fractures form complicated paths for reservoir characterization and 

fluid movement that ultimately impacts production performance and ultimate 

recovery. 

In naturally fractured reservoirs, the matrix is the dominant storage area, while the 

main flowing channels are fractures. Oil production from fractured reservoirs 

results in varying saturation values throughout the reservoir. This is due to the 

microscopic fissures and heterogeneity of the fracture environment, which could 

not be swept thoroughly. Higher production / injection ratios also enhance the 

fingering effect by passing oil through the reservoir. To get rid off fingering or 

minimize, a polymer gel application is applied to the fractured cores to reduce 

residual oil saturation and to increase oil production. 

In this study, naturally and artificially fractured cores were used. Analytical and 

experimental calculations were performed in order to understand the physical 
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structure of the cores. After the characteriztion of the fractured cores a polymer 

gel application is done to limit the fracture effect and increase oil recovery.  

Equivalent fracture aperture measurements were done by microscope and 

compared with the analytical calculations with cubic law. Using CT scanner 

images, matrix porosity and saturation calculations were done. Matrix 

permeability and fracture permeability values were found before and after the 

polymer gel injection application.  

Measurements of the fractures were completed by using microscope to verify the 

analytical calculations. Laboratory results were defined by the equation developed 

for predicting equivalent fracture apertures with and without polymer gel as 

Improved Cubic Law (ICL). Shrinkage in equivalent fracture aperture was also 

defined by ICL observed by microscope.  

Using ICL, analytical calculations were done in different environments.  

Equivalent fracture apertures were calculated for all the experimental flow rates 

under laminar flow. ICL has worked with the fractured cores flow definition 

whereas not for homogeneous cores.   

There is a direct relation between fracture permeability with equivalent fracture 

aperture. The experiments with different environments (initially oil saturated and 

water saturated) in the cores, with calculations of equivalent  fracture aperture and 

fracture permeability, showed similar results.   

The effect of polymer gel  conformance to increase recovery by decreasing 

equivalent fracture aperture plugging was proven. Moreover, the decrese in 

equivalent fracture aperture in the cores were resulted in decreasing fracture 

permeability respectively.  

 

Keywords: Natural Fracture, Fracture Aperture, Polymer Gel Injection, Reservoir 

Characterization, Computer Tomography (CT), Improved Cubic Law (ICL) 
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ÖZ 
 
 

ÇATLAK ETKISININ SINIRLANDIRILARAK, REZERVDE KALAN 
PETROL DOYMUŞLUĞUNUN, BILGISAYARLI TOMOGRAFI ILE 

GÖZLENMESI 
 
 
 

CANBOLAT, Serhat 
Doktora, Petrol ve Doğal Gaz Mühendisliği Bolümü 

TezYöneticisi: Prof.Dr.Mahmut PARLAKTUNA 
 
 

Haziran 2018, 205 sayfa 
 
 

 
Çatlaklı rezervuarlardaki kesin üretim ve kurtarım tahmini yapmanın oldukça zor 

olmasının sebebi, kompleks ve heterojen yapıların bulunmasıdır. Karbonatlı 

rezervler çoğunlukla çatlaklı ve izole edilmiş çatlaklı yapılardan oluşmaktadır. Bu 

çatlaklar sıvı akışı için kompleks yollar doğurması neticesi ile, rezervuar 

karakterizasyonu, maksimum kurtarım ve üretim performansı için önem 

arzetmektedir.  

Çatlaklı rezervuarlarda, çatlak ana akış kanalı, matris ise daha çok depolama 

alanıdır. Çatlaklı rezervuarlarda petrol üretimi rezerv içinde yoğun veya seyrek 

petrol doymuşluğu gösterir. Bunun sebebi de mikro ölçekteki yarıkların ve 

heterojen yapıdaki çatlakların iyi süpürülebilmemesidir. Yüksek 

enjeksiyon/üretim hızları da parmaklaşma etkisiyle petrolün  süpürülmeden 

rezervde kalmasına neden olur. Bu etkileri azaltmak/bertaraf etmek için polimer 

jel uygulaması çatlağa tatbik edilir,  bu sayede kalan petrol doymuşluğu oranı 

azaltılır ve petrol üretimi arttırılır.    
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Bu çalışmada doğal ve yapay çatlaklı karotlarla yapılan analitik ve deneysel 

hesaplamalar, karotların yapısı hakkında bilgi sahibi olmamızı sağladı. 

Karakterizasyonu   yapılan  karotlara   polimer  jel  uygulaması  yapıldı  ve  çatlak  

sınırlaması etkisiyle üretim artışı sağlandı. Eşdeğer çatlak aralığı ölçümleri 

mikroskopla ölçüldü ve analitik yoldan kübik yasası ile hesaplanarak doğrulandı. 

