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Foreword
DOE

This non-mandatory Handbook is designed to assist Department of Energy (DOE)
and contractor managers in assessing chemical hazard management and is approved
for use by all DOE Components and their contractors. Examples of best practices
needed to institute high-quality chemical management within the context of a site's

ISM

DOE P 450.4
DEAR

Integrated Safety Management System (ISMS) are provided.
DOE Policy 450.4, “Safety Management System Policy,” and Chapter 9 of Title 48
of the Code of Federal Regulations (CFR), Department of Energy Acquisition
Regulation (DEAR), call for systematic integration of safety into management and
work practice at all facets of work planning and execution. Material acquisition,
handling, and final disposition are some of the key elements of management systems
to which the Integrated Safety Management (ISM) Core Functions are applied.
Consideration of environment, safety, and health risks for these elements is, in
principle, the same for all hazards, whether chemical, radiological, or physical.
Therefore, a quality chemical management program is merely part of a site’s ISMS
and need not call for new or additional requirements.
This Handbook is comprised of three Volumes. Volume 1 contains the core material.
Chapter 1 presents a discussion of how chemical management fits into ISM. The ISM
Core Functions (Define the Scope of Work, Analyze the Hazards, Develop and
Implement Hazard Controls, Perform Work within Controls, and Provide Feedback
and Continuous Improvement) provide the structure needed to ensure all work
activity is undertaken safely .

OSHA
EPA

A number of DOE, Occupational Safety and Health Administration (OSHA), and
Environmental Protection Agency (EPA) directives, standards, and requirements
address chemical management both directly and indirectly. DOE examples include
DOE-STD-3009-94 (CH3), “Preparation Guide for U.S. Department of Energy

DOE-STD-300994(CH3)

Nonreactor Nuclear Facility Documented Safety Analyses,” and 10 CFR 851,

10 CFR 851

“Worker Safety and Health Program” Chapter 2 discusses the elements of a qualit y
chemical management program. The elements are presented in a logical sequence
and each section includes information on applicable DOE, OSHA, and EPA
directives, standards, and requirements. The Appendices to Volume 1 contain
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sample lines of inquiry, which may be used for ISM verification and lessons learned
to allow readers an opportunity to learn from the experiences of their peers.
Volume 2 of the Chemical Management Handbook is entitled “Chemical Lifecycle
and Safety Management”. This volume covers chemical safety as it relates to the life
cycle management of chemicals. Chemical lifecycle management is a term used to
ACC
Responsible Care

describe the management of chemicals from cradle to grave. Chemical safety is a
term used to describe the safe use and storage of chemicals. The hybrid term,
chemical lifecycle and safety management is meant to convey the concept of

MSV pilot

managing the life cycle of chemicals with chemical safety in the context of ISM to
ensure that all aspects of chemical safety and management are coordinated together
and adequately addressed.
Volume 3 of the Chemical Management Handbook is entitled “Consolidated
Chemical User Safety and Health Requirements”. This volume consolidates existing
safety and health requirements for chemical users that come from various regulatory
sources (e.g., OSHA, DOE Orders) and consensus standards (e.g., NFPA, CGA,

EH-5 Chemical
Management Web
site

ANSI) that are required to be followed by DOE orders such as DOE O440.1. This
volume only addresses existing requirements and does not create any new ones. This
volume also does not include local requirements such as locally adopted building and
fire codes.
This Handbook is designed to serve as a general reference for chemical management.
It is formatted to allow quick and easy access to its content and useful references.
For example, the oversized left margin contains annotations to key points presented
in the text. In addition, in the electronic version, these annotations are active links
which allow navigation to web sites for more detailed information on specific topics.
Any beneficial comments on this Handbook (recommendations, additions, deletions)
and any pertinent data that may improve this document should be sent to: Director,
DOE Office of Health (EH-5), U.S. Department of Energy, Washington, D.C. 20585,
by letter.
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Glossary
The following definitions are based on existing DOE directives:
Authorization Basis—Safety documentation supporting the decision to allow a process or facility to
operate. Included are corporate operational and environmental requirements as found in regulations and
specific permits, and, for specific activities, work packages or job safety analyses.
Chemical - any element, compound or mixture of elements and/or compounds. A substance that a)
possesses potentially hazardous properties (including, but not limited to flammability, toxicity,
corrosivity, reactivity); or b) is included on any federal, state, or local agency regulatory list; or c) is
associated with an MSDS and is not an “Article” as defined in 29CFR1910.1200.
Chemical Lifecycle and Safety Management- Chemical lifecycle management is a term used to
describe the management of chemicals from cradle to grave. Chemical safety is a term used to describe
the safe use and storage of chemicals. The hybrid term, Chemical Lifecycle and Safety Management is
meant to convey the concept of managing the life cycle of chemicals with chemical safety in the context
of ISM to ensure that all aspects of chemical safety and management are coordinated together and
adequately addressed.
Contractor—Any person under contract (including subcontractors or suppliers) with DOE with the
responsibility to perform activities or supply services or products.
Enhanced Work Planning—A process that evaluates and improves the program by which work is
identified, planned, approved, controlled, and executed. The key elements of enhanced work planning are
line management ownership; a graded approach to work management based on risk and complexity;
worker involvement beginning at the earliest phases of work management; organizationally diverse
teams; and organized, institutionalized communication.
Environmental Management System—That part of the overall management system that includes
organizational structure, planning activities, responsibilities, practices, procedures, processes, and
resources for developing, implementing, achieving, reviewing, and maintaining the environmental policy.
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Facility—The buildings, utilities, structures, and other land improvements associated with an operation or
service and dedicated to a common function.
Hazard—A source of danger (i.e., material, energy source, or operation) with the potential to cause
illness, injury, or death to personnel or damage to a facility or to the environment (without regard to the
likelihood or credibility of accident scenarios or consequence mitigation).
Hazard Analysis—The determination of material, system, process, and plant characteristics that can
produce undesirable consequences, followed by the assessment of hazardous situations associated with a
process or activity. Largely qualitative techniques are used to pinpoint weaknesses in design or operation
of the facility that could lead to accidents. The Safety Analysis Report (SAR) hazard analysis or
Documented Safety Analysis (DSA) examines the complete spectrum of potential accidents that could
expose members of the public, on-site workers, facility workers, and the environment to hazardous
materials.
Hazard Controls—Design features; operating limits; and administrative or safety practices, processes, or
procedures to prevent, control, or mitigate hazards.
Hazard Identification – The process by which a source of danger (i.e., material, energy source, or
operation) with the potential to cause illness, injury, or death to personnel or damage to a facility or to the
environment for all possible scenarios is identified.
Integrated Safety Management Core Functions —The core safety management functions for DOE P
450.4, “Safety Management System Policy,” which are to: (1) define the scope of work; (2) analyze the
hazards; (3) develop and implement hazard controls; (4) perform work within controls; and (5) provide
feedback and continuous improvement. These functions are also identified in DEAR 48 CFR 970.52042(c).
Integrated Safety Management System—A Safety Management System to systematically integrate
safety into management and work practices at all levels as required by DOE P 450.4, “Safety
Management System Policy,” and the other related Policies: DOE O 226.1 and DOE P 450.6.
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Occurrence Report—A documented evaluation of an event or condition that is prepared in sufficient
detail to enable the reader to assess its significance, consequences, or implications and to evaluate the
actions being proposed or employed to correct the condition or to avoid recurrence.
Performance Indicator—Operational information indicative of the performance or condition of a
facilit y, group of facilities, or site.
Pollution Prevention—The use of materials, processes, and practices that reduce or eliminate the
generation and release of pollutants, contaminants, hazardous substances, and waste into land, water, and
air. For DOE, this includes recycling activities.
Risk—The quantitative or qualitative expression of possible loss that considers both the probability that a
hazard will cause harm and the consequences of that event.
Safety Analysis—A documented process to (1) provide systematic identification of hazards within a
given DOE operation; (2) describe and analyze the adequacy of the measures taken to eliminate, control,
or mitigate identified hazards; and (3) analyze and evaluate potential accidents and their associated risks.
Voluntary Protection Program—The Department of Energy Voluntary Protection Program
(DOE-VPP), which promotes safety and health excellence through cooperative efforts among labor,
management, and government at DOE contractor sites. DOE has also formed partnerships with other
Federal agencies and the private sector for both advancing and sharing its Voluntary Protection Program
(VPP) experiences and preparing for program challenges in the next century. The safety and health of
contractor and federal employees are a high priority for the Department.
Work Planning—The process of planning a defined task or activity. Addressing safety as an integral
part of work planning includes execution of the safety-related functions in preparation for performance of
a scope of work. These functions include: (1) definition of the scope of work; (2) formal analysis of the
hazards bringing to bear in an integrated manner specialists in both environment, safety and health
(ES&H) and engineering, depending on specific hazards identified; (3) identification of resulting safety
controls including safety structures, systems, and components, and other safety-related commitments to
address the hazards; and (4) approval of the safety controls.
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Work Smart Standards Process—The Work Smart Standards (WSS) process is used to reach agreement
between DOE and its contractors with regard to the applicable standards to be followed for safe work.
WSS was approved for use in January 1996 and issued as policy in DOE P 450.3, “Authorizing the Use of
Necessary and Sufficient for Standards-Based Environmental, Safety and Health Management.” The
process for applying the WSS is described in DOE M 450.3-1, “The Department of Energy Closure
Process for Necessary and Sufficient Sets of Standards.”
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Acronyms and Abbreviations
ACC

