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1. AIChE’s Process Safety Timeline
1.1 AIChE and Chemical Safety

1.1.1. Symposia

Throughout its nearly century-long history, the American Institute of Chemical Engineers (AIChE) has shown leadership in promoting safety in the chemical and related industries.  AIChE hosts what is almost certainly the longest running annual chemical-focused safety conference: Safety in Ammonia and Related Facilities, which celebrated its 50th anniversary in September 2005. The AIChE Loss Prevention Symposium, celebrating its 40th anniversary in April 2005 is only slightly less venerable, and AIChE’s Center for Chemical Process Safety hosts the longest running annual international Process Safety Conference, which celebrated its 20th anniversary in 2005.  This year alone, AIChE hosted six safety symposia, as well as dozens of safety-related project meetings, culminating with this important symposium.

1.1.2. Technology Alliances – DIERS

In 1976, AIChE launched the Design Institute for Emergency Relief Systems (DIERS), an industrial technology alliance with corporate members.  DIERS was chartered, not to talk about safety, not to present papers on safety, but to do actual, focused research and development work on the important subject of designing vent headers that can safely relieve two-phase, reacting process streams.  DIERS member companies contributed financially and intellectually to the effort, volunteering thousands of hours towards this goal.  Although the research and development of DIERS is mostly complete, a dedicated and active DIERS users group continues to meet and promote the dissemination of emergency relief system design information.

1.1.3. Technology Alliances – CCPS

At midnight on December 3rd, 1984, the worst chemical reactivity incident in the history of the industry occurred when, with numerous layers of protection out of service, water entered a storage tank of methyl isocyanate (MIC) in Bhopal, India. The MIC proceeded to decompose exothermically, building pressure, and opening the safety relief valve.  Eventually, tons of MIC and decomposition products were released, untreated, from an emergency vent system stack.  By morning, more than 3,000 residents of Bhopal had died, the number continuing to climb over the following months.   We note with irony that the DIERS-designed relief valve and piping system functioned properly, enabling the tank to relieve without bursting: had bursting occurred, the death toll could have been much higher.

Taking strong leadership to prevent another Bhopal, AIChE launched the Center for Chemical Process Safety (CCPS) in early 1985.  CCPS was given the bold mission by its industrial founders to advanced the broad field of process safety, including chemical reactivity hazard management, establish practical guidelines and resources, disseminate process safety knowledge around the world, and promote process safety at all levels of industry.  Twenty years later, CCPS contributions continue to reach further and further into the global chemical industry. Now with 80 corporate members and over 100 university members, CCPS continues to grow in the US and abroad, building on a substantial knowledge base, and tackling new challenges as the industry evolves.  

1.2. CCPS Activities Addressing Chemical Reactivity Hazard Management 

CCPS’s early years were focused on developing the fundamentals of Process Safety management.  However, in the 1990’s, CCPS attacked the challenge of managing chemical reactivity hazards in earnest.  Four guidelines for managing chemical reactivity hazards were published in the 1990’s: 

· Guidelines for Guidelines for Chemical Reactivity Evaluation and Application to Process Design (1995)

· Guidelines for Safe Storage and Handling of Reactive Materials (1995)
· Guidelines for Safe Warehousing of Chemicals (1998)
· Guidelines for Process Safety in Batch Reactor Systems (1999)
Industry process safety leaders around the world quickly adopted these guidelines.   However, in 2002, the US Chemical Safety and Hazard Investigation Board (CSB) noted in investigations of chemical reactivity accidents that while the industry leaders used CCPS guidelines and other reactivity management resources, many of the laggers – smaller companies, more resource-challenged, without the technical sophistication common to larger companies – were not accessing these materials.  Over the period of the CSB study – approximately twenty years, more than 100 accidents occurred that could have been readily prevented by consulting with the basic guidelines and resources. 

 To address this gap, CCPS began a new project in 2001 aimed at simplifying the complex topic of chemical reactivity hazard management.  This new effort brought forward two important works.  The first, a simple ten-page overview, Reactive Material Hazards: What You Need to Know (2001), set forth in very simple, direct language the most important things to consider when evaluating reactive materials and unintended reactive interactions.  The second, Essential Practices for Managing Chemical Reactivity Hazards (2003), provided a user-friendly framework and detailed examples for evaluating and managing reactive materials, reactive interactions, and the hazards of uncontrolled chemical reactions.  Both publications have enjoyed wide, global circulation, with electronic versions available from www.ccpsonline.org/resources.htm at no cost. This free distribution was made possible by funding from the US Occupational Safety and Health Administration, the US Environmental Protection Agency, the American Chemistry Council, and the Synthetic Organic Chemical Manufacturers Association.  

