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Abstract

:

Since carbonate reservoirs develop pores and fractures and have a complex formation pressure system, overflow and even blowout seriously threaten the exploration and development of these kinds of reservoirs. According to the overflow characteristics of fractured-vuggy carbonate reservoirs, a field monitoring and identification method for overflow has been developed. This method is based on the top-down logic framework for early overflow identification, combined with optimized monitoring parameters. The DBSCAN clustering algorithm is used to identify abnormal logging parameters, and thus, a probability weight coefficient of overflow (K) indicated by the abnormal engineering parameters of a gas well can be calculated. K is divided into four early warning response levels of overflow, and the overflow control operation can be made according to the different levels of early warning response. Based on this method, an integrated software system for field monitoring and identification of early overflow is designed. This software system integrates the functions of data collection and management, overflow risk parameter calculation, overflow early warning, and overflow simulation analysis. Finally, according to a case analysis of overflow prediction for a fractured-vuggy carbonate reservoir in Well XX, this method’s prediction stability and accuracy are demonstrated, indicating that it can be used for the overflow early warning in engineering practice.
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1. Introduction


A blowout is the most severe drilling accident in oil and gas drilling engineering [1]. Overflow is the precursor to a blowout. If overflow is monitored and identified timely and accurately, it can not only avoid a blowout but also reduce the damage to underground oil and gas reservoirs during well-kill operations [2]. Specifically, carbonate reservoirs usually have a complex pressure system [3] and low rock strength, which can lead to a high collapse pressure [4]. Thus, a narrow safe mud density window would be for the wells in the carbonate reservoir. In this case, overflow often occurs in this kind of reservoir during the drilling process [5], which seriously restricts the exploration and development of oil and gas resources in a carbonate reservoir. Therefore, it is of great practical significance to develop a timely and reliable overflow monitoring and identification method to achieve safe, efficient, and economical drilling operations for carbonate reservoirs with narrow safe mud density windows [6].



A good theoretical method can predict overflow occurring in the stratum [7]. Yang et al. [8] developed a new two-phase flow model using the pressure while drilling (PWD) to evaluate overflow. Fu et al. [9] proposed a kick detection system at mud lines in deep water drilling. Yin et al. [10] developed a Doppler ultrasonic flow measurement system based on the Doppler principle. However, the change in mud density and gas overflow will affect the measurement accuracy of these methods. Li et al. [11] proposed an early gas cut detection method based on the propagation characteristics of the measurement-while-drilling pressure wave and developed an unsteady state mathematical model for early gas-kick detection, but it has a low predictive effect if the temperature is low. Sai et al. [12] and Mao et al. [13] believed that real-time drilling data should be analyzed to detect overflow events as early as possible. With the improvement of computing equipment, some scholars have introduced the intelligent algorithms of neural networks [14,15,16,17] and Bayes [18,19,20,21] for overflow identification. However, both the intelligent algorithms of neural networks and Bayes have a common limitation, which is that a lot of training, testing, and early-warning network building at different overflow levels should be completed before using these two methods. In general, there have been some theoretical methods for predicting overflow until now. However, the accuracy and reliability of these methods are limited by the deficiencies of their theoretical basis for development, resulting in the fact that none of them can be used for overflow evaluation of fractured-vuggy carbonate reservoir.



The field monitoring and identification of overflow mainly depend on the downhole or well site monitoring equipment. Due to that, the Coriolis mass flowmeter can determine accurate, high-precision direct mass flow measurement and has many advantages such as wear resistance, corrosion resistance, and the ability to measure multiple media and parameters. Many scholars [22,23,24] proposed combining the Coriolis mass flowmeter and logging technology to form an early overflow detection system. Yet, it is sensitive to external vibration interference, and the instability of the zero point is also a significant defect. With the development of downhole measurement while drilling, the speed and bandwidth between downhole data and surface transmission are increasing. So various early monitoring methods for gas cut evaluation based on downhole measurement while drilling have been developed [25]. In addition, according to the fact that the invasion of formation fluid into the wellbore will lead to changes in the composition of drilling fluid (mud) in the bottom annulus and the measured data of Logging While Drilling (LWD), some scholars have proposed to use LWD tools to monitor the changes in logging parameters while drilling for overflow prediction, such as resistivity and natural gamma [26,27]. This method should be combined with the changes in bottom annulus pressure, equivalent mud density, and temperature measured by annular parameter monitoring tools while drilling [28,29]. However, due to the limitations of sensor types, accuracy, reliability, mechanical and environmental noise, physical matching degree, data models with actual drilling conditions, and degree of software intelligence, it is still a challenge to use them to monitor the early overflow during drilling in complex formations, such as the carbonate reservoir with a narrow safe mud density window.



