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Abstract 
 

In July 2012, a 26-inch high pressure gas pipeline ruptured in the east of Venezuela. The event occurred in a Class 1 

location resulting in a fire in the surrounding area with no human injuries and negligible environmental consequences. 

The failure involved three pipe joints through which a fracture extended. This was the first rupture reported for this 

pipeline since its commissioning in 1976. It had been internally inspected in 2008 using MFL technology with only 

minor manufacturing defects recorded at the failure location; this internal inspection was part of a rehabilitation plan in 

order to increase its current operating pressure from 750 psi to 900 psi which was its original operating condition for a 

period of time following commissioning. After a detailed investigation, it was found the root cause of the failure was a 

combination of low ductile tearing resistance of the steel and the presence of crack-like milling defects in the failed 

pipes. The evaluation found an unusual steel microstructure surrounding the milling defects. The pressure reversal 

effect was found to be a contributing cause to the failure. The failure investigation process included: immediate onsite 

visual inspection after the failure, metallography analysis of the material involved in the failure, steel properties testing, 

fatigue and pressure reversal assessments. This paper presents the main results for the different stages of the 

investigation and the options for managing the future integrity of the pipeline.  
 

 

1. Introduction  
  

PDVSA GAS owns and operates a 200Km 26” Pipeline in the east of Venezuela from Estacion Principal 

Anaco (EPA) to Estacion N50 which forms part of the national natural gas transmission system; it carries methane at a 

high pressure towards the center of the country; most of the pipeline crosses class 1 locations and some few sections 

class 2 and 3 locations as per ASME B31.8 (2012), the geographic location of the pipeline can be seen in Figure 1. The 

pipeline was constructed from longitudinal seam welded pipe conforming to API5L Grade X52. The nominal wall 

thickness was 0.312”.  

PDVSA GAS commissioned the 26” Pipeline in 1976; it was post-construction hydrostatically tested at 990 psi 

and started operating at its design pressure of 900 psi; however, in 1991 due to external conditions within the national 

transport system, the maximum operational pressure was lowered to 750 psi for the following years. In 2008 PDVSA 

GAS decided to rehabilitate the pipeline to its design pressure of 900 psi to increase its transport capacity; at that 

moment the pipeline was internally inspected using both circumferentially and axially orientated MFL technology and a 

Fitness For Service (FFS) assessment was carried out. A number of remediation actions, including sleeve installations 

and pipe replacements, were scheduled and executed as a result of the assessment. In April 2012, consistent with the 

rehabilitation plan, the operating pressure was gradually increased up to 800 psi and remained operating at that level for 

close to 3 months when a failure occurred at 67.8 km from EPA (see Figure 1) on the 31st of July 2012. The section of 
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the pipeline involved in the failure was replaced and the pipeline was pressurized in August 2012 up to 750 psi to 

continue operations. 

 

 
 

Figure 1. 26” EPA-N50 Pipeline location 

 

 

2. The Failure  
  

 In the morning of the 31
st
 of July 2012 due to operational activities within the pipeline system, the pressure had 

a sudden increase above its recently increased operating conditions (~820 psi), of about 80 psi within 1 hour and at 

09:41 am when the pressure reached 909 psi, the pipeline suffered a rupture between valve stations N13 and N14, at 

67.8 km from EPA station (see Figure 1). The failure was detected by the significant pressure drop registered in the 

pipeline system SCADA room, and both N13 and N14 valves were subsequently shut down. The operating pressure just 

before the failure has been illustrated in Figure 2.  

 

 
 

Figure 2. Pipeline operation pressure before failure  

 

 Since the failure occurred in a class location 1 it generated a forest fire of the surrounding areas next to the 

corridor with no injuries or fatalities, and affected the gas transmission capacity of the system during the shutdown 

period. Once the situation was controlled, an initial visual inspection was carried out by the pipeline operator; Figure 3 

shows an aerial view of the failure location.  

 

 
 

Figure 3. Aerial picture from the failure location  
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3. Failure Investigation Process  
  

 In order to determine the root cause of the event, the investigation process covered the following stages: 

 

3.1. Visual Inspection  

 A photograph of the ruptured pipe length is presented in Figure 4. The pipe that ruptured exhibited a primary 

ductile fracture running longitudinally along the heat affected zone (HAZ). This fracture extended in both directions 

along one pipe length and arrested a short distance into the adjacent pipes. The ends of the fracture path show the 

characteristic morphology of ductile fracture arrest, with the fracture path changing direction before arresting.  

