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in the belief that designing out hazards is the and redesign of work facilities, processes, equip-
most effective means to prevent occupational —ment, tools, work methods and work organization.
injuries, illnesses and fatalities. NIOSH-sponsored NIOSH (2010) published a detailed plan in 2010
research has produced a model to guide or-  to implement its initiative with defined goals and
ganizations in implementing these meth-  activities in five major areas: research, education,
ods. This article shares those elements. practice, policy and small business. This article
The first element includes PTD lan- highlights findings from recent research that led to
guage for SH&E policies and management  development of a model PTD program (Renshaw,
system standards. The second element 2011). The model provides PTD language for use in
provides strategic guidance for integrat- amending policies and standards as well as strategic
ing PTD into capital project and manage- and tactical guidance to help organizations incor-
ment of change (MOC) work processes. porate PTD methods into their design and redesign
The third element encompasses tactical —process (see “PTD Methods” sidebar).
guidance in applying hazard analysis and The model program is designed to support the de-
risk assessment tools. Design checklists velopment of a PTD culture and can be a stand-alone
and an industry case study are discussed as  standard or can be integrated within an organiza-
examples of translating safe practices into  tion’s safety management system. Guidance ad-
safe designs. The SH&E professional’s role  dresses three key elements associated with program
and importance in implementing PTD are  implementation: 1) setting policy and standards;
reviewed as well. 2) establishing work processes and procedures; and
PTD is a concept grounded in the belief ~ 3) applying tools and practices (Figure 1).
that designing out hazards is the most ef-
fective means of preventing occupational  Setting Policy & Standards
injuries, illnesses, fatalities and exposures Creating awareness of PTD and obtaining man-
(NIOSH, 2010). While the concept is fa- agement commitment to incorporate PTD meth-
miliar to safety professionals, incorporat- ods into safety management systems and work
ing prevention considerations into new processes are essential in implementing success-
designs and redesign projects on a sys- ful PTD programs (NIOSH, 2010, p. 4). This does
*NI0SH-sponsored tematic basis can be daunting. not mean the awareness and commitment stages
hh duced NIOSH addressed this challenge in 2007 of PTD adoption need always start at the highest
research has procuce by launching a national initiative (Schulte, levels in an organization.
a mod_el {)_rogra}m to helpt Rinehart, Okun, et al., 2008) designed to Much can be said for an evolutionary rather than
g’TQI;‘ Illl::?h?;ss il:tzotzgts)irant/a raise awareness of the need to prevent or  a revolutionary approach in creating awareness and
redesign processes 9 reduce work-related injuries, illnesses, fa-  gaining commitment to PTD. The evolutionary ap-
eEach eIeI:nen t of this model talities and exposures by including preven-  proach involves a steady climb up the stairs, whereby
program is described and tion considerations in all designs that affect  key stakeholders such as engineering, manufactur-
rted b les individuals in an occupational environ- ing, procurement and SH&E professionals are fa-
supported By examples. ment. NIOSH expects to accomplish this  miliar with key concepts, benefits and, if possible,
mission by helping employers apply hazard ~ success stories. Early and frequent dialogue with
key stakeholders is a critical step in gaining their
commitment and support for formal PTD adoption
by top management. Without the support of these
functions, implementation may at best be delayed

Prevention through design (PTD) is grounded  elimination and risk control methods in the design

IN BRIEF

*Prevention through design
(PTD) is grounded in the
belief that designing out
hazards is the most effec-
tive means of preventing
work-related injuries, ill-
nesses and fatalities.
*While the concept is
embraced by most safety
professionals, incorporat-
ing PTD considerations into
new designs and redesign
projects on a systematic
basis can he a challenge.
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Academy and AIHA Foundation. Renshaw currently serves on the Manufacturing aligned and committed to PTD adoption, that en-
Sector Council for NIOSH's National Occupational Research Agenda. dorsement must be formalized and communicated
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through the organization’s
SH&E policy statement. The
incorporation of PTD as a
guiding principle elevates PTD
to the same level of impor-
tance as other safety principles
such as sustainability, contin-
uous improvement and regu-
latory compliance. The specific
language of the sample policy
statement in the model pro-
gram (Renshaw, 2011) is: “We
will include prevention con-
siderations in all designs and
redesign of facilities, equip-
ment, processes, work meth-

