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Abstract – One of the oil and gas pipelines inspection 

methods is using new and advanced technology of smart pigs. 

This inspection method is introduced as an inline inspection 

method during service without interrupting the flow of oil 

and gas. This inspection method can be used for identifying 

the exact location and type of equipment installed on the 

pipeline. One of the most used types of smart pigs is magnetic 

flux leakage intelligent pigs. This type of pig can be used for 

inspection of oil and gas pipelines with high operating speeds 

comparing with other types of pig used. Nowadays the second 

generation of intelligent magnetic flux leakage pigs that 

known as high resolution smart pigs are used. In this paper, 

we consider while introducing properties of magnetic flux 

leakage smart pigs generations, by providing a practical 

experience, compare and validate results of using intelligent 

Pigs inspection method and field inspection by using error 

propagation and Gaussian distribution method. 
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I. INTRODUCTION 
 

Nowadays has been proved that the pipelines are the 

safest and most secure way to transport oil and gas in the 

world. So that more than million kilometers of pipelines 

for transportation of oil and gas in the world is drawn. 

Pipelines are on the land and water, and the exploitation of 

these lines is in Authority of public and private 

organizations of countries. So the big companies looking 

to the pipeline as their capital and always looking to 

upgrade and repair pipelines so by this way transfer the oil 

materials and derivatives with minimal losses, danger to 

humans and the environment and maximum efficiency in 

terms of quality and quantity. In general 21 dangers 

threaten oil and gas pipelines and three methods have been 

introduced for identification of the pipelines threats, are 

including: In Line Inspection, Hydrostatic Test and Direct 

Assessment [1]. In Line Inspection is one way to assess 

the integrity of the pipelines. In line inspection is feasible 

by equipments that called intelligent Pigs. Pigs moving by 

the fluid inside the pipe and fully inspect the pipe wall. 

Smart pigs can be used to identify the location and exact 

specifications of all defects in the pipeline and the location 

of the equipments used in pipeline. 

 

 

II. SMART MAGNETIC FLUX LEAKAGE PIG 
 

This type of pig was the oldest type of intelligent pigs 

that being used around 40 years ago in the oil and gas 

industry. In these types of pig magnetic flux leakage 

technology is used. The basis of magnetic flux leakage 

technology is the magnetism of pipe wall. The pipe 

magnetism will be continued up to the pipe wall magnetic 

saturation. When a magnetic field is placed in the vicinity 

of a metal wall, magnetic flux passes through the wall. In 

fact pipe wall is the preferred path of magnetic flux lines 

passing, so the magnetic field is proportional to the pipe 

diameter and material properties to create magnetic 

saturation in the pipe wall. As seen in Figure 1, there is 

one area that is less than the thickness of the pipe, causing 

leakage of magnetic flux. 

 

 
Fig.1. Basis of magnetic flux leakage Pigs 

 

In such cases the flux flow is less than case of full 

thickness of the wall and flux leakage around the defect is 

partly indicate the Appearance shape of the defect. The 

magnetic flux leakage Pigs according to the direction 

alignment of the magnetic field  are classified in two type 

of magnetic flux leakage with the longitudinal direction 

(A-MFL) Axial MFL Figure 2 and the magnetic flux 

leakage Pigs with the peripheral direction (T-MFL or TFI) 

Circumferential MFL Figure 3. A-MFL Pigs are suitable 

for identifying defects with the peripheral direction strain 

and TFI Pigs are suitable for identifying flaws with the 

longitudinal direction. So some Pigs operators use both 

type of pigs for complete and accurate identification of 

pipes defects and as supplement. Or some of the Pig 

operators are using multi axial Pigs. In which sensors are 

placed on the number of rows in different axes,  
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Fig.2. Magnetic flux leakage pigs with the longitudinal 

direction 

 

 
Fig.3. Magnetic flux leakage Pigs with the transverse 

direction 

 