 

 
 

Figure 4. General photograph of the rupture pipe 

 

 Numerous other longitudinal and transverse fractures were evident in the body of the ruptured pipe away from 

the weld seam. In some cases full sections of the pipe became detached from the pipe and one fracture has led to a 

section of the pipe ‘peeling’ away in the longitudinal direction. 

 Photographs of the failure site indicated an area close to the pipe where the soil had been eroded with a semi-

elliptical pattern, as shown by the highlighted area in Figure 5. This area of erosion is coincident with a feature 

identified at the 10 o'clock position on the most recent inline inspection (ILI) and reported as a mill feature. The section 

of pipe removed from this area for metallography exhibited an area of surface erosion on the pipe inner surface and 

localized deformation identified in Figure 5 as point ‘F’. This point was identified to be located at 10 cm from the 

reported mill feature. 

 These features suggest that there had been a leak, before the rupture occurred, close to the feature identified on 

the ILI data. Detailed inspection of the ductile fracture surface could not identify any other potential initiation sites and 

it was therefore concluded that the ductile fracture initiated at the location noted as F in Figure 5. 

 

 
 

Figure 5. Location of leak and initiation site 

 

3.2. Detailed inspection of the pipe  

 Visual inspection of the fracture faces in various areas of the HAZ and in the base metal identified the presence 

of a black exogenous layer, strongly adhered to the substrate, as shown in Figure 6. Stereoscopic microscopy of various 

samples confirmed the significant presence of this type of feature, which is considered to be associated with steel 

making, casting, slab manufacture, plate rolling or a combination of these. 

 The heavy surface scale layer shown in Figure 6 is representative of scale formed during the slab 

manufacturing process and in some cases contains localized surface cracking referred to as ‘crazing’, which can occur 

when rolling un-scarfed or badly scarfed slab.  
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 Cracks associated with the oxide layer, which appeared in the internal and external surfaces displayed similar 

morphologies in the pipe transverse and longitudinal direction. In some cases, the cracks are almost throughout the 

entire wall thickness. 

 

 
 

Figure 6. Stereoscopic microscopy of samples from the failed pipe 

 

 A photograph taken at the failure site also shows that the pipe contained a significant degree of segregation in 

the mid wall location, Figure 7a. A macro section through the weld bead was taken close to the initiation location. There 

are a number of weld geometry issues, namely plate misalignment and an acute toe angle, both of which would lead to 

stress concentrations, Figure 7b.  

 No significant internal or external corrosion was present with wall thickness values in the range of 7.60 - 8.00 

mm. There were no signs of pitting. 

 

 
 

Figure 7. Milling defects present in the failed pipe 

 

3.3. Metallographic analysis  

 Representative sections were removed from locations along the primary ductile fracture in order to perform 

metallographic analyses of the material. A section was taken from an area close to the end of the linear indication 

reported with a wall thickness loss of 10% by the ILI inspection. The micrograph shows the existence of a continuous 

oxide layer at the end of the fracture, which was clearly present before the pipe rupture occurred.  

 Sections were taken from the areas containing cracks in the base material in the longitudinal and transverse 

direction. In all cases it was found that the cracks were associated with unusual features and contained layers of oxide. 

There was significant macro-segregation resulting in fully ferritic areas, and localized inhomogeneous grain size, 

presumably the result of localized segregation/contamination and issues during the manufacturing processes, Figure 8. 

Extensive metallography also identified macro segregation with abnormal grain size, inter-granular cracking with oxide 

layer right down to the tip of the crack and the presence of exogenous inclusions. Similar defects were present on both 

the inside and outside surface and in both the transverse and longitudinal direction. Metallographic analyses were also 

made in weld beads and again defects were found in the HAZ with the same morphology and base metal contamination 

phenomenon. 
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Figure 8. Micrographs showing the inhomogeneous microstructure and cracks filled with oxide 

 

3.4. Fracture analysis with scanning electronic microscopy and energy dispersion spectroscopy 
 Representative sections of the fracture face were evaluated with scanning electron microscopy (SEM) and 

energy dispersion spectroscopy (EDS) in order to establish the fracture mechanism. The fracture surface showed a 

continuous layer of oxide, indicating pre-existing features along the HAZ. The fracture face was representative of 

ductile fracture with a dimpled appearance and micro-voids, Figure 10a. There are some areas of local cleavage fracture 

as shown in Figure 9b.  

