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With the development of offshore oil industry, the influx and blowout are inevitable. Well control methods have been 
well researched, but how to recognize the failure of well control earlier and how to evaluate the probability of blowout for 
taking steps to avoid are imperfect. Based on the two-phase gas-liquid flow, the characteristic of well killing curve before 
and after killing are analyzed. Then the method for recognizing the failure of well killing is established by the probabilistic 
and covariance processing method. Then the blowout due to the failure of well killing is studied and the build-up pressure 
template is established. According to this, three evaluation methods for blowout probability are established, the shut-off 
pressure, the standing and casing pressure, formation parameters and underbalanced level varying methods. Final, four 
hardware systems and one evaluation system are recommended for decreasing or avoiding the risk during the failure of well killing. 
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Induction 
An oil spill following a blowout in the Timor Sea 

off Western Australia's northern coast is shaping as 
one of the nation's worst on 21 August 2009 in the 
Montara oil field1. The Deepwater Horizon blowout 
and oil spill is an industrial disaster that began on  
20 April 2010 considered to be the largest marine oil 
spill in the history of the petroleum industry2. The 
Bohai Bay oil spill was a series of oil spills that began 
on 4 June 2011 at Bohai Bay, China3. Each of these 
recent accidents has brought about great problems, 
and not only huge economic losses for offshore oil 
development and human casualties, but also the 
destruction of the marine ecological environment. 
After reviewing the processes of how these accidents 
were handled, one can conclude that the current state 
of the blowout risk evolution mechanism in offshore 
drilling and well-control technology is extremely 
lacking compared to land drilling. 

Offshore drilling attracted global attention since the 
Macando blowout. Worldwide concern on the safety 
level of oil and gas industry is raised and the deepwater 
drilling activity is directly influenced. The probability 
of drilling abnormal high pressure reservoir is big 
when the oil and gas exploration area move to deep or 

ultradeep water, leading to the inevitable overflow, gas 
kick or blowout. Once the well control is failed, the 
loss is incalculable. It will cause the influx or blowout 
even worse and the wellbore pressure system will 
become more complicated. But the influx, blowout and 
well control are inevitable with the development of oil 
industry. So, the well killing is needed for avoiding the 
more losses. The well control in offshore drilling are 
different from the methods on the land or shallow 
water due to the complicated marine environment, 
reservoir formation characteristics, drilling equipment 
and technology. There are many factors causing the 
well control risk and each factor may cause different 
influence on risk. The assessment on well control  
risk incentives can reduce the probability of  
blowout effectively.  

Recently, there are lots of studys about the 
multiphase flow behaviors in wellbore during well 
control4-10. Sule et al.6 presents a reliability assessment 
of kick control operation in a constant bottomhole 
pressure technique of managed pressure using a 
dynamic annular pressure control system. Aarsnes  
et al.7 developed a coupled PDE-ODE model of 
pressure and distributed gas dynamics during offshore 
well control. Sun et al.8 proposed a pattern recognition 
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model for gas kick diagnosis in deepwater drilling. 
Wang et al9 established the gas influx mathematical 
model to finely describe the APWD pressure variation 
during the gas influx, combining the two dominating 
phenomena, namely, reduced hydrostatic pressure of 
the mud column and increased annular pressure due to 
friction resistance and inertia force. Oliveiraa et al.10 
developed a simplified kick simulator to aid the 
analysis, through graphics, of the dynamic behavior of 
some variables, such as volume fractions of both 
drilling fluid and gas, density of the gas-liquid mixture 
in the well and pressure. In recent years, the well 
control method have been well researched, but how to 
recognize the failure of well control earlier and how to 
evaluate the probability of blowout for taking steps to 
avoid the losses are imperfect. There are few literatures 
available to study the above problem. 

Based on the two phase gas liquid flow theory, the 
behaviors of well killing curve before and after the 
failure is analyzed. And the method for recognizing 
the failure of well killing early is established by 
analyzing the abnormal curve characteristics. Then 
the shut-in pressure build-up template is established 
and two different evaluation methods about the 
probability of the well control failure are studied. 
Finally, the four hardware systems and one evaluation 
system are recommended for decreasing or avoiding 
the risk after the failure of well killing. 
 

The behaviors of well killing curve before and 
after the well killing failure 

The wellbore pressure calculation during the well killing 
Gas-liquid two phase flow occurs in the wellbore 

annuli after the gas influx. Based on the two phase 
flow theory, considering the wellbore temperature 
varying, the wellbore pressure calculating model is 
established. The length of the segment is dH. 

