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SAND No. 2011-0785C 
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,

for the United States Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.

••Material hazardMaterial hazard

Safe Work Practices are a Subset of 
Process Safety Management

Hazards

••Energy hazardEnergy hazard
••Chemical interaction hazardChemical interaction hazard

••Safe operating procedures (SOPs)Safe operating procedures (SOPs)
••Safety AuditsSafety Audits
••TrainingTraining

2

gg
••Job Hazard AnalysisJob Hazard Analysis
••Safe Work PracticesSafe Work Practices

Job Hazard Analysis

Job Hazard Analysis is a technique that 
focuses on job tasks as a way to identify 
hazards before they occur. It focuses on the 
relationship between the worker, the task, the 
tools, and the work environment.
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Essential Steps in Job Hazard Analysis

1.Involve your employees.1.Involve your employees. 
2. Review your accident history. 
3. Conduct a preliminary job review. 
4. List, rank, and set priorities for hazardous jobs.
5. Outline the steps or tasks. 
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• Jobs with the highest injury or illness rates

Jobs with the potential to cause severe or disabling

What Jobs Need a Hazard Analysis ?

• Jobs with the potential to cause severe or disabling

injuries or illness, even if there is no history of previous

accidents;

• Jobs in which one simple human error could lead to a

severe accident or injury;

• Jobs that are new to your operation or have undergone
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Jobs a a e e o you ope a o o a e u de go e

changes in processes and procedures; and

• Jobs complex enough to require written instructions.

The Job Hazard Analysis asks 
Several Questions

•What can go wrong? 

•What are the consequences? 

•How could it happen? 

•What are other contributing factors? 

•How likely is it that the hazard will occur? 
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Job Hazard Analysis Template

Job Hazard Analysis
Date: ____________ JHA Number: _________ Steps: 1 through 5

Location of Task:Location of Task: _______________________________________

Task Description: _______________________________________

Step 1 Description Hazards Preventive Measure(s)

Step 2 Description Hazards Preventive Measure(s)

Step 3 Description Hazards Preventive Measure(s)

Step 4 Description Hazards Preventive Measure(s)
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Step 4 Description Hazards Preventive Measure(s)

Step 5 Description Hazards Preventive Measure(s)

Safe Job Procedures

Safe Work Practices Apply to a Variety of 
Jobs/ Hazards 

Hazards Specialty PPE

• Elevated work
• Hoisting, rigging 
• Cranes- forklifts
• Heavy equipment
• Trenches, excavation

P i d l

•Safety Vests
•Face Shields/ goggles
•Gloves
•Respiratory Protection
•Safety Harnesses
•Hearing Protection

• Pressurized vessels
• Energized equipment
• Chemical reactivity

8



Definition of Safe Work Practices

Safe Work Practices provide for 
the control of hazards during 

k ti iti h

They are generally written 
methods outlining how to work activities such as:

•Lockout - Tagout
•Confined space entry
•Opening process equipment or 
piping
•Hot work
•Control over entrance by 
support personnel.

methods outlining how to 
perform a task with 
minimum risk to people, 
equipment, materials, 
environment, and 
processes.

support personnel.
They are issued 
•to specific  persons
•for a specific time period
•for a specific job

Safe Work Practices Go Beyond SOPs

OSHA PSM Standard- Nonroutine Work Authorizations

• Lockout - Tagout (energy control) 
• Confined Space Entry
• Initial Opening of Process Lines and Vessels
• Hot Work 

10

Some procedures require permits for 
more than one of the above categories

• Kinetic (mechanical) energy - in the moving parts of 

Lockout-Tagout Addresses all 
Forms of Hazardous Energy 

mechanical systems
• Potential energy -stored in pressure vessels, gas tanks, 
hydraulic or pneumatic systems, and springs (potential
energy can be released as hazardous kinetic energy)
• Electrical energy from generated electrical power, static 
sources, or electrical storage devices (such as batteries
or capacitors)
• Thermal energy (high or low temperature) resulting from

11

• Thermal energy (high or low temperature) resulting from 
mechanical work, radiation, chemical reaction, or electrical
resistance

Lockout-Tagout Definition 

Lockout-Tagout (LOTO) or lock and tag is a 
safety procedure which is used in industry 
and research settings to ensure that 
dangerous machines are properly shut off 
and not started up again prior to the 
completion of maintenance or servicing work.

OSHA 1910.147



Hazardous Energy Management 
Involves the Following Steps

• Identify tasks that may expose workers to hazardous energy.

• Identify and de-energize all hazardous energy sources, including those in 
adjacent equipment.
• Lockout and tagout all energy-isolating devices to prevent in advertent or 
unauthorized reactivation or startup.
• Isolate, block, and/or dissipate all hazardous sources of stored or residual 
energy, including those in adjacent equipment.
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• Before beginning to work, verify energy isolation and de-energization, 
including that in adjacent equipment or energy sources.
• After work is complete, verify that all personnel are clear of danger points

Steps to Safe LOTO

1 Prepare for shutdown1. Prepare for shutdown
2. Shutdown machine or piece of equipment
3. Isolate or block all hazardous energy 

sources for the equipment
4. Apply lockout or tagout devices
5. Release all stored energy
6. Verify energy isolation
7. Perform work

Steps to Release from LOTO

1 Make the work area safe1. Make the work area safe
2. Check the work area to ensure 

individuals are clear of the hazard area
3. Remove locks, tags, and devices
4. Notify affected workers
5. Re-energize

Isolation of Energy is the key Principle

LOTO Practices-
•LOTO is not just closing valves or unplugging machinery
•Only one key for each lock the worker controlsOnly one key for each lock the worker controls
•Each lock labeled with durable tag
•Only worker who installs lock can remove
•Shift change- New lock added before old one removed
•Key control for group lockout device 
•Procedures must be specific not generic
•Periodic inspections
•LOTO alternatives- machine guarding, cord and plug, control 
circuitry

Examples of LOTO-
•Blanking: installing flange with blank
•Line breaking - misalignment
•Remove stored energy-springs, hydraulic, pneumatic, 
counterweighted flywheel, 
•Install chocks, cribbing 
•Remove belt and chains
•Clamping



Company Assigns Unique Lock to LOTO

Red Band
Blue Band

Which of these locks is an administrative lock?

General LOTO Devices and Tags

Other LOTO Devices Other LOTO Devices



Confined Space Definition

Confined space is any space that has: 
•Limited or restricted means of entry or y
exit;
•Is large enough for a person to enter to 
perform tasks and
•Is not designed or configured for 
continuous occupancy
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OSHA 1910.146
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Confined Space Definition (cont)- plus 
One of These

•Contains or has the potential to contain a hazardous 
atmosphereatmosphere
•Contains a material that has the potential for engulfing the 
entrant
•Has an internal configuration that might cause an entrant to be 
trapped or asphyxiated by inwardly converging walls or by a 
floor that slopes downward and tapers to a smaller cross 
section
•Contains any other recognized serious safety or health 
h d
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hazards.
•In addition to the hazards posed by the design of the space, 
work activities can also pose serious safety hazards (heat, 
noise, vapors, etc.)

Hazards in Confined Space

• Atmospheric Hazards
• Oxygen Deficiency/Enrichment; 

Combustible/Flammable/Explosive Gases and 
Vapors;

• Combustible Dust; Toxics; Safety Data Sheets 
(SDS); Monitoring-Air

• Physical Hazards- Collapse, Thermaly p ,
• Mechanical; Entrapment; Engulfment; Other 

Types of Hazards
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Oxygen Concentration is a Fundamental 
Aspect of Confined Space Work
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Confined Space Controls

• Controls for Atmospheric Hazards
– Ventilation; Respiratory Protection; Other Control 

Measures
• Controls for Physical Hazards

– Isolation 
• Mechanical, Electrical, Pressurized Lines, Ducts, or 

Pipes
• Other Control Measures

• Personal Protective Equipment and Tools
• Communication System
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Testing the Confined Space

1.Oxygen is tested first because most combustible gas and
toxic atmosphere meters are oxygen-dependent and will not

id li bl di h d i d fi i tprovide reliable readings when used in oxygen-deficient
atmospheres. In addition, both oxygen-deficient and oxygen enriched 
atmospheres are extremely hazardous to workers’
health and safety.

2. Combustible gases and vapors are tested next because the
threat of fire and explosion is both more immediate and more
life-threatening, in most cases, than exposure to toxic gases
and vapors
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and vapors.

3. Toxic atmospheres are tested last.

Many modern direct-reading instruments 
provide simultaneous readings of multiple 
gases.

Confined Space Entry Process

Administrative Work Procedures

• Space to be entered
• Purpose of entry
• Date and duration
• Authorized entrants
• Personnel attendants
• Entry supervisor

• Hazards of permit space
• Measures used to isolate the 

space
• Acceptable entry conditions
• Safety retrieval line
• Periodic rests during entry
• On-site rescue team
• Communication procedures
• Certified and calibrated 

equipment
• Permits for other hazardous 

procedures in area



Does the work contain permit-required confined space ?
Will the permit space be entered?
Does the space have known or potential hazards?

Confined Spaces Decision (OSHA)

Verify acceptable entry conditions (test the 

Does the space have known or potential hazards?
Can the hazards be eliminated?

Can the space be maintained safe to enter by 
continuous forced air ventilation only?

No
Yes

Enter with 
ventilation

Permit not 
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space, rescuers, communication, entrants 
equipped)

Yes Permit issued, acceptable conditions 
maintained, work completed, permit 
returned and canceled.

No valid- no entry

Emergency During Entry

•If emergency exists (prohibited condition).g y (p )
•Entrants evacuated-entry aborts. (Call rescuers if needed). 
•Permit is void. 
•Reevaluate program to correct/prevent prohibited condition. 
•Occurrence of emergency (usually) is proof of deficient 
program. 
•No re-entry until program (and permit) is emended. (May 
require new program.)
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Opening Lines and Vessels 
”Line Breaking” Definition

Line breaking means the intentional opening of aLine breaking means the intentional opening of a 
pipe, line, or duct that is or has been carrying 
flammable, corrosive, or toxic material, an inert gas, or 
any fluid at a volume, pressure, or temperature 
capable of causing injury.

31

Hazards of Opening Lines and Vessels

Toxic release and exposure
Ammonia
Hydrogen Sulfide

Fire and explosion
Hydrocarbons
Pyrophoric materials
Moisture sensitive materials

Pressure release
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Pressure release
Pipeline pigging



Consideration for Line Breaking/Line 
Opening Procedures

Identify the Hazard S b dIdentify the Hazard
Develop Permit
Appropriate PPE
Barricades
Isolating system
Cooling system
Depressurizing system
Flushing system

Step by step procedure
Emergency equipment
Emergency plan 
Testing
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g y
LOTO of electrical / valving

Line Breaking Procedure Example: 
Ammonia Refrigeration

A line break permit shall be obtained.

Only qualified Refrigeration personnel shall perform the work

The line to be opened shall be isolated, and isolation valves secured with 
locking devices appropriate to type shall be applied. Isolation valves must be 
logged by number, and a copy of this log kept in the maintenance office to 
preclude loss.

The portion of the line to be opened shall be evacuated (pumped down, into 
a vacuum). Operators shall test that the vacuum condition is holding, and 
h ld th l l f f i i f 30 i t
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hold the level of vacuum for a minimum of 30 minutes.

Prior to the opening of the line, operators shall don appropriate PPE, (APR), 
and wear the PPE until it is evident to the senior operator that no danger of 
ammonia flow exists. 

Mechanical integrity of all lines, valves, and other component parts affected 
by the line break related work shall be maintained.

Line Breaking Procedure Example: 
Ammonia Refrigeration

At the conclusion of the work process, the assembled line, valves, or other 
constituent parts shall be first vacuum tested, then pressure tested.

When such testing is successfully completed, all valves shall be restored to 
the original alignment conditions. The original log shall be consulted to 
ensure that all valves originally listed have been returned to original 
alignments, and all tags and biscuits have been removed, and the work area 
restored to previous conditions. 
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The area of the line break shall be observed periodically to ensure leakage-
free operation, and proper refrigeration function.
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Hot Work Definition

H t k i k i l i l t i ldiHot work is work involving electric or gas welding, 
torch cutting, grinding, brazing, or similar flame or 
spark-producing operations.

