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• The idea use of seismic waves for oil recovery back 
to 1950.

• When increased oil production was observed due to 
earthquake.

• Work and research on ultrasonic waves in the late 
18th century and early 19th century was carried out.

• The peak of  activity returns to the 1970 and 1980 in 
the United States and the Soviet Union.

• China is the third country, following the United States 
and Russia has made a great  progress in this 
technique.
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• Sound waves                        Mechanical waves

Ø Frequency lower than 20Hz                        Infrasound

ØBetween 20 Hz to 20 kHz                             Sound

ØUpper than 20 kHz                                Ultrasound



7

• Ultrasonic-based EOR model (field scale):
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• Advantages of ultrasound to the conventional oil recovery 
methods:
– There is no need for chemical stimulation
– It can be used while the initial recovery is in progress
– It can be employed to remove the filter cake
– Suitable for reservoirs with high water saturation or 

depleted reservoirs (residual oil saturation)
– Suitable for the reservoir having heavy oil lying 

behind water
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• Limitations:
– Ultrasonic applications are limited to the near wellbore area due to 

the high attenuation through rock or fluids
– According to Biot’s theory, the attenuation length of utrasound at 20 

kHz ranges from 2 to 10 cm.
– Most research in recent years has shifted to low energy, low 

frequency waves
– Dispersion of low frequency waves within porous media forms high 

frequency harmonics (ultrasonic noise) 
– Size of ultrasonic vibrator is limited by the diameter of injection 

well
– Not suitable for unconsolidated formations with compressive 

strength of less than 150 psi
– Not suitable with a slurry mixture of sand and water
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• Mechanisms of  ultrasonics waves:
– Peristaltic transport due to mechanical deformation of the pore 

walls
– Reduction of capillary forces due to the destruction of surface 

films
– Coalescence of oil drops due to the Bjerknes forces
– Excitation of capillary trapped oil drops
– Forces generated by cavitating bubbles
– Increase in relative permeability of phases
– Reduction of surface tension, density and viscosity as a 

consequence of heating by ultrasonic radiation
– Increase in rock permeability and porosity due to deformation of 

pores
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– The experiments were conducted:

• Fingering phenomenon
• Removing asphaltene deposition
• Oil recovery 
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• Physical properties of the crude oil at lab conditions:

Temprature: 30 ˚C Oil #1 Oil #2

Density (gr/mL) 0.90 0.87

Viscosity (c.p.) 88.22 9.57

IFT with distilled water 
(mN/m)

31.85 26
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• Experimental set-up:
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Porosity (%) Permeability 
(D)

Average diameter of 
pores (mm)

Depth of 
pores (mm)

18.48 0.327 0.3 0.06

Micro-model:
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Pattern 
No.

Porosity (%)
Average diameter of 

pores (mm)
Depth of pores 

(mm)

1 8.65 0.2 0.08

2 8.37 0.2 0.08

3 11.64 0.3 0.08

Micro-model:
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• Experiment of fingering phenomenon:
– Hele-Shaw model

These experiments were conducted with oils #1 and 2
– Procedure:

1. Hele-shaw model was saturated with distilled water
2. Injecting oil
3. Flooding by distilled water
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• Experiment on removing asphaltene deposition:
Oil that we used in these experiments:
üOil #1 (a sample from one of the Iranian oil fields)
üSynthetic oil ( contains toluene, n-heptane and asphaltene 

from the crude oil)

Composition of connate water: 

Brine flooding  was used with a solution of 100000 ppm 
MgCl2 

gr/100 cc

NaCl 10.512

MgCl2 0.286

CaCl2 4.209

TDS (ppm) 150064
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• Experiment on removing asphaltene deposition:
Ø Procedure:

1. Micro-model was saturated with formation water
2. Injecting oil
3. Flooding by n-pentane to precipitate asphaltene
4. Flooding by MgCl2 solution under ultrasonic vawes
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• Experiments on oil recovery:
– These experiments were conducted in two different micro-

models.
– Experiments were carried out with oils #1 and #2
ØProcedure:

1. Micro-model was saturated with distilled water
2. Injecting oil
3. Flooding by coloured water under ultrasonic waves
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• Fingering phenomenon (Oil #1): 
– Flow rate = 10 mL/hr

Without 
ultrasound

With 
ultrasound

20 s 40 s 60 s 80 s 100 sTime

20 s 40 s 60 s 80 s 100 sTime

The fluid movement in all pictures  is from left to right.
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• Fingering phenomenon (Oil #1): 
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• Fingering phenomenon (Oil #1): 
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• Fingering phenomenon (Oil #1): 
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• Fingering phenomenon (Oil #2):
– Flow rate= 10 mL/hr. 

