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1.0 Background

On September 17, 2002, The U.S. Chemical Safety and Hazard Investigation Board (CSB) unanimously
approved a total of 18 recommendations intended to reduce the number of serious industrial accidents
caused by uncontrolled chemical reactions. The approval culminated a two-year special CSB

investigation, http://www.csb.gov/completed investigations/docs/DS-Reactives.pdf, into hazards at U.S.

sites that manufacture, store, or use potentially reactive chemicals. This hazard investigation examined
167 serious chemical accidents in the U.S. over the last 22 years that have involved uncontrolled chemical
reactions. These accidents caused 108 deaths as well as hundreds of millions of dollars in property

damage.

The investigation prompted the Board to call on government agencies and industry to improve reactive
hazard management. In particular, Occupational Safety and Health Administration (OSHA) and the U.S.
Environmental Protection Agency (EPA) were asked to extend their process safety regulations — known
as the Process Safety Management standard and the Risk Management Program rule — to better control

hazards associated with chemical reactivity.

The Board requested that OSHA broaden the application of the PSM standard to cover both individual
chemicals and combinations of chemicals that can undergo hazardous reactions under specific process
conditions. The standard currently applies to only 137 listed chemicals, plus a class of flammable
substances (there are estimated to be thousands of chemicals in common industrial use). Only 38 of these
chemicals are currently covered by the PSM standard because of their reactivity. The CSB investigation
documented numerous examples where chemicals that were not listed caused reactions resulting in

explosions, fires, or toxic gas releases, often with fatal consequences.

EPA currently does not specifically regulate reactive hazards under its RMP rule. The Board


http://www.csb.gov/completed_investigations/docs/DS-Reactives.pdf
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investigation pointed to numerous examples where reactive accidents had a public or environmental
impact. For example, the 1999 Concept Sciences explosion near Allentown, PA, killed a member of the
public and damaged nearby businesses. The chemical involved, hydroxylamine, is not covered under the

EPA rule.

The Board further called on OSHA to modify the PSM standard by requiring companies to evaluate the
potential for hazardous reactions in each covered process. Companies would also be required to consult a
wider array of scientific and technical literature on reactivity in compiling process safety information —
information that is critical in designing safe processes and in protecting employees from workplace
hazards. The Board cited deficiencies in process safety information as a root cause of the 1998 Morton
explosion in Paterson, NJ, a reactive accident which injured nine workers and gave rise to the Board’s

reactive hazard investigation.

EPA and OSHA were also requested to collect additional information on reactive accidents within their
respective jurisdictions. CSB staff identified that progress on preventing reactive accidents was hampered
by a general lack of reliable data — including information on root causes and lessons learned. They also
noted that the tally of 167 reactive incidents was almost certainly an underestimate due to data

deficiencies.

Citing inadequacies in existing industry guidance on reactives, the Board called on the American
Chemistry Council (ACC), the National Association of Chemical Distributors (NACD), the Synthetic
Organic Chemical Manufacturers Association (SOCMA), and the Center for Chemical Process Safety
(CCPS) to develop new voluntary codes and standards for controlling reactive hazards. Two of those
groups - ACC and SOCMA - were also called on to cooperate with the National Institute of Standards and
Technology (NIST) in developing a new national database of reactivity test information. This public

database of industrial test data would complement existing knowledge on reactive hazards available from
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the published literature.

A critical function of the investigation was the collection and analysis of incident data. This incident
data provided the framework for many of the key findings, conclusions, and recommendations of the
investigation. After the publication of the report, various stakeholders requested that CSB make the raw
data collected as part of the reactives hazard investigation publicly available. The raw data and

significant findings from it are presented in this publication.

10
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2.0 Data Sources and Methods

CSB data collection efforts involved searching over 40 data sources, focusing on incidents where the
primary cause was related to chemical reactivity. For the purposes of the investigation, an “incident” was
defined as a sudden event involving an uncontrolled chemical reaction—with significant increases in
temperature, pressure, and/or gas evolution—that has caused, or has the potential to cause, serious harm

to people, property, or the environment.

