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The damage of cement slurry to the reservoir is directly related to the production of oil and gas wells, and is a problem that must be solved for the efficient and economic development of oil and gas reservoirs. According to the characteristics and field conditions of reservoir damage caused by cement slurry, this paper analyzes the main factors affecting the degree of reservoir damage, puts forward the technical index requirements of the evaluation device, and establishes the evaluation method of reservoir damage caused by cement slurry in case of loss of injection. The results show that the influence of temperature on the damage of the cement slurry layer is small, and the influence of pressure difference on the damage to the cement slurry layer is large; When the pressure difference is 22 Mpa, the penetration damage rate caused by cement slurry to the pore center without mud cake attachment is about 43%. After a day of core maintenance, the permeability damage rate will reach 61.2%; The damage of cement slurry to the pore micro-fractured core is very serious. After 1 day of maintenance, the damage to the core permeability after cement slurry solidification is as high as 83%, with an average of 76.5%; When the risk of leakage is low, the cement slurry system with low density and low water loss can be used for cementing operation. The filtrate of cement slurry should be better matched with the formation clay minerals, formation water, and drilling fluid filtrate. When the risk of leakage is high, high-density cement slurry, balanced pressure cementing, pressure control cementing, and other technologies to avoid leakage can be used for cementing operations. When the cementing conditions are more difficult, the cementing slurry system can be used to dissolve the cementing slurry system at a later stage. The research results provide theoretical data support for the study of reducing the damage of cement slurry to the reservoir.
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INTRODUCTION
Reservoir damage refers to the situation that the output of reservoir oil and gas and the injection capacity of displacement fluid decrease due to various factors in the process of drilling, worker, stimulation, later transformation and development, and production of oil and gas (Yuan et al., 2014; Guo et al., 2020; Li et al., 2021). With the development of drilling and its supporting technologies in China, the drilling depth is also increasing, and the number of deep wells and ultra-deep wells in China is developing rapidly. In 2018, there were 160 wells drilled by China National Petroleum Corporation with a drilling depth of more than 6000 m. Different from conventional wells, deep wells have higher temperatures, pressure, and pressure difference, and there may be a regional formation pressure deficit (Sabins, 1990; Xi et al., 2021; Yang et al., 2022). With the continuous decrease of the original formation pressure, the pressure difference between the wellbore and the reservoir will reach 30 Mpa when newly cementing, and a large amount of cement slurry filtrate may invade the reservoir, resulting in reservoir permeability damage. The difference between bottom hole pressure and formation pressure is called differential pressure. According to this method, wellbore pressure can be divided into overbalanced, underbalanced, and balanced. Overbalance (also called positive differential pressure) refers to the bottom hole pressure being greater than the formation pressure; Underbalanced (also called negative pressure difference) refers to the bottom hole pressure being less than the formation pressure; Balance refers to the condition that the bottom hole pressure is equal to the formation pressure. Near-balanced pressure drilling refers to overbalanced pressure drilling with the pressure difference within the specified range. In order to find out the severity of reservoir damage, to choose appropriate protection measures, at present, among the devices and methods for evaluating reservoir damage caused by cementing slurry, there is no device that can simulate the high-temperature and high-pressure downhole environment, no evaluation method for reservoir damage caused by lost cementing slurry, and no effective indoor research device and matching calculation method for invasion depth of slurry filtrate (Al-Jubori et al., 2009; Han et al., 2016; Du et al., 2021). Therefore, it is necessary to carry out the evaluation method of cementing slurry reservoir damage by simulating cementing conditions when conducting research.
