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PREFACE

The Occupational Safety and Health Act o f  1970 emphasized the need for  
standards to protect the health and sa fe ty  of workers exposed to an 
ever increasing number o f p o ten tia l hazards in  the workplace. Section  
22(d)(2) of the Act authorizes the Director of the National In s t i tu te  
for Occupational Safety and Health (NIOSH) to make recommendations to  
the Occupational Safety and Health Administration (OSHA) concerning 
improved occupational sa fe ty  and health standards. The purpose of  
th is  document i s  to provide recommendations for preventing in ju r ie s  
and d isease  caused by hazardous energy.

The document was developed through the use of "systems analysis"  so as 
to provide a lo g ic a l  means of performing maintenance and serv ic ing  
a c t i v i t i e s  sa fe ly ,  with energy present, with energy removed, and 
during the process o f  reenergizing.

We g r a te fu l ly  acknowledge the contributions to th is  document made by 
representatives of other Federal agencies or departments, labor 
unions, trade and professional a s so c ia t io n s ,  consultants, and the 
s t a f f  of the I n s t i tu te .

Whatever the contributions made by others, conclusions expressed in
th is  document are those of the I n s t i tu te ,  and we are so le ly
responsible for them. However, a l l  comments made by those outside
NIOSH, whether or not incorporated, were considered carjêïully and were 
sent with the document to the Occupational Sa^e(ty\ and Health
Administration.

.A Dona kid M illar, M.D.
A ssistant Surgeon General 
Director, National I n s t i tu te  for  

Occupational Safety and Health



The D ivision  of Safety Research, NIOSH, had primary r e sp o n s ib i l i ty  for devel­
opment of the recommended gu id e lin es  for c o n tro ll in g  hazardous energy during 
maintenance and serv ic in g . Ted A. P e t t i t  served as project o f f ic e r  and docu­
ment manager. Boeing Aerospace developed the basic information for considera­
tion  by NIOSH s t a f f  and consultants under contract No. 210-79-0024.

The NIOSH d iv is io n  review of th is  document was provided by David L. West, 
Ph.D., Robert G. McDonald (D iv is ion  of Standards Development and Technology 
Transfer), David J. Huebener (D iv is ion  of Physical Sciences and Engineering), 
John R. Etherton, Murray L. Cohen, Ph.D., and James A. Oppold, Ph.D. (D iv is ion  
of Safety Research). Technical ed it in g  for the document was provided by 
Herbert Linn (D ivision  of Safety Research).

i v



ABSTRACT

This document has been developed to provide gu id e lin es  for co n tro ll in g  hazard­
ous energy during maintenance and serv ic ing  operations. The gu id e lin es  were 
developed by assoc ia tin g  work p ractices  with attendant r isk s .  Methods of 
obtaining information which contributed to the development of the gu id e lin es  
included s i t e  v i s i t s  to various in d u str ia l  f a c i l i t i e s ,  the c o l le c t io n  and
an alys is  of data related  to maintenance techniques and processes , evaluation  
of accident case studies and incident report information, extensive  searches 
of l i t e r a tu r e ,  and review of other pertinent data. The gu id elin es  emphasize
recognition  of hazards and safe work procedures.

This document provides a lo g ic a l  system for performing maintenance and 
serv ic ing  a c t i v i t i e s  s a fe ly ,  and recognizes that such a c t i v i t i e s  can be per­
formed sa fe ly  with energy present, with energy removed, and while reener­
g iz in g . The recommended gu id elines  were developed through a systems an a lys is  
approach. The log ic  tree (Figure I) provides a step -by-step  diagram for con­
tr o l l in g  hazardous energy that should be u t i l i z e d  in the formulation of
s p e c if ic  maintenance and serv ic ing  procedures.
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I . INTRODUCTION

This document i s  primarily intended to ou t l in e  methods of protecting  workers 
engaged in maintenance and serv ic in g  of machines, processes , or systems from 
injury by the unexpected and u n restr icted  re lea se  of hazardous energy.

Maintenance a c t i v i t i e s  can be performed with or without energy present. A
probable, underlying cause of many accidents r esu lt in g  in injury during main­
tenance i s  that work is  performed without the knowledge that the system,
whether energized or n ot , can produce hazardous energy. Unexpected and 
unrestr icted  re lease  o f  hazardous energy can occur i f :  1) a l l  energy sources
are not id e n t if ied ;  2) provisions are not made for sa fe  work practices  with 
energy present; or 3) deactivated  energy sources are rea c t iv a ted , m istakenly,  
in ten t io n a l ly ,  or a c c id en ta l ly ,  without the maintenance worker's knowledge.

Problems involving control of hazardous energy require procedural so lu t io n s .  
The lo g ic  of the gu id elines  proposed in th is  document for co n tro ll in g  hazard­
ous energy i s  graphically  represented in Figure I ,  Diagram for C ontrolling
Hazardous Energy During Maintenance and Servicing . This diagram should be 
u t i l i z e d  by those personnel responsib le  for the design o f sa fe  work procedures 
s p e c i f ic  to individual employer requirements.

Employers must adopt such procedural so lu tion s  for c o n tro ll in g  hazards to
ensure worker sa fe ty  during maintenance. However, such procedures are e f f e c ­
t iv e  only i f  s t r i c t l y  enforced. Employers must, th erefore , be committed to  
s t r i c t  implementation of such procedures.

A. MANAGEMENT COMMITMENT

During v i s i t s  to several plants conducted as part of th is  study, employers 
stressed  that cooperation between management personnel and employees i s  essen­
t i a l  to the implementation of sa fe ty  programs, including energy control  
measures. Many employers b e lie v e  that f i r s t  l in e  supervisors and employees 
comprise weak links in sa fe ty  programs. Presumably, these employees remain 
unconvinced that employers r e a l ly  want to implement s t r i c t  sa fe ty  r u le s .  
Employee perception of management a t t i tu d es  toward sa fe ty  procedures, tra in ­
ing, or motivation campaigns forms a b a s ic ,  though in ta n g ib le ,  influence  upon 
the r e la t iv e  success or fa i lu r e  of any sa fe ty  program. Safety programs are 
more l ik e ly  to be e f f e c t iv e  i f  management demonstrates to employees a firm 
commitment to achieve safe  working cond it ions.

B. DEFINITIONS

Certain terms used throughout these gu id elin es  may have d if fe r e n t  meaning to 
d if fe re n t  people and may be top ics  o f  disagreement. A term may be s e l f -  
explanatory for some in d u str ia l  a p p lica tio n s ,  but con trovers ia l in other 
a p p lica tion s . The terms below have the following d e f in i t io n s  for the purpose 
of th is  document.

Maintenance and S erv ic in g . The tasks necessary to keep a machine, process, or 
system in a s ta te  of repair or e f f ic ie n c y .  This a c t iv i t y  includes inspection ,  
serv ic in g , rep a ir , troubleshooting , setup, c lear in g  jams, and other related  
a c t i v i t i e s .  These a c t i v i t i e s  are not considered to commence on a new system



F ig u re  I. D I A G R A M  FOR C O N T R O L L I N G  H A Z A R D O U S  E N E R G Y  
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NO INJURY TO PERSONNEL

NO INJURY TO PERSONNEL BY APPLICATION OF SAFEGUARDS TO CONTROL HAZARDS OR ELIMINATE HAZARDOUS ENERGY DURING  __  MAINTENANCE

a.NO INJURY TO PERSONNEL BY REMOVAL OF SAFEGUARDS USED TO CONTROL HAZARDS OR ELIMINATE HAZARDOUS ENERGY AT COMPLETION OF ______ MAINTENANCE

IMPLEMENT SAFEGUARDS TO CONTROL HAZARDS WITH ENERGY PRESENT
REMOVE SAFEGUARDS USED TO ELIMINATE HAZARDOUS ENERGY ft RE ENERGIZE

IOINTIFY ALL HAZARDOUS ENERGY SOURCES
ESTABLISH HAZARO CONTROL PROCEDURES FOR EACH HAZARDOUS ENERGY SOURCE IDENTIFIED

SECURE POINT«) OF HAZARDOUS ENERGY CONTROL DURING MAINTENANCE TO PREVENT UNAUTHORIZED RE-ENERGIZATION

COMPLETE TRAINING FOR PERSONNEL MHO APPLY HAZARO CONTROL PROCEDURES ft WHO WORK IN ARCA

ESTABLISH PROCEDURES FOR REMOVAL OF SAFEGUARDS TO ELIMINATE HAZARDOUS ENERGY

VERIFY THAT ALL PERSONNEL ARK CLEAN OP POINT(S) OF DAMQCII •EPORE REMOVAL OP SAFEGUARDS ft RC'CNERGIZATION

DEMONSTRATE THAT HAZARDS ARE CONTROLLED

USE PHYSICAL MEANS I REQUIRING USE OF I SPECIAL EQUIPMENT TO I RE-ENERQIZE
POST AT POINT(SI OP CONTROL A WARNING

COMPLETE TRAINING OF PERSONNEL WHO USE PHYSICAL MEANS

VERIFY POINT») OP ENERGY CONTROL IS SECURED SV PHYSICAL MEANS

POST DEDICATED PERSONNEL AT POINTtSI OF CONTROL TO PREVENT RE-ENERGIZATION

ESTABLISH PROCEDURES FOR DEDICATED PERSONNEL
COMPLETE TRAINING FOR DEDICATED PERSONNEL

VERIFY PERSONNEL ARE POSTED AT POINT IS) OP ENERGY CONTROL

ESTASLBH PROCEDURES FOR PERSONNEL ACCESSING ft POSTING WARNINGS
COMPLETE TRAINING OP PERSONNEL ACCESSING ft POSTING WARNINGS

VERIFY POINT (S) ENERGY CONTROL IS TAGGED



D e c is io n  C r i t e r i a

f ^ > >  IM P LE M E N T A T IO N  O F S A F E G U A R D S  TO  C O N T R O L  H A Z A R D S  WITH  
E N E R G Y  P R E S E N T  M A Y  BE C H O SE N  IN S T E A D  O F  H A Z A R D O U S  
E N E R G Y  E L IM IN A T IO N  B Y  D E V IC E S  O R  TEC H N IQ U E S^ W H E N  IT 
C A N  BE  D E M O N S T R A T E D  T H A T  H A Z A R D S  A R E  C O N T R O L L E D  
W ITH E N E R G Y  P R E S E N T  BY :

1. ID E N T IF Y IN G  A L L  H A Z A R D O U S  E N E R G Y  S O U R C E S  A N D  
H A Z A R D O U S  R E S ID U A L  E N E R G Y , A N D

2 . D O C U M E N T IN G  A  P R O C E D U R E  FO R  A N D  D E M O N S T R A T IN G  
T H A T  T H E  P R O C E D U R E  W ILL C O N T R O L  H A Z A R D S  R E SU L T IN G  
FR O M  EA CH  H A Z A R D O U S  E N E R G Y  ID E N T IF IE D .

T H E D E C ISIO N  A T  T H IS  PO IN T  IS P R E D E T E R M IN E D  B Y  TH E O R IG IN A L  
O P T IO N  C H O SE N  IN  .

I

I
II
I
I

L e g e n d

R E C T A N G L E  SY M B O L -  ID E N T IF IE S  A N  E V E N T  T H A T  R E S U L T S  FR O M  T H E  C O M B IN A T IO N  
O R  E X C L U SIO N  O F  A C T IV IT IE S  O R  E V E N T S.

A N D  G A T E  -  D E SC R IB E S A N  O P E R A T IO N  W H E R E B Y  C O -E X IST E N C E  O F  A L L  IN P U T S  A R E  
R E Q U IR E D  TO P R O D U C E  A N  O U T P U T  E V E N T S.

OR G A T E  - D E F IN E S  SIT U A T IO N  W H E R E B Y  A N  O U T P U T  E V E N T  W ILL O C C U R  IF O N E  O F  
TH E  IN P U T S E X IST .

DECISIO N  G A T E  -  E X C L U SIV E  O R  G A T E  W HICH F U N C T IO N S  A S  A N  O R  G A T E  B U T  
P R O V ID E S  A  F O O T N O T E D  ( t >  ) L IST  O F  D E C ISIO N  C R IT E R IA  
A R E  N O T  S E L F  E V ID E N T .

D IA M O N D  -  D E SC R IB E S A N  E V E N T  T H A T  
IS-C O N SID E R E D  B A SIC  IN  A  
G IV E N  LOGIC S E Q U E N C E . 
E V E N T  IS N O T  D E V E L O P E D  
F U R T H E R  B E C A U SE  
D E V E L O PM E N T  IS  O B V IO U S .



u n t i l  i t  becomes operational. For s im p li f ic a t io n ,  "maintenance and servicing"  
are referred to  as "maintenance" throughout much o f  the document.

"Inspection" i s  defined as checking or te s t in g  machinery, equipment, system, 
e t c . ,  against e stab lished  standards. The d e f in i t io n  suggests that the object  
being inspected has a function and should comply with a standard. From t h i s ,  
i t  i s  deduced that (1) a standard must e x is t  that: e s ta b lish e s  the good or bad 
c h a r a c ter is t ic s  o f  the object being inspected and (2) the object must be com­
p le te  so that i t  can perform i t s  function; i . e . ,  construction , assembly, or 
manufacture should be complete before the object can be maintained. I f  the 
object has more than one function , i t  may be necessary to change or add parts  
to the object so that i t  may perform the d if fe re n t  functions. The a c t iv i t y  
required to make the changes or additions i s  considered maintenance. In some 
sectors  of industry the term "set-up" is  used to denote the a c t i v i t i e s  needed 
to change the functions o f  the equipment.

"Service" i s  defined as repair or maintenance. The d e f in i t io n  of serv ice  i s  
synonymous with maintenance; however, serv ice  (as used in th is  report) refers  
to  the a c t i v i t i e s  needed to keep a machine, process, or system in a s ta te  of 
e f f ic ie n c y ;  e . g . ,  changing crank case o i l ,  greasing, c lean ing , painting ,  
adjusting , ca l ib r a t in g ,  e t c .

Energy. For th is  document, "energy" means mechanical motion; p o ten tia l  energy 
due to pressure, gravity , or springs; e l e c t r i c a l  energy; or thermal energy 
resu lt in g  from higfr or low temperature.

As suggested by one of the approaches taken by industry, maintenance may be 
performed with power o f f  or power on. Maintenance a c t i v i t i e s ,  however, are 
always performed with some form of energy on and some form o f  energy o f f .  
Thus, the concept o f  "power off"  or "power on" implies that power, the time 
rate  at which work is  done or energy emitted or transferred , can be turned 
o f f .  This concept i s  too r e s t r ic t iv e  because i t  does not consider gravity  or 
temperature. The term "energy," as opposed to "power," i s  therefore suggested  
as an a lte r n a t iv e ,  because current consensus standards and other l i t e r a tu r e  on 
th is  subject use th is  term. The concept o f energy (any quantity with 
dimensions mass times length squared divided by time squared), however, i s  too 
in c lu s iv e .  The concept of energy, for the purpose o f  th is  document, i s  
lim ited  to:

1. Kinetic energy -  energy possessed by a body by v ir tu e  of i t s  motion.

2. P oten tia l energy -  energy possessed by a body by v ir tue  o f  i t s  p o s it io n  in
a gravity  f i e l d .

3. E le c tr ic a l  energy -  energy as a re su lt  o f  a generated e le c t r i c a l  power 
source or a s t a t i c  source.

4. Thermal energy -  energy as a r e su lt  of mechanical work, rad ia tion , chemi­
ca l reaction , or e l e c t r i c a l  r es is ta n ce .

Radiation, the process by which electromagnetic energy i s  propagated, i s  not 
included because th is  type o f energy a f f e c t s  in tern a l organ to lerance, which 
i s  a health e f f e c t .
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Personnel Hazard. A condition  which could lead to injury or death. This con­
d it io n  should be recognized by a person fam iliar with the particu lar  circum­
stances and facts  unique to a particular industry. The following concept of  
personnel hazard was used to o b jec t iv e ly  id en t ify  hazards to humans: A per­
sonnel hazard e x i s t s  when the environment, con d it ion s , natural phenomena, or 
equipment c h a r a c ter is t ic s  may re lease  le v e l s  o f  energy that exceed human 
to lerance. This concept encompasses the human p h ysio log ica l tolerance to  
trauma as w ell as in terna l organ tolerance to environment.