OSHA 1910.252

Hot Work Permit

•Fire prevention and protection requirements

•Implemented prior to beginning the hot work 

operations 

•Date(s) authorized for hot work

•Identify the object on which hot work is to be 

performed

•Permit shall be kept on file until completion of 

the hot work operations.
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Responsibility for Hot Work is Clearly 
Outlined

Permit Authorizing Individual – Inspects hot 
work site before starting
Hot Work Operators – Perform hot work 
operations
Fire Watch – is posted to monitor safe 
operations
Designated Area – Location approved for hot 
work operations.

40

work operations. 



Fire Protection during Hot Work

•Keep all entrances and exits clear of obstructions such as 
vehicles, equipment and general clutter at all times.
•Correct poor housekeeping practices.
•Use appropriate shielding of flammable surfaces when 
performing hot work. 
•Remember that grinders are capable of throwing red hot 
particles approximately 30 feet.
•Keep your work area free of unnecessary combustible 
materials.
Use proper degreasing agents Ne er se gasoline or other
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•Use proper degreasing agents. Never use gasoline or other 
“flammable liquids” for degreasing or cleaning.

Fire Fighting Equipment and Procedures

• All workers should know the location of the fire fighting 
equipment in their areaequipment in their area.

• Fire extinguishers are to be checked monthly.
• Never return an empty extinguisher to its fire station. 

Clearly mark it “MT” with chalk and exchange it for a 
charged unit.

• All fire extinguishers will be inspected on an annual basis 
by a certified company.

• All workers must receive training before using fire 
extinguishing equipment.

• If Fire Watch determines fire may grow beyond control-
emergency services must be contacted
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Hot Work Area is Controlled by Zoning

•Hot zone- inside permit space
•Warm zone – outside occupied by attendant 
personnel
•Cold or support zone – equipment and supplies

•Barricades and barriers
•Shields and railings

Resources for Control of Hazardous Energy

http://www.osha.gov/SLTC/controlhazardousenergy/index.html http://www.cdc.gov/niosh/docs/99-110/pdfs/99-110sum.pdf



Chemical  Safety and Security Program
Organization and Responsibilities

SAND No. 2009-8395P 
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin 

Company,for the United States Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.

Chemical Safety and Security (CSS) 
Program Purpose 

• Ensure a safe and secure workplace.
• Ensure a sustainable environment.
• Prevent/reduce release of hazardous 

substances in plant and in community.
• Prevent/reduce exposure to staff.
• Enhance community relations.
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y
• Comply with regulations.
• Enable crisis management. 

Crisis Management:
Prevention & Response

• Facility crisis
– Fire

• Security Incidents
• DisgruntledFire

– Explosion
– Chemical release
– Evacuation
– Remediation

• Natural disaster

• Disgruntled 
personnel

– Employees
– Ex-workers
– Contractors
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Natural disaster
– Earthquakes
– Hurricane/typhoon
– Tsunami 

• Demonstrations,  
protests
• Terrorism
• Theft

Chemical Safety and Security
Applies to Everyone

Administration
ManagementManagement

Human Resources
Purchasing

Facilities
Construction

Police/Security
Employees
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Contractors
All visitors



Senior Management

has the responsibility

to teach, model and encourage
good Chemical Safety and 
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Security practices

Operational Management
Chemical Safety & Security (CSS) 

Responsibilities
• Develop procedures with Safety Officer for unique 

hazards and chemicals (toxic, flammable)hazards  and chemicals (toxic, flammable)
• Develop proper control practices with Safety Officer 
• Participate in developing CSS Plan, CSS Committee, 

accident investigation procedure
• Ensure CSS documents and records are maintained
• Maintain plant chemical inventory
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• Ensure Safety Data Sheets are available
• Facilitate compliance with policies, guidelines and 

regulations 

Operational Management 
Responsibilities (cont’d.)

• Ensure workers know and follow policies and 
practicespractices

• Ensure equipment and controls are properly 
maintained

• Ensure all workers received proper training and 
refreshers

• Ensure new workers receive proper training 
b f t ti k
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before starting work
• Inform Safety Officer of any accidents and 

incidents
• Follow-up on accidents and incidents

have a responsibility

Employees

have a responsibility

to actively support and participate 
in the CSS Program. 
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Employee
Responsibilities

• Understand and act in accordance with policies/rules 
and practices.p
– Participate in and learn from required training
– Learn about hazards of specific chemicals/processes
– Read & understand related documents (SOPs, OPs).

• Follow good chemical safety practices
– Wear and maintain Personal Protective Equipment (PPE)
– Use engineering controls properly
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– Work safely/behave responsibly (i.e. don’t put others at risk).
• Proactively encourage  safety and security

– Participate willingly in the CSS Program
– Report accidents, incidents/near misses, problems
– Suggest changes and improvements

The Safety Officer

has the responsibility

to provide expertise and information 
so that a safe and healthy workplace

is present and maintained.
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Safety Officer
Training, Experience, Skills

• Chemistry   
- Nomenclature

• Physics
- Ventilation

- Physical properties
- Reactive substances
- Chemical compatibilities

• Health and Safety (industrial 
hygiene)

• Security
- Facility
- Chemicals

- Electrical
• Biology

- Biosafety
- Blood borne pathogens

• Administration
• Writing
• Speaking/presentations/training
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- Equipment
- Personnel

• Psychology
- Interpersonal skills

Safety Officer 
Duties and Responsibilities

• Report s directly to higher management

P id l d hi i f t d it• Provides leadership in safety and security
– Advise administration, management, workers
– Know legal regulations and ensure compliance
– Establish Safety and Security Committee
– Consult/advise project management on CSS concerns 
– Respond to problems and concerns of workers
– Coordinate with facilities and security
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• Writes and revises CSS Plan
– Develop CSS training plans
– Trains, documents and ensures training is performed



Safety Officer
Duties and Responsibilities 

• Ensures documentation, records and metrics are 
maintained.

Draft a safety budget– Draft a safety budget
– Set criteria for exposure levels
– Coordinate and facilitate medical surveillance
– Ensure plans and manuals are written and updated

• Oversees procurement, use, storage & disposal of 
hazardous materials

• Performs risk assessment and monitoring
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Performs risk assessment and monitoring 
– Conducts audits and inspections
– Interacts with staff to correct deficiencies 
– Follows up to ensure correction and resolution of issues

• Investigates accidents and incidents

Safety Officer 
Duties

Surveys
Job Hazard Analysis 

Inspections
Training

Medical Monitoring
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Medical Monitoring
Investigations

The Function of the Safety Officer 
is to Act as a Collaborator, 

NOT as a Policeman
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The Safety Committee

has the responsibilityp y

to oversee and monitor the CSS Program 
for management so that a safe and 
healthy workplace is maintained.
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Safety Committee
Responsibilities

• Reports directly to senior managementReports directly to senior management
• Endorses policies
• Meets regularly (2 – 4 times/yr) with agendas
• Reviews accidents and incidents, may 

investigate, write reports with recommendations 
• Establishes appropriate subcommittees on 
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specific topics

Safety Committee
Composition

• Chaired by committed staff
• Safety Officer is ex-officio member   
• Includes representatives from:

– Facilities Management
– Security
– Administration and General Management
– Shops/Unions
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• Representatives should rotate after a few years 

Management
Responsibilities

Commitment:
• Establish a formal CSS

Support:
• Financial support (budget)Establish a formal CSS 

Program
• Announce formation of a CSS 

Program
• Create a written policy 

statement
• Designate a Safety Officer

E d itt CSS Pl

pp ( g )
• Staffing
• Response/resolution of 

problems by
– Establishing a CSS 

Committee
• Stipulates CSS is part of 

everyone's job
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• Endorse a written CSS Plan 
(Manual)

• Participate and intervene as 
needed

everyone s job
– CSS applies to everyone
– Specifies CSS orientation 

for new employees
• Supports CSS staff 

POLICY STATEMENT

Management
Responsibilities  

Documents and describes 
the commitment and support

from the highest management level
for the Chemical Safety and Security Program
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Policy Statement
Purpose

Establish and provide for maintenance of an 
effective Chemical Safety and Securityeffective Chemical Safety and Security 
Program to protect:

• Employees
• Facility
• Community
• Environment
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…and to comply with all 
regulations.

Policy Statements

• Come from senior management• Come from senior management
• Are typically brief
• Set clear goals
• Establish commitment
• Define employee role
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• Identifies resources and staff
• Are signed by person in authority

Example Policy Statement

“It is the policy of XYZ Company to protect ourIt is the policy of XYZ Company to protect our 
workers and the public, prevent incidents, protect 

the environment through integration of 
environmental stewardship and sustainability 
throughout the life-cycle of its activities, and 

ensure regulatory compliance.”
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Chemical Safety and Security Program
Ideal Roles

• Culture of Chemical Safety and 
Security should exist at all

Executive Officer 
or

Corporate 
Safety OfficerSecurity should exist at all 

levels of the organization.
• Top management sets policy, 

provides resources.
• Workers must understand and 

implement.  

• Many organizational 
interactions are important for 

or
President

Senior Manager

Supervisor
e g Project

Safety Officer 

and

Corporate 
Security 
Officer

Chemical 
Safety
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chemical safety and security e.g. Project 
manager

Employee

Safety 
& Security 

Officer
Designated by 
the functional 

area



Program Evaluation

• Management leadership
• Employee involvementp y
• Administrative controls
• Security controls

– Access to buildings, materials
• Engineering controls
• Accident/incident investigation
• Training
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• Use of Personal Protective Equipment (PPE)
• Emergency Response Program
• Medical Surveillance Program
• Work site analysis

– Inspections, surveys, hazard analysis

Hazard Survey

• Baseline measurements
• Periodic inspections
• Identify potential job hazards, 

material hazards, and process 
hazards
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Hazard Survey Process

• Prepare survey form• Prepare survey form
• Perform walk-through
• Take measurements

- Sample if necessary, monitor exposure 
(e.g., formaldehyde, radiation)
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• Perform data analysis
• Write and deliver report

Job Hazard Analysis (JHA)
Hazards associated with a particular task 
become apparent from a brief survey:pp y

– Compile steps needed to complete job.

– Analyze each step in detail.
• Could exposure occur?
• Could an accident occur?
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• Could a change in processes create hazard?

– Develop recommendations on precautions to 
eliminate/minimize hazard.



Periodic Inspections
• Performed by Safety Officer
• Team may include:

– Employees
– Process Supervisor
– Facilities representative

• Frequency determined by 
hazards present and local 
practices
– 2 - 4 times/yr 

f
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• Look for: 
– both good and bad practices
– new hazards 
– new security issues

Sample Plant Survey/Inspection 
Checklist

• Date of Inspection:_______
• Conducted by:_______
• Location (room and building):_______
• Supervisor:_______

• Work Practices
• PPE available/properly used, stored, maintained
• Work conducted under ventilation if airborne hazard
• Housekeeping
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• Work instructions present and used

Survey/Inspection Checklist, cont’d.
• Hazard Communication

– Warning signs posted.Warning signs posted.
– SDS available.
– All chemical containers/tanks/piping labeled.

• Personal Protective Equipment
– Available for each specific hazard.
– Eye protection available, when & where required & posted.
– Other PPE available as necessary.

75

– Visitor requirements for PPE posted.  

• Plant Safety Equipment
– Fire pull stations & telephones appropriately placed and labeled 

Survey/Inspection Checklist, cont’d.

– Adequate number of fire detection and control devices.
– Emergency shut-down equipment present and routinely tested.
– Emergency chemical release equipment available, maintained, labeled.
– Eyewashes & safety showers present, unobstructed, in good working 

order, routinely tested and maintained.
• General Facility

– Exits marked
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– Access controls
• Hazardous areas
• Proprietary processes



• Chemical Storage/Warehouse
– Area secured

Survey/Inspection Checklist, cont’d.

Area secured
– Chemicals inventory list or database
– All containers labeled
– Incompatible chemicals segregated
– Volatile, flammable material keep away from ignition sources
– Fire protection

• Barriers, sprinkler system, extinguishers, alarms
– Emergency release equipment present
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Emergency release equipment present
• PPE
• Spill equipment

• Ventilation
– Ventilation for airborne hazards available

Survey/Inspection Checklist, cont’d.

