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About WEC










The New Jersey Work Environment Council (WEC) is a non-profit collaboration of organizations working for safe, secure jobs, and a healthy, sustainable environment.  

Visit WEC’s website at www.njwec.org
For more information about WEC programs and services, contact:
Rick Engler, Director
New Jersey Work Environment Council
142 West State Street - Third Floor, Trenton, NJ 08608-1102
Telephone: (609) 695-7100
Fax: (609) 695-4200
E-mail: info@njwec.org 
Preventing Chemical Accidents





Unexpected releases of highly hazardous toxic, reactive, or flammable chemicals create the possibility of a disaster for workers, employers, and communities.

OSHA’s Process Safety Management Standard helps prevent accidental releases of highly hazardous chemicals, thus protecting employees, as well as plant neighbors.

Effective worker training about PSM helps achieve safer, healthier, and more productive workplaces.

In New Jersey, PSM regulates approximately 100 facilities, including certain chemical plants, oil refineries, food processors, electric utilities, warehouses, and public and private sector water and sewage treatment operations.  PSM may also cover other types of facilities. PSM has special provisions for contractors working in covered facilities.

WEC’s training curriculum covers key aspects of the PSM standard. Training introduces the concept of systems of safety and accident prevention and why facilities should establish an organizational structure to oversee PSM implementation. WEC addresses OSHA’s performance-based requirements for a plant “mechanical integrity” program. Training also covers accident, incident, and near-miss investigations, focusing on root causes.  WEC also can provide training on related subjects, such as the New Jersey Toxic Catastrophe Prevention Act (TCPA), employer and worker/union rights to participate during OSHA and TCPA inspections, and development of effective labor-management safety and health committees.

For more information, contact:

Denise Patel, PSM Outreach Coordinator

WEC, 142 West State St, Third Floor

Trenton, NJ 08608

Call: (609) 695-7100, Extension 305

Fax: (609) 695-4200

E-Mail: dpatel@njwec.org
The Small Group Activity Method





Basic Structure
The Small Group Activity Method* is based on a series of problem-solving activities. An activity can take from 45 minutes to an hour. Each activity has a common basic structure:

• Small Group Tasks
• Report-Back
• Summary
1. Small Group Tasks: The training always begins with groups working together at their tables. Each activity has a task, or set of tasks, for the groups to work on. The task asks that the groups use their experience and the factsheets to solve problems and make judgements on key issues. 
2. Report-Back: For each task, the group selects a scribe that takes notes on the small group discussion and reports back to the class as a whole. During the report-back, the scribe informs the entire class as to how his or her group solved the particular problem. The trainer records each scribe’s report-back on large pads of paper in front of the class so that everyone can refer to them.
3. Summary: Before the discussion drifts too far, the trainer needs to bring it all together during the summary. Here, the trainer highlights the key points of the activity and brings up any problems or points that may have been overlooked during the report-back.
*The Small Group Activity Method (SGAM) is based on a training procedure developed by England’s Trades Union Congress (TUC) in the 1970s. The Labor Institute and Oil, Chemical, and Atomic Workers Union (now part of the United Steelworkers) used a similar method around economic and health and safety issues for workers and further developed the procedure into SGAM. The New Jersey Work Environment Council has used SGAM since 1986. 
Three Basic Learning Exchanges
The Small Group Activity Method (SGAM) is based on the idea that every training is a place where learning is shared. With SGAM, learning is not a one-way street that runs from trainer to worker. Rather SGAM is a structured procedure that allows us to share information. It is based on three learning exchanges:
• Worker-to-Worker
• Worker-to-Trainer
• Trainer-to-Worker
Worker-to-Worker: Most of us learn best from each other. SGAM is set up in such a way as to make the worker-to-worker exchange a key element of the training. The worker-to-worker exchange allows participants to learn from each other by solving problems in their small groups.
Worker-to-Trainer: Lecture-style training assumes that the trainer knows all the answers. With SGAM it is understood that the trainers also have a lot to learn and this is the purpose of the worker-to-trainer exchange. It occurs during the report-back and it is designed to give the trainer an opportunity to learn from the participants. 
Trainer-to-Worker: This is the trainer’s opportunity to clear up any confusion and make points they think are key. By waiting until the summary section, trainers know better what people need to know. 
The Factsheet Reading Method





The process described below focuses everyone on the important information in the factsheets. 