Iso lated  or Blocked Energy. Energy is  considered iso la te d  or blocked when i t s  
flow would not be reactivated  by a foreseeable unplanned event. The term 
"iso late"  means to se t  apart from oth ers . The term "block" (noun) means an 
ob stac le  or obstruction; or, (verb) to make unsuitable for passage or progress 
by obstruction , to prevent normal functioning.

These terms are s im ilar  in meaning, but they cannot be used synonymously in 
a l l  in stan ces . Although they may describe the same function ( i . e . ,  prevention  
o f  the normal flow of energy), the way in which the function is  performed is  
d if fe r e n t .  For in stan ce , to control gravitation al energy, the energy should 
be blocked in the sense that an obstacle  or obstruction  i s  placed. It  would 
be incorrect to use the term "iso late"  when referring  to the control of gravi­
ta t io n a l  energy. E le c tr ic a l  energy should be contro lled  by is o la t in g  i t  in  
the sense that i t  i s  s e t  apart, or disconnected. It would be incorrect to use 
the terra "blocked" when referring  to the control of e l e c t r i c a l  energy.

The terms may be used synonymously in some cases , such as when referring  to  
blocking the passage of f lu id  or is o la t in g  the pressure in a p ipe. Sometimes 
the d if feren ce  in meaning becomes evident only by the method used to implement 
the function.

P o in t(s )  of Control. The point or points from which energy-blocking,
- i s o la t in g ,  or -d is s ip a t in g  devices are co n tro lled .

Securing the P o in t(s)  o f  Control. The p o in t(s )  of control are secured to pre­
vent unauthorized persons from reactiva t in g  the flow of energy. Securing i s  a 
separate and d is t in c t  action  from iso la t in g  or blocking the energy sources.  
The use o f  lock s , ta g s ,  or posting a q u a lif ied  person or a combination thereof  
are methods o f accomplishing these c r i t e r ia .

D issipate  Energy. To cause energy to be spread out or reduced to le v e l s
to le ra b le  by humans. When the word "dissipate" i s  applied to the word
"energy," the term may be interpreted d i f f e r e n t ly .  The following concepts
should be used to determine the d is s ip a t io n  a c t i v i t i e s :

1. D issipate Mechanical Motion -  Motion tends to continue because of in e r t ia  
a fter  removal of energy; therefore , mechanical motion should be d is s ip a ted .  
For example, a flywheel should be allowed to come to r e s t  before s ta r t in g  work.

2. D issipate  P oten tia l  Energy -  P o ten tia l energy can be manifested in the 
form of pressure (above or below atmospheric), springs, and g rav ity . Gravity
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can never be elim inated or d iss ip a ted ; i t  can only be co n tr o l le d .  Springs 
under tension or compression can be released  ( to  d is s ip a te  stored energy) or 
the stored energy can be co n tro lled . Pressure may be blocked, i s o la te d ,  or 
d iss ip a ted . The term " d iss ip a te  pressure" im plies reducing pressure to a 
l e v e l  that would not harm humans. Normally, th is  pressure value i s  atmos­
pheric .

3 .  D issip ate  E le c tr ic a l  Energy -  D iss ip a tion  o f  e l e c t r i c i t y  may be accom­
plished by "grounding" the d e e le c tr i f ie d  portion of the c ir c u i t  a f ter  i t  has 
been i s o la te d .  Grounding l i v e  c ir c u i t s  may be ca tastrop h ic . D iss ip a tion  o f  
e l e c t r ic a l  energy includes the actions necessary to prevent the buildup of 
e le c t r ic a l  p o ten tia l  ( s t a t i c  e l e c t r i c i t y ) .

4 .  D issip ate  Chemicals -  Chemical reaction s are exothermic or endothermie. 
Exothermic reactions ra ise  temperatures, which may cause a v a r ie ty  o f  e f f e c t s  
such as f i r e s ,  ex p lo s io n s , burns, e t c .  Endothermie reactions lower tempera­
tures and cause the need for add itional h ea t .  Some elements manufactured by 
endothermie reaction  are used as exp los ives  or have exp losive  c h a r a c te r is t ic s  
because o f  th e ir  i n s t a b i l i t y  and rapid re lea se  of energy. For the purpose of  
th is  document, emphasis i s  placed on the e f f o r t  necessary for the prevention  
or control of chemical rea c t io n s .  Thus, the term " d iss ip a t ion  of chemicals" 
implies those actions needed to prevent chemical reaction s  that would (1)  
ra ise  or lower temperatures or (2) cause e f f e c t s  which humans cannot to le r a te .

5. D issip ate  Thermal Energy -  Human tolerance to temperature i s  very 
l im ited . Human t is su e  i s  harmed when i t  i s  exposed to temperatures above 45°C 
(113°F) or below 4°C (39°F ). Since temperature cannot be iso la te d  or blocked, 
the only way to control i t s  e f f e c t s  on humans is  through d is s ip a t io n  or 
employee p ro tec tion . Mechanical motion, e l e c t r i c a l  r e s is ta n c e ,  chemical 
rea c t io n s ,  and rad ia tion  w i l l  r a ise  the temperature o f m ateria ls  which, in  
turn, can burn or damage human t i s s u e .  Therefore, when energy sources that 
a f fe c t  temperature are id e n t i f ie d  in equipment, processes , or systems,
controls of the energy source should be e f fe c ted  to allow the temperature to 
d is s ip a te  to a to lera b le  l e v e l .

C. WORKING WITH OR WITHOUT ENERGY PRESENT

The basic  d ec ision  that must be made before maintenance begins i s :  Can the
task be accomplished sa fe ly  with or without energy present or is  i t  necessary  
to deenergize before in i t ia t in g  maintenance?

Concepts which should be considered in th is  d ec is ion  include: 1) Energy i s
always present; 2) energy i s  not n ec essa r i ly  dangerous; and 3) danger is
present only when energy is  released  in q u a n tit ie s  which exceed human to le r ­
ances. Further, prior to the development of s p e c i f ic  energy control measures, 
a l l  energy sources should be: 1) id e n t i f ie d ;  2) analyzed independently; and 
3) analyzed in combination with any other energy sources present.

The following paragraphs present c r i t e r ia  which should be considered during 
analysis  of s p e c i f ic  energy sources.
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D . ENERGY SOURCES

Mechanical motion can be l in ear  tra n s la t io n  or ro ta tion , or i t  can produce 
work which, in turn, produces changes in temperature. This type of energy can 
be turned o f f  or l e f t  on.

P o ten tia l  energy can be due to pressure (above or below atmospheric), springs, 
or gravity . Maintenance i s  always conducted with gravity on. P oten tia l  
energy manifested as pressures or in  springs can be d iss ip a ted  or controlled;  
i t  cannot be turned o f f  or on.

E le c tr ic a l  energy refers  to generated e l e c t r i c a l  power or s t a t i c  e l e c t r i c i t y .  
In the case o f  generated e l e c t r i c i t y ,  the e l e c t r i c a l  power can be turned on or 
turned o f f .  S ta tic  e l e c t r i c i t y  may not be turned o ff ;  i t  can only be d i s s i ­
pated .

Thermal energy is  manifested by high or low temperature. This type of energy 
i s  the r esu lt  o f  mechanical work, rad ia tion , chemical reaction , or e l e c t r i c a l  
r es is ta n c e .  It cannot be turned o f f  or elim inated; however, i t  can be d i s s i ­
pated or con tro lled .

Chemical reaction  i s  manifested by exothermic or endothermic e f f e c t s .  In 
e ith e r  case , the energy-on/energy-off approach does not apply. Any m aterial  
which could chemically react should be e lim inated , d is s ip a te d ,  or co n tro lled .  
That i s ,  some p o s it iv e  measures must be taken to (1) e lim inate the chemical so 
that no chemical reaction  can take p lace , or (2) control the reaction  so that 
the energy released by the chemical reaction  w i l l  not harm humans. Methods o f  
c on tro llin g  hazards due to chemicals or chemical reactions as energy sources 
have not been addressed in th is  document because o f  th e ir  com plexity.

These c r i t e r ia  ind icate  that some energy sources can be turned o f f ,  some can 
be d is s ip a ted , other sources of energy can be e lim inated , and some can only be 
co n tro lled . The following examples i l lu s t r a t e  how th is  concept i s  applied .

Example 1:

The task i s  the removal and replacement o f  a spring in a car. P oten tia l  
energy i s  present due to the force of gravity and o f  the tension  or compres­
sion  of the spring. The force of gravity  can be contro lled  only by blocking  
the car. The energy stored in the spring can be d iss ip a ted  or c o n tro lled . I t
i s  usually  controlled  by blocking the re lease  o f the spring. Therefore, the
d ec is ion  lo g ic  in d ica tes  that maintenance must be done with energy present.

Example 2:

A large mixing drum with in ternal rotating blades is  in need of repair . One 
of the mixing blades i s  out o f  alignment. The estab lish ed  maintenance pro­
cedure requires the entry of two men to rea lign  the blade. The e le c t r i c a l
energy source can be switched o f f  and locked out and/or the mechanical l in k ­
ages can be disconnected. The lockout at the switch w i l l  provide a physical  
barrier  and a tag w i l l  id e n t ify  the task being performed. In add ition , i f  the 
mechanical linkages are disconnected, a l l  energy sources, except grav ity , w i l l  
be removed from the system.
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I I .  IN VESTIG ATION OF THE PROBLEM

Much o f  the data examined during th is  study did not include enough s p e c i f ic  
information to id e n t ify  the factors causing or contributing to accidents which 
occur during maintenance as a re su lt  o f  inadequate energy control measures.

However, an extensive  search o f world l i t e r a tu r e  related  to maintenance haz­
ards and maintenance hazard con tro ls ,  revealed a number o f accident scenarios  
which could be evaluated in the attempt to id e n t ify  generic causes o f  
maintenance-related accid en ts . Accidents which could be attr ib uted  to  the 
presence o f uncontrolled energy during maintenance a c t i v i t i e s  were se lec ted  
for c lo ser  study. Although the lim ited nature o f  the information precluded 
exact cause determination, the scenarios did provide a general ind ication  o f  
causes or contributing causes as w ell as i l lu s t r a t io n s  o f  the types o f  a c c i ­
dents that can occur when hazardous le v e l s  o f  energy are not co n tro lled .

A. THE ACCIDENT SCENARIOS

Out o f 300 accident scenarios found in 14 d if fe r e n t  sources, 59 accidents were 
se lec ted  to i l lu s t r a t e  that adequate energy control methods may have prevented 
the accidents . (A b r ie f  descr ip tion  o f each accident is  included in Appendix
B.) Causes o f these accidents have been categorized as follows:

1. Maintenance a c t i v i t i e s  were in i t ia te d  without attempting to deenergize  
the equipment or system, or control the hazards with energy present.

Twenty-seven accidents f e l l  into  th is  category. Typical o f  these  
accidents was accident No. 10 (Appendix B), in which an experienced  
repairman saw a piece o f  wire stuck in a f i l t e r  wheel. He attempted 
to remove the wire while the wheel was in motion. Losing his balance, 
he f e l l  into  the wheel. His leg  was crushed and had to be amputated.

2. Energy blockage or i s o la t io n  was attempted, but was inadequate.

Six incidents  were the resu lt  o f  in e f f e c t iv e  energy i s o la t io n  or 
blockage. An example was accident No. 30 (Appendix B), in which a 
worker attempted to prevent an e levator  from moving by jamming the 
doors open with a plank while the e levator  was on the second f lo o r ,  
and then turning o f f  the outside panel switch on the main f lo o r .  He 
was k i l l e d  while working on the main f loor  when the e levator  returned 
to i t s  home base rather than remaining on the second f lo o r .

3. Residual (p o ten t ia l)  energy was not d is s ip a te d .

Accident No. 34 (Appendix B) resu lted  in injury due to fa i lu re  to  
d is s ip a te  residual energy. The worker turned o f f  the power to a 
packaging machine and attempted to remove a jam. Residual hydraulic  
pressure ac tiva ted  the holding device causing the injury.

4. Accidental a c t iv a t io n  o f energy.

Twenty-five o f  the accidents were caused by accidental a c t iv a t io n .  
These accidents were caused by e ith er  (1) persons u n in ten tion a lly
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actuating con tro ls ,  or (2) by other persons ac tiv a tin g  the con tro ls ,  
not r ea l iz in g  that maintenance was in progress. The r e s u l t ,  in e ith e r  
case , can be d isastrou s .

An accident typ ica l of th is  category was accident No. 36 (Appendix B) 
in which a mechanic was repairing an e l e c t r i c a l l y  operated cau stic  
pump. A co-worker dragged a cable across the toggle  switch that 
operated the pump, and the mechanic was sprayed with c a u s t ic .  Another
in c id en t ,  accident No. 38 (Appendix B), occurred when an employee was
cutt ing  a pipe with a torch and d ie s e l  fuel was mistakenly discharged  
in to  the l in e .  The ensuing ig n it io n  o f  the d ie s e l  fuel resu lted  in a 
f a t a l i t y .

These types o f  accidents are preventable i f  e f f e c t iv e  energy control tech­
niques or procedures are a v a i la b le ,  workers are trained to use them, and
management provides the motivation to ensure th e ir  use. Table I summarizes 
the accident causes and ind icates  the applicable  gu id elin es  from Chapter III  
which, i f  followed, would have eliminated the hazard and prevented the a c c i ­
dent. In Appendix B, an energy control method that would have been e f f e c t iv e  
i s  id e n t i f ie d  for each entry . The methods shown are only examples. For many 
c a se s ,  several energy control techniques could have been used to prevent the 
accid en t. In addition , Appendix B id e n t i f i e s  the hazard types, energy 
sources, and accident causes as w ell as consequences o f  each accid en t.

TABLE I 

ACCIDENT CAUSE SUMMARY*

NUMBER OF APPLICABLE
ACCIDENT CAUSE ACCIDENTS GUIDELINES

INITIATED ACTIVITY 
WITHOUT ATTEMPTING 
TO CONTROL HAZARDOUS 
ENERGY

27 A .I . ,  A .2 . ,  A.3 . ,  
AND

B .I . ,  B .2 . ,  B.3.

ENERGY ISOLATION 
WAS ATTEMPTED 
BUT WAS INADEQUATE

6 A. 2. a . and A. 2 . d .

RESIDUAL ENERGY WAS 
NOT DISSIPATED

1 A .2.b . and A .2 .d .

ACCIDENTAL ACTIVATION 25 A.2 .a . , A .2 .C .,
OF ENERGY A. 2 .d . and A.2 . e .

ALL CAUSES 59

* See Appendix B for Accident Descriptions



B .  S T A T IST IC A L  IN VESTIG ATION

Besides the l i t e r a tu r e  search, a s t a t i s t i c a l  in v e s t ig a t io n  was undertaken in  
the attempt to obtain data that would help to id e n t ify  factors  causing or 
contributing to the type o f  accident under consideration .

It  was planned that s t a t i s t i c a l  accident data would be obtained that re la ted  
to  inadequate energy contro ls  during maintenance. The data would help to  
id e n t ify  in e f f e c t iv e  control methods and particu lar  problems that should be 
avoided. Manual and automated searches were conducted to locate  the informa­
t io n .  Most of the data found, however, did not include enough s p e c i f ic  
information to id e n t ify  the factors  causing or contributing to the accid en ts .  
This finding coincides with the r e su lt s  of a study conducted by the National 
Safety Council and reported on June 30, 1978 to the members of the National 
Safety Council P resident's  Advisory Committee and Technical Work Session  
P artic ipants  of the National Program to Improve Occupational Injury Informa­
t io n .  The report s ta te s :

"Problems with the tech n ica l q u a lity  o f  current data . These include the 
lack of d e t a i l ,  con s is ten cy , and relevance for the development of counter­
measures in current occupational injury data. E xisting  data are very 
l im ite d .