(1) The mixture continuity equation 
 

     1 1g m g g m m

gp

v v
q

t H

          
 

 
… (1) 

 
(2) The mixture momentum equation 
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(3) The wellbore temperature equation 
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where Tfout is wellbore fluid temperature, Teout is 
undisturbed formation temperature at any given depth, 
zin is total well depth from surface, zout is variable well 
depth from surface, Teih is undisturbed formation 
temperature at the bottom hole, Tfih undisturbed 
wellbore temperature at the bottom hole, gd is 

geothermal gradient, 
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 , rto is 

inside radius of tubing, Uto is overall heat transfer 
coefficient, Ke is thermal conductivity of earth, Wt is 
total mass flow rate, Cpm is specific heat at constant 
pressure of mixture fluid, f(t) is transient heat-
conduction time function for earth. The detail solution 
method can be seen in the literature11-14. 
 

The normal well killing curve characteristics  
(1) The well kill operation 
Taking the driller’s method for example, during the 

first circulation, there is bubble flow in the mud when 
the original muds arrive at the drill bit and the bottom 
hole pressure increases due to the adjusted throttle 
valve. The gas influx rate decreases and the polluted 
mud are out of the wellbore, shown in Figure 1. 

In the second circulation, there is no gas in the 
wellbore and the muds used are heavier than the 
original muds, as showing in Figure 2. 

(2) The casing and tubing pressure curve 
characteristics during well killing 
In the first circulation, the original muds are pumped 
into the wellbore and pull the influx gas out. The 
casing pressure increases when the influx gas rises 
along the wellbore and will reach to the peak. After 
that, the gas will be circulated out of the wellbore 
gradually. Then the casing pressure will reduce and 
be equal to the shut-in standing pressure finally. In 
the second circulation, the heavier muds instead of 
the original are pumped. Before the heavier muds 
reach at the drill bit, the casing pressure will be 
constant. The standing pressure reduces to Ptf and 
keeps to be constant. When it is circulated to the 
wellhead, the hydraulic pressure of muds is balanced 
with the bottom hole pressure. The casing pressure 
reduces to 0, which is the successful sign of the 
driller’s method. The key point is that the bottom 
hole pressure is always larger than the formation 
pressure, as shown in Figure 3. 
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The curve characteristics of well killing failure 
(1) The failure due to the underground blowout 
The underground blowout includes: uper layer 

blowout and lower layer leak, upper layer leak and 
lower layer blowout, the blowout and leaks occurs in 
the same layer. According to these conditions, the 
well killing parameters are different: 

A. The upper layer blowout and the lower layer leak 
It is associated with the blowout rate of the upper 

high pressure layer. Assuming the rate is high, there 
will be parts of fluid leaking into the formation and 
parts flowing to the surface. The frictional pressure 
drop increases with the rising velocity in annular 
when the opening of throttle valve remains to be 

 
 

(a) the muds arrive at the drill bit            (b) the muds are pulled into the annular 
(Pwf1>Pr, PTi = Psp+ △Pci)                 (Pwf1>Pr, PTi = Psp+ △Pci ) 

 

Fig. 1 — The first circulation of driller’s method  
 

 
 

(a) the heavier muds arrive at the drill bit            (b) the annular is filled with the heavier muds 
 

Fig. 2 — The second circulation of driller’s method 
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A. Ensure the BOP is safe and reliable. 
B. Ensure the throttle associated equipment are safe 

and reliable. 
C. Ensure the well control associated equipment 

are safe and reliable. 
D. Ensure the wellbore hydraulic is integrity. 
(3) The evaluation system for decreasing or 

avoiding the risk due to the well killing failure. 
This system can ensure the four hardware systems 
safe and reliable, shown in Figure 12. If the four 
hardware systems are safe and reliable before the well 
killing and not be reliable due to the operation 
methods, this system will evaluate and adjust the 
operation.  
 
Conclusion  

(1) Based on the two-phase gas-liquid flow, the 
characteristics of curves before and after well killing 
failure are analyzed. 

(2) The method for recognizing the failure of well 
killing early is established based on analyzing the 
abnormal curve bahavoirs between the real well 
killing and the ideal parameters. The failure 
probability and development tendency of well killing 
can be evaluated by the probabilistic and the 
covariance processing method.  

(3) The shut-in pressure build-up template is 
established. The evaluation point position of the shut-
in pressure build-up is upper in the template, the 
underbalance degree is larger. The slope of line 
connecting between the evaluation point and initial 
point is larger, the formation factor is larger, and the 
difficulty of well control will be larger. 

(4) The four hardware systems and one evaluation 
system are recommended for decreasing or avoiding 
the risk due to well killing failure. It provides a 
theoretical guidance to the well control of the offshore 
oil and gas wells, significantly for the development of 
oil and gas wells, which will be more scientific, safe 
and efficient . 
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