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SUMMARY 

 

This thesis treats of an overview of hydrocarbon deposits in the Czech Republic. Also are 

explained the terms: primary method, secondary method, and tertiary method for oil 

recovery.  As well is describing how the process of each method above mentioned is. The 

main objective of this research is describing the process of polymer flooding; describing 

the factors that influence in the behavior of these macromolecular solutions; mentioning 

which are the main properties in the rock reservoir, the principally conditions of crude oil, 

and in consequence with this knowledge, to choose the best polymer or macromolecular 

solution to increase the oil recovery (enhanced oil recovery - EOR).  

 

Keywords: EOR; polymer; macromolecular solution, polyacrylamide; HPAM; Biopolymer. 
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1. INTRODUCTION 

 

The following thesis work, would allow us to learn about one of the tertiary methods that 

currently are being used for Enhanced Oil Recovery (EOR), we are referring to polymer 

flooding.  First it will be explaining the meaning of polymers, later it will define the terms 

primary recovery, secondary recovery and lastly tertiary recovery.  

 

The word polymers, is a word that comes from the Greek word poly, (many, much); and 

meros, (parts). The polymers are a chemical compound built by molecules or a group of 

molecules (monomers) that are repeated and are link together in chains [1].  

 

Nowadays, in certain zones or reservoir areas, it resorts to the implementation and use of 

satellite images. This technology allows interpreting in detail and in a quick way the 

geological structure, land use planning, and perform a complete identification of 

hydrography, geology, population, among others things. After choosing the most likely 

areas, perforations are made, which sometime reach considerable depths, for example more 

than 6000 meters in the United States.  

 

The oil extraction is made by three methods: primary, secondary and tertiary. 

 

Primary Extraction: the primary methods are, when the oil is extracted easily form the 

reservoir, this is done by the introduction of a pipe into the well previously drilled, thus 

will let exit the crude oil, due to the underground pressure. Here there is no injection of 

water or gas. We will call it natural extraction.  

 

Secondary Extraction: secondary extraction methods are used to recover the remaining 

non-extracted crude oil, and are the methods by which water is injected into the reservoir 

flooding them, allowing the extraction of the remaining oil that was not recovered by the 

primary extraction, water and oil banks are produced, and in some text is known as aquifer 

pumping.  
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 Tertiary extraction: tertiary methods are the methods by which gas is injected, solvents 

or steam, removing the last remnants of petroleum on the wells. And this is where we stop, 

since the object of our research is trying to prove that the application of polymers helps to 

increase oil extraction.  

 

In the tertiary methods, the applying of polymers (chemical bonds) will increase the 

extraction of oil due to the increase of viscosity of the driving liquid (water) helping to 

recover remains of unextracted petroleum by primary and secondary methods. When is 

injected only water, the viscosity is inferior, and this would not allow to increase the oil 

recovery.   

 

The injection of polymers is nothing else that the modification of the water injection and 

consist in adding to the water injection a plug of polymer of 200 to 1000 ppm and of a high 

molecular weight. This process improves the reason of the mobility of the water–oil 

therefore we get as a result an increase in the sweep efficiency, because it forms a viscous 

plug and this with the water injection will generate a high recovery factor because this one 

drags more easily the fluids present in the reservoir.  

 

Process description  

The process is simple and the selections of polymers, as well as the concentration of 

macromolecular solutions are crucial factors in its design. Careful laboratory test are 

required, after this, the results should be link together with the field. The most used 

polymers are the solubles in water and insolubles in oil or alcohol.  

 

Nowadays three types of polymers are being used: the polyacrylamides, polysaccharides 

and poly ethylene oxides. The polyacrylamides and the polysaccharides are the most 

applied in field test, being the most popular polyacrylamides, because it will increase the 

viscosity, alter the permeability of the reservoir rock in the invaded zones, which also 

lowers the effective mobility of the injected water.  
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That is the reason for this researched work, to improve the oil recovery by the application  

of polymers flooding, since, as we have seen, primary and secondary methods do not allow 

us to extract 100 % of crude oil; leaving remainder in the wells. They are so important, 

because every day, there is an increase in gasoline consumption in all over the World. 
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2. HYDROCARBON, DEFINITION, CLASSIFICATION 

 

At first place, it will define what a hydrocarbon is, as the word says, hydrocarbon is a 

chemical organic compound composed only of two elements; these elements are hydrogen 

and carbon. The skeleton (also called framework) of the compound is form by the union of 

the atoms of carbon and the adherence of the hydrogen atoms to them [1]. 

 

Hydrocarbons can be classified, in accordance with the type of chain of their atoms. This 

classification is represented in the diagram 1. 

 

2.1. Aliphatic hydrocarbon 
 

This group of hydrocarbons is an organic compound in which carbon atoms create open 

and straight chains. According to the kinds of bonds between the carbons atoms, aliphatic 

hydrocarbons are divided into two main groups:  

 

 Saturated hydrocarbon (named alkane): is composed completely of single 

bonds (Fig. 1) and is saturated with hydrogen. The general formula for alkanes 

is        . It is important to note that this formula is valid for the homologous 

series of straight chained alkanes. These hydrocarbons used the suffix –ane in their 

names. Methane, ethane, propane and butane are the first four elements in this 

homologous series of straight chained alkanes and are in gaseous state (Table 1) 

under laboratory conditions [2]. 

Saturated hydrocarbons with more than five carbons atoms in their framework, but 

less than eighteen are in liquid phase; and those hydrocarbons with more than 

eighteen and more carbon atoms in their skeleton are in solid phase. It is important 

to note that the saturated hydrocarbons are the basis of petroleum fuels and natural 

gas.  
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Diagram 1: Hydrocarbons classification [2]
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6 

Table 1 Saturated hydrocarbons [1] 

Number of 

carbon atoms 
Name 

State under 

laboratory 

conditions 

1 Methane Gaseous 

2 Ethane Gaseous 

3 Propane Gaseous 

4 Butane Gaseous 

5 Pentane Liquid 

6 Hexane Liquid 

7 Heptane Liquid 

8 Octane Liquid 

9 Nonane Liquid 

10 Decane Liquid 

18 Octadecane Solid 

 

 Unsaturated hydrocarbon: is composed of one or more double or triple bonds 

between carbon atoms. The hydrocarbons with double bond (Fig.1) are called 

alkenes. Alkenes use the suffix –ene in their names and their general formula 

is      . Alkynes, also known as acetylenes, are unsaturated hydrocarbons with 

triple bond (Fig.1). The general formula is        .  

 

Figure 1 Saturated and unsaturated hydrocarbons a) Alkane b) Alkene c) Alkyne [3]  
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2.2. Cyclic hydrocarbon 

 
An aliphatic hydrocarbon in which the skeleton is closed end to end to build a ring 

structure is called cyclic hydrocarbon (Fig. 2). This group is divided into two subgroups: 

alicyclics and aromatics hydrocarbons [3].  

