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Abstract: After the underground overflow occurs, the wellhead return displacement, 

mud pool increment and bottomhole pressure will have corresponding changes. Early 

overflow monitoring techniques must be timely and efficient. The overflow monitoring 

method based on the wellhead return displacement has serious hysteresis, which 

makes the underground overflow more concealed, and the accuracy and accuracy of 

the method are low, which can not reflect the true situation of the bottom overflow 

and cannot meet the early overflow. The need for flow monitoring; based on the 

bottom hole pressure monitoring method, based on the mud pool increment and the 

software prediction analysis method, constitutes an early overflow monitoring method 

for high temperature and highpressure fracture formation integration. Under the given 

conditions, simulate the change of pressure at the depth of APWD when the front of 

the gas-liquid two-phase flow reaches the wellhead. If the pressure data measured by 

APWD and the simulation result show the same change trend or the measured 

pressure is significantly smaller than the simulation. As a result, it indicates that 

overflow has occurred at the bottom of the well. 
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1. Introduction 

After the underground overflow occurs, the wellhead return displacement, mud pool 

increment and bottomhole pressure will change accordingly. Therefore, according to 

the simulation calculation results, the change curves of the wellhead return 

displacement, the mud pool increment and the bottomhole pressure with the overflow 

time are calculated respectively, as shown in Fig. 1, Fig. 2 and Fig. 3 [1-3]. 
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Figure 1. The curve of wellhead return displacement with overflow time 

It can be seen from Fig. 1 that before the gas moves up the wellbore to the deep 

position of the well, the displacement of the wellhead returns slowly and slightly 

increases. When the gas moves to the vicinity of the wellhead, the wellhead return 

displacement increases rapidly. If the displacement of the wellhead return 

displacement is 0.6% as the overflow judgment criterion, that is, the displacement 

threshold line shown in the figure, the occurrence of the underground overflow can 

be monitored about 100min on the ground. Obviously, using the monitoring wellhead 

return displacement to judge the occurrence of underground overflow is not timely 

and hysteretic, which cannot meet the needs of early overflow monitoring, and limits 

its application in high temperature and high pressure fractured formation [4-6]. 

 

Figure 2. Mud pool increment as a function of overflow time 

Threshold 



Volume 6 Issue 8 2019 

   49 

 

Figure 3. Curve of bottomhole pressure with overflow time 

It can be seen from Fig. 2 that as the overflow time increases, the mud pool increment 

increases exponentially. If the mud pool increment is 1.5m3 as the overflow criterion, 

that is, the mud pool incremental threshold line shown in Figure 2, the underground 

overflow is detected about 50min on the ground. This method can detect the early 

overflow in time. Therefore, monitoring the increase in the mud pool level is an 

effective means of achieving early flood monitoring [7]. 

It can be seen from Fig. 3 that the downhole pressure is relatively slow in the initial 

stage of overflow. If the bottomhole pressure is reduced by 0.5 MPa as the overflow 

criterion, that is, the pressure threshold line shown in Fig. 3, the underground overflow 

is detected about 10 minutes on the ground, and the method can quickly detect the 

early overflow [8]. 

Obviously, early flood monitoring techniques must be timely and efficient. According 

to the above analysis, the overflow monitoring method based on the wellhead return 

displacement has serious hysteresis, which makes the underground overflow more 

concealed, and the accuracy and accuracy of the method are low, which can not reflect 

the real situation of the bottom overflow. It can not meet the needs of early overflow 

monitoring; it adopts the bottom hole pressure monitoring method, the mud pool 

increment and the software prediction analysis method to form an early overflow 

monitoring method for high temperature and high pressure fracture formation 

integration [9]. 
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2. Application of APWD in Early Flood Monitoring of Shunnan Block 

The APWD tool is difficult to meet the needs of the normal operation of the annulus 

pressure measurement project. The position of the measurement tool can be 

considered. According to the previous drilling practice experience in the Tabei area, 

when the bottom hole temperature reaches 165 °C, the well tool is found to work. Not 

normal, therefore, consider a certain safety margin, set the operating temperature at 

160 °C. Considering that the wellbore circulation temperature distribution in the well 

section above the bottom of the well is low at the bottom of the well, then the wellbore 

circulation temperature rises slowly as the well depth decreases. After a certain well 

depth, the wellbore circulation temperature gradually decreases as the well depth 

decreases [10]. 