Without 
ultrasound

With 
ultrasound

30 s 60 s 90 s 120 s 150 sTime

Time 30 s 60 s 90 s 120 s 150 s
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• Fingering phenomenon (Oil #2): 



26

• Fingering phenomenon (Oil #2): 
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• Fingering phenomenon:
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• Removing asphaltene deposition (synthetic oil):

End of flooding 
by n-pentane

End of flooding 
by brine 

Without 

ultrasound
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Mechanism of asphaltene deposition:

Asphaltene

Mg2+ Mg2+

Mg2+Mg2+

Mg2+ Mg2+

Glass

Mg2+

Asphaltene particle

Mg2+



30

• Removing asphaltene deposition (synthetic oil):

End of flooding 
by n-pentane

End of flooding 
by brine 

With 

ultrasound

Aggregated asphaltene Aggregated asphaltene

Connate water
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• Removing asphaltene deposition (Oil #1):

End of  n-pentane 
flooding 

End of  brine 
flooding  

Without 

ultrasound
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• Removing asphaltene deposition (Oil #1):

End of n-pentane
flooding 

End of brine 
flooding 

With 

ultrasound
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• Results of oil recovery (Oil #1):
– Flow rate = 0.03 mL/h

Without ultrasound With ultrasound
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• Oil droplet trapped in a throat:
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• Oil #1(oil recovery enhancement: 17.87 %)
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• Results of oil recovery (Oil #2):
– Flow rate = 0.03 mL/h

Without ultrasound With ultrasound
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• Oil #2 (oil recovery enhancement:20.9 %)
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• Microscopic pictures at the end of distilled water flooding for oil #2:
•  (a) without ultrasonic waves
•  (b) with ultrasonic waves
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• End of distilled waterflooding for oil #1
– Flow rate = 0.03 mL/h

Without ultrasound With ultrasound

1 2 31 2 3
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• Results of oil recovery (Oil #1):
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• End of distilled waterflooding for oil #2
– Flow rate = 0.03 mL/h

Without ultrasound With ultrasound

1 2 3 1 2 3



42

• Results of oil recovery (Oil #2):
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• Comparison of enhanced oil recovery under ultrasonic waves 
in different micro-model’s patterns for oils 1 and 2



44



45



46



47

• [1] Hamida T, Babadagli T. Displacement of oil by different interfacial tension fluids under ultrasonic waves. Colloids Surfaces A 
Physicochem Eng Asp 2008;316:176–89. doi:10.1016/j.colsurfa.2007.09.012.

• [2] Nikolaevskiy VN, Lopukhov GP, Liao Y, Economides MJ. Residual Oil Reservoir Recovery With Seismic Vibrations. SPE Prod 
Facil 1996:89–94.

• [3] Naderi K, Babadagli T. Influence of intensity and frequency of ultrasonic waves on capillary interaction and oil recovery from 
different rock types. Ultrason. Sonochem., vol. 17, Society of Petroleum Engineers; 2010, p. 500–8. doi:10.1016/j.ultsonch.2009.10.022.

• [4] Hamida T, Babadagli T. Effect of Ultrasonic Waves on the Capillary Imbibition Recovery of Oil. Asia Pacific Oil Gas Conf., vol. 
2005, Society of Petroleum Engineers; 2005, p. 92124. doi:10.2118/92124-MS.

• [5] Aarts ACT, Ooms G, Bil KJ, Bot ETG. Enhancement of Liquid Flow Through a Porous Medium by Ultrasonic Radiation. SPE J 
1998;4, SPE 577:321–7. doi:10.2118/50594-MS.

• [6] Duhon RD, Campbell JM. The Effect Of Ultrasonic Energy On The Flow Of Fluids In Porous Media. Second Annu East Reg Meet 
1965:1–15. doi:10.2118/1316-MS.

