SAFETY DESIGN REVIEWS:
SECTION 5.1.3 OF Z10

Requirements for design review and management of change are addressed jointly
in Section 5.1.3 of Z10. Although the subjects are interrelated, each has its own
importance and uniqueness. Comments on the management of change concept and
how to institute the management of change process are the focus of Chapter 19.
Only the design review requirements of Z10 are addressed in this chapter.

Although the term design review appears in the title of Section 5.1.3, the “shall”
requirement and the advisory comments indicate that much more than a design
m\fiew is expected. The standard states that “The organization shall establish a process
0 identify, and take appropriate steps to prevent or otherwise control hazards at the
design ar.nd redesign stages to reduce potential risks to an acceptable level.”

A design review is one part of that process. For a design review to occur, there
:;Lﬂ be a desi.g.n to review. As Bruce Main writes in Risk Assessment: Challenges
or OIJ_Portumtzes: “A design review evaluates a design against the design criteria

g ments.” (p. 27)

t;h‘;n :f‘g?ory Co_lumn, E5.1.3 says: “The design review shoul‘d consider all
mInissi: 1ng ”deSlgn, procurement, construction, operation, ma_mtenal.ice, and
C“"Sideratjonm?g' And E5.1.3.1 says: “The design process typically includes
Prej; inary Ot some or all of the following life cycle phases: Concept design stage;
alling ande&gn; Detailed design; Build or purchase process; Commissioning,

MMiggjon; Ugging processes; Production and maintenance operations; and
ning activity,
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To do as Z10 implies, systems must be in place to avoid, eliminate redy

control hazards and the risks that derive from them: &, or

* As early as possible and as often as needed in every aspect of the desjgy
redesign processes &0 and
e In all phases of operations

What needs to be agreed upon in an organization is a well-understood conce f
a way of thinking that is translated into a system that effectively addresses hazarlzis'
and risks in the design and redesign processes, a way of thinking that is applied
universally by all who are involved in the design processes.

I hold to the premise that over time, the level of safety achieved will relate
directly to whether acceptable risk levels are achieved or not achieved in the design
and redesign processes. This premise relates to the design of facilities, hardware,
equipment, tooling, operations layout, the work environment, the work methods,
and products. Design, as the term is used here, encompasses all processes applied in
devising a system to achieve results. ‘

Methods used to avoid bringing hazards and risks into the workplace will be
discussed here broadly, with the hope that safety professionals can adopt from
the materials presented to their advantage. To assist in applying the Z10 design

provisions, this chapter includes:

e A review of safety through design and prevention through design concepts and

procedures
« Comments on how some safety professionals are engaged in activities that
lessen the probability of hazards and risks being brought into the workplace

« An edited composite of procedures in place in several companies (0 achieve
hazard avoidance and control in the design process, and procedures to be followed
before modified equipment is released for operation .

e A general checklist as a reference from which a specifically tailored checklist

can be developéd for use in design reviews, and for equipment acceptance

e A company’s equipment design philosophy, a model

SAFETY THROUGH DESIGN AND PREVENTION THROUGH DESIGN

. en-
If the design review requirements of the Z10 standard are to be met, .“to redu::slé‘s’t -
tial risks to an acceptable level,” the focus in the design and refieSIgn I;foc
to be on hazards and the risks that derive from them. In the advisory ¢
ing ES.1.3F, the instruction given is: “See Appendix F: Risk Assessmer ks
information on risk assessment methodologies to consider wh.en assa?f;niperation
ing design reviews and managing hazards and risks associated W1 ol qzard
change.” Appendix F is a good reference, as is Chapter 11, “A.Pl:lmzlo on safety
Analysis and Risk Assessment” in this book. There is no appendix 11

in the design and redesign processes.
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ias rtaken by the National Safety Council .
ctivities unde y Council and the National Insti
for%ccupational Safety and Health that encourage addressing hazards and nilitsultﬁ

e design and redesign processes are related directly to Z10’s design requirements

N ATIONAL SAFETY COUNCIL

The book Safety ThmughPesign_was a creation ’of the Institute For Safety Through
Design, an entity at the National Safety Coupcil. The Institute’s vision was to achieve
, future in which “Safety, health, and environmental considerations are integrated
into the design and development of systems meant for human use.” (p. xi) An advisory
committee, the members of which were drawn from industry, organized labor,
academia, and others interested in the cause, agreed on the following definition.

Safety Through Design:  The integration of hazard analysis and risk assessment
methods early in the design and engineering stages and taking the actions
necessary so that risks of injury or damage are at an acceptable level. (p. 3)

That definition serves well in understanding and developing the design require-
ments in Z10. The theme of safety through design is that if decisions affecting safety,
health, and the environment are integrated into the early stages of the design and

redesign processes:

* Productivity will be improved.

* Operating costs will be reduced.

* Expensive retrofitting to correct design shortcomings will be avoided.

* Significant reductions will be achieved in injuries, illnesses, and damage to the
environment, and their attendant costs. (p. 3)

owing citation: “Hazards
d economically avoided,
and where

Effectiveness and economics were addressed in the foll
and the risks that derive from them are most effectively an
ihmmﬁted, or controlled if they are considered early in the design process,

eczssary as the design progresses.” (p. 11) | . . )
Il of the foregoing derives from the following premises. Risks of injury denve

;IIZT elslazards_ If hazards are avoided, eliminated, reduced,. or controlled ig the dzséﬁg
°perat's and acceptable risk levels are achieved, the potential for harm or afmai e
\ 210+, 1onal waste is diminished. These premises tie in neatly with the' fuicts hich

0 addressing occupational health and safety management systemm lssuzi;u";iﬁ(;s

are .

5 i‘:ﬁg::)ed “as hazards, risks, management system deficiencies, and opp
tem CVFment”, (Section 4.0 — Planning). . _indicates that the

Colpatiq in Z10’s Section 3.1.3 — Responsibility and Authority — 11 d into an orga-

“izati()n, nal health and safety management system should be integrated 11 part I of

Safe S other business systems and processes. There are seven chapter$ 11: ate the

2lo deg; "ough Design that are good resources for those who attempt O integr

180 requj :
€Quirements into other business processes:
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- initial blished sundown provis;,
In accord with an initially estal : ! : n, -
thr Design were disconti a
Institute for Safety through Design were discontinued in 20qs5. tiop ’

¢

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALT
el N
In 2006, several of the participgnts in the activities of the Instig,
Through Design, and others, received an e-mail from an €XECUtiyg gy 1 1 Sag
Institute for Occupational Safety and Healtl} (NIOSH) e"COUTaging i e iy 5
tion in a major initiative promoting Prevention through Design, One al;rparticipa‘
NIOSH initiative was to develop and approve a broad generic volung Pect op th
standard on Prevention through Design that is aligned with internagi,, Conse,,Slls
activities and practice. Nal degi,
I volunteered to lead that endeavor. On September 1, 201 1, the Americay
Standards Institute (ANSI) approved the standard ANSI/ASSE 2590.3-201 . Nanona]
Through Design: Guidelines for Addressing Occupationg] Hazards gy I’eis;:’e"ltio,,
Design and Redesign Processes. I the
By its charter, activities at NIOSH are limited to occupationga] safety and j
hazards and risks and are the focus of Z590.3. But, by intent, the terming], calth
Z590.3 was kept broad enough so that the guidelines could additionally e appligbm
to all hazard-based fields: product safety, environmenta] controls, prope ale
that could result in business interruption, and so on. In the standard, the definitioy i?
prevention through design is, of necessity, applicable to work-related hazards g
risks only. _

Prevention through design: Addressing occupational safety and health needs in
the design and redesign process to prevent or minimize the work-related hazards
and risks associated with the construction, manufacture, use, maintenance, retro-
fitting, and disposal of facilities, processes, materials, and equipment, (p. 10)

The content of the Z590.3 standard is closely related to Z10’s design provisions.
Prevention through design is addressed in Chapter 16.