Assume that the well depth is 7200m, the ground temperature is 20°C, the geothermal 

gradient is 2.4°C/100m, and the wellbore transient temperature simulation is 

simulated in the Φ149.2mm wellbore with displacements of 12L/s and 18L/s and the 

drilling fluid density of 1.8g/cm3. The result is shown in Figure 4. 

 

Figure 4. The static temperature and cycle temperature of the bottom hole pressure 

vary with the depth of the well (well depth 7200m) 

It can be seen from Fig. 4 that at a depth of 5900m, the static temperature is 161°C, 

the displacement is 12L/s, the cycle temperature is 160°C, and the displacement is 

18L/s. The cycle temperature is 159°C. Not big. Therefore, according to the premise 

that the APWD tool can work stably at 160 °C, the APWD tool can only be placed at 

5900m, and the distance from the bottom of the well is 1300m. 

When the displacements are 10L/s, 12L/s and 14L/s, respectively, under the conditions 

of 0.5MPa, 1MPa, 3MPa and 5MPa, the pressure at the depth of 5900m (APWD 
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placement) changes with time. As shown in Figure 5-7. 

 

Figure 5. The relationship between pressure and depth at 5900m depth under 

different bottomhole pressure differences (Q=10L/s) 

 

Figure 6. The relationship between pressure and depth at 5900m depth under 

different bottom hole pressure differences (Q=12L/s) 
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Figure 7. The relationship between pressure and depth at 5900m depth under 

different bottom hole pressure differences (Q=14L/s) 

It can be seen from Fig. 5 and Fig. 7 that when the front edge of the gas-liquid two-

phase flow does not reach 5900 m, the pressure at that place remains unchanged, 

and then, as the overflow time increases, the pressure change at this point is the same 

as the bottom hole pressure. The law of variation; and as the pressure drop at the 

bottom of the well increases, the pressure reduction value at that point increases. 

By measuring the pressure at 5900m, the ground mud pool increment is inferred 

according to the pressure change. Based on the critical mud pool increment of 1.5m3～

1.7m3, the change trend of the deep pressure of 5900m well is found, which is in line 

with the increase of 1.5m3～1.7m3 critical mud pool. The magnitude of the pressure 

change is the basis for the evaluation of the early overflow monitoring of the APWD 

tool. 

When the displacement is 10L/s, 12L/s, and 14L/s, the pressure change trend at 

5900m (APWD placement position) is shown in Table 1 to Table 2. 

Table 1. Pressure at 5900m changes with time (Q=10L/s) 

 0.5MPa 1MPa 3MPa 5MPa 

presses 
Change 

value 
presses 

Change 

value 
presses 

Change 

value 
presses 

Change 

value 

0min 106.8 \ 106.8 \ 106.8 \ 106.8 \ 

20min 106.7 0.09% 106.7 0.09% 106.7 0.09% 106.6 0.19% 

40min 106.2 0.47% 106.1 0.56% 105.9 0.75% 105.5 1.03% 

60min 105.6 0.56% 105.5 0.57% 104.9 0.94% 104.0 1.42% 

Presses 

Time 
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80min 105.0 0.57% 104.9 0.57% 103.7 1.14% 102.0 1.92% 

90min 104.7 0.29% 104.5 0.38% 103.0 0.68% 100.7 1.27% 

 
Table 2. Pressure at 5900m changes with time (Q=12L/s) 

