
PROCESS SAFETY EDUCATION 
LESSONS  LEARNED 

US Chemical Safety Board: 2010-05-I-TX 



USING CASE STUDIES AND 
RECEIVING ANCILLARY 
BENEFITS THROUGH 

INSTRUCTION AND USE OF 
WHAT-IF HAZARD REVIEWS IN 

AN ACADEMIC RESEARCH 
ENVIRONMENT 

Ken Kretchman, CIH, CSP,  

Director, EH&S, NC State University 



PHR - TEAM REVIEWS IN A 
RESEARCH SETTING – A GOOD 

THING 

•  If planning and preparation for a review is 
conducted in a particular manner: 
•  You could cancel the review at the last minute 

and still have derived benefits 
•  Participants will be better prepared to spot 

and solve problems in the future.   

• EH&S can be an effective facilitator rather 
than a a subject matter technical expert at 
the review table .  



STEP 1 – ARRANGING THE REVIEW 

•  Either EH&S is contacted by the Principle 
Investigator (PI) or EH&S does the contact 
•  PI is directed to: 

•  Arrange time for the review 
•  Invite the engineer with primary responsibility for 

the process. This person will be responsible for 
having the review conducted and documented. EH&S 
will participate and facilitate if you would like. 

•  Review team participants including maintenance 
•  Result – Accountability and Responsibility 

Verified – as well as realization that there may 
be other stakeholders with questions 





STEP 2 – PREPARATION FOR 
THE REVIEW 

• PI is provided in advance with review forms, 
checklists, and brief description of how 
review is to be conducted. 
•  Instructions include requirement for: 

•  P&ID of the process   
•  Process description using P&ID of the process to 

the review team 
•  List of Materials and Potential Hazards 
•  Bring any SOPs 
•  Startup Checklist 











STOP HERE – WHAT HAS 
RESEARCH GROUP LEARNED 
BEFORE REVIEW HAS EVEN 

STARTED ? 
•  Step 1 Result – Accountability and Responsibility 

Verified – as well as realization that there may be 
other stakeholders with questions 

•  Step 2 Result – Have schematic for use with review 
and for posterity – mgt of change.  Understand what 
will need to be in  place prior to startup. Have 
understanding of equipment operation and 
materials to describe process and hazards  



STEP 3 – CONDUCT REVIEW 

•  Establish Ground Rules – Example - Won’t Accept 
Procedural Controls only For High Severity Events – 
MOCVD example 

•  Facilitate by Allowing Sufficient Discussion for 
Process Owners (Grad Students, Post Docs) to Reach 
Appropriate Conclusions -  “Muzzle the Experts” -  
“It’s the Process Stupid” 

•   Document, Assign Follow Up Action – Reference 
Startup Checklist   



LESSONS FOR THE TEAM 
MEMBERS (LESSONS LEARNED)  

•  Process Safety Review with Maintenance Input – “I won’t do that”  
Involve Maintenance Early – Pre-review is useful 

•  Safety Review with Post Doc and Graduate Student – “I’m leaving, she 
will manage this equipment” – Knowledge transition – Management of 
Change 

•  Process Safety Review including Cylinder Change Procedure – “you 
never closed the gas supply valve” – Benefit of Drawings and written 
SOPs 

•  Blue Collar Input on Silane Review – “There’s that V-2 again” 

•  Lockout / Tagout on Silane Review – “Not sure we addressed this 
adequately on our installation” –  Benefits to the reviewers as well as 
those reviewed 

•  Hydrogen Fire in Glove Box Article (How Not to Write a Lessons 
Learned) 



SOME COMMON INCIDENT 
CAUSES 

•  Inadequate Understanding – Chemical, Physical Properties of 
Products / Byproducts 

•  Inadequate Engineering Controls 

•  Reliance on Work Practices in Lieu of Engineering Controls 

•  Inadequate Selection / Use of PPE 

•  Failure to Practice Lockout/ Tagout 

•  Human Factors Problems Not Recognized 

•  Inadequate Attention to Management of Change 



HORROR STORIES (LESSONS 
LEARNED FOR EXPERIMENTAL 

PLANNING)  

•  Lockout / Tagout - Disilane Fire in Cluster Tool 

•  Human Factors -  Clean Hood Hotplate  

•  SOPS Instead of Engineering Controls - MOCVD Purge Sequence  

•  Failure to Examine / Test Systems - Silane Scrubber Alarms 

•  Lack of Redundant Controls -Clean Room Immersion Heater  

•  Failure to Read the Label - Cylinder Stencil vs Label -  Arsine  

•  Management of Change - Hydrogen Fire in Glove Box  



DRIERITE COLUMN EXPLOSION  

•  Disilane Fire (lockout / tagout) 

•  Clean Hood Hotplate ( human factors) 

•  MOCVD Purge Sequence (engineering controls in lieu of work 
practices) 

•  Silane Scrubber (don’t make assumptions) 

•  Clean Room Immersion Heater (redundant controls and 
devastating business interruption) 

•  Hydrogen Fire in Glove Box (Mgt of Change) 





DRIERITE COLUMN EXPLOSION  
INCIDENT CAUSE (S) ? 

•  Inadequate Understanding – Chemical, Physical Properties of 
Products / Byproducts 

•  Inadequate Engineering Controls 

•  Reliance on Work Practices in Lieu of Engineering Controls 

•  Inadequate Selection / Use of PPE 

•  Failure to Practice Lockout/ Tagout 

•  Human Factors Problems Not Recognized 

•  Inadequate Attention to Management of Change 

•  Other ? 



HUMAN ERROR 
TREVOR KLETZ -  “WHAT WENT 

WRONG” 

“They know what they should do, want to do it, and are 
physically and mentally capable of doing it.  But they 
forget to do it.  Exhortation, punishment, or further 
training will have no effect. We must either accept an 
occasional mistake or change the work situation so as 
to remove the opportunities for error or make errors 
less likely.” 



ADDITIONAL BENEFITS FROM 
REVIEW 

•  Participants Learn and Remember Expectations – 
Useful for Future Projects 

•  Procedural Controls are Rolled Into SOPs (also could 
test SOPs during review) 

•  Participants Learn the Process 

•  PHR itself is documented for future reference 

•  Can apply to non research applications – Lab 
Exhaust / HVAC, etc 





MAKING / LEAVING AN 
IMPRESSION AND CONCEPTS TO 

KEEP 

•  http://www.youtube.com/watch?
v=B2ZeIoLz8FE&feature=player_embedded 




