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A Strong History of Process Safety Management

Explosion 
protection 
Guidelines

Outdoor Process 
construction 
standards

Vessel 
Inspection 
Program 

Developed

High Hazard 
Material 

Guidelines & 
Functional 

Safety 
guidelines 
Developed

Combustible 
dust Hazard 
Assessments

Robust 
Management  of 
Change Program

Monsanto’s Texas City, 
Texas 1947 - An adjacent 
facility’s explosion 
destroyed our Texas City 
styrene plant and killed 
500+ (145 Monsanto 
employees, 123 
contractors)

Monsanto’s Chocolate Bayou 
1992 (Runaway Reaction 
$150M property loss)

Monsanto’s Montreal, 
CA, 1966 – Styrene 

monomer vapors escape 
through failed sight 

glass. Explosion kills 11

Monsanto’s Texas City, 
TX, 1977. 500,000 

gallon condensate tank 
failed burning 7 

(5 fatally)

Union Carbide’s 
Bhopal, India 1984

Monsanto’s Port Plastics, 
Cincinnati, OH 1988.  

Operator killed by 
combustible dust 

explosion 

Move towards 
RBPS

BP Texas City 2005 
Refinery explosion



SS Grandcamp – Texas City – April 16th 1947

Ship loaded with 2100 MT of 

ammonium nitrate

Exploded in harbor

581 killed – over 5000 

injured

Worst US industrial disaster 



Consequence

Explosions and fires in all refineries and 
chemical plants on waterfront

Nearby Monsanto site destroyed

268 victims on site 



6

Lessons learned

Fire protection

Layout & spacing 

Importance of mitigation 
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Learning from incidents & near misses

Near 

miss
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-----------

-----------

Implement actions locally 

to prevent re-occurrence 

of same event
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occurrence of similar 

events
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Statistical analysis 

to evaluate PSM 

programs



45%

18%

11%

11%

6%

4%
3% 1%

1%

0%

0%

PSM Near Miss per Outcome Release < Threshold Quantity Operational Problem

Safety Device Impaired Safety Device Activated

Other/None Mechanical damage

Process Limit Exceeded Missed Test/Inspection

Fire < $25K Documentation Error

Explosion < $25K



35%

13%

11%

11%

10%

7%

4%

5%
3% 1%

PSM NM by Causal Factor Operation error Design error Installation error

Instrument failure Undetermined Mtce procedure error

Corrosion Supplier error Mech fatigue or stress

Power failure



Operator Training 

Stations

Control Room Layout

Alarm Management

Operation Instructions

Fatigue management

Human Reliability Programs



71%

23%

6%

Operational Error - Where?

Field Panel Other
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Monsanto Company Confidential 13

53%

17%

15%

7%

7% 1%

PSNM Operational Error - Causes

Apply Proc /Instruct Permit Proc/Instruct NOK

Other Alarm handling Communication
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Learning From Experience – examples

Near miss underground piping (2016)

Runaway due to cleaning conditions – vessel rupture (1992)

Runaway due to startup difficulties – vessel rupture (2008)



Ghislenghien 2004

24 dead

132 injured

Underground gaspipe damaged during excavation works

Leak ignited during repair



Other gas pipeline incidents



Excavation permit

• Advice of design office

• Recommended excavation 

method

• Communication design 

office / contractor 

responsible



Suction dredger or soil vacuum truck

• When piping or cables can be present

• Much higher capacity than manual excavation

• Works for

• Mud

• Sand

• Clay

• Gravel

• Stones up to 250 mm

• …



Fire hydrant relocation

Plan

• A new tie-in was planned on the underground 

fire water header

• Drawing office prepared an excavation permit 

with plot-plans

• Excavation works planned with soil vacuum 

truck because of presence of underground 

piping

What happened ? 

• A trench was excavated to expose the line

• Preparations started for the tie-in on the line 

(removal of corrosion protection, cleanup ..)

• Monsanto shift supervisor and piping contractor 

responsible noticed this was not the right line:

• Different type of corrosion protection

• Pipe size did not match with prepared tie-in 

piece (8” instead of 10”)

• Pipe did not line up with visible fire hydrants  



Plot plan



Situation

Natural gas header

Limit of original

excavation

Fire Water header



Causes

Excavation contractor not aware of gas header nearby

No face to face discussion between contractor and the job owner on drawing 

office advice

Natural gas line poorly visible on copy of print-out plan (yellow color)

During Last Minute Risk Analysis with contractor the unit responsible used 

the fire water plot plan – this showed location of fire water line but not the 

gas line and was not 100% as built

Root cause : communication deficiencies



Recommendations

Improve visibility of gas lines on plot plans (color)

Improve ESH procedure 011 (excavations)

Improved communication drawing office advice to job owner / job executor

Include method for line identification after excavation

Make sure up to date master plot plan is present at the excavation works



Communication

Communicated globally within 

Monsanto in ‘Learning from experience’ 

team

Developed into a ‘PPS lessons learned’ 

after integration in Bayer



Runaway reaction by cleaning operation

Chocalate Bayou - Texas

Organic intermediate formed as a slurry

Slurry fed to centrifuge for separation

Solid deposits in centrifuge and feed tank

Instruction for periodic cleaning with water

In 1992 – explosion of feed tank



Significant property loss 

No injuries



Causes

Organic material thermally unstable

Water wash temperature was increased by site (more efficient wash)

Thermal instability known by corporate technology

Not known by plant operations

Detailed operating instructions and limits for operations

Not for cleaning



PSI & MOC

1. Process Information

2. Safety  data

3. Equipment Information

4. Operating Procedures

5. Training

6. Contractor Information

7. Mechanical Integrity

8. Audits & Incident 

analysis

9. MOC filing

10.Technical Reports

11.Quality Information

12.Contractor Information

13.Organizational Info

14.Environmental & 

Permits

PROCESS MANAGEMENT FILE

TCT Manufacturing

TCT Technology

TCT Engineering

Technical Core Team

Technical Mgmt Team

TMT Manufacturing

TMT Technology

TMT Engineering

TMT QA

Operations Lead

CHANGE

<90 

days

AUDIT



Runaway reaction in startup conditions

Institute – West Virginia

2008 – Start up after large shutdown

Upgrade of control system

Replacement of residue treatment vessel

Thermal treatment of residue to fuel 



Runaway reaction in startup conditions

What went wrong?

No solvent ‘heel’ charged to treatment vessel

Temperature interlock on feed valve bypassed

Higher concentrations in feed due to process 
upsets upstream

Runaway decomposition

Vessel rupture

Two fatalities





Belford Roxo – 2007
Tankfarm explosion due to 
runaway reaction



Lessons learned

Many improvements to PPS management systems

Main focus on

Upgrade of PHA program

Training and qualification of PHA practitioners

General PPS training (TOPPS) for all employees involved in chemical 

processes

Very strong focus on thermal hazard data and explosion prevention



Conclusion

Large incidents with many similarities

Significant changes to management systems that change the company ‘DNA’

But changes in different ‘pillars’ of the management system

There is no right or wrong answer 



Key take-aways

Value of mitigation – you can’t prevent everything

Value of a strong near miss reporting culture

Communication during line breaking (incl. underground piping)

Sharing near misses : ‘easier’ than big incidents

Similar incidents can trigger different learnings in different companies
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Thank you!

Bye-Bye


