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Figure 1 – Similar Valve with bonnet clamp 

 

2014AW05 Shell Global Solutions        For Information Purposes Only April 2014 
 
Permission has been granted by the Third Party to share their Safety Notice within Shell 
 
Fatalities during a Leak Repair Clamp Re-injection  
 
Target audience for this alert 
 Pressure Equipment Teams 
 Production Operations 
 Maintenance 
 Process Safety 
 
What happened 
In November 2013, two leak repair technicians were in the initial stages of 
performing a re-injection of sealant into a leak sealing clamp on a 16” 
bonnet- valve body flange joint.  The stud bolts securing the bonnet 
catastrophically failed.   Boiler feed water at 70 bar (1015 psi) and 290oC 
(554oF) was released.  The two technicians were killed instantly. 
 
Why it happened 
After the incident, analysis identified that 14 of the 20 1 ½” ASTM A193 B7 stud bolts on the flange joint were 
degraded due to Stress Corrosion Cracking (SCC).  The other six bolts had no signs of SCC and fractured due to the 
overload from failure of the other bolts. 
 
The damage to the bolts likely occurred some time after the clamp was installed in 2011.  It is believed that alkaline 
boiler feed water came in contact with the bolts while the valve was out of service, but still under pressure for a 
period of time.   
 
A design or construction flaw in the valve caused excessive stress in the stud bolts.  The ring type joint did not fit 
together properly because the diameter of the groove in the bonnet was too small. It is believed that several stud 
bolts had to be tightened close to their minimum yield strengths.  This was not known when the clamp was installed 
or re-injected. 
 
See Attachment 1 – Team Industrial Safety Notice for additional details of the incident, investigation, and learnings 
 
Lessons learned 

 Flange joint leaks can affect bolt integrity.  Temporary leak sealing can expose bolts to process fluids and may 
create conditions that allow bolt degradation to take place without being detected.  External visual examination 
may not identify a loss of bolt integrity. 

 The potential for bolt degradation due to corrosion, erosion or stress corrosion cracking should be considered 
when repairing or clamping leaks.  Some factors to consider include the potential for a corrosive environment 
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contained around the bolting due to the temporary repair, signs of alkaline or acidic material or exposure to H2S, 
systems temporarily out of service, activities that can increase bolt stresses. 

 The history of the flange joint and any flange leaks should be considered when a clamp is designed.  The history 
can indicate that the flange bolts may not be in good condition or that the load may be un-evenly distributed 
across the bolts.  These conditions may require a clamp design that includes bolt replacement and/or a strong-
back.  Note that in this incident a strong-back would only have been effective if designed as ‘full strength’ to allow 
for multiple bolt failure.  

 A defective flange joint may cause excessive stresses on bolts.  The need for leak sealing and re-injection can be 
due to latent defects such as misalignment, over-tightening and flange damage.  Injection (and re-injection) can 
further increase the stress on the bolted assembly.  

 Re-injection of leak sealing clamps on a flange joint can trigger a failure if the underlying flange joint assembly is 
compromised.  Each re-injection should be considered as an engineering intervention, controlled through MOC to 
assure the integrity and suitability of the repair. 

 Temporary repairs should be replaced with a permanent solution according to the schedule agreed with the 
Pressure Equipment Integrity group. 

 
 
Further information 
 Attachment 1 – TEAM Industrial Services Safety Notice 

Total Antwerp 
Lessons Learned - Saf     

 

 Learning Materials 

  

Safety Meeting 
Learning Session DSM

 

Learning 
Opportunities DSM-AW

 

LFI Summary 
DSM-AW-201405.doc

 

Safety Meeting 
1-pager DSM-AW-201

 

 Related LFIs:  

 DSM-AW-200802 – Temporary Pipe Clamp Failure 

 DSM-AW-201211 - Temporary Leak Repairs 

 

 Pressure Equipment Integrity Management DSM Standard DSM-1510002-ST (Section 6.5)  

 DEPs –  

 RMP 31.40.60.50-Gen. Pipeline Repairs 

 Stress Corrosion Cracking and other Degradation Modes are described in the Refining MCI Infobase through the 
CWW as described in the MCI Infobase Shell Wiki article 

 External Standards  

o ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly 

o ASME PCC-2 Repair of Pressure Equipment and Piping 

 P&T MMI   GET CONNECTED Wiki Site 

 Manufacturing LFI Coordinator 

 

https://eu001-sp.shell.com/sites/AAAAA8432/S14/L2/DSM-AW-200802%20-%20Temporary%20Pipe%20Clamp%20Failure.doc
https://eu001-sp.shell.com/sites/AAAAA8432/S14/_layouts/15/WopiFrame.aspx?sourcedoc=/sites/AAAAA8432/S14/L2/DSM-AW-201211%20-%20Temporary%20Leak%20Repairs.pdf&action=default&Source=https%3A%2F%2Feu001%2Dsp%2Eshell%2Ecom%2Fsites%2FAAAAA8432%2FS14%2FWeb%2FAl
http://sww.shell.com/downstream/manufacturing/mms/standards/Provide%20Asset%20Availability/EI/dsm-1510002-RP-01_PEIM_032408.html
https://www.shelldeps.com/
https://a100.sharing.shell.com/sites/01b00937eddf4b40bdc2e0ffe3545259/P2/RMP%2031.40.60.50-Gen.%20-%20Pipeline%20repairs.pdf
http://sww.wiki.shell.com/wiki/index.php/MCI-Infobase
https://eu001-sp.shell.com/sites/aaaaa8325/WebPages/ExternalStandards.aspx
https://eu001-sp.shell.com/sites/AAAAA1350/default.aspx
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Safety Notice - “Lessons Learned” 
 


Subject: Accident 
November 19, 2013 Total Refinery – Antwerp, Belgium 


Fatality Investigation 


Date:  March 21, 2014 
 
Rev. 4-10-14 


 


 
On November 19, 2013, a steam explosion occurred in unit 72 at the Total Refinery in Antwerp Belgium. 
Two TEAM technicians repairing a leaking 16” bonnet-valve body flange connection, were killed instantly 
when the stud bolts (20 x 1 ½” ASTM A193 B7) securing the bonnet, catastrophically failed causing the 
bonnet to separate from the valve body with great force. The sudden release of the boiler water resulted in 
the steam explosion. 
 
The product was boiler water, operating at 1015 psi (70 bar) and 554°F (290°C). The valve was a 16” #900 
gate valve with a Ring Type Joint (octagonal RTJ) bonnet/body assembly. The valve was in the open 
position. 
 
At the time of the incident, the technicians were in the beginning stages of performing a re-injection into a 
leak sealing clamp that had been installed around the bonnet flange joint (see photo 2). The accident 
occurred shortly after the start of their work. 
 


      


             Identical bonnet w/ motor configuration                       Identical bonnet flange clamp located on   
                                                                                                 adjacent valve 
                                                                                          


   


 


     


 


 


 


Photo 1 Photo 2 
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                            Valve after bonnet separation                                           Actual bonnet that separated 
 
Cause leading to bonnet separation: 


 
The cause of the bonnet separation was due to the sudden failure of the stud bolts securing the bonnet.  
The investigation revealed that 14 of the 20 stud bolts were severely degraded due to Stress Corrosion 
Cracking (SCC). These studs showed degradation percentages between 70% and 87%.  


 
The remaining 6 stud bolts (no.’s 11-16, see photo 5) had no signs of stress corrosion cracking (SCC) and 
showed “normal” fracture effects due to the overall bolt failure. The bolt failure occurred shortly after the 
technicians initiated the re-injection process through one injection port located between stud no. 1 & 2 
(see photo 10). 