American Chemistry Council

ACGIH

American Conference of Governmental Industrial Hygienists

ACIS

Automated Chemical Inventory System

ARAC

Atmospheric Release Advisory Capability

ASA

Auditable Safety Analysis

ATSDR

Agency for Toxic Substances and Disease Registry

BHI

Bechtel Hanford Incorporated

BIO

Basis for Interim Operation

BNL

Brookhaven National Laboratory

CAMEO

Computer-Aided Management of Emergency Operations

CERCLA

Comprehensive Environmental Response, Compensation, and Liability Act

CFR

Code of Federal Regulations

CGITS

Cradle -to-Grave Information and Tracking System

CHEMTREC Chemical Transportation Emergency Center
CO2

Carbon Dioxide

CSTC

Chemical Safety Topical Committee

DEAR

Department of Energy Acquisition Regulation

DOE

Department of Energy

DOE-VPP

Department of Energy Voluntary Protection Program

DOT

Department of Transportation

DSA

Documented Safety Analysis

EA

Environmental Assessment

EH-5

DOE Office of Health

EIS

Environmental Impact Statement

EM

DOE Office of Environmental Management

EM&R

Emergency Management and Response

EPA

Environmental Protection Agency

EPCRA

Emergency Planning and Community Right-to-Know Act

ES&H

Environment, Safety and Health

EWP

Enhanced Work Planning

FEMA

Federal Emergency Management Agency

FEMIS

Federal Emergency Management Information System
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HASP

Health and Safety Plan

HAZMAT

Hazardous Materials

HEPA

High Efficiency Particulate Air

HF

Hydrogen Fluoride

HMIS

Hazardous Materials Information System

HAZWOPER Hazardous Waste Operations and Emergency Response
ISM

Integrated Safety Management

ISMS

Integrated Safety Management System

ISO

International Organization for Standardization

LDR

Land Disposal Restriction

LOI

Lines of Inquiry

MARPLOT

Mapping Applications for Response and Planning of Local Operational Tasks

MIN

Materials In Inventory

MSDS

Material Safety Data Sheet

MSV

Management System Verification

NaK

Sodium Potassium

NEPA

National Environmental Policy Act

NETO

National Environmental Training Office

NIOSH

National Institute for Occupational Safety and Health

NSC

National Safety Council

OE

Operating Experience

ORPS

Occurrence Reporting and Processing System

OSHA

Occupational Safety and Health Administration

PEL

Permissible Exposure Limit

PFP

Plutonium Finishing Plant

PNNL

Pacific Northwest National Laboratory

RCRA

Resource Conservation and Recovery Act

RMP

Risk Management Plan

RQ

Reportable Quantity

SAR

Safety Analysis Report (now termed Documented Safety Analysis)

SARA

Superfund Amendments and Reauthorization Act

SBMS

Standards-Based Management System

SLG

State and Local Guide

SME

Subject Matter Expert
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SNL

Sandia National Laboratory

S/RIDs

Standards/Requirements Identification Documents

SRS

Savannah River Site

SSC

System, Structure, or Component

TLV

Threshold Limit Value

TQ

Threshold Quantity

VPP

Voluntary Protection Program
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Introduction and Scope
Why a DOE Chemical Management Handbook?
Chemicals are ubiquitous in DOE’s nuclear and non-nuclear operations. Given their
DOE

wide application, it is not surprising that chemical incidents or exposures continue
at a rate of approximately one a day. With respect to major incidents, chemicals are
among the leading causes of DOE Type A & B accidents.
All chemical exposures have the potential for health consequences. Depending on
the toxicology and concentration, the effects of chemical exposures may be
immediate (acid burns) or long term (chronic beryllium disease or cancer). In any
case, chemical exposures may result in life threatening outcomes. Chemicals may
cause physical damage such as explosions or fires resulting in serious injury and
facility damage. Facility and mission related effects might include corrosive actions
that degrade equipment performance and residual contamination that limits the
future use of facilities and equipment. Environmental issues may arise as a result
of spills, releases, or waste chemical inventories. In addition to the health effects,
physical damage, or environmental effects that may result from a chemical incident,
there will be a need to apply scarce resources to incident mitigation.
A management response plan was implemented across DOE to address findings
present in a 1994 Chemical Vulnerability Study in an effort to reduce chemical
incidents. More recent studies (Morgan 2005) have indicated that these changes

Chemical
Vulnerability
Working Group
Report
Management
Response Plan

have not reduced the chemical incident rate across the DOE complex. To
effectively reduce both the number and magnitude of incidents, DOE needs to
effectively use its safety resources to raise the awareness of chemical hazards and
improve chemical safety management. These resources include expanded use of
chemical management best practices, lessons learned, and existing guidance.
Field operations need to ensure chemical management is fully incorporated into
ISM programs. This Handbook will describe integrating chemical management
into existing ISM programs.
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DOE P 450.4 (ISM)

Chemical Management as part of Integrated Safety
Management

This chapter presents a discussion of the five ISM core functions from the
perspective of chemical management. To accomplish work safely and protect
workers, the public, and the environment, the safety system functions to identify
hazards and establish controls. These hazards range from commonly encountered
workplace hazards to one-of-a-kind process hazards found in existing newly
designed to old, non-operational facilities. For personnel who plan tasks involving
chemicals, the goal is to ensure that safety documentation for the facility,
procedures for conducting the task, and supporting hazard identification and
analysis adequately address the full range and scope of chemical hazard(s).

1.1 Define the Scope of Work
Translating a mission into work is the first step to planning and accomplishing work
tasks safely and effectively. Planning considers the entire life cycle of a mission,
and, as such, the entire life cycle of chemicals required to accomplish the work
must also be considered.
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Defining expectations for the scope of work addresses the goals and objectives for
both DOE and the contractor to accomplish the work. At this step in planning,
safety issues relating to chemicals, chemical intermediates and chemic al products,
should be considered. These issues include, but are not limited to, engineering
controls, chemical disposal, emergency response, medical monitoring, personnel
training and exposure, facility and equipment contamination, and release to the
environment. The impact of these issues should be weighed against performance
expectations and resolved to support the mission and the allocation of resources.
When a change in the scope of work, or in requirements or regulations occurs, the
sufficiency of the set of contractual chemical management requirements must be
evaluated. As a mission matures and the work moves from one phase to another,
incorporates evolving technologies, or adjusts to changes in prioritization and
budget, the set of contractual requirements for chemical management should be
continuously evaluated as a part of the ISM self-assessment process. DOE G 450.3DOE G 450.3-3

3, “Tailoring for Integrated Safety Management Applications,” can be used to guide
the review and evaluation of work controls for managing chemicals.

1.2 Identify and Analyze the Hazards
Hazards from chemicals are identified, analyzed, and categorized prior to work
DOE G 450.4-1B

being performed. A "hazard" is defined by DOE G 450.4-1A as a source of danger
with the potential to cause illness, injury, or death to personnel or damage to a
facility or the environment (without regard to the likelihood or credibility of
accident scenarios or consequence mitigation). OSHA's Hazard Communication

29 CFR 1910.1200,
Hazard
Communication

Standard (29 CFR 1910.1200) defines a hazardous chemical as any chemical that

EPA

299 [(implementing regulations for the Resource Conservation and Recovery Act

poses a physical or health hazard. EPA defines hazardous wastes in 40 CFR 240(RCRA)].
Hazard identification is critical to the hazard analysis process. A chemical lifecycle
and safety management program must be owned by a group or individual. This
owning group or individual must understand, by education, experience, or both, the
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29 CFR 1910.119
40 CFR 355

technical aspects of chemicals, chemical safety regulations, and how these technical
aspects can influence chemical safety regulation interpretations.
Hazard identification and analysis are performed at both the site and activity level.
While activities involving large chemical quantities are generally analyzed from the
process safety perspective, activities using smaller chemical quantities are analyzed
using ISMS. Results from the hazards analyses are then used to develop mitigative
actions to protect workers, the public and the environment.