Occupational injury data are often  gathered primarily for the purpose o f  
processing worker's compensation claims rather than for developing  
countermeasures. Most current information systems emphasize data about 
the injury, not the accid en t, and about the end r e su lt s  of the accident  
sequence, rather than the p rec ip ita t in g  events and conditions leading to  
the injuring event. Data o f the la t t e r  type are o ften  much more important 
for the development o f  countermeasures.

Ihe ANSI Z16.2 American National Standard Method o f Recording Basic Facts 
Relating to the Nature and Occurrence o f Work In ju r ie s ,  or an adaptation  
of th is  coding method, i s  used almost e x c lu s iv e ly  among both the Federal 
and State Government agencies and private sector  information systems. The 
ANSI Z16.2 method i s  extremely lim ited  and i s  designed primarily as a 
monitoring too l for grouping accidents by major types and for flagging a 
lim ited  number o f i so la te d  factors about accidents so that the cases can 
be reca lled  when data an a lys is  begins. The ANSI Z16.2 method i s  not 
designed as an a n a ly t ic a l  too l for id en t ify in g  the patterns, the p rec ip i­
ta t in g  events and conditions in an accident sequence, or the re la t ion sh ip s  
among contributing causal factors in an accident that are normally needed 
for countermeasure development."

Attempts to obtain more s p e c i f ic  data from such sources as a s so c ia t io n s ,  
insurance companies, labor unions, and industry proved unsuccessful because o f  
one or more o f  the following reasons:

1. Trade asso c ia tio n s  did not c o l l e c t  the data, or the data were not 
c o l le c te d  in a usefu l format or for s p e c i f ic  enough in stan ces .

2. Data from insurance companies, private  companies, and unions are 
considered proprietary and/or involve l i a b i l i t y  considerations .
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3. Changing format and e d it in g  the data would be too time consuming or 
c o s t ly  (the data are considered proprietary without changing format 
and e d it in g ,  and insurance companies are not in terested  in reworking 
the d a ta ) .
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I II .  GUIDELINES FOR CONTROLLING HAZARDOUS ENERGY DURING 
MAINTENANCE AND SERVICING

(The fo llo tr in g  g u id e lin e s  fo r  c o n tr o l l in g  hazardous energy during  m ain te­
nance and s e r v ic in g  o f  m achinery , p ro c e s se s , or system s are  shown g ra p h ica lly  
in  F igure I .  R e ferences which support th e  use o f  each s p e c i f i c  g u id e lin e  may 
be fo u n d , c ro ss -re fe re n c e d  to  th e  t e x t  o f  t h i s  s e c t io n ,  in  Appendix E .)

In  order to  p r o te c t  th e  worker from e n e rg y -re la te d  hazards during  m aintenance  
or s e r v ic in g  o f  a m achine, p ro cess  or sy s tem , method A or  B o f  hazard c o n tro l  
m ust be chosen.

Several factors must be considered in deciding i f  energy should be elim inated  
and determining what method o f  hazard control should be implemented for a 
particu lar  app lica tion . Factors that should be considered include (1) the 
energy l e v e l ,  (2) the access or proximity to the energy source necessary to  
accomplish the work, and (3) whether proven methods e x i s t  for performing the 
task s a fe ly  with hazardous energy present.

A . CONTROLLING HAZARDOUS ENERGY SOURCES

1 . I f  d e en erg iz in g  i s  chosen , a thorough in s p e c tio n  should  be perform ed  
to  i d e n t i f y  a l l  p o te n t ia l l y  hazardous energy so u rc e s , in c lu d in g  a d ja cen t 
equipm ent o r  energy so u rces  th a t  r e p re se n t hazards to  p e rso n n e l.

2 . When a l l  p o te n t ia l ly  hazardous sources o f  energy have been i d e n t i f i e d ,  
each source  m ust be c o n tr o l le d  and th e  d e v ic e  c o n tr o l l in g  th e  energy source  
m ust be secured  and v e r i f i e d .  The fo llo tr in g  are s te p s  to  accom plish th e  con­
t r o l  o f  hazardous energy so u rces:

a . A l l  energy so urces id e n t i f i e d  as hazardous s h a l l  be i s o la te d ,  b lo c ke d , 
or d is s ip a te d  a t  p o in ts  o f  c o n tro l th a t  ca n n o t, w ith  reasonab le  
e f f o r t ,  be overr id d en  or b y -p a ssed . These iso la te d  points o f  con­
tro l  must be secured in accordance with paragraph A .2 .c .  of these  
gu id elines  to ensure complete blockage for the duration of the mainte­
nance operation to preclude any p o s s ib i l i t y  o f  r ea c t iv a t in g  the flow 
of energy.

Energy i s  co n sid ered  adeq u a te ly  i s o la te d ,  b lo c ke d , o r  d is s ip a te d  
when an unplanned e ve n t would n o t r e a c t iv a te  th e  flo w  o f  en erg y .
Adequate i s o la t io n  can be achieved by many methods or combinations o f  
methods so long as the controls  are not l ik e ly  to be acc id en ta lly  
turned on. Appendix A id e n t i f i e s  severa l examples of methods o f  
e f f e c t iv e ly  i s o la t in g  or blocking energy.

b . S to red  or r e s id u a l energy th a t  c o n s t i tu te s  a personnel hazard s h a l l  be 
i s o la te d ,  b lo cked ,  o r  d is s ip a te d .

Another necessary s tep  i s  to block or d is s ip a te  any hazardous residu al  
energy once the d ec is ion  is  made to deenergize. Residual energy i s  
not always as obvious a hazard as the incoming energy su p p lie s .  For 
th is  reason, sp ec ia l  e f fo r t  must be made to id e n t ify  any stored energy 
that could re su lt  in personnel hazards. For example, i f  i t  i s
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n e c e s s a r y  f o r  a  w o r k e r  t o  c l i m b  o r  move a b o u t  m e c h a n i c a l  l i n k a g e s ,  t h e  
p o t e n t i a l  e n e r g y  d u e  t o  t h e  w o r k e r ' s  w e i g h t  may b e  s u f f i c i e n t  t o  c a u s e  
d a n g e r o u s  mov ements  o f  t h e  l i n k a g e s .  I f  t h i s  h a z a r d  i s  p r e s e n t ,  a 
m e c h a n i c a l  b l o c k  o r  p i n  c a n  u s u a l l y  b e  u s e d  t o  b l o c k  o u t  t h e  e n e r g y  
an d  p o t e n t i a l l y  d a n g e r o u s  movem en t .

Forms o f  p o t e n t i a l  e n e r g y  w h i c h  may b e  s t o r e d  i n  s u f f i c i e n t  q u a n t i t i e s  
t o  r e p r e s e n t  h a z a r d s  i n c l u d e :

o H y d r a u l i c  o r  p n e u m a t i c  p r e s s u r e

o P r e s s u r e  b e l o w  a t m o s p h e r i c  ( a s  i n  vacuum  s y s t e m s )

o C o m p res s ed  o r  e x t e n d e d  s p r i n g s

o P o t e n t i a l  e n e r g y  d u e  t o  g r a v i t y

o S t o r e d  m e c h a n i c a l  e n e r g y  ( a s  i n  f l y w h e e l s )

o S t a t i c  e l e c t r i c i t y

o S t o r e d  e l e c t r i c a l  e n e r g y  ( a s  i n  b a t t e r i e s )

o S t o r e d  e l e c t r i c a l  e n e r g y  ( a s  i n  c a p a c i t o r s )

o T h e rm a l  e n e r g y  d u e  t o  r e s i d u a l  h e a t  o r  low t e m p e r a t u r e

o R e s i d u a l  c h e m i c a l s  i n  p i p e  w h i c h  may c a u s e  t h e r m a l  o r  p r e s s u r e
b u i l d u p s .

I f  s t o r e d  h a z a r d o u s  e n e r g y  i s  p r e s e n t  i n  a n y  f o r m ,  c a r e  m u s t  b e  t a k e n  
t o  e n s u r e  t h a t  t h e  r e s i d u a l  e n e r g y  i s  r e d u c e d  t o  a n o n h a z a r d o u s  
l e v e l .  E x t r a  c a r e  m u s t  b e  e x e r c i s e d  t o  a v o i d  r e a c c u m u l a t i o n  o f  e n e r g y
t o  h a z a r d o u s  l e v e l s .  S p e c i a l  m e a s u r e s  t o  c o n t i n u o u s l y  b l e e d  o f f
e n e r g y  s h o u l d  b e  u s e d  i f  e n e r g y  b u i l d u p  i s  p o s s i b l e .  I n  a d d i t i o n ,
m o n i t o r i n g  t o  be  s u r e  e n e r g y  h a s  n o t  a c c u m u l a t e d  t o  d a n g e r o u s  l e v e l s
may b e  n e c e s s a r y .

c .  The p o in t ( s ) o f  c o n t ro l  s h a l l  he se cu red  so  th at  u nau tho rized  p e rso n s  
a re  prevented  from r e e n e rg iz in g  the m ach ine , p r o c e s s ,  o r  sy stem .

A means o f  s e c u r i t y  must be implemented to  en sure  th at  the equipment 
b e in g  m a in ta ined  o r  s e r v ic e d  i s  n o t  somehow re e n e rg ize d .  The g u id e ­
l i n e s  a llo tr  a  c h o ic e  o f  th ree  m ethods. The s e l e c t i o n  s h o u l d  be  
b a s e d  on t h e  p a r t i c u l a r  c i r c u m s t a n c e s  and  c h a r a c t e r i s t i c s  o f  e a c h  
r e s p e c t i v e  f a c i l i t y  o r  a p p l i c a t i o n .  A fa rm  em p lo y e e  w o r k i n g  w i t h  
p o t e n t i a l l y  h a z a r d o u s  p o w e red  e q u i p m e n t  i n  a r e m o t e  f i e l d  w o u ld  n o t  b e  
e x p e c t e d  t o  u s e  a p a d l o c k  f o r  s e c u r i t y .  A p a d l o c k  ( o r  e q u i v a l e n t ) ,  
h o w e v e r ,  w o u l d  b e  a l o g i c a l  s e l e c t i o n  f o r  a s w i t c h  o r  v a l v e  a c c e s s i b l e  
t o  a l a r g e  num ber  o f  p e o p l e .  The u s e  o f  t a g s ,  when o n l y  t r a i n e d  p e r ­
s o n n e l  h a v e  a c c e s s  t o  t h e  p o i n t ( s )  o f  c o n t r o l  i s  an  a c c e p t e d  i n d u s t r y  
p r a c t i c e .  Any one o f  t h e  f o l l o w i n g  m e t h o d s  w i l l  p r e v e n t  u n w a n te d  
r e e n e r g i z a t i o n  o f  e q u i p m e n t .
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(1 ) se cu re  by p h ys ice il means ( "L o c k o u t ")  su ch  th at  r e e n e r g iz in g  
the system  re q u ir e s  the u se  o f  s p e c ia l  equipment r o u t in e ly  a v a i l ­
a b le  o n ly  to  the p e rso n  who a p p lie d  the c o n t r o l .  A w arn ing con ­
t a in in g  a p p ro p r ia te  in fo rm a t io n  s h a l l  be d isp la y e d  a t  the p o in t ( s )  
o f  c o n t ro l .  The m e th o d  o f  s e c u r i n g  t h e  p o i n t s  o f  c o n t r o l  by
p h y s i c a l  means  t h a t  p r e v e n t  u n a u t h o r i s e d  p e r s o n s  f rom r e e n e r g i z i n g  
t h e  m a c h i n e ,  p r o c e s s ,  o r  s y s t e m  i s  w i d e l y  u s e d .  The m o s t  common 
d e v i c e  u s e d  f o r  s e c u r i t y  i s  t h e  p a d l o c k .  O f t e n  e a c h  w o r k e r  i s
p r o v i d e d  w i t h  h i s  own p a d l o c k  and  t h e  o n l y  k e y .

(2 )  P o s t  a w arn ing  ( "T a go u tm) a t  the p o in t ( s )  o f  c o n t ro l  
p r o v id in g  in fo rm a t io n  a s  to  why the  energy  so u rc e s  have  been i s o ­
la t e d , b lo ck e d ,  o r  d i s s ip a t e d , the date , the p e r s o n ( s )  r e sp o n s ib le  
f o r  the c o n t ro l  m easure, and the p e r s o n ( s ) r e sp o n s ib le  f o r  the  
work to  be a ccom p lished . in  a d d it io n ,  a c c e s s  to  the c o n t ro l  
p o in t  ( s )  o u s t  be l im it e d  to  p e r so n s  who a re  t ra in e d  to  understand  
and ob se rve  the  po sted  w arn ing .  A c c e s s  may b e  l i m i t e d  by  
p h y s i c a l  l o c a t i o n  ( s u c h  a s  e l e v a t i o n )  o r  by p r o c e d u r a l  means  s u c h  
a s  c o l o r - c o d e d  b a d g e s .  When t h i s  m e th o d  o f  s e c u r i t y  i s  u s e d ,  e a c h
new em p lo y e e  s h o u l d  r e c e i v e  t r a i n i n g  t o  o b s e r v e  t h e  g u i d e l i n e s
b e f o r e  h a v i n g  a c c e s s  t o  t h e  p o i n t ( s )  u s e d  f o r  c o n t r o l l i n g  e n e r g y .  
The t r a i n i n g  s h o u l d  i n c l u d e  t h e  p u r p o s e  o f  t h e  w a r n i n g ,  t h e  f o r m a t  
an d  c o l o r  o f  t h e  w a r n i n g ,  a n d  s h o u l d  s t r e s s  t h e  r e s p o n s i b i l i t y  o f  
e a c h  p e r s o n  f o r  h i s  c o - w o r k e r s '  s a f e t y .  R e t r a i n i n g  s h o u l d  b e  
g i v e n  a s  n e c e s s a r y  so  t h a t  t h e  i m p o r t a n c e  o f  o b s e r v i n g  t h e  p o s t e d  
w a r n i n g  i s  n o t  f o r g o t t e n .

(3 )  P o st  q u a l i f ie d  p e r so n n e l, w ith  the s p e c i f i c  r e s p o n s ib i l i t y  
o f  p ro te c t in g  a g a in s t  unau tho rized  a c tu a t io n ,  a t  the p o in t ( s )  o f  
c o n t ro l  th roughout the m aintenance a c t i v i t y .  T h is  a p p l ie s  m a in ly  
to  sh o r t  d u ra t io n  work in  the immediate v i c i n i t y  o f  the c o n t ro l  
p o in t ( s ) .

d .  B e fo re  s t a r t in g  m aintenance, v e r i f y  th at  s t e p s  a . through c .  have been  
e f f e c t iv e  in  i s o l a t i n g ,  b lo c k in g  o r  d i s s ip a t in g  hazardous en e rgy , and  
se c u r in g  the p o in t ( s )  o f  c o n t ro l.

I n  a p p l y i n g  an y  m e t h o d  o r  t e c h n i q u e  t o  i s o l a t e ,  b l o c k ,  o r  d i s s i p a t e  
e n e r g y  f r om  s p e c i f i e d  a r e a s ,  d e v i c e s ,  m a c h i n e s ,  s y s t e m s ,  o r  p r o c e s s e s ,  
i t  s h o u l d  be  v e r i f i e d  t h a t  d e e n e r g i z a t i o n  h a s  b e e n  e f f e c t e d  p r i o r  t o  
t h e  s t a r t  o f  m a i n t e n a n c e .  V e r i f i c a t i o n  s h o u l d  b e  a c c o m p l i s h e d  ea c h  
t i m e  e n e r g y  i s  e l i m i n a t e d  and r e a p p l i e d ,  r e g a r d l e s s  o f  t h e  t i m e  i n t e r ­
v a l  b e t w e e n  r e m o v a l  and r e a p p l i c a t i o n .  P r o v e n  m e t h o d s  s h o u l d  be  u s e d  
t o  e f f e c t i v e l y  d e m o n s t r a t e  t h a t  a l l  h a z a r d o u s  e n e r g y  h a s  b e e n  i s o l a ­
t e d ,  b l o c k e d ,  o r  d i s s i p a t e d  i n  t h e  a r e a s  w he re  p e r s o n n e l  w i l l  p e r f o r m  
t h e  r e q u i r e d  t a s k s .  I f  t h e r e  i s  t h e  p o s s i b i l i t y  o f  r e a c c u m u l a t i o n  o f  
e n e r g y  t o  h a z a r d o u s  l e v e l s ,  v e r i f i c a t i o n  s h o u l d  be  c o n t i n u e d  u n t i l  t h e  
m a i n t e n a n c e  a c t i v i t y  i s  c o m p l e t e d .