 
 


Information Only 
 
Definition: Stress Corrosion Cracking 


 
A crack inducing form of corrosion under the simultaneous influence of a corrosive product and (high) 
tensile stresses and temperature. Without the tensile stresses, the metal would not, or would hardly be, 
affected by the corrosive product. Without the corrosive product, much higher stresses would be 
necessary for the material to fail. 


 
    


 
 
 
 
 
 
 


Photo 3 Photo 4 
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Investigation Results: 
 


1. Investigation revealed that the valve had an original design or construction flaw. Diameter of the RTJ 
groove in the bonnet was determined to be 5 mm too small according to standard design 
specifications. Because of this, the RTJ ring did not fit adequately into the groove as required (NOTE: 
This flaw was unknown at time of repair). 
 


2. The design or construction flaw resulted in a non-parallel bonnet to body flange connection. In order 
to achieve parallel flanges, we believe several stud bolts had to be tightened / torqued with stresses 
close to their minimum yield strengths. These stress conditions made the bolts more susceptible to 
Stress Corrosion Cracking (SCC). Post-accident laser measurements determined that the bonnet 
flange had taken on the shape of an “umbrella”. This re-shaping of the bonnet flange is another 
indicator of the high forces in the stud bolts, which increased the bolt stress. 


 
3. After the 2009 turnaround, there were known fluctuations identified within the quality of the boiler 


water system. Because of these fluctuations, several leaks occurred throughout the piping system 
that ultimately required the installation of various clamps between 2011 and 2013. These water 
quality fluctuations explain the cause of the leaks, but are not the sole cause of the accident. 


 
4. In March 2011, a bonnet flange clamp was successfully installed and injected around the leaking 


bonnet joint involved in the explosion. It was not known by Team at this time that several of the stud 
bolts in the joint had stresses close to the minimum yield (see paragraph 2 above). 


 
5. After installation of the clamp, this particular valve system was out of service periodically for 


approximately five months between April and November 2011 and again in 2012 for approximately 
five weeks. However, during this time the valve remained under pressure, but at low temperatures 
(dead end). Under these operating conditions, a minor leak re-occurred inside the flange clamp 
assembly which created a wet corrosive environment. This exposure subjected several stud bolts to 
significant general corrosion. Because of this corrosion, the pressure layer (rolled stud bolts) on the 
outside of the thread that creates resistance against stress corrosion cracking (SCC) corroded away.  
 


SCC fracture            


Photo 5 Photo 6 “Normal” fracture            
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6. When the valve was placed back into service in late 2011, an accelerated stress corrosion cracking 
(SCC) process started affecting the stud bolts. As a side effect originating from the stress corrosion 
cracking (SCC), there was limited hydrogen embrittlement in the cracks of the bolts. 
 
Possibly, there were also initial micro cracks present due to galling (hardness of nut and stud bolt are 
almost the same) when the bolts were tightened during the last bonnet-valve assembly in 2004. 
 
 


 
 
 


                                  
       
 Failed Stud bolt with “old” SCC crack and stress fracture               SCC crack under a microscope  
 
 


7. On November 19th, 2013, technicians initiated a re-injection on the bonnet flange clamp without any 
knowledge of the severely degraded stud bolts. When the re-injection process began, we believe an 
unidentified means of additional stress occurred that triggered the failure of one (or more) stud bolts.  
The fracture of one (or more) bolt(s) created increased stress on the weakened surrounding bolts, 
leading to overload and fracture, resulting in a chain reaction and separation of the bonnet from the 
valve body causing the explosion. 


General corrosion affected the screw 
thread of the stud bolts.  


 Light grey is the stud bolt.  


 Purple line represents the shape of 
thread according to the standard. 


SCC crack at bottom of the screw thread 


Photo 7 


Photo 8 Photo 9 
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Causes of Stress Corrosion Cracking (SCC) that occurred:  
 


 Corrosive product (caustic/electrolyte → boiler water)  


 Susceptible material (general corrosion affected B7 stud bolts) 


 High tensile stresses (tightening of the stud bolts close to the yield to create parallel flanges).  


 Temperature > 140 - 158 °F (boiler water temperature was 554°F)  


Remark: The degraded bolts all broke at the flange/nut face, which is the location of the highest stresses. 


 
Additional analysis of identical flange repairs on-site: 
 


 Flange stud bolts from other flange clamp connections installed during this time period within the unit 
were evaluated using non-destructive examination (NDE) methods. None of the stud bolt connections 
showed signs of general corrosion or stress corrosion. All of these joints were within the same system 
and operating under standard unit conditions.  


 These clamps were installed in approximatley the same time period. These clamps had also been          
re-injected multiple times (example; the adjacent valve bonnet clamp had been re-injected 8 times).  


   NOTE: These piping systems had not been out of service at any time (i.e. cold). 


 And, the same sealant compounds were used for all re-injections.  


Bonnet Flange Clamp Design: 


Installation of a strong-back device to take the additional axial load on the flange bolts was not standard 
design for boiler water at high pressure for either Total or TEAM. Use of strong-backs is determined on a 
case by case basis based upon the outcome of the flange bolt calculations. 


In cases where a strong-back is required, this device would be designed to withstand the theoretical 
overload at the stud bolts, but not to withstand the full load carried by the stud bolts. These calculations are 
based upon; (1) stud bolts being in good condition, and; (2) an evenly distributed load.  


Location of the re-injection at the position of the 
most degraded stud bolts. 


Time line; 
 
2:45 pm -Day-Authorization signed in control room. 


 
2:50 pm - Technicians seen and greeted while                                      
entering unit 72. 


 
2:58 pm - Steam explosion occurred. 
 
NOTE: There were no witnesses for the period 
between 2:50pm and 2:58pm. 


 Photo 10 
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Although not found to be the cause of the incident, the stud bolt calculation utilized during the initial clamp 
assessment was based on 1 5/8” stud bolts (standard for a 16” 900# line flange). In reality, the stud bolts 
were 1½”. Use of the correct stud bolt size in the calculation may have led to the use of a strong-back. 


However, if a strong-back would have been designed and installed during the initial stage, it would not have 
been designed to withstand a complete bolt failure, which occurred in this case. 


Investigation Summary:  


 Due to a design or construction flaw, the ring type joint (RTJ) ring did not fit into the groove of the bonnet 
correctly. In order to create a parallel flange connection, we believe the stud bolts were heavily tightened 
at some time prior to clamp installation, resulting in high stress in the stud bolts. 


 As a result of being out of service for approximately five months (enrichment of caustic environment), the 
stud bolts were affected by general corrosion making then susceptible to stress corrosion cracking. 


 When the line was placed back in service, all ingredients (high stress, caustic environment, susceptible 
material and temperature > 158°F) were present for a rapid degradation of the stud bolts due to stress 
corrosion cracking (SCC). 


 During the re-injection process, the weakened bolts may have been subject to additional mechanical 
stresses. However, the investigation provided no scientific evidence that quantifies and/or verifies that 
those stresses actually occurred during the re-injection process. If the stud bolts had been in acceptable 
condition, we believe the bonnet joint failure would not have occurred. 


 (NOTE: Investigation revealed that only a very minimal amount of sealant had actually been utilized 
at the beginning of the injection process and at the time of explosion. Calculations regarding the 
amount of sealant gathered from the accident site had determined that only 1/16” cubic inch of 
sealant was unaccounted for. 


 Installation of a strong-back was not foreseen.  


Lessons Learned: 


 Visual inspection is not conclusive regarding the condition of stud bolts or other relevant parts. 


 Stress corrosion cracking (SCC) can progress very fast. Stud bolts that are in good condition can, under 
the right circumstances, degrade rapidly due to stress corrosion cracking (SCC). In this case, less than 
two years. 