 

 Alicyclic hydrocarbon: its ring structure is composed of three or more carbons 

atoms. The more stable ring is that containing five or six carbons atoms. Alicyclics 

hydrocarbons are split into cycloalkanes, cycloalkenes and cycloalkynes, their 

descriptions is the same as already described saturated hydrocarbons. Technical 

importance have hydrocarbons from the cyclopentane series, also known as 

naphthenic acids. They can be found in petroleum (especially that from Russia and 

Romania) [4]. 

 

Figure 2 Cyclic hydrocarbon – cyclopentane [5] 

 Aromatic hydrocarbon: is also known as arene or aryl hydrocarbon. The term 

aromatic was adopted because many of the compounds have a sweet scent. To this 

subgroup of hydrocarbons belong hydrocarbons with a benzene ring in the 

molecule. Benzene ring, or just benzene, is the base of all aromatic hydrocarbons 

and is a configuration of six carbon atoms      [4, 6].  

According to the type of arrangement and the behavior of the benzene ring in the 

molecule, it can be recognized two kinds of aromatic hydrocarbons; one type is 

hydrocarbons with isolated benzene ring (means that the benzene ring in the 

molecule does not have common carbon atom, e.g. biphenyl) and the second type is 

hydrocarbon with condensed benzene rings, e.g. naphthalene (Fig. 3) [4]. 
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Figure 3 Aromatic hydrocarbons with a) isolated benzene ring and b) condensed benzene 

rings [7]. 
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3. OVERVIEW OF HYDROCARBON DEPOSITS IN THE CZECH 

REPUBLIC 

 

3.1. Natural gas 
 

Natural gas is a natural mixture of hydrocarbon gases containing mainly methane    , and 

other type of gases like carbon dioxide, nitrogen, hydrogen, hydrogen sulfide and inert 

gases [8]. 

 

Important physicochemical properties are observed in each hydrocarbon component of 

natural gas; among them are freezing point, boiling point, pressure, density and specific 

gravity. In the Czech Republic are determined three principal categories of natural gas, 

based on the amount of hydrocarbons they contain (Tab. 2): 

 

Table 2 Principal grades of natural gas in the Czech Republic [8] 

Type of gas Composed by 

Dry gas 96–99 % of methane 

Wet gas 85–95 % of methane plus admixture 

of other hydrocarbons 

Gas containing higher portion of 

inert components 

50–65 % of methane, more than 10 

% of nitrogen and more than 20 % of 

carbon dioxide 

 

3.2. Petroleum  
 

Petroleum, also called crude oil or just oil, is natural mixture of chemical compounds, 

mainly hydrocarbons, which are gaseous, liquid or solid compounds. The name crude oil is 

used to refer to the extracted oil. The crude oil can be classified as light if has higher 

gravity than 31,1° API, as medium in the case that has gravity at intervals of 22,3 – 31,1° 

API and as heavy when has gravity below 22,3° API. In accordance with the chemical 



 
10 

composition of the crude oil, it can be divided into four types: paraffin – base petroleum, 

asphalt – base petroleum, naphtene petroleum, and mixed bases petroleum [8]. 

 

Table 3 Specific characteristics of petroleum [8] 

Specific gravity 0,75 – 1 t/m
3
 

Average content of carbon 80 – 87,5 % 

Average content of hydrogen 10 – 15 % 

Calorific value 38 – 42 MJ/kg 

 

Petroleum is the result of several years of geological processes. There are many theories 

about the origin of petroleum; nevertheless, the most accepted theory is the Engler’s theory 

or organic theory. In 1900 Engler proposed, that petroleum has been created from decay 

and decomposition under high pressure and temperature of marine life and animals, which 

were accumulated at the bottom of the sea, and slowly were covered with layers of sand, 

mud and silt. [9] 

 

3.3. Crude oil and natural gas deposits in the Czech Republic 
 

Three different zones exist in the Czech Republic, where are located natural gas 

deposits (Fig. 4) and crude oil deposits (Fig. 5); these zones are: 

 Vienna Basin 

 West Carpathian Foredeep  

 Upper Silesian coal basin 
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Figure 4 Natural gas deposits in the Czech Republuic, 1 – South of Moravia region, 2 – 

North of Moravia region, 3 – underground gas reservoir [8] 

3 

3 
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Figure 5 Crude oil deposits in the Czech Republic, 1 – Vienna Basin, 2 – West Carpathian 

Foredeep [8] 

 

As it is shown in the previous figures, natural gas deposits and crude oil deposits are 

located at the south and north of Moravia. They are related with geological units of south-

eastern slopes of the Bohemian Massif and the Western Carpathians. In the north of 

Moravia the natural gas deposits are also related with coal seams of the Upper Silesian 

Basin Certain characteristics that can be observed in the exploited natural gas deposits 

are: [8]. 

 

Table 4 Characteristics of the exploited natural gas deposits [8] 

Amount of     87,2 – 98,8 % 

Calorific value 35,6 – 37,7 MJ/m
3
 

Specific gravity 0,72 – 0,85 kg/m
3 

Content     1 mg/m
3
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In the Moravian part of the Vienna Basin occur natural gas deposits, which are genetically 

related with oil formation, mainly in the borderline zone of the Basin. In the central part of 

the Basin are primarily concentrated the petroleum deposits. Natural gas deposits occur in 

the Badenian sediments together with oil deposits either as self-contained natural gas 

deposits or gas dissolved in the oil or in form of gas caps of the oil deposits. Crude oil 

deposits in Vienna Basin are spread over lot of individual oil-bearing structures and 

producing horizons located at 2000 m depth [8].  

 

Extracted oil in the Vienna Basin is almost without mixture of sulfur, therefore, has a very 

good quality. In this area, the types of crude oil that can be found are light, medium 

paraffin and non paraffin petroleum. Heavy petroleum can only be found in 

stratigraphically young units [10].  

 

The most productive oil-bearing rocks are sandstones of the Upper and the Middle of the 

Badenian and the largest deposit situated in this region is the Hrušky deposit [8].  

 

However, the largest and the most important crude oil deposit of the Czech Republic is 

located in the area of the Carpathian Foredeep and south-eastern slopes of the Bohemian 

Massif, it name is Dambořice deposit. In this area, it can also be found the largest natural 

gas deposits with common oil occurrences. They are Dolní Dunajovice (characterized by 

high content of    ) and Horní Žukov, where the gas deposits were converted into 

underground storage, and Lubná-Kostelany, which at the present is almost mined out. 

Principally, the most important accumulations are linked to collectors in the Miocene, 

Jurassic and weathered and jointed portions of the crystalline rocks. Another important 

crude oil deposits have been discovered with the support of 3D interpretation of the 

seismic, here, the oil is concentrated in sediments of the Jurassic. The deposits discovered 

are Uhřice-jih (sandstones of the Gresten formation) and Žarošice deposit (Vravonice 

carbonates) [8]. 