The process is as follows:

First, select a scribe for this Task.

Each of you will be assigned a small number of factsheets to read.  You will then share the factsheet information with your table.  

Your trainer will assign your individual factsheets this way:  

Starting with the scribe and moving to the left, count out loud from 1 to 8.  Keep going around the table until all numbers (factsheets) are distributed.  The assigned numbers correspond to Factsheets 1 through 8 on the following pages.   

Once everyone has read their assigned factsheets individually, your scribe will go around the table and ask each of you to explain to the group what you have learned.  Factsheets should be explained in the order assigned (1 through 8), since the factsheets build on the previous one.  In this way, we all start at the same place and with the same information.

An Introduction to Process Hazard Analysis 

Purposes:











To understand how process hazard analysis (PHA) can be used as a tool to prevent accidents.

To learn about the importance of considering worst-case scenarios.

This Activity has two tasks.

Task 1













Scenario:  

Recently, the K-l polymerization unit at OilChem Corporation exploded, killing three workers.  An investigation showed that a pressure control system on a feed line to the reactor, which was designed to keep the feed under pressure and in a liquid state, failed, allowing the feed to vaporize.  The vaporized feed continued to flow into the reactor.  The flow control meter on the feed line did not register the vaporized feed as a flow, causing the operator to believe that a high-level alarm on the reactor was false.  As a result, the operator by-passed the safety interlock on the feed line, causing the vessel to over-pressurize and explode.

OilChem says that they were in compliance with the PSM Standard and that they were in the process of conducting the required PHAs.

The initial OSHA investigation uncovered the following facts:

The K-l unit was the oldest processing unit on the site.

The K-l unit had a history of having the most runaway chemical reactions of any unit on the site.

The pressure control system on the feedstock line had a history of repeated failures.

The level control alarm was bypassed continuously because of its poor reliability.

· The pressure relief system was inadequately designed for the chemical process run in the reactor.

OilChem had completed PHAs on all of the site’s storage tanks. No PHAs had been completed for the chemical processes on site.

There was no employee involvement in the development of the PHA priority list.

Task 1 












Your group has been appointed to the incident investigation team.  
In your groups, choose a scribe.  Then, using Factsheets 1 - 7 on pages 5 – 11 and your own experience, answer the following questions.

1.  According to the PSM Standard, what did OilChem do wrong?

2.  Would a PHA on the K-l unit have uncovered any of the root causes of the accident?  If so, what PHA method or combination of methods should have been used (see Factsheet 2) and what causes would they have exposed?

Task 1 continued











3.  Is OilChem required by OSHA to fix faults in design or operating procedures identified by a PHA?  (See Factsheets 5, 6 and 7.)  What do you think an effective program for PHA recommendations should look like?


Factsheet #1

What Is a Process Hazard Analysis?

A PHA is defined as:

A systematic effort designed to identify and analyze hazards associated with the processing or handling of highly hazardous materials; and

A method to provide information which will help workers and employers in making decisions that will improve safety.

A PHA analyzes:

The potential causes and consequences of fires, explosions and releases of toxic chemicals; and

The equipment, instrumentation, human actions and other factors which might affect the process.

A PHA attempts to determine:

The failure points, methods of operations and other factors that can potentially lead to accidents.

A PHA team:

Should include engineers, operators, supervisors and other workers who have knowledge of the standards, codes, specifications and regulations which apply to the process being studied.

Source:  Adapted from OSHA Process Safety Management Standard, 29 CFR 1910.119, 57 FR 6356, February 24, 1992, Appendix C.

Factsheet #2

Common PHA Methods

The following is a list of some of the common methods used to evaluate process hazards.

Checklists

This method uses established codes, standards and well-understood hazardous operations as a checklist against which to compare a process.  A good checklist is dependent on the experience level and knowledge of those who develop it.

What If

This approach uses a multi-skilled team to create and answer a series of “what-if” type questions.  This method has a relatively loose structure and is only as effective as the quality of the questions asked and the answers given.

