
Chemical Safety & Risk

CENG 124

Chemical plant = potential hazards

� Chemical hazards include spills, fire, and explosions. There 

are also mechanical hazards that arise from things as 

simple as tripping, falling, or moving equipment.

� Why is it a “big deal”?

Among other bad episodes:

In 1984, an accident at a pesticides manufacturing plant in 

Bhopal, India, killed well over 2,000 people and injured at 

least 20,000 more.

... and every year there are new accidents.



Steam power!

Some basic terms/concepts

� Hazard : things that have the potential of producing injury.

� Risk : the probability of having a hazard that results in an 

accident.

� Acceptable risk : Risk cannot be eliminated. But we can 

limit risk exposure. At some point in a design, someone will 

have to decide if the risks are acceptable.

� Public perception : The general public has great difficulty 

agreeing to things that they do not understand and to 

involuntary risk. Good communication is very important.



Terms,… (continued)

� Safety or loss prevention : the prevention of accidents. 

Programs for identification and assessment of hazards; 

control and elimination of the hazards before an accident 

occurs; limitation of the loss when an incident occurs.

� Engineering ethics : As an employee, an engineer 

provides service to the company, but the engineer also has 

the responsibility to provide a safe and secure environment 

for fellow workers and the community.

Chemical Accidents

� Toxic releases,
… including spills, reactor runaway, fugitive emissions

� Fires
� Explosions, including...

� Vapor Cloud Explosion , VCE
� Boiling Liquid Expanding Vapor Explosion , BLEVE

� …

?



Fire —combustion, rapid exothermic oxidation

� Fuel
� Gases acetylene, propane, carbon monoxide, hydrogen

� Liquids gasoline, acetone, ether, pentane

� Solids plastics, wood dust, fibers, metal particles

� Oxidizer
� Gases oxygen (air), fluorine, chlorine

� Liquids hydrogen peroxide, nitric acid, perchloric acid

� Solids metal peroxides, ammonium nitrite

� Ignition source
� Sparks, flames, heat, static electricity

Three ingredients (with examples)

Flammability characteristics

� Liquid—flash point
The lowest temperature at which a liquid gives off enough vapor to form 

an ignitable mixture with air (the LFL). The combustion is rarely 

sustained. The fire point is a higher temperature at which the fire will 

continue to burn once ignited. 

� Gas/vapor
� Lower and upper flammability limits (LFL, UFL)

� Minimum oxygen concentration (MOC)

—the idea behind doing inerting

� Adiabatic Compression
—it can lead to autoignition

Data and mixture 
calculations can be 
found in handbooks or 
safety books



For the previous slide:
The LEL and UEL schematic illustration:

Elements of Accidents

Hazards
Initiating 

Events

Intermediate 

Mitigating 

Events

Intermediate 

Propagating 

Events

Accident 

Consequences

(From Greg Lorton)



Hazards
Initiating 

Events

Intermediate 

Mitigating 

Events

Intermediate 

Propagating 

Events

Accident 

Consequences

Elements of Accidents

Hazards
Large inventories  of
  flammable materials
  combustible materials
  toxic materials
  …unstable materials,
Highly reactive
  reactants
  intermediates
  by-products, products
Reaction rates  sensitive to
  impurities
  process parameters
…

(From Greg Lorton)
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Elements of Accidents
Initiating Events

Equipment malfunctions
  pumps, valves, sensors
  …instrumentation,
Containment failures
  pipes
  storage tanks, vessels
  gaskets
Human errors
  operations
  maintenance
  testing
Loss of utilities
  electricity, water, air, steam
External events
  floods, earthquakes
  high winds
  vandalism/sabotage
Method/Information errors
  as designed
  as communicated
…

(From Greg Lorton)
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Intermediate Propagating Events
Process parameter deviations
  pressure
  temperature
  flow rate
  concentration
  phase/state change
Operator errors
  omission
  diagnosis/decision making
Method/Information failure
  Amount
  Usefulness
  Timeliness
…