 

In the Upper Silesian coal basin are located natural gas deposits of Carboniferous age and 

origin. Natural gas is obtained by the extraction from underground mines that have been 

previously closed (process called degassing). The gases resulting from the dilution by air 
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contain   ,   ,   ,    , and about 50 – 55 %    . It should be remembered that the 

quality of the gas alternates according to the type of extraction method and the technical 

limitations linked with degassing [8]. 

 

In recent years, the domestic mine production of crude oil has been increasing in the Czech 

Republic, but only covers 5 % of domestic consumption. In the table 5, it is evidenced 

statistical data of the total number of deposits in the Czech Republic at the end of the 

year 2010 [8]. 

 

In the case of domestic mine production of natural gas, the extraction has been moderately 

stable on al long term and it covers 1 – 2 % of domestic consumption. The following 

table 6 gives a preview about the total gas deposits in the Czech Republic at the end of the 

year 2010 [8]. 
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Table 5 Basic statitical data of crude oil deposits in  Czech republic as of year 2010 [8] 

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Deposits – total number 28 28 28 28 28 30 33 34 33 

   exploited 18 19 19 21 22 24 27 27 27 

Total mineral reserves, kt 32 443 32 790 32 536 32 277 31 118 31 144 31 031 29 015 30 891 

   economic explored reserves 12 484 12 824 12 526 12 315 14 602 15 553 15 440 15 424 20 326 

   economic prospected reserves 8 557 8 567 8 613 8 609 5 163 5 113 4 482 4 475 3 983 

   potentially economic reserves 11 402 11 399 11 397 11 353 11 353 10 478 11 109 9 116 6 582 

   exploitable (recoverable) reserves 2 331 3 065 2 325 2 135 1 793 1 718 1 535 1 415 1 664 

Mine production, kt 310 299 306 259 240 236 217 173 163 

 

Table 6 Basic statitical data of natural gas deposits in Czech republic as of year 2010 [8] 

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Deposits – total number 82 83 84 84 85 88 92 94 83 

   exploited 35 35 38 40 39 41 49 52 48 

Total mineral reserves, mill m
3 41 699 41 731 46 542 46 811 45 989 46 044 46 140 28 924 30 172 

   economic explored reserves 3 996 4 097 3 848 4 109 4 139 4 265 4 339 6 123 7 374 

   economic prospected reserves 35 675 35 606 40 643 40 593 39 765 39 807 39 895 2 281 2 335 

   potentially economic reserves 2 028 2 028 2 051 2 109 2 085 1 973 1 906 20 520 20 463 

   exploitable (recoverable) reserves 24 987 24 933 27 982 28 160 27 819 27 812 27 846 4 767 4 660 

Mine production, mill m
3 131 175 356 148 148 168 180 201 187 
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4. OVERVIEW OF OIL RECOVERY OPERATIONS 

 

In accordance with chronological order of the production from a reservoir, oil recovery 

operations are generally divided into three groups: primary, secondary and tertiary 

recovery methods (Diagram 2).  

 

 

 

 Primary recovery method: this is the first level of production. The 

principal source of energy that allows the displacement of oil to the 

producing wells is the energy, which naturally exists in a reservoir. This 

driving energy is the resulted from the expansion of an active aquifer or of 

the gas cap, from the expansion and liberation of dissolved gas, from 

gravity drainage, or from the mixture of these effects [11]. At the moment, 

in which a crude oil reservoir is detected, the reservoir rock holds, in their 

pores spaces, a combination of gas, oil and water. These elements, due to 

the hydrostatic pressure of the ground water, are under high pressure, and 

TERTIARY RECOVERY 

Thermal Solvent Chemical Other 

SECONDARY RECOVERY 

Water-flooding 
Pressure Maintenance 
Water/Gas Reinjection 

PRIMARY RECOVERY 

Natural flow 
Artifical Lift 

Pump - Gas Lift 
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therefore, a great amount of gas is dissolved in the oil. The movement of 

the oil into the well is owing to the driving forces, which result from the 

combination of the gas in solution and the water. Depending on the 

pressure affecting the fluid in the reservoir (also called reservoir energy) it 

will necessary or it will not necessary pumping equipment. In the situation, 

when is not necessary, is for the reason that the reservoir energy is under 

great enough pressure, that the oil flow into the well and up to the surface; 

in the opposite case (when the pressure on the reservoir energy is not 

enough), the pumping equipment will be necessary. The type of reservoir 

affects the quantity of oil that may be displaced due to the natural reservoir 

energy. Determined by the source of reservoir energy; can be recognized 

five types of reservoirs [11]: 

 

a. Water drive reservoir 

b. Solution gas drive 

c. Fluid expansion 

d. Gas cap drive 

e. Gravity drainage 

 

In this stage of production, the recovery is about 30 – 40 % of the total   

amount of oil contained in the bearing, but in bearings containing oil with 

high viscosity the recovery can be about 5 – 10 % [12]. 

 

 Secondary recovery method: these methods are the second level of 

production in a reservoir. They are frequently applied, after the primary 

production decrease; their purpose is to conserve reservoir pressure and to 

displace hydrocarbons toward the production well. These methods include 

water-flooding and gas reinjection. In this stage of production the recovery 

can be enhanced roughly in 45 % [13].  

 

 Tertiary recovery method: this is the third level of production in a 

reservoir and is applied after water-flooding or pressure maintenance or 
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gas/water reinjection. These processes employed chemicals, miscible 

gases, and/or thermal energy to displace additional oil after secondary 

recovery processes became uneconomical [13]. The denomination 

enhanced oil recovery (EOR) is utilized as a replacement for the term 

tertiary recovery, the reason is quite understandable: in several reservoirs 

around the world the crude oil is highly viscous, therefore is hardly 

possible for it to flow under natural energy drive, at economic rates; and 

water-flooding would not be achievable. Hence, only a tertiary process is 

applicable in this case, there is not chronological sequence; the last 

recovery process is employ as the first, and possible final, method of 

recovery [13]. 

 

These two stages of recovery productions will be developed in more detail, in the 

subsequent chapter. 
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5. SECONDARY AND TERTIARY RECOVERY PROCESSES  

 

5.1. Secondary recovery process 
 

These methods are relying on the application of external energy into the reservoir through 

injection of water or gas to make possible the displacement of oil to the producing wells. In 

the previous chapter has been indicated the methods that include this second level of 

production; these methods are: water-flooding and gas/water reinjection.  

 

5.1.1. Water-flooding 
 

In order to allow the displacement of the remaining oil in the reservoirs, water is injected 

into them through injection well. Toward the production wells, the displaced oil is swept 

due to the water of the injection wells. Water injected into the reservoir, helps to augment 

the pressure on it, owing to this, the productions rates are increased [14]. 

 

Effectiveness of water-flooding depends on the distribution pattern of injection and 

production wells. The most effective patterns are the five-spot and seven-spot pattern. In the 

five-spot pattern a production well will be surrounded by four injection wells (Fig. 6), whereas 

in the seven-spot pattern a production well will be surrounded by six injection wells (Fig. 7).   