 The additional injection forces on stud bolts do not cause a problem when the stud bolts are in 
acceptable condition and experience normal stresses. Extra attention is required when the condition of 
the stud bolts and the stresses are unknown. 


 Stress corrosion cracking (SCC) requires (high) tensile stresses AND a corrosive product. Additional 
attention is therefore required when working on systems containing corrosive products like, but not limited 
to: Boiler water, Boiler feed water, Caustic. 


 Extra attention is required when white deposits are visible on bolts and /or flanges (see photos 11-12). 
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  Bolts Stresses: 


 History of a (leaking) joint must be recorded and reviewed. The history must capture what has been 
done with the bolts and the joint assembly. Un-controlled tightening of the bolts (often the first repair 
attempt when a joint is leaking) should be avoided. The use of manual or hydraulic torque wrenches is 
highly recommended when tightening the bolted joint. 


 Extra attention should be paid for possible combinations of factors conducive to stress corrosion 
cracking (SCC) like corrosive environment, systems temporarily taken out of service, additional 
stresses due to activities, and other non-routine environment conditions.  


 Different standards allow for different calculation stresses. This results in a different outcome in 
identical situations. Therefore, in high risk environments with many unknowns, strong-backs designed 
to hold the full pressure of the joint should be considered. 


 On-line leak sealing does not rectify the cause of the leak (erosion, corrosion, fatigue, defective 
material, etc…). Therefore, leak sealing clamps and enclosures must be considered to be a temporary 
repair and should not replace general maintenance or permanent repairs. It is recommended that, an 
engineering evaluation of the root cause of the leak is performed and that clamps and enclosures are 
replaced by a permanent repair at the first opportunity. 


Additional Points (not directly related to the accident). 


 Risk of Hydrogen Embrittlement should be considered. Products that require attention including, but are 
not limited to; 


- Hydrogen Fluoride (HF) 
- Hydrogen Sulfide (H2S)   


 Some greases / lubricants that are used for lubrication of stud bolts are known for their potential to 
cause stress corrosion (SCC) (Example is Molybdenum Sulfides containing grease).  


 Information involving significant near misses or accidents should be shared readily between industries 
to prevent similar incidents, thus benefitting everyone. 


Photo 11 Photo 12 
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TEAM’s Immediate Action Plan: 


 Team’s Technical Support implemented a “Bolted Joint Reinjection Checklist”. 


 Checklist used to inspect all bolted joints, prior to performing re-injection, to identify concerns or 
hazards with bolting.  


 Concerns identified require additional review/ assistance with Team and customer before repair is 
attempted. 


 Each Team Mechanical Services Manager was contacted by Team HSE / Technical Support to 
ensure immediate corrective actions were communicated and adopted as directed. 


 In cases where Team processes identifies a risk for bolting failure, a strong-back will be considered 
regardless of the engineering calculations. 


 


TEAM’s Long Term Action Plan: 


 Starting January 2014, Team’s Key Management Group and Subject Matter Experts began conducting 
supplemental training with all Team Mechanical Services branches. These face-to-face communication 
sessions with all leak sealing employees was conducted to address the following: 


1. Discussion of the root cause of the accident;  


2. Review of the causes and lessons learned from this accident, 


3. Communication of expectations relating to leak sealing job assessments and actions; 


4. Review of process changes (Bolted Joint Checklist, Data Sheets, etc….) to ensure clarity;  


5. Enhanced strong-back review for bolted joints that are identified as being susceptible to stress 
corrosion cracking (SCC) or H2 embrittlement; and 


6. Answer all Technician questions to ensure they understand and are confident in our processes. 


 


Additional Communications: 


1. Widespread (among customers and colleagues/competitors) communication campaign (Lessons 
Learned) to ensure that the industry is educated on the causes of the accident and can take 
appropriate actions to avoid a reoccurrence of a similar incident. 


2. Together with Total, conduct additional testing regarding the sealant re-injection process. 


3. Safety and/or Leak Sealing Technical questions (internal and external) shall be forwarded to: 


 Rocky Schoonover – Vice President Safety & Quality, rocky.schoonover@teaminc.com, or 


 Francis Labry – Mechanical Services Director of Training and Technical Support, 
francis.labry@teaminc.com 


4. All Engineering inquiries (internal and external) shall be forwarded to: 


Pat Kearns – Senior Vice President Mechanical Services, pat.kearns@teaminc.com 


 



mailto:rocky.schoonover@teaminc.com

mailto:francis.labry@teaminc.com
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LFI Co-ordinator
File Attachment
TEAM Industrial Services Safety Notice




  


cted                                 1               
            


Safety 
Meeting 
Learning 
Session 


This LFI Alert is made available to you ('Recipient') pursuant to the relevant agreement between Shell Global Solutions International and/or 
affiliates of Shell ('Shell Global Solutions'), and your company, and is written for intended Shell use and not tailored for non-Shell use, including 
Recipient's company. Although the LFI represents Shell Global Solutions’ good faith judgment of the matters dealt with, they are merely provided 
for information only and for Recipient’s use by its qualified professionals, and should not be relied upon as authoritative guidance in any 
particular situation. When relevant, Recipient shall seek advice from its own technical advisors and the vendors of their specific equipment. Shell 
Global Solutions makes no representations or warranties, express or implied, concerning the accuracy, sufficiency or completeness of the 
information contained in any LFI Alert. Shell Global Solutions accepts no liability whatsoever for any loss or damage arising out or in connection 
with the contents of this LFI Alert. 
 
Copyright 2014 All Rights Reserved, Shell Oil Company 
Copyright 2014 All Rights Reserved, Shell Internationale Research Maatschappij B.V 


For Information Purpose Only    2014AW05 


Fatalities during a Leak Repair Clamp Re-injection 







Restricted                                  2 For Information Purposes Only   
Copyright 2014 All Rights Reserved, Shell Internationale Research Maatschappij B.V                         Copyright 2014 All Rights Reserved, Shell Oil Company 


What Happened 


 November 2013 


 Two leak repair technicians re-


injecting a leak sealing clamp on a 


16” bonnet-valve body flange joint 


 Flange bolts catastrophically failed 


 Boiler feed water released 


 Two technicians killed instantly 
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Why It Happened 


 14 of the 20 flange bolts were 
degraded by Stress Corrosion 
Cracking (SCC) 


 Other 6 flange bolts fractured due to 
overload from  failure of the 14 
bolts 


 Bolts corroded after clamp installed 
in 2011 
Alkaline boiler feed water 


contacted  bolts when valve was 
out of service but under pressure 


 Excessive stress in the bolts  
 Design or construction flaw in the 


ring type joint required tightening 
of several bolts close to minimum 
yield strength 


Unknown when clamp installed 


SCC fracture 


‘Normal’ fracture 
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Discussion Questions for Learning 


Bolts: 


 How do you know that the integrity of flange bolts is sufficient for a clamp or 
other leak repair? 


 What effect will exposure to process material have on bolts that are enclosed 
as part of a leak repair?  


 How is the history of a flange joint considered when designing a clamp?  Are 
bolts assumed to be in good condition? 


 


Management of Change: 


 When repairing a leaking flange, do you understand the causes of the leak 
and allow for them in the design of the temporary repair? 


 Is re-injection of leak repair clamps done through MOC? 


 Are temporary repairs replaced with a permanent fix within the timing set by 
the Pressure Equipment Integrity group in the MOC? 
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Closing 


 


 


 


What other insights do you have based on this incident? 


 


 


What will you do differently as a result of learning from this 
incident? 