1.3 Develop and Implement Hazard Controls
Safety standards and requirements are identified and appropriate controls are
developed using the information obtained from the hazard analysis and prior to
work being performed.
The identification of standards, requirements, and work controls that are applicable
to all aspects of the work help ensure that the work is accomplished safely. This
process is undertaken using the Standards/Requirements Identification Documents
S/RIDs

(S/RIDs) or a similar process to ascertain which standards, requirements, and work
controls should be included.
For hazards that have been included in the site-wide analyses, Lists A and B at

DEAR

DEAR 48 CFR 970.5204-78(a) and (b) identify the applicable standards and
requirements. List A consists of the required applicable Federal, State, and local
laws and regulations (including DOE regulations), while List B contains the
identified DOE directives appended to the contract. However, as a result of facility
and activity level hazard analysis, new chemical hazards may be identified. These
newly identified hazards may evoke standards not identified earlier in this process.
Based on the identified hazards and standards set, controls are developed to ensure
safe operating condit ions. An integrated process to identify and apply the hierarchy
of controls (engineering, administrative, and personal protective equipment),
including pollution prevention/waste minimization options, should be in place as
part of the site’s ISMS.
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A multi-disciplinary hazard analysis team comprised of line management, health
and safety professionals , chemical professionals, and workers can effectively tailor
the controls applied to the work at the facility and site level.
DOE-STD-3009-94 (CH3) provides guidance for nuclear facilities on establishing
DOE-STD-3009-94
(CH3)

documented safety limits, limiting control settings, and limiting conditions for
operation, surveillance requirements, administrative controls, and design features
that result from a disciplined safety analysis. However, this standard does not
address common industrial hazards that make up a large portion of basic OSHA
regulatory compliance (DOE-STD-3009-94 (CH3)). Line managers need to ensure
that this interface between the DSA hazard level and activity level is addressed. 10

10 CFR 851

CFR 851 and its associated guides can be used to assist in addressing activity level
hazard analysis and controls.
For hazards not identified at a higher level analysis, unique activity-specific

EWP

controls may be required. The Enhanced Work Planning (EWP) process relies on a
work planning team to specify and tailor the controls for this level. At each level
(site, facility, activity), these multi-disciplinary teams can address all relevant
functional areas or disciplines of concern (e.g., quality assurance, fire protection,
chemical safety, industrial safety, radiological protection, emergency preparedness,
criticality safety, maintenance). Controls at the activity level may be developed
from higher-level analysis or by using the results of activity hazard analysis.
Emphasis, however, should be on designing the work and/or controls to reduce or
eliminate the hazards and to prevent accidents, unplanned releases, and exposures
(DEAR 970.5204-2(b)(6)).

1.4 Perform Work within Controls
A process to confirm adequate preparation and application of controls prior to
ISM Guide
Vol 1
Vol 2

authorizin g work should be carried out by a qualified multi-disciplinary team. First
line supervisors should team with employees, chemical lifecycle and safety
management personnel, and other safety and, health professionals to ensure proper
controls are identified and implemented to establish a safe working environment.
The hazard and complexity of work should determine the formality and rigor of the
review process, documentation, and level of authority for agreement.

5
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In general, the role of DOE and its contractors with respect to authorizing work and
work changes at any level are defined in a properly implemented ISM system. This
agreement can become the binding contractual agreement between DOE and the
contractor for predetermined hazardous facilities, tasks, or activities. However,
because all activity-level hazards in general cannot be predetermined, activity-based
hazards and controls will need to be continually modified and modified as needed.
The use of air monitoring data along with the appropriate statistical analysis can be
useful in determining if the work is being performed within controls. For example,
personal air monitoring for beryllium exposures is required by one DOE rule, 10
CFR Part 850, Chronic Beryllium Disease Prevention Program. If 10 CFR 851 is
part of the contract's List B requirements, then application of the Order requires
compliance with Title 29 of the CFR which contains substance-specific standards
that also require air sampling. In addition, 10 CFR 851 requires exposure
monitoring as appropriate for exposure assessments. In any case, good industrial
Beryllium
10 CFR 850

hygiene practice calls for personal monitoring and/or medical surveillance for any
potential exposure. Applying appropriate statistical analysis to chemical sampling
data will allow the industrial hygienist to determine potential employee exposures
and the level of controls needed, as well as determine if the operation is in
compliance with occupational exposure limits.

1.5 Provide Feedback and Continuous Improvement
The expectation for continuous improvement in safety management systems is built
into the ISM requirements. After a mission is translated into work and the set of
requirements to safely accomplish the work is identified, the contractor and DOE
should define the expectation for whether the safety management system is to meet
or exceed requirements. This expectation can influence planning, prioritization of
tasks, and resource allocation.
Sections (d) and (e) of the DEAR Clause, 48 CFR, Chapter 9 require contractors to
develop safety performance objectives, measures, and commitments to measure
ISMS effectiveness. Several tools are available to assist managers and provide
feedback on chemical lifecycle and safety management objectives:

6
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•

The set of performance measures developed by the Chemical Safety Topical
Committee (CSTC), which are provided as examples of useful measures for a

CSTC
Performance
Measures

site’s chemical management program;
•

Occurrence Reports and corrective actions for ISMS improvement
opportunities;

Occurrence Reports

•

Facility environment, safety, and health data and identification of environment,
safety, and health issues to develop improvements required in the site ISMS;

•

Worker or operator suggestions from the Employee Concerns Program and
employee safety organizations;

•

Review of DOE program and budget execution and guidance; and

•

ES&H data collection and analysis systems that support the site’s ISMS.

Chemical lifecycle and safety management should be an integral part of the ISM
evaluation and annual reporting process. It may be appropriate to include the
impact of effective chemical management in performance objectives and measures.
DOE sites and chemical industries with recognized world-class safety programs
also use leading environment, safety, and health indicators, such as completed
training, attendance at safety meetings, participation in daily or weekly walkarounds, regulatory compliance, pollution prevention, and waste minimization, to
assess the effectiveness of a chemical management system. DOE facilities that
actively involve both employees and line management in hazard analyses and selfassessments can develop efficiencies, improve processes and controls, and
empower employees to better manage the chemicals under their control.
Many commercial industries that produce or use large quantities of chemicals are
committed to going beyond requirements to ensure safe and effective operations at
their facilities. Safety performance records for these companies confirm that a
commitment to exceeding safety and environmental requirements results in success.
DOE sponsors or supports programs that can result in achieving excellent
performance in management systems. Designed for chemical manufacturers,
ACC’s Responsible Care® Program elements may be adapted for use at DOE sites.

7
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DOE Voluntary
Protection Program
ISO 14000

The Department of Energy Voluntary Protection Program (DOE-VPP) results in
safety management systems that compare to the best in industry. International
Organization for Standardization (ISO) 14000 can be used to independently
validate successful environmental management systems. Any or all of these
programs are available to improve the safe management of chemicals at DOE sites.
In conclusion, the first measure of successful ISM implementation is the
verification of the site’s program. Guidelines for ISM verification can be found in
the ISM Team Leaders Handbook (DOE-HDBK-3027-99). One step in the

CSTC
Lines of Inquiry

verification process is to develop Lines of Inquiry (LOI) for specific subject areas.
The CSTC has developed a number of LOI (see Appendix A), which may be used
by subject matter experts (SME) to evaluate a site’s chemical management
program.

2.0 Chemical Management Program
An effective chemical management program has a number of definable elements.
First and foremost, the program is part of the site's overall ISMS. However, there
are some elements familiar to any manager or safety and health professional that,
while not unique to chemical management, should be addressed in terms of the
hazards posed by chemical usage.
This chapter addresses ten elements, which can serve as the foundation of a
comprehensive chemical management program. However, the breakdown of a
chemical management program into any number of elements is an artificial process
due to the considerable overlap between elements. By lookin g at chemical
management in a broader sense, one can see that the management of chemicals is a
cycle of interrelated steps, which begins during the planning of work prior to
purchase and continues through the final disposal of the chemical. For example,
acquisition of chemicals should consider the disposal of the chemical.
The disposal of chemicals may not be considered part of the chemical management
program, but rather is included in the site's environmental management program.
However, if pollution prevention is integrated into analyses of chemical
management operations, then operators should consider ways to minimize the
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generation of wastes and prevent pollution and releases for any operation. It is
therefore important to ensure good coordination with the site's chemical
management staff and the pollution prevention/waste minimization staff.

2.1 Hazard Analysis
All chemicals have the potential to pose a hazard to human or environmental health
and safety. Even essential chemicals, such as oxygen and water, may cause injury,
fatality, or property damage given a specific set of conditions. It is the purpose of
the hazard analysis to identify the conditions that can lead to these problems. In
addition, the hazard analysis should address the severity of hazards, options for
eliminating or substituting less toxic chemicals, assessing the feasibility of
controlling the associated hazards, and assessing costs involved in the safe disposal
of the chemicals. Ultimately the hazard analysis should lead to the identification of
controls by which chemical substances can be used in a safe, non-polluting manner.