THE SAFETY DESIGN REVIEW PROCESS

A safety design review process will not be effective until the participants on
review team have acquired knowledge of hazards and risks and have agreed o1
the risk assessment methogs and risk assessment matrix to be used. Chapter 11
A Primer on Hazarg Analysis and Risk Assessment,” serves as a base for the educaﬂl‘]’"
of team members, Also, 5 safety design review process can be employed succes® y

only if senior management hag been convinced of its value. asked 10
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fety Design Review Process
¢ S8 Jfety design reviews may sound like tedious exercj
s

. orocesses for delivering inherently safer designs.
offec i tic processes for carefully reviewing design attribu
s St?ma-ons energy control systems, and human interactio
isd 110?;11 to i’dentify hazards and hazardous conditions th
revie h:lllt the lifecycle of a product, process or facility,
.un strategies. : o
4+ st cases, a safety design review is best conducted by a team of stake-
e d at least one objective, disinterested engineer. Typical participants
s resentatives from Engineering, Production, Maintenance, and Health
i"du(ﬁ:ﬁ Both the system designer(s) and the review team share responsibility
““dﬂs,e <afety of the final design.
1 afety design reviews should be approached as important problem-solving
Stse;z spirit of cooperation, and even fun, can be maintained by restricting
i to constructive debate on specific design features. Although the
crltlCISI}I]lould always be on safety, review teams frequently identify additional
focusrtsunities to reduce costs and improve productivity. Constructability and
Opl?otainability issues often surface, and these alone can pay huge dividends
?:;:ltlllle comparatively short time invested in reviewing aproject. While it is the
role of the facilitator to assure that these top:lcs do not derail or compromise
the safety focus, such opportunities shou!d obviously be cagtured as valu;iadded
by-products. Review sessions also provide excell'ent learning opportunxue_s for
both novice and experienced eng(iineers, as collective knowledge and experience
 shared and questioned. .
m:p::ln{nslon approagh for conducting a formal .design safety rgvie.w is to
methodically work through a Design Safety. Qheckhst. Sqme organgtmns‘ use
a generic checklist, supplemented with addltlonal checklists for specific disci-
plines, such as electrical or chemical systems. For each system element,
reviewers address the various forms of energy present and the steps taken_ to
control unwanted or hazardous release. A typical design safety review meeting
proceeds as follows:

ses, but they are
Design reviews
tes, applications,
ns. Safety design
at are foreseeable
and to develop miti-

K

L. Project manager distributes drawings and copies of checklists, or they
can be projected on large screens. ' .

2. Review team chooses a facilitator, often a disinte.rested engineer; i.c., an
engineer not assigned to or intimately familiar with the project.

- Project engineer/manager describes the project and its scope, and answers
general questions about major areas of concern. \

+ Project engineer/manager keeps notes; a.k.a. design punch .hSt‘ _

+ Facilitator leads a methodical review using a generic checklist, it ft }el:Izn
members asking detailed questions to ensure thorough consideration (l)icable
ards and their control. Checklist items and sections that are not apgdered
e 50 noted. Both production and maintenance tasks should be con :

R -
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6. Additional discipline checklists are reviewed g APProprig,
€.

7. A marked-up copy of the checklists, along wijt, signa
ticipants, is retained with project documentg

retention policy.

o Ureg N
acCcorq With o Par,
Ords

In the event an organization does not have a design safety Teviey,
systematic review can still be performed. A suggested methog : tCheckHSLa
review layout and assembly drawings, considering each form of ener, 0 carefuuy
including the potential hazard exposure, and possible scenarjog and ¢ SePaIately,
of unintended release of this energy form. 152qUenge,

For example, review the drawing considering all uses anq POssible ex
to electrical energy, then pneumatic systems, hydraulic Systems, }I::sgres
processes, mechanical kinetic and potential energy, therma ap ci radiIIu~cal
energy, etc. For each form of energy, work Systematically through the Iaatlon
or assembly drawing using a geographical approach, such as starting ath:Jt
beginning of a production line and moving through it to jts end. Again, it i:
important to consider both production and maintenance activities, ’

The development of simulation software has added a new dimensioy, ¢,
the design safety review process. Modern computer assjsted design software
Systems convert two-dimensional drawings to three-dimensional images that
can be moved and reoriented with ease to show different viewing perspectiyes
When used in design reviews, this provides a powerful means of illustrating
designs for those who have difficulty visualizing workstations and processes
from traditional two dimensional drawings. In addition, some software prod-
ucts enable engineers to place humanoid figures into scaled three-dimensional

depictions of proposed workstations, and have figures of various body sizes
move through simulated work tasks. It also allows reviewers to more effec-
tively consider ergonomic issues and risk factors; i.e., potential for strains ang
cumulative trauma disorders resulting from the expenditure of “human energy
in awkward postures.

Specific deliverables from a design review typically include:

* A set of marked-up drawings and specifications. for bid
* A list of design modifications requiring attention prior to release

Or construction/fabrication, i the final
* A list of specific items to be checked during installation g,md jdenti-

walk-down or post-fabrication inspection. (There are often 1temes a

fied as potentially problematic that cannot be adequately assesS

time of the review due to lack of detailed knowledge.) : rrection’
* Assignments for resolving specific details or making desigh
neer/mans
rcsolved a I;/
onstruct®

Following the review, it is the responsibility of the pr Ojef:t eng
to ensure that all issues rajsed during the design safety review al't ?c
appropriate revisions are completed. Verification through a pos

Yy




ME SAFE TY PROFES
HOW s0 SIONALS ARE ENGAGED IN THE DE
SIGN PROCESS 2
87

design safety review i
That's ¥ e is all about. Do
ol f bringin il ne well, su ; e
e like od of DFTE %hhazar.ds and risks into the workpl eheYieys dimirish
i rtal.lt in e design review process place. Having the right
n one .comrgz?g";;ttt)s :;:xartg practice to engage a consultant facili
n e that the views of one or two people &(llczhtat(:ir Ip lead
not dominate

Safety dGSIg o 2 ts 1
d all participan are given an opportunity to be heard

JpHASIZING CONSIDERATION OF
el DESIGN PROCESS THE WORK METHODS

INTH
ade in this book of the need to design work methods and procedures

o that they are i
nd isks i the design process should not be limited to the facility. equipment, and
; ent, an

processes (i.e., to the hardware). They should also focus on the hazards and risks i
mn

the work methods prescribed, taking into consideration:

. The capabilities and limitations of the wo! .
rkers so that . o
damage are at as low as reasonably practicable at the risks of injury and

« The benefits of not creating work situations that are error-provocative

“s:fn adpaper entitled “The Titat.lic and Risk Management,” Roy Brander wrote this:
. e design of the procedure 15'as important as design of the artifact.” (Item 30;
s point is important. It fits closely with my observation that, too often, inadequate

attention is given to avoiding hazards in work methods, the result being that what
herently, risky.

