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Abstract 
Aiming at the problem that the existing risk assessment methods in China 
cannot simply and accurately assess the safety risk of gas wells, a rapid 
semi-quantitative risk assessment method for gas wells under high tempera-
ture and pressure is studied. Based on the rapid risk assessment method of 
annulus well with pressure in Chevron Company and the existing risk as-
sessment methods, the well barrier and annulus pressure of high temperature 
and high pressure gas wells are fully considered. A rapid semi-quantitative 
risk assessment method for high temperature and high pressure gas wells is 
established, which takes the annulus pressure value, well service life, annulus 
pressure recovery after pressure relief, reservoir conditions (formation pres-
sure, production) and well CO2 and H2S content as the key risk indexes. The 
method is applied in a gas field, and the risk value and risk grade of a practic-
al well are semi-quantitatively evaluated. The overall risk situation of the well 
is obtained. The research results provide important technical guidance for the 
safe production of gas well. 
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1. Overview 

China’s gas resources are very rich, is an important source of China’s oil and gas 
resources supply, since 2019, China’s natural gas upstream industry investment 
has also increased significantly, with a series of exploration found, to achieve a 
substantial increase in reserves and production, gas development encountered 
wellbore integrity problems are increasingly serious. At present, the risk degree 
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evaluation of oil and gas wells in China is mostly quantitative or qualitative risk 
evaluation, and quantitative evaluation requires a large number of statistical data 
to establish a mathematical model. The operation is complicated and the qualit-
ative evaluation method is simple. But the accuracy is poor. It is of great signi-
ficance for the safe production of gas wells to propose a set of risk assessment 
methods that can take into account the advantages of the existing risk assess-
ment methods and are easy to operate and have high accuracy.  

In 2002, A.S. Abou-Sayed et al. analyzed the geomechanical model to evaluate 
the factors affecting the stability of casing [1]; in 2004, Jamal Al-Ashhab et al. 
established the wellbore integrity management system through the risk matrix 
method, and evaluated the integrity of the whole life cycle of gas wells [2]. In 
2006, Soudabeh A. Noori et al. proposed the application of probability statistics 
and the combination of non-destructive monitoring results to evaluate the risk 
of pipeline corrosion to evaluate and predict the risk of boiler pipeline thinning 
[3]. From 2006 to 2008, foreign scholars established wellbore integrity manage-
ment system under different formation conditions by risk matrix method [4] [5]; 
Seyed-Hosseini S M and others developed wellbore integrity management soft-
ware, created wellbore integrity management methods and measures [6]; In 
2009, Sultan A et al. proposed the method of quality identification and safety 
check of wellbore and its components in each stage of oil and gas wells [7]; in the 
same year, Freij-Ayoub R, et al. created axisymmetric numerical model com-
bined with FLAC3D to study the risk assessment of casing in natural gas hydrate 
[8], in 2012; J. C. Dethlefs and B. Chastain of ConocoPhillips introduced a qua-
litative risk assessment method for wellbore integrity [9]; 2013, Feng W et al. 
according to the characteristics of carbon dioxide flooding gas well, established 
the wellbore risk assessment process and evaluation model [10]. In 2014, T. Ro-
cha-Valadez et al. provided a quantitative analysis model with only a theoretical 
framework to analyze wellbore integrity [11]; from 2014 to 2016, foreign oil 
companies set up a risk method research team, and applied the gas well integrity 
evaluation system (WIMS) to qualitatively analyze the possible failure risk of gas 
wells in the form of risk assessment matrix [12] [13]; in 2015, Nahid Ramzali et 
al. conducted safety evaluation and verification of wellbore string and accesso-
ries at each stage of the life cycle of oil and gas wells [14]; in 2016, Brandt H et al. 
used quantitative risk assessment methods for well construction and manage-
ment [15].  

The above scholars have proposed or developed risk assessment methods, but 
they all focus on quantitative or qualitative methods, and the application process 
is complicated, which often cannot meet the requirements of batch high accura-
cy analysis of risk factors of domestic gas wells. Based on the above situation, a 
set of rapid semi-quantitative risk assessment methods for gas wells is proposed 
by combining the existing risk assessment methods with the rapid risk assess-
ment method of annulus well killing in Chevron Company, taking into account 
the scientificity and operability. The idea of rapid semi-quantitative risk assess-
ment for high-pressure gas wells is as follows: Firstly, the well barrier status of 
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gas wells is graded and the annulus pressure of gas wells is preliminarily ana-
lyzed. If the well barrier is classified as yellow or green, and the total score of the 
preliminary analysis of annulus pressure is 0, the well integrity risk level is low, 
and no subsequent risk analysis is needed. Otherwise, further well integrity risk 
analysis is conducted. For wells that cannot be judged as low risk by preliminary 
classification of well integrity risk level, rapid semi-quantitative risk assessment 
is carried out considering the main risk factors of gas well annulus pressure.  