PTD Methods

eEliminating hazards and controlling risks to workers to an ac-
ceptable level at the source or as early as possible in the life cycle of
equipment, products or workplaces.

eIncluding design, redesign and retrofit of new and existing work
premises, structures, tools, facilities, equipment, machinery, prod-
ucts, substances, work processes and organization of work.

eImproving worker safety and health through the inclusion of
prevention methods in all designs that impact workers and others
on the premises.

Note. From Prevention Through Design: Plan for the National Initiative
(p. 6), by NIOSH, 2010, Cincinnati, OH: U.S. Department of Health and Hu-
man Services, CDC, Author.

ods and products, and will
incorporate safe design meth-
ods into all phases of hazard and risk mitigation.”

Management’s adoption of PTD also needs to
be reflected in the organization’s safety manage-
ment system. Organizations operating within the
framework of a formal system such as ANSI Z10
(ANSI/ATHA, 2005; ASSE/AIHA, 2012) will need
to insert appropriate PTD wording in their stan-
dards that address safety policy, design review and
MOC (Section 3.1.2, p. 12; Section 5.1.2, pp. 18,
19). Comparable sections of OHSAS 18001 (BSI,
2007) cover SH&E policy, hazard identification,
risk assessment and hazard control (Section 4.2, p.
5; Section 4.3.1, pp. 6, 7).

Suggested PTD language for each section is in-
cluded as proposed amendments in the model
(Renshaw, 2011). These amendments formalize an
organization’s commitment to hazard identification
early in the life cycle of facilities and processes, as
well as its consideration of the hierarchy of control
in eliminating hazards and enacting controls. Or-
ganizations that do not have
a formal safety management
system can incorporate PTD
language into specific work
processes and procedures.

Figure 1

start-up and process optimization. By incorporat-
ing PTD into this process—the cornerstones, safety
design reviews, hazard analyses and risk assess-
ments—have a high likelihood of being applied on
aregular and timely basis to capital projects.

Many companies manage and execute capital
projects based on the formal Stage-Gate approach
for managing projects in the new product develop-
ment process (Cooper, 1993). The process involves
discrete stages (Figure 2, p. 52) covering the life
cycle of a project from stage 1, project initiation,
to stage 7, project closeout (Dysert, 2002; Lawson,
Wearne & Iles-Smith, 1999).

A key feature of this approach is the definition of
critical project execution and design activities called
deliverables, and specific points of project review and
approval called gate meetings, normally held at the
conclusion of each project stage. These meetings are
key checkpoints that ensure that the necessary level
of engineering design and documentation has been

Key Elements for Incorporat-
ing PTD Methods Into Design
& Redesign Processes

Establishing Work
Processes & Procedures

The second key imple-
mentation element involves
the establishment of work
processes and procedures, or
modification of existing ones
to include PTD methods. The
strategic purpose is to inte-
grate PTD into two key pro-
cesses associated with design
and redesign: the capital proj-
ect process and MOC.

Capital Project Process

The capital project process
(CPP) is a mechanism used to
manage the development and
execution of capital projects
from idea conception through
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Figure 2
Stages of the Capital Project Process
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provided; that the required design and technical re-
views have occurred; and that the project is viable
and ready to proceed to the next stage.

This approach also provides a unique opportunity
for an organization to integrate safety-related de-
liverables, such as design reviews, with the project
execution and design deliverables of CPP. To capi-
talize on this opportunity, the project’s safety deliv-
erables must be identified and synchronized with
the project execution and design deliverables for
each project stage. For example, for stage 1 (initia-
tion), project execution and design deliverables may
include development of a project mission, goals, ob-
jectives, scope and a project execution strategy.