workers are expected to do i in

::JOTW SOME SAFETY PROFESSIONALS ARE ENGAGED

HE DESIGN PROCESS '

T Gl -

0 obtain information on how safety profession activities to avoid
ts on the subject

bringin :
ging hazards and risks into the workplace, a request for commen
¢ These are SOme of the r‘esponses—-—the most

Was

unfolrltluag;tglr ough an Internet safety server

Place in thy ﬁrs.t' As they are reviewed, safety professionals may want to assess their
e design process and look for hints on how they can improve their positions.
e into the design

d be better con-
i ould be

als are involved in

ViR ’ .
Pr:)):; an industrial hygienist: If the engineers
trolless, I know that many of the health hazard
, we wouldn’t need to do S0 much testing,

more Fs
productive because we would reduce the amount

on test ;
esting and on the use of personal protect!
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stablished procedures for gy ...
« We don’t have any forms or € . getung :
engineers are designing, and there is no formal method for engmeerin Intg Why
an
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us of a project. We do get copies of the engineering weekly repq s, gd oy b

those carefully. Then, we invite ourselves into the discussiop. We Teyg

« There was a lot of resistance by engineering to our getting jpy, wh
were designing because they had not recognized that we could pe A they
It took us a long time and quite a fl'ew money-saving Successes (, pi o
ingrained into their procedures that it was to their benefit refer cf;} it
ta]
Ie

expenditure requests to us for our input. We don’t have 3 Written Proceg,

but it gets done.

* Almost all of our engineering is done by outside firms. I haven’; been sucee
in convincing the few engineers we have left that I can help them Write sp:cstI
cations that will save them money. But I have convinced the Manager or 1fi.
plant that I am to have sign-off authority for new installations, my

My sign-off reviews can be embarrassing to the people who laid out the $pecs
and I have to be diplomatic in how I do what I need to do, Byt the plant Manggey
gives me support now. He has been educated.

* This from a construction safety professional: I request to see al] drawings at the
10% level while changes are still easily incorporated, I get a schedule of o
construction plans and visit contractor lay down areas to inspect materialg being
used on the job. I attempt to educate quality assurance personnel on what (,
look for as safety indicators. ;

I visit the engineering department and the contracting department on 5
daily basis when I'm in town. Yes, it is time consuming but it saves money
and lives as well as equipment. It took maximum effort on my part to get
where I am.

* In my company, it’s in the capital expenditure procedure manual that all funding
requests will receive a safety review, Managers have the same responsibility for
safety as they do for productivity and quality, and when they approve the capital
expenditure request, they are also signing off for safety. But, my name appears
on the capital expenditure distribution list among the management people Who
have to sign off as approving the request. This isn’t as burdensome as it wasn
the beginning because I have educated a fairly stable engineering and management
staff on what it takes to get my approval,

. ’{‘hrough Our successes in ergonomics, engineering recognized: our c9nmbﬂ‘
tions not only for safety, but also for productivity. They now invite us 10t :
design process in the idea stage. They make it plain that they look to US tO‘tseis
that thgy don’t megs up. We learned the hard way over a lot of years — 1Wfi
eXpensive to correct hazards that are in the machines and equipment W buy:;lth,
had to do some costly equipment modifications for employee safety an hed in
and fO_r environmental situatjong after the installations were complet® :ﬂ tthe
Operation. Our engineers aren’t easy on us, But that’s okay. We had 0 accatp they

cnucnfm from them tha Our ergonomics checklists were so gener
weren’t helpful,
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ility Safety Manual inf:ludes extensive procedures for documented
siews for safety, health, environmental, and ergonomic standards before

pudget approval is obtained on a new project, and for equipment reviews before

e equipment is released to normal production,
s you will see from what I'm mailing to you, we are deep into specifica-
tions, and the signature of a safety specialist is required in the project and budget

, Our F&°

mvolvement ot" safety prOfessionals‘ in the design processes, specification writing,
chasing and s;gn-off processes varies from nothing at all to being required to be

cipants by written procefiures. In all but one of the cases cited, there is some
nvolvement by safety profess1on§ls—and that came about because safety professionals
1ok the initiative and proved their value.

At the Professional Development Conference held by the American Society of
gafety Engineers in 2012, T was among about 40 others attending a late afternoon
session—a typical number for a presentation late in the day. A later session, for which
ihe subject was risk assessments, began at 4:30p.M. and extended into the happy
hour. The presenters were long-time associates. I thought it appropriate to caution

ihem not to expect a large audience. But surprise, surprise. Well before starting time
it became aware that the attendance figure would be huge.

When the attendees were asked for a show of hands on how many were doing risk
assessments in the design and redesign processes, over half responded favorably.
That represents substantial progress in relation to the case some 20 years ago.

AGOOD PLACE TO START

Safety professionals who are not involved in the design processes should consider
ergonomics as fertile ground in which to get started. It is well established that success-
fully applied ergonomics initiatives result not only in risk reduction, but also in improved
productivity, lower costs, and waste reduction. Furthermore, musculoskeletal injuries
are a large segment of the spectrum of injuries and illnesses in all organizations. Since
they are costly, reducing their frequency and severity will show notable results.
Ergonomists know how to write specifications that result in designing the workplace
::31 lt)lllie l\:vmrk me;thods to fit the capabilities and limitations of workers. A company that
Cn'terias ;d detailed ergonomics design criteria was DajmlerChr‘ysler.. How their design
g saefre used .demonstrates that thgre can be a close relagtlons.hjp b-etween est?b-
dOCumemset*I)'Ih desngr} parameters and 1-nclud1_ng safetyf speqﬁcatmns in purchasing
lig Update& : ;/I'ersmn of the ergonomics design criteria available on the Internet was
s how e Dal;ml ay 2006, and it is still presented asa Dalml?rChrysler document. This
erChrysler ergonomic design criteria were introduced.
This document at

Structyre by provi
manufacturing, a

tempts to integrate new technology around the human infra-
ding uniform ergonomic design criteria for DaimlerChrysler’s
ssembly, power train and components operations, as well as

.




R

part distribution centers. These criteria supply distinct SPECificar:
Corporation, to be used by all DaimlerChrysler engineers, deg; Cationg for g,
vendors, suppliers, contractors etc. providing new or IEfurbishe%I;erS’ uil derse
rials, services, tools, processes, facilities, task designs, Packag:; Tebuijg Mate.
components to DaimlerChrysler. 8ing ang produc;

In effect, the Ergonomic Design Criteria used internally at .
became the ergonomic specifications that vendors and suppliers haa&unl SChrysle alsy
tion of the criteria entitled “Supplier Roles and Responsibilities » it [0 Meet a e,
all spppliers were to “make all reasonable efforts to implement,au lsf Made ¢jeq, that
requirements” of the ergonomic design criteria. If a requirement Wo the Criterj ang
mised, Fhe supplier was to so inform DaimlerChrysler and the matter e Compry.
by-a D_almlerChrysler eIgonomics representative, DaimlerChrysler’s E‘Iollld be Tesolveg
Cnt.ena are -available at http://www.docstoc.com/docs/253214IO/fono .CDesign
Pemgn—Cptena. The criteria can be downloaded for personal or busm:sz-‘z‘srgogonﬁc.