III. INTRODUCTION OF SMART MAGNETIC 

FLUX LEAKAGE PIG GENERATIONS 
 

Up to now three generations of smart leakage magnetic 

flux pigs are presented in the market. These Smart pigs 

can be categorized as low resolution smart pigs (first 

generation), High resolution (second generation) and Extra 

high resolution (Third generation).  In Comparison variety 

of intelligent Pig generations different levels of technology 

can be expressed that this kind of high resolution Pigs 

used the "Hall effect". Hall Effect sensors measure the 

linear leakage flow. In high or ultra high resolution Pigs 

information stored in digital form, While In low resolution 

Pigs, information stored in limited volume and analog 

form on the magnetic tape. One of the advantages of 

digital chips is insensitive to vibrations and shocks that 

occur during the passage of the pipe [2]. In the long years 

low accuracy smart Pigs were used. This type of Pig was 

very suitable to locate the defect and metal lose area, but 

in order to determine the size of metal lose (depth, length 

and width) and the distinction between internal defect and 

external defect were in trouble. Therefore for final analysis 

of extracted data, need to be carried out excavation on the 

pipeline and re analysis the data. While the second 

generation of smart Pigs identify the location and size of 

defect with high accuracy and precise separation between 

internal and external corrosion [3]. Also third generation 

of smart Pigs identified the specifications and location of 

the defect with high accuracy and confidence level. In the 

table 1 Comparison of different smart pig generations 

confidence level has been proposed [4]. 

Figure 4 shows a comparison between the two 

inspection methods of first and second generation 

intelligent Pigs [5]. As shown in Figure, Inspection is done 

in three steps by the first generation of smart pigs. So after 

running of smart pig and presentation of preliminary 

report, according to uncertainties in the data and 

inconsistent with the facts, for presenting the final report it 

is need to excavate and analyze the data. While high 

resolution smart Pigs (second and third generation) , show 

the exact location and size of the metal lose, and this 

would affect the marginal cost of inspection and 

maintenance. 

Table 1: Comparison of different smart pig generations 

confidence 

Pig 

Technology 
Accuracy 

Accuracy for general 

corrosion with a 

confidence level of 80% 

Magnetic 

Flux 

Leakage 

 

 

 

 

First generation 

(Low) 

20% of the pipe wall 

thickness 
Second 

generation 

(High) 

10% of the pipe wall 

thickness 

Third generation 

(Extra High) 

5% of the pipe wall 

thickness 

 

 
 

 

 
Total Cost f HR Run = $204,000.  Total Cost of LR 

Run=$199,000 

Fig.4. Comparison between the inspection of first and 

second generation smart pigs 

 

According to level 1 metal loose evaluation noted in 

ASME B31G standard [6], for a pipeline with fixed 

specifications, remaining lifetime depends on maximum 

depth of corrosion (t) and  the length of metal loose (L) so 

the assessment and planning for repair the defect is done 

exactly according to the defect size. According to Table 1, 

second and third generation of intelligent pigs have very 

high accuracy to identify the Defect size compare with the 

first generation of intelligent pigs, the reason of this 

difference between the high and low resolution pigs is 

their number and  type of sensors. High resolution pigs are 

used more numbers of sensors and much more advanced 

types. And the results are exact sizing of the defect, high 

reliability and the ability to trace the defect and distinction 

between internal and external metal loose [5]. According 

to the industry needs to avoid the additional costs, second 

and third generation pigs entered the market. For example, 
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in 1989, a Canadian company used low resolution 

intelligent pig (first generation) for inspection of 179-mile 

pipeline and 1809 number of metal loose reported for 

excavation and repair. Before excavation, again pipeline 

inspected by high resolution intelligent pig (second 

generation) so in the second report 3 points diagnosed 

need to be excavated and repaired [7]. So whatever the 

size of the defect, especially depth and length will be more 

accurately the repair cost will be less. Therefore the use of 

second and third generation of intelligent pigs is also very 

effective in reducing of pipeline maintenance cost. 

 

IV. FACTORS AFFECTING THE EFFICIENCY OF 

MAGNETIC FLUX LEAKAGE PIG 
 

Smart Pigs like other inspection equipments needs to 

have the optimal conditions to achieve the best results. 

Therefore, it is necessary to provide optimal conditions 

during the inspection so that the best result is achieved. 