Hazard identification and analysis is a continuous process performed prior to the
time a chemical is requested for purchase through final disposal. Early integration
of exposure and hazard assessment with work planning activities will help ensure
that potential exposures and other hazards associated with the work are addressed in
the work plan.
As part of a site’s overall ISMS, hazard analyses are conducted at the site, facility,
activity, and task levels utilizing a variety of resources. The need for an integrated
approach is illustrated by reviewing DOE directives, and OSHA and EPA standards
and regulations, many of which call for some type of hazard analysis. At the
DOE-STD-3009-94
(CH3)

nuclear facility level, DOE-STD-3009-94, the preparation guide for SARs, requires
hazard analysis in Chapter 3, “Hazard and Accident Analyses,” and Chapter 8,
Section 11, “Occupational Chemical Exposures.” At the activity or worker level,

DOE O 440.1A
DOE G 440.1-1
DOE G 440.1-3

10 CFR 851 and its related guides requires the identification of workplace hazards
and evaluation of risk, and calls out OSHA standards (i.e., 29 CFR 1910 and 29
CFR 1926).
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29 CFR 1910.119
1910.120
1910.1200
1910.1450
29 CFR 1926.64
1926.65
1926.59

Examples of the OSHA standards requiring hazard analyses, either directly or
indirectly, include 29 CFR 1910.119 and 29 CFR 1926.64 [Process Safety
Management], 29 CFR 1910.120 and 29 CFR 1926.65 [Hazardous Waste
Operations and Emergency Response (HAZWOPER)], 29 CFR 1910.1200 and 29
CFR 1926.59 [Hazard Communication], 29 CFR 1910.1450 [Occupational
Exposure to Hazardous Chemicals in Laboratories, or “Laboratory Standard”], and

EPA
40 CFR 68.67

various substance specific standards in Subparts Z of 29 CFR 1910 and 29 CFR
1926. EPA also has requirements for performing hazard analyses, such as the
Chemical Process Safety Standards (40 CFR 68.67). In addition, Section 313,
Emergency Plannin g and Community Right-to-Know Act (EPCRA) contain hazard
assessment requirements. Many of the hazard assessment components of these
standards crosscut one another. Therefore, managers should evaluate and describe
the relationship of these requirements to assure a coordinated approach which will
greatly facilitate the hazard analysis process.
It is important to recognize that requirements flow down through the site, facility,
operations, and task levels. The ability to communicate and exchange information
regarding the various levels of hazards and risk analysis data is an important
component of an ISMS. As a part of ISM, managers should be able to quickly
understand the requirements, hazards, and controls of their chemical. The
establishment of clear, direct lines of communication and exchange of information
among those who conduct and use hazard analyses will provide results that support
other needed analyses (engineering, operations, and work planning), help resolve
conflicts, and eliminate duplication of efforts.
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DOE-STD-1120-98

Table 1, “Hazard Analyses Required by Directives” (taken and modified from
DOE-STD-1120-98, “Integration of Environment, Safety, and Health into Facility
Disposition Activities”), presents a model integrated approach to hazard analysis.

Table 1. Hazard Analyses Required by Directives*
Directive
29 CFR 1910.120
29 CFR 1926.65
Hazardous Waste
Operations and
Emergency Response

DOE O 420.1
Facility Safety

10 CFR851

Hazard Analysis Required

Documentation Required
•

Health and Safety Plan

•

(Documentation of these other assessments as required by
OSHA.)

Requires fire hazard analysis and
natural phenomena analysis for all
facilities. For Hazard Category 2 or 3
nuclear facilities only, requires a
criticality safety evaluation.

•

Criticality Safety Analysis

•

Fire Hazard Analysis

•

Effects of natural phenomena hazards on facility systems,
structures, or components (SSCs) included as part of safety
analysis documented in the Safety Analysis Report (SAR),
Basis for Interim Operation (BIO), or Auditable Safety
Analysis (ASA).

Requires the identification, evaluation,
and control of all workplace hazards.

•

Worker protection programs (including analysis of worker
hazards, as needed) to implement applicable requirements.

For nuclear facilities only (Hazard
Category 3 or above), requires
preliminary and final hazard
categorization and comprehensive
hazard/safety analysis to support the
conclusion that nuclear facility
activities can be conducted without
causing unacceptable health or safety
impacts to workers, public, or
environment.

•

SAR prepared in accordance with DOE-STD-3009 or a BIO
prepared in accordance with DOE-STD-3011.

•

Annual updates to either SAR or BIO for those changes that
affect the safety basis.

•

Preliminary and final hazard categorization prepared in
accordance with DOE-STD-1027.

Identification of hazards and threats for
emergency planning purposes.

•

Emergency Management Plan

Consideration of potential
environmental impact from proposed
actions.

•

For proposed activities with potentially significant impacts,
Environmental Impact Statement (EIS); or where
significance of potential impact is unclear, Environmental
Assessment (EA); unless the proposed action may be
categorically excluded; or for the specific case of
decommissioning, NEPA values may be integrated with
CERCLA documentation.

For decommissioning activities
conducted under CERCLA, requires
hazard analysis and control of change
for all potential worker hazards.
(There are other OSHA regulations that
require hazard assessments [e.g., lead
and asbestos] that may be applicable to
disposition activities.)

Worker Safety and Health
Program
DOE O 5480.23
Nuclear Safety Analysis
Reports

DOE O 151.1
Emergency Management
DOE O 451.1A
National Environmental
Policy Act (NEPA)
Compliance Program

* Source: modified DOE-STD-1120-98/Vol. 1
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2.2 Acquisition
Acquisition includes procurement, onsite synthesis, blending of chemicals ,
individuals/organizations bringing chemicals onsite, and other mechanisms.
Acquisition management arranges for the procurement of needed chemicals after
work planning, an approved hazard analysis, and life cycle analysis. In other words,
effective acquisition management addresses options for eliminating or substituting
less toxic chemicals, assessing the feasibility of controlling the associated hazards,
and assessing the costs involved in the safe disposal of chemicals. Ultimately,
acquisition management should lead to the identification of chemical substances
that can be used in a safe, non-polluting manner.
Managers, employees, and supervisors consider a number of factors during the
work planning and acquisition of chemicals, including:
•

Need for the chemical;

•

Hazards of the chemical;

•

Use of non-hazardous or less hazardous substitutes when appropriate;

•

Justifiable quantities;

•

Use of available excess chemicals in lieu of new purchases;

•

Stability/shelf life/legacy hazards;

•

Suitability of storage facilities;

•

Availability of an appropriate safe and environmentally acceptable means for
the final disposition of environmentally sensitive chemicals, products, and byproducts;

•

Waste minimization and pollution prevention, e.g., use of micro scale vs. macro
scale chemistry;

•

Required safety documentation [e.g., material safety data sheet (MSDS)]; and

•

Input of chemical information into the site chemical management tracking
system.

Excess chemicals from within a site’s inventory, as well from other sites, should be
considered as the first source of supply. In addition to site-wide systems, the federal
government, as well as DOE, has established other materials exchange programs.
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Chemical acquisition should be documented in a controlled process that addresses,
as appropriate, the identification of: (1) roles and responsibilities of those
individuals who are responsible for safely managing chemicals; (2) those
individuals who are authorized to request, approve, and sign for receipt of
DOE Materials
Exchange

chemicals; and (3) the individual (usually the requester) and group responsible for a
chemical from time of its acquisition to final disposition. Additionally, chemical
acquisition systems that require approval of the site chemical coordinator before an
order is filled can improve the control over the flow of chemicals onto the site.
DOE, OSHA, EPA and other government agencies’ directives, regulations, and
standards pertain to chemical acquisition. For example, at the activity or worker

29 CFR 1910.120
29 CFR 1910.1450
Section 313
(EPCRA)

level, 10 CFR 851requires the identification of workplace hazards and evaluation of
risk (440.1A.9). Other standards either directly or indirectly require acquisition
management such as 29 CFR 1910.120, HAZWOPER, 29 CFR 1910.1200, Hazard
Communication, 29 CFR 1910.1450, Laboratory Standard, and Section 313
(EPCRA).

2.3 Inventory and Tracki ng
All chemicals brought on site should be tracked. In addition, secondary containers
of chemicals which may already be on site should be accounted for. Examples of
secondary containers include chemical process tanks, such as electroplating plants
and chemical cleaning tanks, which can be the most prevalent source of chemical
hazards.
Chemical inventory and tracking systems provide current information on the site's
hazardous chemical and material inventories. A properly integrated inventory and
tracking system can support other environment, safety, and health requirements
(directives). This is a continuous process performed from acquisition, through
storage and use, to final disposal.
Inventory and tracking systems used throughout the complex often using bar code
scanners and computer databases,. Chemical tracking databases typically include
locations, amounts, uses, hazards, and custodians. Regardless of the inventory and
tracking software used, it is important to integrate this software with other
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environment, safety, and health systems, such as Hazard Communication, waste
disposal, medical surveillance, and MSDS systems.
The following are examples of DOE directives and OSHA and EPA standards that
pertain to inventory and tracking. 10 CFR 851 calls out OSHA standards included
in Title 29 of the CFR. Examples of OSHA and EPA standards which call for
29 CFR 1910.120
29 CFR 1910.1200
29 CFR 1910.1450
Section 313
(EPCRA)

inventory and tracking include: 29 CFR 1910.120, HAZWOPER, 29 CFR
1910.1200, Hazard Communication, 29 CFR 1910.1450, Laboratory Standard, and
Section 313 (EPCRA).