– Ventilation labeled with static pressure or airflow 
– Ventilation equipment intakes not blocked 

• General
– Aisles & exits unobstructed.
– Work areas clean with no chemical contamination.
– Mechanical hazards guarded with barriers
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g

Training Program

• Identify training needs• Identify  training needs
• Identify Goals & Objectives
• Develop training activities
• Identify resources
• Conduct training
• Evaluate effectiveness
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Evaluate effectiveness
• Continuous Improvement

Employee Training Topics
• New employee orientation
• Special processes and proceduresp p p
• Hazard communication/ labeling, Safety Data Sheets
• Occupational Exposure Limits (OEL) for hazardous chemicals; 
• PPE use, storage and maintenance (especially respirators)
• Fire safety and fire extinguisher use
• Emergency plans, evacuation procedures & routes 
• Non-ionizing radiation, lasers, microwaves
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• Hazardous waste procedures
• Facility security requirements



Training Documentation: Sample
• Employee name: ___________________________
• Department: _________________________
• Date: ______

• Training Subject: ______________________________
• Training Date: ___________
• Re-instruction date: _________
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• Employee Signature: ______________________________
• Date Signed: __________
• Supervisor’s signature: _____________________________
• Date: __________

Guidelines for Incident 
Investigation

• Description/report of incident
• Review of organizational policyg p y
• Start  an investigation
• Determine cause of incident

– Emphasis is prevention, NOT blame
– Timely report with recommendations to all responsible parties 

including senior management
• Make timely response to recommendations

C i

82

– Correction
– Follow-up
– Action taken
– Additional  training required

Chemical Safety and Security Plan
• Includes policy statements from senior 

management.management.
• Describes the entire Program.
• Describes the organization of the Program.
• Explains everyone’s responsibilities.
• Describes in general terms policy and specifically 

who, what, where and why a safety or security task 
f
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or job is performed.

Standard Operating Procedures (SOP)

• An SOP explains concisely and precisely• An SOP explains concisely and precisely 
how, where and who performs a task.

• It does not explain why the task is done.
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• The Safety and Security Plan explains 
policy and why a task is performed



Standard Operating Procedures 
(SOP), cont’d.

• SOPs are:
D t d– Dated

• When issued
• When reviewed
• When revised

– Have: subject, title and identification code
– Officially reviewed by management
– Signed by all responsible parties
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– Written in a consistent and official format with numbered 
pages

Standard Operating Procedures
(SOP)

Consider written SOPs on:
– Security clearance and visitor access
– Employee training
– Medical surveillance
– Respiratory protection and fit
– Eye protection 
– Ventilation system maintenance
– Storage, receipt, transport and shipping of hazardous materials
– Accident and emergency response including natural disasters
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g y p g
– Spill cleanup
– Waste management
– Hazardous material handling
– Special operations

TEA BREAK
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Behavior Based Safety 
(BBS)

SAND No. 2011-0487C
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,

for the United States Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.



What is Behavior Based Safety?

Behavior is “the manner of conducting oneself.”*Behavior is the manner of conducting oneself.

Therefore, behaviors are observable acts.

Behavior Based Safety focuses on behaviors that y
promote safety.

* Merriam-Webster dictionary

Behavior Based Safety is NOT: 

• A fully-developed safety program.  
– It is a process designed to eliminate behaviors that putIt is a process designed to eliminate behaviors that put 

workers at risk and enhance existing safety protocols.

• A process used to enforce safety rules, nor to correct 
hazardous conditions. 
– Safety rule violations and hazardous workplace 

conditions must be corrected outside of the BBS 
processprocess. 

• A process for assigning blame or criticizing workers. 

How does BBS differ from traditional safety?

Traditional Safety…
• Is reactive – focuses on correcting problems only 

after they have occurred.
• Searches for “root cause” of accidents

• Using incident/accident data from investigations
• e.g. Incident and Severity rate: TRCR/DART

• Focuses on making the working environment less g g
hazardous.

• Sometimes assigns blame to individuals.
• Emphasis on negative reinforcement.

Behavior Based Safety…

How does BBS differ from traditional safety?

• Is proactive – discourages ‘at-risk’ behaviors.
• Focuses on observing worker behavior.

– Common behaviors that place employees at risk 
are noted and adjustments are made.

– Data come from behavioral observations.
• Has a holistic understanding of worker behavior.Has a holistic understanding of worker behavior.

– Notes the environment in which behavior occurs, 
the behavior itself, and consequences of this 
behavior.



Behavior Based Safety underlies and 
benefits Traditional Safety 

Accidents

Unsafe Unsafe

Near Misses

Traditional 
Safety

Unsafe 
Acts

Unsafe
Conditions

Behavior Based Safety

BBS is focused on two concepts:  

Always Keep in Mind…

• BEHAVIOR
– What is behavior?
– What are the factors influencing “at-risk” behavior?
– How can this behavior be discouraged?

• RISK
– What is risk?What is risk?
– Why do people take risks?
– What are the consequences of taking these risks?

Remember: Behavior is 
“the manner of conducting oneself”

Behaviors cannot be isolated from the environment in 
which they occur.  y

Behavior Environment

Therefore, if employees are expected to promote safe 
practices the working environment must encourage 
this behavior. 

Exposure – extent a person is involved in an activity.

Risk = exposure x probability

Direct Indirect

Probability – the chances of an accident occurring during activity. 

1 in 6 1 in 52



How do Consequences Affect 
At-Risk Behavior?

Behavior Accident 
Probability

Accident

No
Accident

Severity 
ProbabilityProbability

Consequence
Risk = exposure x probability

Positive Consequences Influence
At-Risk Behavior

• Convenience

• Time savings

• Increased productivity

• Getting away with it

• Feeling bullet proof• Feeling bullet-proof

How does cheaper/better/faster
influence taking risks?

Worker’s reasons for taking a risk:

That’s the way I always do it!
I don’t know.
I didn’t think about it

In my opinion . . .
In my experience . . .
I don’t think it’s a problem because . . .

BEHAVIORS

I didn t think about it.
It’s the way we always do it around here.I’ve done it before and not gotten hurt.

What’s wrong with it?

Obstacle
I can’t do it any other way because . . .
It would be difficult to do it that way because . . .
If I do it that way, (this would happen).

Limited Choice

Implementing Behavior 
Based Safety



Prior to Implementation

Important to develop a BBS Committee and working 
structure that persists after implementation:structure that persists after implementation: 
– Designs the BBS process.
– Develops the implementation strategy.
– Implements the BBS process.
– Steers the BBS process.

• Assures observation and data quality through a Quality 
Assurance Plan.

• Champions worker involvement and completion of 
observationsobservations.

• Analyzes observation data to identify the causes of at-risk 
behaviors and develops recommendations.

• Facilitates removal of barriers to workers being able to easily 
perform work safely.

• Reports the results of data analysis.

Responsibilities of Managers & Supervisors

• Understand the process (receive training)
• Establish BBS as a part of the jobp j
• Help identify and correct systems issues
• Remove barriers
• Support:

• Time for:
• Training
• BBS Committee duties and meetings

Observations• Observations
• Encourage and provide positive reinforcement:  

workers, observers, BBS Committee members

4 Steps of Implementation

The BBS implementation process consists of fourThe BBS implementation process consists of four 
steps we will discuss in further detail: 

1. Establish Feasible Goals
2. Develop Observation Checklists
3. Take observations
4. Provide Feedback

Step 1: Establish Feasible Goals

The overall purpose of BBS is to establish a culture of safety in 
the working environment.  However, attainable goals need to g , g
exist in working toward this.  Make goals SMART:

Specific – Motivational – Attainable – Relevant – Trackable 

e.g.  A goal of “zero-injuries” is NOT SMART, but a goal of 80% 
participation in appropriate safety training is SMART. 

Goals should focus on outcomes, NOT behaviors.



Step 1: Establish Feasible Goals

Employee participation in the goal-setting process 
is important, and must continue throughout the p , g
BBS process to ensure success.   There are two 
broad reasons for this:

1. “Employee buy-in” – verbal and nonverbal 
support for change from those directly 
affected.

2. Interpersonal trust – trust among employees, 
and trust between employees and 
management.  

Step 2:  Develop Observation Checklists

In looking for behaviors that encourage safe practice, there are 
several options:

• Review past accident/incident reports to identify behavior that 
could have prevented them.  
– Focus on those that could have prevented the largest number of 

accidents.

• Consult with employees and managers. p y g
– It is important for employees to take responsibility for their actions.  
– Beneficial for developing trust. 

• Observe workers for a period of time.

Remember in developing the list that positive reinforcement is better for 
employee participation (i.e. specify criteria for good performance).

Step 2:  Develop Observation Checklists Step 3: Observing 

There are several decisions to be made when 
selecting an observation method or methods:selecting an observation method or methods:

• Who will observe?
– Self-observation
– Peer-to-peer
– Top-down
– Working groups

• Frequency of observations?• Frequency of observations? 
– Daily, bi-weekly, monthly

• How will feedback be given?
– Immediately
– Within a week 



Observers Have…

Three main responsibilities:
Gather data– Gather data

• Observation data (Safe/Concern)
• Discussion data (What/Why)

– Give feedback
• Positive reinforcement for safe behaviors
• Provide coaching on concernsProvide coaching on concerns

– To remain objective/unbiased 

Step 3: Observing 

As an example, Sandia’s method of observation is:

• Peer-to-peer
• Anonymous  (No Names/No Blame)
• Announced
• 5 minutes or less
• Provide feedback:

– Positive reinforcement for safe behaviors
– Coaching for behaviors of concern

• Identify obstacles
• Foster safety communication

An Observer’s Job is NOT:

• Ambush or spy on workers
• “Catch” people doing activities unsafely
• Criticize worker performance
• “Safety cop”  (risks vs. rules; right vs. wrong; 

safe vs. unsafe)
• Watch a whole task or job
• Force people to changep p g
• Turn people in for discipline
• Identify conditions that don’t directly impact 

critical behaviors

Feedback Changes Behaviors

What happens with more observations?

Observations per Month
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Changed Behaviors Reduce Accidents
Fewer injuries!

Recordables Per Month
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Step 4:  Providing Feedback

Providing feedback to workers in a timely manner is 
important.  Using multiple methods has proven p g p p
beneficial: 

• Verbal - Immediate feedback during observations.
• Through reports written after observation data 
collected.  
• Posting graphs/charts where all can see.
• Having celebrations for milestones or providing other• Having celebrations for milestones or providing other 
incentives.

NOTE: It is important that workers are allowed time to adjust 
their performance before being observed again.

An example of a “Green/Red” Chart from 
the Observations of a Division at Sandia

Why Implement Behavior 
Based Safety?



The BBS Process Closes the Gap
to “Nobody Gets Hurt”

• Focuses on the critical few precautions that would 
prevent the most injuries

• Prioritizes actions to remove barriers
• Generates actionable data
• Provides positive reinforcement of safe behaviors
• Engages workers and management:

Worker driven/Management supportedWorker driven/Management supported

BBS is proven to reduce injuries

• At 850+ companies injuries were reduced by 
an average of:an average of:

• 37% after 1 year
• 66% after 2 years
• 87% after 3 years

• Multisite Success – See case study of BP’s 
F b i d Fib B i U it (FFBU)Fabrics and Fibers Business Unit (FFBU) 
included in your extra materials. 

The Benefits Outweigh the Costs

• What is the Return on Investment for BBS?
Saves time money energy and can improve– Saves time, money, energy, and can improve 
morale among employees and between employees 
and managers. 

– Costs of accidents/incidents are both direct and 
indirect:

• Direct costs:  investigation, production downtime, 
medical expenses, damage to equipment or product, 
repairs, legal costs, fines, etc.

• Indirect costs:  employer/public liability, business 
interruption, training replacements, loss of 
goodwill/employee morale, negative public image. 

Why Implement Behavior Based Safety?

Remember:

The Iceberg Theory

For every accident, there 
are many “near misses” 

h i dthat go unnoticed. 
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Personal Protective Equipment (PPE) 

SAND No. 2009-8395P
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,

for the United States Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.