: > €. Takin
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ically designed.
An adaptation of how another com
: f he pany developed extensive “G i
and. Purchasing Guidelines” that serve both as design requirements toegzrx:lle?l:;]'g:
i

1. Hazardou .
8 materja] . 4 eyl
materia] use is to be eliminated or minimized. After considerné

or adj ot o hat acces i ; rvicings
djustment minimizeg Personne] e:pilg,mg ;)pe;atlor(liss, s(z g hazara0
Ire to azar o d punc-

Substances, pj
: » high voltg i ;
turing Surfaces), 88, electromagnetic radiation, and cutting an

4. P Oower sour.
ysical separation or shielding, or by other acceptable M
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" Js that ca.nr.mt‘ be el.iminatt.ad, consideration is to be given to safety
& Fovices hat will minimize mishap risk (.e.g., interlocks, redundancy, fail safe
dev stem protection, fire suppression, and protective measures such as

S
desig™ equipment, devices, and procedures).

lo(_hm y .

;ro isions for the disposal of systems are to be considered in the design

ing signals are tf) .be.standardized within like types of systems: they are
minimize the probability of incorrect personnel reaction

to them.

o W arning and caution'ary notes are .to be provided in assembly, operation, and

" paintenance instructions; and distinctive markings are to be provided on haz-
ardous components, equipment, and facilities to ensure personnel and equip-
ment protection when no alternate design approach can eliminate a hazard.
Use standard warning and cautionary notations where multiple applications
occUr. Standardize notations in accordance Wwith commonly accepted
commercial practice. Warnings, cautions, or other written advisories are not to

be used as the only risk reduction method for hazards assigned Catastrophic or

Critical mishap severity categories.

If safety critical tasks require personnel to have specific proficiency, a

certification process for that proficiency should be used.

In the design process, specific consideration should be given to the minimiza-

tion of injury or damage to equipment or the environment as a result of a mishap.

11. Inadequate or overly restrictive safety requirements are not to be included the
system design specifications.

12, Acceptable risk is mishap risk that is as low as reasonably practicable (ALARP)
within the constraints of operational effectiveness, time, and cost.

10.

Although the foregoing outline doest’t cover much space, it represents an extensive
body of knowledge. The outline is basic, and right on.

Inthe Air Force System Safety Handbook developed by the Air Force Safety Agency
atKirtland Air Force Base in New Mexico, a section 0pens with this statement:

A}S an accident avoidance measure, Oné develops strategies for energy control
Similar to those listed below.

The controls shown are an adaptation of Haddon’s unwanted encrey release theory,
ir Force System

Which i«
;vl:; }3 discussed later in this chapter. The controls listed in the Al
andbook are worthy of consideration.

2 :
Prevent the accumulation by setting limits on nOt® temperafure, Pressure:

Speed, voltage, loads, quantities of chemicals, amount of light, storage of com-

bust: L
| P‘:StlbleS, heightof ladders, etc.
in::fn't the release through engineering design,
ation, safety belts, lockouts, etc.

containment vessels, gas inerting,

a
1
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ase of energy by using shock absorbers, safety -
e 8
anels, less incline on thfe ramps, etc. : mpture
(in either time or §paf:e) by Moving "
sure time, picking up with ot Oetle
»Ste
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c. Modify the rele
discs, blowout P

d. Separate assets from energy

limiting the €xpO o

" from hot furnace, _ ,
provide blocking of attenuation barriers, SUCh as eye protegyj,,
e. ‘ratory protection, sound absorption, ear protectors, welding Shi;Ig By
;eo?rs sunglasses, machine guards, tiger cages, etc. 5, fir
f Raise the damage or injury thresho_ld by improving the de§ign (et
" immunizing against disease, Warming up by exercise, getting callyge o’ns;ze).
Our

hands, etc.
hing contingency response such as early detectiop i
y

_ And by establis su
g release),, first aid, emergency showers, general disaster plans, rec overy of ¥
operation procedures, etc. (p. 65) n

sign Safety Checklist appears later in this chapter. Also, Severy

A General De
ts that can be adapted for design purposes appear

other design guidelines and checklis
in this book.

A SAFETY DESIGN REVIEW AND OPERATIONS
REQUIREMENTS GUIDE

A composite is provided here of the procedures in place in three companies for design
reviews and for a safety sign-off before new or modified equipment can be released
into normal operations. Those procedures serve to avoid bringing hazards and risks
into the workplace. In a way, these requirements represent culture statements:
Managements have decided that hazards and risks are to be dealt with as equipments
designed and before it can be placed in operation. This composite presents a basis for
thought as safety professional pursue having similar concepts and procedures adopted.

REQUIREMENTS: EQUIPMENT AND PROCESS
DESIGN SAFETY REVIEWS

A. Purpose

To establish procedures to ensure that hazards are analyzed and that risks are at an acoept-
able level when considering new, redesigned, and relocated equipment or processes:

B. Scope

.Tl_iese procedures apply to all equipment and processes that may present fi o,f
inyury to people or damage to property or the environment. They pertain t0 the =2 1
or redesign of all new, transferred, and relocated equipment and processes: ’
aspects of these procedures, documentation shall be appropriate to the activi

f:ﬁetyl, as the term is used here, encompasses risks of injury or damage 0 per-
PR gressand e public), property, and the environment.



gponsibliies

C nager: The responsibility for safety rests with the loc

wcarior': ons for which he or she has authority.
p

¢
ihe © : i i
\andger: The project manager is responsible for assuring that;

-
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ation manager in

, Corporéte . :
safety documentation to accompany capital expenditure requests is prepared
! ol minary and subsequent design safety reviews are conducted

, Appropriate coordination and communication take place with outside design
and engineering firms to assure that specifications are met

. Proper consideration is given to any safety problems identified by the staff dur-
ing their visits t0 vendors and design and engineering firms prior to delivery of

equipmcnt

safety requirements are met

Desigh Engineers. Principal responsibility of the design engineers is to design inherently
fer equipment and processes. Whether employees or contractors, design engineers
shall assure that the considerations necessary for safety have been given in the design
ess. They will provide the Project Manager and the Safety Review Team documen-

wtion including:

+ Detailed equipment design drawings

» Equipment installation, operation, preventive maintenance, and test instructions

+ Details of and documentation for codes and design specifications

+ Requirements and information needed to establish regulatory permitting and/or
registrations

Safety Review Team. This team will conduct preliminary and subsequent design safety
reviews for equipment and processes, or have design reviews made by outside consultants
for particular needs. In addition to the Project Manager, members will include the project
design engineers, production and maintenance personnel, the facilities engineer, selected
disinterested ‘engineers, the ‘safety professional, and others (financial, purchasing) as
needed. The Safety Review Team will also be responsible for:

* Amanging and conducting safety walk-downs of new projects
* Determining when visits are to be made at vendor design and engineering loca-

tions, and selecting the personnel with the necessary skills to make the visit
§ ;
“ety Professional, The safety professional will:

" Serve as 2 member of the Safety Review Team and assist in identifying and
“Valuating hazards in the design process and provide counsel as to their avoid-
. ar?c'e, elimination, or control
Vls‘,t design engineering firms and other vendors, when 0 requested by the Safety
eView Team, to assure that safety problems are identified and corrected prior t0
Shipment of equipment