 0.5MPa 1MPa 3MPa 5MPa 

presses 
Change 

value 
presses 

Change 

value 
presses 

Change 

value 
presses 

Change 

value 

0min 106.9 \ 106.9 \ 106.9 \ 106.9 \ 

20min 106.7 0.19% 106.7 0.19% 106.6 0.28% 106.5 0.37% 

40min 106.1 0.56% 160.0 0.56% 105.8 0.75% 105.2 1.22% 

60min 105.5 0.57% 105.4 0.57% 104.7 1.04% 103.4 1.71% 

80min 104.8 0.66% 104.6 0.76% 103.4 1.24% 100.8 2.51% 

90min 104.3 0.48% 104.1 0.48% 102.5 0.87% 98.7 2.08% 

When the displacement is 14L/s, the pressure change trend at the bottom of the 
well (5900m, APWD placement position) is shown in Table 3. 

 
Table 3. Pressure at 5900m changes with time (Q=14L/s) 

 0.5MPa 1MPa 3MPa 5MPa 

presses 
Change 

value 
presses 

Change 

value 
presses 

Change 

value 
presses 

Change 

value 

0min 106.9 \ 106.9 \ 106.9 \ 106.9 \ 

20min 106.7 0.19% 106.7 0.19% 106.6 0.28% 106.5 0.37% 

40min 106.0 0.66% 106.0 0.66% 105.7 0.84% 105.1 1.31% 

60min 105.3 0.66% 105.2 0.75% 104.6 1.04% 103.2 1.81% 

80min 104.5 0.76% 104.3 0.86% 103.0 1.53% 100.1 3.00% 

90min 104.0 0.48% 103.8 0.48% 101.7 1.26% 95.3 4.80% 

It can be seen from Table 1 to Table 4 that in the initial stage of overflow, the pressure 

change value at 5900 in the well depth is relatively small. As the overflow time 

increases, the pressure change value at 5900 in the same time increases; the greater 

the pressure drop at the bottom of the well In the same time, the pressure change 

value is larger. With the increase of drilling fluid displacement, the pressure change 

value at 5900m increases under the same pressure difference. 

When the initial bottom hole pressure difference is 0.5 MPa and 1 MPa, the pressure 

change at 5900 m and the volume increment of the mud pool under different 

displacements are shown in Table 4. 

 

 

 

Presses 

Time 

Time 

Presses 
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Table 4. Effect of displacement on early flood monitoring parameters 

 0.5MPa 1MPa 

Overflow 

to the 

wellhead 

time(min) 

5900m Rate 

of change 

of 

pressure(%) 

Mud pool 

increment 

(m3) 

Overflow 

to the 

wellhead 

time(min) 

5900m Rate 

of change 

of 

pressure(%) 

Mud pool 

increment 

(m3) 

10L/s 124 0.47～0.57 2.03 124 0.56～0.57 3.33 

12L/s 107 0.56～0.66 1.52 107 0.56～0.76 2.07 

14L/s 94 0.66～0.76 0.98 94 0.66～0.86 1.68 

When the ground is 1.5m3 ～ 1.7m3 as the critical mud pool increment, the 

displacement is 12L/s, and the initial bottom hole pressure difference is 0.5MPa. The 

mud pool generated by the overflow front end reaching the wellhead is increased to 

1.52 m3. Flow, at this time, the change in pressure per 5 minutes at 5900 m is 0.56% 

to 0.66%. When the displacement is 14L/s and the initial bottomhole pressure 

difference is 1MPa, the mud pool generated by the flow front end reaching the 

wellhead is increased to 1.68 m3, and the overflow is judged. At this time, the pressure 

at 5900m is changed by 0.66% every 20 minutes. ~0.86%. Accordingly, if the APWD 

is placed at 5900m, when the pressure measured by the APWD changes by more than 

0.6% within 20 minutes, it can be judged that overflow has occurred. 

 

3. Conclusion 

Therefore, under the given conditions, the pressure at the depth of the APWD at the 

front of the gas-liquid two-phase flow is simulated with time. If the pressure data 

measured by APWD and the simulation result show the same change trend or the 

measured pressure is obvious less than the simulation result, it indicates that the 

bottom of the well has overflowed. 
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