 

 

Figure 6 Schematic Five-spot injection pattern of water-flooding [15] 
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Figure 7 Schematic Seven-spot injection pattern of water-flooding  

 

In addition to the injection patterns, other problems affecting the efficiency of 

water-flooding are changeable permeability and early water breakthrough, which may 

cause surface and production processing problems. 

 

A successful waterflood project can increase oil recovery from the 5% to 15% range 

normally seen under primary recovery, up to typically a 40% recovery of the initial 

oil-in-place [14]. 

 

5.1.2. Gas injection 
 

This method is characterized by the injection of gas into the reservoir. After the pressure 

on the reservoir has begun to decrease, gas is injected into the gas cap of the formation, in 

order to sweep remaining oil through the reservoir to production wells, where it can be 

recovered [15]. Often as injection wells are employed those that used to be production 

wells. When are employed new injection wells, their location is uniform, with the next 

purpose: each injection well must affect the production wells that are around it; their 

distribution patterns should be in form of a triangle or square, but in practice, this is not 

always possible, for that reason, the injection well must be at the center of the polygon, in 

which, every vertex is a production well. Injection well completion has to be hermetic, 

without disturbing the casing string or the cement. In order to avoid losses during the gas 

injection, the reservoir rock has to be isolated from the collectors that lie above and/or 
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below it. Usually, the type of gas utilized in the injection is natural gas, but in certain cases 

air is used [17]. 

 

Another injection process is the known WAG, which means Water Alternating Gas. In the 

first place was designed to improve sweep effectiveness during gas flooding, with 

intermittent slugs of water and gas designed by and large to follow the same route through 

the reservoir. Among the variants of this technique can be mentioned: injecting gas as a 

supplement to water or vice versa, principally to achieve other parts of the reservoir. 

Carbon dioxide is usually injected in a WAG technique (Fig. 9) [18].  

 

 

Figure 8 Gas injection and production well [19] 
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Figure 9 Water Alternating Gas (WAG) injection and production well [20] 

 

5.2. Tertiary recovery processes 
 

As aforementioned, this recovery method is used with the purpose of displace additional 

oil after primary and secondary recovery processes cease to be effective. Tertiary recovery 

methods apply chemicals, miscible gases, and/or thermal energy.  

 

5.2.1. Thermal recovery process 
 

Thermal recovery process, as the name suggest, depends on the employ of thermal energy, 

for that reason, heat plays a very important role on it. Use of thermal energy helps to 

increase temperature in a reservoir, thus oil viscosity is reduced, and also helps to displace 

oil to a productions well. Among the most used thermal techniques are: 

 

 Cyclic steam injection (Steam Stimulation, Steam Soak or Huff and 

Puff): In this process, steam is injected into a producing well for a period 

of two to four weeks (first phase). The well is closed and allowed to soak 

(second phase), after that the well is placed back on production (third 
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phase) (Fig. 10). As a consequence of reduction oil viscosity, the initial oil 

rate is high. After a time, the heated-zone temperatures begin to decrease 

because of heat removed with the produced fluids and conduction losses to 

over-and underlying formations; as a result the oil rates are going to 

decline. When this happen, another cycle of steam injection is started [13]. 

 

 

Figure 10 Cyclic Steam Stimulation [21] 

A source of natural reservoir energy is a fundamental requirement for a 

successful cyclic steam simulation. Reservoir energy may be available in 

the form of fluid expansion by solution-gas drive or reduction in reservoir 

pressure, natural waterdrive, gravity drainage, or compaction.  
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 Steamdrive (Steam Flooding, Continuous Steam Injection): in this 

technique, steam is injected through injection wells and the oil is displaced 

to surrounding producing wells as in conventional fluid injection 

operations. Is important to mention that steamdrive is employed when the 

reservoir energy is depleted. There are three different aspects that help to 

improve efficiency of a steamdrive: great reduction in oil viscosity with 

temperature in heavy crude oils, steam distillation of some crude oils, and 

the stability of the steam zone. When these aspects are combined, the 

recovery efficiency of steamdrive is greater than hot waterfloods [13]. The 

principal purpose of steamdrive is to augment the ultimate recovery factor 

after steam stimulation. As it can be seen in figure 11, there are four 

different zones created before steam breakthrough: steam saturated zone, 

condensing zone, hot water-transition zone, and oil and water zone. In 

steam saturated zone oil is displaced by steam drive and steam distillation 

process starts to increase. In the hot water-transition zone, occurs thermal 

expansion of oil and the heated oil increases in volume, thus the residual 

oil saturation is reduced. In general the viscosity reduction improves the 

efficacy of oil displacement by increasing its mobility [22]. 

 

 In-situ combustion (Fire-flood): this process involves in-situ combustion 

of portions of the oil. By burning part of the crude oil in place, energy is 

supplied to the reservoir. Air is pumped into the reservoir which is ignited, 

depending on reservoir temperature and composition. Heat and gases from 

the combustion pressurize the reservoir, and decrease viscosity both by 

cracking and heating. Habitually water is injected behind the fire front. 

There are three forms of in-situ combustion: dry forward combustion, wet 

forward combustion, and reverse combustion. CAHPTER 4The 

difference between the dry forward combustion and the wet forward 

combustion is that in the first mentioned form of in-situ combustion no 

water is injected, whereas in wet forward combustion water is injected 

along with air. In these two processes air is injected behind the fire front 

and for the reverse combustion the air is injected in front of burning zone. 
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Frequently, in the reservoirs with temperatures higher than 50 °C, will take 

place spontaneous combustion soon after starting air injection [22].  

 

 
Figure 11 Steamdrive process escheme with the  diferrent zones formed in the 

resevoir [22] 

 

 

Figure 12 In-situ combustion process escheme [13]  
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5.2.2. Misceble displacement processes 
 

These types of processes are those where the effectiveness of the displacement is mainly 

the results from miscibility between the oil in place and the injected fluid (such as    , 

hydrocarbon solvents, flue gas and nitrogen). The miscible displacement processes can be 

classified as first-contact miscible (FCM) or multiple-contact miscible (MCM) [22].  

 

In the FCM displacement process a moderately small primary slug that is miscible with the 

crude oil is injected, then is followed by injection of a bigger but less expensive secondary 

slug [13].  

 

The MCM displacement processes are those in which the condition of miscibility is 

generated in the reservoir through in-situ composition changes as a result of multiple 

contacts and mass transfer between injected fluid and reservoir oil. The MCM 

displacement processes are classified as vaporizing-gas (lean-gas) displacements, 

condensing and condensing/vaporizing-gas (enriched-gas) displacements, and      

displacements [13].  

 

The vaporizing-gas displacement process consists of fluid injection that contains mostly 

methane and other low-molecular-weight hydrocarbons (or inert gases, e.g. nitrogen); the 

injected fluid is known as lean gas. The composition of this injected gas changes and 

become miscible with the original reservoir oil due to multiple contacts with it. During 

these contacts, intermediate components in the oil are vaporized into the already 

mentioned, injected gas. This process consists of continuous injection of natural gas, flue 

gas or nitrogen under high pressure (10-15 MPa) [13].  