• [7] Mason TJ, Lorimer JP. Applied Sonochemistry. Uses Power Ultrasound Chem Process 2002:1–48. doi:10.1002/352760054X.
• [8] Naderi K, Babadagli T. Influence of intensity and frequency of ultrasonic waves on capillary interaction and oil recovery from 

different rock types. Ultrason Sonochem 2010;17:500–8. doi:10.1016/j.ultsonch.2009.10.022.
• [9] Brett JF, Westermark R V, Weyland V. Enhanced Oil Recovery With Downhole Vibration Stimulation in Osage County 

Oklahoma Final Report. SPE Prod … 2003:1–13. doi:10.2172/901421.
• [10] Cidoncha GJ. Application of Acoustic Waves for Reservoir Stimulation. SPE Int Oil Conf Exhib 2007;SPE 108643. 

doi:10.2118/108643-MS.
• [11] Anchliya A. Acoustic Stimulation: Mitigating Near Well Bore Damage and Improved Oil Recovery. Can Int Pet Conf 2006:1–6.
• [12] Schoeppel RJ, Howard AW. Effect of Ultrasonic Irradiation on Coalescense and Separation of Crude Oil-Water Emulsions. 

Annu. Fall Meet. Soc. Pet. Eng., vol. SPE 1507, Society of Petroleum Engineers; 1966.
• [13] Chen W. Influence of ultrasonic energy upon the rate of flow of liquids through porous media. Chem Eng West Virginia Univ 

PhD Thesis 141 1969.
• [14] Pogosyan AB, Simkin EM, Stremovskiy E V, Surguyev ML, Shnirel’man AI. Separation of hydrocarbon fluid and water in an 

elastic wave field acting on a porous reservoir medium. Dokl. earth Sci. Sect. Silver Spring MD, vol. 307, 1989, p. 44–6.



48

• [15] Ganiev RF, Ukrainskii LE, Frolov K V. Wave mechanism for the acceleration of a liquid flowing in capillaries 
and porous media. Sov. Phys. Dokl., vol. 34, 1989, p. 519.

• [16] Beresnev I a., Johnson P a. Elastic-wave stimulation of oil production: A review of methods and results. 
Geophysics 1994;59:1000–17. doi:10.1190/1.1443645.

• [17] Aarts ACR, Ooms G. Net flow of compressible viscous liquids induced by travelling waves in porous media 
(vol 34, pg 435, 1998). J Eng Math 1999;35:359.

• [18] Hamida T, Babadagli T. Effects of ultrasonic waves on the interfacial forces between oil and water. Ultrason 
Sonochem 2008;15:274–8. doi:10.1016/j.ultsonch.2007.09.012.

• [19] Hamidi H, Rafati R, Junin R Bin, Manan MA. A role of ultrasonic frequency and power on oil mobilization in 
underground petroleum reservoirs. J Pet Explor Prod Technol 2012;2:29–36. doi:10.1007/s13202-012-0018-x.

• [20] Nikolaevskiy VN. Geomechanics and Fluidodynamics: With Applications to Reservoir Engineering (Google 
eBook). vol. 8. Springer Science & Business Media; 1996. doi:10.1017/CBO9781107415324.004.

• [21] Alhomadhi E, Amro M, Almobarky M. Experimental application of ultrasound waves to improved oil 
recovery during waterflooding. J King Saud Univ - Eng Sci 2014;26:103–10. doi:10.1016/j.jksues.2013.04.002.

• [22] Mohsin M, Meribout M. An extended model for ultrasonic-based enhanced oil recovery with experimental 
validation. Ultrason Sonochem 2015;23:413–23. doi:10.1016/j.ultsonch.2014.08.007.

• [23] Ragab AM, Snosy MF. The Effect of Ultrasonic Waves of EOR on the Relative Permeability Curves. SPE 
Kuwait Oil Gas Show Conf., vol. SPE-175410, Society of Petroleum Engineers; 2015.

• [24] Maghzi A, Mohebbi A, Kharrat R, Ghazanfari MH. Pore-Scale Monitoring of Wettability Alteration by Silica 
Nanoparticles During Polymer Flooding to Heavy Oil in a Five-Spot Glass Micromodel. Transp Porous Media 
2011;87:653–64. doi:10.1007/s11242-010-9696-3.