As mentioned above, although many overflow evaluation theories and monitoring techniques have been developed, these techniques and methods have poor adaptability to the overflow monitoring and identification of the carbonate reservoir with a narrow safe mud density window. Therefore, based on the in-depth analysis of the overflow characteristics of the carbonate reservoir with a narrow safe mud density window, a method of micro-overflow field monitoring and identification is developed for this kind of formation. This method, which can predict the overflow in the wellbore annular a couple of hours ahead, can provide technical support for overflow prevention and control of the carbonate reservoir with a narrow safe mud density window.




2. Characteristics of Overflow in Carbonate Reservoir and Its Challenge in Evaluation


2.1. Characteristics of Overflow in Carbonate Reservoir


The carbonate reservoir often develops pores, fractures, and vugs, resulting in a complex formation pressure system. During the drilling process, multiple types of gas often exist simultaneously or transform into each other. The comprehensive performance of gas cuts is exceptionally complex, generally showing the following three characteristics.




	(1)

	
The formation pressure is sensitive. Due to the development of fractures in the carbonate reservoir, seepage resistance is very small, resulting in almost no safe mud density window and only a very narrow gravity replacement interval. Thus, gravity displacement overflow will occur (Figure 1). The actual drilling shows that a little increase in bottom-hole pressure (BHP) in the carbonate reservoir will cause lost circulation, and a little decrease in BHP will result in a gas cut, forming the typical characteristics of reservoir pressure sensitivity.




	(2)

	
The gas cut from the reservoir is varied. During the drilling process, direct and diffuse gas cuts are unavoidable, while the “rock burst” gas cut is relatively rare. Negative pressure, gravity displacement, and lost circulation gas cuts are the three main types of gas cut forms, as shown in Figure 1, and they transform each other with the change of the BHP. When the non-delicate managed pressure drilling technology is used to drill the fractured-vuggy carbonate reservoir with different formation pressures, the change law of bottomhole situations is shown in Figure 2.




	(3)

	
The downhole situation is difficult to evaluate. Due to the existence of multiple pressure systems and their irregular distribution in the fractured-vuggy carbonate reservoir, the downhole environment is extremely complex, resulting in serious accidents. This includes lost circulation, overflow, and even the simultaneous occurrence of a blowout (overflow) and lost circulation, and it is difficult to evaluate when these accidents occur. Due to the mutual influence of overflow and lost circulation, both are concealed, and the site engineers cannot accurately identify them, which would mislead the accident treatment, resulting in the blowout-lost circulation coexistence accident treatment being more difficult. This would seriously delay the construction period of the well and even cause significant economic losses and safety accidents. The inlet and outlet flow rates of the wellbore after the gas cut conform to the material conservation theorem, and the physical model is shown in Figure 3.










2.2. Challenges of Overflow Evaluation in Carbonate Reservoir


The primary pores of the carbonate reservoir are small, and the secondary pores of the carbonate reservoir are developed, showing pronounced heterogeneity and anisotropy. The reservoir space of the carbonate reservoir is mainly composed of natural fractures, karst caves (vugs) developed by dissolution, and pores formed by diagenesis. These reservoir spaces are of different sizes, shapes, and distributions, among which karst caves are the leading oil and gas storage spaces and network distribution fractures are the main flow channels. However, the bedrock is relatively compact and does not have permeability [30]. The unique formation environment, the heterogeneity of the spatial distribution of reservoir spaces, and the complexity of the reservoir structure make the formation pressure present a complicated distribution state, resulting in a narrow safe mud density window in the carbonate reservoir, which would be prone to overflow, blowout, collapse, drill pipe sticking, and other complicated drilling situations.