Bilgisayarlı Tomografi (BT) görüntüleri kullanılarak, matris gözeneklilik ve 

doymuşluk heaplamaları yapıldı. Polimer jel uygulaması öncesinde ve sonrasında 

matris ve  çatlak geçirgenlikleri hesaplandı.  

Çatlak ölçümleri, analitik hesaplamaları doğrulamak için mikroskop kullanılarak 

tamamlandı. Laboratuvar sonuçları, Geliştirilmiş Kübik Yasası (GKY) olarak 

polimer jel uygulanan ve uygulanmayan eşdeğer çatlak aralıklarını tahmin etmek 

üzere geliştirilen denklem ile yapıldı. Eşdeğer çatlak aralıklarındaki küçülme, 

mikroskop yardımıyla gözlemlenerek, GKY ile de teyit edilmiştir. 

GKY kullanılarak analitik hesaplamalar, farklı akışkanlarla doyurulmuş 

ortamlarda yapıldı. Eşdeğer çatlak aralığı laminar akış altında tüm deneyler için 

hesaplandı. GKY, homojen karotlardan çok,  çatlaklı karotlarda akışı tanımlamada 

daha başarılı olmuştur. 

Çatlak geçirgenliği ve eşdeğer çatlak aralığı arasında doğrusal bir bağlantı vardır. 

Kıyaslanan farklı doymuşluk değerlerine sahip, karot deneylerinde (önceden suyla 

doyurulmuş ve önceden petrolle doyurulmuş) eşdeğer çatlak aralığı ve çatlak 

geçirgenliği hesaplamaları benzer sonuçlar vermiştir  

Polimer jel uygunluğunda kurtarımın artması, yapılan yapay çatlaklı karot 

deylerinde, eşdeğer çatlak aralığının azalması/tıkannması ile ispatlandı. 

Karotlardaki çatlak aralığının azalması, çatlak geçirgenliğininin de azalmasısla 

sonuçlanmıştır.. 

 

Anahtar Kelimeler: Doğal Çatlak, Çatlak Aralığı, Polimer Jel Enjeksiyonu, 

Bilgisayarlı Tomografi (BT),  Rezervuar Karakterizasyonu, Geliştirilmiş Kübik 

Yasası (GKY) 
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CHAPTER 2 
�
�

COMPUTER TOMOGRAPHY IN CORE ANALYSIS
�
�
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2.1 Computer Tomography 
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2.2 CT scan principles 
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2.3 CT scan application 
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2.4 Porosity determination and core characterization 
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2.5 Determination of the two-phase saturation 
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CHAPTER 3 

BEHAVIOUR OF NATURALLY FRACTURED RESERVOIRS 

�
�
�

3.1 Naturally Fractured Reservoirs 
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3.2 Analytical Definition of Fluid Flow in Natural Fractures 

3.2.1 Fluid Flow Through Fractures 
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3.2.2 Development of Cubic Law 
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3.2.3 Consideration for Tortuosity 
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3.2.4  Intrinsic Fracture Permeability, kff
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3.2.5 Conventional Fracture Permeability, kf
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3.2.6 Permeability of fracture-matrix system 
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CHAPTER 4 
�
�

POLYMER GEL TREATMENT 
�
�
�

4.1 Water Treatment 
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CHAPTER 5 
�
�

MICROSCOPE USAGE FOR EQUIVALENT APERTURES 
�
�
�

5.1Autofocus Methods 

1���
��������������������
�������������
��������
��
�����
����������������!�����

���
����������������� ��������������
�����
���
�����	����
�����
��
����4	
����
�

���
�����
�����
���
�	��
�����������������������
����������
�
������������
�

���!�� ���
���� ���� ������������ ����
�� ���� ���� ���
���� ������� �����	�
�

�
��	�
�� ���� ����� �
� �
�
����
�� 	����� ����������� � ��
� ������ �
����4	
��

	�
�� ��
� ���������
���� ��	��
��
��
� ��
�
�� ���������� ���� �����&������

����������������
������������������	�
���
�
����
����

���� ��
�� ��� �	�����	�� �
����4	
� ��
� 	�
�� ��� �	�������� ��������
�

�����	�
�������
���������
��!�������������������	������	�
�����������	����
�

�
�
������ ��� ��
� ����
�� ���
������ ��
� 
�
���� �������� ��
� ���
��� ��� �� ���
��

�
������
�
��
�������
��	�
� ��
� �������
� ��� ��
� ���
��� ���

��
����� �����

��
�����������	���������������	�����
������������
���������	���
����	������ �����

��������������
�	�
������ �
������
����������
��	�
��	����
� ����
����	�
� ���

���� �
�
������ "$����� 
�� ����� ,223%�� -��
�
��� �������� �
������ �
�
������

�
4	��
������������������
�������	������������������������������
��	����
������

��������
��������
�������
=
��
���"9���
�����@�	�����'';%��

��
� ����
�� ��
� ���!�������� �������
� ���	������
��	�
� ��� ������
���������� ��
�

��������������
�����
���������	�
������
�����
����	��������������
�
����
�����

�
�������� ��
� ��5��	�� ��� ��� �	�����	�� �	������� 	����� �
��	�
�
���� ��!
��

����� �� �
��
�� ��� ����
�� ��!
�� ��� ����
�
��� ���	�� ���
��� 1����	��� �������
�

�	�����	�� �
������ ��
� ����
�� �

������ ��� ��
� ���
� �
4	��
�� ��� ���	�
�

�	����
� ����
��� ��
�� ��
� ���� ���
��
�� ��� ��
� �
��
����
� �	����
�� ��� �� ����
�

"$�����
�������,223%����

�



7,�
 

5.2 Principles of Microscope Autofocusing  
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5.3 Fluorescence and Brightfield Autofocusing 
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CHAPTER 6 
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STATEMENT OF THE PROBLEM 
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CHAPTER 7 

EXPERIMENTAL DESIGN 
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.� ��23(� ��7.+� 2�7,��
'� ��23.� ��7'3� 2�7,.�
�2� ��23(� ��7''� 2�77;�
��� ��232� ��7..� 2�7,.�
�,� ��233� ��7.(� 2�7,2�
�7� ��2+(� ��7.2� 2�72(�
�;� ��2+3� ��7.;� 2�72.�
�(� ��2;+� ��7.3� 2�77'�
�3� 2� 3�2�

average porosity� 32.52%

Table 8.1b 85
���
�����9��������
#���	����������#��
X.��

Core Number tuff #8
Length, cm +�;22�

Diameter, cm 7�+22�
Area, cm2 �2�+(,�

Permeability
Viscosity of Liquid, cP ��

Saturated, gr �;2�
Dry, gr ��;�,�
Exp1

Bulk volume, cc +'�(,(�
Pore volume, cc ,(�.�

Porosity, %� 32.00%
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Table 8.5 #$�0��
�����2�����D����9	�����
���������#��
X,�"0	��X�%�

Time
(hours)

Injection  
Rate

(cm3/min)

Pinlet

(bar-g)
Poutlet

(bar-g)

Production 
Rate

(cm3/min)

Equivalent
Fracture 
Aperture

(mm)

kf

(cm2)
kf

(md)

22I22� 2� 2� 2� 2� 2� 2� 2�
22I2,� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;7�8�2'� �;7�
22I�'� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;7�8�2'� �;7�
22I7,� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;7�8�2'� �;7�
2�I�(� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;7�8�2'� �;7�
2,I,(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;7�8�2'� �;7�
27I,(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;7�8�2'� �;7�
2;I,;� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;7�8�2'� �;7�
2;I(;� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;7�8�2'� �;7�
2(I,+� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;7�8�2'� �;7�
2(I7+� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;7�8�2'� �;7�

�
�
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Table 8.6 #��6	��
������1�����������������	�
��#��
X7�
$
���?����5��:��(CTdry%�����>��
�����	���
�( CTwsat%��

slice Dry 
Scanned Water Saturated Porosity

# CT# CT# fraction
�� ��2� ����
,� ��2�,� ��7,'� 2�,'+�
7� ��2�7� ��;'+� 2�;3;�
;� ��2,.� ��7',� 2�7;7�
(� ��2(;� ��7.+� 2�7�7�
3� ��2.+� ��;��� 2�72;�
+� ��2.�� ��7;+� 2�,;(�
.� ��2+.� ��(;2� 2�;;��
'� ��23,� ��;,�� 2�77.�
�2� ��2,;� ��;3;� 2�;,2�
��� ��2,2� ��;+,� 2�;7,�
�,� ';(� ��7;2� 2�7+(�
�7� ''.� ��,',� 2�,+7�
�;� ��2,'� ��7.3� 2�773�
�(� ''.� ��,27� 2��.;�
�3� 2� ���22�

average porosity 34.09%

Table 8.7 #��6	��
������1�����������������	�
��#��
X7��
0�����?����5, :���(CTdry%�����>��
�����	���
��( CTwsat%��

slice Dry 
Scanned Water Saturated Porosity

# CT# CT# fraction
�� ��2� ����
,� ��2�+� ��7'2� 2�7+7�
7� ���7�� ��;,'� 2�,'.�
;� ��2'7� ��;,.� 2�77;�
(� ��23+� ��;+.� 2�;���
3� ��2..� ��(��� 2�;,7�
+� '3�� ��;;.� 2�;.3�
.� ���++� ��(2;� 2�7,+�
'� ��,�.� ��;3,� 2�,;7�
�2� ���'3� ��;(,� 2�,(3�
��� ���'3� ��;(+� 2�,32�
�,� ���,3� ��7'7� 2�,33�
�7� '((� ��;,;� 2�;3.�
�;� ��2''� ��;,�� 2�7,,�
�(� ��232� ��7'+� 2�77+�
�3� 2� 2� 2�7;7�

average porosity 34.37%
�
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Table 8.8a #��6	��
������1������������
���������	�
��#��
X7��:���(CTdry%����>��
���
�������������������������	���
��( CTwsat%��

slice Dry 
Scanned

Water 
Saturated Porosity

# CT# CT# fraction
�� ��2� ��2�
,� ��2�,� ��22+� 2�722�
7� ��2�7� ��22.� 2�;33�
;� ��2,.� ��2,7� 2�7;(�
(� ��2(;� ��2;'� 2�7�(�
3� ��2.+� ��2.,� 2�723�
+� ��2.�� ��2+3� 2�,;+�
.� ��2+.� ��2+7� 2�;;;�
'� ��23,� ��2(+� 2�7;��
�2� ��2,;� ��2�'� 2�;,7�
��� ��2,2� ��2�(� 2�;7;�
�,� ';(� ';2� 2�7++�
�7� ''.� ''7� 2�,+(�
�;� ��2,'� ��2,;� 2�77.�
�(� ''.� ''7� 2��.+�
�3� 2� 2�

average porosity 34.29%
�

�

�

Table 8.8b 85
���
�����9��������
#���	����������#��
X7��

Core Number tuff #3af
Length, cm +�;22�
Diameter, cm 7�(22�
Area, cm2 '�3,��
Permeability
Viscosity of Liquid, cP ��
saturated, gr �72�
Dry, gr �23�
exp1
bulk volume, cc +���3�
pore volume, cc ,;�
porosity, % 34%
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� ��
� ����	�������� ��� ���
X7�� ��
� ���
�� �
4	
��
��
�
� 	�
�� ��� ����	���
� ��
�

����������� ��
�
����������
�������0
�	�������
����������
����������������������
�

������
�� �
��� ���� ������ ����� ���
�� #�� �	��
���� ��
� ��
���
� �������� ��� ��
�

������������� �����	�
�����
X+���������	���
�����7,�2'K�"�
�������%�Table 8.9� � ����

7,�22K�"����������%�Table 8.10 "19986: F�:%���

?��
��
���������
�	�������������������
���������
�����������	���
��#���	��
������

��
����
X+���������"7,��;K%����Table 8.11a���

��
�
5
���
���������	������������
�������������������	�
�����
X+������������������

�����������Table 8.11b����7,�22K���

�
�

Table 8.9 #��6	��
������1�����������������	�
��#��
X+��
$
���?����5��:���(CTdry%����>��
�����	���
��( CTwsat%��
slice Dry Scanned Water Saturated Porosity

# CT# CT# fraction
�� ���� ��2�
,� ���(.� ��;(7� 2�,'3�
7� ���(,� ��(27� 2�7(��
;� ���;.� ��;'7� 2�7;(�
(� ���;.� ��;'�� 2�7;7�
3� ���3,� ��;.7� 2�7,�
+� ���('� ��;+(� 2�7�3�
.� ���(;� ��;32� 2�723�
'� ���(3� ��;3.� 2�7�,�
�2� ���;.� ��;.�� 2�77,�
��� ���;(� ��;,+� 2�,.,�
�,� ���(7� ��(�,� 2�7('�
�7� ���(;� ��(2(� 2�7(��
�;� ���(2� ��(,(� 2�7+(�
�(� ���;(� ��7(2� 2�,2(�
�3� ��� 2�

average porosity 32.09%
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�

�

�
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Table 8.10 #��6	��
������1�����������������	�
��#��
X+��
0�����?����5��:���(CTdry%����>��
�����	���
��( CTwsat%��
slice Dry Scanned Water Saturated Porosity