EH-41 EPCRA
Tutorial

The DOE Office of Environmental Policy and Guidance maintains a web site

40 CFR 355
40 CFR 302

tutorial. This tutorial includes a guide for identifying and tracking chemicals that

Inventory and
Tracking Software

(http://www.eh.doe.gov/oepa/laws/epcra.html) which provides a useful EPCRA
are regulated under 40 CFR 355 (EPCRA) at DOE facilities, and Emergency
Release Notification and reportable quantities (RQ) (40 CFR 302).

2.4 Transportation
The transportation of chemicals includes movement of materials from site to site
and within a site. A major transportation concern is the potential health and
environmental hazards associated with spills resulting from dropping or vehicle
accidents.

DOT
49 CFR 172.329
29 CFR1910.120
1910.1200
1910.176
1910.178

Sites must comply with Department of Transportation (DOT) requirements (49
CFR 172.329), as do the suppliers of the chemicals when transporting goods on
public roads, railroads, navigable waterways, etc. Additional transportation
requirements are found in OSHA regulations (29 CFR 1910.120 (q), 1910.1200,
1910.176, 1910.178). For other transportation of chemicals, it is a good practice to
have specific procedures for the movement of materials to avoid or minimize the
potential for spills, exposures, etc.
Roadside emergencies require quick action such as that found in the DOT

Emergency
Response Guide
Book

Emergency Response Guide Book (latest version). The shipper should be contacted
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for complete information. Each shipment requires shipping papers that are placed
in the cab of the truck. The shipping paper has an emergency contact phone
number. Other emergency information can be found in the Chemical
CHEMTREC

Transportation Emergency Center (CHEMTREC) system.

40 CFR 302.4

Transportation incidents that result in spills in excess of EPA reportable quantities

National Response
Center

(40 CFR 302.4) must be reported to the National Response Center. Spills must also
be reported to state and local emergency response organizations as required by 40

40 CFR 355.40

CFR 355.40.

Workers need to understand their roles and responsibilities when responding to a
United Nations
Placarding

hazardous materials incident. Everyone involved in the transportation function
should be familiar with DOT and United Nations (UN) placarding, as well as DOT
rules for marking, packaging, and describing hazardous materials, and training (49

49 CFR 172.329

CFR 172). Those involved also need to know the special rules for loading,
unloading, driving, and parking a truck with hazardous materials (including 49 CFR
172.329).

2.5 Storage
Chemical storage includes bulk, tank, piping, cylinder, and container storage of
solid, liquid, or gaseous chemicals. Storage regulations apply to new and unused
chemicals stored in filled or partially filled containers and chemicals stored in other
than original containers.
The safe storage of hazardous chemicals includes, as appropriate, the following:
•
(Explosives)
29 CFR 1910.109
(Anhydrous
Ammonia)
1910.111
(Flammables)
1910.106
(Dip Tank Liq.)
1910.108
(Liquefied
Petroleum Gases)
1910.110

Use of appropriate storage facilities (e.g., flammable storage cabinet for
flammable solvents, appropriate distances or barriers between incompatible
chemicals, specialized cabinets for explosive chemicals, and gas cylinder
storage sheds and racks);

•

Records of quantities and types of chemicals at each storage location;

•

Control and documentation of the addition or removal of chemicals from
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(Powered Industrial
Trucks)
1910.178

inventory at each location;
•

Periodic physical confirmation and validation of inventory records;

•

Documented maintenance and inspection programs that ensure facility
integrity;

•

Staying within facility storage limits;

•

Awareness of chemical compatibility when storing chemicals; and

•

Awareness of time, temperature, moisture, shock, etc., sensitive chemicals and
their associated hazards.

Section 2.3,
Inventory and
Tracking

The documentation and periodic confirmation and validation of inventory records
can be performed by the chemical inventory system mentioned in Section 2.3,
Inventory and Tracking.

2.6 Control of Chemical Hazards
Control of chemical hazards should be carried out at all levels (i.e., site, facility,
and activity) following the same hierarchy of controls as with any other health and
safety hazard, i.e., substitution, engineering, administrative, and personal protective
equipment. The level and rigor to which chemical hazards are controlled will
depend in part on regulatory or contract requirements.
When controls for hazardous chemicals are established, they should be based on the
OSHA PELs

hazard identification and hazard analysis, including any additive or synergistic

ACGIH

effects. If multiple hazards with varying severities exist, then the most conservative
control should be used, i.e., if two types of hazard are present which use similar
types of controls, the more protective control should be used.
To ensure control of chemical hazards, management should:
•

Substitute less hazardous chemicals, when possible.

•

Team with workers to analyze, identify and mitigate hazards.

•

Provide ventilation and/or enclosures, as needed.
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•

Ensure that all chemicals are in appropriate containers with labels and that
MSDSs are readily accessible. Title 29 CFR 1910.1200, Hazard

29 CFR 1910.1200

Communication, contains important sections about labels and MSDSs, and 29
CFR 1910.1450, Laboratory Standard, also contains a relevant section.
29 CFR 1910.1450

•

Provide exposure monitoring and medical surveillance as appropriate.
Management should establish procedures for monitoring of workers who
handle hazardous chemicals. If worker exposure exceeds acceptable DOE or
OSHA levels, an investigation should be conducted and corrective actions
instituted promptly.

•

Conduct regular training, and provide workers with information and instruction
on the use and storage of chemicals. Training supports procedural
requirements by letting workers know why actions are needed that would
otherwise be regarded as inconvenient or unnecessary.

•

Inform personnel of the signs and symptoms of control failures.

•

Provide and maintain personal protective equipment.

•

Enforce housekeeping and work practices.

For hazardous waste sites, the mechanism for identifying work site chemical
hazards and controls may be found in the site-specific Health and Safety Plan
29 CFR 1910.120
HAZWOPER
Handbook
DOE-STD-5503-94

(HASP). Details of the HASP’s requirements may be found in 29 CFR 1910.120,
and guidance may be found in the “Handbook for Occupational Health and Safety
During Hazardous Waste Activities” (DOE/EH-0535).

2.7 Pollution Prevention and Waste Minimization
Pollution prevention and waste minimization should be considered dur ing planning,
acquisition, use, consumption, excessing, recycling, and waste disposal. If the
chemical management program does not cover waste management, some interface
and coordination with the site waste management program should be in place.
Pollutio n prevention is the most responsible and preferred approach to minimizing
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DOE's impact on the environment and minimizing potential health effects on
workers using toxic or hazardous substances or handling wastes, reducing
compliance vulnerabilities, and saving money otherwise spent on waste
management. Pollution prevention is one of the fundamental principles underlying
Environmental Management Systems and, as such, should be part of each DOE
site's ISMS. DOE and contractor pollution prevention coordinators should be
consulted to assist with tailoring pollution prevention integration to meet program
requirements and site needs.

Pollution Prevention
Act

The Pollution Prevention Act of 1990 established a hierarchy of preferred practices:
•

Prevent or reduce at the source (source reduction);

•

Recycle in an environmentally safe manner;

•

Treat in an environmentally safe manner; and

•

Employ disposal or other release into the environment only as a last
resort and conduct in an environmentally safe manner.

November 12, 1999,
Memo

In a memorandum dated November 12, 1999, the Secretary of Energy announced a
pollution prevention and energy efficiency leadership program that includes the
following::
•

Design and operate DOE facilities using pollution prevention processes
that lead to minimal waste generation and lowest life-cycle costs; and

•

Diminish use of environmentally harmful materials, equipment, and
processes to minimize releases of toxic chemicals, ozone-depleting
substances, and greenhouse gases.

On April 21, 2000, the President signed Executive Order 13148, “Greening the
Government through Leadership in Environmental Management.” This Executive
Order calls for Federal agencies to set new goals for reductions in the release and
offsite transfer for treatment and disposal of toxic chemicals and for reductions in
the use of specified chemicals, which will be identified in future guidance. It also
requires that agencies review the feasibility of implementing centralized
procurement and distribution systems that allow facilities to track the acquisition,
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management, distribution, and disposal of materials containing hazardous or toxic
substances.
EO 13148

Finally, within the context of chemical management, pollution prevention is often
associated with chemical substitution. However, the environmental benefits of
pollution prevention should be carefully evaluated to ensure they never override
worker safety and health considerations.