                                         
                                          


Do the Right Thing!              Achieve Goal Zero! 
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Safety Notice - “Lessons Learned” 
 



Subject: Accident 
November 19, 2013 Total Refinery – Antwerp, Belgium 



Fatality Investigation 



Date:  March 21, 2014 
 
Rev. 4-10-14 



 



 
On November 19, 2013, a steam explosion occurred in unit 72 at the Total Refinery in Antwerp Belgium. 
Two TEAM technicians repairing a leaking 16” bonnet-valve body flange connection, were killed instantly 
when the stud bolts (20 x 1 ½” ASTM A193 B7) securing the bonnet, catastrophically failed causing the 
bonnet to separate from the valve body with great force. The sudden release of the boiler water resulted in 
the steam explosion. 
 
The product was boiler water, operating at 1015 psi (70 bar) and 554°F (290°C). The valve was a 16” #900 
gate valve with a Ring Type Joint (octagonal RTJ) bonnet/body assembly. The valve was in the open 
position. 
 
At the time of the incident, the technicians were in the beginning stages of performing a re-injection into a 
leak sealing clamp that had been installed around the bonnet flange joint (see photo 2). The accident 
occurred shortly after the start of their work. 
 



      



             Identical bonnet w/ motor configuration                       Identical bonnet flange clamp located on   
                                                                                                 adjacent valve 
                                                                                          



   



 



     



 



 



 



Photo 1 Photo 2 
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                            Valve after bonnet separation                                           Actual bonnet that separated 
 
Cause leading to bonnet separation: 



 
The cause of the bonnet separation was due to the sudden failure of the stud bolts securing the bonnet.  
The investigation revealed that 14 of the 20 stud bolts were severely degraded due to Stress Corrosion 
Cracking (SCC). These studs showed degradation percentages between 70% and 87%.  



 
The remaining 6 stud bolts (no.’s 11-16, see photo 5) had no signs of stress corrosion cracking (SCC) and 
showed “normal” fracture effects due to the overall bolt failure. The bolt failure occurred shortly after the 
technicians initiated the re-injection process through one injection port located between stud no. 1 & 2 
(see photo 10). 



 
 



Information Only 
 
Definition: Stress Corrosion Cracking 



 
A crack inducing form of corrosion under the simultaneous influence of a corrosive product and (high) 
tensile stresses and temperature. Without the tensile stresses, the metal would not, or would hardly be, 
affected by the corrosive product. Without the corrosive product, much higher stresses would be 
necessary for the material to fail. 



 
    



 
 
 
 
 
 
 



Photo 3 Photo 4 
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Investigation Results: 
 



1. Investigation revealed that the valve had an original design or construction flaw. Diameter of the RTJ 
groove in the bonnet was determined to be 5 mm too small according to standard design 
specifications. Because of this, the RTJ ring did not fit adequately into the groove as required (NOTE: 
This flaw was unknown at time of repair). 
 



2. The design or construction flaw resulted in a non-parallel bonnet to body flange connection. In order 
to achieve parallel flanges, we believe several stud bolts had to be tightened / torqued with stresses 
close to their minimum yield strengths. These stress conditions made the bolts more susceptible to 
Stress Corrosion Cracking (SCC). Post-accident laser measurements determined that the bonnet 
flange had taken on the shape of an “umbrella”. This re-shaping of the bonnet flange is another 
indicator of the high forces in the stud bolts, which increased the bolt stress. 



 
3. After the 2009 turnaround, there were known fluctuations identified within the quality of the boiler 



water system. Because of these fluctuations, several leaks occurred throughout the piping system 
that ultimately required the installation of various clamps between 2011 and 2013. These water 
quality fluctuations explain the cause of the leaks, but are not the sole cause of the accident. 



 
4. In March 2011, a bonnet flange clamp was successfully installed and injected around the leaking 



bonnet joint involved in the explosion. It was not known by Team at this time that several of the stud 
bolts in the joint had stresses close to the minimum yield (see paragraph 2 above). 



 
5. After installation of the clamp, this particular valve system was out of service periodically for 



approximately five months between April and November 2011 and again in 2012 for approximately 
five weeks. However, during this time the valve remained under pressure, but at low temperatures 
(dead end). Under these operating conditions, a minor leak re-occurred inside the flange clamp 
assembly which created a wet corrosive environment. This exposure subjected several stud bolts to 
significant general corrosion. Because of this corrosion, the pressure layer (rolled stud bolts) on the 
outside of the thread that creates resistance against stress corrosion cracking (SCC) corroded away.  
 



SCC fracture            



Photo 5 Photo 6 “Normal” fracture            
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6. When the valve was placed back into service in late 2011, an accelerated stress corrosion cracking 
(SCC) process started affecting the stud bolts. As a side effect originating from the stress corrosion 
cracking (SCC), there was limited hydrogen embrittlement in the cracks of the bolts. 
 
Possibly, there were also initial micro cracks present due to galling (hardness of nut and stud bolt are 
almost the same) when the bolts were tightened during the last bonnet-valve assembly in 2004. 
 
 



 
 
 



                                  
       
 Failed Stud bolt with “old” SCC crack and stress fracture               SCC crack under a microscope  
 
 



7. On November 19th, 2013, technicians initiated a re-injection on the bonnet flange clamp without any 
knowledge of the severely degraded stud bolts. When the re-injection process began, we believe an 
unidentified means of additional stress occurred that triggered the failure of one (or more) stud bolts.  
The fracture of one (or more) bolt(s) created increased stress on the weakened surrounding bolts, 
leading to overload and fracture, resulting in a chain reaction and separation of the bonnet from the 
valve body causing the explosion. 



General corrosion affected the screw 
thread of the stud bolts.  



 Light grey is the stud bolt.  



 Purple line represents the shape of 
thread according to the standard. 



SCC crack at bottom of the screw thread 



Photo 7 



Photo 8 Photo 9 
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Causes of Stress Corrosion Cracking (SCC) that occurred:  
 



 Corrosive product (caustic/electrolyte → boiler water)  



 Susceptible material (general corrosion affected B7 stud bolts) 



 High tensile stresses (tightening of the stud bolts close to the yield to create parallel flanges).  



 Temperature > 140 - 158 °F (boiler water temperature was 554°F)  



Remark: The degraded bolts all broke at the flange/nut face, which is the location of the highest stresses. 



 
Additional analysis of identical flange repairs on-site: 
 



 Flange stud bolts from other flange clamp connections installed during this time period within the unit 
were evaluated using non-destructive examination (NDE) methods. None of the stud bolt connections 
showed signs of general corrosion or stress corrosion. All of these joints were within the same system 
and operating under standard unit conditions.  



 These clamps were installed in approximatley the same time period. These clamps had also been          
re-injected multiple times (example; the adjacent valve bonnet clamp had been re-injected 8 times).  



   NOTE: These piping systems had not been out of service at any time (i.e. cold). 



 And, the same sealant compounds were used for all re-injections.  



Bonnet Flange Clamp Design: 



Installation of a strong-back device to take the additional axial load on the flange bolts was not standard 
design for boiler water at high pressure for either Total or TEAM. Use of strong-backs is determined on a 
case by case basis based upon the outcome of the flange bolt calculations. 



In cases where a strong-back is required, this device would be designed to withstand the theoretical 
overload at the stud bolts, but not to withstand the full load carried by the stud bolts. These calculations are 
based upon; (1) stud bolts being in good condition, and; (2) an evenly distributed load.  



Location of the re-injection at the position of the 
most degraded stud bolts. 



Time line; 
 
2:45 pm -Day-Authorization signed in control room. 



 
2:50 pm - Technicians seen and greeted while                                      
entering unit 72. 



 
2:58 pm - Steam explosion occurred. 
 
NOTE: There were no witnesses for the period 
between 2:50pm and 2:58pm. 



