
20-NR06 Course description 

Name of the course 
Reservoir rock and fluid characterization for fluid flow modelling (4 ECTS) 
- teacher: Vulin, D. 

Main goals 

- Interpret measurements of static rocks properties 
- Interpret and compare special rock analysis data measured by different 

methods 
- Use advanced reservoir and PVT simulator capabilities for initialization and 

matching of numerical models and laboratory measurement results. 
- Construct and, based on the research of published scientific papers, organize 

the system of measurement and interpretation of rocks properties by non-
standard methods (e.g. injectivity in damaged formation, determination of 
the quality of sealing rocks, etc.) 

- Make a study of the feasibility of hydrocarbon recovery project by a certain 
tertiary (EOR) method based on laboratory data 

- Demonstrate and argue the strengths and weaknesses of a laboratory method 
when upscaling data at the reservoir scale. 

- Present the economic justification of a particular laboratory method. 
- Correlate the measured fluid and measured rock properties (by case studies 

and hypothetically upscaled models). 
- Integrate elements of PVT study for a specific case of production from 

hydrocarbon reservoir, geothermal deposits, and peak, seasonal and of 
permanent storage of gases. 

Expected learning outcomes 
(level 8.2) 

Upon completion of the learning process the doctoral candidate will be able to: 
- Critically evaluate and set the conditions for rock sample testing (sample 

preparation conditions, analysis types, and measurement conditions) 0.25 

ECTS 
- Demonstrate an integrated set of analyses for recovery, injection, and storage 

of fluids in formation and to and justify interpreted measurement results. 0.25 

ECTS 
- Analyze the static and dynamic properties of rocks using standard equipment 

for measuring permeability, porosity and capillary pressure. 0.25 ECTS 
- Modify standard measurements for the purpose of innovative rock properties 

testing. 1  ECTS 
- Critically evaluate key parameters that significantly change the result of 

laboratory data interpretation. 0.25 ECTS 
- Create numerical PVT model based on laboratory data. 1 ECTS 
- Develop an analytical and numerical model of laboratory fluid injecting tests 

in the sample (core). 0.5 ECTS 
- Set hypotheses and define key assumptions for flow model upscaling (i.e. fluid 

injection and recovery) near-wellbore scale and on the reservoir scale. 0.25 
ECTS 

- Create a database of the investigated literature relevant to the narrow area of 
analysis of a reservoir parameter (mobility, injectivity, puncture, etc.). 0.25 
ECTS 

Outlines /module content Traditional "black-oil" PVT formulation. Fluid properties: composition, phase 
behavior and relevant PVT parameters. Standard laboratory experiments and 
application of data for black-oil calculations. Use the Equation of State (EOS) to 
calculate black-oil properties. Application to other fluids: gas condensates, light 
oil. 
 
Rock Properties 

1. Statistical Analysis of rock properties data (porosity, permeability, 
capillary pressure). Special core analysis experimental methods (capillary 
pressure, wettability, relative permeability, drainage).  

2. The theory of two-phase fluid flow through the porous medium.  
3. Analysis of the non-miscible, miscible and diffuse flow.  



4. Calculation, analysis and development of correlations from 
experimentally determined data.  

5. Instantaneous and cumulative rock compressibility coefficient - 
determination and use in material balance calculations.  

 
Fluid Characterization for calculations based on Equation of State (EOS) 

1. Characterization of C7 + fractions: statistical distribution of fraction 
properties, splitting, critical properties, reduction of component number 
by grouping into pseudocomponents (experimental and mathematical 
methods).  

2. Application of cubic EOS data for phase equilibria calculation.  
3. Adjustment of EOS parameters using experimental PVT data.  
4. Fluid composition descriptions with respect to the requirements for oil or 

condensate fluid systems.  
5. Enhanced Oil Recovery (EOR) by gas injection processes.  
6. Development of a mathematical model of phase behavior using EOS.  
7. PVT modeling to determine the minimum miscibility pressure (MMP) for 

EOR gas injection methods. 
 
Gas-Brine Systems 

1. Properties of reservoir and geothermal water.  
2. Phase equilibrium in the gas - sodium chloride - water system.  
3. Gas solubility in water and water in gas.  
4. Features of the groundwater phase diagrams and development of EOS for 

groundwater systems. 
5. Determination of an unique EOS for reservoirs with compositional 

grading. 
 
Complex Multiphase Systems 

1. Correlations for determining the brine viscosity and the interfacial 
tension of water-gas system. Characterization of a system with high CO2 
content for estimating tertiary methods or permanent storage of CO2 in 
the underground. 

2. Possibility to use EOS for some systems with high CO2 content (CO2-
water in geothermal reservoirs).  

3. Thermodynamic characterization of the ternary systems of CO2-H2O-
NaCl.  

4. Thermodynamic characterization for optimization of separation 
conditions.  

5. Gas hydrates: properties, conditions of hydrate creation and importance. 

Teaching methods  
 
 

Teaching will be conducted through lectures (1 ECTS), auditory exercises (2 ECTS) 
and laboratory practice (2 ECTS). 
Teaching materials and activities will be on the Merlin e-Learning system. Within 
the auditory exercises, the students will be able to solve the tasks on a given 
subject independently and prepare a seminar work and a report based on 
standards for EOR, PVT and similar laboratory studies. As part of the practical 
work, students will independently measure, determine, classify and interpret rock 
and fluid patterns and evaluate the possibility of performing some laboratory-
tested processes in the reservoir. 
The course should result in a study of laboratory results and a seminar or scientific 
work that confirms or critically considers the methods of interpretation collected 
through literature research. 

Evaluation procedure Knowledge verification consists of the following: 
1. Practical validation of the routine and special rocks analysis measurements 

(by reporting and interpreting laboratory-measured data). 
2. A Practical Approach to Application of the Fluid Performance Interpretation 

Method (consistency of composition, recombination, PVT table and diagrams) 



3. Students are required to prepare a seminar / scientific work related to the 
course and present it to the congress or in front of the teacher and the PhD 
students. 

4. The student can choose the analysis area, i.e. analysis parameters, and write a 
report based on the standard requirements for PVT reports or specialized 
EOR, PVT and similar laboratory studies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