2.8 Emergency Management
DOE O 151.1

DOE O 151.1 and its related guides establish requirements for Comprehensive
Emergency Management Systems. The DOE Office of Independent Oversight has

EH-2 Emergency
Management
Evaluation
Volume 1
Volume 2

repeatedly found a number of weaknesses in both DOE and contractor Emergency
Management programs. These findings indicate that this area should be closely
examined in the evaluation of site chemical management programs.
Proper risk assessment, planning, and preparation followed by appropriate and
timely response to emergencies is the most effective way to protect the worker, the
public, and the environment in case of accidental releases of hazardous substances.
Decisions regarding potential response actions should be addressed before an
incident occurs. During an emergency, little time exists to resolve such issues or to
practice and refine roles and responsibilities. Functions, authorities, and
responsibilities for emergency management should be documented and all
personnel properly trained. Emergency response can be greatly enhanced by
participating in an integrated planning process which includes periodic exercises
and revisions, as needed, to the plan.
DOE sites and facilities need to evaluate preparedness for hazardous materials
incidents and plan accordingly; choosing the planning elements and processes most
appropriate to their circumstances (i.e., geographic size, types of hazards,
populations at risk, resources, and level of preparedness). These elements should
be incorporated in a single emergency preparedness and response plan that
incorporates and integrates all of the various emergency requirements from DOE
directives, as well as federal and state laws and regulations.
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Various descriptions of the planning process can be found in the following
documents: Guide for All-Hazard Emergency Operations Planning [Federal
FEMA SLG 101
NRT 1
(EPA/FEMA/DOT)
FEMA 141

Emergency Management Agency (FEMA) State and Local Guide (SLG) 101];
Hazardous Materials Emergency Planning Guide (NRT-1); Technical Guidance for
Hazards Analysis (EPA/FEMA/DOT); Handbook of Chemical Hazard Analysis
Procedures (FEMA/DOT/EPA); and Emergency Management Guide for Business
& Industry (FEMA 141). These documents approaches incorporate the generic
functional requirements of planning, although the steps and procedures may be
defined somewhat differently.
Under EPA (EPCRA and RCRA), certain waste management facilities must comply

EPCRA
RCRA

with preparedness and prevention requirements (e.g., alarm/communications
systems, fire control equipment, testing/maintenance of emergency systems, etc.);
and must prepare a contingency plan designed to minimize hazards from fires,
explosions, or any unplanned release of hazardous waste or constituents. These
requirements as well as any additional state and local regulatory requirements and
procedures should be integrated with the site’s emergency preparedness program.

EH-41 EPCRA
Tutorial

The DOE Office of Environmental Policy and Guidance maintains a web site with
an EPCRA tutorial which is useful in identifying EPA requirements. Modules 2
and 3 cover Emergency Planning Notification and Emergency Releases.

2.9 Disposition
Recycling and reuse are cost saving approaches to be considered prior to the
DOE Audit Report
(Management of
Unneeded
Chemicals)

disposal of excess chemicals and chemical materials. The cost saving comes from
not having to pay for the disposal of the materials and in not having to purchase
new chemicals for use in other projects. Savannah River Site (SRS) has realized a
cost avoidance and cost savings of over $10 million through reutilization,
donations, and sales of excess chemicals (this is one of SRS’s Chemical
Management Program performance metrics.)

PNNL Cost Savings

Chemicals no longer needed to support planned activities should be removed from
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the facility inventory in an expeditious manner that is documented and in
compliance with all applicable regulations. For example, disposition of unneeded
chemicals is handled through property management regulations. The final
disposition of the chemicals should be recorded, and all applicable records should
be transferred to the appropriate personnel.
Identifying a “waste”
A determination should be made as to whether a site’s chemicals (materials) meet
the regulatory definition of a “waste.”
•

A waste is any material that is discarded by being abandoned (i.e., disposed
of, burned, or incinerated), recycled, or considered inherently waste-like .

40 CFR 261.2

•

Certain materials that are “accumulated speculatively” are designated as
waste .

•

It is important to recognize that certain materials in inventory (MIN) may
meet the regulatory definition of a waste, and thus be subject to waste
management requirements. If MIN chemicals are not reused or exchanged,
they fall into the waste category and should be dispositioned [per the DOE
Office of Environmental Management’s (EM) MIN Initiative].

EM MIN Initiative

Identifying a “hazardous waste”
The generator of a waste is responsible for determining whether waste is a
“hazardous waste” subject to regulatory requirements.
•

Procedures should ensure that a timely determination is made (by a
qualified person).

•

Procedures should be based on definitions in RCRA and applicable state
law.

•

To be classified as “hazardous,” a chemical waste must exhibit one or more
characteristics of hazardous waste, or be listed as a hazardous waste.

Hazardous Waste
40 CFR 261.20,
261.21, 261.22,
261.23, 261.24
40 CFR 261.30,
261.31, 261.32,
261.33

•

Note that the listed hazardous wastes include pure and commercial grade
formulations of certain unused chemicals [i.e., Pure (P) and Unused (U)
listed wastes].

Some requirements for storage of hazardous waste
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Examples of hazardous waste storage requirements include:
•

Mark hazardous chemical waste accumulation tanks and containers with the
date the waste was placed in the unit, as well as with the words “Hazardous
Waste.”

•

Ensure that the wastes are accumulated in units that are in good condition,
stored in areas with adequate ventilation and drainage, and kept closed
except to add or remove waste.

•

Generators of hazardous waste are subject to specific quantity and time
limits that restrict the amount of waste that may be stored on site at any one
time (i.e., without a permit), and the length of time such storage is allowed.

40 CFR 262.34

Other requirements for permitting and disposal also exist.
This brief overview does not identify all regulatory requirements which may apply
to a site’s waste. However, it is the responsibility of the site to do so.

2.10 Training
29 CFR 1910.132
29 CFR 1926.95
29 CFR 1910.134
29 CFR 1926.103
29 CFR 1910,
Subpart Z substance
specific standards
29 CFR 1926,
Subpart Z substance
specific standards
29 CFR 1910.1200
29 CFR 1926.59
29 CFR 1910.1450
EO 13148

A comprehensive integrated environmental, health, and safety training program is
a key element in providing a cost-effective means to meet the training
requirements for personnel who handle chemicals. The training program must
cover all applicable OSHA,EPA, DOE, and other applicable requirements for
personnel at DOE sites handling chemicals, including workers, supervisors,
managers, and visitors. The content and rigor of training should be commensurate
with the potential hazards, exposures, and worker roles and responsibilities . All
personnel who may be potentially exposed to hazardous chemicals require hazard
communications training.
Training is required for new workers and workers should be retrained regularly or
whenever there is a change in processes or procedures.
Instruction at a minimum should enable employees to:

MSDS

•

Identify resources for chemical information.

•

Explain information contained on the MSDS and label.
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•

Locate the MSDS in their area.

•

Name hazardous substances in their area.

•

Describe the proper handling and storage of chemicals.

•

Demonstrate actions necessary to handle chemical spills.

•

Disposition of chemicals.

•

Demonstrate proper use and care of protective equipment.

•

Explain emergency and first aid measures.

•

Understand pollution prevention requirements.
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Appendix A
During the 1999 joint DOE/Energy Facility Contractors Group Chemical Safety Workshop, a subgroup
was formed to better integrate Chemical Management into the Department’s ISM policy. The team,
representing both DOE and contractor representatives from across the complex, developed the following
sample Lines of Inquiry.

REVIEW CRITERIA AND SAMPLE LINES OF INQUIRY FOR CHEMICAL MANAGEMENT
FOCUSING ON CHEMICAL HAZARDS MANAGEMENT
The following provides a collection of lines of inquiry that could be used in an assessment of the chemical
management functional area. The lines of inquiry are grouped according to the general criteria for a
subject matter expert (SME) evaluation recommended in the Integrated Safety Management System
(ISMS) Team Leader’s Handbook. These lines of inquiry are suitable for use by a chemical management
SME within a broader ISMS review or in a “stand-alone” review of a chemical management program.
The lines of inquiry may be used in reviewing requirements' documentation, interviewing personnel, or
observing activities. A robust set of lines of inquiry would enable determination that the given criteria are
met.
Members of the Chemical Safety Topical Committee and others with experience in reviews and
verifications in this functional area are invited to add to these suggested lines of inquiry, so this collection
continues to grow as a valuable resource.
OBJECTIVE
Within the Chemical Management area, the planning of work includes an integrated identification and
analysis of hazards, and development and specification of necessary controls. There is an adequate
process for the authorization and control of work, and a process for identifying opportunities for feedback
and continuous improvement. Within the Chemical Management area, line managers are responsible for
safety; clear roles and responsibilities have been established; and there is a satisfactory level of
competence.
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CRITERIA AND LINES OF INQUIRY
Criterion 1
Procedures and/or mechanisms for activities involving chemicals require adequate planning of individual
work items to ensure that hazards are identified and analyzed, and that appropriate controls are
identified and selected for subsequent implementation.

Lines of Inquiry
§

What is the process used to identify potentially hazardous chemicals that are used or stored in the
facility? What hazard analyses are conducted for such chemicals and for chemical processes in the
facility? What is the "driver" for these hazard analyses?

§

What are the qualificatio ns of personnel performing chemical hazard analysis? Are "hands-on"
employees involved in all chemical hazard analyses conducted by SMEs? Do environment, safety
and health (ES&H) professionals conduct walk-downs of facilities in which chemicals are to be used
or stored, prior to completing the hazard analysis?