At present, the research results on the evaluation device and experimental method of reservoir damage caused by cementing cement slurry have been relatively rich, and the evaluation methods of reservoir damage mainly include the evaluation method of static displacement damage evaluation and the evaluation method of dynamic damage evaluation device (Cellini et al., 2019; Lashof and Ahuja, 2019; Sha et al., 2019). When some researchers carry out the damage of cement slurry filtrate to the formation, they mainly focus on experimental research, using a water loss meter to make cement slurry filtrate, pass the filtrate through the damaged core of the static damage evaluation device, and using the core permeability as the main index to evaluate the damage law of cement slurry to the reservoir. Some researchers have used static cement slurry to evaluate the device for reservoir damage to conduct experiments on the dynamic damage of cement slurry filtrates of different components to the core and concluded that the chemical reactions of cement slurry filtrate and formation groundwater, clay minerals, and drilling fluid filtrates such as flocculation, expansion, and scaling are the most important factors causing reservoir damage, and external additives will also affect the chemical properties of cement slurry filtrate, reducing or aggravating harmful ion content to varying degrees (Bai et al., 2015; Shadravan et al., 2017; Wang et al., 2022). Some researchers use SW-II type core dynamic damage meter to evaluate the damage of cement slurry to the reservoir, the instrument mainly realizes the evacuation of the core, prepares saturated formation water, and measures the original permeability of the core, by soaking the drilling fluid filtrate for 24h, and comparing the dynamic reservoir damage of the drilling fluid under a pressure difference of 4.5Mpa and the dynamic damage of the drilling fluid to the core to form mud cake, by measuring the thickness of the mud cake, Core permeability and cement slurry dynamic damage core as well as the final permeability and total filter cake thickness, so as to calculate the damage rate of the permeability, while manually scraping off the outer mud cake and cleaning with clean water, cement slurry dynamic damage core measures the final permeability and filter cake thickness to calculate the permeability damage rate. Some researchers have proposed a set of damage evaluation methods for different reservoir types in view of the protection of dense clastic rock reservoirs in western Sichuan, and mainly carried out different indoor simulation evaluations: 1) the degree of blockage of filtrate containing polymer treatment agents on the width of the core joints by experimental simulation of the damage of the cores, and characterize the core permeability, and evaluate the cement slurry filtrate damage by static evaluation devices (Prohaska et al., 1995; Rongchao et al., 2007; Cui et al., 2021; Sahu et al., 2021); 2) The core is pretreated, and the gas permeability is measured after water and nitrogen displacement and saturation formation stabilization. The core is loaded into the core holder, and the core is damaged with room temperature and 3.5 MPa working fluid. The filter cake at both ends of the core is scraped to measure the gas permeability. The damage characteristics of water mud on the core are studied (Abimbola et al., 2016; Lian et al., 2020; Yin et al., 2021); 3) Through a series of experiments, the results show that the depth and degree of damage of cement slurry to the core are mainly positively related to the intrusion depth of its filtrate, and the evaluation of the double damage degree of drilling fluid and cement slurry to the reservoir is evaluated by calculating the filtrate depth (Barclay et al., 2001; Yue et al., 2018; Ahad et al., 2020). Some researchers have studied the evaluation method of cement slurry reservoir damage based on the proposed indoor evaluation method of drilling fluid and completion fluid damage. In order to make up for the shortcoming that this method can only evaluate the solid working fluid, the FDS-800-1000 formation damage evaluation system is used in the main experiment. In the experiment, vacuum and saturated formation water are pretreated by the core to measure its permeability, the mud cake of drilling fluid is formed through dynamic damage, and the external mud cake is scraped off. The permeability of the core is measured by scraping off the dynamic damage of the cement slurry and the filter cake. For cores with good cementation quality, the multi-point permeability measuring device is used to determine the damage depth. For the core with poor cementite quality, the damage depth is determined by the permeability of the fracture. Based on this, the degree of dual damage of drilling fluid and cement slurry to the reservoir is evaluated (Elkatatny, 2018; Cheng et al., 2022). Some scholars have analyzed the variation of coal seam permeability and the effect of enhanced recovery of coalbed methane, and calculated the degree of permeability damage caused by different factors. Studies have shown that burial depth, bottom hole pressure and dehydration rate have an effect on the effective stress acting on the coal reservoir, which in turn causes changes in permeability, productivity and other indicators. The elastic modulus of coal reflects the compressive capacity of coal: the higher the elastic modulus, the smaller the decline in permeability (Tao et al., 2012a). Some researchers have carried out FVS analysis on coal cores under different initial permeability, injection rate and injection intensity, and discussed the production response of coalbed methane wells to FVS at different drainage stages (Tao et al., 2017). Some scholars have studied the permeability damage of coalbed methane caused by increasing the pressure difference of displacement during the development of coalbed methane. The results show that in the development process, it is better to control the production pressure difference below the critical value of pressure drop (Tao et al., 2012b).