The client and the inspection company should be aware of 

all the pipeline conditions before commence the inspection 

and match these conditions with used Smart Pig 

specifications and if there is a conflict, resolve it as far as 

possible. Factors affecting the efficiency of magnetic flux 

leakage smart pigs Include: 

A .pipeline cleanliness  
To create a suitable magnetic field, pipeline should be 

clean adequately before commence the pigging operation, 

therefore the relevance between Pig magnets and the pipe 

wall easily established and magnetic flux entirely will 

current in the pipe wall thickness. This operation will take 

place by all kinds of cleaning Pigs including displacement 

pig, cleaning brush Pig, magnetic cleaning Pig and etc… 

as far as the pipeline will be free of wax, water, sediments 

and metallic substances. 

B. Magnetic field strength 
Create a minimum magnetic field strength per unit of 

kilo amperes meter (kA/m) is necessary. Magnetic field 

strength is determined according to the thickness of the 

pipe material. 

C. Pig speed 
According to the Pig specifications, Pig speed must be 

determined at a specified range. Less than this limit can 

face the pig with the problem of data volume and speed 

above this limit, can affected the accuracy of the collected 

information in the pipelines with long length. According to 

Figure 5 two similar defects (in terms of depth and length) 

at different speeds leaves two different peaks. Therefore, it 

should be noted that the speed higher than limit may 

decrease the accuracy of information resulting in incorrect 

analysis of repair points. Therefore, the pigging operation 

should be special attention of pig speed. So one of the 

points in the reviewing the final report is the pig speed. 

D. Specifications of the fluid inside the pipe 

Specifications of the fluid inside the pipe included 

temperature, pressure and the fluid composition. Pig type 

should be selected according to the fluid specifications. 

Considering the existence of electronic circuits and 

connections inside the pig, nonconformity of pig 

specifications and characteristic with fluid properties can 

cause pig damage and loss of information. 

 
Fig.5. The effect of pig speed on the recorded data[8] 

 

V. THE PROCESS OF VERIFICATION 
 

According to the standard API 1163 [9] for the accuracy 

of verification process operations, complete agreement 

between the inspector company and Client In the process 

of verification should be carried out. The measurement 

accuracy and Specifications of measuring devices such as 

the depth meter, ultrasonic thickness measurement gauge, 

meter, etc to be controlled and pay attention to the 

verification results with respect to the measurement 

threshold and reporting threshold. Any difference between 

the collected data and recorded performance specifications 

of pig and the source of conflict must be specified. 

Verification results disputes and the process of data 

analysis should be discussed between the client and 

inspector and according to the resources and the extent of 

disputes one of the following methods to be selected: 

 Inspection data again to be reanalyzed considering the 

exact relationship between inspection parameters. 

 Considering pigging operating conditions (speed, 

pressure, temperature, damage to the device...), Whole 

or in part of the inspection results may be invalid. 

 Performance specifications for all or part of the 

inspection results be reviewed (deselect the appropriate 

Pig generation according to the Client demands). 

After verification and related calculation, Pigging and 

verification results must be compared. This compares 

should be statistically valid and based on accurate 

engineering calculations. If the inspection results are in 

accordance with the inspection report, then it will approve 

otherwise pig performance specifications should be 

analyzed and accuracy of the verification calculations to 

be investigated. 

 

VI. PROJECT SPECIFICATIONS AND THE 

RESULTS OF INSPECTION USING THE 

INTELLIGENT PIG 
 

A. Project specifications 
Inspected pipeline specification are as below: oil 

pipeline with OD 36",  general thickness of 7.8 mm and a 
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length of 42 km, fluid temperature 42 ° C, the pipeline 

beginning pressure of 200 Psi and the end of pipeline 

pressure has been 107 Psi. Inspection has been carried out 

using A-MFL and T-MFI intelligent Pigs. (Intelligent Pigs 

Specifications is visible in Appendix 1). 

B. Inspection results 
In this project considering the conditions of the pipeline, 

A-MFL and T-MFI intelligent Pigging has done after four 

steps of Brush Cleaning Pig and one step of magnetic 

cleaning pig. 