Personal Protective Equipment (PPE) 

• Limitations of PPELimitations of PPE
• Hazard assessment
• Training
• Characteristics of PPE
• Protective clothing
• Gloves
• Eyewear
• Respirators
• Exercise
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Limitations of PPE
• The least desirable control, but may be 

necessary if:
– Engineering controls are being installed
– Emergency response/spill cleanup
– Non-routine equipment maintenance
– To supplement other control methods

• Problems with PPE:
The hazard is still present with PPE– The hazard is still present with PPE

– Use is very dependent on human behavior
– Proper fitting is essential

• Can hazards be controlled by other means?
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PPE Hazard Assessment
• Identify the hazard(s)

– Chemical
– Mechanical
– Electrical
– Light energy (lasers, welding)
– Fire response 
– Hot processes 

Id tif th t ti l t• Identify the potential exposure route
– Inhalation
– Skin contact
– Eye contact
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PPE Hazard Assessment

• Determine the type of skin contactDetermine the type of skin contact
– Immersion
– Spray
– Splash
– Mist 
– Vapor (gaseous)

• Determine the exposure timeDetermine the exposure time
– Incidental contact
– Continuous immersion
– Unknown/emergency response
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Training

Employees should be trained to know:

• When PPE is necessary
• What PPE is necessary
• How to properly don, doff,   

adjust and wear PPE
• Limitations of PPE
• Proper care, maintenance, p

useful life and disposal
• Involve workers in selection

http://www.free-training.com/OSHA/ppe/Ppemenu.htm
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Training

Retraining is necessary when there is:

• A change in the hazards
• A change in the type of 

PPE  required
• Inadequate employee 

knowledge or use of PPE
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http://www.free-training.com/OSHA/ppe/Ppemenu.htm

General Characteristics of PPE

Protective clothing and gloves:
• Act as a barrier to prevent p

contact with the skin
• Protect against

– Toxics
– Corrosives
– Irritants
– Sensitizers (allergens)
– Thermal injury (burns)
– Physical Trauma
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General Characteristics of PPE

Protective clothing and gloves
• When selecting consider:• When selecting consider: 

– Permeation
• Breakthrough time
• ASTM F739 Standard

– Penetration
– Degradation

C f t– Comfort
– Heat stress
– Ergonomics
– Cost
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Photo credit: Permeation, http://www.cdc.gov/niosh/topics/skin/

Permeation Rate 
(PR) 

Permeation 
Breakthrough (PB) 

Permeation Degradation rate
(DR) 

E- Excellent; permeation rate of 
less than 0.9 mg/cm2/min

>Greater than 
(time - minutes)

E - Excellent; fluid has very little 
degrading effect.

VG - Very Good; permeation < Less than G - Good; fluid has minorVG Very Good; permeation 
rate of less than 9 mg/cm2/min

< Less than
(time - minutes)

G Good; fluid has minor 
degrading effect.

G - Good; permeation rate of 
less than 90 mg/cm2/min

F - Fair; fluid has moderate 
degrading effect.

F - Fair; permeation rate of less 
than 900 mg/cm2/min

P - Poor; fluid has pronounced 
degrading effect.

P - Poor; permeation rate of less 
than 9000 mg/cm2/min

NR - Fluid is not recommended 
with this material.

NR - Not recommended; 
permeation rate greater than 
9000 mg/cm2/min

† Not tested, but breakthrough 
time > 480 min DR expected to be 

Good to Excellent

†† Not tested, but expected to be  
Good to Excellent based on 

similar tested materials
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Level A Protective Suits

• Emergency operations
• Hazardous waste cleanup• Hazardous waste cleanup
• The contaminant is unknown

– Positive-pressure self contained 
breathing apparatus (SCBA) or 
positive pressure supplied air 
respirator with escape SCBA.

– Totally encapsulated chemical y p
and vapor protective suit.

– Inner and outer chemical 
resistant gloves

– Inner and outer chemical 
resistant boots.
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Level B Protective Suits

• Contaminant known
• High airborne hazard

– Positive-pressure, full face-piece self 
contained breathing apparatus 
(SCBA) or positive pressure supplied 
air respirator with escape SCBA 

– Hooded chemical resistant clothing
• Coated fabric

– Inner and outer chemical-resistant 
gloves

– Inner and outer chemical-resistant 
boots
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Level C Protective Suits
• Known airborne contaminant 

concentration
• Clothing selected on basis of 

dermal exposure
– Full-face air purifying respirator
– Chemical resistant clothing

• Coated Tyvek SLTM, SaranexTM

– Inner and outer chemical-
resistant gloves

– Disposable chemical-resistant 
outer boots 
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Level D Protective Suits

• No airborne hazards: 
– PPE may include protection againstPPE may include protection against 

incidental skin or eye contact or 
mechanical hazards.
• Gloves
• Safety glasses, face shield
• Steel-toe boots or shoes
• Hardhat

• Other:
– Lab work
– Chemical splash

• Aprons
– Vinyl, PVC, Polyethylene

136

Photo credit: Lab Safety Supply



Protective Clothing

• Special Applicationsp pp
– Hot processes
– High voltage/arc flash

• NFPA  70E
– Foundries/molten metal
– Refineries

• OSHA/NFPA  2112
• Select flame resistant 

clothing
• May add chemical 

resistant coating to flame 
resistant clothing
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Gloves
• Evaluate the work task

 Chemical immersion or incidental contact?Chemical immersion or incidental contact?
 Consider ergonomics/dexterity required

• Use glove charts
 Charts recommend gloves for specific chemicals

o Evaluate permeation rates and breakthrough time of 
selected glove for the specific task

 Consider several glove manufactures data before final 
l iselection.

o http://www.mapaglove.com
o http://www.ansellpro.com
o http://www.bestglove.com/site/chemrest/
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Gloves

Laminated Gloves:4H®,Silver Shield®

• U f l f id f h i l

General Types of Glove Material

• Useful for a wide range of chemicals.

NOT HYDROGEN FLUORIDE!

• Can use with a nitrile overglove to         
improve dexterity.

Butyl Rubber     

• Highest permeation resistance to gas
or water vapors.

• Uses: acids, formaldehyde,  phenol, 
alcohols.
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Neoprene
• Protects against acids caustics

Types of Gloves

• Protects against acids, caustics. 
• Resists alcohols, glycols. 
Nitrile

• Good replacement for latex
• Protects against acids, bases, oils,

aliphatic hydrocarbon solvents and
esters, grease, fats, g ,

• NOT ketones

• Resists cuts, snags, punctures and
abrasions
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Latex Allergy
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Proper Steps for Removing Gloves 

1 2 3

4 5 6
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Eye and Face Protection

• Each day, 2000 U.S. workers y,
have a job-related eye injury 
that requires medical 
treatment.

• Nearly three out of five U.S. 
workers are injured while 
failing to wear eye and face 
protection.
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NIOSH. (2010). http://www.cdc.gov/niosh/topics/eye/



Types of Eye Hazards
Hazard Type Common related tasks Protective Eyewear

Impact Chipping, grinding, machining, 
abrasive blasting, sawing, drilling, 

Safety glasses with sideshields
Goggles

riveting, sanding,…
gg

Heat Furnace operations, smelting, 
pouring, casting, hot dipping, 
welding, …

Face shield with infrared protection

Chemicals Pouring,  spraying, transferring, 
dipping acids, solvents or other 
injurious chemicals

Goggles
Faceshield

Particles/ Woodworking, metal working, and Safety glasses with sideshieldsParticles/
Dust

Woodworking, metal working, and 
general dusty conditions

Safety glasses with sideshields

Optical 
Radiation

Welding, torch-cutting, brazing, 
and laser work

Welding helmet
Laser glasses
-Must protect for specific 
wavelength of ultraviolet or infrared 
radiation.
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Examples of Eye & Face Protection

• Goggles
• Face shield• Face shield
• Safety glasses
• Welding helmet
• Hooded 

faceshield
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Respiratory Protection
Respirator Requirements
• Written programWritten program
• Hazard assessment

• Air monitoring
• Medical clearance
• Fit testing
• Respirator selectionRespirator selection
• Procedures

• Cleaning, maintenance, repairing
• Training (annual refresher)
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Basic Types of Respirators
• Air purifying (APR)

– Half Face
– Full Face
– PAPR

• Air supply
– Air line
– SCBA
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Air Purifying Respirators (APR)
• Must have at least 19.5% oxygen.
• The contaminant must have adequate warningThe contaminant must have adequate warning 

properties. Ex. ammonia
– Never use APR in oxygen deficient atmospheres

• APRs work by filtering, absorbing, adsorbing the 
contaminant or chemical reaction.

• Filters, cartridges, canisters
Th t i t t ti t NOT d th• The contaminant concentration must NOT exceed the 
maximum use concentration. 

• Some cartridges have “end of service life” indicators or 
can use change schedules
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Types of Respirator Cartridges
Cartridge Description

Organic Vapor

Organic Vapor and acid gases

Ammonia, methylamine and 
P100 particulates filter
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End of Service Life Indicators (ESLI)

There are very few NIOSH-approved ESLI’s:

– ammonia
– carbon monoxide
– ethylene oxide
– hydrogen chloride
– hydrogen fluoride
– hydrogen sulfide
– mercury
– sulfur dioxide
– toluene-2,4-diisocyanate
– vinyl chloride
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Assigned Protection Factors 
(APF)

• Level of workplace respiratory protection that a 
respirator or class of respirators is expected to 
provide.

• Each specific type of respirator has an Assigned 
Protection Factor (APF).

• Select respirator based on the exposure limit of a 
contaminant and the level in the workplace.

Maximum Use Concentration (MUC)
= APF x Occupational Exposure Limit

(e.g. PEL, TLV)
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Assigned Protection Factors
Type of Respirator Half Face

Mask
Full 

Facepiece
Helmet/ 
Hood

Loose-Fitting 
Facepiece

Air-Purifying 10 50 - -

PAPR 50 1,000 25/1,000 25

Supplied-Air or Airline
– Demand
– Continuous flow

10
50

50
1,000

-
25/1000

-
25

– Pressure demand 50 1,000 - -

SCBA
– Demand
– Pressure Demand

10
-

50
10,000

50
10,000

-
-
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Assigned Protection Factors

Workplace air sampling indicates the exposure 
to benzene is 30 ppm OEL is 1 ppm Whatto benzene is 30 ppm.  OEL is 1 ppm.  What 
respirator should you choose?

Maximum Use Concentration (MUC) = APF x OEL
Half Face Mask: MUC = 1 ppm x 10 = 10 ppm

PAPR (LFF): MUC = 1 ppm x 25 = 25 ppm
Full Face Respirator: MUC = 1 ppm x 50 = 50 ppmFull Face Respirator: MUC = 1 ppm x 50 = 50 ppm
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Filtering Facepieces

155

Filtering Facepiece Use
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Respirator Fit Testing

• Qualitative
– Irritant smoke 

• stannic chloride)

– Isoamyl acetate
• banana oil

– Saccharin
– Bitrex

• Quantitative• Quantitative
– Portacount
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Respirator Fit Test

Positive / Negative pressure fit test
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Supplied Air 

• Supplies breathing air to employee

• Examples:
– SCBA
– Airline

Must use Grade D Air• Must use Grade D Air

• Limitations

159

Breathing Air Quality and Use
• Compressed breathing air must be at least 

Type 1 - Grade D [ANSI/CGA G-7 1-1989]:Type 1 - Grade D [ANSI/CGA G-7.1-1989]:
– Oxygen content = 19.5 - 23.5%
– Hydrocarbon (condensed) = 5 milligrams/cubic meter or 

less
– CO  10 parts per million (ppm) or less
– CO2 of 1,000 parts per million (ppm) or less

Lack of noticeable odor– Lack of noticeable odor

• Compressors may be equipped with in-line 
air-purifying sorbent beds and filters.
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Maintenance and Storage 
Procedures

• Disposable filtering face-piece: 
– Dispose after use

• Air purifying respirators:
– Discard cartridges based on expiration date, end-of-

service life indicator or calculated service life
– Clean
– Dry

Place in sealable bag (write your name on bag)– Place in sealable bag (write your name on bag)
– Contact Safety Office for repairs

• SCBA: 
– Inspected monthly
– Accessible and clearly marked 
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Foot Protection
Types:
• Impact,penetration, compression, steel toe, etc.
• Non-skid, with slip resistant soles.
• Chemical resistant (rubber, vinyl, plastic, with synthetic 

stitching to resist chemical  penetration).
• Anti-static
• Temperature resistant (high or low extremes).

El t i l t ti ( d ti )• Electrical protection (non-conducting).
• Water resistant
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Head Protection

Should meet or exceed Z89.1-2003
Types:
• Bump caps - don’t meet ANSI standard, provide minor

protection
• Electrical protection to 2200-22,000 volts
• Mining protection

Cl i hi h i t l t ti• Classic-- high impact general purpose protection.
• Impact 386 – 454 kilograms
• Penetration ~1centimeter
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PPE Exercise

• Worker A needs to transfer 10 liters of acetone into a 
hazardous waste drum.

• The safety officer has determined that due to the use of 
ventilation, the air concentration of acetone is below the 
exposure limit.

• The worker may have incidental skin contact with the 
acetone during pouring.

• Prolonged skin exposure to acetone causes dry andProlonged skin exposure to acetone causes dry and 
cracked skin, but acetone is not normally absorbed. 

• There is also a possibility that the acetone may splash in 
the worker’s face during pouring.