Oil and gas reservoir protection is subject to exploration, drilling, development, and downhole operations, and reducing the damage of cemented cement slurry to reservoirs during the cementing process is an important research topic (Ali et al., 2020; Bu et al., 2020). In this paper, taking the typical clastic rock reservoir of an oilfield in western China as the research object, according to the characteristics and site conditions of cementing cement slurry on reservoir damage, the main factors affecting reservoir damage are analyzed, the technical index requirements of the evaluation device are proposed, and the core damage and evaluation experiments are carried out to calculate the intrusion depth of cement slurry filtrate, so as to establish the damage evaluation method of the cement slurry to the reservoir when cementing leakage is lost, and provide theoretical data support for the study of reducing the damage of cemented cement slurry to the reservoir (McLeod, 1984).
RESERVOIR CHARACTERISTICS AND CEMENTING OVERVIEW OF THE STUDY AREA
Reservoir characteristics
In this paper, a typical clastic rock block of an oil field in western China is taken as the research object. The oil-bearing clastic rock reservoirs in the research area are mainly distributed in the Paleogene Kumglemu Formation, Cretaceous Bashi Kichik Formation, and Brazil Restructuring, among which the reservoir lithology of Paleogene Kumglemu Formation is mainly fine sandstone, silty mudstone, glutenite and argillaceous siltstone. The reservoir lithology of the Bashi Kichik Formation in the Cretaceous is mainly fine sandstone, mudstone, siltstone, argillaceous siltstone, and silty mudstone. The lithology of the reformed reservoirs in Cretaceous Brazil is mainly mudstone, fine sandstone, silty mudstone, and argillaceous siltstone, and there are obvious characteristics of upper mud and lower sand.
The temperature distribution of the stratum in study area A is as follows: the stratum temperature gradient is 1.98∼2.21°C/100 m; The clastic rock reservoir section is generally buried within 4000∼5000 m, and the temperature of the clastic rock reservoir section is about 100∼120°C. After the oil and gas exploitation of the study area, there was a significant pressure deficit in the clastic rock reservoir section, and with the development of the mining progress, the pressure coefficient has dropped to below 1. The pressure coefficient is defined as the ratio of the measured formation pressure to the hydrostatic pressure at the same depth, which is a dimensionless quantity to measure the abnormal degree of the formation pressure (Singh and Roy, 2021). If the pressure coefficient is higher than 1.2, it is abnormally high pressure; If it is lower than 0.8, it is abnormally low pressure; Normal pressure is between 0.8 and 1.2. Table 1 gives the pressure measurement coefficient of the reservoir section of the study area in different time periods, which can be seen from the table: Due to the obvious pressure deficit, the pressure difference during cementing is as high as 15 Mpa above.
TABLE 1 | Pressure coefficients of reservoir sections in the study area for different time periods.
[image: Table 1]Through the investigation of the drilling core of the reservoir, it was found that the upper part of the clastic rock reservoir in the study area was subjected to less pressure on the overlying formation, resulting in a loose rock cementation structure, mainly forming a pore-type formation, the lower reservoir was subjected to a large pressure on the overlying formation, the cementation between the rocks was dense, and it was very easy to crack under the action of structural deformation and structural stress, forming a shrinkage joint or structural joint. Therefore, the permeability of the reservoir is better. This paper studies well A-16 in this block. Table 2 shows the statistics of core fractures. 8 of the 50 cores selected for the reservoir section of the well have structural fractures or shrinkage fractures, accounting for 16% of the fractures, and the maximum width of the structural fractures is 0.4 mm, penetration distance of 3 mm. The width of the shrinkage joint reaches 0.3 mm, and the crack width is still large, penetration distance of 1 mm. Therefore, when the cementing pressure difference is operated, the cement slurry can easily enter the reservoir directly through the fracture.