I f  s e n s i n g  d e v i c e s  a r e  u s e d  f o r  v e r i f i c a t i o n ,  t h e s e  d e v i c e s  s h a l l  be  
u s e d  a c c o r d i n g  t o  e s t a b l i s h e d  p r o c e d u r e s  t h a t  h a v e  b e e n  d e t e r m i n e d  t o  
s a f e l y  and c o n s i s t e n t l y  i n d i c a t e  t h e  p r e s e n c e  o f  e n e r g y .  T h e s e  
s e n s i n g  d e v i c e s  s h o u l d  b e  p r i m a r y ;  i . e . ,  t h e y  s h o u l d  n o t  d e p e n d  up on  
s e c o n d a r y  o r  d e r i v e d  i n d i c a t i o n s  w h ich  c o u l d  i n d u c e  g r e a t e r  p r o b a b i l i t y
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o f  e r r o r .  The d e v i c e s  s h o u l d  be  r e g u l a r l y  an d  f r e q u e n t l y  i n s p e c t e d  
a n d / o r  c a l i b r a t e d  t o  e n s u r e  t h a t  t h e y  a r e  f u n c t i o n a l  an d  a c c u r a t e  an d  
t o  d e t e c t  a n y  p o t e n t i a l  d e v i c e  f a i l u r e s .

Good i n t e n t i o n s  t o  e l i m i n a t e  e n e r g y  h a v e  f a i l e d  and i n j u r i e s  h a v e  
r e s u l t e d  when t h e  w ro ng  s o u r c e s  o f  e n e r g y  w e r e  c o n t r o l l e d .  To a v o i d  
t h i s  p o s s i b i l i t y ,  t h e  e n e r g y  s h o u l d  b e  v e r i f i e d  t o  b e  b e l o w  h a z a r d o u s  
l e v e l s  b e f o r e  p r o c e e d i n g .

e .  V e r if y  that, a l l  p e rso n n e l a re  c le a r  o f  the p o in t ( s )  o f  danger be fo re  
r e e n e r g iz in g  the  m ach ine, p r o c e s s , o r  system .

T h i s  a c t i o n  i s  s o  o b v i o u s  t h a t  many r e f e r e n c e s  f a i l  t o  i d e n t i f y  i t ;  
y e t  i t  i s  v i t a l l y  i m p o r t a n t  t h a t  i t  b e  i n c l u d e d  i n  e a c h  p r o c e d u r e .

3 . For the  f i v e  s t e p s  l i s t e d  above to  com prise  a v a l id  te chn ique  f o r  
c o n t r o l l in g  h a za rd o u s energy  s o u r c e s , the f o l lo w in g  two p re c o n d it io n s  must 
be met:

a .  The p ro ce d u re s  to  be used to  a ccom p lish  the above s t e p s  s h a l l  be  
documented.

P r o c e d u r e s  f o r  e n e r g y  c o n t r o l  a p p l i c a t i o n s  s h o u l d  be  d o c u m e n t e d  t o  t h e  
d e t a i l  r e q u i r e d  t o  p r o v i d e  a c l e a r  u n d e r s t a n d i n g  o f  t h e  d e v i c e s  and 
m e t h o d s  o f  a p p l i c a t i o n  an d  r e m o v a l ,  s o  t h a t  t h e  c o n t r o l s  a r e  u n i f o r m l y  
a n d  s a f e l y  a p p l i e d  an d  re mov ed e a c h  t i m e .  The p r o c e d u r e s  s h o u l d  
c l e a r l y  a s s i g n  r e s p o n s i b i l i t y  f o r  e a c h  s t e p  o f  t h e  c r i t e r i a  a s  w e l l  a s  
i n d i c a t e  w h e r e  i s o l a t i o n ,  b l o c k i n g ,  o r  d i s s i p a t i o n  o f  e n e r g y  i s  t o  b e  
a c c o m p l i s h e d ,  how d e e n e r g i z a t i o n  i s  t o  b e  v e r i f i e d ,  w h a t  m e th o d  i s  t o  
b e  u s e d  f o r  s e c u r i t y ,  and  how r e s p o n s i b i l i t y  i s  t o  b e  t r a n s f e r r e d  
d u r i n g  s h i f t  c h a n g e s .  The p r o c e d u r e s  n e e d  n o t  b e  u n i q u e  f o r  a s i n g l e  
m a c h i n e  o r  t a s k ;  p r o c e d u r e s  may be  u s e d  w h i c h  a p p l y  t o  a  g r o u p  o f  
s i m i l a r  m a c h i n e s  o r  t a s k s .  D e p e n d in g  u p o n  t h e  c o m p l e x i t y  o f  t h e  
e q u i p m e n t  and i t s  a p p l i c a t i o n ,  good  p r o c e d u r e s  may v a r y  f rom one t o  
many p a g e s .  No m a t t e r  how s i m p l e  and s t r a i g h t f o r w a r d  t h e  p r o c e d u r e s  
may s ee m ,  t h e y  s h o u l d  b e  d o c u m e n t e d  s o  t h a t  a l l  l e v e l s  o f  p e r s o n n e l  
u n d e r s t a n d  company p o l i c y ,  a s  w e l l  a s  t h e  r e q u i r e d  s a f e t y  p r o c e d u r e s .

b . The p e rso n n e l who implement the above s te p s  s h a l l  be q u a l i f ie d .  Each  
w orker must th o rough ly  understand  a l l  documented p ro ce d u re s.  T r a in in g  
s h a l l  be a ccom p lished  a s  n e c e s s a r y  to  e s t a b l i s h  and m a in ta in  p r o f i ­
c ie n c y ,  and to  encom pass p ro ce d u ra l o r  equipment changes which a f fe c t  
energy  c o n t r o l  d u r in g  m aintenance.

A f t e r  t h e  e n e r g y  c o n t r o l  n e e d  h a s  b e e n  i d e n t i f i e d ,  t h e  m e t h o d s  o f  
i m p l e m e n t a t i o n  s e l e c t e d ,  an d t h e  p r o c e d u r e s  f i n a l i z e d ,  a t r a i n i n g  
p ro g r a m  s h o u l d  b e  i n s t i t u t e d  t o  e n s u r e  t h a t  t h e  p r o c e d u r e s  a r e  
f o l l o w e d  and t h e  p u r p o s e  and f u n c t i o n s  a r e  u n d e r s t o o d .  The t r a i n i n g  
s h o u l d  i n v o l v e  e l e m e n t s  o f  m anagem en t  an d  t h e  w o r k f o r c e  c o n c e r n e d  w i t h  
m a i n t e n a n c e  a c t i v i t i e s  s o  t h a t  t h e  c r i t e r i a  a r e  e x p e d i t i o u s l y  an d  u n i ­
f o r m l y  a p p l i e d .  The t r a i n i n g  s h o u l d  e n s u r e  t h a t  t h e  u n d e r s t a n d i n g  and  
s k i l l s  r e q u i r e d  f o r  t h e  s a f e  a p p l i c a t i o n  and r e m o v a l  o f  e n e r g y  c o n ­
t r o l s  a r e  a v a i l a b l e  a s  r e q u i r e d .  R e t r a i n i n g  s h o u l d  b e  s c h e d u l e d  a s
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o f t e n  a s  n e c e s s a r y  t o  m a i n t a i n  p r o f i c i e n c y  an d  t o  i n t r o d u c e  r e v i s e d  
d e v i c e s ,  p r a c t i c e s ,  an d  m e t h o d s .

I f  e n e r g y  i s o l a t i o n ,  b l o c k i n g ,  o r  d i s s i p a t i o n  a r e  s e c u r e d  a c c o r d i n g  t o  
c r i t e r i o n  2 . c . ( 2 ) ,  t h e n  e v e r y  p e r s o n  h a v i n g  j o b  r e l a t e d  a c c e s s  t o  t h e  
p o i n t ( s )  o f  c o n t r o l  s h o u l d  b e  t r a i n e d .  T h i s  t r a i n i n g  i s  i n  a d d i t i o n  
t o  t h a t  r e q u i r e d  f o r  p e r s o n n e l  i n v o l v e d  i n  a p p l y i n g  e n e r g y  c o n t r o l s .  
The t r a i n i n g  s h o u l d  i n c l u d e  t h e  p u r p o s e  o f  t h e  w a r n i n g ,  t h e  f o r m a t  and 
c o l o r  o f  t h e  w a r n i n g ,  an d  s h o u l d  e m p h a s i z e  t h e  e x t r e m e  i m p o r t a n c e  f o r  
a l l  p e r s o n n e l  t o  o b e y  t h e  w a r n i n g s  i n  o r d e r  t o  p r o t e c t  t h e i r  c o ­
w o r k e r s .  The p e r s o n n e l  who im p le m e n t  t h e  p r o c e d u r e s  s h o u l d  b e  t r a i n e d  
n o t  o n l y  t o  know how t o  a c c o m p l i s h  t h e  s t e p s  r e q u i r e d  t o  c o n t r o l  
e n e r g y  s o u r c e s ,  b u t  a l s o  t o  u n d e r s t a n d  t h e  h a z a r d s  a s s o c i a t e d  w i t h  
e n e r g y  s o u r c e s .  A l l  l e v e l s  o f  s u p e r v i s i o n  c o n c e r n e d  w i t h  m a i n t e n a n c e  
an d  s e r v i c i n g ,  w i t h  s p e c i a l  e m p h a s i s  on  f i r s t - l i n e  s u p e r v i s i o n ,  m u s t  
b e  t r a i n e d  i n  o r d e r  t o  e n s u r e  t h a t  p r o c e d u r e s  a r e  f o l l o w e d .

B . CONTROLLING HAZARDS WITH ENERGY PRESENT

C o n t r o l l in g  m aintenance h a za rd s  w ith  energy  p re se n t  i s  the  o n ly  a l t e r n a t iv e  to  
d e e n e rg iz in g  to  perform  m aintenance t a s k s  s a f e l y .  For some typ e s o f  m ach ines  
o r  p r o c e s s e s , the c o n d it io n s  o r  com b ination  o f  c o n d it io n s  that must be e v a lu ­
ated  and c o n t r o l le d  in  e n e rg ize d  sy stem s can be much more com plex than deener­
g iz e d  s y s te m s . The f o l lo w in g  p a ragrap h s d e s c r ib e  g u id e l in e s  f o r  m a in ta in in g  
"e n e rg iz e d "  sy stem s.

1 . H azardous energy  s o u r c e s , in c lu d in g  r e s id u a l  energy  s o u r c e s , s h a l l  be  
id e n t i f ie d .

I d e n t i f i c a t i o n  o f  t h e  h a z a r d s  n e e d s  no j u s t i f i c a t i o n ,  f o r  a h a z a r d  
c a n n o t  b e  c o n t r o l l e d  u n l e s s  i t  i s  i d e n t i f i e d .

2. Documented p ro ce d u re s , which have been determ ined to  c o n t ro l  each  
h azardou s energy  s o u r c e , s h a l l  be u sed . P ro ce d u re s  s h a l l  a s s ig n  
r e s p o n s ib i l i t y  and a c c o u n t a b i l i t y  f o r  c o n t r o l l in g  p e rso n n e l h a za rd s .

B e f o r e  a w o r k e r  i s  e x p o s e d  t o  a h a z a r d ,  t h e  h a z a r d  c o n t r o l s  m u s t  b e  
known t o  b e  e f f e c t i v e .  D e t e r m i n a t i o n  o f  h a z a r d  c o n t r o l  e f f e c t i v e n e s s  
c a n  b e  b a s e d  on p h y s i c a l  d e m o n s t r a t i o n  p r i o r  t o  i m p l e m e n t a t i o n  on a 
d a y - t o - d a y  b a s i s .  T h i s  c a n  b e  by  s i m i l a r i t y  t o  a  d e m o n s t r a b l y  
e f f e c t i v e  h a z a r d  c o n t r o l ,  o r  by  a n a l y s i s .

3 . P e rso n n e l who perform  the  m aintenance s h a l l  be q u a l i f ie d  to  use  the  
p ro ce d u re s.  Q u a l i f ic a t io n  to  use  the p ro ce d u re s  may be ob ta ine d  by  
e d u ca t io n , e x p e r ie n ce  and/or t r a in in g .  The p e r s o n n e l  who p e r f o r m  
t h e  m a i n t e n a n c e  an d  s e r v i c i n g  a c t i v i t i e s  m u s t  b e  t r a i n e d  t o  u n d e r s t a n d  
t h e  p a r t i c u l a r  h a z a r d s ,  t h e  c o n t r o l s  f o r  t h e  h a z a r d s ,  and how t o  
im p l e m e n t  t h e  c o n t r o l s  e f f e c t i v e l y .
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IV. CONCLUSIONS

T h i s  s t u d y  c o n f i r m s  t h a t  t h e  n e e d  t o  c o n t r o l  h a z a r d o u s  e n e r g y  d u r i n g  m a i n t e ­
n a n c e  a c t i v i t i e s  i s  r e c o g n i z e d  by i n d u s t r y ,  l a b o r ,  an d  t h e  G o v e r n m e n t .  T h i s
n e e d  i s  m a n i f e s t e d  by t h e  d i f f e r e n t  a p p r o a c h e s  i m p l e m e n t e d  by  i n d u s t r y  t o  
r e d u c e  i n j u r i e s ,  t h e  e v i d e n c e  s u b m i t t e d  t o  t h e  O c c u p a t i o n a l  S a f e t y  and H e a l t h  
A d m i n i s t r a t i o n  a t  p u b l i c  h e a r i n g s  on  t h e  s u b j e c t  o f  l o c k o u t s  and t a g o u t s ,  an d  
r e s u l t s  o f  t h e  l i t e r a t u r e  s e a r c h  i n  w h ich  a g r e a t  number  o f  a r t i c l e s  w e re
f o u n d  w h i c h  e m p h a s i z e  t h e  n e e d  f o r  some t y p e  o f  c o n t r o l .

The l i t e r a t u r e  r e v i e w  d i d  n o t  p r o d u c e  s t a t i s t i c a l  e v i d e n c e  o f  t h e  e f f e c t i v e ­
n e s s  o f  any one s p e c i f i c  t y p e  o f  e n e r g y  c o n t r o l  m e th o d  o v e r  a n o t h e r ,  n o r  d i d  
i t  i d e n t i f y  a c c i d e n t  c a u s a t i v e  f a c t o r s  l e a d i n g  t o  i n j u r i e s .  No v a l u e s  c o u l d  
b e  d e v e l o p e d  w h i c h  d i f f e r e n t i a t e  a c c i d e n t s  and  i n j u r i e s  o c c u r r i n g  d u r i n g  m a i n ­
t e n a n c e  f rom a g g r e g a t e  U . S .  i n j u r y  s t a t i s t i c s ;  i . e . ,  d a t a  t o  p r o v i d e  i n d i c e s  
on  t h e  p r o b a b i l i t y  o f  i n j u r y  o c c u r r e n c e ,  t h e  m a g n i t u d e  o f  t h e  i n j u r i e s ,  and  
t h e  e x p o s u r e  t o  t h e  h a z a r d  ( p o p u l a t i o n  o f  w o r k e r s  a t  r i s k )  t h a t  c o r r e l a t e  w i t h  
t h e  i d e n t i f i e d  p r i m a r y  h a z a r d  c a u s e s .