Hazard and Operability Study (HAZOP)

A structured, systematic review that identifies equipment that is being used in a way that it was not designed to be, and which might create hazards or operational problems.  HAZOPs are usually conducted by a multi-skilled team that studies piping and instrument diagrams.  Each pipeline and vessel is evaluated for certain limitations and deviations in flow, temperature, pressure, etc.

Failure Mode and Effect Analysis (FMEA)

A systematic study of the consequences of failure (breakdown) of certain operational hardware such as transmitters, controllers, valves, pumps, etc.

Fault-Tree Analysis

This method draws a picture (model) that shows what undesirable outcomes might result from a specific initiating event (for example, a pipe rupture in a pipe rack).  It uses graphics and symbols to show the possible order of events which might result in an accident.  This method is sometimes used in accident investigations to determine probable cause.

Source:  The Workplace Health Fund, Blueprint for Prevention, Washington, D. C.


Factsheet #3

The Most Hazardous Processes Are First

OSHA requires employers to perform a PHA on each process covered by the law.  The purpose of the PHA is to identify and evaluate the hazards of the process, and ways or methods to control them.

The most hazardous processes must be evaluated first.  All PHAs must be completed as soon as possible.  Also, all PHAs must be updated and revalidated at least every five years.

Source:  OSHA Process Safety Management Standard, 29 CFR 1910.119, 57 FR 6356,
February 24, 1992.

Factsheet #4

Process Experience Is a Must

A process hazard analysis cannot be done by just anyone.  According to OSHA, PHAs must be performed by a team with process and engineering knowledge and include at least one employee experienced in running the process.  Also, one member of the team must have experience with the PHA method being used.

PHAs must address all of the following issues:

The hazards of the process;

Previous incidents which could have been catastrophic;

Engineering and administrative controls;

The consequences of failure of engineering and administrative controls;

Facility siting;

· Human factors; and

The range of possible safety and health effects caused by the failure of controls.

Source:  OSHA Process Safety Management Standard, 29 CFR 1910.119, 57 FR 6356, February 24, 1992.


Factsheet #5

What Are Engineers Trained to Do?

Hourly workers can have the best understanding of the safety hazards involved in a process.  Management staff of oil and chemical plants may consist of some people with degrees in chemical engineering who are less familiar with actual plant operations.

Traditionally, production managers have not received training in safety issues and even safety managers may be unfamiliar with primary prevention opportunities.

Source:  Ashford, Nicholas, The Encouragement of Technological Change for Preventing Chemical Accidents, MIT and EPA Report, 1993, pp. viii-18.


Factsheet #6

Take Action and Follow-through

It is not enough for employers to just assure that PHAs have been conducted.  They must do something about their findings.  The employer should establish a system or set of procedures that will promptly deal with the findings of the PHA team and recommendations.  Any actions taken to correct hazards uncovered by the PHA must be communicated to the workers in the area and to any other workers who might be affected.

PHAs should be completed as soon as possible, beginning with the most hazardous.  However, OSHA has no equivalent time requirements for the implementation of PHA recommendations.  Follow-up is a critical part of any PHA, yet this is usually the weakest link in the process.  Sometimes recommendations are “resolved” by a manager just saying “no.”

Some diligent companies prepare quarterly status reports on PHA recommendations and include this in their audit program.  Worker safety representatives should be involved in each step of the follow up.  An effective process safety program includes workers on the front end and on the follow up.

Source:  OSHA Process Safety Management Standard, 29 CFR 1910.119, 57 FR 6356, February 24, 1992.

Factsheet #7

New Guidelines for the PSM Standard

OSHA has issued the following guidelines for PSM compliance:

“Where a [PHA] recommendation is rejected, the employer must communicate this to the team, and expeditiously resolve any subsequent recommendation of the team.  An employer can justifiably decline to adopt a recommendation where the employer can document in writing and based upon adequate evidence that one or more of the following conditions exist:

1. The analysis upon which the recommendation is based contains
material factual errors.

2. The recommendation is not necessary to protect the health 
and safety of the employer’s own employees or the 
employees of contractors.

3. An alternative measure would provide a sufficient level of 
protection.

4. The recommendation is infeasible.
A joint labor-management health and safety committee can review the implementation of recommendations.

Source:  OSHA PSM Compliance Directive, September 13, 1994.