TABLE 2 | Core fracture statistics.
[image: Table 2]Overview of cementing
The cementing in the study area was mainly a 5-layer casing structure of 20"×13 3/8"× 7"× 5". The tailpipe cementing process is adopted, and the cement injection method is carried out at one time. Reduce the heat release, shrinkage and temperature change of concrete by adding fly ash and slag powder, and improve the crack resistance and durability of concrete. Through water reducers, coagulants and accelerators, it reduces the amount of cement used in concrete, improves fluidity and plasticity, reduces the viscosity of cement paste, delays the setting time of cement paste, and accelerates the setting and strength development of cement paste. The toughness, crack resistance and impact resistance of concrete can be increased by fiber materials, improving the durability and load bearing capacity of concrete. Table 3 shows the tailpipe cementing slurry formulation of a randomly selected well.
TABLE 3 | Cementing cement slurry formulation.
[image: Table 3]In this paper, the preparation of drilling fluid in the research area was investigated, and the reservoir section mainly adopted polysulfonite anti-collapse drilling fluid system, mainly using (wt%): bentonite (4%), caustic soda (0.4%), anti-high temperature filtration loss agent (3%), sealing lubricant (2%), oil-soluble resin (3%), shielding temporary plugging agent type 1 (1%–2%), shielding temporary plugging agent type 2 (1∼). 2%) and aggravators. The isolation liquid system used in cementing is a micro-fierce isolation liquid system, and the main materials are water, suspension agent (1%), retardant (3%) Dispersant (3%), aggravating agent (50%), defoamer (0.5%).
Reservoir rocks with higher porosity, permeability and toughness are more sensitive to the intrusion of fracturing fluid, which can easily cause reservoir damage, while the greater the depth of fracturing fluid intrusion, the more serious the degree of reservoir damage may be, and post-treatment measures such as cleaning, acidizing and sealing of fracturing fluid are conducive to mitigating and repairing the damage to the reservoir.In order to determine the depth of reservoir damage, the cement slurry filtrate was mixed with formation water at a certain volume ratio and placed in a wide-mouthed bottle, and then water bath maintenance was carried out after all the scaling phenomenon, which included granular crystals and flocculated precipitation.
CEMENTING SLURRY RESERVOIR DAMAGE EVALUATION METHOD
Influencing factors of reservoir damage
The causes of the damage to the cementing reservoir are often multifaceted, and the severity of the damage is also closely related to the physical properties of the reservoir, the performance of the cement slurry, the downhole environment, etc. The appearance is complex, but in the final analysis, the root cause of the damage is that the solid particles and liquid invading the formation are incompatible with the formation, resulting in damage to the reservoir. At the same time, there is no mud cake attached to the rock wall around the fractures, so the invasion of solid particles of the cement slurry will be larger and deeper than that attached to the mud cake on the well wall. Therefore, the damage depth of the cement slurry reservoir is mainly related to the extension and development of fractures, the damage degree, and the width of fractures, which can’t be studied by indoor core experiments.
In this paper, in order to study the influencing factors of reservoir damage, the cement slurry contact core damage experiment is carried out, and the influencing factors of cementing leakage cement slurry on reservoir damage are analyzed. In the process of cementing leakage, the damage of cement slurry to the reservoir is mainly affected by temperature and pressure differences. In this paper, an experimental study of the damage of cement to the reservoir under temperature and pressure differences will be carried out.