2. Preliminary Analysis of Well Integrity Risk 
2.1. Well Barrier Classification 

The fast qualitative classification of well barrier conditions is carried out, and the 
classification principles are shown in Table 1. According to the integrity of the 
well barrier to conduct a preliminary screening analysis, the basic overview of 
the well barrier status.  

2.2. Preliminary Analysis of Annulus Pressure 

The analysis of annulus pressure is carried out for all annulus to determine 
whether the annulus pressure is abnormal. The discriminant principles are 
shown in Table 2. According to the preliminary analysis of annulus pressure, the 
basic profile of annulus pressure is obtained.  

2.3. Preliminary Classification of Well Integrity Risk 

Through the preliminary analysis of well barrier classification and annulus 
pressure, it is concluded that:  

1) If the well barrier is classified as yellow or green and the total score of the 
preliminary analysis of annulus pressure is 0, the well integrity risk level is low 
and no subsequent risk analysis is required;  

2) Otherwise, do further well integrity risk analysis.  

3. Rapid Semi-Quantitative Risk Assessment 

Considering the main risk factors of gas well annulus pressure, a rapid semi- 
quantitative risk assessment method is established for wells whose integrity risk 
level cannot be judged as low risk. The main factors include that:  
 
Table 1. Well classification principle. 

Level Principle 

Red 
One well barrier fails, another well barrier degenerates or fails, or leakage has  
occurred to the ground. 

Orange 
One well barrier fails, another well barrier is intact, or a single failure may lead to 
leakage to the ground. 

Yellow One well barrier degradation, another well barrier intact. 

Green Two wells are well protected or have minor problems. 
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Table 2. Preliminary analysis principle of annulus pressure. 

annulus pressure value status score 

Annulus A 
Minimum reserve pressure - Maximum  

recommended pressure 

YES 0 

NO 1 

Annulus B 
0.7 MPa - Maximum recommended pressure of 

Annulus B 

YES 0 

NO 1 

Annulus C 
0.7 MPa - Maximum recommended pressure of 

Annulus C 

YES 0 

NO 1 

Annulus D 
0.7 MPa - Maximum recommended pressure of 

Annulus D 

YES 0 

NO 1 

Annulus E 
0.7 MPa - Maximum recommended pressure of 

Annulus E 

YES 0 

NO 1 

Total Score ×× 

Tips: If the annular pressure of A is lower than the minimum reserved pressure or the inter-casing annular 
pressure is lower than 0.7 Mpa, and it can be proved that the integrity of the annulus is intact and there is 
no risk of leakage, then 0 marks can be given. 

 
1) All annulus pressure values; 
2) Well service life; 
3) Recovery of annular pressure after pressure relief;  
4) Reservoir conditions (formation pressure, production);  
5) CO2 and H2S content.  
Fully considering the above factors, establish a set of rapid semi-quantitative 

risk assessment method, the specific quantitative scoring principle is shown in 
Table 3. 

In addition to scoring according to Table 3 above, the additional risks caused 
by continuous annulus pressure should be fully considered. The additional 
scoring principle of continuous annulus pressure is shown in Table 4. 

After completing the fast quantitative scoring of gas wells, according to the 
fast semi-quantitative risk classification principle shown in Table 5 below, the 
risk level is divided. 

For fast semi-quantitative risk assessment results for high and high risk wells, 
it is recommended to carry out further discussion and analysis, or to carry out 
quantitative risk assessment according to needs.  

4. Calculation and Analysis of Case Wells 

A well, the annulus pressure of A, B and C is continuous and can release com-
bustible gas. The analysis shows that the annulus pressure of reservoir gas A can 
be stabilized between the minimum reserve pressure and the maximum recom-
mended pressure. The annulus pressure of C exceeds the maximum recom-
mended pressure, but is less than the maximum allowable pressure. The annulus 
pressure of D is 1 MPa. The rapid analysis process of the well is as follows:  
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Table 3. Fast semi-quantitative scoring principle. 