Containment failure
  pipes
  vessels, storage tanks
  gaskets, bellows
  …venting, relief valve, 
Material releases
  combustibles
  toxic materials
  reactive materials
Ignition/Explosion
External events
  delayed warning
  No warning
…

(From Greg Lorton)
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Intermediate Mitigating Events
Safety System Responses
  relief valves
  grounding
  back-up utilities
  back-up components
  back-up systems
Mitigation System Responses
  vents, blow-out walls/ceilings
  containment dikes
  flares
  sprinklers
Operator Responses
  planned
  training
  spontaneous/ad hoc
…

Contingency Operations
  alarms
  emergency procedures
  personnel safety equipment
  evacuations
  security
Information Flow
  routing
  methods
  timing
External events
  early detection
  early warning
…
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Accident Consequences

Fires
Explosions
Dispersion of toxic materials
Dispersion of highly reactive
  materials
…

(From Greg Lorton)

Another textbook example to reduce risk

D.A. Crowl and J.F. Louvar, Chemical Process Safety. Fundamentals with Applicat ions



Summary: To reduce risk,…

� Minimize human errors

� Minimize impact and extent of 

equipment failure

� Design a fault-tolerant plant

� Components of a safety 

program
� Safety knowledge

� Technical competence

� Safety experience

� Safety management support & 

commitment

Engineering tools in risk analysis
� Hazard and operability (HAZOP) study. A systematic 

technique to identify plant or equipment hazards and 
operability problems.

� Fault-tree  analysis. Analyzing hazardous events after they 
have been identified by other techniques such as HAZOP. A 
graphical representation between certain possible events 
and an undesired consequence and helps to estimate the 
likelihood of an accident.  The analysis also helps to 
investigate the impact of alternative preventive measures.

� Hydrodynamic models to design for example two-phase flow 
through a vessel relief valve.

� Dispersion models to calculate the spread of a toxic 
substance after release through the plant or the 
neighborhood.



The starting point: 

a detailed and 

thorough P&ID

HAZOP

If tank pressure is low ,
  what  events could be the cause?
  what are the consequences?
  which process indicator or alarm?
  what mitigating procedures?
  ……

HAZOP table

(one example in TBWS)

1 scenario = 1 given unit + 1 given probable deviation

Two ways of thinking/planning:

What is the probability  of 
each event?
What is the probable order of 
occurrence?
……

Fault-tree analysis

(after going over every single

 minute detail in the plant)



Design Considerations

—related more to pollution prevention

Buzz words: different ways to say the same thing

� Green engineering/green chemistry
� Pollution prevention
� Source reduction
� Waste minimization

� Design for the environment
� Industrial ecology
� Life cycle analysis



Additions to the hierarchical design levels

� Conceptual stage: 

— question safety, toxicity & environmental impact

— consider possibilities of substitutions and alternatives

� Flowsheeting stage: 

— consider intensification and simplification

— recycle

� Detailed design:

— attenuation, isolation

— plant layout, equipment design, control

Pollution Prevention Design
� Substitution

—alternative reaction paths that use less hazardous chemical reactants or 
generate less hazardous intermediates

� Attenuation
—use/store/transport chemicals under less hazardous conditions

� Isolation/containment
—prevent domino effects

� Intensification
—reduce quantity of hazardous materials (inventory and usage)

� Simplification
—factor in human errors early

� Reuse/Recycle
� Proper treatment and disposal



Green Chemistry Q&A
� M. Poliakoff & P. Licence, Nature, 450, 810-812 (6 December 2007).

� Snap shot: The (PRODUCTIVELY) principles
� Prevent wastes

� Renewable materials

� Omit derivatization steps

� Degradable chemical products

� Use safe synthetic methods

� Catalytic reagents

� Temperature, pressure ambient

� In-process monitoring

� Very few auxiliary substances

� E-factor, maximize feed in product

� Low toxicity of chemical products

� Yes, it is safe

  Taken from another article
  by Poliakoff. The Nature
  article has this reference
  and other good ones too.

Poliakoff & Licence Case Study

Green route to make ibuprofen, early 1990s