 

 
 

Figure 9. Fracture images from SEM 

 

 An EDS analysis of the pipe material in the areas affected by cracking and segregation confirmed the presence 

of a layer of iron oxide (Fe3O4), Figure 10, and other contaminants such as carbon and sulfur. Contamination at the prior 

austenite grain boundaries confirmed that this occurred at an elevated temperature during manufacture. 

 

 
 

Figure 10. EDS analysis of the oxide layer at the surface and inside the cracks 

 

3.5. Destructive Testing  

Destructive testing was performed on the ruptured pipe and representative material from the pipes either side 

of the rupture. The rupture event may have had an effect on some of the properties of the ruptured pipe and therefore 

only the tensile, Charpy impact and toughness results from the adjacent pipes are presented.  
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3.5.1. Chemical composition 

The chemical composition of the pipe body is presented in Table 1. The pipe was confirmed as a simple C-Mn 

low alloy steel, with additions of Mn and Si. The levels of S and P are not considered high. The chemical composition 

indicates that the ruptured pipe and the adjacent pipes are nominally the same grade but may have been from different 

heats, as the P and S levels are different. 

 

Table 1. Chemical composition 

 

Pipe % C % Si % Mn % S % P % Nb + V + Ti 

Rupture pipe 0.10 0.23 0.90 0.019 0.007 Not recorded 

Adjacent pipe 1 0.10 0.25 0.94 0.010 0.013 0.03 

Adjacent pipe 2 0.10 0.25 0.84 0.010 0.012 0.03 

 

3.5.2. Tensile testing 

Longitudinal and transverse round bar specimens and a transverse flattened full thickness specimen were 

tested. A cross weld test was also performed. The Rt0.5 and Rm values were above the API X52 minimum requirements 

of 360 MPa and 460 MPa respectively and actually meet the requirements of API 5L X56. The minimum recorded Rt0.5 

was 414 MPa. 

 

3.5.3. Charpy impact testing 

Charpy specimens with the notch located at the fusion line (FL), FL + 2 mm and FL + 5 mm were taken. Due 

to the dimensions of the pipe, it was not possible to use full size Charpy specimens (55 mm x 10 mm x 10 mm) and sub-

size Charpy specimens (55 mm x 10 mm x 5.0 mm) were used. The results are presented in terms of full size equivalent 

values. The testing was performed at 0 °C and the results are presented in Table 2. 

 

Table 2. Charpy impact test results 

 

Reference Position Energy (J) 

Adjacent pipe 1 

Body 54, 56, 48 

Fusion Line 80, 83, 91 

Fusion Line + 2 43, 43, 48 

Fusion Line + 5 48, 48, 54 

Adjacent pipe 2 

Body 50, 53, 54 

Fusion Line 79, 80, 88 

Fusion Line + 2 48, 51, 50 

Fusion Line + 5 48, 50, 50 

 

The results meet the minimum Charpy impact requirements for API 5L of 27 J average and 20 J minimum 

using full size Charpy specimens tested at 0 °C. The lowest Charpy impact values were recorded in the FL + 2 mm 

location. The values are not particularly high, but do not indicate a significant concern and are in line with the expected 

toughness for material of this vintage. A set of calculations were performed using internationally recognised guidance, 

which identified that the level of toughness defined in Table 2 is sufficient to arrest a ductile fracture, therefore arrest a 

limited distance into the adjacent pipes was entirely expected.  

 

3.5.4. Hardness testing  

Macro hardness testing was performed on the adjacent pipes and micro hardness testing was performed on the 

ruptured pipe. The micro hardness range in the pipe body and HAZ was 117 - 256 Hv300 and the macro hardness range 

in the pipe body and HAZ was 164 – 205 Hv10. The results indicated no concerns with hardness.  

 

3.5.5. Toughness testing  

In order to provide data for the engineering critical assessment and to investigate the ductile tearing resistance 

of the pipe, a multiple specimen R curve was constructed using the results from a series of J- Integral fracture toughness 

tests. The tests were performed using material taken from an unaffected pipe. Through thickness specimens notched at 

the FL + 2 mm location were used and the testing was performed at room temperature. The R curve is presented on 

Figure 11. 
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Figure 11. R curve 

 

The R curve indicated an extremely low resistance to ductile tearing. Firstly, the characteristic fracture 

resistance parameter described by J1mm is only 0.247 MPa m. Secondly, the material is characterised by a very shallow R 

curve, with limited increase in toughness as the crack extension increases.  

