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Saturation Measurement



What is Saturation?
Pores usually contain more than one fluid in them. The fraction of pore space 
occupied by a specific fluid is called saturation. Saturation is the ratio of fluid volume 
to the pore volume.



Types of Measurements
There are two methods to determine or measure
fluid saturation
• Direct: using core samples through:
- Retort distillation
- Solvent extraction (Dean-Stark method)
• Indirect: capillary pressure and well log
analysis (resistivity logs)

We use fluid saturation to quantify the volume of oil and/or gas in the reservoirs





In determining the fluid saturations from a core sample, two 
techniques are commonly employed; evaporation of the fluids 
in the pore space, known as the retort method, and the 
leaching of fluids in the pore space, known as the Dean-Stark 
extraction method. 

Measurement of Fluid Saturations 



In the retort technique the sample is sealed inside an aluminum cell and then 

heated in stages from 400 F to 1100 F. 

This is to evaporate all the fluids in the system (oil and water). The vapors will rise 

and reach a condensing tube where cold water is being circulated.

The vaporized liquids will condense back to liquid form and will be collected in the 

graduated cylinder after passing through the condensing tube. Once we have the 

volumes of oil and water from this method and by knowing the pore volume of the 

core sample.

retort technique 



The advantages to this method is the time for the experiment is short, 

typically less than 24 hours, and multiple samples can be run 

simultaneously. The disadvantages are heating process burns oil to the 

pore surfaces. This is known as the coking effect and thus results in oil 

recovery less than the initial amount in the sample. 

we can calculate the water and oil saturations using

retort technique 



Dean-Stark extraction method 

➢ For this experiment

➢ A core sample is placed at the top of a solvent flask, 

as shown in Figure. The solvents used are usually 

toluene (hydrocarbon solvent) or a mixture of toluene 

and methanol. Methanol can be used in the presence 

of salty water. 

➢ The solvent is heated to around 230 °F (110 °C, the 

boiling point of toluene), so that the water present in 

both the core and the solvent evaporates when the 

temperature in the system exceeds the boiling point 

of these fluids.

➢ The toluene vapor will strip the oil from the core and 

travel upward as toluene is miscible with oil.

➢ Once the vapor goes upward, it will reach the 

condensing tube with circulating cooling water



➢ Both fluids (water and solvent) will drop down in the graduated cylinder.

➢ Since water is denser than the solvent, it will settle at the bottom of the 

graduated tube, while the condensed solvent (being less dense) will 

accumulate on top of the water until it drops down to the solvent flask.

This method can measure the volume of water directly, and the water 

saturation can be calculated if the pore volume of the core sample is known.



We cannot measure the oil



The Dean-Stark extraction method uses the vapor of a solvent to rise through the core and leach 

out the oil and water. The water condenses and is collected in a graduated cylinder. The solvent 

and oil continuously cycle through the extraction process. A typical solvent is toluene, miscible 

with the oil but not the water. 

Dean-Stark extraction method 

This method is 

also known as 

Soxhlet 

extraction or 

solvent 

extraction



The advantages of the Dean-Stark method are the accuracy, the oil 

and water measurement are on the same sample and the core can 

be used for further analysis. The primary disadvantage of this 

method is the long time it takes to complete the measurement; 

sometimes weeks. Also, it has been suggested oil in small pore 

throats and channels are bypassed. 