Task 2












Scenario:  

OilChem and USW Local 2008 have formed a team to do a PHA of a polystyrene unit.  In the past, PHA teams have examined only fire potentials as their basis for considering the risk of chemical releases.  The new team has been discussing whether or not to expand their review to include unconfined vapor cloud explosions or other potential worst-case incidents.

The team is having trouble reaching a consensus on what to do.  Some team members have stated that worst-case incident reviews are a waste of time and money, and that they will only serve to scare the surrounding community into demanding that the plant be shut down.

In your groups, choose a scribe.  Then, using Factsheets 8 – 12 on pages 14 - 18 and your own experience, answer the following questions:

1.  Do you agree or disagree with the team members who do not want to do worst-case incident reviews?  Please explain why or why not.


Task 2 continued










2.  Turning now to your own facilities, what do you think is the most serious worst-case accident that could happen?  Would a PHA of the equipment involved in the accident you described help to prevent it from happening?  Please explain why.


Factsheet #8

The Case for Worst-case Scenarios

Some companies consider only worst-credible scenarios rather than looking at the much more extreme worst-case scenarios.  They argue that worst-case incidents are so improbable that they are virtual impossibilities.  However, experience with numerous chemical industry disasters has shown that what was thought to be impossible happens all too often.

The Environmental Protection Agency requires many PSM-covered facilities to develop Risk Management Plans that include worst-case assessments of hazardous processes.  These assessments must assume that all back-up safety systems have failed to work.  Their examples include:

A transfer hose with no shutoffs fails, resulting in the release of the contents of the vessel or tank it is attached to;

Tank piping with no shutoffs fails, resulting in the total release of the tank contents;

A flame impingement on a vessel which results in the vessel’s failing; and

A severe vessel over-pressurization caused by contamination, a runaway reaction, or overheating which causes a venting to the atmosphere or a vessel failure.

Source:  40 CFR Part 68, Accidental Release Prevention Requirements:  Risk Management Programs under the Clean Air Act, Section 112(r)(7).

Factsheet #9

Is the Worst-case Release Only 10 Minutes Long?

An indication of industry’s resistance to the development of worst-case scenarios surfaced during a trial application of the EPA’s proposed Risk Management Plan rule.

Chemical plants in the Kanawha Valley of West Virginia participated in a trial program in June 1994.  The companies released maps which showed what worst-case vapor plume releases would look like.  Some of the plumes stretched more than 30 miles over local towns.

But rather than concentrating on the worst-case scenarios, the companies focused on “more probable release scenarios” in which vapor clouds might travel only a couple of miles.  According to an official at the OxyChem Corporation, the EPA’s worst case definition was “just not credible.”  The industries assumed that a worst-case release would not last more than 10 minutes.

But the manager of the DuPont facility admitted that “if you go back in history and see large pieces of equipment have opened up, you cannot say it will never happen.”

Source:  Hallock, Richard “Technique of Operations Review Analysis Determines Cause of Accident/Incident,” Pollution Engineering, September 1994, pp. 37-39.


Factsheet #10

The Best Case for Worst-case Scenarios

Worst-case scenarios do happen and the consequences are severe: death, injury, community evacuation, and the loss of many jobs.  The best case for doing worst-case scenarios is that a tragedy like the one below might be avoided. 


Source:  The quote is by U.S. Chemical Safety and Hazard Investigation Board Chairman, Carolyn W. Merritt, “News Conference Statements,” October 31, 2006.  Additional information on the Texas City disaster is available at: www.csb.gov.


Factsheet #11

Unconfined Vapor Cloud Explosions

Most PHAs assume that only one piece of equipment fails and becomes involved in a fire or explosion.  Guidelines for the safe spacing of chemical plant equipment, published by Factory Mutual, an industry insurance company, assume that more serious scenarios, called “unconfined vapor cloud explosions,” are very unlikely.  Therefore, spacing and construction guidelines do not consider the possibility of unconfined vapor explosions damaging multiple pieces of equipment or entire process units.

However, evidence shows these worst-case scenarios are taking place.
1984 - Lemont, Illinois - 17 people died when an amine absorber vented its contents from a crack.  The resulting explosion lifted the 38-ton tower over nearby homes, landing one-third of a mile away.