The data search focused on recent domestic incidents (since 1980) where the primary cause was related to
chemical reactivity; however, the 1980 cutoff is not intended to diminish the important lessons learned
from prior incidents. The search covered both chemical manufacturing (i.e., raw material storage,
chemical processing, and product storage) and other industrial activities involving bulk chemicals, such as
storage/distribution, waste processing, and petroleum refining.! For purposes of the incident search, only

. . . 2 .
reactive incidents that caused serious consequences” were examined.

Sources of incident data included a variety of public-domain databases, technical literature, and news

accounts. Appendix A lists the major data sources used to retrieve incident data.

" Incidents involving transportation, pipelines, laboratories, minerals extraction, mining, explosives manufacturing,
pyrotechnic manufacturing, or military uses are beyond the scope of this investigation, in addition to events
involving simple combustion (i.e., rapid reaction of fuel [liquid, vapor, or dust] with oxygen in air).

? Serious consequences are injuries or fatalities, significant property damage, environmental contamination, and
offsite evacuation or shelter-in-place.

11
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3.0 Data Limitations

CSB believes that most major reactive incidents that have had high public visibility (e.g., government
agency investigations, technical literature, national press coverage), over the 22 year period from 1980 to
2001 were captured within the 167 incidents. However, less severe and near-miss reactive incidents were
difficult to capture due to data deficiencies. Thus, the tally of 167 reactive incidents is almost certainly an
underestimate. Therefore, the results of the CSB incident data analysis were acknowledged as
representing only a sampling of recent reactive incident data. This limitation precluded CSB from
drawing statistical conclusions on incidence rates or inferring trends in the number or severity of

incidents.

The availability of data was limited because of the following:

e No single data source provides a comprehensive collection of chemical incidents from which

to retrieve or track reactive incident data.

e Incident data collected by OSHA and EPA provide no functional capability to track the
occurrence of reactive incidents with serious worker or public impacts;’ such data are a
valuable resource for analyzing incident trends and developing prevention actions at a

national level.

e No one comprehensive data source contains the data needed to adequately understand root

causes and lessons learned from reactive incidents or other process safety incidents.*

3 Research indicates that the OSHA Integrated Management Information System (IMIS) identified 70 percent of the
reactive incidents in Section 3.3, but none were tracked as “reactive incidents.” Only 25 percent of the reactive
incidents that occurred from June 1994 through June 1999 were reported to EPA. These reports are contained in the
RMP 5-year accident histories sent to EPA prior to the June 1999 deadline for initial submissions.

* Only one publicly available database is designed to provide such information. The Accident Database from the
Institution of Chemical Engineers (IChemE) contains lessons learned for one-fourth of the 12,000 incidents in the
database.

12
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e [t is difficult to identify causes and lessons learned in existing sources of process safety
incident data because industry associations, government agencies, and academia generally do

not collect this information.

e Data sources contained incomplete and sometimes inaccurate incident information—for
example, on numbers of injuries and community impacts. Descriptions of incidents and

causal information were sometimes vague and incomplete.

e There are limited Federal or state requirements to report incidents unless they involve specific

consequences.

However, despite these limitations, the data provided useful insights into the profile and causes of

reactive incidents.

13
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4.0 Data Analysis Highlights

The following is a list of findings from the analysis of the data collected by CSB:

L.

The limited data analyzed by CSB include 167 serious incidents in the United States
involving uncontrolled chemical reactivity from January 1980 to June 2001. Forty-eight of
these incidents resulted in a total of 108 fatalities. The data include an average of six injury-

related incidents per year, resulting in an average of five fatalities annually.
Nearly 50 of the 167 incidents affected the public.’

Over 50 percent of the 167 incidents involved chemicals not covered by existing OSHA or

EPA process safety regula‘cions.6

Approximately 60 percent of the 167 incidents involved chemicals that either are not rated by
NFPA or have “no special hazard” (NFPA “0”).” Only 10 percent of the 167 incidents

involved chemicals with NFPA published ratings of “3” or “4.”

