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A B S T R A C T

The phenomenon of water sensitivity often occurs in the oil reservoir core during the process of crude oil
production, which seriously affects the efficiency of oil extraction. In recent years, near-well ultrasonic pro-
cessing technology attaches more attention due to its safety and energy efficient. In this paper, the comparison of
removing core water sensitivity by ultrasonic wave, chemical injection and ultrasound-chemical combination
technique are investigated through experiments. Results show that: lower ultrasonic frequency and higher power
can improve the efficiency of core water sensitivity removal; the effects of removing core water sensitivity under
ultrasonic treatment get better with increase of core initial permeability; the effect of removing core water
sensitivity using ultrasonic treatment won’t get better over time. Ultrasonic treatment time should be controlled
in a reasonable range; the effect of removing core water sensitivity using chemical agent alone is slightly better
than that using ultrasonic treatment, however, chemical injection could be replaced by ultrasonic treatment for
removing core water sensitivity from the viewpoint of oil reservoir protection and the sustainable development
of oil field; ultrasound-chemical combination technique has the best effect for water sensitivity removal than
using ultrasonic treatment or chemical injection alone.

1. Introduction

With the rapid development of world economy, the demand of
petroleum is increasingly augmented especially for the rising of de-
veloping countries. How to enhance oil recovery factor has received
more and more attention. The production history of a petroleum re-
servoir, generally speaking, goes through three stages.

The first stage is known as primary recovery process [1]. About
10–15% of the original oil can be exploited after the first stage. Primary
recovery process mainly utilize the reservoir pressure to make oil fluid
flow into production wells and then to the surface. Sometimes down
hole pumps or gas lift is used to raise the oil fluid to the surface due to
the reservoir pressure dose not greater enough to maintain oil fluid flow
to the surface. The ultimate recovery factor of primary recovery process
mainly depends on the oil and rock properties as well as drive me-
chanism.

The second production stage is known as secondary recovery pro-
cess [1]. The methods of secondary recovery process mainly include gas
and brine reinjection or water flooding. About 40% of the original oil
can be exploited after secondary recovery process. Through injection of
fluids, oil reservoir pressure can be maintained so that oil can be dis-
placed directly to the surface [2–4].

However, most of the oil found in pores between rock particles
cannot be exploited by primary recovery process and secondary re-
covery process. Therefore, the third production stage, namely Enhanced
Oil Recovery (EOR), came into petroleum engineer’s attention [1]. Due
to that chemical EOR methods often caused pollution to the environ-
ment, many physical EOR methods have been developed, such as
electromagnetic and ultrasonic waves, inductive heating, and Direct
Current heating [5].

Near-well ultrasonic processing technology is attached more atten-
tion due to its safety and energy efficient. Vibrations created in the
reservoir by ultrasonic wave stimulation can change the capillary
forces, adhesion between rocks and fluids and remove formation da-
mage around the wellbore, which facilitate oil exploitation [6–11].

The phenomenon of water sensitivity often occurs in the fields of
petroleum engineering. Water sensitivity is the possibility and extent of
reservoir permeability decline due to the hydration expansion and
dispersion of clay minerals in the reservoir after the external fluid,
which is not compatible with the formation, enters the reservoir. The
phenomenon of water sensitivity often occurs in reservoir core during
the process of crude oil production, which seriously affects its effi-
ciency.

Although many researches on Near-well ultrasonic processing
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technology have been investigated in laboratory and on site [5,12–17],
to our knowledge, systematic researches are absent for removing water
sensitivity using ultrasonic treatment: (a) what are the influence rules
of the factors (ultrasonic frequency, ultrasonic power, ultrasonic
treatment time and the initial core permeability) on the effect of re-
moving water sensitivity; (b) whether ultrasonic treatment is better
than chemical injection for removing water sensitivity; (c) the combi-
nation use of ultrasonic treatment and chemical injection has the best
effect for removing water sensitivity.

Several typical equipment invented in recent years relate to re-
servoir core water sensitivity removal are summarized: the scale re-
moval of oil pipelines has always been a difficult problem in the pet-
roleum industry, in order to solve this problem, Zebing Zhang et al.
invented an electromagnetic ultrasonic anti-scaling device [18]. In fact,
the device is that uses ultra strong alternating magnetic field and ul-
trasonic sound field together to process fluid. Physical morphology and
chemical properties of fouling substances in oil fluids will change under
the action of the magnetic field and ultrasonic field, so that their are
dispersed, crushed, loose, and not easy to adhere to the pipe wall to
form scale. Test results show that this device has the advantages of good
descaling and anti fouling effect, long service life, no pollution, con-
venient maintenance and non-environmental pollution.

In 2006, Yixing Zhu et al. invented an ultrasonic device for pre-
venting scaling and reducing viscosity of pipelines, which comprises a
pipeline and a plurality of ultrasonic transducers [19]. The axis of each
ultrasonic transducer is orthogonal to the axis of the pipe. Because the
ultrasonic transducer is connected with the pipe by the flange, it can be
conveniently disassembled and repaired from the outside of the pipe-
line, in addition, it ensures that the pipeline has enough flow current
area and the pipeline is not easy to jam. Due to that the ultrasonic
transducers are arranged outside the pipeline, the device has the ad-
vantages of convenient wiring, small interference caused by corrosion,
vibration, etc., uneasy to damage and high reliability.