1989 - Pasadena, Texas - 23 people died when contract workers mistakenly opened a valve, releasing ethylene isobutane.  The explosion destroyed the entire polyethylene plant and sent debris six miles into the community.

1991 - Sterlington, Louisiana - eight people died when a nitroparaffins plant exploded and was leveled.  A dome weighing several tons landed nearly one mile away.

1992 - Wilmington, California - a vapor cloud resulting from a rupture of a corroded 6-inch elbow and release of hydrocarbon/ hydrogen mixture resulted in a three-day fire and $96 million in damages.

· 1999 - Richmond, California - 300 firefighters were needed to extinguish a fire resulting from a vapor cloud igniting caused by the failure of a valve bonnet in a hydrocracker.  Damage was estimated at $79 million.
Sources:  Robert E. Wages, “Testimony on OSHA’s Proposed Safety Standard for Highly Hazardous Chemicals, Houston, TX, 1991,” New Solutions, Fall 1991, pp. 98-100; and The 100 Largest Losses:  1972-2001, Twentieth Edition, Marsh’s Risk Consulting Practice, 2003.

Factsheet #12
Who Is Driving the Process Safety Bus?

Companies often label PHA reports and recommendations as being confidential.  They may fear that the information would cause public relations or future liability problems.  OSHA requires that the reports and recommendations are made available to the union and employees, including contractor employees whose safety might be impacted.  There is no requirement that the information is shared with other similar facilities or community safety agencies.

Prevention of disasters is not possible when important process safety information is not shared with those who would benefit from receiving it.

The public benefits of conducting PHAs are illustrated in the following quote:

“Talking honestly about what could happen during a chemical accident gives stakeholders the opportunity to explain their emergency preparedness roles.  Sharing worst-case scenarios with the community will lead to a higher state of readiness and keep pressure on industry and government to do a better job.”






-James Markris, Director, 






EPA Emergency Preparedness Office

Source:  Bureau of National Affairs, Environment Reporter, January 28, 1994, p. 1702.

Summary:  An Introduction to Process Hazard Analysis (PHA)

1.  PHAs are methods to systematically determine process hazards.

2.  Most PHAs do not examine worst-case scenarios.  Experience has shown that these catastrophic events do happen and should be studied in a PHA.

3.  The subjectivity and experience levels of PHA team members have a  large impact on the effectiveness of the team.  Worker representatives on PHA teams play a crucial role due to their knowledge of process facilities.

4.  If PHA recommendations are rejected, companies must document why they did not implement the recommendation. 

5.  Safety information contained in PHA reports should be shared with all employees, contractors and communities who could benefit from receiving this information.

Preventing Chemical Accidents

An Introduction to Process Hazards Analysis
EVALUATION FORM 

Location:

Date:
A = EXCELLENT, B = GOOD, C = FAIR, D = POOR, E = N/A
How were the following objectives met:





A  B  C  D  E

1.  Upon completion of this program, participants will be able to:


















To understand how process hazard analysis can be used as a tool  

(  (   (  (   (
to prevent accidents.

To learn about the importance of considering worst-case scenarios.

(  (   (  (   (
2.   Did the tasks address the purposes of the activity?


(  (   (  (   (
3.   Please evaluate the speaker:    __________________






       Trainer Name

Knowledge of subject






(  (   (  (   (
Presentation orderly and understandable



(  (   (  (   (
Effective use of teaching tools 

(small groups, explanation, assignments)



(  (   (  (   (
4.  What did you like the most about this activity?

More on back.

5.  How could this activity be improved?

Additional Comments:
“The CSB (U.S. Chemical Safety and Hazard Investigation Board) findings describe the drastic effects of corporate cost-cutting at the Texas City refinery, where maintenance and infrastructure deteriorated over time, setting the stage for the disaster.”





On March 23, 2005, the BP Texas City refinery experienced severe explosions and fires that resulted in 15 deaths and 180 injuries.  The accident was the worst industrial accident in the U.S. since 1990.





The explosion and fire were the result of pressure build up during the isomerization unit startup.  Liquid was discharged into a disposal blowdown drum with a stack open to the atmosphere – a violation of the company’s own Texas City refinery standards.
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