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3OIL & GAS EXTRACTION

Once the data acquisition studies are concluded, the analysis of the oil and gas accumulated 

in the reservoir begins. In this phase, the different types of oil and gas are identified and the 

quantities are estimated with a greater degree of precision.     

An oil and gas reservoir type is inferred from the data analysis that correlates, among other 

things, the pressure, temperature, and chemical composition conditions of the reservoir fluids. 

Schematically, the behavior of a mixture of hydrocarbons is represented through a phase dia-

gram, in the figure below.
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Where:
Pb - Bubble point pressure at indicated temperature
Pm - Maximum pressure at which two phases can coexist
TM - Maximum temperature at which two phases can coexist

CP - Critical Point
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Each mixture will have its own phase diagram, calculated through equations of state, when there 

is knowledge of the substances that constitute it and their respective quantities – fluid compo-

sition. This is determined in a lab through the chromatography of samples extracted from the 

reservoir through production testing (bottom sampling), wireline testing, surface collecting (se-

parator), etc.  

According to the observed characteristics, oil and gas reservoirs are classified into five groups 

(two oil groups and three gas groups).

Oil Reservoirs

Oil reservoirs contain mixtures of hydrocarbons in which the initial pressure and temperature 

condition is a point to the left of the critical point (CP), above in the phase diagram.

Black Oil Reservoir
Black oil reservoirs contain large proportions of heavy hydrocarbons in their composition. 

They are also known as low-shrinkage oil reservoirs. They present high recovery on the sur-

face of the reservoir’s produced liquid, due to the reduced quantity of dissolved gas. This is 

the type of reservoir found in the Atlanta and Oliva fields, in the main fields of the Campos 

basin, and in international fields like the Bentley field, in the North Sea. “Black Oil” is a defi-

nition that covers an enormous amount of oil reservoirs, and generally includes reservoirs 

containing heavy and medium oil. Typical density values are between 10 and 40°API, with a 

GOR bellow 200 m³std/m³std.

Volatile Oil Reservoir
This fluid contains greater proportions of light and intermediate hydrocarbons in compari-

son to black oil. Volatile oil releases a relatively larger volume of gas during its production, 

leaving a smaller quantity of recovered liquid on the surface. Therefore, they are known as 

high-shrinkage oil. They are generally found in  reservoirs containing light oil, including the 

Brazilian pre-salt fields and the Brent field. They typically present a density of up to 50°API 

and a GOR between 200 and 1000 m³std/m³std.
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Gas Reservoir

Gas reservoirs contain mixtures of hydrocarbons in which the initial pressure and temperature 

condition is a point to the right of the critical point (CP), above the phase diagram.

Retrograde Gas Condensate Reservoir
The mixture of hydrocarbons is originally found in the reservoir in the gas phase. Due to fluid 

production and original pressure reduction of the accumulation, a liquid phase is formed in 

the reservoir itself, through gas condensation. Oil and gas are produced on the surface. These 

types of reservoirs present a GOR below 10.000 m³std/m³std and the liquids produced on the 

surface (condensate) are similar to water, or have a light coloration. Economically, they are 

more attractive than dry gas reservoirs, because, in addition to gas, they produce condensate, 

a liquid with high commercial value.

Wet Gas Reservoir
A wet gas reservoir does not present liquid formation. This means that the liquid produced 

on the surface is condensed in the distance covered during production, in a later point to the 

passage of the gas from the reservoir to the well. This is the type of reservoir that characterizes 

the Manati field. Generally, they present a GOR over 10.000 m³std/m³std, the API of the liquid 

produced on the surface (condensate) is greater than 50° and its appearance is similar to 

water. As in the retrograde gas condensate reservoirs they produce condensate on the surface, 

although in smaller quantities, therefore their commercial value is greater than that of dry gas 

reservoirs.

Dry Gas Reservoir
The mixture of hydrocarbons in dry gas reservoirs is presented solely in the gas phase, both in 

the reservoir and on the surface. The fluid composition and original and operational conditions 

of the field impede any condensation of the gas. They are generally lean gases, composed 

essentially of methane. The only liquid associated to a dry gas reservoir is water.
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Recovery methods are the methods through which an accumulation of hydrocarbons is pro-

duced depending on the behavior of the specific reservoir. They concern both the production 

mechanisms of oil and gas provided by the energy that is naturally contained in the accumu-

lation, and the energy forms that are artificially introduced in the field through injection wells. 