§

Do the work packages reflect a well-developed planning process that incorporates potential chemical
safety concerns?

§

Has the facility adequately implemented a job hazard analysis procedure for work planning? Is
chemical safety integrated into this process? Is identification (and reduction) of waste generation
integrated into this process?

§

Are there procedures or instructions in place to specify when review and approval are needed on
project documentation to ensure that any chemical hazards management concerns are addressed?

§

Does a facility-specific procedure exist to implement a comprehensive chemical hazard management
program? Does it reflect site-wide requirements and all applicable standards?

§

Are waste types, quantities, and their associated hazards identified in the job hazard analysis and
work planning process?
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§

Are hazards of legacy chemicals (e.g., abandoned, residual chemicals in tanks and pipes with
inadequate controls) properly identif ied and addressed? Have their potentially degraded storage
conditions been considered? Have these chemicals been sampled and characterized? Are there
adequate controls to prevent and mitigate adverse consequences? Are the containers of these
chemicals periodically inspected and maintained? Are the hazards of these chemicals appropriately
and sufficiently addressed in the facility’s safety basis?

§

What is the regulatory status of the legacy chemicals in the facility? Has the regulatory status of the
legacy chemicals as hazardous waste been appropriately determined?

§

Has pollution prevention (substitution with a non-hazardous material or reduction in quantity used)
been considered, when applicable, as a way to prevent or mitigate chemical hazards?

§

Are adequate and appropriate controls for chemical hazards identified through the hazard analysis?
Are adequate controls identified for all chemical hazards? Are engineered controls preferred over
administrative controls? Are administrative controls preferred over personal protective equipment?
Are passive controls preferred over active controls?

§

Are hazard assessments essential to emergency response established and maintained?

Criterion 2
Procedures and/or mechanisms for the acquisition, storage, use, and disposal of chemicals contain clear
roles and responsibilities. Chemical management is effectively integrated with line support managers to
ensure that line managers are responsible for chemical management.

Lines of Inquiry
§

Are the responsibilities of line management for chemical safety and chemical management clearly
defined, documented, and understood?

§

Are the roles and responsibilities of support staff and other personnel associated with the facility’s
chemical management program/system clearly defined, documented, and understood? Have the
primary and secondary points of contacts been identified?

A-3

DOE-HDBK-1139/1-2006
§

Are the roles and responsibilities of personnel providing chemical safety expertise and support
properly integrated with the line management’s responsibilitie s relative to operations?

§

Who is responsible for controlling the hazards arising from chemical storage and use in the
workplace? How are they held accountable?

§

What processes are in place to ensure adequate input by ES&H and other appropriate professionals in
the designation of controls for chemical hazards, and in how they are implemented?

§

Are the resources needed for providing an adequate level of chemical safety and management support
being communicated to the line management? Is management responsive to the resource needs and
concerns identified by ES&H and other appropriate professionals?

Criterion 3
Procedures and/or mechanisms for the acquisition, storage, use, and disposal of chemicals require
selected controls to be implemented, that those controls are effectively integrated, and that their
readiness is confirmed prior to the performance of work.

Lines of Inquiry
§

Do facility and warehouse control procedures properly implement chemical management procedures
to ensure safe handling and storage of chemicals?

§

Is prevention and source reduction of hazardous materials supported by appropriate procurement and
inventory practices?

§

Is the chemical inventory at a given storage location being properly updated as the inventory
changes? Is the inventory inspection and surveillance conducted at an appropriate frequency? Do all
chemical storage areas receive adequate coverage through periodic surveillance?

§

Is a database or hardcopy file maintained of Material Safety Data Sheets (MSDS) for chemicals used
and stored at the work-site and at the facility? How is access to MSDS information provided to
workers?
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§

Is there a procedure that ensures that chemicals stored in a given location are compatible? Is it
adequately implemented?

§

What criteria are used to select appropriate standards and requirements (e.g., Work Smart Standards,
Standards/Requirements Identification Documents, or others, as applicable) to address all chemical
hazards? What are the qualifications of individuals performing standards selection?

§

What processes are in place to ensure adequate input by ES&H professionals in the implementation of
controls for chemical hazards?

§

What is the process for authorizing a chemical to be used on the site? What pollution prevention
practices are conducted at the site? Is there a list of restricted chemicals? How is chemical storage
and use policed? How are excess or waste chemicals disposed of? What processes are in place to
assure chemicals are not abandoned when work on a project ceases?

§

What means are employed to ensure that the identified controls are implemented, and are operable
and functioning so long as a chemical hazard is present?

§

Is personal protective equipment required to be used for any activity involving hazardous chemicals?
Has substitution of a less hazardous chemical been considered? Are engineering controls in place or
planned for these operations? What other controls or measures are in place for these operations?

§

When and how is a decision made to evaluate employee exposure to a chemical hazard? What is
management's role in assuring that chemical exposures are evaluated and properly addressed?

§

How does your occupational medicine group become aware of chemical usage and employee
exposure to specific chemicals? What are their roles and responsibilities once an employee's
exposure has been demonstrated?

§

Are changes to mission, operations, and conditions analyzed for needed changes to requirements?
How are ES&H personnel involved in this process?
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Criterion 4
Procedures and/or mechanisms for acquisition, storage, use, and disposal of chemicals require that
personnel who are assigned to the subject area have a satisfactory level of competence.

Lines of Inquiry
§

What training is provided to employees on the hazards of chemicals and chemical processes they
work with, and on the controls that are most appropriate for those hazards? How frequently is this
training provided? Is this training kept current? What is the frequency of refresher training provided
for affected employees? Is training effectiveness measured? If so, how?

§

What training is provided to supervisors and managers on management of hazards arising from
chemical storage and use?

§

Are requests for assistance and documents for information or review distributed to appropriately
qualified and knowledgeable staff?

§

Are chemical safety support staff sufficiently familiar with facility operations? Do they participate in
routine inspections, assessments, and audits; in training; and in the categorization, analysis and
development of corrective actions for occurrences?
Do they participate in overseeing the implementation of selected controls and in followup inspections
of those controls?

§

Are the managers, supervisors, and support staff sufficiently knowledgeable about pollution
prevention and waste minimization (prevention and source reduction of hazardous materials), such
that these are incorporated into their chemical hazard prevention and mitigation activities?

§

Does the organization (internal or subcontractor) responsible for providing chemical safety support
use a training implementation plan to manage staff training and qualifications?

§

Do position descriptions for points-of-contact or coordinators responsible for chemical hazards
management appropriately reflect their duties and responsibilities relative to chemical safety, as well
as their training and subject matter competency?
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Criterion 5
Procedures and/or mechanisms require that feedback and continuous improvement occur with regard to
chemical management, chemical safety, and pollution prevention.

Lines of Inquiry
§

Has the facility performed an assessment and gap analysis to identify significant gaps and
deficiencies in its program? Does the facility maintain its corrective action plan up-to-date? Are the
action items prioritized? Have the corrective actions completed been properly closed? Are open
items being pursued according to their priority?

§

Do post-job critiques and reviews reveal that chemical safety concerns were adequately handled, or if
identified, they were adequately pursued and resolved? Is there evidence showing that lessons
learned are properly used to improve work conditions or performance?

§

Are assessment results communicated to senior management for their use in making informed
determinations? Do managers routinely use feedback tools, such as performance indicators, reviews,
debriefs, and lessons learned?

§

Are occurrence reports evaluated for applicability and communicated to the right individuals?

§

Are suggestions of employees and other professionals used to improve performance?
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INTENTIONALLY BLANK
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Appendix B
LESSONS LEARNED
The following lessons learned are extracted from DOE Operating Experience (OE) Weekly Summary and
Occurrence Reporting and Processing System (ORPS) reports and are included in this Appendix as
potential learning and training tools for the reader.
Safe storage of chemicals.
•

Students discovered a cylinder containing hydrogen fluoride (HF) that had ruptured inside a storage
room next to a laboratory. Following the cylinder failure, investigators learned of a letter DuPont
Fluoroproducts sent to its customers two and a half years earlier about the potential over-pressure
hazard associated with the long-term storage of Anhydrous HF in carbon steel cylinders. The
cylinder was a lecture bottle that had been stored at the university for 22 years. (OE Weekly
Summary 99-25)

•

Three reactor auxiliary operators were exposed to trimethylamine above the short-term (15-minute)
exposure limit while recharging an ion exchange resin in a demineralizer tank. Investigators believe
that the excessive off-gassing of trimethylamine resulted from the drums of resin being stored at a
higher temperature than that recommended on the MSDS. (ORPS Report ID--LITC-ATR-19980014)

•

Facility chemists found five sealed containers of lithium metal stored inside a nitrogen glove box
instead of an adjacent argon glove box. Lithium reacts with nitrogen and can result in highly
exothermic reactions when exposed to water or oxygen. (ORPS Report ID--LITC-ERATOWNFAC1998)
•