 Photo 10 
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Although not found to be the cause of the incident, the stud bolt calculation utilized during the initial clamp 
assessment was based on 1 5/8” stud bolts (standard for a 16” 900# line flange). In reality, the stud bolts 
were 1½”. Use of the correct stud bolt size in the calculation may have led to the use of a strong-back. 



However, if a strong-back would have been designed and installed during the initial stage, it would not have 
been designed to withstand a complete bolt failure, which occurred in this case. 



Investigation Summary:  



 Due to a design or construction flaw, the ring type joint (RTJ) ring did not fit into the groove of the bonnet 
correctly. In order to create a parallel flange connection, we believe the stud bolts were heavily tightened 
at some time prior to clamp installation, resulting in high stress in the stud bolts. 



 As a result of being out of service for approximately five months (enrichment of caustic environment), the 
stud bolts were affected by general corrosion making then susceptible to stress corrosion cracking. 



 When the line was placed back in service, all ingredients (high stress, caustic environment, susceptible 
material and temperature > 158°F) were present for a rapid degradation of the stud bolts due to stress 
corrosion cracking (SCC). 



 During the re-injection process, the weakened bolts may have been subject to additional mechanical 
stresses. However, the investigation provided no scientific evidence that quantifies and/or verifies that 
those stresses actually occurred during the re-injection process. If the stud bolts had been in acceptable 
condition, we believe the bonnet joint failure would not have occurred. 



 (NOTE: Investigation revealed that only a very minimal amount of sealant had actually been utilized 
at the beginning of the injection process and at the time of explosion. Calculations regarding the 
amount of sealant gathered from the accident site had determined that only 1/16” cubic inch of 
sealant was unaccounted for. 



 Installation of a strong-back was not foreseen.  



Lessons Learned: 



 Visual inspection is not conclusive regarding the condition of stud bolts or other relevant parts. 



 Stress corrosion cracking (SCC) can progress very fast. Stud bolts that are in good condition can, under 
the right circumstances, degrade rapidly due to stress corrosion cracking (SCC). In this case, less than 
two years. 



 The additional injection forces on stud bolts do not cause a problem when the stud bolts are in 
acceptable condition and experience normal stresses. Extra attention is required when the condition of 
the stud bolts and the stresses are unknown. 



 Stress corrosion cracking (SCC) requires (high) tensile stresses AND a corrosive product. Additional 
attention is therefore required when working on systems containing corrosive products like, but not limited 
to: Boiler water, Boiler feed water, Caustic. 



 Extra attention is required when white deposits are visible on bolts and /or flanges (see photos 11-12). 
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  Bolts Stresses: 



 History of a (leaking) joint must be recorded and reviewed. The history must capture what has been 
done with the bolts and the joint assembly. Un-controlled tightening of the bolts (often the first repair 
attempt when a joint is leaking) should be avoided. The use of manual or hydraulic torque wrenches is 
highly recommended when tightening the bolted joint. 



 Extra attention should be paid for possible combinations of factors conducive to stress corrosion 
cracking (SCC) like corrosive environment, systems temporarily taken out of service, additional 
stresses due to activities, and other non-routine environment conditions.  



 Different standards allow for different calculation stresses. This results in a different outcome in 
identical situations. Therefore, in high risk environments with many unknowns, strong-backs designed 
to hold the full pressure of the joint should be considered. 



 On-line leak sealing does not rectify the cause of the leak (erosion, corrosion, fatigue, defective 
material, etc…). Therefore, leak sealing clamps and enclosures must be considered to be a temporary 
repair and should not replace general maintenance or permanent repairs. It is recommended that, an 
engineering evaluation of the root cause of the leak is performed and that clamps and enclosures are 
replaced by a permanent repair at the first opportunity. 



Additional Points (not directly related to the accident). 



 Risk of Hydrogen Embrittlement should be considered. Products that require attention including, but are 
not limited to; 



- Hydrogen Fluoride (HF) 
- Hydrogen Sulfide (H2S)   



 Some greases / lubricants that are used for lubrication of stud bolts are known for their potential to 
cause stress corrosion (SCC) (Example is Molybdenum Sulfides containing grease).  



 Information involving significant near misses or accidents should be shared readily between industries 
to prevent similar incidents, thus benefitting everyone. 



Photo 11 Photo 12 
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TEAM’s Immediate Action Plan: 



 Team’s Technical Support implemented a “Bolted Joint Reinjection Checklist”. 



 Checklist used to inspect all bolted joints, prior to performing re-injection, to identify concerns or 
hazards with bolting.  



 Concerns identified require additional review/ assistance with Team and customer before repair is 
attempted. 



 Each Team Mechanical Services Manager was contacted by Team HSE / Technical Support to 
ensure immediate corrective actions were communicated and adopted as directed. 



 In cases where Team processes identifies a risk for bolting failure, a strong-back will be considered 
regardless of the engineering calculations. 



 



TEAM’s Long Term Action Plan: 



 Starting January 2014, Team’s Key Management Group and Subject Matter Experts began conducting 
supplemental training with all Team Mechanical Services branches. These face-to-face communication 
sessions with all leak sealing employees was conducted to address the following: 



1. Discussion of the root cause of the accident;  



2. Review of the causes and lessons learned from this accident, 



3. Communication of expectations relating to leak sealing job assessments and actions; 



4. Review of process changes (Bolted Joint Checklist, Data Sheets, etc….) to ensure clarity;  



5. Enhanced strong-back review for bolted joints that are identified as being susceptible to stress 
corrosion cracking (SCC) or H2 embrittlement; and 



6. Answer all Technician questions to ensure they understand and are confident in our processes. 



 



Additional Communications: 



1. Widespread (among customers and colleagues/competitors) communication campaign (Lessons 
Learned) to ensure that the industry is educated on the causes of the accident and can take 
appropriate actions to avoid a reoccurrence of a similar incident. 



2. Together with Total, conduct additional testing regarding the sealant re-injection process. 



3. Safety and/or Leak Sealing Technical questions (internal and external) shall be forwarded to: 



 Rocky Schoonover – Vice President Safety & Quality, rocky.schoonover@teaminc.com, or 



 Francis Labry – Mechanical Services Director of Training and Technical Support, 
francis.labry@teaminc.com 



4. All Engineering inquiries (internal and external) shall be forwarded to: 



Pat Kearns – Senior Vice President Mechanical Services, pat.kearns@teaminc.com 



 





mailto:rocky.schoonover@teaminc.com


mailto:francis.labry@teaminc.com


mailto:pat.kearns@teaminc.com





LFI Co-ordinator

File Attachment

Team Industrial Services Safety Notice







Restricted                                  8 For Information Purposes Only   
Copyright 2014 All Rights Reserved, Shell Internationale Research Maatschappij B.V                         Copyright 2014 All Rights Reserved, Shell Oil Company 


Legal Disclaimer 


 This LFI Alert is made available to you ('Recipient') pursuant to the relevant agreement between Shell Global 
Solutions International and/or affiliates of Shell ('Shell Global Solutions'), and your company, and is written for 
intended Shell use and not tailored for non-Shell use, including Recipient's company. Although the LFI represents 
Shell Global Solutions’ good faith judgment of the matters dealt with, they are merely provided for information only 
and for Recipient’s use by its qualified professionals, and should not be relied upon as authoritative guidance in any 
particular situation. When relevant, Recipient shall seek advice from its own technical advisors and the vendors of 
their specific equipment. Shell Global Solutions makes no representations or warranties, express or implied, 
concerning the accuracy, sufficiency or completeness of the information contained in any LFI Alert. Shell Global 
Solutions accepts no liability whatsoever for any loss or damage arising out or in connection with the contents of this 
LFI Alert. 


