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Abstract 

Smart water flooding is an effective technology to exploit residual oil saturation. Smart 
water means adjustment of injection water composition, surface tention and viscosity 
based upon various reservoir conditions. Such technology can be applied using the 
existing injection-production well pattern without investments of expensive chemicals 
and complex ground processing. Therefore smart water flooding is considered as an 
economic, environmental friendly, highly effective EOR technology. However, this 
technology is rarely applied in China, especially in low permeability reservoirs. Based 
on the extensive literature review, the characteristics and mechanism of smart water 
flooding and the characteristics of low permeability reservoirs were investiated in this 
work. The feasibility of applying smart waterflooding in the low permeability reservoirs 
was analyzed. 
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1. Smart water flooding  

Smart water flooding is an effective technology to exploit residual oil saturation, which can be 
applied in the original injection-production well pattern. It does not require complex and 
expensive chemicals, nor complex surface treatment equipment. It is an economic, 
environmental protection, simple operation and wide application prospect of new technology 
for enhanced oil recovery. This technology has been widely used in many blocks in the United 
States, the United Kingdom, Kuwait, Saudi Arabia and other countries, including some low 
permeability or tight reservoirs. Therefore, if the technology can be widely used in the 
development of low permeability reservoirs in China, our oil production can be greatly 
improved, thereby reducing the dependence on foreign oil imports. At present, China ' s annual 
oil imports have reached 60 % of the total oil consumption.[1] 

Main Mechanism of Enhanced Oil Recovery by Smart Water Flooding: 

alkali-like flooding. After the smart water is injected into the core, the injected water and clay 
minerals in the core have cation exchange effect, that is, H + replaces the cation adsorbed on the 
clay surface, thus forming OH-, which increases the pH value of the fluid in the pore, reduces the 
interfacial tension of the oil-water surface, improves the hydrophilicity of the reservoir rock, 
and plays a role similar to alkali flooding. 

Particle migration. The salinity of injected water is low. The clay minerals ( montmorillonite, 
etc. ) in the reservoir expand and disperse after absorbing water, and the generated mineral 
particles migrate at the oil-water interface. These particles will flow to different places under 
the carrying effect of injected water, and at the same time, some pore channels will be blocked, 
so that the sweep efficiency of injected water is improved, the reservoir heterogeneity is 
improved, and the fingering phenomenon is effectively weakened. 

Multicomponent ion exchange. In smart water flooding, the crude oil adsorbed on the rock 
surface contains polar components. After the ionization of H2O, H+ can exchange Ca2+ on the 
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clay surface, and the polar components are combined with OH− and separated from the rock 
surface. It can be seen that the polar organic matter on the rock surface in the reservoir is 
removed from adsorption under the action of various ions in the injected water, and is replaced 
by polyvalent cations, thereby reducing the capillary force between crude oil and rock and 
improving the oil recovery. 

Wettability change. The surface of reservoir rocks is adsorbed by the polar part of crude oil and 
divalent cations in formation water, usually lipophilic. Smart water flooding breaks the above 
balance. The original Ca2+ adsorbed on the rock surface is easily replaced by H + plasma in 
intelligent water, and the local pH value increases. OH- ions can react with the acidic 
components in crude oil, which reduces the adsorption capacity of crude oil on the rock surface 
and changes the electrification of polar components in crude oil on the rock surface. Therefore, 
the wettability of rock changes from lipophilic to hydrophilic, and oil droplets are easier to 
separate from the rock surface.[2] 

2. Development Status of Low Permeability Reservoir in China 

2.1. Division of low permeability reservoirs in China 

Low permeability reservoirs are classified according to the average permeability of reservoirs 
in China. The first is low permeability reservoirs. The average permeability in the reservoir is 
10 ~ 50 mD, which has good economic benefits after acid fracturing and other stimulation 
measures. The second is extra-low permeability reservoir, the average permeability in the 
reservoir is generally 1 ~ 10mD, and the exploitation is difficult. Only after large reservoir 
reconstruction or other process measures, it is more enough to meet the industrial oil flow 
standard. Therefore, the exploitation cost of this kind of reservoir is high, and the economic 
benefit of oilfield production is low. The third is the ultra-low permeability reservoir. The 
average permeability in the oil layer is as low as 0.1 – 1 mD. The oil layer is very dense, and the 
flow ability of the internal fluid is almost zero, so it does not have industrial development value. 

