












































Response to NTSB Request from Kinder Morgan
Request: DR 101
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Request
Additional information on 4 leaks near MP 484 during 2002 hydrotest – documentation shows these
were caused by manufacturing defects. Does KM know what type of manufacturing defects (hard spots,
seam issues, etc.)?

Response
The four pressure test failures requested were in Test Section 11 during the 2002 conversion of service
(details of the conversion tests are noted in DR 11B_Conversion of service listing_CONF).

Pressure Test Failure table
Date Segment Location Cause
8/6/2002 CASA GRANDE TO TOMMIX MP 487 Station Manufacturing
8/12/2002 CASA GRANDE TO TOMMIX MP 493 Station Manufacturing
8/23/2002 CASA GRANDE TO TOMMIX MP 496 Station Manufacturing
9/2/2002 CASA GRANDE TO TOMMIX MP 498 Station Manufacturing
Note: the stationing has been updated in this table to match the original metallurgical report to allow
for easy comparison.

A metallurgical analysis of these four failures was completed on April 17, 2003 and is attached (DR
101_Att01_TSIMS 5 2003 0510 Line 2000 Hydrotest 4 03_CONF.pdf). Excerpts from the conclusion are:

All four of the hydrotest failures initiated at sites of original manufacturing defects in the forms
of part wall defects, narrow laminations, center line segregation, and inclusion clusters within
the pipe body. One of the sites also demonstrated external corrosion damage with
approximately 59% wall loss.
Visual inspection indicated that the lamination defects observed were less than one inch wide.
Ultrasonic inspection was unable to confirm any additional dimensional aspects of these defects
other than near mid wall positioning.
Although certain aspects of the microstructural state of Bergrohr pipe steel have presented
problems with the original manufacturing defects noted, the benefit of the finegrained
microstructural state is manifested in the propensity of this material for a higher fracture
toughness response.
The chemical and mechanical test results for Line 2000 pipe material meet or exceed the
minimum requirements stipulated in API5L for Grade X70.
Fracture mechanics modeling formulated conservative stress intensity factors (KI) for the defect
condition at MP 496.9 and confirmed that the rupture initiated at the lamination defect
progressing in a radial direction toward the OD surface of the pipe. (Note: This was the location
with external corrosion found)
Since the hydrotests exposed the original manufacturing defect conditions, and recognizing that
all remaining defects should be sub critical in size, additional work on this line is not anticipated
at this time.
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As related to the external corrosion found at hydrotest failure at MP 496, the in line inspection for this
piggable segment occurred in December 2002 after the pressure testing was completed. So the external
corrosion threat was addressed through the pressure test and the in line inspection.
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Metallurgy Laboratory 
8645 Railroad Drive, El Paso, Texas 79904    Ph: (915)587-3784   FAX: (915)587-3714 

TO: Distribution DATE: April 17, 2003    

FROM:  

SUBJECT:  Line 2000 Hydrotest Ruptures 

INTRODUCTION 

Hydrotesting Line 2000 during the months of August and September produced four ruptures at 
MPs 487.5, 493.1, 496.9, and 498.6.  All of the ruptured pipe sections were submitted to the 
Metallurgy Lab for analysis.  Although operational background information on this line is 
unavailable, the pipe is nominally a 30 inch OD, 0.303 inch wall thickness, X70, manufactured 
by Bergrohr. 

CONCLUSIONS AND RECOMMENDATIONS 

All four of the hydrotest failures initiated at sites of original manufacturing defects in the
forms of part-wall defects, narrow laminations, center-line segregation, and inclusion
clusters within the pipe body.  One of the sites also demonstrated external corrosion
damage with approximately 59% wall loss.

Hydrotest failures caused by manufacturing defects on this line trace back to as early as
1986, as referenced in a metallurgical report prepared by J. P. Kenny & Partners for the
All-American Line Company.  One of these failures was within two miles of the rupture
experienced at MP 487.5.

Visual inspection indicated that the lamination defects observed were less than one-inch
wide. Ultrasonic inspection was unable to confirm any additional dimensional aspects of
these defects other than near mid-wall positioning.