I n d u s t r i a l  a c c i d e n t  and i n j u r y  d a t a  a v a i l a b l e  i n  t h e  U . S .  d e s c r i b e  t h e  i n j u ­
r i e s  s u s t a i n e d  by t h e  w o r k e r s  i n  g r e a t e r  d e t a i l  t h a n  t h e  c a u s e s  o f  t h e  a c c i ­
d e n t s  t h a t  i n f l i c t e d  t h e  i n j u r i e s .  The h a z a r d  c a u s e s  f o u n d  i n  t h e  a n a l y z e d  
a c c i d e n t  r e p o r t s  a r e  c a t e g o r i z e d  by f i r e ,  e x p l o s i o n ,  i m p a c t ,  f a l l ,  c a u g h t  i n  
o r  b e t w e e n ,  and o t h e r s .  The h a z a r d  c a u s e s  i d e n t i f i e d  by t h i s  s t u d y  a r e  d i f ­
f e r e n t .  C o n s e q u e n t l y ,  t h e  p u b l i s h e d  s t a t i s t i c s  ( a g g r e g a t e s  o f  a c c i d e n t / i n j u r y  
r e p o r t s )  c a n n o t  b e  b r o k e n  down i n t o  a c c i d e n t  c a u s e s  i d e n t i f i e d  a s  s p e c i f i c  t o  
m a i n t e n a n c e  and  s e r v i c i n g  a c t i v i t i e s .

The s t u d y  i d e n t i f i e d  t h e  f o l l o w i n g  h a z a r d  c a u s e s :

1. M a i n t e n a n c e  a c t i v i t i e s  w e r e  i n i t i a t e d  w i t h o u t  a t t e m p t i n g  t o  d e e n e r g i z e  
t h e  e q u i p m e n t  o r  s y s t e m  o r  c o n t r o l  t h e  h a z a r d  w i t h  e n e r g y  p r e s e n t .

2 .  E n e r g y  b l o c k a g e  o r  i s o l a t i o n  was a t t e m p t e d ,  b u t  was i n a d e q u a t e .

3 .  R e s i d u a l  e n e r g y  was  n o t  d i s s i p a t e d .

4 .  E n e r g y  was  a c c i d e n t a l l y  a c t i v a t e d .

The w o r k e r  p o p u l a t i o n  a t  r i s k  c o u l d  n o t  b e  d e f i n e d  b e c a u s e  e m p l o y e r s  who 
im p le m e n t  p r o c e d u r a l  c o n t r o l s  may c h o o s e  t o  make t h e  p r o c e d u r e s  a p p l i c a b l e  t o
( 1 )  a l l  p e r s o n n e l ;  ( 2 )  p e r s o n n e l  e n g a g e d  i n  any one o r  any  c o m b i n a t i o n  o f  
a c t i v i t i e s  s u c h  a s  c o n s t r u c t i o n ,  o p e r a t i o n s ,  m a n u f a c t u r i n g ,  t e s t i n g ,  e t c . ;  o r  
( 3 )  m a i n t e n a n c e  p e r s o n n e l  o n l y .  T h u s ,  t h e  e f f e c t i v e n e s s  o f  a n y  one m e th o d  o f  
c o n t r o l  w i t h  r e s p e c t  t o  a n o t h e r  c a n n o t  be  d e t e r m i n e d .  How ever ,  t h e  im p le m e n ­
t a t i o n  o f  a n y  m e th o d  w hich  i n c r e a s e s  w o r k e r  a w a r e n e s s  o f  p o t e n t i a l l y  h a z a r d o u s  
e n e r g y  s o u r c e s  i s  b e t t e r  t h a n  n o  m e th o d  a t  a l l .

E x i s t i n g  F e d e r a l  and S t a t e  Gov ern m en t  s a f e t y  r e g u l a t i o n s  ( C a l i f o r n i a  and 
M i c h i g a n  e x c e p t e d )  o f  e n e r g y  c o n t r o l  d u r i n g  m a i n t e n a n c e  a r e  i n c o n s i s t e n t ,  
f r a g m e n t e d ,  and o n l y  a p p l i c a b l e  t o  c e r t a i n  e q u i p m e n t ,  p r o c e s s e s ,  and i n d u s ­
t r i e s  ( e . g . ,  t e l e c o m m u n i c a t i o n  and c o n s t r u c t i o n ) .  Most o f  t h e s e  e x i s t i n g  
r e g u l a t i o n s  u s e  t h e  c o n c e p t  o f  "po wer  o f f "  t o  p r e v e n t  i n j u r i e s ,  an d  do n o t
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p r o v i d e  g u i d a n c e  on how t o  d i s c e r n  when t o  a p p l y  l o c k s ,  t a g s ,  o r  a  c o m b i n a t i o n  
o f  l o c k s  a n d  t a g s .  They a l s o  do n o t  a l l o w  f o r  t h e  p e r f o r m a n c e  o f  m a i n t e n a n c e  
w i t h  power  o n ,  e v e n  u n d e r  n o r m a l ,  e v e r y d a y  c o n d i t i o n s ,  o r  when s u ch  m a i n t e ­
n a n c e  c a n n o t  b e  p e r f o r m e d  w i t h  p ow er  o f f .
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V. RESEARCH NEEDS

A. STUDY CONTINUATION

The r e s u l t  o f  t h i s  s t u d y ,  " G u i d e l i n e s  f o r  C o n t r o l l i n g  H a z a r d o u s  E n e r g y  D u r i n g  
M a i n t e n a n c e  an d  S e r v i c i n g , "  i s  a c o n s o l i d a t i o n  o f  d i f f e r e n t  a p p r o a c h e s  a l r e a d y  
i n  u s e .  T h e s e  g u i d e l i n e s  i n c r e a s e  t h e  l a t i t u d e  o f  i m p l e m e n t a t i o n  m e t h o d s  
a v a i l a b l e .  The g r e a t e r  l a t i t u d e ,  i n  t u r n ,  may c r e a t e  p r o b l e m s  w h i c h  h a v e  n o t  
b e e n  a n t i c i p a t e d .  I t  i s  t h e r e f o r e  re com mended t h a t  s t u d i e s  b e  c o n d u c t e d  t o :

1 .  D e v e lo p  u n i v e r s a l  p r o c e d u r e s  f o r  t h e  re com mended g u i d e l i n e s

2 .  I d e n t i f y  p r o b l e m s  c r e a t e d  by  t h e  g u i d e l i n e s ,  i f  an y

3 .  I d e n t i f y  e f f e c t i v e n e s s  o f  d i f f e r e n t  h a z a r d  c o n t r o l  m e t h o d s  i n  p r e v e n t ­
i n g  i n j u r i e s

4 .  I d e n t i f y  c o s t s  o f  i m p l e m e n t i n g  t h e  g u i d e l i n e s .

B. GUIDELINES FOR OTHER MAINTENANCE HAZARDS

T h i s  t e c h n i c a l  r e p o r t  a d d r e s s e s  one  o f  s e v e r a l  m a i n t e n a n c e  a c t i v i t i e s  w h ic h  
r e q u i r e  d e c i s i o n  c r i t e r i a .  T h es e  a c t i v i t i e s  a r e :  s e l e c t i o n  an d  u s e  o f  t o o l s ;
s e l e c t i o n  an d  u s e  o f  a n c i l l a r y  e q u i p m e n t ;  s e l e c t i o n  o f  a c c e s s  r o u t e s  t o  and 
f rom t h e  m a i n t e n a n c e  a r e a ;  e v a l u a t i o n  o f  t h e  m a i n t e n a n c e  e n v i r o n m e n t ;  s e l e c ­
t i o n  o f  s k i l l e d  p e r s o n n e l ;  an d  i d e n t i f i c a t i o n  an d  v e r i f i c a t i o n  o f  e n e r g y  
s o u r c e s .  The g u i d e l i n e s  h e r e i n  s u g g e s t  a c t i o n s  t h a t  s h o u l d  b e  t a k e n  a f t e r  t h e  
e n e r g y  s o u r c e s  h a v e  b e e n  i d e n t i f i e d .  G u i d e l i n e s  w h ic h  a d d r e s s  t h e  s e l e c t i o n  
a n d  u s e  o f  t o o l s ,  a s  w e l l  a s  t h e  s e l e c t i o n  o f  p e r s o n n e l ,  s h o u l d  b e  d e v e l o p e d .  
F u r t h e r ,  g u i d e l i n e s  a d d r e s s i n g  s e l e c t i o n  o f  a c c e s s  m e t h o d s  t o  an d  f ro m  t h e  
m a i n t e n a n c e  a r e a ,  and e v a l u a t i o n  o f  m a i n t e n a n c e  e n v i r o n m e n t s  s h o u l d  be  d e v e l ­
o p e d  .

M a t e r i a l s  h a v i n g  t o x i c ,  c a u s t i c ,  o r  a s p h y x i a n t  p r o p e r t i e s  c a n  p r e s e n t  s e r i o u s  
h a z a r d s  t o  m a i n t e n a n c e  p e r s o n n e l .  S u i t a b l e  c o n t r o l  m e a s u r e s  f o r  m a t e r i a l s  
h a v i n g  t h e s e  d a n g e r o u s  p r o p e r t i e s  do n o t  n e c e s s a r i l y  m a tch  t h e  c r i t e r i a  f o r  
c o n t r o l  o f  h a z a r d o u s  e n e r g y  recommended w i t h i n  t h i s  d o c u m e n t .  I n  f a c t ,  p e r ­
s o n n e l  c a n  b e  h a rm e d  by t o x i c ,  c a u s t i c ,  o r  a s p h y x i a n t  m a t e r i a l s  w i t h  no c o n ­
c u r r e n t  r e l e a s e  o f  e n e r g y .  I t  i s  t h e r e f o r e  recom mended t h a t  c r i t e r i a  b e  
d e v e l o p e d  s p e c i f i c a l l y  t o  p r o t e c t  m a i n t e n a n c e  p e r s o n n e l  f r o m  s u c h  h a z a r d o u s  
m a t e r i a l s .

W hile d ev e lo p in g  th e  g u id e l in e s ,  a re a s  were i d e n t i f i e d  in  which a d d i t io n a l
r e s e a rc h  would prove v a lu a b le .
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C. POTENTIAL HAZARDS IN NEW TECHNOLOGICAL APPLICATIONS

C u r r e n t l y ,  U . S .  i n d u s t r i e s  u t i l i z e  many o l d  m a c h i n e s  and  p r o c e s s e s .  To com­
p e t e  more  e f f e c t i v e l y  i n  t h e  w o r l d  m a r k e t p l a c e ,  U . S .  i n d u s t r y  w i l l  h a v e  t o  
r e p l a c e  a g i n g  m a c h i n e s  an d  p r o c e s s e s  w i t h  new,  more  e f f i c i e n t  e q u i p m e n t  
i n c l u d i n g  r o b o t i c  an d  f u l l y  a u t o m a t i c  m a c h i n e s .  I n  some c a s e s ,  t h e  i n f l u x  o f  
new m a c h i n e s  an d  t e c h n o l o g y  i n t o  U . S .  i n d u s t r y  may mean g r e a t e r  s a f e t y  f o r  t h e  
w o r k e r ;  i n  o t h e r  c a s e s ,  i t  may p o s e  new o r  unknown h a z a r d s .  A r e s e a r c h  e f f o r t  
i s  n e e d e d  t o  a s s e s s  t h e  s a f e t y  o f  t h e s e  new t e c h n o l o g i e s  a n d  m a t e r i a l s .

Some e x a m p l e s  o f  r e c e n t  a d v a n c e s  i n  m a n u f a c t u r i n g  t e c h n i q u e s  and m a t e r i a l s  
t h a t  c o u l d  p o s e  u n i q u e  h a z a r d s  t o  w o r k e r s  i n c l u d e :  n u m e r i c a l  c o n t r o l ;  r o b o t i c
m a c h i n e s ;  l a s e r  a p p l i c a t i o n s ;  new m a t e r i a l s  f o r  t o o l s ,  w o r k p i e c e s ,  f i n i s h e s ,  
l u b r i c a n t s ,  m o l d s ,  b o n d i n g ,  a n d  w e l d i n g ;  u l t r a s o n i c  a p p l i c a t i o n s ;  and  e x p l o ­
s i v e  f o r m i n g .  The r e s e a r c h  e f f o r t  s h o u l d  f o c u s  on i d e n t i f y i n g  p o t e n t i a l  h a z ­
a r d s  and d e t e r m i n i n g  c o r r e c t i v e  a c t i o n  w h ich  e i t h e r  r e d u c e s  h a z a r d o u s  e n e r g y  
l e v e l s  o r  c h a n g e s  t h e  w o r k e r ’s p r o x i m i t y  t o  h a z a r d o u s  e n e r g y .
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2 6 .  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  A d m i n i s t r a t i o n .  G u a r d i n g  o f  Farm F i e l d
an d  F a r m s t e a d  E q u ip m e n t  & C o t t o n  G i n s .  OSHA P a m p h l e t  2 2 5 6 .  1 9 7 6 .

2 7 .  M i x e r s  and  S i m i l a r  E q u i p m e n t  Used i n  t h e  Food I n d u s t r y .  No te  No.
1 1 9 1 - 9 5 - 7 9 ,  R ecom m enda t ion  No. 1 5 7 .  I . N . R . S .  9 5 ( 1 6 ) : 8  p p .

2 8 .  N a t i o n a l  S a f e t y  C o u n c i l .  M e th o d s  f o r  L o c k i n g  Out  E l e c t r i c  S w i t c h e s .
D a ta  S h e e t  2 3 7 ,  R e v i s i o n  A. C h i c a g o ,  I L :  1 971 .  4 p p .

29 .  N a t i o n a l  S a f e t y  C o u n c i l .  V e s s e l  E n t r y  i n  t h e  R u b b e r  I n d u s t r y .  D a t a
S h e e t  4 5 8 ,  R e v i s i o n  A. C h i c a g o ,  IL :  1 969 .  7pp .

3 0 .  N a t i o n a l  S a f e t y  C o u n c i l .  B e l t  C o n v e y o r s  f o r  Bu lk  M a t e r i a l s .  P a r t  1:
E q u i p m e n t ,  D a ta  S h e e t  5 6 9 ,  R e v i s i o n  A. 8 p p .  P a r t  2:  O p e r a t i o n s ,  D a t a
S h e e t  5 7 0 ,  R e v i s i o n  A. 6 p p .  C h i c a g o ,  IL:  1971 .

3 1 .  P r e v e n t  Dange r  an d  Damage By P r o p e r  Shut-Down P r o c e d u r e s .  P i t  & Q u a r r y  
(March 19 76 )  p .  10 9 .

3 2 .  L o c k - O u t  S y s te m  P r o v e s  E f f e c t i v e .  P i t  & Q u a r r y  ( S e p t e m b e r  19 78 )  p .  9 8 .

3 3 .  N a t i o n a l  S a f e t y  C o u n c i l .  L o c k o u t  A BC 's .  I n d u s t r i a l  S u p e r v i s o r  
4 4 ( 6 ) : 8 - 1 0 ;  198 0.

3 4 .  N a t i o n a l  S a f e t y  C o u n c i l .  R o l l e r  C o n v e y o r s ,  R e v i s e d  1 9 7 9 .  D a t a  S h e e t
1 - 5 2 8 - 7 9 .  C h i c a g o ,  I L :  5pp .
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3 5 .  T r i p  R e p o r t  t o  U n i t e d  Gas P i p e l i n e  Company,  E d n a ,  T e x a s .  H o u s t o n ,  TX: 
B o e i n g  A e r o s p a c e  Company;  J u n e  10,  198 0.  3 p p .

3 6 .  Gou ld -B ro w n  B o v e r i ,  Power  S y s te m s  D i v i s i o n .  F e d e r a l  R e g i s t e r  N o t i c e  Re­
s p o n s e  t o  OSHA L o c k o u t  ANPR. G r e e n s b u r g ,  PA: J u l y  1 5 ,  1980 .  I p .

3 7 .  UAW I n t e r n a t i o n a l  U n i o n ,  U n i t e d  A u t o m o b i l e ,  A e r o s p a c e  & A g r i c u l t u r a l  
I m p l e m e n t  W o r k e r s  o f  A m e r i c a .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. D e t r o i t ,  MI: A u g u s t  13 ,  1980 .  1 1 p p .

3 8 .  A m e r i c a n  N a t i o n a l  S t a n d a r d s  I n s t i t u t e .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  
t o  OSHA L o c k o u t  ANPR. ANSI B 2 0 . 1 - 1 9 7 6 .  New Y o r k ,  NY: J u n e  1980.  2 0 p p .

3 9 .  S h e l l  O i l  Company.  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. H o u s t o n ,  TX: S e p t e m b e r  10,  198 0.  2 3 p p .