Due to the complex situations mentioned above, it is very difficult to monitor and evaluate the early overflow in the carbonate reservoir. Currently, the monitoring timeliness and accuracy of early overflow in carbonate reservoirs are still deficient in China. Furthermore, the detection cost is high, and the downhole tools are immature. The main difficulties for monitoring and evaluating the early overflow in the carbonate reservoir are as follows: (1) Overflow and lost circulation coexist, and lost circulation transforms into overflow very fast; (2) A narrow safe mud density window mainly exists in the case of a deep well with a small size and high formation temperature and pressure. For this type of formation, even in the case of a slight gas cut, gas will rapidly migrate to the wellhead and swell as a large volume of gas, resulting in huge security risks to the drilling operation. So far, the domestic overflow monitoring method is mainly based on comprehensive logging measurements. Therefore, the reliability of the overflow monitoring is highly dependent on the accuracy of the parameters for comprehensive logging measurement. However, the reliability of the comprehensive logging results would be greatly reduced for the deep well in the complex carbonate reservoir with a narrow safe mud density window, causing low reliability of the overflow monitoring results in this kind of formation.





3. Comprehensive Identification Method of Overflow


3.1. Monitoring Parameters Optimization


Through sorting and analyzing 87 overflow data for 64 wells in Northwest Oilfield in the past five years, we found that overflow mainly occurs during the drilling process in the carbonate reservoir, and the parameters of outlet flow, total mud pool volume, and total hydrocarbon rate will change significantly when an overflow happens. The changes in these parameters are defined as parameter abnormal changes. Moreover, the ratio of the number of abnormal changes to the number of overflows is defined as the abnormal probability corresponding to the specific parameter. The abnormal probabilities of the field parameters are shown in Table 1, indicating that the abnormal probability of fluid column pressure is close to 40%, the abnormal probabilities of drilling time, outlet density, and outlet conductance are about 30%, and the abnormal probabilities of other parameters are low.



Based on the analysis of the influencing factors during the overflow development process and the statistics presented in Table 1, ten parameters are selected as overflow sensitive parameters, including five fast response parameters and five delayed response parameters, as shown in Table 2.




3.2. Logic Framework for Early Overflow Identification


Based on the early overflow monitoring parameters of the carbonate reservoir, as mentioned in Section 3.1, a logic rule algorithm is developed to meet the actual needs of the drilling operation, which are described as follows:




	(1)

	
First, according to the sensitive parameters, as shown in Table 1, a recursive logic framework from top to bottom is developed according to the response speed of each parameter, as shown in Table 2. The response order can be drawn as BHP change, with the fastest response from the top layer → bottom hole temperature change of the second level → standpipe pressure change → outlet flow change → drilling time change → hook load → total hydrocarbon rate change → outlet mud density change → outlet mud conductivity change. The individual parameters of the comprehensive logging instrument are easily distorted, which may lead to the termination of the logic calculation midway, causing a final error in the results. Therefore, a top-down criterion based on the reliability of each logging parameter, as shown in Table 2, should be added. The flow chart for early overflow identification is shown in Figure 4.









The abnormity of total mud volume in mud pools is not considered here because its abnormity can directly identify the occurrence of overflow.



	(2)

	
In Figure 4, Tube = X1, X2, X3 ... X9 is the output probability value after the abnormal change of each parameter. Taking the standpipe pressure as an example, the identification of a parameter abnormality is briefly explained as follows: First, DBscan (Density-Based Spatial Clustering of Applications with Noise, a typical density based clustering algorithm) clustering is carried out for standpipe pressure logging curves. The data is divided into the following three categories:







Core points: there are more than MinPts points in the radius Eps.



Boundary points: the number of points within the radius Eps is less than MinPts, but it falls in the neighborhood of the core point.