• [25] Riazi M, Sohrabi M, Jamiolahmady M. Experimental Study of Pore-Scale Mechanisms of Carbonated Water 
Injection. Transp Porous Media 2011;86:73–86. doi:10.1007/s11242-010-9606-8.

• [26] Beresnev IA, Vigil RD, Li W, Pennington WD, Turpening RM, Iassonov PP, et al. Elastic waves push organic 
fluids from reservoir rock. Geophys Res Lett 2005;32:1–5. doi:10.1029/2005GL023123.



49

• [27] P. M. Roberts, V. Adinathan, and M. M. Sharma, “Ultrasonic removal of organic deposits and polymer-induced 
formation damage,” SPE Drill. Complet., vol. 15, no. 1, pp. 19–24, 2000.

• [28] S. A. Kostrov and B. O. Wooden, “Mechanisms, field suitability, and case studies for enhancement of oil recovery 
and production using in-situ seismic stimulation,” in 16th International Symposium on Nonlinear Acoustics, 2002.

• [29] S.W. Wong, F. van der Bas, P. Zuiderwijk, B. Birchak, W. Han, K. Yoo, and D. van Batenburg, “High Power/High 
Frequency Acoustic Stimulation-A Novel and Effective Wellbore Stimulation Technology,” in SPE Annual Technical Conference 
and Exhibition, 2003.

• [30] S. A. Shedid, “An ultrasonic irradiation technique for treatment of asphaltene deposition,” J. Pet. Sci. Eng., vol. 42, 
no. 1, pp. 57–70, 2004.

• [31] P. Poesio and G. Ooms, “Removal of particle bridges from a porous material by ultrasonic irradiation,” Transp. 
porous media, vol. 66, no. 3, pp. 235–257, 2007.

• [32] M. M. Amro, M. A. Al-Mobarky, and E. S. Al-Homadhi, “Improved oil recovery by application of ultrasound waves to 
waterflooding.,” 2007.

• [33] T. Hamida and T. Babadagli, “Effects of ultrasonic waves on the interfacial forces between oil and water,” Ultrason. 
Sonochem., vol. 15, no. 4, pp. 274–278, 2008.

• [34] M. Sohrabi and M. Jamiolahmady, “Application of ultrasonic irradiation for well deliverability improvement in gas-
condensate reservoirs,” J. Pet. Sci. Eng., vol. 64, no. 1, pp. 88–94, 2009.

• [35] K. Naderi and T. Babadagli, “Influence of intensity and frequency of ultrasonic waves on capillary interaction and oil 
recovery from different rock types,” Ultrason. Sonochem., vol. 17, no. 3, pp. 500–508, 2010.

• [36] C. Pu, D. Shi, S. Zhao, H. Xu, and H. Shen, “Technology of removing near wellbore inorganic scale damage by high 
power ultrasonic treatment,” Pet. Explor. Dev., vol. 38, no. 2, pp. 243–248, 2011.

• [37] H. Hamidi, R. Rafati, R. Bin Junin, and M. A. Manan, “A role of ultrasonic frequency and power on oil mobilization in 
underground petroleum reservoirs,” J. Pet. Explor. Prod. Technol., vol. 2, no. 1, pp. 29–36, Mar. 2012.

• [38] E. Mohammadian, R. Junin, O. Rahmani, and A. K. Idris, “Effects of sonication radiation on oil recovery by ultrasonic 
waves stimulated water-flooding.,” Ultrasonics, vol. 53, no. 2, pp. 607–14, 2013.

• [39] M. A. Anisimov, I. K. Yudin, V. Nikitin, G. Nikolaenko, A. Chernoutsan, H. Toulhoat, D. Frot, and Y. Briolant, 
“Asphaltene aggregation in hydrocarbon solutions studied by photon correlation spectroscopy,” J. Phys. Chem., vol. 99, no. 
23, pp. 9576–9580, 1995.

• [40] K. Rastegari, W. Y. Svrcek, and H. W. Yarranton, “Kinetics of asphaltene flocculation,” Ind. Eng. Chem. Res., vol. 43, 
no. 21, pp. 6861–6870, 2004.



50