The OSHA PSM Standard lists 137 highly hazardous chemicals—only 38 of which are

considered highly reactive based on NFPA instability ratings of “3” or “4.”
Reactive hazards are diverse. The reactive incident data analyzed by CSB included:

e Over 40 different chemical classes (i.e., acids, bases, monomers, oxidizers, etc.), with no

single dominating class.

>« Public impact” is defined as known injury, offsite evacuation, or shelter-in-place.
® OSHA PSM Standard (29 CFR 1910.119) and EPA Accidental Release Prevention Requirements: Risk
Management Programs (RMP) Under the Clean Air Act, Section 112(r)(7) (40 CFR 68).

An NFPA instability rating of “0” means that materials in themselves are normally stable, even under “fire”

conditions.

14
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e Several types of hazardous chemical reactivity, with 36 percent attributed to chemical
incompatibility, 35 percent to runaway reactions, and 10 percent to impact-sensitive or

thermally sensitive materials.

e A diverse range of chemical process equipment—including reaction vessels, storage tanks,
separation equipment, and transfer equipment. Storage and process equipment (excluding
chemical reaction vessels) accounts for over 65 percent of the equipment involved; chemical

reaction vessels account for only 25 percent.

7. Reactive incidents can result in a variety of consequences, including fire and explosions (42

percent of incidents) as well as toxic gas emissions (37 percent).

8. Causes and lessons learned are reported in only 20 percent of the 167 incidents. (Industry
associations, government agencies, and academia typically do not collect this information.)
However, more than 60 percent of the incidents for which some causal information was
available involved inadequate practices for identifying hazards or conducting process hazard
evaluations; nearly 50 percent involved inadequate procedures for storage, handling, or

processing of chemicals."'

9. Over 90 percent of the incidents analyzed by CSB involved reactive hazards that are
documented in publicly available literature accessible to the chemical processing and

handling industry.

10. Approximately 70 percent of the 167 incidents occurred in the chemical manufacturing
industry. Thirty percent involved a variety of other industrial sectors that store, handle, or

use chemicals in bulk quantities.

11 . .. . ..
The summation of causal factor statistics exceeds 100 percent because each major incident can, and often does,
have more than one cause.

15
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5.0 Reactive Incident Data

The reactive incident data collection effort was comprehensive. It took nearly 6 months to complete. As
stated in Section 2.0, over 40 data sources were examined. These include a variety of public-domain
databases, technical literature, and news accounts. In certain cases, incident investigation reports from
companies were requested (voluntary submission) and interviews with OSHA compliance officers were

conducted to obtain detailed information (e.g., initiating event, management system deficiencies).

Reactive incidents that met the CSB definition and were within criteria limits (e.g., non-transportation,
non-military) were collected. CSB staff ensured that each incident had a unique date and location to
minimize double counting of incidents. To further ensure data quality, a contractor was hired to review

CSB data collection procedures, collected data and the CSB data analysis.

Table 1 presents the raw reactive incident data collected as part of the reactive hazard investigation.

Table 2 provides a brief description of each data field.

LR R S o TR TR S S R SR R S S SR TR R R S S R SR SR S S S R TR SR S R R TR R S S R TR SR S S SR TR R S S R TR R S R R TR SR S R R TR SR S o R SR R S R o T

Disclaimer: The contents of this data set are not a comprehensive listing of all reactive incidents
that have occurred. This data was compiled from a variety of existing sources, which are
inadequate to fully identify the frequency and causes of reactive incidents. Therefore, this data
may be of limited usefulness for drawing statistical conclusions on incidence rates or inferring
trends in the number or severity of incidents. Although the CSB is committed to gathering and
disseminating accurate information, the CSB was unable to independently verify all information
contained in the various data sources. These sources, especially those based on initial incident
reports, may contain incomplete or inaccurate information. Users of this data are requested to
attach this disclaimer to the data and cite the CSB as the source. No CSB endorsement of or
agreement with third-parties’ analysis or conclusions should be implied from or suggested by

those parties’ use of this data.
sk sk sk sk sk sfe st sk s ske sk sfe sk sk sk ske sk sk sk sk sk ske sk st sk s sk sk sfe st sk sk sk sk sk st sk sk sk sk sk sk sie sk sk sk st sk sie sk ske sk st sk sie sk sk stk sie sk sk ske stk sieoskeoskeo sl skeoskeskeoske sk skeoskoskosk
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Table 2. Data field description of reactive incident data

Data Field Description
ID # Number given to track.
Date Date of incident.
Location Location of incident.
Company Facility owner.
Chemicals Chemicals involved in incident.
Chemical 1 Class Chemical class for chemical 1.