Noise points: points that are neither core points nor boundary points.



After the noise points of the standpipe pressure curve are filtered, the linear least square method is used to fit four sections of opposite pressure curves every 120 s, and the slope of each fitted straight line segment is used to represent the slope Ni of the pressure curve of this section. A sensitive parameter S* is set for standpipe pressure. If the slope Ni is greater than the sensitive parameter S*, the abnormal standpipe pressure is determined, and the output probability X3 can be obtained.



	(3)

	
For engineering practice, it is necessary to determine the weight coefficient of each parameter according to the field situation; thus, the important and key parameters can be taken as the necessary parameters to play a leading role in the multi-parameter identification. Therefore, the different severity descriptions of bottomhole accidents can be achieved by improving the proportion of corresponding parameters. For example, if the weight of standpipe pressure and hook load is appropriately increased in high pore pressure formation, the prediction accuracy will be improved with the change in standpipe pressure and hook load. Early warning at different levels reflects the overall trend of the event and the severity of abnormal changes, so that more reasonable measures can be taken for drilling operations and well control. As shown in Table 3, the parameter weights of different well types in different work areas are set. The weights are determined according to the number of parameters; taking the high-pressure gas well in carbonate rock as an example, nine parameters are set to identify overflow comprehensively, and the sum of the weight values is 9.







The probability can be obtained from the weight distribution of each parameter in Table 3, expressed as:


   X i  =    Y X   / 9    ( i = 1 ,   2 ,   ⋯ ⋯ ,   9 )  



(1)




where, Xi is the probability of overflow related to the abnormality of parameter i; Yx is the overflow weight value of each parameter. The probability weight coefficient of overflow (K) is expressed as:


  K =   ∑  i = 1   n = 9     X i     



(2)







The overflow alarm is divided into four levels according to K, as shown in Table 4. Field operation procedures should be formulated according to the four levels so that the field staff can conduct well control treatment in time to prevent blowout accidents and ensure the safety of drilling operations.




3.3. Early Overflow Identification Software System


The early overflow identification software system includes the following modules, as shown in Figure 5: human-computer interaction, data management, real-time data collection, overflow warning, overflow risk parameter calculation, and overflow analysis simulation module.



The software workflow is shown in Figure 6, which can be described as follows:




	(1)

	
The basic information of the well is input, including the region, block, well number, wellbore structure data, bottom hole assembly (BHA) component data, BHA usage data, and drilling fluid performance parameter data. The information on the mass flowmeter, PWD, and comprehensive logging instrument should be collected and received in real-time and then be sent to the client through network communication. After receiving the data, the software decodes and converts the data format to obtain parameters, including vertical pipe pressure, casing pressure, hook load, well depth, conductivity, outlet flow, outlet temperature, outlet drilling fluid density, gas measurement value, and bit position, and these data can be processed synchronously in real-time.




	(2)

	
All parameters are uploaded synchronously to the SQL2008 data public platform.




	(3)

	
The monitoring parameter curve is drawn in real-time after noise abatement.




	(4)

	
The abnormal change of each parameter is analyzed. The overflow probability value is then output and is divided into four levels for warning.




	(5)

	
The post-processing overflow simulation analysis can complete the evaluation of the overflow trend and degree.




	(6)

	
The result is displayed in the human-computer interaction interface.











4. Evaluation of the Proposed Identification Method of Overflow


4.1. A Case Study for Evaluating Overflow of Carbonate Reservoir


A carbonate gas reservoir is used to demonstrate the accuracy of the proposed method. The physical properties of this reservoir are generally characterized by low porosity and low permeability and locally developed high porosity and permeability. The structure, lithofacies, lithology, and physical properties of the reservoir have vertical and horizontal heterogeneity. The distribution characteristics of porous and permeable points indicate that there are dual seepage media in the reservoir and that it is a fracture pore (vug) type reservoir, as shown in Figure 7. Furthermore, this reservoir has high heterogeneity characteristics in porosity and permeability, and the relationship between porosity and permeability is poor (Figure 7). Thus, although this carbonate gas reservoir develops local holes (vugs), its permeability is poor due to the high heterogeneity and low connectivity of the reservoir spaces. In this case, the pressure coefficient of the reservoir is complex, resulting in complicated bottom-hole accidents. The complicated bottom-hole accidents in this carbonate gas reservoir, such as overflow, and lost circulation, frequently occurred in this carbonate gas reservoir for many wells.