N e



DESIGN REVIEWS: SECTION 5.1.3 OF Z10

204  SAFETY

Equipment Acceptance - Safety Review FON

Dept Control No.
————

Equipment description -
This form must be completed prior to equipment being released to normal Producto, :
is applicable to: :

1. All newly installed equipment OF processes
of equipment Or Processes

2. Changes made in the use

3. Modifications of existing equipment or processes
tes that the equipment is ready for initial production trials, py "

Preliminary approval indica :
additional work for safety as listed in a memo att'achment titled “Safety items needing attenyjo. »
Final approval indicates that the preliminary findings have been addressed satisfactorily ang &Z
the equipment can be released to normal production.
Preliminary Final

Signed:

Engineer-in-charge Date Date
Signed: :

Dept. Mgr. or Supervisor. Date Date
Signed:

Safety Manager Date Date

The original copy of this form shall be retained by the Department Manager or supervisor.
The Engineer-in-charge and the Safety Manager will retain copies. The company’s file retention

policy shall apply. i

FIGURE 15.1 Safety Design Reviews

« Be a signatory on Equipment Acceptance-Safety Review Form [Figure 15.1]
prior to newly installed or altered equipment or processes being released 10

normal production.

D_epartment Managers and Supervisory Personnel. Department managers and super
visors will give support to the project manager for the activities that come under their
jurisdiction. They will be signatories, along with engineering personnel and the
safety professional, on sign-off forms before newly installed or altered equipment
released for normal operation.

D. Initial Capital Expenditure Safety Review
or corporel?

Capital expenditure requests at financial levels requiring divisional

approval are to be accompanied by a Preliminary Safety Review Form, whichis ©

cg)lppleted by the Safety Review Team. Comments would be included it the for™

giving assurance that the hazards and risks identified can be dealt with ProPe™Y . .
 For new or altered equipment or processes at a financial level not requiring djwt

sional or corporate approval, formal Preliminary Safety Reviews are t0 b° made?

the discretion of the Safety Review Team. ’

g
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peviews

 have been completed and drawings and specifications are available,
n

DeS'Qn
et df;silgz Jiew Team will hold one or more design review meetings to:
e
et

e ¢y hazards not given appropriate attention, and recommend solutions to
, [denti :§ ceptable risk levels
attall aih —t corporate safety requirements are being met
o AV he cost of risk-reduction retrofitting as the project moves forward
. :Voll;(:e compliance with applicable regulations, codes, and standards
. ASS

- safty walk-Downs

a project reaches completion at approximately a 70% level, the Safety Review
When

g il arrange and conduct a safety walk-down to provide an opportunity to:
T
. Assure that specifications have been met

. Determine that hazards identified in the preliminary safety review and the
subsequent design review have been addressed properly

. Identify hazards that may have inadvertently been built into the project, and to
arrange for the necessary action to be taken

Similarly, a final safety walk-down will be arranged as the project nears completion.

H. Equipment and Process Release Requirements

Fornewly purchased, redesigned, or relocated equipment or processes—before release
for normal production:

+ Task analyses shall be made to identify hazards and risks, and the hazards
identified are to be dealt with properly.

* Any revisions necessary in the written job procedures shall be made.
* Retraining, as required, shall be given.

* AnEquipment Acceptance-Safety Review Form shall be completed, the signatories

to which shall be the engineer in charge, the department manager or supervisor, and
the safety professional.

L
Design Reviews at Vendor and Design Engineering Locations

Wh i -
for ;:rzonmde“?d advantageous by the Safety Review Team, arrangements will be made
onnel with the appropriate skills to visit vendors and design engineering firms to:

* Ass : :
ure that vendors are building equipment to specifications

* Deterp; . : .
proc:mne whether hazards exist that were not identified in the design review
A 55, or by the vendor or design engineering firm that need attention

[ ] v . 1 ]
angld the high cost of retrofitting for safety matters during installation, testing,
debUgging

W
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For these reviews, a specifically tailored Ve_ndor/Desi gn E"gineering B
to be created from sections of the General Design Safety Check; St that 1.elewew Ponnv
Reports are to be made available to the Safety Review Team and the Pro; ;:tte I: etas;:
Aage,

EQUIPMENT ACCEPTANCE: SAFETY REVIEW FORMs

Drafting equipment acceptance safety review forms specific to every pie

ment or process would be a mammoth undertaking. Nevertheless, indus,c o €qQuip.

safety review checklists do exist, and they should be used where applicab] “SPecif;,
The example of an equipment acceptance review form shown in Figure 5 ei'

the existence of a General Design Safety Checklist that can Serve as a refer.enaSS 3

for the review process. Also, the example presumes that there will be two l:e basg

review: a preliminary review to identify items needing attention, and a fipg sigr;;fof

Ume,

PRELIMINARY SAFETY DESIGN REVIEW FORMS

A Preliminary Safety Design Review goes by several names. In one company itg Purpoge
is to meet “Fitness for Use Criteria.” In another company it is referred to ag 5 “Hazargs
Screening Analysis.” A Preliminary Safety Review Form is a list of subjects Pertaining
to equipment, facilities, or processes that aids the reviewers in identifying hazargs and
risks that must be addressed. Completion of the form produces, in effect, an early design
review. The review team indicates whether a subject needs further consideration,

No single list can be suitable for all needs, In drafting such a list, a safety
professional should use a general design safety checklist as a reference and include
some, all, or more than the subjects listed in Table 15.1.

GENERAL DESIGN SAFETY CHECKLIST
A detailed, specifically referenced design checklist covering all workplace safety

needs would fill thousands of pages. The design safety checklist presented k.nere.is a
brief composite taken from several sources. Some safety professionals will view 1t as

TABLE 15.1 Topics To Be Considered: Preliminary Design Safety RevieW

Ergonomics _ Material handling
Machine guarding © Illumination needs
Fire protection | Means of egress .
Walking and working surfaces Confined spaces

Use of hoists, cranes, etc, Work at heights
Electrical potentials Lockout/tagout
Confined spaces Temperature extremes

Hazardous or toxic materjals
Personal protective equipment
Environmental concerns

Noise or vibration'
Nonionization emitters

_
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find that it does not address all their needs. Those who use it
g 1

jves © rs Wit are that th
gsi d be aw ere are many subject-specific and industry-

reé"’; h:ckliS‘S 1o which they should also refer. For example:

. For Hazard Evaluation Procedures, 2 ition, i
Gutdelm s Fo : es, 2nd Edition, issued by th
The o for Chemical Process Safety, includes a checklist—questionnairz foer
cal operations that fills 45 pages.
checklist in Addenflum B at the conclusion of Chapter 11, “A Primer on
Analysis and Risk Assessment,” is adapted from ISO 14121, Safety of
ciples of risk assessment, a standard issued by the International

Machinefy" Prin e .
:on for Standardization. It is to serve as a guide for those who design

Organizat : .
dmanufacture equipment and machinery that goes into European workplaces.

This General Design Safety Checklist is presented intentionally as a list of ques-

s witho the boxes and lines for separation that are typically found in checklists.
nse that would be placed to the right of a design checklist in which users

arks for “yes,” “no,” or “not applicable” has been eliminated.