The experimental equipment in this paper adopts a new cement slurry reservoir damage evaluation instrument, and the core selects a natural sandstone core with a diameter of 2.5 cm and a length of 5 cm, and the water of the saturated formation is treated by vacuum, and the formation water is treated with standard brine. The drilling fluid is formulated with KCI polymer drilling fluid, which has a wide range of uses, and the solid phase content and water loss of the drilling fluid are high. The isolation solution is made of water, GYW-201, GYW-301, and barite, the isolation liquid density is 1.75 g/cm3, and the isolation fluid, drilling fluid, and cement slurry are mixed in a ratio of 50:25:25 for rheological experiments, and no chemical reactions such as flocculation and flash condensation occur. Cement paste is prepared from G grade cement, water loss reducing agent, dispersant, retarder and water. Water loss reducing agent improves the fluidity and plasticity of concrete, which contributes to the early hardening and curing of cement, dispersant improves the dispersibility of cement paste, which contributes to the uniform dispersion and early hardening of cement, and retarder slows down the setting time of cement paste. The density is 1.89 g/cm3, the flow rate is 27 cm, and the API water loss is75 ml, the free liquid is less than 0.3%, the sedimentation stability is less than 0.02 g, the viscosity of cement slurry is 44 s and the thickening time is more than 200 min.
Test process: the surrounding pressure in the experiment is set to 15 Mpa, the core adopts the liquid permeability test method, and the cement slurry with different temperatures, 10 Mpa, 150rpm stirring speed, and fluid speed of about 0.5 m/s damage to the core is 1h, and the temperature is selected 40°C, 60°C, 80°C, 100°C, 120°C, Perform a comparative experiment at 140°C. Figure 1 shows the degree of core permeability damage at different temperatures, as can be seen from the figure: under the condition of maintaining the pressure difference and the shape of the mud cake, with the increase of temperature, the degree of core permeability damage does not change much, but the overall situation is still slowly increasing, the relationship between temperature and the degree of core penetration damage is 0.07%/°C.
[image: Figure 1]FIGURE 1 | Degree of core permeability damage at different temperatures.
The core temperature was selected for the test to be 100°C, the confining pressure was set to 15Mpa, and the core was measured by liquid permeability test method, and cement slurry with different temperatures, 10 Mpa, 150 rpm stirring speed and fluid speed of about 0.5 m/s was used to damage the core 1 h. Figure 2 shows the damage degree of different pressure differences on core permeability. It can be seen from the figure that the pressure difference increases from 10 Mpa to 35 Mpa and the damage rate of core permeability increases by about 18% while maintaining the same temperature and mud cake shape, the relationship between differential pressure and the degree of core infiltration damage is 0.72%/MPa. The pressure difference has a great impact on the damage to the cement slurry reservoir.
[image: Figure 2]FIGURE 2 | Degree of damage to core permeability by different pressure differences.
By analyzing the influence of temperature and pressure difference on the damage to the cement slurry reservoir, the temperature effect is small, and the pressure difference is large. Therefore, when establishing the damage evaluation method of the cement slurry reservoir, the influence of pressure difference needs to be considered according to the actual working conditions.
Cementing leakage grout reservoir damage evaluation method

(1) Preparation before the damage experiment: check that all instruments and utensils work properly and close the valves; Put a core containing saturated formation water into a core holder; The upper kettle cover and the lower kettle cover are connected in a sealed way through kettle body threads and connected to a magnetic stirrer; The nitrogen bottle is used to drive the formation water into the kettle body, and the emptying valve is opened until the whole kettle body is filled and the core is soaked in the formation water, and a uniform load is applied to make the core holder clamp the core.
(2) Cement slurry damage experiment process: loading the prepared cement slurry into a container; Open the drain valve to drain the formation water; Nitrogen drives cement slurry to completely replace the residual formation water and fill the upper kettle; Set the temperature and pressure of the upper and lower kettle bodies, manually set the pressure limiting value of the pressure limiting valve of the lower kettle body, and synchronously set the rotating speed of the stirrer; After the experiment started, the cement slurry began to damage the core, and the preset experimental temperature and pressure could be reached in about 15 min. At the same time, the time was started and the filtrate volume was measured. When the damage test reaches 60 min, stop heating and pressing, open the upper-pressure relief valve and discharge the high-pressure cement slurry; Close the pressure-limiting valve of the kettle body, measure the core permeability at constant pressure, finally close the experimental equipment and clean the kettle body and pipelines, and measure the core permeability again after curing the damaged core for 1 day.