# CT# CT# fraction
�� ��2� ��2�
,� ���37� ��;7�� 2�,3.�
7� ���(+� ��;'�� 2�777�
;� ���(7� ��;.7� 2�77�
(� ���(7� ��;;.� 2�,'(�
3� ���3+� ��;+,� 2�72(�
+� ���3;� ��;'2� 2�7,3�
.� ���('� ��(,;� 2�73(�
'� ���3�� ��;+.� 2�7�3�
�2� ���(7� ��(2+� 2�7(;�
��� ���(2� ��((+� 2�;2+�
�,� ���(.� ��;'(� 2�77+�
�7� ���('� ��(2�� 2�7;,�
�;� ���((� ��;+2� 2�7�(�
�(� ���(2� ��77.� 2��..�
�3� 2� 2�

average porosity 32.00%
�

�

Table 8.11a #��6	��
������1������������
�����	�
��#��
X+��:���"#����%�����>��
���
����������������������	���
��"#�����%��

slice Dry 
Scanned

Water 
Saturated Porosity

# CT# CT# fraction
�� (2� �+2�
,� ��2(3� ��7+2� 2�7�;�
7� ��2(�� ��7+�� 2�7,2�
;� ��2;3� ��7+2� 2�7,7�
(� ��2;+� ��73'� 2�7,,�
3� ��23�� ��7+�� 2�7�2�
+� ��2(.� ��7+7� 2�7�(�
.� ��2(7� ��7+7� 2�7,2�
'� ��2((� ��7+,� 2�7�+�
�2� ��2;+� ��7+7� 2�7,3�
��� ��2;;� ��7+7� 2�7,'�
�,� ��2(�� ��7+,� 2�7,��
�7� ��2(,� ��7+,� 2�7,2�
�;� ��2;'� ��7+�� 2�7,,�
�(� ��2;7� ��7.�� 2�77.�
�3� 2� (2�

average porosity 32.14%
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Core Number tuff #7af
Length, cm +�;22�
Diameter, cm 7�+22�
Area, cm2 �2�+(,�
Permeability
Viscosity of Liquid, cP ��
saturated, gr �7.�(�
Dry, gr ��7�2(�
exp1
bulk volume, cc +'�(�
pore volume, cc ,(�;(�
porosity, % 32%
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8.3 Analysis of Polymer Gel Injection 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
0.195 0.075 45.000 1800.000 1.192 1.074 0.025 0.002 0.016
0.315 0.080 60.000 1800.000 1.311 1.079 0.033 0.003 0.031
0.425 0.080 75.000 1800.000 1.419 1.079 0.042 0.004 0.046

k/μ: 0.0813
kL, mD: 81.262

Results

y = 0.0932x 
R² = 0.8933 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
0.150 0.075 45.000 1800.000 1.148 1.074 0.025 0.003 0.010
0.180 0.080 60.000 1800.000 1.178 1.079 0.033 0.003 0.013
0.186 0.080 75.000 1800.000 1.184 1.079 0.042 0.004 0.014

k/μ: 0.2846
kL, mD: 284.557

Results
y = 0.2793x 
R² = 0.976 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
0.875 0.050 45.000 1800.000 1.864 1.049 0.025 0.003 0.110
1.125 0.055 60.000 1800.000 2.110 1.054 0.033 0.003 0.143
2.152 0.060 75.000 1800.000 3.124 1.059 0.042 0.004 0.279

k/μ: 0.0153
kL, mD: 15.315

Results
y = 0.018x 

R² = 0.8417 
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���������1������������
�����	�
��#��
X7�0	�X(��

Time
(hours)

Pump 
Rate

(ml/min)

Pinlet
(bar-g)

Poutlet
(bar-g)

Cubic 
Rate

(ml/min)

Equivalent 
Fracture 
Aperture

(mm)

kf
(cm2)

kf
(md)
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 960.000 1.000 1.000 0.000 0.000 0.000
0.190 0.062 15.000 900.000 1.188 1.061 0.017 0.002 0.017
0.255 0.060 20.000 600.000 1.252 1.059 0.033 0.003 0.026
0.318 0.060 25.000 600.000 1.313 1.059 0.042 0.004 0.034

k/μ: 0.1159
kL, mD: 115.863

Results y = 0.1119x 
R² = 0.9812 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
0.170 0.050 30.000 1200.000 1.168 1.049 0.025 0.003 0.016
0.175 0.055 30.000 600.000 1.173 1.054 0.050 0.005 0.016
0.226 0.060 40.000 600.000 1.223 1.059 0.067 0.007 0.022

k/μ: 0.2926
kL, mD: 292.629

Results
y = 0.2775x 
R² = 0.8337 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
0.875 0.050 45.000 1200.000 1.864 1.049 0.038 0.004 0.110
1.125 0.055 21.000 900.000 2.110 1.054 0.023 0.002 0.143
2.152 0.060 36.000 600.000 3.124 1.059 0.060 0.006 0.279

k/μ: 0.0213
kL, mD: 21.332

Results y = 0.0228x 
R² = 0.8718 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
1.100 0.690 40.000 2400.000 2.086 1.681 0.017 0.002 0.055
2.400 1.890 16.500 480.000 3.369 2.865 0.034 0.003 0.068
3.600 2.660 45.500 840.000 4.553 3.625 0.054 0.005 0.125
0.000 0.000 0.000 540.000 1.000 1.000 0.000 0.000 0.000

k/μ: 0.0411
kL, mD: 41.132

Results y = 0.04x 
R² = 0.955 
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P1, bar-g P2, bar-g V,cm3 t, sec P1, atm P2, atm Q, cm3/sec Q/A, cm/sec ΔP/L
0.000 0.000 0.000 1800.000 1.000 1.000 0.000 0.000 0.000
2.620 0.050 46.000 1380.000 3.586 1.049 0.033 0.003 0.343
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Results y = 0.0082x 
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8.5 Improved Cubic Law for Fractured Medium 
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CHAPTER 9 