 

The injected fluid, in the condensing displacement process, contains considerable quantity 

of intermediate components (        ), rather than being a dry gas. The reservoir oil 

becomes miscible with the injected oil due to the modification of its composition. This 

modification takes place with the condensation of aforementioned components into the 

reservoir oil at moderately high pressures (8-12 MPa) [23].  
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In the recent years, the     miscibility displacements processes have been obtaining 

prominence, in part due to the possibility of     sequestration. Despite this environmental 

benefit,     is an exceptional displacing agent, for the reason that it has relatively low 

minimum miscibility pressures (MMP) with a wide range of crude oils.     extracts 

heavier fractions (      ) from the reservoir oil and develops miscibility after multiple 

contacts. The process is applicable to light and medium light oils (>30° API) in shallow 

reservoirs at low temperatures.     requirement is of the order of 500-1500 sm
3
/sm

3
 oil, 

depending on the reservoir and oil characteristics. Many injection schemes are in use for 

this method, and one has been already mentioned, is the WAG (Water Alternating Gas) 

process, were water and     are alternated in small slugs. This approach tends to decrease 

the viscous instabilities. The most important factors in the viability of the processes are 

cost and availability and the necessary infrastructure of     [23]. 

 

 

Figure 13 CO2 miscible process [13]  
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5.2.3. Chemical flooding 
 

Chemical flooding is a process that to improve recovery efficiency uses a chemical 

formulation as the displacing fluid. This displacing fluid promotes a decrease in mobility 

ratio and/or an increase in the capillary number. In the 1980’s a lot of commercial projects 

were in operation, but not all the processes were successful, many of them were failures. 

Except for China, the present chemical floods activity is low. But this fact can change in 

the future, because of the high demand for energy, and also for the advancement in 

technology. The biggest limit in chemical floods is the economy. The main chemical 

floods processes are surfactant flooding, alkaline flooding, micellar flooding, 

alkalisurfactant-polymer flooding (ASP), and polymer flooding. 

 

 Surfactant Flooding: surfactants are effective in lowering interfacial 

tension (IFT) between oil and water. The surfactants usually used are 

petroleum sulfonates or other commercial surfactant. A polymer slug 

comes after an aqueous surfactant slug, and both chemical slugs are driven 

by the use of brine. In the past, there were a lot of surfactant floods, but 

because of excessive surfactant loss to the porous medium, they were 

ineffective. In certain cases, surfactant adsorption and reactions with the 

rock minerals were severe, as well as the treatment and disposal of 

emulsions [23]. 

 Alkaline Flooding: in this flood process is injected as a slug, an aqueous 

solution of an alkaline chemical (e.g. hydroxide, carbonate or orthosilicate 

of sodium). The surfactant in situ results from the react between the acid 

components of the crude oil and the alkaline chemical. The principal 

mechanism is IFT reduction. Spontaneous emulsification may occur. Also 

take place drop entrapment or drop entrainment, but depends on the type 

of emulsion formed, which may enhance or diminish the recovery. 

Changes in wettability are caused by alkalis, nevertheless for that to 

happens are needed a great concentrations. This flood process is difficult 

to design owing to the diverse reactions that occur between the alkaline 

chemical and fluids and the reservoir rock [23]. 
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 Micellar flooding: this process has been more successful in the pratice 

than other chemical flooding processes. The principal components of this 

process are a microemulsion slug (also known as a micellar slug) and a 

polymer slug, both slugs are driven by the use of brine. Microemulsions 

are surfactant-stabilized, oil-water dispersions with little drop size 

distributions (10
-4

 to 10
-6

 mm), that can be miscible with reservoir oil as 

well as water. Both chemical slugs are designed such that ultra low IFT 

(10
-2

 mN/m or lower) and during almost all the displacement prevails 

favorable mobility ratio. The process has been tested and it has been 

proven that the method has success in banking and producing the residual 

oil left after a waterflood. Recovery factors varied from 35 to 50 % OIP in 

field projects. Nevertheless, from the economic view point is not attractive 

owing to the high cost of chemicals, the requirement of small well spacing, 

the high initial expense and the considerable delay in response. 

Additionally, the geology and conditions in a lot of reservoirs (high 

salinity, temperature and clay content) are inappropriate for the application 

of micellar flooding [23].  

 ASP Flooding Alkaline-Surfactant-Polymer flooding: is a quite new 

process and has been evaluated through laboratory investigations as well 

as field tests. The method uses principally three chemical formulations – 

alkali, surfactant and polymer solutions. The chemical slugs may be 

injected in sequence or more likely, as a premixed single slug. The most 

important mechanisms are IFT reduction and improvement in mobility 

ratio. In practice the results are promising, recovery factors are 

between 25 to 30 % OIP. This process is able of banking and producing 

residual oil [23].  

 Polymer flooding: The first experiments to improve sweep efficiency in 

water-floods were made by Detling (research chemist who worked with 

Shell Development Co.) He patented plenty of additives, including 

water-soluble polymers, to augment the viscosity of injected water and the 

volume of the reservoir affected. The water soluble polymers 

predominated over other additives because of their low cost. Among the 
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effective water soluble polymers in improving mobility ratio and reducing 

permeability, can be mentioned polyacrylamides and polysaccharides. As 

well as the aforementioned process, generally, polymer flooding is 

employed as a slug process and is driven by the use of dilute brine. 

Concentration of polymer is in the range of 200-2000 ppm. The principally 

restrictions in this process include loss of polymer to the porous medium, 

polymer degradation and in certain cases, loss of injectivity. In the past, 

took place many polymer floods, however the recovery was less than 10 % 

in the major of the cases, one of the common reasons for the failure was 

that polymer was applied too late in the waterflood, when the mobile oil 

saturation was low. If applied earlier during a waterflood, at water 

breakthrough, the process will be more successful (e.g. when the oil 

saturation is above the residual oil saturation) [23]. The polymer flooding 

process, will show in depth, in the next chapter. 
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6. POLYMER FLOODING 

 

6.1. Polymer, definition and properties 
 

In first place, should be given the definition of polymer. Polymer is a chemical compound 

or mixture of compounds that consist of repeating structural units created through a 

process called polymerization. The term derives from the ancient Greek word polus that 

means many, and meros that means parts. The basic unit involved in the construction of a 

polymer is called monomer. Polymerization is the process of combining many monomers 

into a covalently bonded chain or network [24].  

 

 

Figure 14 Example of the basic structure of polymer molecule – a) ethylene, 

b) polyethylene [3]  

 

Polymer properties are broadly divided into several classes based on the scale at which the 

property is defined as well as upon its physical basis. The most basic property of a polymer 

is the identity of its constituent monomers. Polymers that contain only a single type of 

repeat unit or monomer are known as homopolymers, while polymers containing a mixture 

of monomers are known as copolymers [5].  