Based on the method mentioned in Section 3, the following procedure is completed for Well XX in this carbonate gas reservoir to demonstrate the performance of the proposed identification method of overflow. First, the primary data, including wellbore structure, drilling tool assembly, drilling tool assembly usage, and drilling fluid properties data of the well, were input into the data management module. Thereafter, the real-time collected data were managed, including the real-time data of the surface choke manifold, the real-time data of the comprehensive logging instrument, and the real-time calculation and correction data of the bottom-hole pressure. Thirdly, the real-time comprehensive logging data can be displayed through tables and graphs so the comprehensive data and curves can be viewed intuitively. Following this, the overflow risk parameters are evaluated by calculating the formation pressure (equivalent drilling fluid density of formation pressure), lost circulation pressure (equivalent drilling fluid density of lost circulation pressure), circulating pressure loss, and bottom hole pressure. Finally, a probability curve for a time period is output on the interface of the overflow warning module.



According to the field well history data, the overflow situation of the carbonate gas reservoir in Well XX is described as follows. At 1:06 a.m., there was no returned drilling fluid at the well head, indicating that the lost circulation occurred in the carbonate gas reservoir. The total amount of the loss of drilling fluid with a density of 1.33 g/cm3 was 12.3 m3. At 7:12 a.m., a small displacement circulation of plugging fluid was completed for this well. The drilling crew shut in the well at 08:13 a.m. and started to pump the drilling fluid at 08:48. The drilling fluid outlet flow recovered to normal at 09:03 a.m. At the same time, the drilling fluid outlet flow fluctuated sharply. Thereafter, a gas cut accident occurred, which was verified by the drilling fluid density at the outlet showing a decrease at 9:59 a.m., and the gas was monitored in the wellhead at 10:02 a.m. Finally, the overflow decreased from 12:56, as verified by the liquid level in the mud pool, which did not rise from this time. The logging data from 7:06 a.m. to 1:30 p.m. were imported into the software for early overflow identification to calculate the overflow warning results, as shown in Table 5.



From the overflow probability results, as shown in Table 5, the overflow risk can be seen. The overflow probability was 0% at 7:04 a.m., increased to 28% at 8:10 a.m., and the suspected overflow indication was given by the overflow warning module. The bottom hole pressure (BHP) and standpipe pressure first appeared in the abnormal change. At this time, the drilling crew shut in the well at 8:13 a.m. and started to pump the drilling fluid at 8:48, as mentioned above. From 9:05 a.m. to 9:59 a.m., the outlet flow, outlet mud conductivity, hook load, and total hydrocarbon rate gradually changed, and the overflow probability increased from 0.33 to 1.00. At 9:59 a.m., the overflow warning module emitted the overflow warning, and the drilling crew ignited the gas at the wellhead.



Due to the visualized display of the optimized overflow sensitive parameters and the predicted overflow probability, the drilling crew can see the abnormal changes in each logging, PWD parameter and overflow probability. It can handle the overflow accident unhurriedly following the overflow warning. The early overflow identification software system gave the suspected overflow indication at 8:10 a.m. and the overflow warning at 9:59 a.m. These closely matched the real-world engineering situation, and the suspected overflow indication was emitted about 2 h before the time when the overflow occurred. These indicate that this early overflow identification software system can assist the drilling crew in dealing with the overflow in the carbonate reservoir with excellent performance.