 

 

CONCLUSIONS AND RECOMENDATIONS 

 

 

 

The porosity calculations and saturation distribution of the cores at the end of the 

experiments were performed using each thin section’s  scanned core views. 

Results of each thin section’s porosity values from the obtained CT scans, the 

average porosity and saturation values were verified with experimental measured 

numbers. 

All saturation results of each experiment were verified with the CT calculated 

saturation values. Differences between saturation results of experiments and CT-

thin section analysis calculations were due to the size of the cores with 

heterogeneous and homogeneous characteristics.  

Analytical calculations were performed in different environments, for the 

experimental flow rates using CL under laminar flow for equivalent fracture 

aperture calculations.The range is between 0.01 to 0.235 mm.   

Naturally fractured core showed heterogeneous structure with the cross sectional 

views due to a natural fracture determined with CT scanner. Besides, fracture 

permeability for no fractured core showed more variation (72-292 md), on the 

contrary naturallly fractured core did not (143-145 md).  

The equivalent fracture aperture variation (0.147-0.235 mm) in the homogeneous, 

no fractured core is higher with respect to naturally fractured one (0.185-0.187 

mm). This is due to the homogeneous characteristics and variation of orientation 

of the core rather than heterogeneous. Thus, the analysis, at this point, with 

homogeneous cores did not give reliable results.  
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Table C.1 #	����$���0��
�����2�����D����9	�����
���������#��
X,�
"0	�X�%�

Time
(hours)

Pump Rate
(ml/min)

Pinlet
(bar-g)

Poutlet
(bar-g)

Cubic 
Rate

(ml/min)

Equivalent 
Fracture 
Aperture

(mm)

kf
(cm2)

kf
(md)

22I22� 2� 2� 2� 2� 2� 2� 2�
22I2,� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;78�2'� �;7�
22I�'� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
22I7,� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;78�2'� �;7�
2�I�(� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;78�2'� �;7�
2,I,(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
27I,(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
2;I,;� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;78�2'� �;7�
2;I(;� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;78�2'� �;7�
2(I,+� 2��2� 2��2� 2�2.� 2��2� 2��.(� ��;78�2'� �;7�
2(I7+� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�

�

�

Table C.2  ���������E������	���
��#	����$���0��
�����2�����D����9	��
���
���������#��
X,�"0	�X,%��

Time
(hours)

Pump Rate
(ml/min)

Pinlet
(bar-g)

Poutlet
(bar-g)

Cubic 
Rate

(ml/min)

Equivalent 
Fracture 
Aperture

(mm)

kf
(cm2)

kf
(md)

22I22� 2� 2� 2� 2� 2� 2� 2�
22I;2� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
22I(3� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2�I�.� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
2�I72� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2,I�;� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2,I;3� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
2,I(+� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
27I,2� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
27I;�� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
27I(,� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2;I�;� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2;I73� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
2;I;+� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2;I(.� 2��2� 2���� 2�2'� 2��2� 2��.+� ��;+(8�2'� �;.�
2(I,;� 2��2� 2��7� 2���� 2��2� 2��.+� ��;+(8�2'� �;.�
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Table C.3  ���������>��
�����	���
��#	����$���0��
�����2�����D����9	�����
������
���#��
X.�"0	�X7%�

Time
(hours)

Pump 
Rate

(ml/min)

Pinlet
(bar-g)

Poutlet
(bar-g)

Cubic 
Rate

(ml/min)

Equivalent 
Fracture 
Aperture

(mm)

kf
(cm2)

kf
(md)

22I22� 2�22� 2�22� 2�22� 2�22� 2�222� 2� 2�
22I,(� 2��2� 2��'� 2�2'� 2��2� 2���2� 7�2�8��2� 72�
22I72� 2��2� 2��(� 2�23� 2��2� 2����� 7�2'8��2� 7��
22I;+� 2��2� 2��(� 2�23� 2��2� 2����� 7�2'8��2� 7��
22I(,� 2��2� 2��(� 2�2.� 2��2� 2��,�� ;�228��2� ;2�
2�I�+� 2��2� 2��7� 2�2+� 2��2� 2��,+� ;�378��2� ;3�
2�I7+� 2��2� 2��,� 2�2+� 2��2� 2��7(� (�;'8��2� ((�
2,I2;� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2,I7+� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2,I((� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
27I;(� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2;I,,� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2;I;�� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2(I2,� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2(I2.� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2(I,,� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2(I7+� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
2(I(7� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�
23I2,� 2��2� 2��2� 2�23� 2��2� 2��(2� +�328��2� +3�

�

Table C.4  ���������E������	���
��#	����$���0��
�����2�����D����9	�����
���������
#��
X.�"0	�X;%�

Time
(hours)

Pump 
Rate

(ml/min)

Pinlet
(bar-g)

Poutlet
(bar-g)

Cubic 
Rate

(ml/min)

Equivalent 
Fracture 
Aperture

(mm)

kf
(cm2)

kf
(md)

22I22� 2� 2� 2� 2� 2� 2� 2�
22I2,� 2��2� 2��� 2�2'� 2��2� 2�,7(� ,�',8�2'� ,',�
22I2(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
22I�(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
22I,2� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
2�I;.� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
2,I22� 2��2� 2�2'� 2�23� 2��2� 2��3�� '�;28��2� ';�
2,I;(� 2��2� 2�2'� 2�2+� 2��2� 2��.(� ��;78�2'� �;7�
2;I;2� 2��2� 2�2'� 2�2(� 2��2� 2��;+� +��+8��2� +,�
2(I,,� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;78�2'� �;7�
2(I((� 2��2� 2�2'� 2�23� 2��2� 2��3�� '�;28��2� ';�
23I2(� 2��2� 2�2.� 2�23� 2��2� 2��.(� ��;78�2'� �;7�
23I,2� 2��2� 2�2'� 2�23� 2��2� 2��32� '�,78��2� ',�
23I7(� 2��2� 2�2'� 2�23� 2��2� 2��32� '�,78��2� ',�
23I;2� 2��2� 2�2'� 2�23� 2��2� 2��32� '�,78��2� ',�
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CORE SAMPLE NUMERICAL SATURATION CALCULATION CODE 
BY MATLABFORCORE5 INITIAL SATURATIONS 
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CORE SAMPLE NUMERICAL SATURATION CALCULATION CODE 
BY MATLAB FORCORE5 AFTER PRODUCTION 
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CORE SAMPLE NUMERICAL SATURATION CALCULATION CODE 
BY MATLAB FOR CORE5 AFTER POLYMER GEL INJECTION 

�
��������N����������"O Ie68>��-8� �e��
��������e���
X(e�#�#E08�(�>:9@e�#�
#E08�(�>:9@b�(����O%)�
����:
��N����������"O Ie68>��-8� �e��
��������e���
X,e�#�#E08'�0:e�#�
#E08'�0:b�(����O%)�
����>���N����������"O Ie68>��-8� �e��
��������e���
X(e�#�#E08�(>e�#�
#E08�(>b�(����O%)�
�
W����N�������
��"�������%)�
W���b:�N���	��
"W���%)�
W���b:��N�&
���"(�,�(�,%)�
��	��
��N�2)�
������N�2)�
������N��I(�,�
������N��I(�,�
���"W���b:"���%Z��222�ff�W���b:"���%];222%�
������������W���b:�"���%�N�6�6)�

��
���""�4��""��,(3%c,\"��,(3%c,%%�]��.2%�
�
������������W���b:�"���%�N�6�6)�

��
�
������������W���b:�"���%�N�W���b:"���%)�
��������������	��
��N���	��
��\��)�
������������������N�������\�W���b:"���%)�

���

���

���
�
���	�
"O6��
O�O���O%)�
�����N��	��"W���b:���O8��
#����O�O���
O%)�
��
���
����N������D��	��
��
��
�",%)�
�
K���	�
"O6��
O��O��� ���
O%�
K������"W����gh%)�
�
W:
��N�������
��"����:
�%)�
W:
�b:�N���	��
"W:
�%)�
W:
�b:��N�&
���"(�,�(�,%)�
��	��
��N�2)�
������N�2)�
������N��I(�,�
������N��I(�,�
���"W:
�b:"���%Z��222�ff�W:
�b:"���%];222%�
������������W:
�b:�"���%�N�6�6)�

��
���""�4��""��,(3%c,\"��,(3%c,%%�]��.2%�
�
������������W:
�b:�"���%�N�6�6)�



,22�
 


��
�
������������W:
�b:�"���%�N�W:
�b:"���%)�
��������������	��
��N���	��
��\��)�
������������������N�������\�W:
�b:"���%)�

���

���

���
�
���	�
"O6��
O�O:
�O%)�
�����N��	��"W:
�b:���O8��
#����O�O���
O%)�
��
���
:
��N������D��	��
��
��
�",%)�
�
K���	�
"O6��
O��O:
� ���
O%�
K������"W:
��gh%)�
�
W>���N�������
��"����>��%)�
W>��b:�N���	��
"W>��%)�
W>��b:��N�&
���"(�,�(�,%)�
��	��
��N�2)�
������N�2)�
������N��I(�,�
������N��I(�,�
���"W>��b:"���%Z��222�ff�W>��b:"���%];222%�
������������W>��b:�"���%�N�6�6)�

��
���""�4��""��,(3%c,\"��,(3%c,%%�]��.2%�
�
������������W>��b:�"���%�N�6�6)�

��
�
������������W>��b:�"���%�N�W>��b:"���%)�
��������������	��
��N���	��
��\��)�
������������������N�������\�W>��b:"���%)�

���

���

���
�
���	�
"O6��
O�O>��O%)�
�>���N��	��"W>��b:���O8��
#����O�O���
O%)�
��
���
>���N������D��	��
��
��
�",%)�
�
K���	�
"O6��
O��O>�� ���
O%�
K������"W>���gh%)�
K:���
�
��
�N�"W>��b:����W:
�b:�%D�222)�
K���	�
"O6��
O�O:���
�
��
O%)�
K�:���
�
��
�N��	��":���
�
��
��O8��
#����O�O���
O%)�
K��
�",%)�
�
���	�������N�"��
���
��������
���
:
�%D"��
���
>�������
���
:
�%d�22D��7;�
�



,2��
 

�
�
�
�

X� �

X, �

X7 �

X; �

X( �

X3 �
Figure E.13 ���	�������#���	�������#��
����#������
�A�
���������	�������"�
��%��

�22K�:
���
�"�
��
�%���22K�>��
��"�����%�����#��
X(��
�
�
�
�
�
�



,2,�
 

�
�
�
�

X+ �

X. �

X' �

X�2 �

X�� �

X�, �
Figure E.14 ���	�������#���	�������#��
����#������
�A�
���������	�������"�
��%��

�22K�:
���
�"�
��
�%���22K�>��
��"�����%�����#��
X(��
�
�
�
�
�
�



,27�
 

�
�
�
�

X�7 �

X�; �

X�( �

X�3 �
Figure E.15����	�������#���	�������#��
����#������
�A�
���������	�������"�
��%��

�22K�:
���
�"�
��
�%���22K�>��
��"�����%�����#��
X(��
�
�
�
�
�
�
�

�
�
�
�
�
�



,2;�
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



,2(�
 

CURRICULUM VITAE 

Surname��NameI�#����������
������
NationalityI��	�!����"�#%��
Date and Place of BirthI�2.�E����
���'+7��1�!�����
Marital StatusI������
��
9���
I�\'2�7�,�,�2�,.�'(��

����I����������[�����������

EDUCATION �
Degree �
?���

Institution �
M���
���������1��
����
8���������#������
9
����
	��8����

�����

Year of Graduation �
,22(��

?��� ?8�M�9
����
	������
6��	����@���8����

������

,227��

*��� ?8�M�9
����
	������
6��	����@���8����

������

�''+��

-������������ @�&��1�����	�-������������
1�!�����

�''���
�

WORK EXPERIENCE 
Year � Place � Enrollment 
,2�3�9�
�
���� 6
���8����M���
������6�����

#��	��
 ����	������

,2�,�,2�(�� � >1W��	�!
��$##�� 0
�
������?����
���
,223�,2���� 1�������?����
�8����$���� 0
�
������8����

���
,227��,22(�� M���
���������1��
����

9
����
	��8���:
����
0
�
�����1���������

,22��,22,�� ��?8�M�9
����
	������
6��	����@���8���:
����

������0
�
�����1���������

�''.�,222�� �	�!����9
����
	��#��� >
���#���
�����
8����

���

�''3�L	���� �	�!����9
����
	��#����  ��
���8����

�����
��	�
����

�'';�L	���� 1�������?����
�8����$�����  ��
���8����

�����
��	�
����

FOREIGN LANGUAGES �
1�����
��8�������� ��
��
����
�@
����

PUBLICATIONS 
1.�����	�
�8��
���$�������������0
���	���E������	������I�1
��	�
������!��
���
�98��.';3+���98� ��
����������#���
�
��
�����85����������������������:����
�
#��������
������$����
��
��$�	�������M�1��+�'��
��	����,2�.��
2.>
��� �
�
������ #���
���� ���� >��
�� ��	��E��� 9����
�� @
��  ��
������ ���
#�������
�� �98��(.2('���,��98�1�	�:����� ��
����������9
����
	��85���������
G�#���
�
��
��
������1�	�:������M18������;�6��
��
��,2�,��



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