GENERAL DESIGN SAFETY CHECKLIST

preface
This checklist begins with a preface that brings attention to Haddon’s unwanted

encrgy release theory. That theory is: For all injuries or illnesses, property damage,
and environmental damage, an unwanted and harmful transfer of energy or €Xposure

{0 2 harmful environment is a factor.
William Haddon espoused the theory that unwanted transfers of energy can be

harmful (and wasteful) and that a systematic approach to limiting their possibility
should be taken. Thus, it is proposed that a systematic approach be taken in the design

process to limit harmful transfers of energy and exposures t0 harmful environments.

Thequestions in Section A, «Introduction: Basic Considerations,” relate o Haddon’s
tbeory and are presented as general concepts to be considered when using the check-
lis, for which “yes” or “no” answers are to be obtained. They emphasize that the tWo
distinct aspects of risk are to be considered in the design process:

+ Avoiding, eliminating, or reducing the probability of 3 nazard-related incident
Or eXposure occurring
* Reducing the severity of harm or damage if an incident or exposure occurs

A
ntroduction: Basic Considerations

1' .

9 \CNan production of hazardous materials or energy

3' o ill the amount of the hazardous materials or €0
+ Can less-hazardous materials be substituted?

be eliminated?
ergy be limited?

‘
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Can hazardous material or energy buildup be prevented?

SAFETY DESIGN REVIEWS: SECTION 6.1.3 OF 210

Can the release of hazardous materials or energy be slowed gq
wn?

Can unwanted energy release be separated in space o time fy,
susceptible to harm or damage? M thay Whig
Can barriers be interposed to separate the unwanted energy re| is
which is susceptible to harm or damage? Case fr,
Will surfaces with which people come in contact be modified to | ed
Uce the i
sk

of injury?

M thyy

B. Designing for Those with Disabilities

1.

2

Do the designs take into consideration the requirements of the Amer;
cans wijg,

Disabilities Act (ADA)?
Are reasonable accommodations made for the disabled?

C. Confined Spaces

1
2
3

© %0 N

10.
11.

12,

13.

Have confined spaces been eliminated by design where practicable?

Are any confined spaces to be permit required? 1910. 146(c)(1)

Have confined spaces been designed for easy of ingress, prompt egress, and
where practicable, elimination of hazardous atmospheres?

Can confined spaces be designed with multiple, large accesses?

Are accesses provided with platforms that will support all required personnel

and equipment?
Will access ports be large enough to permit entry when personnel are using

personal protective equipment?
Will pipes or ducts limit entry to access ports?
Are locations of ladders and scaffolds in the space identified?

Are fall protection needs fulfilled (such as anchorage points)?

Can the necessary equipment be moved through accesses?

Does the design provide for isolation of the confined space from hazardous
energy (i.e., electrical, chemical, etc.)?

Does the design provide for isolation by valve blocking, spools, double blocks
and bleeds, flanges, and flushing connections? ed
Can spaces be designed so that maintenance and inspection can be perfor™
from outside or by self-cleaning systems?

D. Electrical Safety
1. Overall, will the electrical system meet OSHA/NEC standards? s
2. Will the system be sufficiently flexible to allow for future expansior’

3. Will emergency power be provided for critical systems?
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unding adequate?
4 18 and fault interrupter circuits to be installed where needed? 1910.304(f)(7)
5. ounding connections. to piping and conduits eliminated to prevent
: accumulation of static electricity?

7. Is gro

g, Isthe

unding provided for lightning protection on all structures?
0 commodations made for special-purpose or hazardous locations? 1910.307
Jesign adequate where there may be combustible gases or vapors?

s high-voltage equipment isolated by enclosures such as vaults, security fences,

10. ¥ Jockable doors and gates?

12.

13.

14.
15.
16.
1

18.

19.

qonisolated conductors such as busbars on switchboards or high-voltage
uipment connections that are located in accessible areas protected to minimize

pazards for maintenance and inspection personnel?

where injury to an operator may occur if motors were to restart after power
failure, are provisions made to prevent automatic restarting upon restoration of
power? 1910.262(c)(1)

Are electrical disconnect switches lockable, readily accessible, and labeled?
1910.303(9)

Are breakers/fuses sized properly? 1910.303(b)

Has the polarity of all circuits been checked? 1910.403(a)(2)
Do electrical cabinets and boxes have appropriate clearances? 1910.303(g) and (h)

Are exposed live electrical parts operating at 50 volts or more guarded against
accidental contact by approved cabinets or enclosures, by location, or by limiting
access to qualified persons? 1910.303(g)(2)(1)

Are rooms or enclosures containing live parts or conductors operating at over
600 volts, nominal, designed to be kept locked, or provisions made to be under
the observation of a qualified person at all times? 1910.303(h)(2)

Are the electrical wiring and equipment located in hazardous (classified) locations

intrinsically safe, approved for the hazardous location, or safe for the hazardous
location? 1910.307(b)(1-3)

E.Emergency Safety Systems: Means of Egress

B

2

Art‘: means of egress adequate in number, remote from each other, properly
designated, marked, lighted, and easily recognized?

Has emergency lighting been provided for means of egress, and elsewhere
Where needed?

Does the design contemplate emergency lighting where workers may have to
fémain to shut down equipment?

Do meang of egress exit directly to the street or open space?

::isre doors, passageways, or stairways that do not lead to an exit marked by
&ns reading “not an exit” or by a sign indicating actual use?

Do . -
s the design provide internal refuge areas for workers who cannot escape?

N
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7. Will reliable emergency power be provided for critica] and life g,

8.

9.

Ort Syswms?

Will emergency safety showers and eyewash stationg

properly? 1 pj,.

Will adequate first-aid stations, spill carts, and emergency Stationg b,
Proyjg

& adequate a
&

by

F. Environmental Considerations (Some are
Operational, Beyond Design)

1.
2

< RV N

~

10.

11.

12,

13:
14.
15.

16.

17.
18.

19.

20.
2L,

Have waste products been identified and a means of disposal establishegy
Will provisions be made for responding to chemical spills (containment, Clei;nu
disposal)? D,
Is there an existing spill control plan for chemicals?

. Have all waste streams been identified?
. Are adequate pre-treatment facilities provided for process waste streamg?
- Will an adequate storage area be available for wastes held Prior to treatmen o

disposal?

- Will waste storage areas have adequate isolation, or containment for spills?

Will hazardous wastes be disposed of at approved treatment, storage, and
disposal facilities?

. Is special equipment or specially trained personnel provided for treatment

operations?

Has the acquisition of permits been addressed for the treatment or disposal of
waste streams?

Have state or local requirements for permitting been evaluated and factored
into the project?

Can the facility meet regulations for reporting spills or the storagé of
chemicals?

Have adequate provisions been made for cleaning the process equipmen!?
Have provisions been made for a catastrophic release of chemicals?
Have provisions been made for any necessary demolition and the resul
waste? : o

. s ; ; 0
Have requirements for remediation at the site prior to construct
addressed?

. . e e ted?
Will all practicable measures for waste minimization be implemén zatio?

‘ nirnj
Have the processes that generate air pollution been evaluated for ™
potential?

Will adequate air pollution controls be installed (scrubbers, fum
collectors)? essed?