 


 Copyright 2014 All Rights Reserved, Shell Oil Company 


 Copyright 2014 All Rights Reserved, Shell Internationale Research Maatschappij B.V 


 










                    
 



Page 1 of 8 



 



Safety Notice - “Lessons Learned” 
 



Subject: Accident 
November 19, 2013 Total Refinery – Antwerp, Belgium 



Fatality Investigation 



Date:  March 21, 2014 
 
Rev. 4-10-14 



 



 
On November 19, 2013, a steam explosion occurred in unit 72 at the Total Refinery in Antwerp Belgium. 
Two TEAM technicians repairing a leaking 16” bonnet-valve body flange connection, were killed instantly 
when the stud bolts (20 x 1 ½” ASTM A193 B7) securing the bonnet, catastrophically failed causing the 
bonnet to separate from the valve body with great force. The sudden release of the boiler water resulted in 
the steam explosion. 
 
The product was boiler water, operating at 1015 psi (70 bar) and 554°F (290°C). The valve was a 16” #900 
gate valve with a Ring Type Joint (octagonal RTJ) bonnet/body assembly. The valve was in the open 
position. 
 
At the time of the incident, the technicians were in the beginning stages of performing a re-injection into a 
leak sealing clamp that had been installed around the bonnet flange joint (see photo 2). The accident 
occurred shortly after the start of their work. 
 



      



             Identical bonnet w/ motor configuration                       Identical bonnet flange clamp located on   
                                                                                                 adjacent valve 
                                                                                          



   



 



     



 



 



 



Photo 1 Photo 2 
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                            Valve after bonnet separation                                           Actual bonnet that separated 
 
Cause leading to bonnet separation: 



 
The cause of the bonnet separation was due to the sudden failure of the stud bolts securing the bonnet.  
The investigation revealed that 14 of the 20 stud bolts were severely degraded due to Stress Corrosion 
Cracking (SCC). These studs showed degradation percentages between 70% and 87%.  



 
The remaining 6 stud bolts (no.’s 11-16, see photo 5) had no signs of stress corrosion cracking (SCC) and 
showed “normal” fracture effects due to the overall bolt failure. The bolt failure occurred shortly after the 
technicians initiated the re-injection process through one injection port located between stud no. 1 & 2 
(see photo 10). 



 
 



Information Only 
 
Definition: Stress Corrosion Cracking 



 
A crack inducing form of corrosion under the simultaneous influence of a corrosive product and (high) 
tensile stresses and temperature. Without the tensile stresses, the metal would not, or would hardly be, 
affected by the corrosive product. Without the corrosive product, much higher stresses would be 
necessary for the material to fail. 



 
    



 
 
 
 
 
 
 



Photo 3 Photo 4 
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Investigation Results: 
 



1. Investigation revealed that the valve had an original design or construction flaw. Diameter of the RTJ 
groove in the bonnet was determined to be 5 mm too small according to standard design 
specifications. Because of this, the RTJ ring did not fit adequately into the groove as required (NOTE: 
This flaw was unknown at time of repair). 
 



2. The design or construction flaw resulted in a non-parallel bonnet to body flange connection. In order 
to achieve parallel flanges, we believe several stud bolts had to be tightened / torqued with stresses 
close to their minimum yield strengths. These stress conditions made the bolts more susceptible to 
Stress Corrosion Cracking (SCC). Post-accident laser measurements determined that the bonnet 
flange had taken on the shape of an “umbrella”. This re-shaping of the bonnet flange is another 
indicator of the high forces in the stud bolts, which increased the bolt stress. 



 
3. After the 2009 turnaround, there were known fluctuations identified within the quality of the boiler 



water system. Because of these fluctuations, several leaks occurred throughout the piping system 
that ultimately required the installation of various clamps between 2011 and 2013. These water 
quality fluctuations explain the cause of the leaks, but are not the sole cause of the accident. 



 
4. In March 2011, a bonnet flange clamp was successfully installed and injected around the leaking 



bonnet joint involved in the explosion. It was not known by Team at this time that several of the stud 
bolts in the joint had stresses close to the minimum yield (see paragraph 2 above). 



 
5. After installation of the clamp, this particular valve system was out of service periodically for 



approximately five months between April and November 2011 and again in 2012 for approximately 
five weeks. However, during this time the valve remained under pressure, but at low temperatures 
(dead end). Under these operating conditions, a minor leak re-occurred inside the flange clamp 
assembly which created a wet corrosive environment. This exposure subjected several stud bolts to 
significant general corrosion. Because of this corrosion, the pressure layer (rolled stud bolts) on the 
outside of the thread that creates resistance against stress corrosion cracking (SCC) corroded away.  
 



SCC fracture            



Photo 5 Photo 6 “Normal” fracture            
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6. When the valve was placed back into service in late 2011, an accelerated stress corrosion cracking 
(SCC) process started affecting the stud bolts. As a side effect originating from the stress corrosion 
cracking (SCC), there was limited hydrogen embrittlement in the cracks of the bolts. 
 
Possibly, there were also initial micro cracks present due to galling (hardness of nut and stud bolt are 
almost the same) when the bolts were tightened during the last bonnet-valve assembly in 2004. 
 
 



 
 
 



                                  
       
 Failed Stud bolt with “old” SCC crack and stress fracture               SCC crack under a microscope  
 
 



7. On November 19th, 2013, technicians initiated a re-injection on the bonnet flange clamp without any 
knowledge of the severely degraded stud bolts. When the re-injection process began, we believe an 
unidentified means of additional stress occurred that triggered the failure of one (or more) stud bolts.  
The fracture of one (or more) bolt(s) created increased stress on the weakened surrounding bolts, 
leading to overload and fracture, resulting in a chain reaction and separation of the bonnet from the 
valve body causing the explosion. 



General corrosion affected the screw 
thread of the stud bolts.  



 Light grey is the stud bolt.  



 Purple line represents the shape of 
thread according to the standard. 



SCC crack at bottom of the screw thread 



Photo 7 



Photo 8 Photo 9 
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Causes of Stress Corrosion Cracking (SCC) that occurred:  
 



 Corrosive product (caustic/electrolyte → boiler water)  



 Susceptible material (general corrosion affected B7 stud bolts) 



 High tensile stresses (tightening of the stud bolts close to the yield to create parallel flanges).  



 Temperature > 140 - 158 °F (boiler water temperature was 554°F)  



Remark: The degraded bolts all broke at the flange/nut face, which is the location of the highest stresses. 



 
Additional analysis of identical flange repairs on-site: 
 



 Flange stud bolts from other flange clamp connections installed during this time period within the unit 
were evaluated using non-destructive examination (NDE) methods. None of the stud bolt connections 
showed signs of general corrosion or stress corrosion. All of these joints were within the same system 
and operating under standard unit conditions.  



 These clamps were installed in approximatley the same time period. These clamps had also been          
re-injected multiple times (example; the adjacent valve bonnet clamp had been re-injected 8 times).  



   NOTE: These piping systems had not been out of service at any time (i.e. cold). 



 And, the same sealant compounds were used for all re-injections.  



Bonnet Flange Clamp Design: 



Installation of a strong-back device to take the additional axial load on the flange bolts was not standard 
design for boiler water at high pressure for either Total or TEAM. Use of strong-backs is determined on a 
case by case basis based upon the outcome of the flange bolt calculations. 



In cases where a strong-back is required, this device would be designed to withstand the theoretical 
overload at the stud bolts, but not to withstand the full load carried by the stud bolts. These calculations are 
based upon; (1) stud bolts being in good condition, and; (2) an evenly distributed load.  



Location of the re-injection at the position of the 
most degraded stud bolts. 



Time line; 
 
2:45 pm -Day-Authorization signed in control room. 



 
2:50 pm - Technicians seen and greeted while                                      
entering unit 72. 



 
2:58 pm - Steam explosion occurred. 
 
