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A productivity prediction model for cyclic steam stimulation in consideration of
non-Newtonian characteristics of heavy oil
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Abstract: Unlike conventional oil, heavy oil exhibits Newtonian fluid state when it reaches a specified temperature. Specifically,
heavy oil shows non-Newtonian fluid state at a temperature below the specified value, i. e. , a threshold pressure gradient occurs.
In a classical analytical model, the reservoir for cyclic steam stimulation is divided into hot zone and cold zone; the temperature of
hot zone is steam temperature while that of cold zone is initial formation temperature. However, in practice, temperature transi-
tion from hot zone to cold zone is a non-isothermal gradual change process, and no abrupt change will occur at the boundary be-
tween hot zone and cold zone. Moreover, during production, heavy oil presents two states in different zones, i. e. , Newtonian
fluid and non-Newtonian fluid; correspondingly. heavy oil flow equations are also different. In light of the two points above. the
analytical model of cyclic steam stimulation was modified on the basis of Marx-Langenheim equations. Considerations included
non-isothermal distribution characteristics of hot zone during injection stage and flow coupling of heavy oil in Newtonian fluid zone
and non-Newtonian fluid zone during production stage. The results of the model application shows that this model is more close
to actual production situation and has better applicability.
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Table 2 Injection and production parameters of cyclic steam
stimulation
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Fig.3 Comparison of reservoir pressure calculated by two

methods
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Fig.4 Comparison of oil production rate calculated by two

methods
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Fig.5 Comparison of cumulative oil production calculated by

two methods
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Table 3 Geological and injection-production parameters

of the field
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