4 0 .  P o l a r o i d  C o r p o r a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. C a m b r i d g e ,  MA: S e p t e m b e r  5 ,  19 80 .  4 p p .

4 1 .  H u n t i n g t o n  A l l o y s ,  An INC0 Company.  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  
OSHA L o ck o u t  ANPR. H u n t i n g t o n ,  WV: S e p t e m b e r  10 ,  1 980 .  1 3pp .

4 2 .  G r a i n  E l e v a t o r  & P r o c e s s i n g  S o c i e t y .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  
OSHA L o ck o u t  ANPR. M i n n e a p o l i s ,  MN: S e p t e m b e r  1 5 ,  1 9 8 0 .  3 p p .

4 3 .  ASARCO, I n c . ,  D e p a r t m e n t  o f  S a f e t y  a n d  T e c h n i c a l  E m p lo y m en t .  F e d e r a l  
R e g i s t e r  N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. S a l t  Lake C i t y ,  UT: 
S e p t e m b e r  17 ,  1980 .  5 p p .

4 4 .  W e y e r h a e u s e r  Company.  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. L ongv iew ,  WA: S e p t e m b e r  11 ,  1980 .  6 p p .

4 5 .  A m e r i c a n  T e x t i l e  M a n u f a c t u r e r s  I n s t i t u t e ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  
R es p o n s e  t o  OSHA L o c k o u t  ANPR. W a s h i n g t o n ,  DC: S e p t e m b e r  2 6 ,  198 0.  6 p p .

4 6 .  A c c i d e n t  P r e v e n t i o n  S p e c i f i c a t i o n s ,  D r a f t  " P o w e r - D r i v e n  E q u i p m e n t "  
(German T r a n s l a t i o n ) ,  S t a t u s ,  December  1 978 .  I n c o m p l e t e  C i t a t i o n .

4 7 .  E d i s o n  E l e c t r i c  I n s t i t u t e ,  The A s s o c i a t i o n  o f  E l e c t r i c  C o m p a n ie s .  
F e d e r a l  R e g i s t e r  N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. W a s h i n g t o n ,  DC: 
J u n e  17,  1980 .  1 2 p p .

4 8 .  W i s c o n s i n  E l e c t r i c  Power  Company.  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  
OSHA L o ck o u t  ANPR. M i l w a u k e e ,  WI: S e p t e m b e r  1 2 ,  1980 .  8 p p .

4 9 .  F a c o n  M. S a f e  Use o f  C u t t e r  M i l l s  f o r  P l a s t i c  M a t e r i a l s .  P r e v e n t i o n  E t  
S e c u r i t e  Du T r a v a i l .  3 r d  Q u a r t e r ,  No. 10 5 ,  1974 .  p p .  3 5 - 3 9

5 0 .  Anonymous.  How t o  E s t a b l i s h  an  E f f e c t i v e  L o c k o u t  P r o c e d u r e .  Modern 
C a s t i n g  (Decembe r  197 7)  p p .  6 6 - 6 7

51 .  W e s t e r n  Wood P r o d u c t s  A s s o c i a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  
OSHA L o c k o u t  ANPR. P o r t l a n d ,  OR: S e p t e m b e r  12,  1980 .  8 p p .
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5 2 .  K u e p e r ,  C. J .  L o c k o u t s  P r e v e n t  S e r i o u s  A c c i d e n t s .  N a t i o n a l  S a f e t y  Coun­
c i l ,  C h i c a g o ,  I L .  I n d u s t r i a l  S u p e r v i s o r  (M a rch ,  1978)  p .  13

5 3 .  L a r s e n ,  R. P & WA Says  I t  F a v o r s  Tag S y s te m  Ov er  L ocks  F o r  M a c h i n e r y  
S a f e t y  ( T a g o u t  Ov er  L o c k o u t ) .  A m e r i c a n  M e t a l  M a r k e t  (May 1 6 ,  1977)  l p .

5 4 .  C o r e y ,  L . S . ;  F a r r e l ,  W.H. R e p o r t  o f  C o m m i t t ee  on  E l e c t r i c a l  S a f e t y  
R e q u i r e m e n t s  f o r  E m p lo y ee  W o r k p l a c e s .  NFPA 70E,  P a r t  I I .  p p .  6 8 - 7 2 .

5 5 .  N a t i o n a l  I n s t i t u t e  f o r  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h .  E m pl oy ee  H e a l t h  
an d  S a f e t y  i n  t h e  L i t h o g r a p h i c  P r i n t i n g  I n d u s t r y .  C i n c i n n a t i ,  OH: NTIS 
PB-276 6 7 3 ;  A u g u s t ,  1 9 7 7 .  p p .  1 2 - 1 3 .

5 6 .  N a t i o n a l  S a f e t y  C o u n c i l .  M u l l e r s  an d  O t h e r  P a n - T y p e  M i x e r s .  D a ta  S h e e t
5 2 6 ,  R e v i s i o n  B, ( E x t e n s i v e ) .  C h i c a g o ,  IL :  1 9 7 7 .  2 p p .

5 7 .  C o t z ,  V . J .  P l a n t  E n g i n e e r s  Manual  and G u i d e .  En g lew ood  C l i f f s ,  NJ: 
P r e n t i c e - H a l  1,  I n c . ;  1973 .  p p .  124 -1 2 6

5 8 .  E . I .  DuPont  DeNemours  & Company. F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  
OSHA L o c k o u t  ANPR. W i l m i n g t o n ,  DE: J u n e  17 ,  1 980 .  2 5 p p .

5 9 .  The I d a h o  B r a n c h ,  I n c .  o f  t h e  A s s o c i a t e d  G e n e r a l  C o n t r a c t o r s  o f  A m e r i c a .  
F e d e r a l  R e g i s t e r  N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. B o i s e ,  ID: 
A u g u s t  2 9 ,  1980 .  3 p p .

6 0 .  B e c h t e l  Power  C o r p o r a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. San F r a n c i s c o ,  CA: S e p t e m b e r  8 ,  1 9 8 0 .  18pp .

6 1 .  H y t r o l  C o n v ey o r  Company, I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. J o n e s b o r o ,  AR: S e p t e m b e r  3 ,  1980 .  l p .

6 2 .  A l t a n t i c  R i c h f i e l d  Company. F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. Los A n g e l e s ,  CA: S e p t e m b e r  3 ,  1 9 8 0 .  8 p p .

6 3 .  T e x a s  C h e m i c a l  C o u n c i l .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. A u s t i n ,  TX: S e p t e m b e r  1 1 ,  1980 .  3 p p .

6 4 .  New Wales  C h e m i c a l ,  I n c . ,  I n t e r n a t i o n a l  M i n e r a l s  & C h e m i c a l  C o r p o r a t i o n ,  
F e d e r a l  R e g i s t e r  N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. M u l b e r r y ,  FL: 
S e p t e m b e r  8 ,  1 980 .  5 p p .

6 5 .  F a r - M a r  C o . ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. H u t c h i n s o n ,  KS: S e p t e m b e r  1 2 ,  1 9 8 0 .  6 p p .

6 6 .  PPG I n d u s t r i e s ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR ( D o c k e t  S - 0 1 2 ) .  P i t t s b u r g h ,  PA: S e p t e m b e r  9 ,  1 9 8 0 .  1 0 p p .

6 7 .  The A m e r i c a n  Gas A s s o c i a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. A r l i n g t o n ,  VA: J u n e  17,  1 9 8 0 .  10pp .

6 8 .  M i l l e r s '  N a t i o n a l  F e d e r a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA 
L o c k o u t  ANPR. W a s h i n g t o n ,  DC: S e p t e m b e r  18 ,  1 9 8 0 .  3 p p .
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6 9 .  I n t e r n a t i o n a l  B r o t h e r h o o d  o f  T e a m s t e r s ,  C h a u f f e u r s ,  Wareho usemen  &
H e l p e r s  o f  A m e r i c a .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. W a s h i n g t o n ,  DC: S e p t e m b e r  16 ,  198 0 .  4 p p .

70.  T r u s  J o i s t  C o r p o r a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t
ANPR. E u g e n e ,  OR: J u l y  2 9 ,  1980 .  4 p p .

7 1 .  B r i t i s h  S t a n d a r d s  I n s t i t u t i o n .  S a f e g u a r d i n g  o f  M a c h i n e r y .  BS 5 3 0 4 .
Lo ndon ,  E n g l a n d :  1975 .  7 7 p p .

72 .  H e r c u l e s  I n c o r p o r a t e d .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. S e p t e m b e r  5 ,  1980 .  6pp .

7 3 .  N a t i o n a l  S a f e t y  C o u n c i l .  T e x t i l e  Looms.  D a t a  S h e e t  2 7 9 ,  R e v i s i o n  A.
C h i c a g o ,  IL :  19 79 .  3pp .

74.  The B i s c u i t  and C r a c k e r  M a n u f a c t u r e r s '  A s s o c i a t i o n .  F e d e r a l  R e g i s t e r
N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. W a s h i n g t o n ,  DC: S e p t e m b e r  12,
1980 .  6 p p .

7 5 .  S t a t e  o f  M i c h i g a n ,  D e p a r t m e n t  o f  L a b o r .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e
t o  OSHA L o c k o u t  ANPR. L a n s i n g ,  MI: S e p t e m b e r  1 5 ,  1980 .  4 p p .

7 6 .  W e s t e r n  A r e a  Pow er  A d m i n i s t r a t i o n .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o
OSHA L o c k o u t  ANPR. G o l d e n ,  CO: J u n e  1 7 ,  1980 .  6 p p .

77 .  A .E .  S t a l e y  M a n u f a c t u r i n g  Company.  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o
OSHA L o c k o u t  ANPR. D e c a t u r ,  IL :  S e p t e m b e r  1 2 ,  1 9 8 0 .  9 p p .

7 8 .  PPG I n d u s t r i e s ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t
ANPR ( D o c k e t  S - 2 0 3 ) .  P i t t s b u r g h ,  PA: S e p t e m b e r  9 ,  1 980 .  1 0pp .

79 .  C e n t r a l  Soya .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  ANPR
( D o c k e t  S - 0 1 2 ) .  F o r t  Wayne,  IN:  S e p t e m b e r  8 ,  1 9 8 0 .  5pp .

8 0 .  D a v e n p o r t  M ach in e  T o o l  D i v i s i o n ,  D ove r  C o r p o r a t i o n .  F e d e r a l  R e g i s t e r
N o t i c e  R es p o n s e  t o  OSHA L o c k o u t  ANPR. R o c h e s t e r ,  NY: S e p t e m b e r  2 4 ,
198 0.  2 p p .

8 1 .  The P r i n t i n g  I n d u s t r i e s  o f  A m e r i c a ,  I n c . ,  J o h n  F .  G r a n t ,  D i r e c t o r  o f
Go vernmen t  A f f a i r s .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  
ANPR. W a s h i n g t o n ,  DC: A u g u s t  1 7 ,  1 980 .  l p .

8 2 .  I n t e r n a t i o n a l  C o u n c i l  f o r  S h e e t  M e t a l  D e v e l o p m e n t / A m e r i c a n  M e t a l  S t a m p i n g
A s s o c i a t i o n .  19 7 9 / E x p o - C e n t e r  C h i c a g o  P r o c e e d i n g s ,  C o n g r e s s  O v e r v i e w ,  
I n c l u d i n g  S t a t e  o f  I n d u s t r y  R e p o r t :  From t h e  S i x t h  I n t e r n a t i o n a l
C o n g r e s s  on S h e e t  M e t a l  Work.  Richmond H e i g h t s ,  OH.

8 3 .  L a w r i e ,  W.B. D e v e lo p m e n t  o f  S a f e t y  and H e a l t h  F e a t u r e s  i n  t h e  D e s i g n  an d
C o n s t r u c t i o n  o f  M a c h i n e r y  and  E q u i p m e n t .  7 t h  Wor ld  C o n g r e s s  on t h e  P r e ­
v e n t i o n  o f  O c c u p a t i o n a l  A c c i d e n t s  and D i s e a s e s .  May 2 0 - 2 5 ,  19 74 .
D u b l i n ,  I r e l a n d .  1 5 p p .
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8 4 .  N a t i o n a l  E l e v a t o r  I n d u s t r y ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o
OSHA L o c k o u t  ANPR. New Y o rk ,  NY: S e p t e m b e r  9 ,  1 980 .  2pp .

8 5 .  E l i a s ,  J .  L a t c h  C i r c u i t s  I n t e r l o c k  Remote S w i t c h e s  E l e c t r i c a l l y .  
E l e c t r o n i c s .  4 8 ( 1 ) : 1 1 1 ;  1975.

8 6 .  C e n t r a l  S oya .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t  ANPR
( D o c k e t  S - 2 0 3 ) .  F o r t  Wayne,  IN:  S e p t e m b e r  8 ,  1 9 8 0 .  7pp .

8 7 .  Thomas J .  L i p t o n ,  I n c .  F e d e r a l  R e g i s t e r  N o t i c e  R e s p o n s e  t o  OSHA L o c k o u t
ANPR. E nglew oo d C l i f f s ,  NJ: S e p t e m b e r  1 2 ,  1 9 8 0 .  3 p p .

8 8 .  C l o e ,  W.W.; V i r a ,  C.M. O c c u p a t i o n a l  F a t a l i t i e s  R e l a t e d  t o  F i x e d  Ma­
c h i n e r y  a s  Found i n  R e p o r t s  o f  OSHA F a t a l i t y / C a t a s t r o p h e  I n v e s t i g a t i o n s .  
W a s h i n g t o n ,  DC: OSHA, U . S .  D e p a r t m e n t  o f  L a b o r ;  May, 1 9 7 8 .  p p .  8 - 1 0 ,
1 5 - 2 0 ,  2 3 - 2 6 ,  2 8 - 4 2 ,  4 4 - 5 1 ,  5 3 - 5 4 ,  6 9 .
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APPENDIX A
EXAMPLES OF ALTERNATE METHODS OF ISOLATING OR BLOCKING ENERGY 

AND SECURING THE POINT(S) OF CONTROL

ENERGY TYPE METHOD OF ISOLATING 
OR BLOCKING ENERGY

METHOD OF SECURING 
THE POINT OF CONTROL

REMARKS

M e c h a n i c a l  M o t io n  
R o t a t i o n  
T r a n s l a t i o n  
L i n e a r  
O s c i l l a t i o n

1.  Remove s e g m e n t s  
o f  o p e r a t i n g  
m e c h a n i c a l  l i n k a g e s  
s u c h  a s  d i s m a n t l i n g  
p u s h  r o d s ,  r e m o v i n g  
b e l t s ,  an d  r e m o v i n g  
f l y w h e e l s .

2 .  Use b l o c k i n g  
d e v i c e s  s u c h  a s  
wood o r  m e t a l  
b l o c k s .

( 1 )  Tag t h e  l i n k a g e s  
an d  p l a c e  t h em  i n  
a  l o c k e d  c a b i n e t  
away f r om  t h e  
m a c h i n e .

o r
( 2 )  A t t a c h  w a r n i n g  t a g s  

w h e r e  t h e  l i n k a g e s  
w e r e  r em o v e d  a n d  
r e s t r i c t  a c c e s s  t o  
t r a i n e d  p e r s o n n e l .

o r
( 3 )  P o s t  a  p e r s o n  t o  

p r o t e c t  a g a i n s t  
u n a u t h o r i z e d  
r e i n s t a l l a t i o n  o f  
t h e  l i n k a g e s .

( 1 )  C h a i n  an d  l o c k  
i n  p o i n t  o f  
c o n t r o l  o r  u s e  
m e t a l  p i n s  
d r i v e n  o r  w e l d e d  
i n  p l a c e .

o r
( 2 )  A t t a c h  w a r n i n g  

t a g s  on  t h e  
b l o c k i n g  d e v i c e s  
an d  r e s t r i c t  
a c c e s s  i n t o  t h e  
a r e a  t o  t r a i n e d  
p e r s o n n e l .

o r
( 3 )  P o s t  a  p e r s o n  t o  

p r o t e c t  a g a i n s t  
u n a u t h o r i z e d  
r e m o v a l  o f  t h e  
b l o c k i n g  d e v i c e s .
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ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

M e c h a n i c a l  M o t i o n  
( c o n t i n u e d )

3 .  Remove pow er  o r  
e n e r g y  f rom t h e  
d r i v i n g  m e c h a n i s m ,  
s u c h  a s :

a .  D i s c o n n e c t  m a in  
e l e c t r i c a l  
s o u r c e .