NOTE: There were no witnesses for the period 
between 2:50pm and 2:58pm. 



 Photo 10 
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Although not found to be the cause of the incident, the stud bolt calculation utilized during the initial clamp 
assessment was based on 1 5/8” stud bolts (standard for a 16” 900# line flange). In reality, the stud bolts 
were 1½”. Use of the correct stud bolt size in the calculation may have led to the use of a strong-back. 



However, if a strong-back would have been designed and installed during the initial stage, it would not have 
been designed to withstand a complete bolt failure, which occurred in this case. 



Investigation Summary:  



 Due to a design or construction flaw, the ring type joint (RTJ) ring did not fit into the groove of the bonnet 
correctly. In order to create a parallel flange connection, we believe the stud bolts were heavily tightened 
at some time prior to clamp installation, resulting in high stress in the stud bolts. 



 As a result of being out of service for approximately five months (enrichment of caustic environment), the 
stud bolts were affected by general corrosion making then susceptible to stress corrosion cracking. 



 When the line was placed back in service, all ingredients (high stress, caustic environment, susceptible 
material and temperature > 158°F) were present for a rapid degradation of the stud bolts due to stress 
corrosion cracking (SCC). 



 During the re-injection process, the weakened bolts may have been subject to additional mechanical 
stresses. However, the investigation provided no scientific evidence that quantifies and/or verifies that 
those stresses actually occurred during the re-injection process. If the stud bolts had been in acceptable 
condition, we believe the bonnet joint failure would not have occurred. 



 (NOTE: Investigation revealed that only a very minimal amount of sealant had actually been utilized 
at the beginning of the injection process and at the time of explosion. Calculations regarding the 
amount of sealant gathered from the accident site had determined that only 1/16” cubic inch of 
sealant was unaccounted for. 



 Installation of a strong-back was not foreseen.  



Lessons Learned: 



 Visual inspection is not conclusive regarding the condition of stud bolts or other relevant parts. 



 Stress corrosion cracking (SCC) can progress very fast. Stud bolts that are in good condition can, under 
the right circumstances, degrade rapidly due to stress corrosion cracking (SCC). In this case, less than 
two years. 



 The additional injection forces on stud bolts do not cause a problem when the stud bolts are in 
acceptable condition and experience normal stresses. Extra attention is required when the condition of 
the stud bolts and the stresses are unknown. 



 Stress corrosion cracking (SCC) requires (high) tensile stresses AND a corrosive product. Additional 
attention is therefore required when working on systems containing corrosive products like, but not limited 
to: Boiler water, Boiler feed water, Caustic. 



 Extra attention is required when white deposits are visible on bolts and /or flanges (see photos 11-12). 
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  Bolts Stresses: 



 History of a (leaking) joint must be recorded and reviewed. The history must capture what has been 
done with the bolts and the joint assembly. Un-controlled tightening of the bolts (often the first repair 
attempt when a joint is leaking) should be avoided. The use of manual or hydraulic torque wrenches is 
highly recommended when tightening the bolted joint. 



 Extra attention should be paid for possible combinations of factors conducive to stress corrosion 
cracking (SCC) like corrosive environment, systems temporarily taken out of service, additional 
stresses due to activities, and other non-routine environment conditions.  



 Different standards allow for different calculation stresses. This results in a different outcome in 
identical situations. Therefore, in high risk environments with many unknowns, strong-backs designed 
to hold the full pressure of the joint should be considered. 



 On-line leak sealing does not rectify the cause of the leak (erosion, corrosion, fatigue, defective 
material, etc…). Therefore, leak sealing clamps and enclosures must be considered to be a temporary 
repair and should not replace general maintenance or permanent repairs. It is recommended that, an 
engineering evaluation of the root cause of the leak is performed and that clamps and enclosures are 
replaced by a permanent repair at the first opportunity. 



Additional Points (not directly related to the accident). 



 Risk of Hydrogen Embrittlement should be considered. Products that require attention including, but are 
not limited to; 



- Hydrogen Fluoride (HF) 
- Hydrogen Sulfide (H2S)   



 Some greases / lubricants that are used for lubrication of stud bolts are known for their potential to 
cause stress corrosion (SCC) (Example is Molybdenum Sulfides containing grease).  



 Information involving significant near misses or accidents should be shared readily between industries 
to prevent similar incidents, thus benefitting everyone. 



Photo 11 Photo 12 
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TEAM’s Immediate Action Plan: 



 Team’s Technical Support implemented a “Bolted Joint Reinjection Checklist”. 



 Checklist used to inspect all bolted joints, prior to performing re-injection, to identify concerns or 
hazards with bolting.  



 Concerns identified require additional review/ assistance with Team and customer before repair is 
attempted. 



 Each Team Mechanical Services Manager was contacted by Team HSE / Technical Support to 
ensure immediate corrective actions were communicated and adopted as directed. 



 In cases where Team processes identifies a risk for bolting failure, a strong-back will be considered 
regardless of the engineering calculations. 



 



TEAM’s Long Term Action Plan: 



 Starting January 2014, Team’s Key Management Group and Subject Matter Experts began conducting 
supplemental training with all Team Mechanical Services branches. These face-to-face communication 
sessions with all leak sealing employees was conducted to address the following: 



1. Discussion of the root cause of the accident;  



2. Review of the causes and lessons learned from this accident, 



3. Communication of expectations relating to leak sealing job assessments and actions; 



4. Review of process changes (Bolted Joint Checklist, Data Sheets, etc….) to ensure clarity;  



5. Enhanced strong-back review for bolted joints that are identified as being susceptible to stress 
corrosion cracking (SCC) or H2 embrittlement; and 



6. Answer all Technician questions to ensure they understand and are confident in our processes. 



 



Additional Communications: 



1. Widespread (among customers and colleagues/competitors) communication campaign (Lessons 
Learned) to ensure that the industry is educated on the causes of the accident and can take 
appropriate actions to avoid a reoccurrence of a similar incident. 



2. Together with Total, conduct additional testing regarding the sealant re-injection process. 



3. Safety and/or Leak Sealing Technical questions (internal and external) shall be forwarded to: 



 Rocky Schoonover – Vice President Safety & Quality, rocky.schoonover@teaminc.com, or 



 Francis Labry – Mechanical Services Director of Training and Technical Support, 
francis.labry@teaminc.com 



4. All Engineering inquiries (internal and external) shall be forwarded to: 



Pat Kearns – Senior Vice President Mechanical Services, pat.kearns@teaminc.com 
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2014AW05 - Fatalities during a Leak Repair Clamp Re-injection 
 
Learning Opportunities 


Learnings from the LFI 


 Flange joint leaks can affect bolt integrity.  Temporary leak sealing can expose bolts to process fluids and may 
create conditions that allow bolt degradation to take place without being detected.  External visual examination may 
not identify a loss of bolt integrity. 


 The potential for bolt degradation due to corrosion, erosion or stress corrosion cracking should be considered when 
repairing or clamping leaks.  Some factors to consider include the potential for a corrosive environment contained 
around the bolting due to the temporary repair, signs of alkaline or acidic material or exposure to H2S, systems 
temporarily out of service, activities that can increase bolt stresses. 


 The history of the flange joint and any flange leaks should be considered when a clamp is designed.  The history 
can indicate that the flange bolts may not be in good condition or that the load may be un-evenly distributed across 
the bolts.  These conditions may require a clamp design that includes bolt replacement and/or a strong-back.  Note 
that in this incident a strong-back would only have been effective if designed as ‘full strength’ to allow for multiple 
bolt failure.  


 A defective flange joint may cause excessive stresses on bolts.  The need for leak sealing and re-injection can be 
due to latent defects such as misalignment, over-tightening and flange damage.  Injection (and re-injection) can 
further increase the stress on the bolted assembly.  