Have handling and cleaning of air pollution control systems bee® r rcductiO“

Have the processes that generate wastewater been evaluat®
potential?

ting

¢ hoodS: st



a. Ergo

y

will ind®

23: will outd

equate water disposal systems available?

rreatment methods be necessary and provided?
discharges of domestic and industrial wastewater be in accord with
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or spills be protected from reaching drains?
oor spills be protected from reaching stormwater drains and sewer

will pre-

2 will the
l.egulations?

nomics: Workstation and Work Methods Design

have material-handling designs considered worker capabilities and
to accommodate the employee population at the 95% level?
andling designs promote the use of mechanical material-handling
h as conveyors, cranes, hoists, scissor jacks, and drum carts?

|, Generally,
[imitations,
Do material-h

equipment suc
Do design layouts reduce in so far as practicable:

constant lifting
iwisting and turning of the back when moving an object

crouching, crawling, and kneeling

lifting objects from floor level

static muscle loading

finger pinch grips

work with elbows raised above waist level
twisting motions of hands, wrists, or elbows
hyperextension or hyperflexion of wrists

s Ao oo

j. repetitive motion
k. awkward postures
. Are workstations designed to provide:
a. adequate support for the back and legs?
b. adjustable work surfaces that are easily manip
¢. delivery bins and tables to accommodate heigh
d. work platforms that elevate and descend, as needed?
e. powered assists and suspension devices to reduce the use
- Has adequate attention been given to:
a. lighting (to Illuminating Engineering Society require
b. heat,
¢. cold,
d. noise, and
€. vibration?
- Does the design accommodate the hazards inherent in servicing,
and inspection?

ulated?
t and reach limitations?

of force?

ments),

maintenance,




N

7. Will there be adequate clearance and ready access to €quipmep, "
. Is be efficiently located in a logical . O gepy .
8. Will controls be e y gical and sequentjy Orders Miciny,

9. Will indicators be easy to read, either by themselves o in comy,;
lnatjo
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others? .
L With

H. Fall Avoidance
I. Overall, has the design reduced the need for ladders and stajpe :
$ Insof,
&

practicable?

2. Where works at heights is to be done, has adequate consideratioy, i
cen giVe
n

to providing work platforms or fixed ladders?

3. Are parapets or guardrails provided at roof edges?

4. Is equipment designed to avoid fall hazards during maintenance ihe
4 peCﬁon,

and cleaning?
5. Does the design provide for fall arrest measures, such as anchorage Points
and

fall restraining systems?

I. Fire Protection
1. Overall, in the design, will national and local fire codes and insurance require-

ments be met?
2. Will fire pumps, water tanks/ponds, and fire hydrants be adequate?
3. Will risers and post valves be accessible, and protected from damage?

4. Will small hose standpipes be adequate?

5. Will sufficient hose racks be provided?

6. Will special fire suppression systems be provided?

7. Has containment of fire suppression water been addressed?

8. Will there be adequate external fire zones?

9. Will emergency vehicle access be adequate?
10. Will flame arresters be installed where needed on equipment vents?

11. Will fire extinguishers be of appropriate types, adequate, and mounted for easy
access?

12. Will the design for location of flammables be appropriate? ]

13. For flammables, will storage rooms and cabinets meet national fire codes 2"

insurance requirements?

station be
14. For flammable liquid dispensing, will grounding, bonding, and ventilatio

adequate?
which can ¥
diSC h argﬂS;

15. Will fire sensors, pull stations, and alarms be adequate?

16. Are flooding systems designed to provide a pre-discharge alarm
perceived above ambient light or noise levels before the syste™

giving workers time to exit from the discharge area?
17. Has the project been reviewed by insurance personnel?
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s and Toxic Materials

J azardov
| Inthe 4"
2. Have the P

ign process, have all materials in this category been identified?
hysical properties of the individual chemicals been identified?

,, Have the most conservative exposure limits been established as the design

)
critena: ) )
rmination been made to use intrinsically safe equipment?

i Has a dete

5, Have Material Safety Data Sheets been obtained for all materials?

6. Arethe reactive properties known for chemicals that will be combined or mixed?

7. Have measures been taken to eliminate, substitute for, or reduce the quantities
of hazardous chemicals?

_Does the design emphasize closed process systems?

will the design properly address all occupational illness potentials and reduce

the need for monitoring, testing, and personal protective equipment insofar as

is practicable?

oo

10. Are storage facilities designed to separate hazardous from nonhazardous

substances?
11. Does the design consider the chemical compatibility issues?

12. Have adequate provisions been made for chemical release, fire, explosion, or

reaction?
13, Have provisions been made to contain water used in hazardous release control?

14. Are ventilation systems adequate to handle an emergency release?

15. Is the storage of hazardous chemicals belowground avoided?

16. Is storage tank location such as to reduce facility damage or damage to the
public in a catastrophic event insofar as is practicable?

17. Are adequate storage tank dikes provided?

18. Will emergency ventilation be provided for accidental releases?

19. For extraordinary releases, will special ventilation, relief, and deluge systems
be provided?

20. Will the normal use of chemicals allow operating without personal protective
equipment?

21. Will the design of bulk loading/unloadin facilities contain anticipated leaks

g g

and spills?

& Lockout/Tagout: Energy Controls
: :n the design process, has adequate attention been given to lockout/tagout
®quirements to prevent hazardous releases from these energy sources:
4. electrical,
b. mechanical,
¢ hydraulic,
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d. pneumatic,

e. chemical,

f. thermal,

g. nonionizing radiation, or

h. ionizing radiation?

Are lockout/tagout devices adequate in design and humber, readily accegs
81 le,

2.
and operable?
3. Are lockout/tagout devices standard throughout the facility?

L. Machine Guarding
1. Overall, do the designs prevent workers"hands, arms, and othe, bod
from making contact with dangerous moving parts? 191021 2(a)(3) Y Partg
2. Have the requirements of all applicable mz.ichine guarding standardg -
American National Standards Institute been identified and met? ?
Are safeguards firmly secured and not easily removed? 1910.212(a)(2)
Do safeguards ensure that no object will fall into moving parts? 1910(a)(1)
Do safeguards permit safe, comfortable, and relatively easy Operation of (e

machine? 1910.212(a)(2)
Can the machine be lubricated without removing safeguards? 1910-212(a)(2)

quires shutting down machinery before

e

7. Does the design include a system that re
safeguards are removed?

8. Are fixed machines anchored soundly?

Are in-running nip points guarded properly? 1910.212(a)(1)

10. Will the design address point-of-operation exposure properly? 1910.212(a)(3)

11. Are all reciprocating parts guarded properly? 1910.212(a)(3)(iv)

12. Are all rotating parts guarded properly? 1910.212(a)(3)(iv)

13. Are all shear points guarded properly? 1910.212(a)(3)(iv)

14. é;((a'e;(posed set screws, keyways, collars, etc. guarded properly? 1910.212(2)

iv

15. Does the design eliminate the potential for flying chips? 1910.212(a)(i)

16. Has the potential for sparking been eliminated? 1910.212(a)(i)

17. If robots are to pe used, are they designed to ANSI/RIA R15.06-1999; the

American National Standard for Industrial Robots and Robot Systems safct

requirements?
M. Noise Contro|
. [0
" ;2 tl:;c dfs,gg process, have maximum noise levels been established that &%
s u . . . .
pulated in specificationg for new equipment? s

2. Is emphasis given to controlling noise levels through engineering L

-
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ze or shape of rooms and proposed layout of equipment, worksta-

3, ATe the ‘Sjlbre ak areas to be evaluated for noise levels?

tionss ankers be separated from noise by the greatest practicable distance?
4, Will wof'ers be installed between noise sources and workers?
5 Mll:ﬁsed control rooms to be provided for operators in areas where the

" oise is above trigger levels?
Are 1ower-noise-level processes to be selected where feasible?
1

Have equipment and workstations been located so that the greatest sources of
8. noise are not facing operators?