1.3. Alliance with OSHA

In March 2004, buoyed by the success of Essential Practices, OSHA formed an Alliance with the CCPS, the American Chemistry Council, the Chlorine Institute, the National Association of Chemical Distributors, the Synthetic Organic Chemical Manufacturing Association, Texas A&M University and US EPA.  Created under OSHA’s Alliance mechanism, the Reactivity Alliance continues to raise awareness of chemical reactivity hazard issues through materials, websites, and training provided by CCPS and other Alliance partners.  The bulk of the Alliance materials are available though the Alliance website http://www.osha.gov/SLTC/reactivechemicals/.  CCPS continues to work with the OSHA Alliance to present Reactivity Hazard Management workshops to small businesses around the country.

1.4. The Reactivity Management Roundtable

In late 2003, a group of volunteers interested in preventing chemical reactivity incidents met to discuss the potential to create a new kind of organization within AIChE to step-up the focus on addressing chemical reactivity hazard issues.  The group, called the Reactivity Management Roundtable (RMR) was formed as a special project of CCPS in April 2004, with a mission to “work cooperatively to assimilate, implement, maintain, and update effective practices for managing chemical reactivity.” RMR set forth three objectives:

a. Educate stakeholders on cost-effective approaches that promote effective management of chemical reactivity hazards by small and medium size companies, as well as major producers.

b. Synthesize, and make available, existing effective practices for managing chemical reactivity in forms conducive to use by companies with limited resources, and

c. Share the members’ knowledge and findings via effective delivery mechanisms

Under the leadership of its first chairman, Georges Melhem, RMR membership was opened to all corporations, universities, organizations, unions, and unaffiliated individuals having an interest in having an interest in managing chemical reactivity hazards.  If your company is interested in RMR membership, contact ccps@aiche.org.

CCPS views RMR as the mechanism by which it will continue to advance the field of Chemical Reactivity Hazard Management.  Now under the leadership of Peter Lodal, RMR is earnestly at work on an important initiative to reach its targeted audience and make Essential Practices even more accessible and easier for them to use.

2. The Path Forward

2.1. Identifying chemical reactivity hazard management gaps

The process of evaluating and managing chemical reactivity hazards is complex.  It is necessary to follow a complicated decision tree, consult multiple reference sources, and perform numerous calculations.  Though most of these calculations are individually not all that difficult for a chemical engineer to perform, the calculations are collectively tedious, and are daunting to the non-engineer.  Essential Practices and the CCPS books that came before it describe the decision trees, references, and calculations admirably.  Unfortunately, a substantial portion of the population that handles chemicals that could, individually or collectively, pose chemical reactivity hazards do not have the modest amount of chemical engineering experience or education needed to follow this process readily.

A survey of a select group of smaller and medium sized companies undertaken by a trade association illustrates this point.  In a survey where 68% of the respondents worked for companies with less than 500 employees, only 43% indicated they had formal chemical reactivity hazard management programs.  

With similar percentages, respondents further indicated that they implemented portions of chemical reactivity hazard management programs such as constructing chemical interaction matrices, screening to identify undesired side reactions, and performing calorimetry to study runaway potential and maximum adiabatic temperature rise.  In all cases, fewer than 50% of respondents did anything more than consider suppliers’ guidance documents and MSDS.  

The companies responding to the survey should not be considered to be irresponsible stewards of safety, as 85% of all respondents indicated that their safety programs go above and beyond OSHA PSM and EPA RMP regulations.  The author will leave it to others to debate whether these regulations adequately address management of chemical reactivity hazards, but will recommend that every person who works with chemicals in above-laboratory quantities become familiar with the OSHA Hazcom standard 29CFR 1910.1200 as well as the hazard analysis provisions of the OSHA PSM standard 29CFR1910.119 and the EPA Risk Management Plan regulation 40CFR68.