4.2. Comprehensive Evaluation of the Proposed Identification Method of Overflow


The early overflow identification software system based on the proposed identification method of overflow is a complete software system integrating real-time data acquisition, data anomaly processing, overflow risk parameter calculation, real-time warning, and overflow analysis. The application of this software system in the overflow accident prediction of Well XX shows good stability and accuracy. It has crucial significance and good application value for the early detection of downhole overflow, reasonable drilling technology, and the well-kill scheme design and prevention of blowout accidents. Compared with neural networks and Bayesian methods, this method does not require numerous training tests and the construction of different levels of early warning networks. The accuracy, real-time performance, and reliability of overflow monitoring are not limited by prior knowledge and training data. Compared with downhole tool monitoring methods, they are not limited to sensor types, accuracy and reliability of monitoring tools, mechanical and environmental noise in downhole, physical and data models, etc.



There are also a few limitations to this method: (1) this system should be installed on a specialized platform for the first time. The matching problem of the early overflow identification software and hardware in the field may be hard to handle. (2) The accuracy of early overflow identification depends on the performances of the various downhole tools, such as the accuracy and stability of PWD and flowmeters.



In general, this method is very convenient for early overflow monitoring and identifying the carbonate reservoir with a narrow safe mud density window. It can be put into use after installation and can give the early warning information about 2 h before the overflow occurred, as confirmed by the case application as mentioned in Section 4.1. The evaluation result of the overflow on the abnormal changes of various parameters is highly consistent with the actual situation. Based on the concept for developing this method, this field monitoring and identification method for overflow can be used not only for fractured-vuggy carbonate reservoirs but also for other reservoirs with the characteristics of developed pores, fractures, and vugs, such as volcanic reservoirs.





5. Conclusions


	(1)

	
The characteristics of overflow in a carbonate reservoir are summarized as high sensitivity to formation pressure, various gas cuts, and difficult evaluation of the downhole situation. These would cause the coexistence of overflow and lost circulation and a narrow safe mud density window for this type of reservoir, making the overflow challenging to evaluate.




	(2)

	
Ten monitoring parameters are optimized for identifying the overflow in the carbonate reservoir, including outlet mudflow, bottom annulus pressure, standpipe pressure, bottom annulus temperature, drilling time, total hydrocarbon rate, drilling fluid density, hook load, outlet mud conductivity, and total mud volume in the mud poor.




	(3)

	
A logic framework for early overflow identification is developed by using the DBscan clustering algorithm to identify the anomalies of the ten monitoring parameters. A probability weight coefficient of overflow (K) is defined, and four levels of overflow accident response warning are divided according to K.




	(4)

	
According to the overflow identification method, a software system is developed. It includes six modules: a human-computer interaction module, a data management, real-time data collection, overflow warning, overflow risk parameter calculation, and overflow analysis simulation module. This software system can integrate real-time data acquisition, data anomaly processing, overflow risk parameter calculation, real-time warning, and overflow analysis.




	(5)

	
The field monitoring and identification method for overflow are demonstrated by Well XX in a carbonate gas reservoir. The results indicate that the predicted results can closely match the real engineering situation, and the suspected overflow indication was emitted about 2 h before the overflow occurred. It indicates that this method can assist the drilling crew in dealing with the overflow in the carbonate reservoir with excellent performance.
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Figure 1. Number axes of gas cut, safe pressure window, gravity displacement and lost circulation at different bottom hole pressure (BHP) in a carbonate reservoir. Pfl is the drilling fluid (mud) pressure for overcoming resistance and pressure drop of drilling fluid flowing from the wellbore to formation, MPa; Pw is the BHP, MPa; Pp is the formation pressure, MPa; Pfg is the gas pressure for overcoming resistance and pressure drop of gas flowing from formation to the wellbore, MPa. 
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Figure 2. Complex bottomhole situations during drilling the fractured-vuggy carbonate reservoir with different formation pressures using non-delicate managed pressure drilling technology: (a) Fractured-vuggy carbonate reservoir with high formation pressure; (b) Fractured-vuggy carbonate reservoir with normal formation pressure; (c) Fractured-vuggy carbonate reservoir with low formation pressure. 
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Figure 3. Schematic diagram of wellbore physical model when a gas cut occurs. 
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Figure 4. Flow chart of early overflow identification. 
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Figure 5. Software design architecture. 
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Figure 6. Software workflow. 
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Figure 7. Relationship between permeability and porosity: (a) standard sample with size of ϕ25.4 mm × 50.8 mm; (b) full diameter core with a size of 120 mm. The red ellipses indicate the most concentrated data of the samples. 
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Table 1. Statistics of changes in various parameters during the overflow period.
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	Field Parameters
	Number of Overflow
	Number of Abnormal Condition
	Abnormal Probability (%)





