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History of Monsanto’s PSM Approach

KPI's and Learning from Experience

Analysis of Outcomes and Causes

Review of three incidents and near misses
* Near miss on underground piping
« Cleaning conditions causing runaway and vessel explosion
« Cleaning conditions causing runaway and vessel explosion

Summary



A Strong History of Process Safety Management

Monsanto’s Chocolate Bayou BP Texas City 2005
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Lessons learned

Fire protection
Layout & spacing
Importance of mitigation
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Learning from incidents & near misses

Implement actions locally
to prevent re-occurrence
of same event

Near ~~1

\ Implement actions
Statistical analysis - globally to prevent re-

to evaluate PSM pr— occurrence of similar
programs T i events



PSM Near Miss per Outcome
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Release < Threshold Quantity m Operational Problem
Safety Device Impaired m Safety Device Activated
Other/None =~ Mechanical damage
Process Limit Exceeded = Missed Test/Inspection
Fire < $25K = Documentation Error

Explosion < $25K
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P S M N M b y C au S al I: a.C t O r Operation error m Design error Installation error

® Instrument failure Undetermined = Mtce procedure error
Corrosion ~ Supplier error Mech fatigue or stress
= Power failure
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Control Room Layout

Operator Training
Stations

Human Reliability Programs

Click 0 add header

Operator:
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# |Instructie
1[Stop de circulatie pornp +510 (druk in

field noodstop ir)

2|Zet de lucht af van 12V 510.03 [inlaat
walve filter dicht)

3| Indien filter voorwaarts stond: zet
selectie op circulatie.

4| Blaas filter leag met luch via TXY510.09
gedurende 2 min

2el PVETIE.01 manueel volledig open
gedurends 6 sec en zet deze dan terug
in autornatisch op 3 bar

5| Stel water meter IFOS10.04in op 300 |
en start meter.

GOEDGEKEURD DOOR: F DE PRINS

DATUM : 810372014

Air failure close valve. 2o wordt
er richting de filter gespos/d en
riet richting de tank.

rmwille: van leegblazen en
spoelen richting filtratie tank en
et voorwaarts.

Zovveel mogeliik MONDTEA it
filter krilgen

2o wordt ook de bypass lin
leeggeblazen

Rester MOND139 wegspoelen.
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AGGLOZIEREC 012
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Fatigue management

Operation Instructions



Operational Error - Where?
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PSNM Operational Error - Causes
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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)
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Ghislenghien 2004

24 dead
132 injured

Underground gaspipe damaged during excavation works
Leak ignited during repair




Other gas pipeline incidents




Excavation permit
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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

e 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 107)

* Pipe did not line up with visible fire hydrants



Plot plan
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Situation

Natural gas header

Limit of original
excavation




Ccauses

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



Matural gas header

Original excavation
stopped here

Communication

/- Communicated globally within

L ‘ L] L] ,
Monsanto in ‘Learning from experience
team
/ As part of an ::SE:HSLUH D:ﬂj&cﬁzﬁ Phl'ﬂ water i / Excavation contractor unaware of nearby
monitor nee o be reloca us a new ftie-in i as
/' Developed into a ‘PPS lessons learned’ e planne o e undrroun o walr sl | asumedta b e o
! Eirt-?lmll";tﬂ DlaﬁiCE prepared an excavation permit / No face to face discussion between
- - = ploi-plans contractor and the Sob owner’ on advice from
afte r I nte g ratl O n I n B aye r / Excavation work planned with soil vacuum truck drawing office J
because of presence of underground piping / Matural gas line poorly visible on copy of
/  Afrench was excavated to expose the ling print-out (yellow celor) from drawing office
/ Preparations started for the tie-in on the line / During Last Minute Rizk Analysis with
(removal of corrosion protection, cleanup, etc.) 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

A process to formally identify the line before
start of the work did not exist

/ The shift supervisor and piping contractor
responsible noficed this was not the right line
because:
/ Different type of comesicn protection present !
J/ Pipe size did not match with prepared fie-in
piece (8" instead of 107)
/ Pipe did not line up with visible fire hydrants

2N ACT SAFE &

/Il LESSON LEARNED

/Do you have the right people executing excavation permits at your site?

/ Ifthe ‘job owner' iz not present during execufion, responsibiliies for LMRA (Last Minute Risk
Assessment) and job follow up must be delegated

/ Are your gite plot plang up to date / az built? Do the plang easily distinguizh materials (gas vs.
water vs. other chemicalzs)? Are the plot plans required to be present at the excavation job site?

/  How effective is the communication between the drawing office advisor to job owner / job executor
/  What methods are used for positive line identification after excavation?
/Do you require a line breaking permit for underground fire water headers, or are they exempt?




Runaway reaction by cleaning operation

Chocalate Bayou - Texas

Organic intermediate formed as a slurry
Slurry ted to centrifuge for separation

Solid deposits In centrifuge and feed tank
Instruction for periodic cleaning with water

INn 1992 — explosion of feed tank
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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 instructi d limits for operations

i

Not for cleaning
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YL 2%




PSI & MOC

PROCESS MANAGEMENT FILE

RO O B~ (ORI

Process Information
Safety data
Equipment Information
Operating Procedures
Training

Contractor Information
Mechanical Integrity

8. Audits & Incident
analysis

9. MOC filing

10. Technical Reports

11.Quality Information

12.Contractor Information

13.Organizational Info

14.Environmental &
Permits

Technical Mgmt Team

TMT Manufacturing
TMT Technology
TMT Engineering
TMT QA

Technical Core Team

TCT Manufacturing
TCT Technology
TCT Engineering

Operations Lead

I

B CHANCays

MONSANTO @



Runaway reaction in startup conditions

Institute — West Virginia

2008 — Start up after large shutdown

Jpgrade of control system
Replacement of residue treatmen:

vessel

Thermal treatment of residue 1o fue



Runaway reaction in startup conditions

What went wronge
No solvent ‘heel’ charged to freatment vessel

Temperature interlock on feed valve bypassed

Higher concentrations in feed due to process
upsets upstream

Runaway decomposition
Vessel rupture
Two tatalities
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Belford Roxo — 2007
Tankfarm explosion due to
C ol runaway reaction
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L essons 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



Thank you!

Bye-Bye