Table 2: Overall inspection results 

Anomaly type Anomalies Pipes 

General Corrosion 6544 1518 

Pinhole - - 

Pitting 428 254 

Axial grooving  1444 473 

Circumferential grooving   963 339 

Axial slotting   21 14 

Circumferential slotting  25 18 

External Defect   915 1492 

Internal Defect 262 125 

 

According to the intelligent pigs output data, pigs speed 

was between 1 and 2 meters per second, pigs inside 

pressure was between 10 and 20 bars, pigs inside 

temperature was between 29 and 30 ° C and all was in 

accordance with the pigs Specifications. The overall 

inspection results are given in Table 2. (In appendix 2 

examples of Pigging and field Report results of No 40 pipe 

lengths have been provided) 

 

VII. PIGGING RESULTS VERIFICATION 
 

In order to perform the Pig result verification, corrosion 

profile and all defects of No 40 pipe lengths with different 

percentage of corrosion were selected. By means of 

Surface equipments (valves, flanges, intersection and etc) 

and Geographical location of installed markers during 

Pigging, girth welds of selected pipe lengths were 

identified and compared with the presented report. . After 

making sure finding correct pipe lengths, excavation and 

coating removal, defect position relative to the initial and 

ending girth weld, angle, maximum depth, length and 

width, type of defect (internal and external ) were exactly 

measured by using inspection equipments such as 

calibrated meters, Pit Gauge, ultrasonic thickness 

measurement gauge. 

 

VIII. COMPARING THE RESULTS OF THE 

VERIFICATION (FIELD INSPECTION) AND PIG 

PERFORMANCE SPECIFICATIONS BASED ON 

ERROR PROPAGATION AND GAUSSIAN 

DISTRIBUTION METHOD 
 

This is a comparison method between the field 

inspection results and intelligent pig performance 

specifications. In this method a diagram of measurement 

accuracy comparison plotted, which presented comparison 

between reported defects depth of Pigging results and field 

inspection measurements. Results comparisons of this 

project are as follows: 

d = Absolute depth [in. / mm]                               

t = Pipe general thickness [in. / mm] 

d / t = Relative depth [%]                                        

t-d = Remaining thickness [in. / mm] 

σ = standard inspection deviation (For ultrasonic thickness 

measurement gauge 0.15 mm and 0.25 mm for depth 

gauges) 

Δ = intelligent pig deviation in 80% Confidence 

Based on Gaussian error propagation method and 

Gaussian distribution (linear distribution) field 

measurement accuracy can be obtained from the following 

relations[9]: 

∆= 1.28 ×  { 
𝜎 𝑑 

𝑑
 

2

+  
𝜎 𝑡 

𝑡
 

2

× (
𝑑

𝑡
)               (1)  

 𝜎(𝑑) =  𝜎 𝑡 − 𝑑 2 + 𝜎(𝑡)2                       (2)  

|(𝑑/𝑡)𝐼𝐿𝐼 − (𝑑/𝑡)𝐹𝐼𝐿𝐸𝐷 | >  ∆(d/t)ILI
2 − ∆(d/t)FILED

2
      

(3)                                                              

If relation 3 established it has been violated 80% 

Intelligent pig specifications confidence. The results can 

be seen in Table 3 and Figure 6. The inspection results 

using intelligent pigging in three points, does not meet the 

80% Confidence. Non-compliance were raised with the 

Pigging Company, the reason were stated due to general 

corrosion and most likely presence of defect with small 

dimensions which are not detectable by pig. In other 

words, because of the presence of general corrosion in the 

aforementioned locations, possibility presence of Pitting 

defects up to the 90% of depth is probable and this issue is 

clearly stated in the report. 
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Table 3: Two method of independent calculation comparison test  

(* Accuracy of ultrasonic thickness measurement gauge **Accuracy of depth gauges) 

 

ILI Report Field Measurements Comparison 

d
/t(%

) 

Δ
(d

/t) 

Defect type 

t(m
m

) 

t-d
(m

m
) 

d
 (m

m
) 

d
/t (%

) 

σ
(t)*

 (m
m

) 

σ
(t-d

) *
*

(m
m

) 

σ
(d

) (m
m

) 

Δ
(d

/t) (m
m

) 