What PPE should Worker  A wear for this task?
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PPE Exercise

• Worker B is walking back from the break room when he 
notices a yellow cloud of chlorine coming towards him from y g
the chlorine storage area. He also notices that some of the 
chlorine has come into contact with water under one of the 
tanks and formed chlorine hydrate. 

• He alerts the emergency response team who arrive at the 
emergency staging area.
– Chlorine is a corrosive and toxic gas by inhalation.
– Chlorine hydrate is corrosive to the skin and eyes.Chlorine hydrate is corrosive to the skin and eyes. 
– The airborne concentration of chlorine is unknown

in this situation.
What PPE should the emergency response team use?
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PPE Exercise

• Worker C is tasked with adding zinc oxide pigment into a 
mixing bath by hand. g y

• This task will take 15 minutes. 
• Worker C performs this task every day. 
• The safety officer has determined that the airborne 

concentration during this task is 20 milligrams/cubic meter. 
• The short term exposure limit (15 minutes) for zinc oxide is 

10 milligrams/cubic meter .
Zi id d i ildl i it ti t th ki d• Zinc oxide powder is mildly irritating to the skin and eyes, 
but not toxic or corrosive. 

What PPE should Worker C wear?
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Management of Change

SAND No. 2011-0550 C

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration

under contract DE-AC04-94AL85000.

Key Acronyms

MOCMOCMOCMOC =   management of change

RIKRIK =   replacement in kind

PSSRPSSR = pre startup safety reviewPSSRPSSR =   pre-startup safety review



CCPS 2008c.CCPS 2008c. Center for Chemical Process Safety, 
Guidelines for Management of Change for Process

MOC / PSSR Resources

Guidelines for Management of Change for Process 
Safety, NY: American Institute of Chemical Engineers.

Chapter
1 Introduction
2 Relationship to Risk-Based Safety
3 Designing an MOC System
4 Developing an MOC System
5 Implementing and Operating an MOC System
6 Monitoring and Improving an MOC System
7 The Future of Change Management
CD-ROM (tools; example procedure, forms)

CSB 2001. Safety Bulletin No. 2001-04-SB,

MOC / PSSR Resources

CSB 2001.  Safety Bulletin No. 2001 04 SB,
“Management of Change.”  Washington, DC: U.S. 
Chemical Safety and Hazard Investigation Board.

(on course CD-ROM)

CCPS 2008b. Center for Chemical Process Safety,

MOC / PSSR Resources

CCPS 2008b. Center for Chemical Process Safety, 
Incidents that Define Process Safety, NY: 
American Institute of Chemical Engineers.

Chapter 8  Management of Change

• Chernobyl, USSR:  How a safety enhancement 
experiment turned into a world-scale disaster, 
April 26, 1986p ,

• Dutch State Mines Nypro Plant, Flixborough, 
UK, June 1, 1974

CCPS 2007a. Center for Chemical Process Safety,

MOC / PSSR Resources

CCPS 2007a. Center for Chemical Process Safety, 
Guidelines for Risk Based Process Safety, NY: 
American Institute of Chemical Engineers.

Chapter 15  Management of Change
Chapter 16  Operational Readiness
§ .1  Element Overview
§ .2 Key Principles and Essential Features§ .2  Key Principles and Essential Features
§ .3  Possible Work Activities
§ .4  Examples of Ways to Improve Effectiveness
§ .5  Element Metrics
§ .6  Management Review



CCPS 2007b.CCPS 2007b. Center for Chemical Process Safety, 
Guidelines for Performing Effective Pre Startup

MOC / PSSR Resources

Guidelines for Performing Effective Pre-Startup 
Safety Reviews, NY: Amer Inst of Chem Engineers.
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Management of ChangeManagement of Change

1.  Why manage change?1.  Why manage change?

If you want to make enemiesIf you want to make enemiesIf you want to make enemies, If you want to make enemies, 
try to change something.try to change something.

-- Woodrow WilsonWoodrow Wilson

REVIEW

During “normal operation,”
all hazards are contained
and controlled, so the plant
is operating safely.

Hazards



Key concept

ChangesChangesChanges Changes 
either
(1) shift the bounds of “Normal Operation”
or
(2) put the facility into an “Abnormal Situation”

Flixborough, England 1974

DISCUSSION

ChangesChangesChangesChanges
either
(1) shift the bounds of “Normal Operation”
or
(2) put the facility into an “Abnormal Situation”

Which of these occurred at Flixborough?



Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?2.  What is a "change"?

What is a “change”?

Definition:Definition:

Change.  Any addition, process 
modification, or substitute item 
(e.g., person or thing) that is not 
a replacement-in-kind.

- CCPS 2008c Glossary

What is a “replacement-in-kind”?

Definition:Definition:

Replacement-in-kind (RIK).  An item 
(equipment, chemicals, procedures, 
organizational structures, people, etc.) 
that meets the design specification, ifthat meets the design specification, if 
one exists, of the item it is replacing.

- CCPS 2008c Glossary; see Appx. A for change vs RIK examples

What is a “replacement-in-kind”?

Additional information in RIK definition:Additional information in RIK definition:
• This can be an identical replacement or any other 
alternative specifically provided for in the design 
specification, as long as the alternative does not in 
any way adversely affect the function or safety of 
the item or associated items.



What is a “replacement-in-kind”?

Additional information in RIK definition:Additional information in RIK definition:
• For nonphysical changes (relating to procedures, 
personnel, organizational structures, etc.), no 
specification per se may exist.

• In these cases, the reviewer should consider the 
design and functional requirements of the existingdesign and functional requirements of the existing 
item (even if nothing is written down) when 
deciding whether the proposed modification is an 
RIK or a change.

DISCUSSION

Is the following a change or a replacement in kind?

1 Adding a block valve beneath a pressure relief 
valve so the relief valve can be removed and tested 
while the system is still in operation.

2 Making minor editorial changes or typographical 
i i dcorrections to an operating procedure.

3 Adding a break room inside the control building.

DISCUSSION

Is the following a change or a replacement in kind?

4 Ordering the same chemical ingredient from a 
different supplier.

5 Bringing on board a new production supervisor.

6 Installing a gear pump with the same motor flow6 Installing a gear pump with the same motor, flow 
capacity and materials of construction as the piston 
pump it is replacing.

DISCUSSION

Is the following a change or a replacement in kind?
7 Sampling a waste stream on Tuesday and Friday 
of each week instead of Monday and Thursday.

8 Replacing a section of piping with a higher grade 
of steel. 

9 Going from 8 hour shifts to 12 hour shifts.
10 Changing a process setpoint within previously 
established safe operating limits.



Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?3.  What types of changes need to be managed?

What is a “change”?

There are many types of changes, such as:There are many types of changes, such as:
• Equipment changes
• Procedural changes
• Chemical changes
• Process changes
• Control / limit changes

All must be
managed !g

• ITM changes
• Personnel changes
• Infrastructure changes

managed !

DISCUSSION:
Give one example of each type of change.

Equipment change -Equipment change 

• Procedural change -

• Chemical change -

• Process change -

DISCUSSION: Give one example of each type.

• Control / limit change -Control / limit change 

• ITM change -

• Personnel change -

• Infrastructure change -



Reminder

** Changes that are proposed as improvements
can have unintended consequences, so must 
be managed like all other changes! **

Example:  Chernobyl disaster  (see CCPS 2008b).

“Any change, even a change for the better, is alwaysAny change, even a change for the better, is always 
accompanied by drawbacks and discomforts.” - Arnold Bennett

DISCUSSION

Give some reasons why a permanent 
change might need to be made to a 
process plant.

It is not necessary to changeIt is not necessary to changeIt is not necessary to change. It is not necessary to change. 
Survival is not mandatory.Survival is not mandatory.

-- W. E. DemingW. E. Deming

Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?4.  What is needed to manage changes?

MOC ingredients for success1

To manage change successfully and safely, you 
must have:must have:

• A robust management-of-change program in place
• Clear ownership of the program and its constituent 

parts

1CCPS 2008b p. 193



MOC program essential elements2

Essential elements of a robust MOC program:Essential elements of a robust MOC program:
11 Agree on the technical justification for the change

– at the appropriate management level

22 Risk-assess the proposed change
– Using a multi-disciplined team of competent people
– Including specialists and vendors when neededg p

2CCPS 2008b pp. 193-194

MOC program essential elements

Essential elements of a robust MOC programEssential elements of a robust MOC program ((cont’dcont’d))::
33 Put in place a rigorous design approval system

– To ensure that the proper engineering standards are 
applied to the design

– To ensure any deviations from design are approved by 
an engineering authority of sufficient knowledge and 
experience

44 Write formal operating procedures for the change
– Train all staff who are directly affected
– Obtain confirmation that training has been effective

MOC program essential elements

Essential elements of a robust MOC program Essential elements of a robust MOC program ((cont’dcont’d))::
55 Carry out a pre-startup safety review to:

– Ensure all recommendations from the risk assessment 
process have been incorporated into the design

– Ensure any deviations from established standards or 
practices have been approved at the appropriate level

– Confirm that all integrity testing has been successfully 
completed

– Confirm that operating procedures and training are 
complete

MOC program essential elements

Essential elements of a robust MOC program Essential elements of a robust MOC program ((cont’dcont’d))::
66 Monitor the period of change closely

– With people of sufficient knowledge and experience
– Feeding back any lessons learned for the benefit of 

future projects



Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?
5.  What considerations need to be addressed?5.  What considerations need to be addressed?

MOC considerations

All staff must follow a written MOC procedure toAll staff must follow a written MOC procedure to 
assure that all of the following considerations are
addressed prior to making any change:
• Technical basis for the proposed change
• Impact of change on safety and health
• Modifications to operating procedures
• Necessary time period for the change
• Authorization requirements

- U.S. OSHA Process Safety Management Standard, 29 CFR 1910.119(l)(2)

MOC considerations

Aids in developingAids in developing// implementing an MOC procedure:implementing an MOC procedure:
• Workflow diagrams

– See Simplified MOC Flowchart on last 2 slides
• Forms

– Example forms given in CCPS 2008c appendices
• Electronic MOC tracking systems

– From simple to sophisticatedFrom simple to sophisticated
– Can tie into plant’s work order system
– Can inform personnel by email
– Can route MOCs for approvals



DISCUSSION

Discuss the lockout near-miss situation.Discuss the lockout near miss situation.
• What could have happened?
• How could this been avoided?
• Where does this fit into Management of Change?

Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?
5.  What considerations need to be addressed?
6.  What about temporary and emergency changes?6.  What about temporary and emergency changes?

What is a “temporary change”?

Definition:

Temporary change.  A change that is 
implemented for a short, predetermined, 
finite period.

- CCPS 2008c Glossary



DISCUSSION

Give some reasons why a temporary
change might need to be made to a 
process plant.

Temporary changes

“Temporary” changes have led to many severeTemporary  changes have led to many severe 
process safety incidents.

• Flixborough (1974) is an example of a temporary 
equipment modification

• See CSB 2001 (on CD-ROM)
for two incidents involving 
deviations from normaldeviations from normal 
operating procedures due 
to abnormal situations

Temporary changes

A temporary change must go through the sameA temporary change must go through the same 
documentation, review and authorization 
procedure as a permanent change.

IN ADDITION:
• Change is only authorized for a specific time 

period
Plant m st then be p t back to its original state• Plant must then be put back to its original state

What is an “emergency change”?

Definition:

Emergency change.  A change needed in 
a situation where the time required for 
following the normal MOC procedure could 
result in an unacceptable safety hazard, a 
significant environmental or securitysignificant environmental or security 
incident, or an extreme economic loss.

- CCPS 2008c Glossary



DISCUSSION

Give some reasons why an emergency
change might need to be made to a 
process plant.

Emergency changes

Typical considerations for emergency changes:Typical considerations for emergency changes:
• Have a procedure in place ahead of time to deal 

with emergency changes, including authorization 
requirements

• Obtain and document at least verbal approval 
from line management (often the plant manager 
or designee)or designee)

• Communicate the change to all affected persons
• Follow up through the normal MOC process as 

soon as possible

Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?
5.  What considerations need to be addressed?
6.  What about temporary and emergency changes?
7.  What information needs to be updated?7.  What information needs to be updated?

