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Abstract 

A new chemical water shutoff agent was developed to solve the problem of casing water 
flowing out of production wells in Liaohe Oilfield.Under the specific process conditions, 
the new chemical water shutoff agent can be injected into the position where the water 
goes out of the casing.The solidified water plugging agent can form a high strength, high 
temperature resistant and impermeable barrier laye.t can achieve the purpose of 
secondary cementing and casing protection.The water plugging agent has been applied 
in the field and has achieved good effect of oil increase and precipitation. 

Keywords  

Study , Plugging Channeling Technology ,  Liaohe Oilfield. 

1. Introduction 

In Liaohe Oilfield, steam huff and puff is generally used to develop heavy oil and super heavy 
oil.After several rounds of steam injection, the cement sheath of oil well is repeatedly eroded 
by high temperature steam.Due to the difference of expansion coefficient between cement 
sheath, rock and casing, the cement sheath is repeatedly eroded by high temperature steam 
after several rounds of steam injection, which leads to the local damage of cement sheath 
outside casing.It will lead to the gap between cement sheath and pipe wall, resulting in 
abnormal communication between strata, unclear production horizon, and easy water 
intrusion into oil reservoir.  

In view of these problems, the research and test of channeling plugging technology outside the 
oil well pipe were carried out, which provides strong technical support for heavy oil huff and 
puff production. 

2. Study on thixotropic chemical plugging agent 

Thixotropic chemical plugging agent the chemical channeling sealing agent is composed of ore 
powder, thixotropic agent, dispersant, retarder and expansion agent in a certain proportion. 

The agent has strong adhesion and thermal stability, good durability and outstanding crack 
resistance. The linear expansion rate is more than 0.2%, the compressive strength is more than 
30MPa, and the shear strength is more than 10MPa; By adding dispersant, reducing water loss 
agent and thixotropic regulator, the channeling sealing agent has high thixotropy and anti 
leakage ability; At the same time, high molecular emulsified polymer and surfactant are added 
to make the plugging agent have better plugging performance. 
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3. Performance evaluation of plugging agent 

3.1. Thixotropy evaluation experiment 

At the experimental temperature of 70℃,the thixotropy of the plugging agent was determined 
at different thixotropy concentration. 

This experiment shows that with the increase of thixotropic agent concentration, the 
thixotropic property of plugging agent is improved, and the static shear stress difference(G10s) 
is also gradually increased. The thixotropic agent makes the plugging agent have good 
thixotropic property, the static shear(G10min) value is increased to nearly 20Pa, and the 
thixotropic property is excellent. When the pump is stopped, the shear force(△τ) can also be 
increased to a suitable value quickly, which is conducive to the suspension and residence of the 
plugging agent, and also prevents the plugging agent from leaking in the formation.  

Table 1. Experimental results of thixotropic properties of plugging agent 

Thixotropic 
agent/% 

G10s/Pa G10min/Pa △τ/Pa 

0.10 3.1 13.2 10.1 

0.20 3.3 14.5 11.2 

0.30 3.5 15.4 11.9 

0.40 3.8 17.2 13.4 

0.50 3.9 18.9 15 

0.60 4.1 19.7 15.6 

3.2. Evaluation experiment of retarding performance 

The effect of retarder with different concentrations on the setting time of plugging agent was 
investigated under the condition of a certain concentration of dispersant, fluid loss reducer and 
thixotropic agent at 70 ℃. 

Table 2. Experimental study on retarding performance of plugging agent 

Retarder/% 0 0.2 0.6 1.0 2.0 3.0 4.0 

Thickening 
time/min 

92 154 195 240 296 472 546 

 

The experimental results show that with the increase of retarder dosage, the solidification time 
is greatly prolonged. When the concentration of retarder is more than 1%, the mud can be 
solidified after 6h. Retarder can inhibit the hydration reaction of slurry plugging agent, and has 
strong retarding effect, and effectively control the setting time to meet the operation 
requirements. 

3.3. Expansibility evaluation experiment 

The experimental temperature was 70 ℃, the concentration of retarder, dispersant, 
dehydrating agent and thixotropic regulator were fixed, and the effect of water cement ratio on 
the expansion performance was investigated. 

Table 3. Influence of water cement ratio on expansibility 

Water cement 
ratio 

0.3 0.4 0.5 0.6 0.7 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 3 Issue 9, 2021 

ISSN: 2664-9640                

259 

Volume 
expansion 

rate/% 
0.26 0.23 0.23 0.21 0.17 

The experimental results show that the plugging agent has a certain micro expansibility. When 
the water cement ratio is below 0.6, the volume expansion rate is above 0.2%, and when the 
water cement ratio is higher than 0.6, the expansibility decreases. In the process of expansion, 
the chemical prestressing enhances the bonding strength of the interface between cement 
sheath, casing and formation, improves the bonding quality of the first and second interfaces to 
a certain extent, and prevents the cement sheath from forming a flow channel. 