Artificial lift methods (gas lift, BCSS, etc.) are not recovery methods, and neither is well stimu-

lation (ex: hydraulic fracturing and acidizing), because these methods are more dependent on 

the behavior of production wells than that of the reservoir.

The two mechanisms depend solely on natural energy and are used to extract the fluids from 

the reservoir.

• Reservoir depressurization leads to the expansion of fluids present in the reservoir and the 

contraction of the pores. The effect is similar to the deflation of a party balloon, in which air 

leaving the balloon causes a pressure reduction, leading to both the expansion of the confined 

air and the retraction of the balloon’s pellicle, contributing to the additional expulsion of air 

and to refueling the depressurization process until the expulsive energies run out. The gas in 

the Manati field is produced through depressurization.

• In the displacement of one fluid by another, as with accumulations of hydrocarbons 

connected to an aquifer, fluid production stimulates the invasion of water in the hydrocarbon 

zone, expelling it. The two aforementioned mechanisms are responsible for the production of 

the Atlanta field. Another example of fluid displacement through natural energy occurs in oil 

reservoirs with gas caps, in which gas expansion through the depressurization effect is far big-

ger than that of the oil, helping to expel it towards the producing wells.

The primary recovery method refers to the quantity of hydrocarbons recovered exclusively 

through natural energy contained in the reservoir (primary energy). However, it is usually as-

sociated with low recovery factors, which can be as low as 5% for heavy oils and 10% for light 

oils, depending on the conditions and properties of the fluids and the characteristics of the 

reservoir.

Recovery Methods

https://qgep.infoinvest.com.br/static/enu/garantia-de-escoamento-e-elevacao-artificial.asp?idioma=enu
https://qgep.infoinvest.com.br/static/enu/campo-de-manati.asp?idioma=enu
https://qgep.infoinvest.com.br/static/enu/campos-de-atlanta-e-oliva.asp?idioma=enu
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In order to increase the recovery factor and/or anticipate fluid production, the secondary and 

tertiary methods artificially inject energy into the reservoir, supplementing the lost energy and 

improving the efficiency of oil displacement. Artificial recovery methods are applied in oil fiel-

ds. Gas fields, in general, are developed exclusively through primary recovery.

Secondary recovery methods re-pressurize the field and displace the oil throughout the reservoir 

through the artificial introduction of fluids. Water is the most commonly used fluid, but gas can 

also be used. These methods have the potential to duplicate the recovery factor of the Field.  

Tertiary recovery methods enable a larger oil production than the previous methods, because, 

in addition to the mechanisms of re-pressurization and displacement of the oil throughout the 

reservoir, they seek to alter the properties of the fluids and the interaction between them and 

the rock, reducing the resistance of the oil flow in the porous medium. These methods can be 

chemical, thermic, miscible or microbiologic, and are always activated through fluid injection 

throughout a well. Examples include: polymer, surfactant, foam, vapor, hot water, carbon dio-

xide, nitrogen, and microorganism injections. The tertiary recovery methods that are used the 

most and that have field scale and commercial viability are: vapor and carbon dioxide injec-

tion. The offshore applications of tertiary methods, however, are very restricted.

Recovery methods can be superimposed, as in the use of water injection from the start of a 

field’s productive life. The application of a tertiary method that is non-concurrent with the se-

condary method can occur, for example, in extra-heavy oil fields, which are only viable through 

vapor injection. Secondary recovery methods are also known as “conventional secondary re-

covery methods”, while tertiary methods are known as “special secondary recovery methods”, 

“special recovery methods” or “advanced recovery methods” (“Enhanced Oil Recovery”, EOR).
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The extraction of oil and gas is a complex activity, which demands a lot of investment. In order 

to save time and resources, tests are applied, based on mathematical analysis using the latest 

software, indicating the viability and the success of the operation that will be carried out. 

Hence, it is necessary to implement the modeling and simulation stages.  

The tool used to forecast the behavior of oil and gas reservoirs is a simulation created with 

the use of mathematical modeling, which incorporates data from different fields related to 

exploration and production activities of an accumulation of hydrocarbons. This information 

includes data on geology, geophysics, rock and fluid properties, well locations, elevation 

methods, and operating conditions for the production facilities.

The simulation allows us to study and assess the performance of a reservoir over time, under 

the most diverse conditions and situations in a cost effective manner. The usual simulations are:

• Economic and profit viability assessment of a project for the development of an accumulation 

of hydrocarbons;

• Optimization of the localization and quantity of wells for the production of a field;

• Calculation of the field’s production potential and its behavior over time;  

• Selection of the best secondary recovery method and evaluation of its necessity;

• Sensitivity study of the results obtained to the input parameters of the model;

• Calculation of the recovery method;

• Resource and reserve estimates.