 

3.6. Fatigue Assessment  

 A subsequent action was to perform a fatigue crack growth assessment to determine if the reported cyclic 

pressure loading could have promoted any fatigue crack growth of existing defects. The data employed to develop this 

assessment was directly taken from the SCADA output for the pressure station N-14 for a period of 3 years before the 

failure with hourly logs. The collected data indicated that there was no relevant cyclic loading since 2009 up to April 

2012 when the system pressure began to rise introducing minor pressure fluctuations and one complete maintenance 

shutdown before the failure.  

 In order to define a range of initial defect sizes for the fatigue assessment, information on the expected critical 

defect sizes was required. Therefore, the first stage of the assessment was to identify the critical sizes of defects that 

could have been present in the pipeline during operation and grew by fatigue to cause the failure. 

The fracture assessment was performed according to API 579 – Part 9 – Level 2 (2007), which is based on a 

failure assessment diagram (FAD).  

 Using the pipeline technical data and the MAOP (900 psi), the critical defect sizes for surface breaking flaws 

were calculated as a function of depth and length, Figure 12. 

 

 
 

Figure 12. Critical defect size  

 

 Once the defect critical sizes were determined, the fatigue assessment was developed. The pressure data were 

simplified using the Rainflow cycle counting method as proposed by ASTM E1049 – 85 (2005) and then converted into 

an equivalent number of cycles at one stress range using Miner’s rule (1945). Given the low number of equivalent 

cycles prior to April 2012 and in order to model the whole operating life of the pipeline, the calculated loading was 

applied for the period between commissioning in 1976 to the May 2012 shutdown and not just from 2009 onwards, i.e. 

for 36 years and not 3 years. 

Two different defect sizes, in line with the critical sizes from Figure 12, were selected: a 1 mm deep x 100 mm 

long defect and a 2 mm deep x 10 mm long defect. Then the cyclic pressure regimes were applied to these defects to 

determine the expected amount of fatigue crack growth. The results showed no discernible growth of either defect. The 

maximum growth for any of the assessed defects was 0.0016 mm in depth and 0.0014 mm in length. 

It was therefore concluded unlikely that the cyclic pressure loading from 2009, including the cycles 

experienced in the two months prior to failure would have promoted fatigue crack growth of existing defects. 
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3.7. Pressure Reversal Assessment  

As fatigue was not considered to be the likely cause of failure further investigation was performed to review 

the effects of ductile tearing. For a ductile material containing a crack, failure may occur by ductile tearing rather than 

cleavage fracture. In principal ductile tearing is where the toughness at the crack tip may initially increase as the crack 

advances. This is due to work hardening of the material at the crack tip, where the increase in strength due to hardening 

outweighs the damage done in the heavily strained material immediately ahead of the crack. It should be noted that this 

increase in toughness is negated when the pipeline is depressurised. 

A ductile tearing assessment was performed using a level 3 fracture analysis according to API 579 (2007). The 

R curve given in Figure 12 was used to define the characteristic toughness and resistance to ductile tearing. A Level 3 

tearing analysis progressively increases crack lengths and depths starting with an initial crack size and increment of 

growth. The initial crack growth increment (Δa) in this assessment was set at 0.1 mm. For each analysis the driving 

force for fracture increases slightly as the crack length has increased by the growth increment. However, the resistance 

to fracture also increases for each growth increment. The results of these assessments are plotted as (Lr, Kr) points on 

the Failure Assessment Diagram (FAD), forming a locus of points, shown schematically in Figure 13.  

 

 
 

Figure 13. Example of a level 3 ductile assessment FAD 

 

Initially the increase in toughness as the crack length increases outweighs the increase in driving force, and the 

assessment point falls towards the acceptable region. If the locus crosses into the acceptable region then tearing stops 

and the defect is considered stable and acceptable.  

If the assessment locus is always outside the FAD, as in Figure 13, then the defect is unacceptable. If the 

assessment locus starts outside the FAD but then intersects it, limited ductile tearing is predicted to occur but this 

stabilizes and the defect is considered acceptable.  