Risk Factor Parameter Score Weight Total Score 

Pressure of 
Annulus A 

≥Maximum limit pressure 8 5 40 

Maximum limit pressure > x > Maximum allowable pressure 3 5 15 

Maximum allowable pressure > x > Maximum recommended pressure 2 5 10 

Maximum recommended pressure > x > Minimum reserve pressure 0 5 0 

Minimum reserve pressure > x ≥ Minimum limit pressure 8 5 40 

Pressure of 
Annulus B 

≥Maximum limit pressure 8 4 32 

Maximum limit pressure > x > Maximum allowable pressure 3 4 12 

Maximum allowable pressure > x > Maximum recommended pressure 2 4 8 

Maximum recommended pressure > x > 0.7 MPa 0 4 0 

0.7 > x ≥ 0 MPa 3 4 12 

Pressure of 
Annulus C 

≥Maximum limit pressure 8 4 32 

Maximum limit pressure > x > Maximum allowable pressure 3 4 12 

Maximum allowable pressure > x > Maximum recommended pressure 2 4 8 

Maximum recommended pressure > x > 0.7 MPa 0 4 0 

0.7 > x ≥ 0 MPa 3 4 12 

Pressure of 
Annulus D 

≥Maximum limit pressure 8 3 24 

Maximum limit pressure > x > Maximum allowable pressure 3 3 9 

Maximum allowable pressure > x > Maximum recommended pressure 2 3 6 

Maximum recommended pressure > x > 0.7 MPa 0 3 0 

0.7 > x ≥ 0 MPa 3 3 9 

Pressure of 
Annulus E 

≥Maximum limit pressure 8 3 24 

Maximum limit pressure > x > Maximum allowable pressure 3 3 9 

Maximum allowable pressure > x > Maximum recommended pressure 2 3 6 

Maximum recommended pressure > x > 0.7 MPa 0 3 0 

0.7 > x ≥ 0 MPa 3 3 9 

Service life of well 

≤5 years 1 1 1 

5 - 10 years 3 1 3 

10 - 15 years 5 1 5 

15 - 20 years 7 1 7 

≥20 years 9 1 9 

Gas well condition 
Closing-in 1 2 2 

Producing 2 2 4 

Formation pressure 

≥140 MPa / / 7 

140 MPa > x ≥ 105 MPa / / 5 

105 MPa > x ≥ 70 MPa / / 3 

<70 MPa / / 1 

Production 

≥200 × 104 m3/day / / 7 

200 × 104 m3/day > x ≥ 100 × 104 m3/day / / 5 

100 × 104 m3/day > x ≥ 50 × 104 m3/day / / 3 

<50 × 104 m3/day / / 1 
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Table 4. Additional scores principle of continuous annulus pressure well. 

Risk Factor Parameter Score Weight Total Score Tips 

Recovery after pressure relief 
annulus A 

>24 Hours 0 5 0 / 

24 Hours ≥ X > 60 Minutes 1 5 5 / 

60 Minutes ≥ X > 15 Minutes 3 5 15 / 

15 Minutes ≥ X > 1 Minute 4 5 20 / 

≤1 Minute 6 5 30 / 

Recovery after pressure relief 
annulus B 

>24 Hours 0 5 0 / 

24 Hours ≥ X > 60 Minutes 1 5 5 / 

60 Minutes ≥ X > 15 Minutes 3 5 15 / 

15 Minutes ≥ X > 1 Minute 4 5 20 / 

≤1 Minute 6 5 30 / 

Recovery after pressure relief 
annulus C 

>24 Hours 0 5 0 / 

24 Hours ≥ X > 60 Minutes 1 5 5 / 

60 Minutes ≥ X > 15 Minutes 3 5 15 / 

15 Minutes ≥ X > 1 Minutes 4 5 20 / 

≤1 Minutes 6 5 30 / 

Recovery after pressure relief 
annulus E 

>24 Hours 0 5 0 / 

24 Hours ≥ X > 60 Minutes 1 5 5 / 

60 Minutes ≥ X > 15 Minutes 3 5 15 / 

15 Minutes ≥ X > 1 Minute 4 5 20 / 

≤1 Minute 6 5 30 / 

Recovery after pressure relief 
annulus E 

>24 Hours 0 5 0 / 

24 Hours ≥ X > 60 Minutes 1 5 5 / 

60 Minutes ≥ X > 15 Minutes 3 5 15 / 

15 Minutes ≥ X > 1 Minute 4 5 20 / 

≤1 Minute 6 5 30 / 

Is there gas in Annulus A 

No gas 0 3 0 / 

Shallow gas 1 3 3 / 

Reservoir gas 3 3 9 / 

Is there gas in Annulus B 

No gas 0 4 0 / 

Shallow gas 1 4 4 / 

Reservoir gas 3 4 12 / 

Is there gas in Annulus C 

No gas 0 4 0 / 

Shallow gas 1 4 4 / 

Reservoir gas 3 4 12 / 

Is there gas in Annulus D 

No gas 0 5 0 / 

Shallow gas 1 5 5 / 

Reservoir gas 3 5 15 / 
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Continued 