1
=

|(d
/t)IL

I-(d
/t)F

iled
| 

2
=


{
Δ

(d
/t)IL

I
2+

Δ
(d

/t)F
iled

2}
 

V
io

lates 8
0

%
 criterio

n
   1

>
2

 

10 15 Axial Grooving 7.80 6.11 1.69 19 0.1 0.25 0.29 3.89 9.00 15.50 No 

70 8 General Corrosion 7.80 0.40 7.40 81 0.1 0.25 0.29 4.00 11.00 8.94 Yes 

45 8 General Corrosion 7.80 3.99 3.81 42 0.1 0.25 0.29 3.86 3.00 8.88 No 

54 8 General Corrosion 7.80 3.23 4.57 50 0.1 0.25 0.29 3.86 4.00 8.88 No 

63 8 General Corrosion 7.80 0.95 6.85 73 0.1 0.25 0.29 3.86 10.00 8.88 Yes 

11 15 Axial Grooving 7.80 6.79 1.01 11 0.1 0.25 0.29 3.76 0.00 15.46 No 

13 15 Axial Grooving 7.80 6.03 1.77 19 0.1 0.25 0.29 3.71 6.00 15.45 No 

55 8 General Corrosion 7.80 0.95 6.85 75 0.1 0.25 0.29 3.97 20.00 8.93 Yes 

49 12 Pitting 7.80 3.49 4.31 49 0.1 0.25 0.29 4.00 0.00 12.65 No 

24 12 Pitting 7.80 6.28 1.52 16 0.1 0.25 0.29 3.64 8.00 12.54 No 

43 15 General Corrosion 7.80 3.74 4.06 43 0.1 0.25 0.29 3.72 0.00 15.45 No 

28 8 General Corrosion 7.80 4.50 3.30 35 0.1 0.25 0.29 3.70 7.00 8.81 No 

18 8 General Corrosion 7.80 5.52 2.28 24 0.1 0.25 0.29 3.65 6.00 8.79 No 

45 8 General Corrosion 7.80 2.72 5.08 54 0.1 0.25 0.29 3.77 9.00 8.84 Yes 

50 8 General Corrosion 7.80 3.23 4.57 48 0.1 0.25 0.29 3.70 2.00 8.82 No 

23 8 General Corrosion 7.80 5.26 2.54 27 0.1 0.25 0.29 3.69 4.00 8.81 No 

21 8 General Corrosion 7.80 5.77 2.03 21 0.1 0.25 0.29 3.58 0.00 8.77 No 

35 8 General Corrosion 7.80 4.25 3.55 37 0.1 0.25 0.29 3.64 2.00 8.79 No 
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Fig.6. Comparison of two independent methods 

(Overall tolerances criteria for 80% confidence have been specified as oval) 

 

IX. CONCLUSION 
 

1. According to records has offered, the various 

intelligent pigs can be used in the following cases: 

Smart pig low resolution (first generation) 

 Too much need to repeat inspection. 

 There is very precise history and interpretation of this 

type pig applications. 

 There is no plan for repair. 

 The cost of repair is not too high. 

 Specify the defect location is important, not the size of 

the defect. 

High-resolution intelligent pig (second and third 

generation): 

 Providing of accurate initial conditions of the pipeline is 

required. 

 Pipeline is in the very difficult and expensive route in 

terms of repairs. 

 Pipeline is in a sensitive environment. 

 As far as possible, reduce maintenance costs. 

 Before excavation location and size of the defect to be 

measured exactly. 

2. During the Pigging operation pay special attention to 

the pipeline operating conditions such as velocity, 

pressure, temperature, length. Use the processing software 

for the Pigging simulation. Also can use cleaning pig for 

intelligent Pig velocity simulation. 

3. During the verification operation the following points 

should be considered: 
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 According to the data of the intelligent pig, velocity, 

pressure and internal temperature of pig in the selected 

location, should be according with the optimal Pig 

performance specifications for verification operations. 

 Finding of verification location to be easy. Addressing 

easily to be Feasible. (Verification location should not 

be on the pipe bending and to be near the addressing 

equipments and installed markers.) 

 Report to be revised According to the field data and re-

calculate the remaining life. 

 Pay special attention to the general corrosion points 

(points with long length). 