, Pressure Vessels
{. Will all pressure vessels be designed to ASME and insurance company
requirements? ‘ _
5. Will pressure vessels containing flammables or combustibles meet OSHA
1910.106 and NFC standards?

3. Will pressure relief valves be:
a. correctly sized and set,

b. suitable for intended use, and
c. directed to discharge safely?

N

0.Ventilation

1. Have all sources of emission been identified and their hazards characterized?

2. Have ways to reduce personnel interaction with the emission sources (location,
work practices) been considered in the design process?

3. Have assessments been made with respect to incompatible emission streams
(cyanides and acids, etc.)?
4. Has consideration been given to weather conditions and seasonal variations?

3. Will the design requirements of the ANSI Z9 series, the ACGIH ventilation
manual, ASHRAE guidelines, and NFPA 45 and 90 met?

6. Will local ventilation effectively capture contaminates at the point of discharge?

- Will room static pressures be progressively more negative as the operation
becomes “dirtier”?
Wfll the ventilation system provide a margin of safety if a system fails?
10: :vaﬁ: :hmergel?cy .POWer Eflnd lighting be provided on critical units?
Tha Yo € ventilation equipment be remote and/or “quiet”?
12, i l:t:ay booths and deg.reasers meet OSHA standards?
13 Ifcoma,:;atory 0_1‘ ?Ontammated air be totally exhausted?
nated air is cleaned and reused, will it meet good safety requirements?

14, wip
il the makeup air to hoods be clean and adequate?

.
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15. Have flow patterns been established to prevent €Xposure (g Persq
16. Does the design provide for proper gauging and alarm System .

a sudden pressure drop?
17. Are ventilation controls easily accessible to operators?

help
P,
With respeqt
i

P. Walking and Working Surfaces, Floor and Wal| Openings,
Fixed Stairs and Ladders
1. Will aisles, loading docks, and through dooways have ep ough
allow safe turns where material-handling equipment is used? 191 2 Ance 1,
2. In the aisles, are people and vehicles adequately separated? =elbyyy
3. Are permanent aisles to be marked with lines on the floor? 1910.22(5)(2)
4. Does the design provide for floors, aisles, and Passageways being fe
obstruction? 1910.22(b)(1) I
Has a logistics study been made to provide a safe and efficient floy of
and materials? People
Will the construction texture of walking surfaces be nonslip?

Will the floors be designed to stay dry?

Will water and process flows be designed to keep off the walkway?

Will the floors be sloped and drained?

10. Will utilities and other obstructions be routed off the walking surfaces?

11. Will the design allow future utility expansion, with added facilities not having
to be above and thereby cross floors, and be obstructive?

12. Will designs for floor and wall openings meet the requirements of OSHA
1910.23?

13. Do the designs for fixed stairs and ladders meet the requirements of OSHA

1910.23, .24, and .27?

“

S0 oo

RESOURCES

Appendix L in Z10 provides guidelines on audits. Design review and managemeﬂtglf
change are mentioned briefly as subjects to be considered when audits are made-the
Appfendix O, “Bibliography and References,” several resources are listed undef
caption “Design Review and Management of Change.” ub-
. Entering “Safety Design Reviews” into a search engine will bring up e ging
lications relating to systems design that individual safety professioﬂa]s"dep 3
on their fields of interest—may find interesting, is a pract
- Bru‘ce W. Main is the president of design safety engineering, inc. He 15 aicps an
tioner in risk assessment ang design reviews. His book Risk Assessment: b%
Benchmarks containg 5 chapter entitled “Design Reviews.” He addresses:

* Purpose of a Design Review
* Types of Design Reviews

y
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Timing of a Design Review

, Design Revi
The Decision Making Process

Separating Analysis and Review
of Safety Analyses for Design Reviews
, Practical Considerations.

ew Mechanics

gafety professionals who are interested in honing their knowledge and skills with

¢ to risk assessment and safety design reviews will find this book interesting.
Chapter 18 in .this book, “Lean Concepts: Emphasizing the Design Process,”
includes & discussion on how a company merged lean concepts and environmental,

afety, and health needs into its design process. In that process, design reviews are
made at several stages as the design progresses.

CONCLUSION

[ have been a strong proponent of addressing the hazards and risks that derive from
them early in the design process. And I recommend that safety professionals move
toward including the design review element in Z10 in the safety management sys-
ems they influence. I stand by the premise that:

« Hazards and the risks that derive from them are most effectively and economi-
cally avoided, eliminated, reduced, or controlled if they are considered early in
the design process, and where necessary, as the design progresses.

» Risks of injury, illness, or damage are reduced significantly if processes are in
place to avoid bringing hazards and risks into the workplace.

REFERENCES

Air Force System Safety Handbook, Air Force Safety Agency, Kirtland AFB, NM, 2000. http://
www.system-safety.org/Documents/AF_System-Safety-HNDBK.pdf.

ANSUATHA Z10-2012. American National Standard, Occupational Health and Safety
M“"agement Systems. Fairfax, VA: American Industrial Hygiene Association, 2012. ASSE
18 now the secretariat. Available at https -/lwww.asse.org/cartpage.phplink=210_2005.

ANSVASSE 7590.3-2011. Prevention through Design: Guidelines for Addressing Occupational
Hazards and Risks in Design and Redesign Processes. Des Plaines, IL: American Society of
Safety Engineers, 2011.

Brax}der, Roy. “The Titanic and Risk Management.” http:l/axion.physics.ubc.caltitanic/ (Item 30).

Chnsm.nse“’ Wayne C. and Fred A. Manuele, Editors. Safety Through Design. Itasca, IL:
National Safety Council, 1999,

AimlerChryser, Ergonomic Design Criteria. https://gsp.extra.daimlcrchrysler.com/mfgl

amedd/tooldesign/textsection15.htm.

R



308 SAFETY DESIGN REVIEWS: SECTION 5.1.3 OF 210

Design for EHS: Equipment Design Philosophy. Chandl

er, AZ: Inte] Cq
Guidelines for Hazard Evaluation Procedures, 2nd ed, N

ew York: Center for Chepy;
Safety of the American Institute of Chemica] Engineers, 199, s Pmces’
Haddon, William,

Jr. “On the Escape of Tigers: An Ecologic Note TeChnical Reu:
1970. evj

L) ay

ISO 14121, Safety of Machinery—Principles for risk assessment, Geneva, g,
International Organization for Standardization, 2003, ' W“zerland,
Main, Bruce W. Risk Assessment: basics and benchmarks, Ann Arbor, M.
Engineering Inc., 2004, '

Design Safety
Main, Bruce w. Risk Assessment: Challenges and Opportunities, Ann Arbor, MI: dec:
engineering inc., 2012, *des

MIL-STD-882E, Standard Practice for System Safety. Washin

gton: DC: Depanmem
2000. Also at http://www.systemsafetyskepﬁc.conﬂyahoo_site_admaSScts/";Defense,
STD~882E__ﬁnaI.I35152939.pd£ OCS/MIL

fPOration : 1999




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}