Among the survey population, a much higher level of chemical reactivity hazard training was common.  More than 70% each of R&D personnel, EH&S personnel, and plant operators received such training, and more than 60% of production supervisors and engineers.  Obviously, we would like training to be 100%.  However, we must also draw the conclusion that training alone does not provide individuals with the skills and tools they need to carry out a chemical reactivity program.

From this survey, we concluded that there are two things CCPS and RMR should do in the near term:

· Support broad-based training related to chemical reactivity hazard recognition and management.

· Develop a web-based tool to facilitate the chemical reactivity hazard recognition process for engineers and non-engineer alike

2.2. The Work of RMR - Building on Essential Practices

2.2.1. Concept

When confronting a difficult problem, it is always wise to consider how others have solved similar problems.  Listeners and readers of this paper already have this wisdom, which is why you are attending this week’s symposium or reading its proceedings.  Hopefully you also plan to use some of your time devoted to this symposium to attend talks or read papers on topics well outside the field of emergency relief vent system design and chemical reactivity hazard management, because you never know where you will find solutions to your most challenging problems.

And analyzing chemical reactivity hazards is a challenging problem indeed.  However, we have an excellent precedent; a navigation of complex decision trees, tedious calculations, and arcane references to solve a problem of high consequence that every adult American must complete once a year in early spring.  This precedent: navigating the United States Tax Code in order to complete a federal income tax return.  

Fortunately, since the late 1980’s, a series of tools have become available to make the process of filing the annual tax return if not fun, then at least achievable for those of us who are not accountants by trade.  Anyone who has used Turbo Tax ®, Tax Cut ®, or other tax software can readily recognize how well the look-up features, worksheets, and wizards take the complexity out of this annual chore.

This, therefore, is the short-term goal of RMR – develop a web-based tool, like Turbo Tax, to facilitate the recognition of chemical reactivity hazards.  The audience for this tool will be:

· Chemical manufacturers, particularly smaller and medium size manufacturers

· Chemical processors, including blenders, compounders, distillers and refiners

· Chemical warehouses and distributors, such as those companies who belong to the National Association of Chemical Distributors (NACD)

· Public warehouses that accept chemicals for storage

· Companies that store chemicals for manufacturing use (e.g. drums of adhesive), and

· Possibly, waste management firms

2.2.2. Approach

In early 2005, a group of RMR members began to map out the decision trees that would underpin the RMR tool.  The group started with the familiar flowchart figure 3.1 from Essential Practices, here reproduced as Figure 1.  
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Figure 1 – Reproduction of Figure 3.1 from Reference 1

Following this basic philosophy, the group divided the problem of reactivity hazard identification into three categories:

1. Chemical Processing

2. Physical Processing, and

3. Storage and repackaging

Detailed decision trees were developed describing the analysis required in each category.  As the flow charts remain a work in progress, simplified versions of these flow charts are presented in figures 2, 3, and 4.

Figure 2 summarizes the decision tree for Chemical Processing. As part of the RMR work, each block in the decision tree will ultimately be backed up with tools, wizards, and references to help the user answer the questions posed in that block.  For example, the Chemical Processing block would be backed up by a series of sub-questions that will lead the user to conclude whether their activities contain chemical processing activities, 
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Figure 2: Screening for Chemical Processing (Abridged)
for example:

· Do you intentionally cause chemicals to react?

· Do you perform neutralization or pH adjustment?

· Do you perform bleaching or decolorizing?

· Do you perform pickling?

The functional group screen will require a different set of resources and decision tools, including a database of known highly reactive functional groups and the ability to browse and search this database based on formula, structure, name, and to add new highly reactive functional groups as they become known.

At the end of the flowchart will be a mechanism to determine the appropriate actions to take to further evaluate the hazard based on screening of heat generation potential and reaction rate potential.  This mechanism will incorporate the knowledge that experienced chemical reactivity hazard experts apply related to deviation analysis, estimation techniques, and testing.

Figure 3 summarizes the decision tree for physical processing.  While the physical processing decision tree has much in common with the chemical processing, the behind-the-scenes tools are clearly different.  For example, inherent in the evaluation of heat generation and rate for physical processing is the evaluation of hazardous interactions.  The RMR hopes to include the NOAA interaction matrix tool (reference) to support this phase of the evaluation.