Is there gas in Annulus E 

No gas 0 5 0 / 

Shallow gas 1 5 5 / 

Reservoir gas 3 5 15 / 

CO2 Content 

Annulus A 11 S%/10 0 - 10 Reservoir gas in annulus 

Annulus B 2 S%/10 0 - 20 Reservoir gas in annulus 

Annulus C 3 S%/10 0 - 30 Reservoir gas in annulus 

Annulus D 3 S%/10 0 - 30 Reservoir gas in annulus 

Annulus E 3 S%/10 0 - 30 Reservoir gas in annulus 

H2S Content 

Annulus A 1 S%/10 0 - 10 Reservoir gas in annulus 

Annulus B 2 S%/10 0 - 20 Reservoir gas in annulus 

Annulus C 3 S%/10 0 - 30 Reservoir gas in annulus 

Annulus D 3 S%/10 0 - 30 Reservoir gas in annulus 

Annulus E 3 S%/10 0 - 30 Reservoir gas in annulus 

 
Table 5. Fast semi-quantitative risk classification principles. 

Risk level Quantitative score 

Very High ≥60 

High 40 < x < 60 

Medium 20 < x < 40 

Low ≤20 

 
1) Through the well barrier analysis found that: the first well barrier degrada-

tion, there is slight leakage, the second well barrier is intact, well barrier classifi-
cation is yellow.  

2) Through the preliminary analysis of annulus pressure: A annulus score is 0, 
B annulus score is 1, C annulus score is 1, D annulus score is 0.  

Combined with well barrier analysis and annulus pressure preliminary analy-
sis, it is concluded that the well needs further risk analysis.  

3) Fully considering the current situation of the well, rapid semi-quantitative 
risk assessment is carried out, and the specific quantitative scoring is shown in 
Table 6.  

 
Table 6. Quick semi-quantitative scoring table of a well. 

Risk factor Parameter Score Weight Total score 

Pressure of Annulus E 
Maximum recommended pressure > x > Minimum  

reserve pressure 
0 5 0 

Pressure of Annulus E 
Maximum allowable pressure > x > Maximum  

recommended pressure 
2 4 8 

Pressure of Annulus E 
Maximum allowable pressure > x > Maximum  

recommended pressure 
2 4 8 
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Continued 

Pressure of Annulus E Maximum recommended pressure > x > 0.7 MPa 0 3 0 

Service life of well 10 - 15 Years 5 1 5 

Gas well condition Producing 2 2 4 

Formation pressure 105 MPa > x ≥ 70 MPa / / 3 

Production 100 × 104 m3/day > x ≥ 50 × 104 m3/day / / 3 

Recovery after pressure relief annulus E > 24 Hours 0 5 0 

Recovery after pressure relief annulus E 24 Hours ≥ X > 60 Minutes 1 5 5 

Recovery after pressure relief annulus E 24 Hours ≥ X > 60 Minutes 1 5 5 

Is there gas in Annulus A Reservoir gas 3 3 9 

Is there gas in Annulus B Reservoir gas 3 4 12 

Is there gas in Annulus C Reservoir gas 3 4 12 

Sum 74 

 
The result of fast quantitative scoring of a well is 74, the total score is higher 

than 60, and the risk level is very high. Quantitative risk assessment and detailed 
diagnostic analysis are recommended.  

5. Conclusions 

1) Considering the well barrier and annulus pressure of high temperature and 
high pressure gas wells, a rapid semi-quantitative risk assessment method for 
high temperature and high pressure gas wells is established, which takes annulus 
pressure value, well service life, annulus pressure recovery after pressure relief, 
reservoir conditions and well CO2 and H2S content as the key risk indexes. It 
provides important technical guidance for the safe production of gas.  

2) The risk value and risk grade of a practical well were evaluated semi-quan- 
titatively. The results show that the score of the well is 74, the total score is high-
er than 60, and the risk grade is very high. Quantitative risk assessment and de-
tailed diagnostic analysis are recommended.  
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