Although certain aspects of the microstructural state of Bergrohr pipe steel have
presented problems with the original manufacturing defects noted, the benefit of the fine-
grained microstructural state is manifested in the propensity of this material for a higher
fracture toughness response.

The chemical and mechanical test results for Line 2000 pipe material meet or exceed
the minimum requirements stipulated in API5L for Grade X70.

Fracture mechanics modeling formulated conservative stress intensity factors (KI) for the
defect condition at MP 496.9 and confirmed that the rupture initiated at the lamination
defect progressing in a radial direction toward the OD surface of the pipe.
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which have promoted internal separations. These defect conditions were sufficiently narrow to 
evade ultrasonic detection along the rupture interface. 

Photograph 5 shows a portion of the rupture interface for MP 496.9, which reveals significant 
wall loss (58.8%) due to external corrosion damage.  The external coating system used on this 
portion of the piping was a multi-layer tape system with urethane foam insulation.  Small 
lamination defects can also be observed in Photograph 5. 

The rupture at MP 498.6 is shown in Photograph 6. The scalloped contour of this rupture 
interface is due to a lamination, which was approximately 0.7 inches wide. Since the dimensions 
of this lamination were measurable, fracture mechanics was utilized for this defect condition. 

Transverse metallographic sections were prepared for three of the four failures, with each 
intersecting the approximate hydrotest rupture origins.  Photographs 7 and 8 provide details of 
the general microstructural features representative of pipe comprising this Bergrohr production. 
The pipe material represents fine-grained steel, generally banded and alternating in very thin 
layers of ferrite (light) and carbides (dark).  Fibering of small inclusion clusters in linear arrays 
was also observed.  The ASTM grain size equivalent for the ferritic grains is 10+, which serves 
to optimize strength and fracture toughness (see mechanical test results).  The sectioning on 
the rupture at MP 487.5 documents the size and distribution of the inclusion clusters found 
intersecting this portion of the rupture interface.  Photographs 9-11 show the inclusions in close 
proximity to the rupture interface.  Since the original slabs that were rolled into plate as a 
precursor for pipe manufacturing were continuously cast, some portion of the inclusions are 
probably representative  of center-line segregation.  However, the general microstructural state 
is the same that was shown in Photographs 7 and 8. 

The remaining transverse metallographic section is shown in Photograph 12.  As shown in this 
photograph, the corrosion is in the form of overlapping pits with some demonstration of 
preferential microstructural corrosion.  This rupture site was the only site which demonstrated 
significant corrosion damage. UT wall thickness readings were performed from the ID-side of 
the pipe along an axial distance of six-feet adjacent to the rupture.  The maximum pit depth was 
0.055 inches, while the average pit depth was less at 0.034 inches.  RSTRENG analysis for the 
B31G (Case 3) criterion demonstrated that the safe maximum pressure for this line would have 
been 917 psig.  

Nondestructive testing utilizing ultrasonic instrumentation indicated that the internal separations 
were extremely narrow and virtually undetectable, which is typical for inclusion chains and 
accompanying center-line segregation.  However, the rupture at MP 498.6 exposed the entire 
width of a lamination that measured approximately 0.7 inches. 

The tensile test results provided by METL (Phoenix) substantiated the API5L X70 Grade for this 
pipe with a 0.2% offset (per ASTM A370) and 0.5% gage length intercept (per API5L) yield 
strength in excess of 77,000 psi in the circumferential orientation. The tensile strength averaged 
98,500 psi with 21% elongation.   

Figure 1 portrays the Charpy V-Notch test results for test temperatures up to 212oF.   These 
results satisfy the API5L Supplementary Requirement 5 (SR5) for minimum shear area, while 
the absorbed energy values at 32oF averaged 75 ft-lb for a full size equivalent sample size.  The 
chemical analysis results are listed under Table II. 
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Figure 1.  CVN test results for Line 2000 pipe material. 