For this pipeline the high risk was considered to be the effects of pressure reversals, i.e. when the pipe is 

pressurised, de-pressurised to zero and then re-pressurised. When the applied load is removed and then re-applied the 

ductile tearing assessment is re-started however the new crack size following any tearing is used as the starting point. In 

this sense, after each stress reversal the defect size is larger but there is no benefit from the increased toughness. The 

implication is therefore that pressure reversals such as hydrotests and shutdowns may be detrimental in terms of future 

defect tolerance for materials with low ductile tearing resistance. 

Based on an assumed typical defect size of 4 mm depth x 20 mm length existing before the original hydrotest 

the effects of pressure reversals were simulated based on the historical pressure cycling and shutdowns. It was identified 

that this crack would grow by a large amount on hydrotest, but then remain stable at the previous service pressure of 

705 psi. However, further tearing would have occurred on raising the pressure, such that at 909 psi the enlarged defect 

is only marginally stable. This preliminary analysis was consistent with the failure. 

 

3.8. Failure Root Cause 

The failure was confirmed to be a rupture of three pipe segments with the initiation point identified in the 

proximity of a mill defect reported by the most recent ILI. The in-depth metallographic analysis made in various areas 

of the ruptured pipe and in adjacent pipes conclusively established the presence of pre-existing defects and deleterious 

features in the steel microstructure. The presence of the heavily adhered oxide on the pipe surface and inside the defects 

confirms that they were formed during or prior to one of the hot forming processing stages i.e. the slab or plate 

production process. The defects could be a result of contamination or poor quality control in the steel making stage, 

poor process and quality control in the slab or plate manufacturing processes or a combination of both. The iron oxide 

existing inside the defects was found to be magnetite (Fe3O4), which has ferromagnetic properties. This may have 

affected the accurate detection by the ILI tool.  

The mechanical properties of the pipe, taken from unaffected areas without defects, appear to be in line with 

the expected pipe grade API 5L X52. The adjacent pipes demonstrated a very low ductile tearing resistance in the HAZ. 

It is considered that a crack like pre-existing defect in combination with the microstructure with a low ductile tearing 

resistance was the root cause of rupture, resulting in initiation and extension of a ductile fracture when the pressure was 



Rio Pipeline Conference & Exposition 2015 

 9 

increased to 909 psi. Furthermore; the pressure reversal effect, the presence of magnetite (decreasing defects detection 

capability by MFL) and the misalignment of the longitudinal weld are also considered as contributing causes.  

 

 

4. Future Integrity of the Pipeline 

  

 Once the cause of failure was determined; the following step was to define the best available strategy to safely 

and efficiently continue operating the pipeline. From the failure root cause revision; it was concluded that the key 

element which would ensure the integrity of the pipeline was to identify the presence of crack-like defects of a critical 

size within the longitudinal weld HAZ. Accordingly; an Engineering Critical Assessment (ECA) was developed aiming 

to estimate both the failure pressure of defects likely present in the pipeline and the critical sizes of defects for a range 

of different operational pressures to evaluate the possible future operation conditions. 

 The ECA was developed based on the API 579 – Part 9 – Level 3 (2007) ductile tearing assessment; this 

estimated the critical defect size of a crack within the longitudinal weld area that could potentially exist in the pipeline 

for a range of crack lengths following the failure at 909 psi in 2012. These features were further grown by ductile 

tearing for the most recent range of operating pressures to determine the critical crack like defect size in terms of failure 

pressure, note that as the pipeline was depressurized following the 2012 failure the increase in toughness at the crack tip 

was negated. The assessment found a minimum calculated failure pressure of 837 psi. Consequently; the 

recommendation was that pipeline operational pressure should be limited to this value; and an additional safety margin 

should be considered since the ECA does not include any safety factor.  The growth of these critical defects by fatigue 

was also verified; using the current operating pressure cycling and extending it for up to 50 years, it was confirmed that 

the defects would have a discernible growth due to fatigue. 

 The following pressures were then considered and the critical defect sizes in terms ductile tearing were 

calculated as a function of depth and length, as presented in Figure 14: MAOP of 900 psi, Maximum Operating Pressure 

after the 2012 failure of 838 psi, Mean Operating Pressure between installation and 2012 of 705 psi, and a Safe 

Working Pressure based on current operating pressure with a safety factor of 1.25 (838 psi x 1.25) of 670 psi. 

Any combination of depth and length below the line is considered as acceptable for operation at the assessment 

pressure and any size above the line is considered not acceptable at the assessment pressure. It should be noted that an 

80% wt cut off has been applied and the results of this assessment do not consider any safety factors. The 80% wt limit 

is in place to account for the increased risk of a leak for defects greater than 80% wt. 