3.4. Strength performance evaluation experiment 

The mechanical properties of plugging agent with different water cement ratio were measured 
at 70 ℃.  

Table 4. Effect of water cement ratio on mechanical properties 

Water cement 
ratio 

70℃/24h 70℃/48h 

Compressive 
strength 

/MPa 

Shear 
strength 

/MPa 

Elastic 
modulus 

/GPa 

Compressive 
strength 

/MPa 

Shear 
strength 

/MPa 

Elastic 
modulus 

/GPa 

0.4 28.3 10.6 27.0 34.3 12.4 30.3 

0.6 23.6 8.2 25.3 31.4 10.3 27.3 

0.8 20.4 7.5 20.2 25.0 8.3 22.3 

Grade-G 
cement(0.4) 

25.1 6.2 15.9 28.5 7.0 18.7 

 

The results are shown in Table 4. The compressive strength, shear strength and elastic modulus 
decrease with the increase of water cement ratio, and the water cement ratio has a significant 
effect on the mechanical properties of channeling sealant. After 24 hours at 70 ℃, the 
compressive strength of the plugging agent has reached more than 20 MPa. After 48 hours, the 
compressive strength can reach more than 30 MPa. Under the same conditions, the compressive 
strength, shear strength and elastic modulus of channeling sealant are better than those of 
ordinary G-grade cement. 

3.5. Thermal stability evaluation 

The solidified plugging agent is put into a high temperature and high pressure curing kettle. 
The pressure is set at 20MPa, and the temperature is 120 ℃, 180 ℃, 220 ℃ and 280 ℃ 
respectively. The samples are placed for 3 days and 6 days respectively to investigate the 
strength change rule. The results are shown in Table 5. 

Table5. Mechanical properties at high temperature 

Mechanical index Curing time 
Curing temperature 

120/℃ 200/℃ 280/℃ 360/℃ 

Compressive 
strength/MPa 

3d 34.6 33.7 32.5 31.9 

6d 34.3 32.1 30.8 30.5 

9d 34.3 31.8 30.6 30.5 

Shear strength/MPa 3d 13.6 12.7 11.3 10.9 
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6d 13.2 11.8 9.3 8.9 

Elastic modulus/GPa 
3d 23.6 22.3 20.8 18.4 

6d 22.6 21.1 18.9 17.8 

Compressive strength of 
grade-G cement/ MPa 

6d 23.4 22.2 20.5 17.3 

 

The experimental results show that the compressive strength, shear strength and elastic 
modulus decrease with the increase of temperature when the curing time of plugging agent is 
fixed at high temperature. When the temperature is lower than 200 ℃, the mechanical 
parameters decrease greatly; When the temperature is higher than 200 ℃, the compressive 
strength, shear strength and elastic modulus decrease slightly. 

4. Field test results 

Well D212-25-295 is a heavy oil huff and puff well. The perforation interval is 800-840.9m, 
19.1m/3. The well was put into production by steam injection in July 2005, and the water cut 
increased to 98% in April 2008, and then shut in. The reservoir where the well is located 
develops top water and bottom water.  

The nearest distance between the top water and the reservoir is 8.8m, while the nearest 
distance between the bottom water and the reservoir is 80.8m. According to the analysis of 
geological data, it is the top water channeling. 

Through wellbore leak detection and cementing quality testing, it is found that there are 
leakage points between 791m and 794m, and the cementing quality of oil wells is unqualified. 
42 tons of plugging agent was injected into the leakage point, and the construction pressure 
was 12 MPa. After the measures are taken, the steam injection pressure is kept above 16.5mpa, 
the daily liquid production is restored to 21.1t, the daily oil production is 13.6t, and the water 
cut is 35.5%. After the application of water plugging technology, the water cut of the well 
decreased obviously. 

5. Conclusion 

The chemical channeling sealing agent is composed of a variety of additives. The laboratory 
evaluation and physical model test show that the plugging agent has good temperature 
resistance, thixotropy, expansion, retarding and strength. All indexes are higher than grade g 
cement. 

The experimental data show that the retarder, dispersant, fluid loss reducer and thixotropic 
agent have no effect on the fluidity, retarder and expansibility, and the additives have good 
compatibility. 

The field application shows that the chemical channeling agent has the characteristics of safe 
and reliable construction and good plugging effect, and can meet the requirements of water 
plugging outside the pipe in heavy oil steam injection wells. 
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