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A B S T R A C T 

Ensuring that product/service meets customer’s expectation and desired specification is important for any business growth and sustainability. In the light of this, 

continuous review of performance whether it corresponds with actual goals is pertinent, quality control and improvement is a relevant measure for achieving this. 

In this research, the statistical process control (SPC) tool-control chart was used to evaluate the performance of gas lift valves (GLV) in production wells to 

determine the nature of variability in the process. Data of the test rack opening pressure (TRO) of five different wells specified as A-E were collected and analysed 

using the mean control chart. Wells A-D was out of statistical control, only Well E was observed to be in a state of statistical control. The wide spread in the 

variation of the points in the plot for Wells A-E is an indication of special and common cause variation in the process which can be addressed by monitoring closely 

the valve calibration operation. That is, regular inspection of the machine against aging and wrong calibration and also proper orientation of operators on calibration 

procedures and techniques. 
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1. Introduction 

Owing to the recent outbreak in technology and industrialization, leading to a competitive market, every industry needs to introduce quality standards 

and imbibe  the culture; device ways for evaluating actual performance relative to set goals and regularly upgrade and improve the quality of their product  

or service. This will enable them survive and be among the best of the best in the market and maintain desired level of quality. Quality is the extent to 

which a particular product or service satisfies the expectation of the customers [3]. It also measures the degree of excellence when applied to manufactured 

product [2]. 

In order to achieve the desired level of quality in product and service delivery, one has to systematically control the factors that affect the quality of the 

product or service such as materials, tools, machine, type of labour, working condition etc. The regulatory process through which actual performance is 

measured and compared with set standards is called quality control (QC). QC aims at prevention of defect from the source and relies on effective feedback 

system and corrective actions. According to ANSI/ASQ standards (1778) it is an operational techniques and activities that sustains the quality of the 

product that will satisfy given needs. It works hand in hand with Quality Improvement (QI) which methodologically attacks all waste and non-value 

adding operations in the process. QC and QI can be achieved through the use of statistical process control (SPC) tools. They are used to compare the 

output of the process or a service with the standard and taking remedial actions in case of discrepancy between them. This research aims to evaluate the 

process quality of an industry’s service delivery to verify whether the outcome meets the desired specifications and understudy the level of variability in 

the process.  The variability study was conducted using the mean statistical process control (SPC) tool. Several works have been conducted regarding the 

use of SPC in quality control, [1] applied statistical tools to improve quality in a service sector and discovered that quality control and improvement 

should be understood as an all-encompassing deliberate application of the statistical tools, simple or more complex with the goal of achieving product 

and process quality. [4] applied quality tool in improving product quality, the SPC was performed at pre-production stage in a mass production process 

on only one of the component that presented higher percentage of non-conformity over time. The result showed that the process was no longer capable 

requiring process improvement activities, [5] used seven basic quality control tools to significantly improve the monthly defect of local plastic injection 

molding company from 13.49% to 7.4%, Cost effective problem solving tool was recommended for the company. 

2. Research Design 

2.1 Description of Study Area 

The study was conducted in the Artificial Lift Segment of an oil servicing company in Trans- Amadi Industrial area of Rivers State, Port Harcourt, 

Artificial Lift solution employs down-hole lift mechanisms such as the gas lift in monitoring a well to optimize production performance additional 
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equipment are installed in the well to lift the fluid to the surface other than the natural drive. During this process, energy is transferred down hole to 

provide the well with sufficient pressure to lift the reservoir fluid to the surface. The gas lift mechanism entails the continuous injection of high pressure 

gas to supplement the reservoir energy (continuous flow) or by ejecting gas beneath accumulated liquid slug for a short time to move the slug to the 

surface The injected gas moves the fluid to the surface by: reducing the fluid pressure on formation because of decrease fluid density; expansion of the 

injected gas and displacing the fluid as the case may be.. The major equipment for this operation is the retrievable gas lift mandrels, valves and pop joints 

which come in different sizes and types. The mandrels sizes are: 3
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etc. The equipment is prepared in the 

blue base based on design requirements. Some of the equipment preparations are: flushing of the mandrel, loading of the valve, pre-test, buckling, final 

test, valve calibration and redress and QA/QC. If any of these processes is not properly carried out there will be bottle neck due to backtracking of 

materials and discontinuous flow. 

  2.2 Research Methodology 

Data of five different wells were collected to examine the Test Rack Opening (TRO) pressure of the valves at the wells. The data were used to analyses 

the variation of the Pressure at the wells in order to determine the valve consistency and mandrel performance during production. The Pressure readings 

were analyzed using the Statistical process control chart: Mean (X) chart. The chart has a line down on the centre representing the average, upper control 

limit (UCL) and the lower control limit (LCL). If all data values fall within the UCL and LCL the system is said to be in a state of statistical control. 

Equations 1-3 give the formula for the mean, mean of mean, UCL and LCL. 

