
DOT  U.S. Department of Transportation 

PHMSA Pipelines and Hazardous Materials Safety Administration 

OPS  Office of Pipeline Safety 

  Southwest Region 

 

Principal Investigator David Eng 

Region Director Rod Seeley 

Date of Report 2/3/2014 

Subject Failure Investigation Report – Enterprise Crude Pipeline, LLC 
(Cushing West Tank Farm, Cushing, OK, Line C75) 

  

 

Operator, Location, & Consequences 

Date of Failure 4/8/2012 

Commodity Released Crude Oil 

City/County & State Cushing/Payne County, Oklahoma 

OpID & Operator Name 30829 - Enterprise Crude Pipeline, LLC 

Unit # & Unit Name 14464 – Oklahoma 30 Inch 

SMART Activity # 139211 

Milepost / Location Breakout tank line C75 with Cushing West Terminal (Tank Farm) 

GPS Coordinates: 35.953247°N, 96.758858°W 

Type of Failure Breakout tank line failure due to internal corrosion 

Fatalities None 

Injuries None 

Description of area 
impacted 

The failure occurred within the operator’s station facility located in a 
remote area 

Property Damage $1,698,327.00  
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Executive Summary 
At approximately 10:04 p.m. central standard time (CST) on April 8, 2012, operations personnel for 
Enterprise Crude Pipeline, LLC (Enterprise) discovered a leak on their 24-inch C75 line located in their 
Cushing West Terminal Facility located in Cushing, Oklahoma.  Enterprise reported the leak to the National 
Response Center (NRC 1008104) on April 8, 2012, at 10:46 p.m. CST.  Upon detection of the release, 
Enterprise shut the line in. An accident investigator from the Pipeline and Hazardous Materials Safety 
Administration’s (PHMSA) Southwest Region was dispatched to the failure site.  A second PHMSA 
investigator coordinated with the control center for records.  

Metallurgical analysis of the pipe concluded the root cause of the failure was internal corrosion.  No other 
causal factors or controller/operator actions were determined to be involved with the incident. 

The failure occurred completely within the facility’s tank containment area.  600 barrels of oil were 
released and recovered on site.  No fatalities or injuries were involved, and the overall cost associated 
with the accident was $1,698,327.00.  
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System Details 

The failure occurred on Enterprise’s C75 Line.  Line C75 is located inside Enterprise’s Cushing West 

Terminal in Payne County, Oklahoma, near the town of Cushing.  The pipeline, 24-inches in nominal 

diameter, bi-directionally transfers crude oil between Manifold D to tankage within the Cushing West 

Terminal facility.  There is no leak detection on the 24-inch line. 

 

C75 Schematic Detail 
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Events Leading up to the Failure 

Prior to the accident, on Saturday April 7, 2012, Plains Basin control was pumping crude oil through 

Enterprise’s 24–inch-diameter C75 line through Manifolds A and D, which are under Enterprise’s control.  

Neither company is capable of monitoring the other’s operating status on the pumping or receiving end 

through their systems; they rely on verbal communication to confirm that the delivery process has started 

and/or stopped (there was no report of irregularities during the transfer process).  The delivery was 

completed that same day.  Enterprise did not discover the leak until Sunday night when crude oil was seen 

bubbling from the ground.  It is not clear at this time whether the failure occurred during the pumping 

process or after when there was head pressure only on the line. There were no indications of any 

abnormal operations immediately prior to the discovery. 

The pressure in the pipe at the time and location of the leak was 17 psig (the line normally operates at 70 

psig).  At peak operation, this section can see a flow rate of 17,000 barrels per hour of turbulent flow. No 

abnormal operations were observed or recorded during the previous day’s transfer operations. 

Emergency Response 

At about 10:04 p.m. CST on April 8, 2012, Enterprise personnel observed oil within the containment dikes 

of Tanks 21 & 22 within their Cushing West facility.  The operator began responding to the release and 

began shut in procedures shortly after discovery by closing off Manifold D (outside the West Cushing 

Terminal), Manifold A (inside the West Cushing Terminal), and the individual tanks within the terminal.  

A review of station deliveries showed that the failed 24-inch-diameter line was not in service at time of 

discovery.  Review of logs showed the last flow through the line had been at 8:00 p.m. CST the previous 

night (Saturday).  This flow was a delivery to Tank 23, via the failed line, from the Plains Basin line through 

Enterprise’s D and A manifolds in the West Cushing Terminal. 

Additionally, operator personnel performed the following actions:  

 Notified the National Response Center (NRC) at about 10:45 p.m. CST (Report No. 1008104); 

 Executed their spill response plan, including summoning their Emergency Response Contractor; 

 Began picking up free product; and 

 Began the process of locating/excavating/exposing the leak source. 