A cleaning subcontractor employee became nauseous and vomited while spraying a chemical
cleaner in a restroom in the administration building. Investigators determined that the spray bottle
was mislabeled "Crew," which is a chemical manufactured for cleaning toilet bowls and sinks.
The label did bear the manufacturer’s warnings, but the bottle actually contained nearly full
strength Lysol liquid cleaner. (ORPS Report ORO--MK-WSSRAP-1998-0040)

B-1

DOE-HDBK-1139/1-2006
•

A maintenance crew discovered a small vial labeled "picric acid" in a crawl space while they were
performing a pre-job walk-down for maintenance on some steam lines. Picric acid is normally used
as an aqueous solution and an explosive mixture results when the solution crystallizes. Eight similar
occurrences involving picric acid were found dating back to 1990. In these events, explosive safety
specialists removed the acid and either chemically neutralized it or detonated it in a safe area. (OE
Weekly Summary 98-05)

•

On March 5, 2002, at Rockey Flats Environmental Technology Site, facility personnel found
approximately 14 containers of combustible liquids that were not stored in flammable liquid storage
cabinets as required. Spark-, heat-, and flame-producing activities were curtailed in affected areas
until the combustibles were removed form the facility. Facility management identified this
occurrence as a programmatic deficiency because the applicable program requirements for controlling
flammable/combustible liquids were not met. (ORPS Report RFO-KHLL-371OPS-2002-0014)

•

In January 2003, at the Lawrence Livermore National Laboratory, a researcher’s mixture of 2 percent
potassium dichromate in concentrated sulfuric acid leaked from its container, wetting adjacent
containers, soaking into the wood floor of a cabinet, and spilling out onto the floor of the room. The
leaking chemicals presented a safety hazard in the laboratory that could result in injury, illness, fire,
or property damage. (SELLS Identifier LL-2003-LLNL06)

Inadequate control of chemical hazards.
•

The Type ‘A’ investigation of a sodium potassium (NaK) accident that occurred at the Y-12 plant
on December 8, 1999, identified a lack of understanding of the hazard from NaK and its reactive
by-products as one of the root causes of the accident. The investigation found that personnel
involved in planning the task, the safety documentation for the facility, the procedure for the task,
and the procedures supporting hazard identification and analysis did not address the complete
NaK hazard. The investigation also determined that detailed hazard identification data supported
by accident analysis and appropriate control information was readily available.

•

On September 27, 2003, five Los Alamos National Laboratory (LANL) workers cutting a glovebox
coolant line became ill from toxic vapors caused by thermal decomposition of refrigerants in the line.
All workers were wearing personal protective equipment including Level II anti-contamination
clothing. Investigators determined that the potential hazard had not been identified before work
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began and that the situation was exacerbated by performing work in a tent that had limited air flow.
(ORPS Report ALO-LA-LANL-TA55-2003-0022; update/final report filed April 16, 2004)
•

On July 28, 2003 at the Nevada Test Site, technicians found the bottom head from a 110 gallon
testing cylinder that apparently burst the previous weekend. The cylinder contained 55 gallons of
hydrochloric acid, which was sprayed over a 50-foot radius when the vessel ruptured. The acid spray
damaged some equipment, and personnel would very likely have been injured had the cylinder burst
during working hours. (ORPS Report NVOO—BN-NTS-2003-0011)

Training. These events underscore the importance for chemical worker training to include hazard
information and lessons learned from accidents, previous studies, and similar events involving the same
chemicals and chemical work practices
•

A chemical tank explosion caused significant localized damage to a facility. Personnel failed to
recognize the phenomenon that was being created inside the tank. Concentration by evaporation of a
dilute solution of hydroxylamine nitrate and nitric acid occurred to the point where an autocatalytic
reaction created a rapid gas evolution that over-pressurized the tank beyond its physical design
limitations. Similar hazards were identified as early as 1970, and reports of various accidents were
available to the facility. However, these hazards were not included in training and qualification
programs to heighten awareness of the chemical hazards. (ORPS Report RL--PHMC-PFP-19970023, Final Report 05-17-99)

•

An explosion occurred when a chemical operator performing lithium hydride recovery operations
submerged a high-efficiency particulate air (HEPA) filter embedded with lithium hydride residue into
a salvage vat containing demineralized water. Lithium hydride reacts exothermically with water to
form caustic lithium hydroxide and flammable hydrogen gas. The exothermic reaction produced
enough heat to begin burning the filter’s wood framing, even though the filter was submerged.
Investigators believe that oxygen from air trapped in the filter combined with the hydrogen generated
from the reaction caused the explosion. Investigators also determined that it had once been a skill-ofthe-craft practice to perforate a filter with holes before cleaning to more efficiently liberate entrapped
air and hydrogen during the reaction. This past practice had been lost over time, owing to the attrition
of experienced operators, and had not been captured in the procedure for cleaning the filters. (ORPS
Report ORO--LMES-Y12NUCLEAR-1999-0031)
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•

A high-pressure carbon dioxide (CO2) fire suppression system unexpectedly actuated, resulting in
one fatality, several life-threatening injuries, and significant risk to the safety of the initial rescuers.
Investigators determined the inadvertent operation of electric control heads released CO2 into the
occupied space without a discharge warning alarm. In addition, the CO2 system was not physically
locked out as was required. The procedure that required this barrier had not been updated or used for
this work. The requirement to train workers in the hazards of emergency response to CO2 discharges
had not been incorporated into training programs. A contributing cause for the accident was the
failure to take corrective actions and apply lessons learned from previous accident investigations,
particularly in work planning and control. (ORPS Report ID--LITC-TRA-1998-0010)

•

A subcontractor employee was sprayed with acid when he inserted a hydrochloric acid pump into a
drum of sulfuric acid. When the two acids mixed, a violent chemical reaction caused acid to be
sprayed from the drum approximately 10 feet to the ceiling and onto the employee. (ORPS Report
ORO--MK-WSSRAP-1999-0004)

•

A technician working in a laboratory discovered a ruptured 1-liter polyethylene bottle of acid on the
floor of a chemical hood. Laboratory personnel had heated it to approximately 140 degrees, capped
it, and placed it in the hood to cool down. Chemists believe that off-gassing of the acid mixture at an
elevated temperature built up sufficient pressure to rupture the bottle. (ORPS Report SR--WSRCFSD-1998-0004)

•

Hazardous waste workers discovered a ruptured 1-liter glass bottle labeled "Used Nitric Acid" in a
waste room. Investigators determined that the unvented bottle had accumulated pressure over time,
causing it to burst. (ORPS Report CH-BH-BNL-NSLS-1996-0002)

•

A building was evacuated due to fumes generated by mixing a solution of nitric acid, hydrogen
fluoride, and acetic acid with a solution of ethanol, hydrofluoric acid, and water. Investigators
determined that the fumes resulted from a reaction between incompatible materials being mixed for
waste disposal by a technician. (ORPS Report SAN--LLNL-LLNL-1997-0037)

•

A researcher was adding methanol to two vials containing sodium permanganate and polychlorinated
biphenyls when an unexpected energetic reaction caused the mixture to spray from the vials and onto
the researcher's gloves. Investigators determined that there was an inadequate evaluation of chemical
compatibility. (ORPS Report ORO--ORNL-X10ENVIOSC-1996-0001)
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•

Personnel who responded to a chemical spill of methyl acrylate were never briefed by facility
personnel. As a result, they did not assume command of the event, even though facility procedures
require the command to be transferred to Emergency Management and Response (EM&R) if the
facility does not have adequate resources to handle an event. The fact that the facility called for the
hazardous materials (HAZMAT) team and used the services of occupational medicine was a sign that
it did not have the necessary personnel to deal with the event, so EM&R should have assumed the
role of incident commander. Furthermore, no one was concerned about the flammability of the
chemical. No one called the fire department to respond as a precautionary measure. If the methyl
acrylate had ignited, a fire could have quickly spread through the rest of the lab. Also, if a fire had
occurred when the spill response team entered the room, they could have been severely burned.
(ORPS Report ALO-LA-LANL-TA55-1999-0032)

•

During a chlorine leak, the emergency response team was not totally familiar with the facility
systems. Plant operators had to tell them how to isolate chlorine cylinders and how to reset alarms to
determine if they were still detecting chlorine. (ORPS Report RL--PHMC-S&W-1999- 0002)

•

A researcher did not immediately notify his manager or emergency response personnel after a vessel
ruptured and expelled a mixture of 130 degrees centigrade trichloroethylene and hydrogen peroxide
from the face of a fume hood. (ORPS Report RL--PHMC-PNNLBOPER-1998- 0022)

•

Facility personnel waited approximately 30 minutes before reporting a 2-gallon spill of radioactive
phosphoric acid. Also, personnel in the spill area did not observe restrictions on eating, drinking, and
smoking, and some workers assisted emergency operations personnel without wearing personal
protective equipment. (ORPS Report RFO--KHLL-LIQWASTE-1998-0002)
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