 Having estimated the different critical defect sizes, the following step was to review the available technologies 

of crack detection for gas pipelines and evaluate their capabilities to determine up to which extend the previously 

mentioned defects could be detected. Three different technologies were included in the comparison: UT-Crack 

Detection, EMAT and Circumferentially Orientated MFL. The two fist options were able to detect smaller defects; and 

although UT tool allows for shorter cracks to be identified, it requires a liquid coupling to transmit the sound waves into 

the pipeline steel. Therefore the EMAT tool represented the most appropriate ILI technology; thus a further revision on 

this option was developed. ROSEN EMAT Tool is able to detect crack like defects at a probability of detection of 90% 

with a minimum depth of 2 mm and length of 40 mm. Combining this capability with the defect sizes; the result can be 

seen on Figure 14 where the area of defect dimensions which cannot be detected by the inspection has been shadowed 

in grey. 

 

 
 

Figure 14. Critical Crack-Like Defects in Longitudinal Weld Area at Varying Pressure & EMAT Detection Capability  

 

 Based on the detection capabilities of the EMAT tool, some critical features would be outside of the detectable 

window for the ILI technology due to the shallow nature these features, as shown in Figure 14. However, the likelihood 

of detection of critical crack-like flaws is increased at lower operational pressure/stress; at a working pressure of 670 psi 
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the EMAT tool would be able to identify critical crack-like features which would give greater confidence in continued 

safe operation of the pipeline. 

 Moreover, a second choice to assess the pipeline integrity is to carry out a hydrotest. However; due to the poor 

ductile tearing resistance of this pipeline no crack-like flaws within the longitudinal weld area would likely survive the 

minimum hydrotest pressure of 1125 psi to allow for operation at the design pressure of 900 psi. Although a hydrotest 

would remove all critical defects from the pipeline, the number of failures during this process could be significantly 

high. Additionally, there are a number of considerations to carry out a hydrotest in an operating pipeline such as the 

water sourcing, the water appropriate disposal after the test and the pipeline segmentation depending on its elevation 

profile. All of the mentioned considerations can considerably increase the costs for this option; especially when adding 

the costs of a high number of repairs along the pipeline. Notwithstanding these issues the hydrotest option would allow 

operation at 900 psi which is in line with the original operating plan for this pipeline.  

Alternatively; a combination between the two integrity assessment methods could combine their benefits, if the 

pipeline is internally inspected first, the EMAT technology would identify the most significant features which would 

allow for a safe operating of 670 psi, and also certain number of features which would fail the hydrotest at 1125 psi. 

Although there could be some defects which would not be detected by the EMAT and whose failure pressure is below 

the hydrotest pressure, there are some flaws which would be detected and predicted to fail during hydrotest. Therefore; 

after the internal inspection a clearer scenario could be achieved as well as a better preparation for the hydrotest which 

would finally allow for operation at the pipeline design pressure. 

 

 

5. Conclusions  
 

This paper has described the different stages of the investigation process to determine the root cause of the 

failure in the 26” gas pipeline Lazo EPA-N30 in July 2012 operated by PDVSA GAS and the available integrity 

strategies to safely operate it. 

The failure consisted of a rupture of three pipe segments whose initiation point was identified to be in the 

proximity of a feature reported by the most recent ILI. Furthermore, the metallographic analysis identified the presence 

of pre-existing defects and deleterious features in the steel microstructure. The mechanical properties of the pipe appear 

to be in line with the expected pipe grade; however it had a low ductile tearing resistance in the HAZ of the longitudinal 

seam weld. It was concluded the cause of the failure as the presence of a crack like defect present in the HAZ of the 

longitudinal seam weld combined with a low ductile tearing resistance of the steel.  

The sizes of flaws that may be present in the pipeline after the failure were estimated. Using this information 

the failure pressure was defined as 837 psi. A review of the available inline inspection technologies was completed; the 

EMAT technology was determined appropriate to inspect for critical defects; however, its detection capabilities would 

be best suited to identifying defects that could safely operate at 670 psi. A hydrotest of 1125 psi would guaranty safe 

operating conditions at the design pressure of 900 psi; conversely, it might require a high number of unpredicted repairs 

during its execution. Lastly; a combination of both integrity assessment methods could bring together their benefits 

allowing the pipeline to be operated at 900 psi and giving better control on the required repairs to reach this condition. 
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