	Drilling time
	42
	15
	35.71



	Weight on bit
	42
	1
	2.38



	Total weight
	42
	5
	11.9



	Pump impulse
	52
	3
	5.77



	Displacement
	52
	2
	3.85



	Standpipe pressure
	53
	21
	39.62



	Outlet flow
	87
	87
	100



	Outlet mud temperature
	46
	5
	10.87



	Outlet mud density
	48
	17
	35.42



	Outlet mud conductivity
	43
	15
	34.88



	Total mud volume
	87
	87
	100



	Total hydrocarbon rate
	25
	25
	100
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Table 2. Optimized overflow sensitive parameters.
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Serial Number

	
Sensitive Parameters

	
Change Situation

	
Bottomhole Accident

	
Response Speed






	
1

	
Outlet mud flow

	
Rising

	
Overflow

	
Fast




	
2

	
Bottom annulus pressure

	
Rising

	
Drill pipe sticking

	
Fastest




	
Reducing

	
Overflow, Drill tool puncture, Lost circulation, Plug nozzle




	
3

	
Standpipe pressure

	
Rising

	
Plug nozzle, Drill pipe sticking

	
Fast




	
Reducing or reducing after raising

	
Overflow and lost circulation, Drill tool puncture, Water drop, Drill string failure




	
4

	
Bottom annulus temperature

	
Rising

	
Oil and water invasion

	
Fast




	
Rising after reducing

	
Gas cut




	
5

	
Drilling time

	
Sudden reducing

	
Overflow, Pipe bouncing

	
Fast




	
6

	
Total hydrocarbon rate

	
Rising

	
Overflow

	
Slow




	
7

	
Drilling fluid density

	
Reducing

	
Overflow

	
Slow




	
8

	
Hook load

	
Reducing

	
Overflow

	
Slow




	
9

	
Outlet mud conductivity

	
Rising

	
Saline invasion

	
Slow




	
Reducing

	
Oil and water invasion




	
10

	
Total mud volume in mud poor

	
Rising

	
Overflow

	
Slowest
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Table 3. Overflow parameters weight setting.
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Weight Parameter

	
PWD Is Used For Drilling

	
PWD Is Not Used for Drilling




	
Gas Well

	
Oil Well

	
Gas Well

	
Oil Well






	
Outlet flow (L/s)

	
2.5

	
3.5

	
3.5

	
4.5




	
Bottom hole pressure (MPa)

	
2.25

	
2

	
0.25

	
0.25




	
Standpipe pressure (MPa)

	
1.25

	
1

	
2.25

	
2




	
Total hydrocarbon rate (%)

	
1

	
0.75

	
1.5

	
0.75




	
Bottom hole temperature (K)

	
0.75

	
0.75

	
0.25

	
0.25




	
Density of drilling fluid at outlet (g/cm3)

	
0.25

	
0.25

	
0.25

	
0.25




	
Drilling time (m/min)

	
0.25

	
0.25

	
0.25

	
0.5




	
Drilling fluid conductivity (S/m)

	
0.25

	
0.25

	
0.25

	
0.25




	
Hook load (KN/m2)

	
0.5

	
0.25

	
0.5

	
0.25
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Table 4. Classification of overflow alarm by K.
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	Range of K
	Alarm Level
	Alarm Color





