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 Steam injection and in situ combustion require 

knowledge of certain properties of rocks and fluids 

and their variation with temperature. 

 Such information is usually obtained: experimentally 

empirical correlations are often adequate for    

preliminary evaluations.
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 Viscosity of oil and its variation with temperature is 

of prime importance in thermal recovery processes, 

since viscosity determines the mobility. 

 The two most useful equations relating viscosity and 

temperature are Andrade's equation and Walther's 

equation.
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Viscosity of oils



Andrade's equation 

 Is simple and frequently accurate equation. 

 It can be written as:

μ = a + b log 1/T
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 A plot of viscosity (μ) vs. 1/T will be a 

straight line on a semi-log paper.

 Given two values of viscosities μ1 andμ2, at 

two temperatures T1 and T2, the values of 

the constants a and b can be computed.
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Walther's equation  

 the second viscosity-temperature relationship is as 

follows:

 log log(ΰ+0.8) =- n log ( T/T1) + 

log log ( ΰ1 + 0.8)
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ΰ is Kinematics viscosity in centistokes, which is related 

to μ, the dynamic viscosity, in centipoises, by

ΰ    = μ/ρ

Where:

ρ is the oil density in g/cc.
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The above equation requires knowledge of density as 

a function of temperature, which should be obtained 

experimentally.
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Effect of Solution Gas on Oil Viscosity

 The volume of gas in heavy oils usually small. 

 Perhaps less than 100 scf/bbl in the case of moderately 
heavy oils and of the order of 20-50 scf/bbl in the case of 
very heavy oils. 

 The oil viscosity at any temperature can be corrected for 

solution gas using correlations or plots.
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 If a mixture of two liquids 1 and 2, contains 

weight fraction f1 of liquid 1, then the liquidity 

of the mixture, Lm, is given by

 Lm = f1 L1 + (1-f1) L2

 Where:

 L1 and L2 are liquidities of the two liquids. 
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Viscosity of Liquid Mixtures



 Liquidity is defined as

 L = 2995.73/ (ln μ+ 7.6009)

 Having found Lm, the mixture viscosity μm can be 

calculated from the above equation.
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 Even simplified computations of steam flooding 

require the viscosity of water, and those of steam 

front segregation require the viscosity of steam.
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Viscosity of Water and Steam



 An approximation of water viscosity is as follows:

μw =  (1776 – T ) / ( 25.6T – 89 )

 Viscosity of dry and saturated steam is
approximately given by

μg   =   (0.0001) (0.2T + 81.97)

Where:

T is the saturation temperature of steam in ºF, and μg is 
in cp.

12/25/2017 Dr.Helmy Sayyouh14



 Oil density:

 ρo =    ρosc/(1+ ((T-20)/1047), lb/cub.ft
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 Water density:

ρw =  1/(0.01602 + 0.000023G),lb/cub.ft

Where:

G = - 6.5 + 0.0325T + 0.000657T²

T in ºF
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 Specific heat of a typical oil of specific gravity γo at 

a temperature T ºF is given by

Co = (0.388 + 0.00045T)/√γo               Btu/lb-ºF
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Specific Heat



 Specific heat of water at T ºF is given by

Cw = 1.0504 – 6.05x0.0001T +  1.79x0.000001T²

Where:

Co and Cw are in Btu/lb-ºF

12/25/2017 Dr.Helmy Sayyouh18



Thermal Conductivity

 Thermal Conductivity (Kh), in Btu/hr-ft-ºF, of 
a porous rock increases with an increase in 
bulk density and total liquid saturation, and a 
decrease in temperature. 

 It also varies with pressure and direction of 
flow and can be calculated with 
Tikhomirov"s equation.
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 Thermal diffusivity of a rock, in a Btu/hr-ft-ºF,  is 
given by

D = Kh/M

Where:
M is the heat capacity of saturated rock and is 
defined as:

M = φρoCoSo + φρwCwSw + (1-φ) ρrCr
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Thermal Diffusivity



Steam Flood Residual Oil

The residual oil saturation, Sor, remaining in the 

steam zone is frequently used in thermal oil 

recovery calculations.
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Oil Viscosity            Sor@ Steam Temperature ,ºF

@ Tr, cp                  240       300         400

460                        0.13      0.10         0.05

2,000                      0.15      0.11         0.06

18,000                    0.18      0.13         0.08
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Process Variations...

 Cyclic steam stimulation (huff’n’puff)

 Steam-assisted gravity drainage (SAGD)

 Addition of solvent or gas

 Steam drive (plus additives)

 Hot water

 In situ combustion

 Electromagnetic heating

 Cold heavy oil production (CHOP)- foamy
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Burning the Oil...

Fig. 11-2
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Steaming a Well...
Cyclic Steam Stimulation (Huff and Puff)
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Steam-Assisted Gravity Drainage (SAGD)…
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