The examination was conducted for 30 days and the sample size of 4 was used for the analysis. The range for Well A was gotten as 5.13 while the UCL 

and LCL approximately 1519.15 and 1511.66 respectively, the corresponding mean of mean for that well was 1515.4. For well B, the range was 3.9, 

while the UCL and LCL were 1557.72 and 1554.88 respectively. The corresponding mean of mean was 1554.88. The range computed for the sample 

analysis of well C was 6.27. The UCL and LCL were gotten as 1539.25 and 1530.12 respectively while the mean of mean was 1534.68. Well D recorded 

a range value of approximately 11.56, an UCL and LCL of about 1488.60 and 1481.22 respectively with a mean of mean of 1484.90. The last well E, 

when observed gave a range reading of about 5.0, an UCL and LCL of 1558.61 and 1551.31 respectively and a mean of mean of 1554.96. The value for 

A2 was read from the control chart table shown in table 1 

 

 

                                                     Fig1:  X-chart for well A 
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𝑈𝐶𝐿𝑋̅ = 𝑋̿ + 𝐴2𝑅̅         (3) 

𝐿𝐶𝐿𝑋̅ = 𝑋̿ − 𝐴2𝑅̅         (4) 

𝑅̅= Range 

𝑋̅ = Mean value 

𝑈𝐶𝐿𝑋̅ = Upper control limit 

𝐿𝐶𝐿𝑋̅ = Lower control limit 

𝐴2 is the control chart factor 

The data analysis of the valve performance for a period of approximately one month is shown in Fig 1 – Fig 5. The calculation for the UCL and LCL for 

well A is given below: 

𝑅̅ =
154

30
=5.133 

𝑋̿ =
45642.25

30
= 1515.41  

𝑈𝐶𝐿𝑋̅ = 1515.40 + 0.729(5.133) = 1519.15  

𝐿𝐶𝐿𝑋̅ = 1515.40 − 0.729(5.133) = 1511.66   

For Well B the calculations are given below: 

𝑅̅ =
177

30
=3.9 

𝑋̿ =
46648.25

30
= 1554.88  

Days
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𝑈𝐶𝐿𝑋̅ = 1554.88 + 0.729(3.9) = 1555.72    

𝐿𝐶𝐿𝑋̅ = 1554.88 − 0.729(3.9) = 1552.03  

For well C the calculations are given below: 

𝑅̅ =
188

30
=6.26 

𝑋̿ =
46040.5

30
= 1534.68  

𝑈𝐶𝐿𝑋̅ = 1534.68 + 0.729(6.26) = 1539.25   

𝐿𝐶𝐿𝑋̅ = 1534.68 − 0.729(6.26) = 1530.12  

For well D the calculations are given below: 

𝑅̅ =
152

30
=5.07 

𝑋̿ =
44547.25

30
= 1484.90  

𝑈𝐶𝐿𝑋̅ = 1484.90 + 0.729(5.07) = 1488.60   

𝐿𝐶𝐿𝑋̅ = 1484.90 − 0.729(5.07) = 1481.21   

For Well E the calculations are given below: 

𝑅̅ =
150

30
=5.0 

𝑋̿ =
46648.75

30
= 1554.96  

𝑈𝐶𝐿𝑋̅ = 1554.96 + 0.729(5.07) = 1558.61  

𝐿𝐶𝐿𝑋̅ = 1554.96 − 0.729(5.07) = 1551.31   

 

Fig 2:  X-chart for well B 
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Fig 3:  X-chart for well C 

 

Fig 4:  X-chart for well D 
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Fig 5:  X-chart for well E 

3. Results and Discussion  

The plot of Fig 1 shows that a point fell below the LCL which is an indication that the system is out of statistical control. For the second well reading, 

about 5 points are within the control limit; the remaining points are outside the control limits implying an out of control system. 

The result from the plot from well C shows that only a point fell below the LCL. In the case of well D, three points fell below the upper control limit as 

well as the lower control limit. Well E, had a peculiar case in which all points are within the upper and lower control limit indicating a case of statistical 

process control.  

4. Conclusion 

The result of the five plots shows that four out of the five Wells observed are out of statistical control only one is in control. Causes of the variability of 

the process can further be analyzed using the cause an effect diagram. Close examination of the overall process such as equipment, materials and operators 

involved in the process would be helpful in detecting and tackling the areas of bottleneck in the operations and aid in reduction/elimination of variability 

in the process thereby increasing service quality delivery. 

] Table 1:                            Control chart Factors 

Subgroup Size (n) LCLR Factor (D3) UCLR Factor (D4) CLX Factor (A2) 

R:  

 

Ratio  
 

(d2) 

2 0 3.326 1.88 1.128 

3 0 2.575 1.023 1.683 

4 0 2.282 0.729 2.059 

5 0 2.115 0.577 2.326 

6 0 2.004 0.483 2.534 

7 0.076 1.924 0.419 2.704 

8 0.136 1.864 0.373 2.847 

9 0.184 1.816 0.337 2.97 

10 0.232 1.177 0.308 3.078 

11 0.256 1.744 0.285 3.173 

12 0.284 1.716 0.266 3.258 

13 0.308 1.692 0.246 3.336 

14 0.326 1.671 0.235 3.407 

15 0.348 1.652 0.223 3.472 

16 0.364 1.636 0.212 3.532 
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