NFPA rating given in standard 49 or 325 for

chemical 1.

Chemical 1 NFPA Number from 49/325

Chemical 2 Class Chemical class for chemical 2.

NFPA rating given in standard 49 or 325 for
chemical 2.

Chemical 2 NFPA Number from 49/325

Type of Reaction Type of reaction that caused the incident.

) Was knowledge of the chemical reaction involved
Known/Unknown Chemistry L . ] .
in incident available in open literature?

Equipment Involved Equipment where the reaction occurred.

Prominent business operation conducted at facility

Facility Type ) o ) .
involved in incident (e.g., chemical manufacturing).
Fatality Number of fatalities resulting from the incident.
Injury Did the incident result in an injury?
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Property Damage ($)

Did the incident result in property damage? And 12
incidents with largest costs regarding property

damage.

Consequences

Type of consequences from the incident (e.g., toxic

gas release, fire & explosion).

Public Impact

Did incident impact member of public? Public
impact is fatality, injury, evacuation, or shelter-in-

place of a member of the public.

Reactive Hazards

Classification of the type of reaction involved in the

incident.

Management System Deficiencies

Deficiencies in management systems that
contributed to the incident. In most cases, this

information was not determined by CSB.

OSHA PSM List

For the purposes of analyzing the data, CSB
determined if a chemical was covered by OSHA
PSM by identifying whether it was listed in PSM or
was covered as a flammable chemical by OSHA

definition.

EPA RMP List

For the purposes of analyzing the data, CSB
determined if a chemical was covered by EPA RMP

by identifying whether it was listed in RMP.

Data Sources

Primary sources used to obtain information

regarding the incident.
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Appendix A: Hazard Investigation Incident Data Sources

Title Source
NRC (National Response Center) U.S. Coast Guard (USCGQG)
IMIS (Integrated Management Information System) Occupational Safety and Health
Administration (OSHA)
The Accident Database Institution of Chemical

Engineers (IChemE)

ARIP (Accidental Release Information Program) U.S. Environmental Protection
Agency (EPA)

RMP*Info (Five-Year Accident History Data) EPA

MHIDAS (Major Hazard Incident Data Service) Health and Safety Executive,
United Kingdom (HSE)

CIRC (Chemical Incident Reports Center) U.S. Chemical Safety and
Hazard Investigation Board
(CSB)

Fire Incident Data Organization Database National Fire Protection
Association (NFPA)

Reports of Chemical Safety Occurrences at U.S. DOE

Department of Energy (DOE) facilities

Various Chlorine Related Incident Reports Chlorine Institute

Hazardous Materials Incident Reports National Transportation Safety

Board (NTSB)

Fire Incident Reports NFPA

Annual Loss Prevention Symposium (CD ROM) CCPS

Bretherick's Handbook of Reactive Chemical Hazards, Butterworth-Heinemann
6th Ed.

Loss Prevention in the Process Industries F.P. Lees

Large Property Damage Losses in the Hydrocarbon Marsh and McLennan

Chemical Industries, A Thirty-Year Review, 18th Ed.

NAPP Technologies Chemical Accident Investigation EPA/OSHA
Report
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Investigation Report

Title Source
Prevention of Reactive Chemical Explosions EPA
How to Prevent Runaway Reactions EPA
Tosco Avon Refinery Chemical Accident Investigation [EPA
Report
Surpass Chemical Company Chemical Accident EPA

Incidents in the Chemical Industry Due to Thermal
Runaway Reactions

Barton and Nolan

37



	Background
	Data Sources and Methods
	Data Limitations
	Data Analysis Highlights
	Reactive Incident Data
	Appendix A:  Hazard Investigation Incident Data Sources