	0 < K < 0.37
	Nothing
	Light blue



	0.37 < K < 0.50
	First level alarm
	Green



	0.50 < K < 0.77
	Second level alarm
	Orange



	0.77 < K < 1.0
	Third level alarm
	Red
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Table 5. Output results of overflow probability.
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	Time
	Standpipe Pressure (MPa)
	Casing Pressure (MPa)
	Bottom Hole Pressure (MPa)
	Bottom Hole Temperature (°C)
	Inlet Flow (L/s)
	Outlet Flow (L/s)
	Density of Drilling Fluid at Outlet (cm3)
	Drilling Fluid Conductivity (S/m)
	Hook Load (KN/m2)
	Total Hydrocarbon Rate (%)
	Overflow Probability (%)





	7:03:01
	14.13
	0.07
	72.86
	151.12
	11.95
	4.9
	1.31
	130.284
	1443.25
	0.03
	0



	7:04:22
	14.17
	0.07
	72.56
	151.12
	11.9
	5.71
	1.31
	130.409
	1441.86
	0.03
	0



	8:10:00
	11.78
	0.07
	72.86
	151.81
	11.86
	12.24
	1.32
	134.21
	1433.94
	0.02
	28



	8:11:00
	11.69
	0.08
	75.26
	150.43
	11.89
	12.36
	1.29
	134.92
	1434.8
	0.02
	53



	8:11:20
	11.54
	0.07
	74.32
	150.21
	11.89
	12.43
	1.32
	134.948
	1434.9
	0.03
	75



	8:12:01
	11.5
	0.07
	74.3
	150.12
	11.85
	12.46
	1.32
	134.956
	1436.2
	0.02
	81



	8:13:42
	3.7
	0.07
	70.25
	149.9
	0
	10.63
	1.32
	135.122
	1433.64
	0.02
	33



	8:50:42
	7.24
	0.04
	70.7
	149.89
	11.21
	4.1
	1.32
	138.607
	1452.26
	0.02
	33



	8:51:24
	6.95
	0.04
	70.62
	148.76
	10.04
	4.87
	1.32
	138.703
	1412.02
	0.02
	49



	9:01:47
	6.88
	0.05
	69.83
	143.26
	10.33
	9.84
	1.32
	139.216
	1473.18
	0.09
	52



	9:02:28
	6.85
	0.05
	69.61
	143.1
	10.37
	10.25
	1.31
	140.383
	1476.19
	0.14
	54



	9:03:11
	6.78
	0.05
	69.6
	142.54
	10.41
	10.47
	1.31
	140.485
	1471.02
	0.15
	62



	9:04:10
	6.72
	0.05
	69.2
	142.12
	10.56
	10.84
	1.31
	140.638
	1473.59
	0.12
	75



	9:05:30
	6.77
	0.05
	68.53
	143.79
	10.56
	11.22
	1.31
	140.831
	1470.87
	0.13
	84



	9:12:16
	6.43
	0.12
	68.32
	152.46
	10.68
	12.8
	1.32
	141.719
	1472.73
	0.25
	84



	9:16:18
	6.39
	0.19
	68.11
	156.89
	10.99
	13.76
	1.32
	142.256
	1481.09
	0.4
	95



	9:25:05
	6.85
	0.65
	68.26
	160.58
	10.65
	12.3
	1.32
	143.406
	1479.23
	0.47
	95



	9:59:23
	6.87
	0.03
	67.36
	160.24
	10.37
	8.96
	1.28
	147.721
	1490.64
	0.28
	100



	10:01:42
	6.86
	0.03
	67.21
	160.29
	10.34
	8.6
	1.26
	147.971
	1490.78
	0.37
	100



	10:12:09
	6.1
	0.22
	66.56
	161.72
	9.46
	15.24
	1.22
	149.286
	1484.84
	4.68
	100



	10:36:04
	5.99
	0.13
	66.4
	161.79
	9.71
	3.98
	0.2
	236.689
	1491.2
	7.88
	100



	13:42:28
	9.61
	0.15
	72.63
	152.23
	8.91
	8.52
	1.32
	140.328
	1441.86
	0.07
	0



	13:46:08
	9.71
	0.25
	73.1
	152.22
	9.13
	8.8
	1.31
	140.589
	1441
	0.06
	0
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