 

A second set of properties, known as microstructure, essentially describe the arrangement 

of these monomers within the polymer at the scale of a single chain. The microstructure of 

a polymer relates to the physical arrangement of monomer residues along the backbone of 

the chain. Chemical properties, at the nano-scale, describe how the chains interact through 

various physical forces. At the macro-scale, they describe how the bulk polymer interacts 
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with other chemicals and solvents. An important microstructural feature of a polymer is its 

architecture, which relates to the way branch points lead to a deviation from a simple 

linear chain; from this point of view are recognized four types of structures: (a) Linear 

structure; (b) Branched structure (composed of a main chain with one or more substituent 

side chains or branches); (c) Cross-linked structure; (d) Network structure, which is 

basically highly cross-linked (Fig. 15) [24].  

 

 

Figure 15 Polymer chains – a) Linear structure, b) Branched structure; c) Cross-linked; d) 

Network structure [3] 

 

Relation between molar mass (also known, in some texts, as molecular mass) of the 

polymer and viscosity of macromolecular solutions is given by the Mark–Houwink 

equation:  

               
  (-)     (1) 

 

Where     is intrinsic viscosity,   and   are empirically determined constants; and    is 

relative molecular mass of the polymer. The constants mentioned above are evaluated by 

measuring the molecular weights and viscosities of a series of polymers over a wide range 

of molecular weights and fitting the best straight line to the equation (1) [25].  
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It is important to notice the process called depolymerization, because when such a process 

occurs, some of the polymers characteristics or properties tend to change (e.g. during 

depolymerization, decreases viscosity of the solution, as well as its mechanical strength).  

 

To define the term depolymerization, first it has to be defined the term 

polymer degradation, which is a change in the properties of a polymer under the influence 

of one or more environmental – biological – factors (such as light, heat, certain type of 

bacteria, pH) or chemicals (such as acids, alkalis, pH and ionic strength of the solution, 

presence of O2). Most of the time, these changes are unwanted (such as chemical 

disintegration and cracking of products) but more hardly ever, these changes are desirable 

(for example in biodegradation, or deliberately lowering the molecular weight of a polymer 

for recycling).  

 

Polymer degradation is associated with the loss in chain length of the polymer. It can occur 

into different degrees, until to the monomer from which the polymer was 

synthesized (depolymerization) [12]. 

 

The applicability of the polymer is affected by its stability, which is the ability to resist the 

effects of mechanical, chemical and biological factors [12]. 

 

6.2. Significance of polymers for EOR 
 

Physical properties of polymers play an important role in enhanced oil recovery (EOR) 

technology, they are strongly dependent on the size or length of the polymer chain (e.g. as 

chain length is increased, impact resistance tends to increase, as does the viscosity, or 

resistance to flow, of the polymer in its melt state).  

 

Polymer flooding process is used in order to fulfill three important purposes; to minimize 

the IFT, to augment brine viscosity for mobility control, and to augment sweep efficiency 

in tertiary recovery.  
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The principle of chemical EOR methods is to displace crude oil units in the porous rock 

using a suitable displaced medium (water-soluble polymer) as is shown in Fig. 16 [13]:    

 

 

Figure 16 Polymer flooding – Single 5-Spot pattern [13] 

 

This process is controlled by the differences in the mobility of the driving medium    and 

the crude oil units   . The mobility   is defined by the ratio of permeability of the medium 

(k) to the viscosity    , as is shown below [12]: 

 

              (N
-1m)    (2) 

 

The mobility of the driving medium    and the crude oil units   , above mentioned, are of 

great importance for EOR, since the effectiveness of displacement depends on the ratio of 

these two parameters, known as mobility ratio M [12]: 

 

              (-)    (3) 
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The reason why it is necessary to increase the viscosity in a driving medium is by the so 

called viscous fingering (which is the formation of patterns in a morphologically unstable 

interface between two fluids in a porous medium). This formation takes place when a less 

viscous fluid is injected displacing a more viscous one (e.g. when water is injected as a 

driving medium, with the purpose of to displace viscous crude oil); in the opposite 

situation, when more viscous driving medium is injected in order to displace crude oil, the 

interface will be stable and no patterns will form. Addition of appropriate polymers to the 

driving medium (water-soluble polymer) is essential to increase the viscosity of the water 

phase. Also the addition of polymers will reduce the permeability of water in the reservoir 

then increases oil recovery due to increase of fractional flow.  

 

Fractional flow    is given by the equation [26]: 

 

         
 

   
 (-)     (4) 

 

If the mobility ratio M is one or slightly less, the displacement of the oil by the water will 

be efficient; this process is the so called pistons like. By contrast, if the mobility ratio is 

greater than one, the more mobile water will finger through the oil and leave behind 

regions of unswept oil [26]. Water-soluble polymer, as was already mentioned, will reduce 

the permeability of water to the porous rock and thus will produce a more efficient and 

uniform front to displace crude oil from the reservoir.  

 

6.3. Criteria for evaluation of suitables polymer for EOR 
 

Resistance factor    helps to evaluate the suitable polymer for EOR; is given by the ratio 

of mobility of the water (driving medium without addition of polymer) to the mobility of 

water-soluble polymer (driving medium with addition of polymer) [27], the relation is as 

follows: 

 

                   (-)                 (5) 
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Where    is resistance factor,    is the mobility of the driving fluid and     mobility of 

water-soluble polymer [27]. Resistance factor evaluates the overall reduction in mobility of 

the water-soluble polymer.  

 

Another parameter used for the evaluation of the suitable polymer for EOR is the so called 

permeability reduction factor    , which is defined by the next equation [28]: 

 

                          (-)    (6) 

 

Where    is the permeability of the medium for salt water,     is permeability of the 

medium for water-soluble polymer,    is water viscosity,     is water-soluble polymer 

viscosity. Appropriate polymers for EOR are those that have high values of permeability 

reduction factor    [12].  

 

Another factor influencing the evaluation of the suitable polymer for EOR is the residual 

resistance factor     defined as follow [28]: 

 

                 (-)     (7) 

 

Where    is water mobility before polymer flow and     is water mobility after polymer 

flow. For EOR is convenient low value of     .  [28].  

 

From all the above mentioned properties and parameters of the polymers for EOR, ideal 

properties for mobility control agents can be summarized as follow [26]: 

 

 Low cost or high cost-effectiveness, 

 Allow high injectivity 

 Effective when mixed with reservoir brines  

 Resistant to mechanical degradation  

 Five to ten years stability at reservoir temperature (up to 200 °C),  

 Resistant to microbial degradation,  
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 Low retention (e.g., adsorption) in porous rock,  

 Effective in presence of oil or gas,  

 Should not have O2 in the backbone (carbon chain) for thermal stability 

 Not sensitive to H2S, pH or oilfield chemicals. 

 

  

6.4. Polymers used for EOR 
 

Various research activities have been developing many types of polymers for use in EOR 

for more than 20 years. At the present for EOR are used natural polymers (polysaccharides, 

e.g. starch, xanthan gum) as well as synthetic polymers (polyacrylamides). The specific 

conditions and characteristics of a certain reservoir help to make a selection of which of 

these two macromolecular solutions will be the more suitable to used.  