Reservoir Simulations

Atlanta Field reservoir simulation 
- 3D flow model
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In the oil and gas industry, well drilling is performed with a drilling rig. In this stage, the rocks 

are drilled by the rotation and force applied on a drill bit located in the extremity of a drill 

string, which consists of collars (thick walled pipe) and drill pipes (thin walled pipes). During 

this process, cuts are formed and removed through the injection of drilling fluid or mud, to 

allow for the drainage of debris through the annulus of the well.

Drilling
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The main components of a rig are listed bellow: 

The derrick supports the entire load and enables the setup of the rest of the equipment.  

The crown block supports the entire load that is transmitted to it through the drilling line 

(steel line).

The traveling block is suspended by the drilling line, at the bottom there is a loop that holds 

the hook. Along with the crown block, the traveling block makes up a pulley system that moves 

the drill string, allowing it to descend and ascend within the well. 

The drill string is suspended within the hook by a swivel, which allows for the injection of 

the drilling fluid through the interior of the string, it returns through the annulus by making 

perforated cuts. The traveling block-hook system is moved by the energy from the draw works, 

which winds and unwinds the drilling line, moving the drill string.  

The rotary table transmits rotation to the drilling line while the mud pump supplies enough 

energy for the drilling fluid to circulate and transport the cutting out of the well through the 

annulus.

In Brazil, the drilling of oil and gas wells began onshore in the 1930s, and the first discovery 

took place in 1939, in Lobato, Bahia. Offshore drilling began in 1968, and the first discovery 

of oil in the coast of Brazil occurred the following year, in the Guaricema field, in Sergipe. In 

the mid-1970s the first oil discovery in the Campos basin took place, leading to the expansion 

of drilling activities in this basin and to a great number of discoveries. The Santos basin is a 

major highlight in the development of Brazilian petroliferous basins, because enormous pre-

salt section discoveries were made in it.     

In order to perform drillings in ultra deep waters and under high-pressure conditions it is 

necessary to use the appropriate drilling rigs. The oil industry offers many different drilling rig 

options, which are selected according to the drilling objective, considering characteristics such 

as the location, the water depth that needs to be perforated, the final depth of the well, the 

production volume, and the characteristics of the expected oil. 

Drilling rigs can be fixed or floating. To learn more about them, click here.

https://qgep.infoinvest.com.br/static/enu/instalacoes-de-producao.asp?idioma=enu
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There are four different types of oil wells: vertical, horizontal, directional, and multilateral, and 

the decision about what type should be drilled depends on the cost analysis of the drilling, the 

location, and the reservoir’s characteristics, as well as the location of the available rig.   

Vertical wells are drilled vertically into the area of interest. QGEP produces gas in the Manati 

field through this kind of well.

Directional wells are drilled when the objective is to reach an area of interest that is not found 

vertically in the direction of the wellhead.Horizontal wells are drilled when the objective is 

not only to reach an area that is not found vertically in the direction of the wellhead, but also 

to maximize the contact with the reservoir and, consequently, increase the well’s productivity. 

These are the types of wells used for oil production in the Atlanta field.

For a same project, vertical wells are the least expensive while the horizontal wells are the most 

expensive, this cost is not the determining factor in the decision because the well’s productivity 

may vary enormously depending on the chosen methodology. Multilateral wells are used when 

the objective is to produce several wells simultaneously, using the same wellhead. Vertical 

wells are more commonly used in the exploratory phase, and are also widely used in onshore 

production, since the drilling costs are smaller than those of offshore wells. The Manati gas 

production wells are vertical.  

  

A well’s drilling is divided into multiple phases. After each phase it is necessary to cover up 

the section in order to ensure that it is safe to proceed to the next; this process is repeated 

until the final objective of the well is achieved. This casing is simply a column which is smaller 

in diameter than that of the bit used in the drilling; its role is to isolate the well from the 

formations and to support it.

https://qgep.infoinvest.com.br/static/enu/campo-de-manati.asp?idioma=enu
https://qgep.infoinvest.com.br/static/enu/campo-de-manati.asp?idioma=enu
https://qgep.infoinvest.com.br/static/enu/campos-de-atlanta-e-oliva.asp?idioma=enu
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