In 2014, a new-type complete sets of equipment for oil production
was developed by Shushan Zhao et al. in China [20,21]. It consists of
ground system, data acquisition system, downhole system. The working
principle of the this new invention is that ultrasonic generator in
downhole system starts to work after underground system reaches oil
reservoir, and its resonant frequency drifts with the change of the liquid
temperature and pressure of the underground load. The relevant in-
formation is collected through the data acquisition system to determine
the load resonant frequency, so that the frequency of the ultrasonic
generator can be adjusted to achieve a solid-liquid coupling resonance
effect. The resonance treatment can produce cracking-thermal effect,
and cavitation effect in oil reservoir, thus changing the molecular
structure of oil reservoir molecules, improving the fluidity of the load
liquid and increasing the reservoir permeability. Test results show that
this invention has no environmental pollution, and has the advantages
of easy operation, low cost, significant economic and social benefits.

In order to solve the problem that the existing anti-wax viscosity
reduction device cannot be applied to the wax content of more than
25% of the wells, Ping Zhou et al. invented a double sonic eddy current
anti-wax viscosity reduction device [22–26]. The innovation point of
the invention is that the two-stage ultrasonic oscillator is adopted in the
device to improve the acoustic frequency and destroy the crystal of the
paraffin wax completely so that the effect of paraffin inhibition and
viscosity reduction can be greatly increased. In addition, the eddy
current technology is adopted in the device to improve the crude oil
fluidity.

In this paper, the comparison of removing water sensitivity using
ultrasonic wave stimulation, chemical injection alone and ultrasound-
chemical combination method is investigated.

2. Experimental device and materials

Experimental setups for removing water sensitivity is as Fig. 1

shows. It mainly consists of three parts: ultrasonic transducer, core
gripper and core samples.

The power and frequency of six transducers are as Table 1 shows.
The gas logging permeabilities of the three type core samples are

×
−30 10 μm3 2, ×

−60 10 μm3 2 and ×
−120 10 μm3 2. The diameter and

length of the three core sample are all 2.5 cm and 7 cm respectively.
Chemical constituents are quartz, feldspar, carbonate and clay, the
contents of them are 54%, 39%, 2% and 5% respectively. Three type
core samples are as Fig. 2 shows.

The chemical agent for removing paraffin deposition plug is carbon
tetrachloride with a concentration of 10%, inject multiple is 2PV(PV
refers to the multiple of the amount of polymer solution injected into
the ground accounts for underground total pore volume).

3. Experimental method for removing removing water sensitivity
by ultrasonic wave

The core permeability recovery can be taken as an index to evaluate
the effect of removing core water sensitivity. The mathematical ex-
pression of the core permeability recovery (KRR) can be written as

= −K (K K )/KRR t d 0, where Kt is the logging permeability after ultrasonic
treatment, Kd is the logging permeability after water sensitivity is re-
moved, K0 is the initial core logging permeability.

The experimental steps are as follows: first, process the core water
sensitivity use different transducers, and then measure the permeability
of cores processed by different transducers so as to determine which
transducer has the best effect for removing core water sensitivity; the
second step is to process the core water sensitivity by chemical agent
alone; Lastly, carry out the experiment of removing core water sensi-
tivity use the optimal ultrasonic transducer and chemical plug removal
agent, and then compare the above three experiments results to de-
termine which method has the best effect for removing core water
sensitivity.

4. The influence rules of ultrasonic frequency on the effect of
removing core water sensitivity

The effect of ultrasonic frequency on removing water sensitivity for
the cores with different gas logging permeability is investigated.
Experiment results are as Fig. 3 shows.

As can be seen in Fig. 3 that transducer No.2 has a better effect for
removing core water sensitivity than transducer No.1 and transducer
No.3 for the three core samples with different gas logging permeability.
Permeability recoveries of the three samples are 22.1%, 23% and 24.3%
respectively after the ultrasonic treatment using transducer No.2. The
optimum ultrasonic frequency range for removing core water sensitivity
is 20–25 Khz. On the whole, it can be seen in the above three figures
that the core water sensitivity removal effect using transducer No. 1–3
are better that using transducer No. 4–6. Such results show that the
effect of removing core water sensitivity under the action of ultrasonic
treatment get poor with the increase of ultrasonic frequency. The
reason lies in that the attenuation of acoustic energy across the core is
increased with the increase of ultrasonic frequency when ultrasonic
power hold steadiness. Therefore, higher ultrasonic frequency is bad for
core water sensitivity removal, it should be controlled in a reasonable
range.

5. The influence rules of ultrasonic power on the effect of
removing core water sensitivity

It can be seen in Fig. 3, as a whole, that transducer
No.1∼ 3(1000W) have a better effect for removing core water sensi-
tivity than transducer No.4∼ 6(100W, 100W and 200W), such result
indicates that ultrasonic power is another important factor that de-
termines the effect of removing core water sensitivity the method of
ultrasonic treatment. It can be easily concluded from Fig. 3 that higher
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