Corresponding safety deliverables may include a
preliminary SH&E project plan, a preliminary regu-
latory and permit plan, early identification of signif-
icant and unique SH&E hazards and risks, and early
identification of PTD opportunities. Table 1 lists
potential project execution and design deliverables
and SH&E deliverables. Identifying and synchro-
nizing safety deliverables with project execution
and design deliverables is a critical contribution an
SH&E professional can make in implementing PTD
methods. Renshaw (2011) provides a sample list of
SH&E deliverables for all project stages.

Verifying and documenting the completion of
committed SH&E deliverables at the conclusion
of each project stage is an important part of CPP.
Methods to accomplish this step vary in sophistica-
tion among organizations. The template shown in
Figure 3 is an example. This template requires that
the project manager provide sign-off on each SH&E
deliverable. In other cases the sign-off responsibility
may reside with the project team member who is
accountable for the deliverable in question.

Table 1

Example Project Deliverables
for Capital Project Process,
Stage 1: Project Initiation

Bender (2011) reported on a sign-off process in-
volving a proprietary Microsoft Access/Visual Ba-
sic desktop application. This system requires that
SH&E activities such as design reviews have been
completed and that specific SH&E-related features
have been included in the final designs. Whatever
approach is used, completion of the specified safety
deliverables is necessary for the project to progress
through subsequent stages and, ultimately, to proj-
ect completion.

Management of Change

An MOC process is normally used to address the
effect of major and minor changes on safety. (U.S.
establishments covered by OSHA's Process Safety
Management Standard and those with Program-3-
covered processes under EPA’s Risk Management
Plan Rule must implement MOC procedures for all
changes to facilities, process chemicals, technol-
ogy, equipment and procedures except replacement
in kind changes).

Like CPP, the process provides a strategic oppor-
tunity to incorporate PTD methods into design and
redesign. Linking PTD methodology to the MOC
process helps to ensure that SH&E design reviews,
hazard analyses and risk assessments are conducted
before a change is made. A well-executed MOC
process also ensures that appropriate PTD meth-
ods are used to properly classify the level of each
change. Figure 4 illustrates how the level of change
should drive the type of review.

The model PTD includes a model MOC stan-
dard (Renshaw, 2011). It defines the MOC process
and provides a flowchart to follow in address-
ing change; it also contains definitions of the
various levels of change and examples of popular
SH&E design reviews, hazard
analysis and risk assessment
techniques. Furthermore, by
linking PTD methods to the
MOC process, an organization
better ensures that prevention
methods are carried through
to the final designs associated

CPP stage 1: Project
execution/design deliverables

CPP stage 1: OSH deliverables

with each change.

Applying Tools & Practices

Project mission, goals and objectives

Preliminary OSH project plan

The third element of PTD

Project manager, customer/owner

Preliminary regulatory and

implementation involves the
application of hazard analy-

_identified permit plan
Initial options generated and Early identification of significant
_screened ‘and unique OSH hazards and risks

Project execution strategy
opportunities

Early identification of PTD

sis and risk assessment tools,
and the translation of estab-
lished safe practices into safe
designs. The tools of reference

Order of magnitude estimate of cost

Early OSH hazards and risk review

include SH&E checklists; haz-
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Figure 3
OSH Deliverables Planning Template

Project:
Manager:
Date:
Date Deliverable | Actions | Project
OSH complete documented | tracked | manager
deliverable | Description mm/dd/yy | (Y/N) (Y/N) reviewed (Y/N)
1.2.1 Preliminary OSH project plan
1.2.2 Preliminary regulatory and permit plan
1.2.3 Early identification of significant and unique OSH hazards and risks
1.2.4 Early identification of PTD opportunities
1.2.5 Early OSH hazards and risks review

hazard and operability (HAZOP) studies (Chars-
ley, 1996; Charsley & Brown, 1993) occupational
exposure assessment strategies (Ignacio & Bullock,
2006); and risk assessment techniques such as the
risk estimation matrix (ANSI/AMT, 2007). ANSI/
ASSE 7590.3-2011 reviews and offers guidance on
the selection and use of hazard analysis and risk
assessment tools. The model PTD program (Ren-
shaw, 2011) also includes a sample listing of tools
for use in each stage of CPP.