Information updates

The MOC procedure needs to assure that
all information defining “normal operation”g p
is updated when changes are made; e.g.:
• Process safety information, including

– Drawings
– Chemical data
– Equipment files
– Process chemistry
– Facilities design data
– Material / energy balances
– Safe upper and lower limits

• Impact of change on safety and health
• Modifications to operating procedures
• Necessary time period for the change
• Authorization requirements



Information updates

The MOC procedure needs to assure thatThe MOC procedure needs to assure that
all information defining “normal operation”
is updated when changes are made; e.g.:
• Process safety information
• Written procedures

– Operating
– Maintenance
– Emergency
– Safe work practice

Information updates

The MOC procedure needs to assure thatThe MOC procedure needs to assure that
all information defining “normal operation”
is updated when changes are made; e.g.:
• Process safety information
• Written procedures
• Inspection/ testing/maintenance schedules

Information updates

The MOC procedure needs to assure thatThe MOC procedure needs to assure that
all information defining “normal operation”
is updated when changes are made; e.g.:
• Process safety information
• Written procedures
• Inspection/ testing/maintenance schedules
• Control system documentation

DISCUSSION

What are some challenges to getting theWhat are some challenges to getting the 
process safety documentation updated?

How can they be overcome?



Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?
5.  What considerations need to be addressed?
6.  What about temporary and emergency changes?
7.  What information needs to be updated?
8.  What else needs to be done pre8.  What else needs to be done pre--startup?startup?

Pre-startup safety reviews

PSSRPSSR t t f t iPSSRPSSR =   pre-startup safety review

Pre-startup safety reviews

A PSSR confirms that, before re-starting a process:
� Construction and equipment is in accordance

with design specifications
� Safety, operating, maintenance, and emergency

procedures are in place and are adequate
� Training of each employee involved in operating

a process has been completed
� Modified facilities have completed the MOC process
� For new facilities, a process hazard analysis has

been completed and recommendations are resolved

- U.S. OSHA Process Safety Management Standard, 29 CFR 1910.119(i)(2)

Pre-startup safety reviews

Key elements of successful PSSRs:Key elements of successful PSSRs:
• Performed by team of knowledgeable persons
• Includes a field inspection of modified facilities
• Uses a checklist to ensure completeness

(see CCPS 2007b)
• Generates list of pre-startup follow-up items
• Is integrated with the MOC procedure



Pre-startup safety reviews

Note:Note:
• Larger projects may require multiple PSSRs
• Non-physical changes, such as modifications to 

operating procedures, may not require PSSRs
• PSSRs are part of the more general idea of 

“operational readiness” (see CCPS 2007a)

Management of ChangeManagement of Change

1.  Why manage change?
2.  What is a "change"?
3.  What types of changes need to be managed?
4.  What is needed to manage changes?
5.  What considerations need to be addressed?
6.  What about temporary and emergency changes?
7.  What information needs to be updated?
8.  What else needs to be done pre-startup?
9.  How are changes communicated?9.  How are changes communicated?

Communication of changes

Inform of and train in the change:Inform of and train in the change:

WHO?
• Employees involved in operating a process
• Maintenance and contract employees whose job 

tasks will be affected by a change in the process
WHEN?WHEN?
• before starting up the process or affected part of 

the process.

- U.S. OSHA Process Safety Management Standard, 29 CFR 1910.119(l)(3)

Communication of changes

Inform of and train in the change:

HOW?
• Train through plant training program when needed

– Use appropriate techniques
– Verify understanding

• Otherwise inform, such as by
– Safety meetings
– Beginning-of-shift communications
– E-mail

• Document training / informing



Communication of changes

Inform of and train in the change:

WHAT?
• Physical changes
• Personnel or responsibility/accountability updates
• Operating/maintenance procedures
• Emergency procedures; Emergency Response Plan
• Safe work practice procedures
• Control limits or practices

For Discussion

A process manufactures a key chemical intermediate 
by an exothermic chemical reactionby an exothermic chemical reaction.

The plant chemist has an idea that if a particular new 
catalyst is used, the yield will be increased by 5%.

• This change might lead to what kinds of process 
safety issues?

• What kind of training or informing might be 
needed?

MOC “To Do” List

� Regularly train all staff to recognize change.
MOC t i i– MOC awareness training

– Changes vs RIKs
– Refresher training

MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.

– Assign roles, responsibilities and accountabilities
– Include temporary and emergency changes
– Describe the entire process for managing changes

NOTE:  Different procedures can be followed for different p
types of changes (equipment, personnel, control system, 
operating procedure changes, etc.)



MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.

MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.

MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.
� Properly reverse all temporary changes.

– Go back to exactly how it was before, or do a MOC
– Don’t exceed the authorized time limit– Don t exceed the authorized time limit
– Go through the MOC process again to make permanent
– Inform all affected persons of the reversal
– Document the reversal 

MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.
� Properly reverse all temporary changes.
� Update all affected process safety information.



MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.
� Properly reverse all temporary changes.
� Update all affected process safety information.
� Communicate changes to all affected persons� Communicate changes to all affected persons.

– Including reversal of temporary changes
– Re-training may be required for some changes

MOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.
� Properly reverse all temporary changes.
� Update all affected process safety information.
� Communicate changes to all affected persons� Communicate changes to all affected persons.
� Field-inspect changes before re-starting.

MOC “To Do” ListMOC “To Do” List

� Regularly train all staff to recognize change.
� Follow a written procedure to manage changes.
� Review all proposed changes for safety impact.
� Have all changes approved before making them.
� Properly reverse all temporary changes.
� Update all affected process safety information.
� Communicate changes to all affected persons� Communicate changes to all affected persons.
� Field-inspect changes before re-starting.

Final Suggestions

• Assign an MOC Coordinator who isAssign an MOC Coordinator who is
– Knowledgeable
– Conscientious
– Persistent
– Detail-oriented
– Well-organized



Final Suggestions

• Assign an MOC CoordinatorAssign an MOC Coordinator
• Keep an MOC Log

– E.g., spreadsheet by MOC number
– Keeps track of status of all MOCs
– Helps ensure temporary MOCs do not exceed 

authorized closure date
– Helps report key MOC metrics to management

Final Suggestions

• Assign an MOC CoordinatorAssign an MOC Coordinator
• Keep an MOC Log
• Complete PSSR follow-up items before restarting

– Signage
– Painting
– Insulation
– Clean-up
– Procedure revisions and approvals
– Training and Communications
– Paperwork
– etc.

Final Suggestions

• Assign an MOC CoordinatorAssign an MOC Coordinator
• Keep an MOC Log
• Complete PSSR follow-up items before restarting

– Signage
– Painting
– Insulation

Possible exception:
Red-lined P&IDs not re-drafted

– Clean-up
– Procedure revisions and approvals
– Training and Communications
– Paperwork
– etc.

Final Suggestions

• Assign an MOC CoordinatorAssign an MOC Coordinator
• Keep an MOC Log
• Complete PSSR follow-up items before restarting
• Don’t short-cut the safety & health review!

– (Same as the risk assessment)



Simplified MOC Flowchart

START Anyone proposes a change
RFC = “Request for Change”
• Describe hat is to be changedO i i t  

RIK?

Proceed
Yes

No

MOC not required

• Describe what is to be changed
• Identify the type of change
• Document the technical basis
• Specify a time limit if any

Required level of
risk review decided

• What-If, HAZOP,
Safety Review, etc.

• Use required participants
per MOC procedure

Originator 
fills out a
RFC form

Perform risk review
per MOC procedure

Complete tasks 
identified by review

• Answer questions raised
• Implement risk-control

measures

Next slide

Simplified MOC Flowchart (continued)

Authorize change

From previous slide

Authorize change

Execute change Update PSI, procedures, etc. Train / inform personnel

Check operational readiness (PSSR)

END

Start up or re-start

Temporary
change?

Temporary
change?

No

Yes When time, reverse change

Close out MOC

TEA BREAK
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Industrial Ventilation

SAND No. 2009-8395P

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration

under contract DE-AC04-94AL85000.

248



Industrial Ventilation

• Definitions
C T i l• Common Terminology

• Purpose
• Hazard Assessment
• General Ventilation
• Local Exhaust Ventilation
• Ventilation Evaluation• Ventilation Evaluation
• Troubleshooting
• Exercises

249

American Conference of Governmental Industrial Hygienists
(ACGIH) Ventilation Manual 27th Edition

http://www.acgih.org/store/ProductDetail.cfm?id=1905

Definitions
• Heating, ventilating and air conditioning

(HVAC):refers to the distribution system for heating, 
ventilating, cooling, dehumidifying and cleansing air.

• Replacement/Supply air: refers to replacement air 
for HVAC and local exhaust ventilation.

• General ventilation: refers to ventilation that controls 
the air environment by removing and replacing 
contaminated air before chemical concentrations 
reach unacceptable levels.

• Local exhaust  ventilation (LEV): refers to systems 
designed to enclose, or capture and remove 
contaminated air at the source.

250

Common Terminology

Q = volume of air in cubic meters
V = velocity of air in meters per secondV = velocity of air in meters per second

– Duct velocity-velocity required to transport the 
contaminant 

– Face velocity-velocity on the front of an enclosing hood
– Capture velocity-velocity required to capture 

contaminant at point of generation

A = cross sectional area of hood opening inA = cross sectional area of hood opening in 
square meters

X = distance of ventilation from the source 
in meters

251

Purposes of Industrial Ventilation

• Protect workers from 
h lth h dhealth hazards
– Dilute, capture, or contain 

contaminants
• Protect workers from 

hot processes
– Ovens, foundries
P t t th d t• Protect the product
– Semiconductor
– Electronics
– Pharmaceuticals

252



Purposes of Industrial Ventilation

• Emergency ventilation
St d l f– Standalone fans

– Detectors connected to 
ventilation or scrubber 
systems

– Safe room
• Positive pressure

• Enclosed vented Photo credit: Advanced Specialty Gas Equipment

Photo credit: Emergency Responder Products

rooms or cabinets
– Gas cabinets

• Comply with health 
and safety regulations

253

Hazard Assessment

• What are the airborne contaminants?
– Particles
– Solvent vapors 
– Acid mists
– Metal fumes

• How do to the workers interact with the 
source contaminant?

• Are workers exposed to air contaminants in p
concentrations over  an exposure limit?
– Requires air monitoring of the task

• Dilution or local exhaust ventilation?

254

Picture Credit : International Labor Organization

General Ventilation

• Natural Ventilation:Natural Ventilation:
– Useful for hot processes
– Chimney effect
– Windows and doors kept open 

• Example: a warehouse opens the windows to 
create natural ventilation
Q 0 2 AVQ = 0.2 AV
A = square meters (area of open doors)
V = wind speed in kilometers/hour
Q = estimates the flow rate through the building (m/s)

255

General Ventilation

Dilution Ventilation
•Heat control
•Dilution of odors, flammables
•Not for control of toxics

Principles
•Contaminant emissions must 
be widely dispersed
•Exhaust openings must be 
near contaminant source Picture Credit: safeworkaustralia.gov.aunear contaminant source
•The worker must not be 
downstream of contaminant
•Air flow over worker should 
not exceed 3.5 meters/sec

256

Picture Credit: safeworkaustralia.gov.au



Local Exhaust Ventilation (LEV)

• Use when contaminant concentration cannot be 
controlled by dilution ventilation or other controlscontrolled by dilution ventilation or other controls

• Select the type of LEV from hazard assessment
– Which type is best to capture the contaminant?

• Enclosed or capture hood?
• Consider worker’s needs

– What duct transport velocity is required to carry the 
contaminant? Heavy particles?contaminant? Heavy particles?

– What face or capture velocity is required?
• Select duct material for the contaminant
• Ensure enough replacement air/adequate fan size

257

Local Exhaust Ventilation
Discharge

Branch

Capture Hood

Air Cleaning 
System

Fan

258
Dip Tank

Local Exhaust Ventilation

Volumetric Flow Rate, Q = VA [Circular Opening]

259

Q = Volumetric flow rate, in cubic meters/second
V  = Average velocity, in meters/second
A = Cross-sectional area in square meters

Local Exhaust Ventilation

Duct diameter = 1 meter
V = 600 meters/second

Duct diameter = 0.5 meter
What is the duct velocity (V)?

What is Q?