Through the study of cementing leakage, the maximum depth of cement slurry damage to the reservoir is the depth of fracture and the depth of filtrate invasion into the porous reservoir. Because of the great difference in fracture development, the reservoir invasion depth under the condition of cementing loss is generally not considered in the evaluation method of reservoir damage.
Engineering applications
In this paper, the cores retrieved from a typical clastic reservoir in an oil field in western China are selected, and it is found that the permeability values of the cores are quite different through measurement. In order to ensure the effectiveness of the experiment and the stability of the results, cores with similar permeability were grouped to reduce the variability between core samples, improve the reliability of the experiment and the comparability of the results, and more accurately study the interaction between formation water and rock (Figure 3). Core vacuum saturation with formation water was performed after grouping. In the experimental process of core vacuum saturated formation water, the core samples are put into the vacuum chamber and the air is extracted by the vacuum pump to form a vacuum environment, and the formation water is gradually injected into the core samples by means of injecting water or other liquids until the cores are completely saturated, and the saturation process of the water is more thorough in a vacuum environment, which can more accurately study the interactions between the formation water and the rocks, as shown in Figure 4.
[image: Figure 3]FIGURE 3 | Core.
[image: Figure 4]FIGURE 4 | Core vacuum saturated formation water.
Through the drilling fluid retrieved on-site, re-agitation is carried out before the experiment, heated to the experimental set temperature, and the performance of the drilling fluid is measured by a twelve-speed rotary viscometer to ensure that the drilling fluid is still within the validity period. If it fails, part of the drilling fluid material needs to be supplemented to meet the design requirements. Load the drilling fluid and the isolating fluid material retrieved on-site into an intermediate container for later use.
In the experiment, a well with cementing injection slurry leakage was selected to carry out the experiment, and the well number was A-45, the structure of the well was a three-open straight well, and the last opening was a drill bit with a diameter of 216 mm, and the depth of the well was 5230 m. The well uses a casing suspension cementing with a diameter of 178 mm, and the sealing section is up to 5134 m. The reservoir type of the well is clastic rock, the construction displacement of the cement slurry operation is 20 L/s, and the cement slurry density is 1.9 g/cm3, drilling fluid density of 1.2 g/cm3, isolation fluid density of 1.7 g/cm3, maximum annular pressure of 75 Mpa. The liquid column pressure is 70 Mpa, the annular air pressure consumption is 3.5 Mpa, the formation pore pressure is 52KN, and the maximum pressure difference is 22 Mpa. In the cementing process, due to the excessive pressure difference, the pressure leakage formation appears, the cement slurry is lost by 3 m3, and the core is taken by the proximity well. The development of microcracks in the core was found, and it can be determined that the microcracks were pressed open during cementing and caused leakage.
When evaluating reservoir damage experiments, it is mainly divided into damage experiments of ordinary pore-type core cement slurry and pore-micro-fracture core cement slurry. When ordinary cores are used to simulate larger fractures, the cement slurry causes damage to the porous reservoirs around the fracture due to the inflow into the fractures; When the pore-microcrack core is a man-made microcrack core in the room, the core is used to simulate the damage to the reservoir when the formation microcrack development causes small cement leakage analyses.
The test of reservoir damage caused by porous core cement slurry during cementing leakage is divided into two stages, that is, permeability damage caused by dynamic solid particles and filtrate invasion of cement injection operation, and permeability damage caused by hydration and consolidation of cement slurry solid particles in reservoir pores. After simulating the dynamic damage evaluation experiment of cement slurry, the core permeability is measured once, and after 1 day of maintenance in the high-temperature curing kettle, the permeability is measured again. During the experiment, the density of cement slurry was measured at 1.7 g/cm3, the temperature was 110°C, and the differential pressure was taken 22 Mpa, the mixing speed of the leaf loading is set to 200 rpm, the dynamic damage time is set to 1 h, and the curing time for 1 day Figure 5 shows the experimental results of the leakage damage of the pore core cement slurry, which can be seen from the figure: when the pressure difference is at 22 Mpa, the permeability damage rate caused by the cement slurry to the core without mud cake attachment is about 43%, and when the damaged core is maintained for 1 day, the damage will be further aggravated, and the penetration damage rate will be reached 61.2%. Therefore, after damaging the core maintenance, the cross-sectional cement slurry filter cake and the solid phase particles that intrude into the core undergo hydration and consolidation, which will lead to the blockage of the pore throat, resulting in its penetration rate decreasing.