The PTD practices of reference include design
features that eliminate the hazard, or that control
residual risks where elimination is not practicable.
These practices are typically documented in con-
sensus standards, industry codes of practice and
government regulations. PTD supports adoption
of hazard control measures according to the tradi-
tional hierarchy of controls (Figure 5, p. 54; Schulte
& Heidel, 2009).

Application of closed system designs for HazMat
handling is an effective application of PTD princi-
ples. For example, in a case study involving batch-
type specialty chemical operations, retrofitting
of process vessels with vapor tight clo-
sures and substitution of liquid grades of
HazMats in place of solid grades enabled
closed system transfers (Renshaw, 2002).
Installing materials handling machinery
to reduce airborne contaminant hazards
and ignition sources due to static elec- .
tricity also improved safety. Photos 1-3
(p. 55) illustrate the use of PTD tech- 4
nology to replace manual, open-system

reliability and effectiveness of emergency eyewash
and shower units (Renshaw, 2011). The checklist
captures essential design requirements such as unit
location, water flow rates, flow patterns and oper-
ability in layperson’s terms.

Role of SH&E Professionals in PTD

SH&E professionals serve as a bridge between
the science and culture of the function, and an or-
ganization’s managers, technical staff, supervisors
and employees. This role places SH&E profession-
als in a unique position to facilitate the implemen-
tation of PTD. They should serve as champions
for the approach and advocate that prevention be
considered in all designs that affect workers. They
should review capital project plans for SH&E de-
liverables and advise project managers in the selec-
tion, use and resourcing of hazard analysis and risk
assessment methods. In addition, SH&E practitio-
ners should make themselves available and partici-
pate in project design reviews, hazard analysis and
risk studies, and on-site assessments.

SH&E professionals should share their expertise

Figure 4
Management of Change

Matching the type of OSH review to the level of change is a critical part of the

management of change process.

Always a formal OSH review;
may also require a process
hazard analysis

transfer and charging of small-quantity
additives with closed systems that em-
ploy remotely controlled transfers di-
rectly from the shipping container to the
processing vessel.

Compiling safety features from rec-
ognized standards and codes into a
checklist is another effective means of
translating safe practices into safe de-
signs. This approach can be especially .
useful to small businesses, which may

Type of Review

HAZOP study
What-If/checklist
FTA, QRA, etc.

Formal OSH
review

Personal review

find it burdensome to seek out and in-
terpret safe design requirements for spe-
cific hazards. The model PTD program
includes a checklist that covers all design
features needed to ensure accessibility,

Identical
substitution

T T T T T T

Basic
change

Replacement
in kind

Major facility or
process change

Level of Change
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Figure 5

Traditional Hierarchy
of Controls

and knowledge of safe designs through frequent
interactions with capital project team members.

However, in some cases, the offering of design
solutions should be restrained. Most hazard elimi-
nation and risk control solutions are grounded in
engineering and physical sciences, and are docu-
mented in technically oriented regulations and
industry practices. Therefore, this body of knowl-
edge and its proper application may be beyond the
competencies of many SH&E professionals. Codes
of professional conduct require SH&E practitioners
to recognize the limitations of their professional
ability and provide services only when qualified by
education and experience in the specific technical
fields involved (ABIH, 2007; ASSE, 2012; BCSP,
2002). These codes also obligate SH&E profes-
sionals to continually strengthen their knowledge,
skills, competencies and awareness of new devel-
opments that should include topics related to PTD.