Q = VA Q = VA

For circular ducts  
A =  d2/4

260

Q = (600 m/s)([1m]2/4)

Q = 471 meters3/second

471 meters3/s = V ([0.5m]2/4)

V = 2399 meters/second



Local Exhaust Ventilation
D = DUCT DIAMETER

Air

Air
vfaceJET

Capture of 
t i t i l

30 Duct Diameters
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Duct
contaminant is only 
effective within one 

(1) duct diameter

262

vface

Local Exhaust Ventilation

Capture Velocity (V) : [Plain Opening]
x

Q = V (10x2 + A)

vcapture

face
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Q = V (10x + A)
X = distance of source from hood face

Recommended Capture Velocities

CONDITION EXAMPLES
CAPTURE VELOCITY

Range in g
meters/second

No velocity, 
Quiet air

Evaporation from tanks, 
degreasers

0.25 – 0.5

Low velocity, moderately 
still air

Spray booths, container 
filling, welding, plating

0.5 – 1.0

264

Active generation into 
rapid air motion

Spray painting (shallow 
booths), crushers

1.0 – 2.5

High initial velocity into 
very rapid air motion

Grinding, abrasive 
blasting, tumbling

2.5 – 10.1



Recommended Duct Velocities

CONTAMINANT EXAMPLES
DUCT VELOCITY 
Meters/second

Vapors, gases, smoke Vapors, gases, smoke 5.0 – 10.1  

Fumes Welding 10.1 – 12.7 

Very fine dust Cotton lint 12.7 – 15.2 

Dry dusts & powders Cotton dust 15.2 – 20.3 

265

Industrial dust Grinding dust, limestone 
dust

17.8 – 20.3 

Heavy dust Sawdust, metal turnings 20.3 – 22.9 

Heavy/moist dusts Lead dusts, cement dust > 22.9

Local Exhaust Ventilation

•Canopy hood:
– Best for controlling 

hot processes
– Not good for 

capturing dusts, or 
vapors

– Not good where 

266

g
cross-drafts exist

– Worker must not 
put head under 
canopy

Local Exhaust Ventilation

•“Elephant trunk”:
– Good for welding fumes, 

small process tasks, 
machining, disconnecting 
process lines

– Place close to contaminant
– Ensure adequate capture 

velocity at distance from 
t i t

267

contaminant
– Flanged opening captures 

contaminant  better

Local Exhaust Ventilation

•Downdraft hood:•Downdraft hood:
– Vapors pulled down 

through grill
– Capture velocity 

depends on source 
distance from grill

f

268

– Not for hot 
operations



Local Exhaust Ventilation

•Slot ventilation:
Best for liquid open– Best for liquid open 
surface tanks

• Acid baths
• Plating tanks

– Pulls air across the 
tank away from 
worker

– Side enclosures 
prevent cross drafts

– Push-Pull design is 
optional (push jet)

269

Local Exhaust Ventilation

•Fume hood:
Laboratory use– Laboratory use

– Best for small 
amounts of chemicals

– Sash must be kept at 
set level

– NO storage of 
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equipment in the 
hood!

Local Exhaust Ventilation

•Enclosures:
E l– Example: 

• Paint booths
– Control of exposure 

to liquid aerosols and 
vapors

– Flammability hazard
Photo Credit: Spray Shield Industries

– Must have scheduled 
filter changeout

– Operator must be 
upstream

271

p y

Local Exhaust Ventilation

• Other vented enclosures
Gl b• Glove boxes

• Furnaces/ovens
• Abrasive blasting
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Photo credit: U. S. Department of Labor. OSHA

Photo credit: Borel Furnaces and Ovens



Local Exhaust Ventilation

Exhaust Systems:Exhaust Systems:
•Do not place exhaust stack 
near air intakes

–Re-entrains contaminants into 
the building

•Do not use rain caps
•Stack height depends on:

–Contaminant temperaturep
–Building height
–Atmospheric conditions
–Discharge velocity
–Ideal discharge velocity is 15 
meters per second
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Ventilation System Evaluation
• Evaluate capture velocity

• Quantitatively-anemometers, 
velometers

• Qualitatively-smoke tubes, 
- Visualizes air movement
- Use water vapor for clean rooms

Photo Credit: All Products Inc.
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Ventilation System Evaluation

• Air velocity measurements
- Measure air velocities 

(meter/sec) at a number of 
points

- Average the results and 
determine volumetric flow 
rate: Q = VA

- All must be calibrated 
periodically
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- Types: 
- Swinging vane 

velometer
- Hot-wire anemometer 

Troubleshooting
• Wrong hood for process

• Example: canopy hood for toxicsExample: canopy hood for toxics
• Insufficient capture velocity 
• Insufficient duct velocity

• ~14 meters/second for vapors
• ~18 meters/second for dust

• Too much air flow = turbulence
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• Traffic or competing air currents 
• Insufficient make up air

• Negative pressure
• Can’t open doors



Exercise

• What is the best ventilation system for theWhat is the best ventilation system for the 
following situation?
– Dilute non-toxic odors in the warehouse

A) General ventilation
B) Local exhaust ventilation
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Exercise

• What is the best ventilation system for theWhat is the best ventilation system for the 
following situation? 
– Acid processing bath with open surface area

A) Lab fume hood
B) Slot ventilation
C) Elephant trunkC) Elephant trunk
D) Canopy hood
E) Paint booth
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Exercise

• What is the best ventilation system for theWhat is the best ventilation system for the 
following situation? 
– Welding table

A) Lab fume hood
B) Slot ventilation
C) Elephant trunkC) Elephant trunk
D) Canopy hood
E) Paint booth
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Exercise

• What is the best ventilation system for theWhat is the best ventilation system for the 
following situation? 
– Chemical analysis of small samples for quality 

control

A) Lab fume hood
B) Slot ventilationB) Slot ventilation
C) Elephant trunk
D) Canopy hood
E) Paint booth
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Exercise

• What is the best ventilation system for theWhat is the best ventilation system for the 
following situation? 
– Spray painting a large piece of equipment

A) Lab fume hood
B) Slot ventilation
C) Elephant trunkC) Elephant trunk
D) Canopy hood
E) Paint booth
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ACGIH
American Conference of Governmental Industrial Hygienists
Industrial Ventilation A Manual of Recommended Practice

US Standards & Guidelines

Industrial Ventilation, A Manual of Recommended Practice

AIHA
American Industrial Hygiene Association
Standard Z9.2, Fundamentals Governing the Design and Operation of Local 
Exhaust Ventilation Systems

ASHRAE
American Society of Heating, Refrigeration and Air Conditioning Engineers
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Standard 62.1-2010, Ventilation for Acceptable Indoor Air Quality

OSHA
Occupational Safety and Health Administration
Ventilation, 29 Code of Federal Regulations 1910.94
http://osha.gov/
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SAND No. 2011-1036C

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration

under contract DE-AC04-94AL85000.

Key Acronym

RCARCARCARCA =  root cause analysis



CCPS 2003. Center for Chemical Process Safety,

Incident investigation resources

CCPS 2003. Center for Chemical Process Safety, 
Guidelines for Investigating Chemical Process Guidelines for Investigating Chemical Process 
Incidents, 2Incidents, 2ndnd EditionEdition, NY: American Institute of 
Chemical Engineers.

Chapter
1 Introduction
2 Designing an incident investigation management system
3 An overview of incident causation theories
4 An overview of investigation methodologies
5 Reporting and investigating near misses
6 The impact of human factors
7 Building and leading an incident investigation team
8 Gathering and analyzing evidence
9 Determining root causes –structured approaches
10 Developing effective recommendations
11 Communication issues and preparing the final report
...

Incident investigation resources

D.A. Crowl and J.F. Louvar 2001. ChemicalChemicalD.A. Crowl and J.F. Louvar 2001. Chemical Chemical 
Process Safety: Fundamentals with Applications, Process Safety: Fundamentals with Applications, 
2nd Ed.2nd Ed., Upper Saddle River, NJ: Prentice Hall.

Chapter 12 •  Accident Investigations
12.1  Learning from accidents
12.2  Layered investigations
12 3 Investigation process12.3  Investigation process
12.4  Investigation summary
12.5  Aids for diagnosis
12.6  Aids for recommendations

CCPS 2007a. Center for Chemical Process Safety,

Incident investigation resources

CCPS 2007a. Center for Chemical Process Safety, 
Guidelines for Risk Based Process SafetyGuidelines for Risk Based Process Safety, NY: 
American Institute of Chemical Engineers.

Chapter 19 • Incident Investigation
19.1  Element Overview
19.2  Key Principles and Essential Features
19 3 Possible Work Activities19.3  Possible Work Activities
19.4  Examples of Ways to Improve Effectiveness
19.5  Element Metrics
19.6  Management Review
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Photo credit: U.S. Chemical Safety & Hazard Investigation Board
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1.  What is an 1.  What is an incident investigationincident investigation??

Results of explosion and fire at a waste
flammable solvent processing facility

(U.S. CSB Case Study 2009-10-I-OH)

What is an incident investigation?

An An incident investigationincident investigationgg
is the management processis the management process

by which underlying causes ofby which underlying causes of
undesirable events are uncoveredundesirable events are uncovered

and steps are taken toand steps are taken to
prevent similar occurrences.prevent similar occurrences.pp

-- CCPS 2003CCPS 2003

Activate investigation teamActivate investigation team

Have systemHave system
in place beforein place before

incidentincident

Train teamTrain team
members beforemembers before

incidentincidentIncidentIncident
occursoccurs

Conduct incidentConduct incident

CritiqueCritique
investigation;investigation;
improveimprove
systemsystem

Activate investigation teamActivate investigation team

Incident 
Investigation

Functions

Conduct incidentConduct incident
investigationinvestigation
• Develop investigation planDevelop investigation plan
•• Gather, analyze evidenceGather, analyze evidence
•• Determine root causesDetermine root causes
•• Develop recommendationsDevelop recommendations

Generate incidentGenerate incidentManagement and legal review;Management and legal review;

Implement actionsImplement actions

Communicate learningsCommunicate learnings

Generate incidentGenerate incident
reportreport

Management and legal review;Management and legal review;
decide actions, restart criteriadecide actions, restart criteria

Learning from incidents

Investigations that will enhance learningInvestigations that will enhance learning
• are fact-finding, not fault-finding
• must get to the root causes
• must be reported, shared and retained.



Definition - Root cause

Root CauseRoot Cause:: A fundamental, underlying,Root CauseRoot Cause:: A fundamental, underlying, 
system-related reason why an incident 
occurred that identifies a correctable 
failure or failures in management 
systems.
There is typically more than one root 

f f t i id tcause for every process safety incident.
- CCPS 2003
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How does incident investigation fit into PSM?

Risk-Based Process Safety (CCPS 2007a) 

Commit to 
Process Safety 
 Process safety 

culture 
 Compliance with 

standards 
 Process safety 

t  

Understand 
Hazards and 
Risks 
 Process 

knowledge 
management 
 Hazard 

identification 

Manage Risk 
 Operating procedures 
 Safe work practices 
 Asset integrity and 

reliability 
 Contractor management 
 Training and  

f   

Learn from 
Experience 
 Incident 

investigation 
 Measurement 

and metrics 
 Auditing 

competency 
 Workforce 

involvement 
 Stakeholder 

outreach 

identification 
and risk 
analysis 

performance assurance 
 Management of change 
 Operational readiness 
 Conduct of operations 
 Emergency management 

 Management 
review and 
continuous 
improvement 

 
 

 

PotentialHistorical

Four perspectives for designing, Four perspectives for designing, 
building and operating abuilding and operating a

safe and profitable facilitysafe and profitable facility

Hypo-theticalActual



Historical
Codes, Standards,

RAGAGEPS

• The historical perspective tells 
us what to do based on codes, 
standards and best practices 
that represent our accumulated 
experience and lessons learned 
from previous industry incidents.

Potential
Hazards, 

Consequences

• The potentials are physically  
measurable quantities, relative to 
a zero energy state or ambienta zero energy state or ambient 
condition, and what could happen 
if containment or control was lost.

• The hypothetical, or predictive, 
perspective looks at what could go 
wrong, even if it has never happened 
before.  This is a probabilistic 

ti b d h th ti l

H th ti l

perspective, based on hypothetical 
loss event scenarios.

Hypothetical
What-If, HAZOP, 

Risk Analysis

• The actual or real-time perspective can 
inform us of previously unrecognized or 
uncorrected problems, as they are 
manifested in actual incidents and near 
misses, as well as by ongoing 

A t l

, y g g
inspections and tests that can detect 
incipient problems.

Actual
Incidents, 

Inspections, Tests
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3.  3.  What kindsWhat kinds of incidents are investigated?of incidents are investigated?

•The first step in an incident 

What kinds of incidents are investigated?

investigation is recognizing 
that an “incident” has 
occurred!

•The first step in an incident 

What kinds of incidents are investigated?

investigation is recognizing 
that an “incident” has 
occurred!

YesYes

What kinds of incidents are investigated?