( l ) a .  P a d l o c k  i n  t h e  
" o f f "  p o s i t i o n .

b .  D i s c o n n e c t  
p n e u m a t i c  and  
h y d r a u l i c  l i n e s  
an d  t a g .  

o r

b .  C l o s e  h y d r a u l i c  
o r  p n e u m a t i c  
v a l v e s ,  b l e e d .

( 2 )  A t t a c h  w a r n i n g  
t a g s  a t  c o n t r o l  
p o i n t s  and 
r e s t r i c t  a c c e s s  
t o  t r a i n e d  
p e r s o n n e l . 

o r

E l e c t r i c a l 1 .  P l a c e  t h e  m a i n  
e l e c t r i c a l  d i s ­
c o n n e c t  s w i t c h  i n  
t h e  " o f f "  p o s i t i o n .

( 3 )  P o s t  a  p e r s o n  
t o  p r o t e c t  
a g a i n s t  
u n a u t h o r i z e d  
r e c o n n e c t  i o n  
o f  t h e  e n e r g y  
s o u r c e s .

( 1 )  S e c u r e  by a  p a d ­
l o c k ,  a  c l i p  and 
p a d l o c k ,  o r  a 
b a r  a n d  p a d l o c k .

o r
( 2 )  A t t a c h  a  w a r n i n g  

t a g  an d  r e s t r i c t  
a c c e s s  i n t o  t h e  
a r e a  t o  t r a i n e d  
p e r s o n n e l .

o r
( 3 )  P o s t  a  p e r s o n  t o  

p r o t e c t  a g a i n s t  
u n a u t h o r i z e d  
a c t u a t i o n  o f  t h e  
s w i t c h .
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Check f o r  
a l t e r n a t e  
s o u r c e s  o f  
p o w e r .

Check f o r  
r e s i d u a l  
p n e u m a t i c  
and
h y d r a u l i c
e n e r g y .

Check f o r  
a l t e r n a t e  
s o u r c e s  
o f  p o w e r .



ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

E l e c t r i c a l
( c o n t i n u e d )

T h e rm a l  ( S t e a m )

2 .  Remove s e g m e n t s  o f  
e l e c t r i c a l  c i r c u i t ,  
s u c h  a s  p r i n t e d  c i r ­
c u i t  m o d u l e s .

( 1 )  Tag t h e  m o d u l e  an d  
p l a c e  i n  a  l o c k e d  
c a b i n e t  away f r o m  t h e  
c o n t r o l  c e n t e r  a n d  
t a g  t h e  c o n t r o l  c e n t e r  
d o o r .

o r
( 2 )  A t t a c h  a  w a r n i n g  t a g  

a t  t h e  m o d u l e  l o c a t i o n  
a n d  r e s t r i c t  a c c e s s  t o  
t r a i n e d  p e r s o n n e l .

o r
( 3 )  Have a p e r s o n  r e m a i n  

a t  t h e  c o n t r o l  c e n t e r  
t o  p r o t e c t  f r om  
u n a u t h o r i z e d  i n s t a l l a ­
t i o n  o f  a  s p a r e  o r  
r e p l a c e m e n t  m o d u l e .

1 .  C l o s e  v a l v e s  a n d  
m a i n t a i n  a n  o p e n  
b l e e d .

( 1 )  C h a i n  an d  p a d l o c k  
v a l v e  o r  u s e  b l i n d  
f l a n g e s  o r  s l i p  
b l i n d s .

o r
( 2 )  A t t a c h  w a r n i n g  

t a g s  t o  t h e  
v a l v e s  an d  
r e s t r i c t  a c c e s s  
t o  t h e  a r e a  t o  
t r a i n e d
p e r s o n n e 1.  

o r
( 3 )  S t a t i o n  a  p e r s o n  

a t  t h e  v a l v e  l o c a ­
t i o n s  t o  p r o t e c t  
a g a i n s t  u n a u t h o r i z e d  
o r  i n a d v e r t e n t  
o p e n i n g  o f  v a l v e s .

A l l o w  t i m e  
f o r
r e s i d u a l  
h e a t  t o  
d i s s i p a t e .
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ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

P o t e n t i a l
P r e s s u r e

P o t e n t i a l
G r a v i t y

1 .  C l o s e  v a l v e s  an d  
m a i n t a i n  o p e n  v e n t  
t o  r e l i e v e .

( 1 )  S e c u r e ,  b l o c k ,  
b l i n d  f l a n g e ,  s l i p  
b l i n d ,  o r  v a l v e  
w i t h  l o c k i n g  
d e v i c e .

o r
( 2 )  A t t a c h  w a r n i n g  

t a g s  a n d  r e s t r i c t  
a c c e s s  t o  t r a i n e d  
p e r s o n n e l .

o r
( 3 )  S t a t i o n  a  p e r s o n  

a t  t h e  v a l v e s  t o  
p r o t e c t  a g a i n s t  
u n a u t h o r i z e d  a c t u a t i o n .

B lo ck  i n  p l a c e  by ( 1 ) S e c u r e ,  b l o c k ,  o r E n e r g y
u s i n g  m e t a l  o r  wood p i n  w i t h  a  l o c k ­ c o u l d  b e
b l o c k s  u n d e r  t h e i n g  d e v i c e . d i s s i p a t e d
m e c h a n i s m  o r  p i n o r by  l o w e r ­
t h e  l i n k a g e s  i n  a i n g  t o  a
p o s i t i o n  w h e r e (2 ) A t t a c h  w a r n i n g p o i n t
g r a v i t y  w i l l  n o t t a g s  t o  b l o c k s , w h e r e
c a u s e  t h e  m e c h a n i s m l i n k a g e s ,  an d  p i n s g r a v i t y
t o  i n a d v e r t e n t l y an d  r e s t r i c t  a c c e s s c o u l d  no
f a l l . t o  t r a i n e d l o n g e r

p e r s o n n e l . c a u s e
o r i n a d v e r t e n t

( 3 ) S t a t i o n  a  p e r s o n f a l l i n g .
a t  t h e  m e c h a n i s m  
t o  p r e v e n t  u n a u t h o r ­
i z e d  r e m o v a l  o f  
b l o c k s  an d  p i n s  an d  
r e i n s t a l l a t i o n  o f  
l i n k a g e s .

-3 0 -



ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

P o t e n t i a l
( c o n t i n u e d )

S p r i n g s 3 .  B l o c k  i n  a  s a f e  
p o s i t i o n  by p i n ­
n i n g  o r  c l a m p i n g  
t h e  d e v i c e  e l i m ­
i n a t i n g  t h e  
p o t e n t i a l  o f  
u n r e s t r i c t e d  
an d  u n d e s i r e d  
t r a v e l .

( 1 )  S e c u r e  p i n  o r  
c l a m p  i n  p l a c e  
w i t h  a l o c k i n g  
d e v i c e .

o r
( 2 )  A t t a c h  w a r n i n g  

t a g s  t o  t h e  p i n s  
an d  c l a m p s  an d  
r e s t r i c t  r e l e a s e  
o r  a c c e s s  t o  
t r a i n e d  p e r s o n n e l .

o r
( 3 )  S t a t i o n  a  p e r s o n  

a t  t h e  c o n t r o l  
p o i n t  t o  p r o t e c t  
a g a i n s t  p i n  o r  
c l a m p  r e m o v a l  an d  
u n a u t h o r i z e d  
a c t i v a t i o n  o f  t h e  
s p r i n g  m e c h a n i s m s .

S p r i n g  
e n e r g y  
c o u l d  b e  
d i s s i p a t e d  
by r e l e a s e  
o r  d i s ­
m a n t l i n g  
o f  t h e  
m e c h a n i s m .
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V I I I .  APPENDIX B

EXAMPLES OF ACCIDENTS PREVENTABLE BY 
GOOD ENERGY CONTROL TECHNIQUES
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APPENDIX B

DESCRIPTION REFERENCE 
OF ACCIDENT [NO. IN BRACKETS]

HAZARD
TYPE

ACCIDENT
CAUSES

ENERGY
SOURCE

ENERGY
CONTROL
METHOD

1. [4]
WITHOUT DISCONNECTING THE 
ELECTRICAL SOURCE, AN EMPLOY­
EE ATTEMPTED TO BREAK A CON­
NECTION IN A 2300-VOLT CIRCUIT 
(WITHOUT ALSO TESTING THE 
CIRCUIT) ,  RESULTING IN FATAL 
ELECTROCUTION.

SHOCK

FATALITY

1 ELECTRICAL ELECTRICAL
DISCONNECT

2 .  [1]
WHILE MAKING ADJUSTMENTS TO 
A DUMB WAITER, THE BACK OF A 
MECHANIC'S HEAD MADE CONTACT 
WITH AN OPEN ELECTRICAL RESET 
SWITCH RESULTING IN CONVULSIVE 
SHOCK AND A SEPARATED AND 
FRACTURED SHOULDER.

SHOCK

FRACTURE

1 ELECTRICAL ELECTRICAL
DISCONNECT

3 .  [2]
AN ELECTRICIAN WAS ELECTROCUTED 
WHILE REPAIRING A 480-VOLT ELEC­
TRICAL CABLE IN AN AUTOMOBILE 
MANUFACTURING PLANT.

SHOCK

FATALITY

1 ELECTRICAL ELECTRICAL
DISCONNECT

4 .  [2]
AN EMPLOYEE WAS DISMANTLING A 
DRILLING RIG. AFTER REMOVING 
THE MAIN PIN  ON THE BOOM, HE 
WAS MOVING TO THE CONTROL STATION 
WHEN THE BOOM FELL AND STRUCK 
HIM. HE HAD FAILED TO INSTALL 
THE SAFETY P IN .

IMPACT

FATALITY

1 GRAVITY BLOCKING
DEVICE

5 .  [8 8]
THE CONVEYOR STARTED UP AS THE 
MAN WAS STANDING ON I T  TO WORK 
ON AN OVERHEAD CHUTE.

IMPACT

FATALITY

1 TRANSLATION ELECTRICAL
DISCONNECT

6 .  [89 ]
A MAN WAS CAUGHT BETWEEN A 
VERTICAL CONVEYOR AND A BARRIER 
GUARD.

CRUSHED

FATALITY

1 TRANSLATION ELECTRICAL
DISCONNECT
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7.  [4]  CRUSHED
A REPAIRMAN WAS CRUSHED BETWEEN 
TWO PATTERNS OF COPE MACHINE FATALITY
UNDER AIR PRESSURE.

TRANSLATION BLOCKING
DEVICE

8 .  [13]
A HOPPER GATE CLOSED ON THE 
TORSO OF A WELDER WHO WAS 
REPAIRING THE HOPPER LINING.

CRUSHED

FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT

9 .  [2 ]
AN EMPLOYEE WAS CLEANING ON THE 
UNGUARDED SIDE OF A GRANITE WIRE 
SAW WHEN HE SLIPPED AND FELL.
HE WAS CAUGHT BY THE WIRE CLOSEST 
TO THE OUTSIDE OF THE IDLER 
WHEEL AND PULLED INTO THE NIP 
POINT AREA, RESULTING IN FATAL 
INJURIES.

LACERATIONS

FATALITY

ROTATION ELECTRICAL
DISCONNECT

10. [1]
A REPAIRMAN ATTEMPTED TO CLEAN 
A FILTER WHEEL WHILE IT WAS IN 
OPERATION. LOSING HIS BALANCE, 
HE FELL ON THE WHEEL; HIS LEG 
WAS CAUGHT BETWEEN THE MOVING 
WHEEL AND THE ROLLER RESULTING 
IN A CRUSHED LEG THAT HAD TO BE 
AMPUTATED.

AMPUTATION

INJURED

ROTATION ELECTRICAL
DISCONNECT

1 1 .  [8 9]
A JOB SETTER WAS HAVING PROBLEMS 
WITH A SWITCH ON AN UNLOADING 
FIXTURE OF AN AUTOMATIC TRANS­
FER LINE. THE GUARD WAS RE­
MOVED TO OBSERVE THE OPERATION 
OF THE SWITCH. AS THE UNLOADER 
ACTUATED, IT  CAUGHT THE MAN AND 
SQUEEZED HIM BETWEEN THE MOVING 
UNLOADER AND THE SUPPORT POST 
FOR THE GUARD.

CRUSHED

FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT

12. [2]
AN EMPLOYEE WAS LUBRICATING THE 
CHAIN DRIVE LINKS IN A CONVEYOR 
BELT SYSTEM THROUGH A 10"  X 12"  
OPENING BETWEEN THE BINS AND THE 
METAL GUIDE POST OF THE UNSTACKER 
WHILE THE MACHINERY WAS RUNNING. 
AS THE BINS MOVED FORWARD, HIS 
HEAD WAS CAUGHT BETWEEN THE BIN 
AND THE GUIDE POST.

CRUSHED

FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT
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1 3 .  [1]  CONTUSION
AN EMPLOYEE WAS WORKING ON FOUR 
DIVERTER VALVES INSIDE A CABINET INJURED 
WHEN A VALVE WAS ACTIVATED BY COM­
PUTER CONTROL. THE EMPLOYEE WAS 
STRUCK ON THE SIDE OF HEAD BY THE 
VALVE ARM.

TRANSLATION ELECTRICAL 
DISCONNECT

1 4 .  [2]
AN EMPLOYEE HAD BEEN FEEDING 
WASTE PAPER INTO AN INTAKE DUCT 
FAN ASSEMBLY OF A PAPER SHREDDER 
AFTER REMOVING THE FAN COVER.
WITH THE FAN STILL OPERATING,
HE ATTEMPTED TO REPLACE THE COVER 
WHEN HE WAS PULLED INTO THE FAN 
RESULTING IN A FATALITY.

LACERATIONS

FATALITY

ROTATION ELECTRICAL
DISCONNECT

15 .  [2 ]
AN EMPLOYEE WAS STANDING ON A 
STRUCTURAL BEAM OF A SHAKER 
ATTEMPTING TO UNJAM SAWDUST IN 
AN AUGER WITH A STICK WHEN HE 
WAS PULLED INTO THE AUGER AND 
CRUSHED TO DEATH.

CRUSHED

FATALITY

ROTATION ELECTRICAL
DISCONNECT

1 6 .  [2 ]
WHILE AN EMPLOYEE WAS CLEANING 
A BRICK CUTTER MACHINE WITHOUT 
TURNING OFF AIR PRESSURE, THE 
MACHINE WAS ACCIDENTALLY 
ACTIVATED, AND HE WAS DRAGGED 
INTO THE CUTTER.

LACERATIONS

FATALITY

ROTATION PNEUMATIC
DISCONNECT

1 7 .  [1] AMPUTATION
AN OPERATOR REMOVED THE SLEEVE 
FROM A BAGGING MACHINE TO CLEAR INJURED 
AN OBSTRUCTION FROM THE FEED SCREW.
THE MACHINE WAS STILL RUNNING,
AND HIS FINGER WAS CAUGHT.

ROTATION ELECTRICAL
DISCONNECT

1 8 .  [1]
A MACHINE OPERATOR WAS ATTEMPTING 
TO UNJAM VINYL MATERIAL IN THE 
AIR LOCK PORTION OF A RECLAIM 
SYSTEM. A HATCH ABOVE THE AIR 
LOCK WAS OPENED, AND HE REACHED 
INTO THE THROAT WITH HIS HAND TO 
PUSH THE MATERIAL FREE. HIS HAND 
WENT DOWN INTO THE ROTATING VANES 
AND HIS FINGER WAS AMPUTATED.

AMPUTATION

INJURED

ROTATION ELECTRICAL
DISCONNECT
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19. [1] LACERATIONS 1 ROTATION ELECTRICAL
AN OPERATOR ATTEMPTED TO CLEAN OUT DISCONNECT
THE DOOR TRACK OF A DRYER WITHOUT INJURED 
TURNING THE MACHINE OFF WHEN THE 
AGITATOR STRUCK HIS FINGER.

