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1 Introduction

Table 1 Classification of heavy oils

Ordinary heavyoil 1  50-150 >(0.92

2 150-10000 >(0.92
Super-heavy oil 10000-50000 >0.95
Ultra-heavy oll >50000 >(0.98
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1 Introduction

Methods:

(1). Steam stimulation
(2). Steam flooding

(3). Combustion in-situ
(4). Hot water flooding

(5). Electromagnetic heating
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1 Introduction

Steam huff and puff
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1 Introduction

Cyclic steam injection, steam soak, steam huff and puff

Mechanism:

(1) Thermal expansion of fluids
(2) Compression of solution gas
(3) Reduced residual oil saturation

(4) Wellbore cleanup effect
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1 Introduction

In-situ combustion
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Fig. 4.2.5 Schematic diagram of in situ combustion process
(modified from Nelson and McNcil, 1961)



1 Introduction

Classifications of gas injection:

(1) Miscible displacement
(2) Near-miscible displacement

(3) Immiscible displacement

Gas used:

(1) CO,
(2) Ny
(3) air
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The typical Oil Field
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1 Introduction

Characteristics of the heavy oil reservoir:

Shallow:
the reservoir Depth 400-700m
Thin:
The reservoir thickness 2-8m
Low temperature: 30°C
Low pressure: The reservoir pressure <5.0MPa
Viscous:

Oil viscosity 50000-90000mPa-s @ reservoir temperature
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2 Experimental
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2 Experimental

2.1 Materials

m) Crude oil; Simulated Water (35000mg/L, KCI); YR-2 QOil soluble
viscosity reducer; Nitrogen; Sand filled models

basic parameters of sand filled models

No. L/cm| D/em | & /% K/pum? No. |[L/em| D/em | & /% K/um?
1 18 | 3.83 | 34.82 3.15 9 18 | 3.83 | 35.46 3.18
2 18 | 3.83 | 35.19 3.23 10 18 | 3.83 | 36.04 3.26
3 18 | 3.83 | 35.14 3.07 11 18 | 3.83 | 35.22 3.21
4 18 | 3.83 | 35.23 3.16 12 18 | 3.83 | 36.43 3.35
5 18 | 3.83 | 34.95 323 13 ES W38N #56.18 .50
6 18 | 3.83 | 36.36 3.21 14 18 | 3.83 | 34.88 3.02
7 18 | 3.83 | 35.78 3.35 15 18 | 3.83 | 3554 3.19
8 18 | 3.83 | 34.92 2.99




2 Experimental

2.2 Equipment

g e e e e

1.aquamanile 2.pump 3. Steam generator 4. Solenoid valve 5. nitrogen vessel 6. pressure gauge 7. Valve

8. intermediate vessel 9. heat preservation jacket 10. electromotive valve 11. Damper 12. Sand Pack

13. Thermostatic Box 14. check valve 15. Pressure regulating valves 16. oil-water separator 17. electronic balance
18. Intermediate coefficient 19. Acquisition date20. Console 21. microcomputer data processing and control system
22. Printer 23. Graph-Plotter
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3 Results and Discussions

3.1 Effect of Steam Temperature
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The relationship of recovery ratio with injected pore volume for different steam
temperature



3 Results and Discussions

3.2 Effect of Steam Injection Rate

The relationship of recovery ratio with injected pore volume for different
steam injection rate



3 Results and Discussions

3.3 Effect of Viscosity Depressant
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3 Results and Discussions

3.4 Effect of injected volume of viscosity depressant
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The relationship of recovery ratio with injected pore volume for different volume
of viscosity depressant



3 Results and Discussions

3.5 Effect of Nitrogen
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3 Results and Discussions

3.6 Comparison of Different Recovery with Different Flooding
Methods
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3 Results and Discussions
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3 Results and Discussions

= (1) The function of heat insulation and preservation: the
nitrogen thermal conductivity is lower than oil, water and
rock. It conducts heat slowly into the formation, reducing
heat loss. And nitrogen gas can be accumulated in the top
of the reservoir, suppressing the steam over-reduced heat
loss, improve thermal efficiency.

m (2) Increasing energy: under the same conditions,
nitrogen provides elastic energy Is 1.25 ~ 1.5 times as
that of carbon dioxide gas, so the nitrogen can increase
the pressure.



3 Results and Discussions

=) (3) Reducing viscosity: oil-soluble viscosity reducer can
break down gum and asphaltenecan, forming a dispersion
system in which the colloidal asphaltene is a dispersed phase
and the crude light component is a continuous phase. And
viscosity reducer can improve the flow condition, which is
conducive to enhancing oil recovery. Moreover, the
synergistic effect of viscosity reducer and nitrogen can
further expand the radius of viscosity.
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4 Applications in China
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4 Applications in China

S S+D S+N HDNS
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4 Applications in China
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5 Conclusions

(1) The oil recovery factor are affected by the steam temperature

and injection rate.

(2) The viscosity of crude oil can be obviously reduced by the

Injection of viscosity depressant, and the higher volume of viscosity

depressant, the higher oil recovery factor. The injection volume is

0.05PV of viscosity depressant.



5 Conclusions

(3) Through the injection nitrogen ,the recovery can be
enhanced by profile control and pressurization. And when
0.05PV viscosity depressant and 0.8PV nitrogen were
Injected, the recovery rate was heightest ,which was
76.48%.

(4) Steam, nitrogen and viscosity depressant have good
synergistic effect, the HDNS technology provides a
solution for the effective exploitation of super heavy oil
reservoirs which are hard to be developed in the ordinary
way. The injection parameters of these three parameters
can be optimized rationally according to economic
Indicators in field application.
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