Enterprise reported a 600 barrel (approx. 25,000 gallons) release to the NRC with the cause of the leak as 

unknown at the time.  Enterprise confirmed there were no injuries, explosions, or fires associated with 

this release.  Enterprise also indicated that vacuum trucks were en route to pick up free product, and 

affected soil would be excavated. 
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Initial response to leak including additional precautionary berming 

 

Emergency clean up contractors vacuuming up free product 
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Trenching and locating/exposing the leak source 

 

Temporary clamp plug installed 

As part of the emergency response, Enterprise’s contractor performed a cut-out operation in the failure 
area to allow for visual field inspection of the interior surface of the line as well as in up and 
downstream directions.  The cut-out was sent for metallurgical examination. 
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Cut out failure specimen and ship for metallurgical examination. 

 

Summary of Initial Start-Up and Return-to-Service 

During the accident response phase, discussions between PHMSA and the operator regarding returning 
the line to service prompted the operator to replace the entire 1500-foot section of 24–inch-diameter line 
rather than performing a welded “pup” type repair.  Additionally, as part of the operator’s 
corrective/preventative actions, improved hygienic maintenance capabilities were added to the system 
(launchers and traps for cleaning pigs) that were previously not in place. 
 

Investigation Details 
Control personnel were interviewed, and supervisory control and data acquisition (SCADA) and other flow 
records were reviewed, and no indications of abnormal operating conditions were observed or recorded 
on the system.  No control room, SCADA, operational actions, operator qualification, or drug and alcohol 
issues were identified as contributory factors in this incident.  
 
Initial field observations of the cut-out failure section indicated a 1.4-inch through wall hole had been 
created at the 6 o’clock position of the pipe at a low point in the line.  The fusion-bonded epoxy coating 
on the exterior of the pipe immediately surrounding the hole was missing in a 1/4- to 3/4–inch-wide non-
concentric border.  Further observations from the field indicated the failure originated from an internal 
corrosion issue. 
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1 ¼” Leak 

Other interior surfaces of the pipe (both in the cut-out sections and the remaining two cut ends) did not 
reveal similar deeply pitted corrosion surfaces as in the area immediately surrounding the hole.  No other 
areas of obvious metal loss could be observed in the field. 
 
All other areas of the fusion-bonded epoxy (FBE) coating appeared to be well-bonded and in good 
condition.  
 

Metallurgical Analysis  
After the failure specimen was cut out and removed, both ends were capped in plastic, and the remainder 
of the pipe was wrapped in clear plastic film for transport to Kiefner and Associates, Inc. (KAI) in 
Worthington, Ohio.  A chain of custody was developed as part of transporting the specimen.  
 
The investigation of the cut-out at KAI consisted of a visual inspection of the specimen, metallographic 
examination through the leak path section, and the bacteria testing of foreign material found in the leak 
path.  Additionally, the sizes, steel compositions, and tensile properties of the pipe material were 
measured. 
 

Visual Inspection  
Upon arrival at KAI, the failure specimen was unwrapped and photographed.  The specimen had not been 
marked with clock positions, but Enterprise noted to the lab the leak hole was at the 6 o’clock position.  
The diameter of the hole was measured at 1.4-inches with a circular area around the hole missing the FBE 
coating.  
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The external area with missing coating and exposed metal was corroded.  The laboratory report 
summarized this in the following: 
 

“The missing coating and corroded metal on the external surface can be rationalized as 
follows. Initially, the internal corrosion pit perforated the pipe wall as a pinhole without 
breaking the FBE coating. Then corrodants from the pit migrated between the coating 
and external pipe wall, causing the latter to corrode under the coating until internal 
pressure in the pipeline ruptured the circular area of coating.” 

 
The FBE on the remaining portions of the specimen appeared in good condition, as had been previously 
observed in the field.  The internal surface was covered with oil.  Aside from the area with the hole, no 
other areas of metal loss were evident on the specimen. 
 
So that the internal surface could be more easily examined, an 11-inch by 14-inch coupon surrounding 
the hole was cut from the failure specimen.  The coupon’s internal wall surface was covered in orange 
rust with the pit wall surface caked in oil.  The coupon’s interior wall surface and pit interior were cleaned 
to remove the oil and rust.  As noted in KAI’s metallurgical report, “the bare metal wall of the pit was 
covered with smaller pits.  The pit within pits morphology is consistent with the pit having formed under 
an occlusion, such as a biofilm or a deposit.” 
 