Figure 4 summarizes the decision tree for warehousing and storage, which looks a little different than the other two.  In theory, much of the information that is needed to answer the questions related to storage and handling can be found in MSDS, in the NOAA interaction matrix tool, and other literature sources.  The RMR teams hopes to make much of this information available through the web-based reactivity hazard evaluation tool.  As we know, MSDS are inconsistent in their degree of rigor, so multiple MSDS references will be presented to facilitate a broader search.  The storage and handling decision tree also provides for the estimation of physical instability and hazardous interactions that are not known.  

Table 1, an annotated reproduction of Table 3.1 of Essential Practices, shows an example of how the behind the scenes worksheets might work, including the steps of gathering information about the components used, and developing likely hazardous scenarios that need to be managed.

Common to all decision trees is a step of action planning.  We should all recognize that in the world of process safety, there are few absolutes.  The web-based reactivity hazard evaluation tool will recommend a range of actions based on the hazards identified, but it up to the individual plant owner to decide on the appropriate type and level of action implemented, based on the kinds of consequences that could occur, the level of technical sophistication of the staff, and the owner’s risk tolerance.  This is represented by the overlapping circles on the chemical and physical processing decision trees.  It appears likely that a more clear-cut set of decisions will be possible related to storage and handling, as this aspect of reactivity management is much more finite and amenable for treatment through existing NFPA standards.
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Figure 3: Screening for Physical Processing (Abridged)
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Figure 4: Screening for Warehousing and Storage (Abridged)

Table 1
	Table 3.1  Example Form to Document Screening of Chemical Reactivity Hazards

	FACILITY:
	
	COMPLETION DATE:
	

	COMPLETED BY:
	
	APPROVED BY:
	

	Do the answers to the following questions indicate chemical reactivity hazard(s) are present? 1 ____________

	AT THIS FACILITY:
	YES, NO  or NA
	BASIS FOR ANSWER; COMMENTS

	Question 1.  Is intentional chemistry performed?
	
	If YES, you are in the WRONG guidance at this stage of the evaluation

	2.  Is there any mixing or combining of different substances?
	
	If YES, you are in the WRONG guidance at this stage of the evaluation

	3.  Does any other physical processing of substances occur?
	
	If YES, you are in the WRONG guidance at this stage of the evaluation

	4.  Are there any hazardous substances stored or handled?
	
	If YES, you may be in the right place

	5.  Is combustion with air the only chemistry intended?
	
	If YES, you may be in the right place

	6.  Is any heat generated during the mixing or physical processing of substances?
	
	If YES, you are in the WRONG guidance at this stage of the evaluation

	7.  Is any substance identified as spontaneously combustible?
	
	

	8.  Is any substance identified as peroxide forming?
	
	

	9.  Is any substance identified as water reactive?
	
	

	10. Is any substance identified as an oxidizer?
	
	

	11. Is any substance identified as self-reactive?
	
	

	12. Can incompatible materials coming into contact cause undesired consequences, based on the following analysis?
	
	

	SCENARIO
	CONDITIONS

 NORMAL?2 
	R, NR or ?3
	INFORMATION SOURCES; COMMENTS

	1  
	
	
	

	2  
	
	
	

	3  
	
	
	

	1 Use Figure 3.1 with answers to Questions 1-12 to determine if answer is YES or NO

2 Does the contact/mixing occur at ambient temperature, atmospheric pressure, 21% oxygen atmosphere, and

   unconfined?  (IF NOT, DO NOT ASSUME THAT PUBLISHED DATA FOR AMBIENT CONDITIONS APPLY)

 3 R = Reactive (incompatible) under the stated scenario and conditions

 NR = Non-reactive (compatible) under the stated scenario and conditions

   ? = Unknown; assume incompatible until further information is obtained


2.2.3. Path forward

Three sub-teams were formed to address the three parts of the problems.  Individuals who have volunteered for these teams are highly energetic, dedicated to improving the practice of chemical reactivity management, and even passionate about their craft.  With this passion, interpersonal reactions have the potential to run away adiabatically.  However, we fully expect each sub-team to be able to manage this potential hazard and proceed to rationalize the range of approaches practiced by their members’ employers and to utilize each other’s knowledge to fill in gaps in any one person’s experience.  Table 2 lists the members of each of the three sub teams as of the date this paper was submitted.

RMR invites professionals who are passionate about chemical reactivity hazard management and who willing to volunteer to work collaboratively to participate in this important endeavor.
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