 

The concentration of polymers in water is in the range of 0,01 to 2,0 %, but often 

ranges 0,1 to 0,5 % [12]. 

 

Recent inventions that have been successful to accommodate the extensive variety of 

conditions encountered in oil fields throughout the world include the following types of 

polymers: 

 

 Polyacrylamides – this type of macromolecular solution very often means 

synthetic polymer. In general, performances of a polyacrylamide will 

depend on its molecular weight and its degree of hydrolysis. Moderately 

hydrolyzed polyacrylamide (HPAM) is one of the polyacrylamide group, 

has the shape of straight chain polymer of acrylamide monomers which 

some of it has been hydrolyzed. The molecule is a flexible chain structure 

known as a random coil and since it is a polyelectrolyte, it will interact 

with ions in solution. HPAM is the most often used polymer in EOR 

applications especially because of its relatively low price with good 

viscosifying properties, and well-known phsycochemical characteristics. 

The implementation of HPAM is relatively easy and can improve 
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significantly the oil recovery rate under standard reservoir conditions. This 

polymer is available in various molecular weights up to 30 millions and 

can be used for temperatures up to 99 °C depending on brine hardness. For 

the moment modified type such as HPAMAMPS co-polymers and 

sulphonated polyacrylamide can be used up to 104 and 120 °C. It is 

produced generally as free flowing powders or as self-inverting emulsions. 

Some experiences reported that it shows high sensitivity of salinity, 

presence of oil or surfactant and other chemicals [26].  

 Xanthan Gum/Biopolymer – this type of polymer belongs to the group of 

natural macromolecular solutions. Xanthan gum is a polysaccharide or 

usually called as biopolymer. It is produced by the microbial action of 

Xanthomonascampestris on a substrate of carbohydrate media, with a 

protein supplement and an inorganic source of nitrogen. The biopolymer is 

an extracellular slime, which forms on the surface of the cells. The 

fermented broth is pasteurized to kill the microbes and precipitated from 

the broth by alcohol, then concentrated. Xanthan gum is well known to 

have excellent performance in high salinity brine. It is relatively 

compatible with most surfactants and other injection fluid additives used in 

tertiary oil recovery formulations. This type usually produced as broth and 

concentrate form that can be easily diluted to working concentrations 

without elaborate shear-mixing equipment. The important things are both 

the forms must be a highly pseudo plastic solutions and are easily pumped. 

Some experiences reported that xanthan type polymer usually has cellular 

debris that can cause plugging. Besides, it has significant hydrolytic 

degradation above 70 °C, otherwise some companies tell that now special 

manufacturing techniques can impart its thermal stability up to 105 °C. 

Because come from microbial activity, this polymer is usually injected 

coincide with effective biocide to prevent microbial degradation [26]. 
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7. POLYMER APPLICATION FOR ENHANCED OIL 

RECOVERY (EOR) 

 

Before the polymer application or any other tertiary method for EOR it is necessary to 

make a number of tests to the reservoir rock, in order to know its characteristics, 

properties, and conditions in which was found.  

 

Some of the principal parameters that have to be test in the reservoir rock are 

permeability (k), relative permeability (krw), porosity, wettability, capillary pressure, and 

so forth. In the crude oil, experiments are performed to determine its viscosity   and 

density  .  

 

7.1. Porosity and permeability 
 

The first experiment that was done in this thesis work was porosity and was performed at 

the Institute of Clean Technology in Ostrava (ICT). For this analysis was used a core 

sample of sandstone (Fig. 17). The utilized instrument is the so called Coreval 700 (Fig. 

18). This apparatus is a permeameter and porisometer which determines properties of plug 

sized core samples at 400 psi confining pressure).  

 

 

Figure 17 Core sample of sandstone 
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Table 7 Size of the core sample 

Length 51,1 mm 

Diameter  37,4 mm 

Weight 106,08 g 

 

 

Figure 18 Instrument Coreval 700 – Permeameter and Porisometer at the ICT 

 

The method utilized to determinate the porosity of the core plug sample is called “Boyles 

Law Single Cell Method”; thus determinate direct void volume measurement. Pore volume 

is determined due to a gas charged reference cell of reference volume and initial pressure, 

which is then vented into the pore volume of the sample. The core sample was placed in a 

core holder, and then an isostatic confining pressure (400 PSI) is applied to the sleeve by 
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means of a confining liquid circuitry. In order to determine permeability of the core plug 

sample a technique called transient pressure is used.   

 

The results obtained during this analysis are shown in table 8:  

 

Table 8 Results obtained by the used of permeameter and porisometer Oreval 700 

PROPERTIES 1 2 3 

Confining pressure Pc (psi) 600 1000 600 

Pore volume Vp (cc) 18,216 18,308 18,441 

Effective permeability k (mD) 694,067 683,430 685,572 

Porosity Φ (%) 32,583 32,834 32,994 

Klinkenberg permeability 

k∞ (mD) 

662,348 653,912 654,055 

Grain volume Vgrain (cc) 37,690 37,451 37,452 

 

Once the experiments has been performed, in order to determine the main properties of the 

reservoir rock and the crude oil, it is proceed to the application of secondary and tertiary 

methods for EOR. In the present thesis, due to the lack of macromolecular solutions, 

surfactants were used, as a substitute. It must be taken in mind that the surfactants have a 

very similar behavior to that of the polymers, and that is the reason for the use of them in 

this thesis.  

 

7.2. Application of surfactant for EOR 
 

For this analysis was utilized the apparatus named Benchtop Relative 

Permeameter 350 (BRP 350) shown in Fig. 19: 
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Figure 19 Benchtop Relative Permeameter 350 (BRP 350) at the ICT 

 

At the beginning of the chapter was mentioned that one of the main properties of the rock 

reservoir is relative permeability krw, which contrary to the absolute permeability (that 

refers to a single fluid), is the ability of a fluid to flow in the presence of another fluid. 

Relative permeability is helpful in determining the ratios kw/ko 

(water permeability / oil permeability), which is used to predict the performance of the 

reservoir. Relative permeabilities are frequently expressed by the ratio of effective 

permeability to absolute permeability. Effective permeability is a relative measure of the 

conductance of the porous medium for one fluid phase when the medium is saturated with 

multiple fluid phases. Absolute permeability can be expressed as monophasic permeability 

or frequently the effective oil permeability at irreducible water saturation [28]. The method 

utilized by the BRP 350 apparatus to determined relative permeability is based on the 

Buckley-Leverett two phases flow model. 

 

The first step at the beginning of the experiment was saturating the plug core sample with a 

wetting phase (water). Later was displaced it by the injection of a non wetting phase, 

(crude oil mixture from Moravské Náftové Dole, MND), as is shown in Fig. 20 (b), through 

the core sample until the sample reached the irreducible wetting phase (Swi) at constant 
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flow 1 cc/m and with a confining pressure of  2307,5 psi. Then was injected brine – 

Fig. 20 (c) – also at constant flow rate (1 cc/min) with the purpose of the sample to reach 

the residual non wetting phase (Sor), – Fig. 20 (d). From the differential pressure    , the 

flow rate and the cumulative production of injected and displaced fluids, the model 

permitted to calculate the relative permeability.  