Using the fracture mechanics approach used in the hydrotest failure investigation on this same 
line at MP 945.1 (report dated June 13, 2002), a circumferential lamination of width (2a) is used 
to model the pipe defect and its influence on rupture behavior during hydrotesting (see Figure 
2).  The membrane stress represents the hoop stress and the parameters, Gm and Gb, can be 
computed based on the flaw size width (2a), pipe radius (R), and pipe wall thickness (t).  
Utilizing the actual hydrotest rupture pressure of 1294 psi for MP 498.6, KI, and the stress 
intensity factor for the outer and inner membrane surfaces can be calculated.  Although the 
boundary conditions for plane strain conditions are not satisfied for these pipe dimensions, 
conservative predictions of the critical stress intensity factor can be determined.   For this case, 
KI for the inner pipe surface was 58.8 ksi (in.)1/2, while the outer pipe surface was 75.6 ksi 
(in.)1/2.  The difference in stress intensity magnitude suggests that the rupture initiated in the 
outer membrane first along the lamination interface and progressed to the inner membrane as 
the longitudinal interface grew radially and axially. 

In a metallurgical report prepared by J. P. Kenny & Partners for the All-American Line Company, 
dated June 1986 and entitled “Metallurgical Report on Field Hydrotest Failures in 
Bergrohr/Herne Line Pipe,” two hydrotest failures were investigated from MPs 485.25 and 
471.9. The J. P. Kenny report actually contained a metallurgical analysis by the original plate 
manufacturer, Peine-Salzgitter, based on their production records and analysis of the hydrotest 
failures submitted.  The rupture pressures for both of these locations were 1129 psi (86%SMYS) 
and 1179 psi (89.9% SMYS), respectively. Peine-Salzgitter formulated that the first failure was 
due to an original manufacturer defect referred to as a part-wall defect and the latter due to a 
high volume fraction of Al2O3 and CaO inclusions. The chemical analysis quoted for the 
aforementioned pipe sections is listed in Table II. 
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    Photograph 1.  Representative documentation of the hydrotest rupture at MP 493.1. 

Photograph 2.  A portion of the hydrotest rupture surface at MP 487.5 showing the part-wall 
defect (arrows). 
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Photograph 3.  Another portion of the hydrotest rupture surface at MP 487.5 showing more of 
the part-wall defect (arrows). 

Photograph 4.  A portion of the rupture surface at MP 493.1 showing the intersection of two 
laminations.  Approximately 6X. 
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Photograph 5.  A portion of the rupture surface at MP 496.9 showing significant wall loss due to 
external corrosion and a shallow lamination (see arrows). 

Photograph 6.  A portion of the rupture surface at MP 498.6 showing exposure of the contained  
lamination (arrows).   
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Photograph 7.  Representative microstructural features of the pipe steel at MP 487.5 with fine-
grained, banded ferrite and pearlite.  100X.  Nital reagent. 

Photograph 8.  A close-up of the microstructural features of the pipe steel with alternating layers 
of ferrite (light) and pearlite (dark).  800X.  Nital reagent. 
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Photograph 9.  Representative microstructural features of the pipe steel along the rupture 
interface at MP 487.5 showing the inclusion enrichment (arrows).  100X.  Nital reagent. 

Photograph 10.  More general view of the microstructural features of the pipe steel along the 
rupture interface at MP 487.5 showing the inclusion enrichment (arrows).  50X. Nital reagent. 
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Photograph 11.  Representative microstructural features of the pipe steel along the rupture 
interface at MP 487.5 showing some minor inclusion clusters (arrows). 100X. Nital reagent. 

Photograph 12.  Representative microstructural features of the pipe steel at MP 496.9 OD 
surface corrosion in the form overlapping pits. 100X. Nital reagent. 
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Photograph 13.  SEM fractograph showing a CaS particle (large arrow), two linear arrays of 
former inclusion sites (see smaller arrows), and shear fracture evidence.  1200X. 

Figure 2.  The stress intensity relationship for a crack in a spherical shell subjected to a uniform 
membrane stress. Ref: D. P. Rooke and D. J. Cartwright, Compendium of Stress Intensity 
Factors, Hillingdon Press, Uxbridge, 1974, p. 328.  
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