SH&E professionals should be mindful of their
role as verifiers on design and redesign projects.
Selecting and designing hazard elimination and
risk control solutions may be outside the scope of
an SH&E professional’s ability and experience as
noted. However, verifying that committed hazard
elimination and risk control measures are carried
through to project completion and are effective is a
legitimate role for safety professionals.

Conclusion

NIOSH’s PTD initiative has focused the SH&E
community’s attention on hazard elimination and
risk control as the most effective way to address
worker safety and health. Capturing the attention
of industrial sectors and organizations regarding the
PTD approach and benefits is a work in progress.

The PTD model presented is designed to help
businesses and organizations incorporate PTD
methods into their design and redesign process.

MARCH 2013 www.asse.org

It can be a standalone element or in-
corporated into an organization’s safety
management system. Organizations with
well-developed safety management sys-
tems should be able to adapt their poli-
cies, work processes, tools and practices
to include the recommended methods.
Small organizations may be more chal-
lenged to adopt PTD due to limited re-
sources focused largely on conformance
with external and internal standards.

Organizations can benefit from the
PTD model by selectively adopting as-
pects that meet their greatest needs. For
example, a small chemical manufacturer
may adopt an internal standard to con-
trol/eliminate open systems. A metal fab-
ricator might adopt an internal machine
safety standard that includes the risk as-
sessment and engineering control provi-
sions of ANSI B11.0 (ANSI/AMT, 2010a)
and ANSI B11.19 (ANSI/AMT, 2010b).
Such an approach would bring both busi-
nesses into closer alignment with PTD.

The model presented leverages the
CPP and MOC work process as key steps in inte-
grating PTD with design and redesign. These two
processes provide the best opportunity for orga-
nizations to sustain a PTD approach. SH&E pro-
fessionals must ensure that safety deliverables are
synchronized with project execution and CPP de-
sign deliverables. In addition, SH&E professionals
must work with management to define the levels
of change in an organization and ensure that ap-
propriate hazard and risk reviews are completed
before changes are made.

While some SH&E professionals may feel their
knowledge and experience are too limited to recom-
mend specific hazard analysis or design solutions,
they should still participate in the CPP and MOC
process. Doing so helps verify that safe designs are
carried through to the final, as-built installation. P$
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44 Education

Integrating PTD Into Undergraduate Curricula
By Georgi Popov, Leigh Ann Blunt,

James McGlothlin, Deborah Young-Corbett,
John N. Zey and Pamela Heckel
Undergraduate education must create a strong
value proposition for students. As young adults
transition from high school to college to career,
educators must help students develop the knowl-
edge they need not only to be competitive in the
job market, but also to display necessary technical
skills from the day they graduate. Current efforts
to incorporate prevention through design concepts
into safety and engineering academic curricula
must continue to grow and gain support.
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50 Design
Methods for Implementing PTD

By Frank M. Renshaw

NIOSH’s Prevention Through Design (PTD) initiative has focused the
SH&E community’s attention on hazard elimination and risk control as
the most effective way to address worker safety and health. Capturing
the attention of industrial sectors and organizations regarding the PTD
approach and benefits is a work in progress that a PTD model can help
advance. Key elements include setting policy and standards, establishing
work processes and procedures, and applying tools and best practices.

Prevention Through Design Peer-Reviewed

56 Business Cases
Supporting PTD Solutions

By Elyce Biddle

Prevention through design (PTD) efforts focus on improving working con-
ditions. Reasons that employers adopt PTD design solutions vary substan-
tially. A business case, which can be developed in several ways, can show
what a PTD solution has to offer a company.

NOTES & CORRECTIONS
JANUARY 2013, PAGE 40: The disclaimer in Anjali Lamba’s article should also
state, “The contents of this article do not reflect the views or position of EPA.”

FEBRUARY 2013, PAGE 50: Michael F. Blair and Yueng-Hsiang Huang were incor-
rectly listed as coauthors in “Reaching on Ladders,” by Angela DiDomenico and
Mary Lesch.
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