Questions -  


 How do you know that the integrity of flange bolts is sufficient for a clamp or other leak repair? 
 What effect will exposure to process material have on bolts that are enclosed as part of a leak repair?  
 How is the history of a flange joint considered when designing a clamp?  Are bolts assumed to be in good 


condition? 
 


 Re-injection of leak sealing clamps on a flange joint can trigger a failure if the underlying flange joint assembly is 
compromised.  Each re-injection should be considered as an engineering intervention, controlled through MOC to 
assure the integrity and suitability of the repair. 


 Temporary repairs should be replaced with a permanent solution according to the schedule agreed with the 
Pressure Equipment Integrity group. 


Questions -  


 When repairing a leaking flange, do you understand the causes of the leak and allow for them in the design 
of the temporary repair?  


 Is re-injection of leak repair clamps done through MOC? 
 Are temporary repairs replaced with a permanent fix within the timing set by the Pressure Equipment Integrity 


group in the MOC?  
 


Closing 


Quite often, in addition to the focused learnings listed in the LFI, there are other things that we can learn from an 
incident.  They may be specific to a process unit or detail of the incident, or they may be more general in nature. 


Questions -  


 What other learnings did you have from this LFI?  


 What will you do differently as a result of learning from this LFI? 
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Recommended Use of the Learning Opportunities Document 


Objective 
LFI’s provide a number of opportunities to learn at every level of our organization.  Some lessons are 
specific to a given technology or circumstance, and many LFI’s contain general learnings around our 
systems, work processes and practices. 
 
This Learning Opportunity format is intended to provide sites with a means of sharing the LFI material, 
using tool box safety talks and shift or department safety meetings, or where a lengthy PowerPoint slide 
show may not be appropriate.   
 
The objective is to generate discussions about the key learnings in the LFI and relate those learnings to 
similar issues with which people are familiar.   It is the discussion and personalization of the incident that 
provide a more lasting and effective learning than a simple read of the LFI material. 
 
Format 
Individuals in the workgroup should be asked to read through the LFI a day or two prior to the meeting.  If 
this is not practical, the discussion leader should explain the Incident described in the LFI for the group.  
Alternately, you may use the 1 page LFI Summary as a handout. 
 
The learning points may be divided into multiple meetings to fit the time available.  Some learnings may 
not be relevant for your work group and may be passed over or only lightly touched on in your discussion.  
Others may generate extensive dialogue.  To encourage the dialogue, you should serve as a facilitator, 
working to include everyone in the conversation.   
 
Meeting agenda: 
 Introduce LFI Learning Discussion – perhaps with a personal note of something you have 
experienced. 
 Short summary of the Incident (use more detail if you know the group has not read the LFI) 
 Paraphrase or read one of the learnings  
  Use the questions in this document to create a discussion  
  Summarize what you have heard 
 Move on to the next learning and repeat as applicable 
 Close with the last two questions & your perspective on the LFI 
 
Discussion Leaders 
Supervisors, mangers, team leaders or safety meeting leaders:  those in a position to lead a discussion 
about the LFI.  Typically the site LFI Review team will identify the specifics of how to best use this information 
at a Manufacturing Site. 
 
Target Audience 
Any group within the site:  shift teams at start of shift meetings, operations and maintenance crafts at tool 
box talks, maintenance groups at regular meetings, production teams, engineering and technology groups, 
safety meeting groups, leadership teams, site LFI review teams,  etc 
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2014AW05 – Fatalities during a Leak Repair Clamp Re-injection 
LFI Summary 
 


  


What happened 
 
In November 2013, two leak repair technicians were in the initial 
stages of performing a re-injection of a leak sealing clamp on a 
16” bonnet- valve body flange joint.  The stud bolts securing the 
bonnet catastrophically failed.   Boiler feed water at 70 bar 
(1015 psi) and 290oC (554oF) was released.  The two 
technicians were killed instantly. 
 
Why it happened  
 14 of the 20 flange bolts were degraded by Stress Corrosion 


Cracking (SCC) 
 Other 6 flange bolts fractured due to overload from  failure 


of the 14 bolts 
 Flange bolts corroded after clamp installed in 2011 


 Alkaline boiler feed water contacted  bolts when valve 
was out of service but under pressure 


 Excessive stress in the bolts  
 Design or construction flaw in the ring type joint 


required tightening of several bolts close to minimum 
yield strength 


 Unknown when clamp installed 
 


  


 
       Similar valve with a similar clamp 


 


Things to Consider 
 
 


 How do you know that the integrity of flange bolts is sufficient for a clamp or other leak repair? 
 What effect will exposure to process material have on bolts that are enclosed as part of a leak repair?  
 How is the history of a flange joint considered when designing a clamp?  Are bolts assumed to be in good condition?   
 When repairing a leaking flange, do you understand the causes of the leak and allow for them in the design of the 


temporary repair?  
 Is re-injection of leak repair clamps done through MOC? 
 Are temporary repairs replaced with a permanent fix within the timing set by the Pressure Equipment Integrity group in 


the MOC? 
 
For more information about this incident and specific learnings, check out the LFI itself.. 


. 


 
   NO HARM      NO LEAKS 


 


 



https://eu001-sp.shell.com/sites/AAAAA8432/S14/L2/DSM-AW-201405%20-%20Fatalities%20during%20a%20Leak%20Repair%20Clamp%20Re-injection.pdf
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2014AW05 – Fatalities during a Leak Repair Clamp Re-injection 


What Happened 
 November 2013 
 Two leak repair technicians were re-injecting 


sealant in a leak sealing clamp on a 16” bonnet-
valve body flange joint 


 Flange bolts catastrophically failed 
 Boiler feed water released 
 Two technicians killed instantly 
Why it Happened 
 14 of the 20 flange bolts were degraded by 


Stress Corrosion Cracking (SCC) 
 Other 6 flange bolts fractured due to overload 


from failure of the14 bolts 
 Bolts corroded after clamp installed in 2011 


 Alkaline boiler feed water contacted  bolts when 
valve was out of service but under pressure 


 Excessive stress in the flange bolts  
 Design or construction flaw in the ring type joint 


required tightening of several bolts close to 
minimum yield strength 


 Unknown when clamp installed 


Discussion Questions 
 How do you know that the integrity of flange bolts is 


sufficient for a clamp or other leak repair? 
 What effect will exposure to process material have 


on bolts that are enclosed as part of a leak repair?  
 How is the history of a flange joint considered when 


designing a clamp?  Are bolts assumed to be in 
good condition?   


 When repairing a leaking flange, do you 
understand the causes of the leak and allow for 
them in the design of the temporary repair? 


 Is re-injection of leak repair clamps done by MOC? 
 Are temporary repairs replaced with a permanent 


fix within the timing set by the Pressure Equipment 
Integrity group in the MOC? 
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Legal Disclaimer 


 This LFI Alert is made available to you ('Recipient') pursuant to the relevant agreement between Shell Global 
Solutions International and/or affiliates of Shell ('Shell Global Solutions'), and your company, and is written for 
intended Shell use and not tailored for non-Shell use, including Recipient's company. Although the LFI represents 
Shell Global Solutions’ good faith judgment of the matters dealt with, they are merely provided for information only 
and for Recipient’s use by its qualified professionals, and should not be relied upon as authoritative guidance in any 
particular situation. When relevant, Recipient shall seek advice from its own technical advisors and the vendors of 
their specific equipment. Shell Global Solutions makes no representations or warranties, express or implied, 
concerning the accuracy, sufficiency or completeness of the information contained in any LFI Alert. Shell Global 
Solutions accepts no liability whatsoever for any loss or damage arising out or in connection with the contents of this 
LFI Alert. 
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