2.2. Development Status of Low Permeability Reservoirs in China 

China is rich in low-permeability oil and gas resources, accounting for more than half of the 
total oil and gas reserves. In order to meet the growing domestic oil demand, how to reasonably 
and effectively develop low-permeability reservoirs has been placed in front of researchers 
from the beginning. In 1995, Ansai low permeability oilfield successfully achieved large-scale 
effective development, China has entered a real sense of low permeability reservoir 
development era. Through continuous exploration, research and field tests over the years, 
China has deepened its understanding of low-permeability oil and gas resources, and has 
gradually established and improved a complete set of supporting technologies for low-
permeability reservoir development in China : (1)early reservoir description technology, 
(2)fracturing technology, (3)advanced water injection technology, (4)horizontal well 
technology,(5) CO2 flooding and other high-tech technologies, realizing the effective 
development of low-permeability oil and gas resources on a scale.[3] 

2.3. Development Dilemma of Low Permeability Reservoir in China  

Although China is rich in low permeability reservoirs, its exploitation is not ideal, mainly 
because of the following points: 

The characteristics of low permeability reservoirs in China are poor reservoir properties, low 
permeability and large fluid seepage resistance, so the difficulty of water injection development 
is correspondingly increased. 
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Due to the poor water absorption capacity of low permeability reservoirs, the formation 
pressure near the injection well will rise rapidly after water injection, resulting in high starting 
pressure of water injection, and finally the injection well will fail and shut down.  

Fracturing technology is often used to improve the productivity of oil wells in low permeability 
reservoirs, but the injected water usually moves along the direction of low seepage resistance, 
that is, cracks and micro cracks are the optimal flow channels of injected water. With the 
erosion and carrying effect of injected water on rock debris, the flow capacity of water is getting 
better and better in the area with high permeability, and the pore throat may be getting smaller 
and smaller in the area with low permeability. Accordingly, the spread range of injected water 
will become smaller and smaller, and finally the productivity of oil wells will be reduced.  

With the increase of water injection time, the water saturation in the oil layer will also increase 
significantly, and some even reach more than 90 %. When an oil well sees water, its oil 
production index will decrease rapidly, and the water injection development effect will become 
worse and worse.  

At the same time, if the salinity of injected water is too high, it will also scale in the wellbore 
and downhole equipment, affecting crude oil production. 

3. Feasibility analysis 

Although China is rich in low permeability reservoirs, the application of intelligent water 
flooding still needs comprehensive and reasonable analysis: 

A large number of physical simulation in the laboratory and practical application in the oilfield 
have proved that intelligent water flooding can indeed improve oil recovery compared with 
conventional water flooding. [ 4, 5 ] 

For homogeneous low permeability reservoirs, intelligent water injection is better. For 
fractured low permeability reservoirs, intelligent water flooding can improve water flooding 
profile to a certain extent, and improve injection water sweep efficiency.  

As the replacement technology of conventional water flooding, intelligent water flooding can 
use the existing injection-production well pattern, and does not require a large number of 
expensive chemicals and complex ground treatment. It is an economic, environmental 
protection and high efficiency new EOR technology .[6] 

Smart water can also be used as base fluid to prepare chemical oil displacement agent and 
plugging agent to help subsequent oil recovery operations. 

4. Summary 

As an economical, environmentally friendly and efficient EOR technology, smart water flooding 
has broad application prospects in low permeability reservoirs. But there is still much work to 
be done for its effective application in China. 
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