Metallography 
Metallography was performed on a transverse cross section through the longitudinal seam weld that was 
cut out, polished, and etched.  This verified the longitudinal seam weld was a high-frequency, electric-
resistance weld (HF-ERW) that was subjected to a localized, post-weld heat treatment.  The heat 
treatment eliminated hard microstructures in the heat-affected zone of the ERW seam weld as required 
by the 40th Edition of API 5L.  The manufacture of the long seam weld by the pipe mill showed no 
contributory factors to the failure.  
 
A metallographic-sectioned specimen was prepared through the pit opening and polished for 
examination.  Micrographs showed the mouth of the pit on the internal surface of the pipe to be wider 
than the external surface.  This indicated the pit initiated on the internal surface of the pipe and grew 
outward toward the exterior of the pipe.  
 
The microstructure of the steel adjacent to the pit was no different than the microstructure of the steel 
in the remaining cross section, which was of a fine-grained ferrite structure.  There were also no visible 
metallurgical defects associated with the pit.  Nothing in the microstructure’s characteristics could be 
observed as contributory to the failure. 
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Tests for Bacteria (MIC related) 
The pit wall was tested for the presence of five types of bacteria that can accelerate the corrosion of steel.  
As a comparison, an area of the internal wall was also tested where corrosion was not observed. 
 
Tests that microbiologically influenced corrosion (MIC) created the pit were inconclusive.  Though the pit 
wall contained some viable anaerobic bacteria and some viable low-nutrient bacteria, it did not contain 
detectable numbers of viable sulfate-reducing, acid-producing, or iron-related bacteria.  Correspondingly, 
the non-corroded area on the internal pipe wall yielded results similar to that of the corroded portion.  
 
The internal pipe surface around the hole revealed it was the result of an internal corrosion pit that had 
grown through the pipe wall.  The pit wall was covered with smaller pits.  This indicated the pit grew under 
an occlusion such as a deposit or a biofilm.  As corrosion-related bacteria were detected, there is a 
possibility that these bacteria entered the pipe after the pit formed.  
 
The presence of MIC bacteria, itself, is inconclusive as to the cause.  The bacteria found in the test could 
have entered the pipe when the line was unpressurized or when the failed section was cut out in the ditch.  
Therefore, the test results for MIC could not adequately determine if MIC was a causal factor.  
 

Physical Properties of the Pipe Specimen 
A series of tests to confirm the size, steel composition, and tensile properties of the pipe were performed 
by KAI.  These results were compared to requirements in the 40th Edition of API Specification 5L - 
November 1, 1992 (the edition of 5L in effect when the line was constructed).  
 
Testing concluded the pipe material met the size, chemical, and tensile properties for API 5L, Grade X65 
line pipe for the era of construction as well  as the standard of manufacture and construction.  Based on 
the findings of these tests, neither the pipe material nor the line’s construction method contributed to 
the failure.  
 
Findings and Contributing Factors 
Determining the cause of the failure relied on visual observations of the failed section when exposed in 
the field, review of operational records, interviews with operator personnel, and the results of the 
metallurgical testing.  
 
When the failure point was observed in the ditch (prior to cut-out) by the PHMSA inspector, it was clear 
that the hole had formed at the 6 o’clock position on the lowest point of that portion of the line. This low 
point was further confirmed when the cut-out was removed and both cut ends continued to drain their 
respective portions of remaining product.  
 
Interviews with station operations personnel revealed that while the line did see turbulent flow when in 
use (up to 17,000 barrels per hour), it did not receive any cleaning pig operations (unpiggable at time of 
failure) or other activities to ensure the hygiene of these lines against internal corrosion. 
 
Ultimately, the cause of the failure was a result of internal corrosion.  When determining the cause of the 
failure, discussions between PHMSA and the operator prompted a full line replacement within the station 
from the supply manifold to the tankage, rather than repairing the failed section with a pup.  This line 
replacement included upgrading this portion of the line to allow maintenance pigging activities as a 
preventative measure against a similar type failure in the future.  
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Appendices 

A Maps 
B NRC Report   (1008104) 
C Accident Report 7000.1 (20120141)    
D Hydrotest Records 
E            Metallurgical Report     









    
     

          
          

    

  

      
   

   
  

          

      

 

   

   
   

     

      
    

  

   

   

  

     

    

   
               

  

  

   
   

    
     
   

 

  
 

 

 

   

 
   

    

  

 

 
 

 

 

    
  

     
  

  

  

  

   

        

 
  

   

 

































 

 

 

Appendix D      

Hydrotest Records 

 

This document is on file at PHMSA 



 

 

 

Appendix E      

Metallurgical Report 
 

This document is on file at PHMSA 