 The points selected for verification, to be included have 

maximum corrosion, maximum length and maximum 

ERF. 

 

APPENDIX 
 

Appendix 1: 36" Smart pig Technical Specification 

 

Table 1-1: 36" Smart pig Technical Specification 

High 

Resolution 

TFL 

High 

Resolution 

MFL 

Characteristics 

3850 3850 Overall tool length ,mm 

3600 3100 Tool weight ,kg 

-10~ +50 -10~ +50 Temperature range, C 

0.5~2.5 0.5~2.5 Optimal speed range ,m/s 

0.85 0.85 
Minimum passage bore, 

DN 

2.5 2.5 
Minimum passage 

curvature ID radius, DN 

12 12 
Maximum operation 

pressure, Mpa. 

100(300) 100(300) Run duration, hr(km) 

7.4~21.2 7.4~21.2 
Wall thickness inspection 

range, mm 

Yes Yes Speed control system 

5.0 5.0 
Axial sampling distance, 

mm 

3.74 5.5 

Nominal circumferential 

spacing of measuring 

sensors, mm 

768 512×2 Number of sensors 

 

Table1- 2: Sizing Accuracy for Metal Loss Features  

(See Fig.1-1) 

Width 

sizing 

accuracy 

(mm) 

Length 

sizing 

accuracy 

(mm) 

Depth 

sizing 

accuracy 

(%t) 

Min. 

depth 

(%t) 

Anomaly 

dimension 

class* 

In body of pipe: 

12 12 8 8 General 

10 10 12 10 Pitting 

12 15 15 20 Axial Grooving 

20 12 10 10 
Circumferential 

Grooving 

10 15 15 20 Axial Slotting 

20 20 15 10 
Circumferential 

Slotting 

Inseam or girth weld: 

20 20 15 13 General 

20 20 20 15 Pitting 

20 20 20 25 Axial Grooving 

20 20 15 15 
Circumferential 

Grooving 

20 20 25 25 Axial Slotting 

20 20 20 15 
Circumferential 

Slotting 

20 
Location accuracy of the feature with 

respect to upstream girth weld , mm 

0.1 
Location accuracy of the feature with 

respect to upstream Marker , % 

6 Circumferential location accuracy, dreg 

 

Table 1-3: Detection Threshold 

Size at POD=90% 

(length× width× 

depth) 

Size at 

POD
1
=80% 

(length ×width 

×depth) 

Anomaly 

Metal loss features by size: 

3t×3t×0.08t 3t×3t×0.05t General 

0.5t×0.5t×0.2t 0.5t×0.5t×0.1t Pinhole 

1t×1t×0.1t 1t×1t×0.05t Pitting 

2t×1t×0.2t 2t×1t×0.1t Axial grooving 

1t×3t×0.1t 1t×2t×0.05t 
Circumferential 

grooving 

3t×0.5t×0.2t 2t×0.5t×0.1t Axial slotting 

0.5t×3t×0.1t 0.5t×2t×0.05t 
Circumferential 

slotting 

 

 
 

The geometrical parameter A is linked to the NDE 

methods in the following manner: 

 If t < 10 mm then A = 10 mm 

 If t ≥ 10 mm then A = t 

Fig.1-1. Graphical presentation of metal loss anomalies 

per dimension class.[10] 
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Appendix 2. Typical Result of Smart Pig Inspection 

 

 

 

Def. 

No. 

Distance from 

Launcher, m 

Distance from U/S 

GW, m 

Orientation 

o'clock 

Type W L D D% 

ILI  Measurements 

1 320.36 0.38/0.40 7.0/7.0 Int. 20 45 0.87 10 

2 321.21 0.5/1.25 5.9/5.6 Ext. 155 2425 6.09 70 

3 329.54 8.83/9.58 5.8/5.7 Ext. 90 1900 3.91 45 

Field Measurement 

1 320.36 0.38/0.40 7.0/7.0 Int. 20 45 1.69 19 

2 321.21 0.5/1.25 5.9/5.6 Ext. 155 2425 7.40 81 

3 329.54 8.83/9.58 5.8/5.7 Ext. 90 1900 3.81 42 
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