•The first step in an incident 
investigation is recognizing 
that an “incident” has 
occurred!

??



Definitions

IncidentIncident:: An unplanned eventAn unplanned event
or sequence of eventsor sequence of events

that either resulted inthat either resulted in
or had the potential to result inor had the potential to result in

adverse impactsadverse impacts..

Incident sequenceIncident sequence:: A series of events composed 
of an initiating cause and intermediate events 
leading to an undesirable outcome.

Source: CCPS 2008a

Incident types

Three categories of incidents, based on outcomes:

AccidentAccident Near missNear miss OperationalOperational
interruptioninterruption

Incident types

Three categories of incidents, based on outcomes:

AccidentAccident
- Actual loss
or harm occurs

Near missNear miss OperationalOperational
interruptioninterruption
- Actual impact
on productionon production
or product quality
occurs

Incident types

Three categories of incidents, based on outcomes:

AccidentAccident Near missNear miss OperationalOperational
interruptioninterruption

Near missNear miss:: An occurrence in which an accident
(i t d i t l i t(i.e., property damage, environmental impact, or 
human loss) or an operational interruption could 
have plausibly resulted if circumstances had been 
slightly different.                                        - CCPS 2003



One type of near miss

Mi i iMi i iContainContain
SafeguardsSafeguards

HazardsHazards

DeviationDeviation

PreventivePreventive MitigativeMitigative

Regain controlRegain control
or shut downor shut down

MitigatedMitigated

ContainContain
& Control& Control

((NEAR MISSNEAR MISS))

ImpactsImpactsLoss EventLoss Event

UnmitigatedUnmitigated

Give some examples of simple near-miss

DISCUSSION

Give some examples of simple near miss 
scenarios that would fit the graphic on the 
previous slide.

Preventive safeguards revisited

PreventivePreventive Operational Mode:  Abnormal operation

Loss EventLoss Event

Regain control
or shut down

Objective:  Regain control or shut down; 
keep loss events from happening

Examples of Preventive Safeguards:
– Operator response to alarm
– Safety Instrumented SystemLoss EventLoss Event Safety Instrumented System
– Hardwired interlock
– Last-resort dump, quench, blowdown
– Emergency relief system
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When is the incident investigation conducted?

• Basic answer: As soon as possible• Basic answer:  As soon as possible.
• Reasons:

– Evidence gets lost or modified
• Computer control historical data overwritten
• Outside scene exposed to rain, wind, sunlight
• Chemical residues oxidize, etc.

Witness memories fade or change– Witness memories fade or change
– Other incidents may be avoided
– Restart may depend on completing actions to 

prevent recurrence
– Regulators or others may require it

• E.g., U.S. OSHA PSM: Start within 48 h

When is the incident investigation conducted?

Challenges to starting as soon as possible:Challenges to starting as soon as possible:
– Team must be selected and assembled
– Team may need to be trained
– Team may need to be equipped
– Team members may need to travel to site
– Authorities or others may block access
– Site may be unsafe to approach/enter

DISCUSSION

What might be done to overcome some of theWhat might be done to overcome some of the 
challenges to starting an investigation sooner?

–

–

–

–
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Who performs the investigations?

Options:Options:
• Single investigator
• Team approach

Options:

Who performs the investigations?

Options:
• Single investigator
•• Team approachTeam approach

Advantages of team approachAdvantages of team approach:: (CCPS 2003)
- Multiple technical perspectives help analyze findings

Di l i i h bj i i- Diverse personal viewpoints enhance objectivity
- Internal peer reviews can enhance quality
- More resources are available to do required tasks
- Regulatory authority may require it

The “best team” will vary depending on theThe “best team” will vary depending on the

Who performs the investigations?

The best team  will vary depending on the The best team  will vary depending on the 
severity and complexity of the incident.severity and complexity of the incident.

Some possible team members:
• Team leader / investigation method facilitator
• Area operator

P  i

• Union safety representative
• Contractor representative• Process engineer

• Process safety specialist
• I&E / process control support

• Contractor representative
• Other specialists (e.g.,

metallurgist, chemist)

Training site management, Training site management, 
potential team members andpotential team members and

Train teamTrain team
members beforemembers before

incidentincident

Conduct incidentConduct incidentpotential team members and potential team members and 
support personnel ahead of support personnel ahead of 
time will speed up the start of time will speed up the start of 
the investigation.the investigation.

– Larger companies may have 
one or more specially trained 
persons available for major

Conduct incidentConduct incident
investigationinvestigation
• Develop investigation planDevelop investigation plan
•• Gather, analyze evidenceGather, analyze evidence
•• Determine root causesDetermine root causes
•• Develop recommendationsDevelop recommendations

Generate incidentGenerate incidentpersons available for major 
incident investigations

– All personnel need to be 
familiar with the basic 
incident recognition and 
reporting requirements

Generate incidentGenerate incident
reportreport
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Older investigations

• Only identified obvious causes; e.g.,Only identified obvious causes; e.g.,
– “The line plugged up”
– “The operator screwed up”
– “The whole thing just blew up”

• Recommendations were superficial
– “Clean out the plugged line”
– “Re-train the operator”
– “Build a new one”

Layered investigations

• Deeper analysiseepe a a ys s

• Additional layers of recommendations:

11 Immediate technical recommendations
• e.g., replace the carbon steel with stainless steel

22 Recommendations to avoid the hazards
• e.g., use a noncorrosive process materialg , p

33 Recommendations to improve the
management system
• e.g., keep a materials expert on staff

Investigation process

11 Choose investigation team11 Choose investigation team
22 Make brief overview survey
33 Set objectives, delegate responsibilities
44 Gather, organize pre-incident facts
55 Investigate, record incident facts
66 Research, analyze unknowns
77 Discuss, conclude, recommend
88 Write clear, concise, accurate report



Discovery phase

• Develop a planDevelop a plan
• Gather evidence

– Take safety precautions; use PPE
– Preserve the physical scene and process data
– Gather physical evidence, samples
– Take photographs, videos
– Interview witnesses
– Obtain control system charts and data

Analysis of facts

• Develop a timelineDevelop a timeline
• Analyze physical evidence

– Chemical analysis
– Mechanical testing
– Computer modeling
– etc.

• Conduct multiple-root-cause analysis

Some analysis methods

•• Five Why’sFive Why’sFive Why sFive Why s
•• Causal TreeCausal Tree
•• RCARCA (Root Cause Analysis)
•• FTAFTA (Fault Tree Analysis)
•• MORTMORT (Management Oversight and Risk Tree)
•• MCSOIIMCSOII (Multiple Cause Systems Oriented•• MCSOIIMCSOII (Multiple Cause, Systems Oriented 

Incident Investigation)
•• TapRooTTapRooT®

Some analysis methods

General analysis approach:
• Develop, by brainstorming or a more structured 

approach, possible incident sequences
• Eliminate as many incident sequences as possible 

based on the available evidence
• Take a closer look at those that remain until the 

actual incident sequence is discovered (if possible)q ( p )
• Determine the underlying root causes of the 

actual incident sequence



Incident sequence questions

Determine for the incident being investigated:Determine, for the incident being investigated:
• What was the initiating causeinitiating cause that changed the 

situation from “normal” to “abnormal”?
• What was the actual (or potential, if a near miss) 
loss eventloss event?

• What safeguardssafeguards failed?  What did not fail?

ImpactsImpacts

DeviationDeviation

Loss EventLoss Event

Regain controlRegain control
or shut downor shut down

MitigatedMitigated

UnmitigatedUnmitigated

HazardsHazards

“Swiss cheese model” revisited

REMEMBER:

No protectiveNo protective
barrier is 100%barrier is 100%
reliable.reliable.

EXERCISE

Conduct “Five Why’s” on the most recent loss event
that has happened to you personallythat has happened to you personally.
WhyWhy did the loss event happen?  Because ________________
_____________________________________________________
Why?Why? Because _______________________________________

Why?Why? Because _______________________________________

Why?Why? Because _______________________________________

Why?Why? Because _______________________________________

Discuss, conclude, recommend

• Find the most likely scenario that fits the facts
• Determine the underlying management system 
failures

• Develop layered recommendations



Aids for diagnosis

• Location of fire ignition?Location of fire ignition?
• Deflagration or detonation?
• Hydraulic or pneumatic failure?
• Pressure required to rupture containment?
• Medical evidence?

See Crowl and Louvar 2001 Section 12.5 for details
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How are incident investigations documented?

A written report documents as a minimum:A written report documents, as a minimum:
• Date of the incident
• When the investigation began
• Who conducted the investigation
• A description of the incident
• The factors that contributed to the incident
• Any recommendations resulting from the 

investigation

Typical report format

1 Introduction1 Introduction
2 Process and equipment description
3 Incident description
4 Investigation results
5 Discussion5 Discussion
6 Conclusions
7 Layered recommendations



Investigation summary

• The investigation report is generally too detailedThe investigation report is generally too detailed 
to share the learnings to most interested persons

• An Investigation SummaryInvestigation Summary can be used for 
broader dissemination, such as to:
– Communicate to management
– Use in safety meetings
– Train new personnel
– Share lessons learned with sister plants 

(See also: Crowl & Louvar 2001, Figure 12-1 and Example 12-2)

Investigation
summarysummary
example

Source:  S2S -
A Gateway for Plant
and Process Safety, 
www.safety-s2s.eu

Investigation
summarysummary
example
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Findings and recommendations

What is the most important product of anWhat is the most important product of an 
incident investigation?

1.  The incident report
2.  Knowing who to blame for the incident
3.  Findings and recommendations from the study

What is the most important product of an

Findings and recommendations

What is the most important product of an 
incident investigation?

1.  The incident report
2.  Knowing who to blame for the incident
3.  Findings and recommendations from the study
4.  The actions taken in response to the findings4.  The actions taken in response to the findings

and recommendations from the studyand recommendations from the study

Example form to document recommendations:

Findings and recommendations

ORIGINAL STUDY FINDING / RECOMMENDATION 

Source:      PHA      Incident Investigation      Compliance Audit      Self-Assessment      Other 

Source Name  
Finding No.  Risk-Based Priority (A, B, C or N/A)  
Finding / Rec-
ommendation 

 
 
 

Example form to document recommendations:

 

 
Date of Study or Date Finding / Recommendation Made  



Aids for recommendations

Overriding principles Overriding principles ((Crowl and Louvar 2001, p. 528Crowl and Louvar 2001, p. 528))::

• Make safety investments on cost and 
performance basis

• Improve management systems
• Improve management and staff support
• Develop layered recommendations, especially 

t li i t d l ito eliminate underlying causes

Aids for recommendations

Overriding principles:Overriding principles:

• Make safety investments on cost and 
performance basis

• Improve management systems
• Improve management and staff support
• Develop layered recommendations, especially 

to eliminate underlying causes and hazards

(continued from previous slide)



Implementation

As for PHA action items,As for PHA action items,
a system must be in place to ensure all incident 
investigation action items are completed on time
and as intended.

– Same system can be used for both
– Include regular status reports to managementg p g
– Communicate actions to affected employees
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How can incidents be counted and tracked?

• “Lagging indicators” — actual loss eventsLagging indicators  — actual loss events
– Major incident counts and monetary losses
– Injury/illness rates
– Process safety incident rates

• “Lagging indicators” — actual loss events

How can incidents be counted and tracked?

Lagging indicators  — actual loss events
– Major incident counts and monetary losses
– Injury/illness rates
– Process safety incidents rate

• “Leading indicators” — precursor events
– Near misses
– Abnormal situations

• E.g., Overpressure relief events
• Safety alarm or shutdown system actuations
• Flammable gas detector trips

– Unsafe acts and conditions
– Other PSM element metrics



Pyramid Principle revisited

Reducing the
frequency of

precursor events
and near misses...

Pyramid Principle revisited

… will reduce the
likelihood of a

major loss eventmajor loss event

• AIChE Loss Prevention Symposium, 
Case Histories session (every year)

Additional resources

Case Histories session (every year)

• www.csb.gov reports and videos

• CCPS 2008b, Center for Chemical 
Process Safety, Incidents that Define Incidents that Define 
Process SafetyProcess Safety, NY: American Institute 
of Chemical Engineersof Chemical Engineers

• CCPS, “Process safety leading and Process safety leading and 
lagging metrics lagging metrics –– You don’t improve You don’t improve 
what you don’t measurewhat you don’t measure,” available at

www.aiche.org/uploadedFiles/CCPS/Metrics/CCPS_metrics%205.16.08.pdf