 

 

Figure 20 Steps used in sufactant flooding [28]  

 

In the following tables can be appreciated the characteristics of the plug core sample, of the 

fluid with and without addiction of surfactant. The surfactant employed during this 

analysis was mild household cleaner, thanks to the properties that it has, helps to reduce 

the IFT and therefore spontaneously concentrates at the interface (Fig. 21) for EOR.  
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Figure 21 Macroscopic displacement efficiency improvement with polymer 

waterflooding [13] 

 

 

 

Table 9 Properties of the utilized fluids at 20 °C temperature  

Fluid 1 Water 

Density 1 (g/cm
3
) 1 

Viscosity 1 (mPas) 1 

  
Fluid 2 Oil 

Density 2 (g/cm
3
) 0,8697 

Viscosity 2 (mPas) 12,2 

Fluid 3 Surfactant 

Viscosity 3 (mPas) 1 
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Table 10 Properties of the plug core sample 

Sample type Sandstone 

Diameter (mm) 37,40 

Length (mm) 51,10 

Surface (cm²) 10,99 

Bulk volume (cm
3
) 56,14 

Weight of dry sample (g) 106,08 

Weight of wetted sample (g) 116,69 

Pore Volume (cm
3
) 10,61 

Porosity (%) 18,90 

 

Table 11 Laboratory conditions in which was the analysis made 

Confining pressure (psi) 2307,5 

Back pressure (psi) 1004,7 

Atmospheric pressure (hPa) 1024,0 

Atmospheric pressure (atm) 1,010609 

Temperature (°C) 23,0 
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The following two tables show the results obtained after surfactant application was made 

in the driving fluid (water) for EOR: 

 

Table 12 Results obtained after Brine injection 

Imbibition-Brine injection 

Flow rate (cm
3
/min) 1 

Final DP (psi) 10,1 

Volume oil Voil burette (cm
3
) 5,05 

Volume of residual non wetting phase Vor (cm
3
) 6,22 

Residual non wetting phase Sor (%) 58,62 

kw (Sor) 11,28 

krw (Sor) 0,054 

Oil Recovery (%) 23,87 

 

 

Table 13 Results obtained after Surfactant injection 

Surfactant injection 

Flow rate (cm
3
/min) 1 

Final DP (psi) 1,7 

Volume oil Voil burette (cm
3
) 2,47 

Volume of residual non wetting phase Vor (cm
3
) 3,75 

Residual non wetting phase Sor (%) 35,34 

ksur (Sor) 67,02 

krsur (Sor) 0,318 

Oil recovery (%) 54,10 

Additional oil recovery (%) 30,23 

 

In table 13 can be observed how much the increase in oil recovery was after surfactant 

application. The total oil recovery was about 54 %; whereas oil recovery after brine 

injection was roughly 24 %, with surfactant application there was an increment of 30 %.  
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Further important data is the oil produced in time, following table show us the relation 

between time, oil produced and pore volumes injected: 

 

Table 14 Relation between time, oil produced and pore volumes injected in brine injection 

 

 

Graf 1 Relation between time, oil produced and pore volumes injected in brine injection 
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Injected water volume (pore volumes) 

Time 

(s) 

Produced oil 

(cm
3
) 

Flow rate Q 

(cm
3
/min) 

DP 

(psi) 

Pore volumes 

injected (-) 

0 0 1 6,40 0,00 

15 0,08 1 5,20 0,02 

30 0,09 1 6,00 0,05 

45 0,16 1 6,60 0,07 

60 0,42 1 6,70 0,09 

75 0,51 1 7,00 0,12 

90 0,84 1 7,60 0,14 

105 1,11 1 8,90 0,16 

120 1,25 1 8,40 0,19 

150 1,77 1 9,60 0,24 

165 2,08 1 10,30 0,26 
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Table 15 Relation between time, oil produced and pore volumes injected in surfactant 

injection 

Time 

(s) 

Produced oil 

(cm
3
) 

Flow rate 

Q 

(cm
3
/min) 

DP 

(psi) 

Pore 

volumes 

injected (-) 

0 0 1 8,10 0 

15 0,01 1 8,90 0,023563 

735 0,09 1 2,00 1,154571 

1380 1,3 1 2,30 2,167766 

1515 1,55 1 1,60 2,37983 

1665 1,75 1 1,10 2,615457 

1770 1,84 1 1,70 2,780396 

1785 2,15 1 1,50 2,803959 

2025 2,17 1 1,90 3,180961 

2040 2,18 1 1,80 3,204524 

2055 2,2 1 1,80 3,228087 

2325 2,33 1 1,90 3,652215 

2340 2,33 1 2,40 3,675778 

2355 2,33 1 1,90 3,69934 

2370 2,34 1 1,80 3,722903 

2385 2,35 1 2,00 3,746466 

2400 2,35 1 1,70 3,770028 

2415 2,36 1 2,00 3,793591 

2430 2,37 1 2,00 3,817154 

2445 2,37 1 2,00 3,840716 

2460 2,38 1 2,10 3,864279 

2475 2,4 1 1,10 3,887842 
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Graf 2 Relation between time, oil produced and pore volumes injected in surfactant 

injection 
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8. CONCLUSION 

 

Tertiary recovery methods have a great importance for enhanced oil recovery, since as we 

have seen in this thesis, they help to displace additional crude oil after primary and 

secondary recovery processes cease to be effective. 

 

This thesis treats about the using of a suitable displaced medium (water-soluble polymer); 

that helps to displace petroleum in the pores of the rock after water-flooding is applied.  

 

The experiments were performed at the Institute of Clean Technology in Ostrava (ICT). 

Instead of applying macromolecular substances, surfactant was applied. Surfactants as well 

as polymers help to augment brine viscosity for mobility control, thus will augment sweep 

efficiency (i.e. as a result, additional crude oil in the pores of the rock will displace, and 

therefore we will obtain an increase in oil recovery). Unfortunately, it could not be used 

polymers because so far, were not available at the MND (Moravské Náftové Doly).  

 

Nevertheless, the results obtained with the application of surfactant were very attractive, 

since additional oil recovery was about 30 %. Oil recovery after water-flooding was 

around 20 %. As it can be seen, it was obtained 10 % more oil recovery with surfactant 

injection than with the brine injection. 

 

Using surfactants with same purpose as of macromolecular substances, has demonstrated, 

that at some point, it may be more beneficial than utilizing polymers, since surfactants are 

cheaper substances than polymers and can be gained, roughly speaking, the same results. 

 

Surfactants can have a significance role in increasing production of oil well; therefore, it is 

worth investigating further about surfactants and also performing more experiments using 

them for enhanced oil recovery (EOR). 
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