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Notat
Sw gjennomsnitt (ved vanngjennombrudd) finnes der hvor tangenten skjærer fw=1.
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Notat
Sor = 1-Sw, når fw=1, dvs. Sor ~0.21
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Oppgave 3 
a) Porosity of the core sample: 

𝜑𝜑 =
𝑉𝑉𝑝𝑝
𝑉𝑉𝑏𝑏

, (1) 

where 𝑉𝑉𝑝𝑝 – volume of interconnected pores in the core sample (pore volume), 𝑉𝑉𝑏𝑏 – bulk 
volume of the sample.  

𝑉𝑉𝑝𝑝 =
𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑

𝜌𝜌𝑙𝑙
, (2) 

where 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠 - weight of 100% water saturated sample in air, 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 - weight of dry sample 
in air, 𝜌𝜌𝑙𝑙 - density of saturated liquid (water).  

For the cylindrical core sample: 

𝑉𝑉𝑏𝑏 =
𝜋𝜋𝑑𝑑2𝑙𝑙

4
, (3) 

where 𝑑𝑑 – core diameter, 𝑙𝑙 – core length. 

Substitute Eq. (2) and (3) into Eq. (1): 

𝜑𝜑 =
4 ∙ (𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑)

𝜌𝜌𝑙𝑙𝜋𝜋𝑑𝑑2𝑙𝑙
=

4 ∙ (182 − 150)
1.02 ∙ 3.14 ∙ 3.82 ∙ 7.6

≈ 0.36 

In this case, the effective porosity is calculated, since when the core sample is 
saturated/flooded with water, only the interconnected pores are filled.  

 

b) Water permeability using “plotting technique”: 

𝑘𝑘 = 𝑎𝑎
𝜇𝜇𝑙𝑙
𝐴𝐴

, (4) 

where 𝑎𝑎 – trend line slope coefficient (from the plot, 𝑎𝑎 = 0.0934), 𝜇𝜇 – viscosity of water, 
𝑙𝑙 – core length, 𝐴𝐴 – cross-sectional area of the core. 

𝑘𝑘 = 𝑎𝑎
𝜇𝜇𝑙𝑙
𝐴𝐴

= 𝑎𝑎
4𝜇𝜇𝑙𝑙
𝜋𝜋𝑑𝑑2

= 0,0934 ∙
4 ∙ 0.9 ∙ 7.6
3.14 ∙ 3.82

≈ 0.06 𝐷𝐷𝑎𝑎 = 60 𝑚𝑚𝐷𝐷𝑎𝑎 

The calculated permeability is absolute, since the sample is saturated with one phase. 

 

c) Initial water saturation: 

𝑆𝑆𝑤𝑤𝑤𝑤 =
𝑉𝑉𝑤𝑤𝑤𝑤
𝑉𝑉𝑝𝑝

=
𝑉𝑉𝑝𝑝 − 𝑉𝑉𝑤𝑤𝑝𝑝

𝑉𝑉𝑝𝑝
= 1 −

𝑉𝑉𝑤𝑤𝑝𝑝
𝑉𝑉𝑝𝑝

, (5) 

where 𝑉𝑉𝑤𝑤𝑤𝑤 – volume of water inside the core after oil flooding, 𝑉𝑉𝑝𝑝 – pore volume, 𝑉𝑉𝑤𝑤𝑝𝑝 – 
volume of water produced during oil flooding.  



𝑉𝑉𝑝𝑝 =
𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑

𝜌𝜌𝑙𝑙
=

182 − 150
1.02

≈ 31.4 𝑚𝑚𝑙𝑙 

𝑆𝑆𝑤𝑤𝑤𝑤 = 1 −
21

31.4
≈ 0.33 

Initial oil saturation: 

𝑆𝑆𝑜𝑜𝑤𝑤 = 1 − 𝑆𝑆𝑤𝑤𝑤𝑤 = 1 − 0.33 = 0.67 

 

 
d) 1. Residual oil saturation: 

𝑆𝑆𝑜𝑜𝑑𝑑 = (1 − 𝑆𝑆𝑤𝑤𝑤𝑤) −
𝑉𝑉𝑜𝑜𝑝𝑝
𝑉𝑉𝑝𝑝

= 𝑆𝑆𝑜𝑜𝑤𝑤 −
𝑉𝑉𝑜𝑜𝑝𝑝
𝑉𝑉𝑝𝑝

, (6) 

where 𝑆𝑆𝑤𝑤𝑤𝑤 – initial water saturation, 𝑉𝑉𝑜𝑜𝑝𝑝 – volume of oil produced during recovery test, 𝑉𝑉𝑝𝑝 
– pore volume of the core.  

Oil recovery factor: 

𝑅𝑅𝑅𝑅 =
𝐴𝐴𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑜𝑜 𝑝𝑝𝑝𝑝𝐴𝐴𝑑𝑑𝐴𝐴𝑝𝑝𝑝𝑝𝑑𝑑 𝐴𝐴𝑜𝑜𝑙𝑙

𝑂𝑂𝑝𝑝𝑜𝑜𝑂𝑂𝑜𝑜𝐴𝐴𝑎𝑎𝑙𝑙 𝑂𝑂𝑜𝑜𝑙𝑙 𝑜𝑜𝐴𝐴 𝑃𝑃𝑙𝑙𝑎𝑎𝑝𝑝𝑝𝑝 (𝑂𝑂𝑂𝑂𝑂𝑂𝑃𝑃)
=

𝑉𝑉𝑜𝑜𝑝𝑝
𝑆𝑆𝑜𝑜𝑤𝑤 ∙ 𝑉𝑉𝑝𝑝

, (7) 

Amount of produced oil: 

𝑉𝑉𝑜𝑜𝑝𝑝 =
𝑅𝑅𝑅𝑅

100%
∙ 𝑆𝑆𝑜𝑜𝑤𝑤 ∙ 𝑉𝑉𝑝𝑝 

 
(8) 

Substitute Eq. (8) into Eq. (6): 

𝑆𝑆𝑜𝑜𝑑𝑑 = 𝑆𝑆𝑜𝑜𝑤𝑤 −
𝑅𝑅𝑅𝑅

100% ∙ 𝑆𝑆𝑜𝑜𝑤𝑤 ∙ 𝑉𝑉𝑝𝑝
𝑉𝑉𝑝𝑝

= 𝑆𝑆𝑜𝑜𝑤𝑤 −
𝑅𝑅𝑅𝑅

100%
∙ 𝑆𝑆𝑜𝑜𝑤𝑤 = 𝑆𝑆𝑜𝑜𝑤𝑤 ∙ �1 −

𝑅𝑅𝑅𝑅
100%

� 

𝑆𝑆𝑜𝑜𝑑𝑑 = 0.67 ∙ (1 − 0.4) ≈ 0.4 

2. The efficiency of oil displacement by water from the pore space of a rock is determined 
by the interaction of capillary and viscous forces.  

3. The parameter used to characterize the competition between these forces is called a 
capillary number.  

 

e) The core plug is water-wet, determined by the end-point relative permeability to water 
and oil, and that the curves are intersecting at Sw>0.5. See book Zolotukhin and Ursin 
chapter on rock wettability and relative permeability. 
In a water-wet system water is located on pore walls and oil is located in the middle of 
the pores. 
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