[image: Figure 5]FIGURE 5 | Experimental results of leakage damage of pore-type core cement slurry.
In the experiment on reservoir damage caused by porosity-microcrack cement slurry at the time of cementing leakage, the basic conditions set by the test are consistent with the pore core cement slurry. Figure 6 shows the experimental results of leakage damage of cement slurry with micro-cracks. It can be seen from the figure that the damage of cement slurry to the pore micro-fractured core is very serious, and after 1 day, the core permeability damage caused by cement slurry solidification can be as high as 83%, with an average of 76.5%. Therefore, when choosing a fractured core, you should choose a core with lower penetration, the crack must be the main seepage channel of the low permeability core, and the cement slurry enters the blocked fracture to cause the permeability sharp drop, even above 90%.
[image: Figure 6]FIGURE 6 | Experimental results of pore-microcracked cement slurry leakage damage.
Through the evaluation test of cement slurry reservoir damage caused by cementing leakage, it can be concluded that the risk of lost circulation is higher and the formation pressure window is narrow. When low density cement slurry system is used for cementing operation, balanced pressure cementing or controlled pressure cementing technical measures shall be taken to avoid leakage and loss under the condition of limited cementing well conditions and high possibility of leakage, and the cement slurry that needs to be acid-soluble sealed in the later stage.
CONCLUSION
Oil and gas reservoir protection is affected by exploration, drilling, development, and downhole operations, and is a complex system engineering. In the cementing process, the high-pressure difference between the annular space and the formation, as well as the high filtration loss and high solid phase content of cementing cement slurry, how to reduce the damage of cemented cement slurry to the reservoir is the main research topic. At present, the evaluation of the damage of cement slurry to the reservoir includes the following problems: the evaluation device does not meet the application conditions of deep wells, and there is no evaluation method for the damage of cement slurry to the reservoir when the cement slurry is lost. In this paper, taking the typical clastic rock reservoir of an oilfield in western China as the research object, according to the characteristics of cementing cement slurry on reservoir damage, the main factors affecting reservoir damage are analyzed, and the damage evaluation method of the cement slurry to the reservoir when cementing is lost is established, to provide theoretical data support for the study of reducing the damage of cemented cement slurry to the reservoir. The main research results are.
(1) At present, the drilling depth is deepened, the pressure of the cementing fluid column is increased, the formation pore pressure is deficient in some blocks due to long-term exploitation, and the differential pressure between the well profile and the formation is even up to 30 MPa, but the existing evaluation device cannot achieve such high experimental conditions. In this paper, a cement slurry reservoir damage simulation and evaluation instrument are processed, and a cement slurry reservoir damage simulation device with a real simulation temperature of 200°C, pressure of 60 Mpa, and differential pressure of 35 Mpa is developed after several improvements. By analyzing the influence law of temperature and differential pressure on cement slurry reservoir damage, the temperature has less influence, while the differential pressure has greater influence.
(2) The permeability damage rate caused by the porosity core damaged by cementing leakage cement slurry reservoir is about 43%, and the permeability damage rate will reach 61.2% after 1 day of damage core maintenance; The damage of cement slurry to pore-micro-fissure cores is very serious, and after 1 day of maintenance, the damage to the core permeability caused by cement slurry curing can be as high as 83%, with an average of 76.5%; When the risk of leakage is small, cementing construction operations can use low-density, low-water loss cement slurry system and cement slurry filtrate should be better proportioned with formation clay minerals, formation water and drilling fluid filtrate, etc. When the risk of leakage is large, cementing construction operations use low-density cement slurry, balanced pressure cementing and pressure-controlled cementing, and other technologies to avoid leakage, when cementing conditions are more difficult, the cementing cement slurry system can be used to dissolve the cementing cement slurry system in the later stage.
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