20. [1] AMPUTATION
AN EMPLOYEE REMOVED A COVER FROM A 
SCREW CONVEYOR TO CHECK IF IT WAS INJURED 
RUNNING. HE LOST HIS BALANCE AND 
STUCK HIS FOOT INTO THE CONVEYOR.

21. [2]
AN EMPLOYEE ATTEMPTED TO REMOVE 
SOME CLOGGED COMPOST MATERIAL 
THAT HAD JAMMED AN OPERATING KILN 
DISCHARGE CONVEYOR. HIS CLOTHING 
BECAME ENTANGLED IN THE UNGUARDED 
REVOLVING ROLLERS. HIS ARM WAS 
CAUGHT IN THE MACHINE. HE WAS 
PULLED AGAINST THE MACHINE AND 
WAS CHOKED TO DEATH.

22  ̂ n n
AN EMPLOYEE WAS ATTEMPTING TO 
CLEAR A JAM ON A GARNETT MA­
CHINE WHILE IT WAS IN OPERATION.
HE CRAWLED INSIDE THE MACHINE 
THROUGH AN UNGUARDED HOLE WHERE 
HE BECAME ENTANGLED IN MOVING 
PARTS, WAS DRAWN INTO THE ROLLER 
AND WAS CRUSHED.

TT. [Ti LACERATIONS 1 ROTATION ELECTRICAL
AN EMPLOYEE WAS CLEANING AN EDGER DISCONNECT
SAW IN A SAWMILL. PROTECTIVE FATALITY
PANELS WERE REMOVED. HE REQUESTED 
ANOTHER EMPLOYEE TO START THE SAW.
HIS CLOTHES BECAME ENTANGLED AND
HE WAS PULLED INTO THE SAW.

24  ̂ [T] CRUSHED I ROTATION ELECTRICAL
AN EMPLOYEE WAS EMPTYING DOUGH DISCONNECT
FROM A MIXER WHILE IT WAS STILL FATALITY
RUNNING. WHEN HE REACHED INTO THE
MACHINE HIS ARM WAS CAUGHT AND HE
WAS PULLED INTO THE MACHINE.

CRUSHED 1 ROTATION ELECTRICAL
DISCONNECT

FATALITY

CHOKED 1 ROTATION ELECTRICAL
DISCONNECT

FATALITY

1 ROTATION ELECTRICAL
DISCONNECT
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2 5 .  [2]  CRUSHED
AN EMPLOYEE REACHED TO FREE A
CLOTH THAT HAD WRAPPED AROUND THE FATALITY
WHIPROLL OF AN OPERATING TEXTILE
DOLLEY WASHER. HIS HAND WAS CAUGHT
IN THE CLOTH AND HE WAS DRAGGED
INTO THE WHIPROLL.

1 ROTATION ELECTRICAL
DISCONNECT

26 .  [2 ]  CRUSHED
AN EMPLOYEE WAS USING A HOOK TO
CLEAN THE WOOL FROM THE BRUSH FATALITY
ROLLER OF A YARN CARDING MACHINE
WHILE IT WAS RUNNING. HE WAS
PULLED INTO THE MACHINE.

1 ROTATION ELECTRICAL
DISCONNECT

2 7 .  [2 ]  CRUSHED
AN EMPLOYEE WAS WIPING THE MIXER
SHAFT WITH A LARGE RAG WHILE FATALITY
THE MIXER WAS RUNNING. THE CLOTH
BECAME ENTANGLED AND PULLED HIM
AGAINST THE STEEL ARM THAT HELD
THE SHAFT.

1 ROTATION ELECTRICAL
DISCONNECT

2 8 .  [1] BURNS 
AN ELECTRICIAN WAS REPAIRING A 
BURNED FEEDER TO A FURNACE. HE INJURED 
GRASPED A AND B PHASE FEEDERS, A 
CURRENT PASSED THROUGH BOTH ARMS 
AND CHEST CAUSING BURNS TO BOTH 
HANDS AND A FALL. AUXILIARY POWER 
WAS STILL ON.

2 ELECTRICAL ELECTRICAL
DISCONNECT

2 9 .  [5 ]  SHOCK
A PLANT ELECTRICIAN WAS REPAIRING
SOME DAMAGED ELECTRICAL CABLES. FATALITY
CIRCUIT BREAKERS HAD BEEN OPENED
IN A SUBSTATION. AS HE CUT ONE OF
THE CABLES, HE WAS ELECTROCUTED.
PROPER VOLTAGE TESTS WERE NOT MADE 
PRIOR TO BEGINNING WORK.

2 ELECTRICAL ELECTRICAL
DISCONNECT
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3 0 .  [2]  CRUSHED
AN EMPLOYEE WAS PERFORMING DRYWALL
REPAIRS FROM THE INSIDE OF AN FATALITY
ELEVATOR SHAFT RATHER THAN FROM
THE OUTSIDE AS INSTRUCTED. A
WOODEN BEAM WAS USED TO JAM THE
ELEVATOR DOOR ON THE SECOND FLOOR
AND THE OUTSIDE PANEL SWITCH ON
THE MAIN FLOOR HAD BEEN TURNED OFF.
THE EMPLOYEE WAS CRUSHED TO DEATH BY 
THE ELEVATOR WHEN WORKING ON THE 
MAIN FLOOR BECAUSE THE ELEVATOR 
RETURNED TO ITS HOME BASE RATHER 
THAN REMAINING ON THE SECOND FLOOR.

TRANSLATION ELECTRICAL 
DISCONNECT

3 1 .  [2 ]  CRUSHED
THE WASTE HOGGER OPERATOR CLEANING
THE MACHINE FELL INTO A CONVEYOR FATALITY
AND WAS PULLED INTO A 14-INCH
OPENING AND CRUSHED. THE HOGGER
HAD BEEN TURNED OFF BUT NOT THE
CONVEYOR.

TRANSLATION ELECTRICAL 
DISCONNECT

3 2 .  [2]
AN EMPLOYEE WAS PARTIALLY INSIDE 
AN ASPHALT MIXING MACHINE CHANG­
ING PADDLES. ANOTHER EMPLOYEE 
ACCIDENTALLY HIT A TOGGLE SWITCH 
WHICH CLOSED THE DOOR OF THE MIXER, 
STRIKING THE MAN.

IMPACT

FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT 

OR 
BLOCKING 
DEVICE

3 3 .  [1] FRACTURE
A WORKER WAS REPLACING A V-BELT ON 
A DUST COLLECTOR BLOWER. HE HAD INJURED 
SHUT DOWN THE UNIT BY A LOCAL 
SWITCH ONLY. AN OPERATOR IN THE 
CONTROL ROOM RESTARTED THE UNIT,
USING A REMOTE SWITCH CENTER.
THE WORKER'S HAND WAS CAUGHT 
BETWEEN THE PULLEY AND BELTS 
RESULTING IN CUTS AND A 
FRACTURED FINGER.

ROTATION ELECTRICAL
DISCONNECT

3 4 .  [91]
AN EMPLOYEE REMOVED A JAM FROM A 
PACKAGING MACHINE WITH THE POWER 
TURNED OFF. RESIDUAL HYDRAULIC 
PRESSURE ACTIVATED THE HOLDING 
DEVICE.

CRUSHED

INJURED

TRANSLATION BLOCKING 
DEVICE
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3 5 .  [1]
TWO EMPLOYEES HAD OPENED A P IP E ­
LINE FOR REPAIRS WHEN A THIRD 
EMPLOYEE STARTED A FEED PUMP.
TWO EMPLOYEES WERE SPRAYED WITH 
ACID.

ACID
BURNS

INJURED

4 ELECTRICAL ELECTRICAL 
DISCONNECT 

AND/OR 
SLIP BLIND

36 .  [1]
A MECHANIC WAS REPAIRING A 
CAUSTIC PUMP WHEN A COWORKER 
ACCIDENTALLY ENERGIZED THE PUMP 
AND SPRAYED THE MECHANIC WITH 
CAUSTIC.

CAUSTIC
BLIND

INJURED

4 ELECTRICAL ELECTRICAL
DISCONNECT

3 7 .  [1]
AN EMPLOYEE RECEIVED CHEMICAL 
BURNS WHEN A COWORKER IN THE 
CONTROL ROOM OPENED A VALVE TO 
A DISCONNECTED LINE THAT WAS IN 
THE PROCESS OF BEING TESTED.

CHEMICAL

INJURED

4 PRESSURE SLIP BLIND 
OR VALVE 
CHAINED IN 
CLOSED 
POSITION

3 8 .  [4 ]
AN EMPLOYEE WAS IN THE PROCESS OF 
CUTTING A PIPE WHEN DIESEL FUEL 
WAS MISTAKENLY DISCHARGED INTO 
LINE AND WAS IGNITED BY THE 
TORCH.

BURNS

FATALITY

4 THERMAL SLIP BLIND 
OR VALVE 
CHAINED IN 
CLOSED 
POSITION

3 9 .  [91]
A REPAIRMAN WAS CRUSHED WHEN 
ANOTHER EMPLOYEE ACTIVATED A 
CONVEYOR IN A COKE FURNACE.

CRUSHED

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT

4 0 .  [2 ]
AN EMPLOYEE WAS GREASING BEARINGS 
ON THE ROLLERS OF A LOG CART 
MACHINE. HE ACCIDENTALLY TRIPPED 
A LEVER CAUSING A ROLLER TO MOVE 
WHICH CRUSHED HIM.

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
DISCONNECT

4 1 .  [2 ]
WHILE SETTING UP A VACUUM FORMING 
PRESS, AN EMPLOYEE LEANED OVER 
THE PRESS AND ACCIDENTALLY 
ACTIVATED THE START SWITCH AND 
WAS CRUSHED.

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
AND/OR

PNEUMATIC
DISCONNECT
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4 2 .  [2]
AN EMPLOYEE WAS REPAIRING A CON­
VEYOR INSIDE A COKE FURNACE WHEN 
ANOTHER EMPLOYEE ACTIVATED THE 
CONVEYOR.

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
DISCONNECT

4 3 .  [1]
AN EMPLOYEE WAS WORKING AT TOP OF 
A KILN LARK? WHEN ANOTHER EMPLOYEE 
CAUSED THE COUNTERWEIGHT TO DROP.

AMPUTATION

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT

4 4 .  [2]
AN EMPLOYEE ACCIDENTALLY ACTIVATED 
THE CARRIAGE CONTROL LEVER IN 
THE BOOTH. THE BOOTH MOVED, 
THROWING HIM INTO THE 3 6 - INCH 
SAW BLADE.

LACERATIONS

FATALITY

4 ROTATION ELECTRICAL
DISCONNECT

4 5 .  [1]
A MAINTENANCE MAN INSIDE A LARGE 
MIXING DRUM MAKING REPAIRS WAS 
STRUCK BY THE BEATER BLADES WHEN 
THEY WERE INADVERTENTLY ACTIVATED.

IMPACT

FATALITY

4 ROTATION ELECTRICAL
DISCONNECT

4 6 .  [1]
A UTILITY MAN WAS USING A TOOL TO 
TURN THE FEED ROLL MOTOR OF A 
STAPLE MACHINE FOR CLEANING. THE 
MOTOR WAS TURNED ON ACCIDENTALLY 
AFTER HE GAVE VERBAL INSTRUCTIONS, 
"DON'T START MOTOR." HE WAS 
STRUCK ON THE ARM BY THE TOOL.

IMPACT

INJURED

4 ROTATION ELECTRICAL
DISCONNECT

4 7 .  [1]
AN EMPLOYEE WAS WORKING ON AN AGI­
TATOR IN A P IT  WHEN SOMEONE ELSE 
STARTED THE AGITATOR AND ALSO COM­
MENCED FILLING THE PIT  WITH WATER 
AND STOCK. HE RECEIVED MULTIPLE 
CONTUSIONS, ABRASIONS, AND LACERA­
TIONS TO LEGS, H I P ,  AND SCALP.

LACERATIONS

INJURED

4 ROTATION DISCONNECT 
ALL ENERGY

4 8 .  [91]
AN EMPLOYEE WAS INJURED WHEN THE 
PLASTIC PELLETIZER HE OPERATED 
ACCIDENTALLY ACTIVATED WHILE HE 
WAS REACHING THROUGH AN UN­
GUARDED PORTHOLE TO CLEAN I T .

CRUSHED

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT
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4 9 .  [2]
AN EMPLOYEE WAS WORKING ON A MOLD­
ING MACHINE TURNTABLE. HE WAS 
STANDING BETWEEN THE TRANSFER ARM 
AND THE WEIGHT CHANGER WHEN HE 
ACCIDENTALLY ACTIVATED THE CON­
TROLS OF THE TRANSFER ARM. THE 
TRANSFER ARM CRUSHED HIM AGAINST 
THE WEIGHT CHANGER.

CRUSHED 4 

FATALITY

TRANSLATION ELECTRICAL
DISCONNECT

5 0 .  [2 ]
AN EMPLOYEE WAS INSIDE A T I E -  
BORING MACHINE ADJUSTING THE 
SWITCHES TO RELIEVE A JAM WHEN 
THE CONVEYOR SYSTEM STARTED 
MOVING CAUSING HIM TO BE 
CAUGHT BETWEEN A TIE AND THE 
BORING MILL.

CRUSHED 4 

FATALITY

TRANSLATION ELECTRICAL
DISCONNECT

5 1 .  [2]
TWO EMPLOYEES WERE OPERATING A 
PRESS BRAKE. THE WORK PIECE WAS 
BEING REPOSITIONED FOR THE NEXT 
OPERATION. ONE EMPLOYEE HAD HIS 
HEAD IN THE POINT OF OPERATION 
WHEN THE PRESS WAS ACTIVATED 
ACCIDENTALLY BY THE OTHER 
EMPLOYEE.

CRUSHED 4 

FATALITY

TRANSLATION ELECTRICAL 
CONNECT OR 
BLOCKING 
DEVICE

5 2 .  [1 8 ]
AN EMPLOYEE WAS CLEANING A FLOUR 
BATCH MIXER WHEN THE START SWITCH 
WAS INADVERTENTLY ACTIVATED CRUSH­
ING HIS NECK.

CRUSHED 4 

FATALITY

ROTATION ELECTRICAL
DISCONNECT

5 3 .  [2 ]
AN EMPLOYEE WAS CLEANING THE 
INSIDE OF A PUG MILL MIXER SILO 
WHEN ANOTHER EMPLOYEE STARTED 
THE MACHINE.

CRUSHED 4 

FATALITY

ROTATION ELECTRICAL
DISCONNECT

5 4 .  [1] AMPUTATION 4
AN EMPLOYEE WAS REPLACING A ROLLER
CHAIN KEY AND SPROCKET FOR A SET INJURED
OF ROLLS ON METAL SCRUBBER WHEN
SOMEONE ELSE JOGGED THE MACHINE AND
CAUGHT HIS FINGERS.

ROTATION ELECTRICAL
DISCONNECT
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5 5 .  [1] CRUSHED
AN EMPLOYEE WAS CLEANING A PELLET
MACHINE WHILE THE GUARD OVER THE INJURED
FEED ROLLS WAS REMOVED. HE
ACCIDENTLY STARTED THE MACHINE
AND HIS HAND BECAME CAUGHT
IN THE ROLLS.

4 ROTATION ELECTRICAL
DISCONNECT

5 6 .  [1] CRUSHED
AN EMPLOYEE WAS TRAPPED BETWEEN
THE BLENDER SHELL AND THE OPENED INJURED
DOOR HE WAS WORKING THROUGH WHEN
THE BLENDER WAS ACCIDENTALLY
ENERGIZED.

4 ROTATION ELECTRICAL
DISCONNECT

5 7. [1] LACERATIONS 
AN EMPLOYEE WAS TRAPPED INSIDE 
A MIXER WHEN IT WAS ACCIDENTALLY INJURED 
ENERGIZED BY ANOTHER EMPLOYEE.

4 ROTATION ELECTRICAL
DISCONNECT

5 8 .  [1] AMPUTATION
AN EMPLOYEE REMOVED THE HOSE FROM
THE CLEANOUT OPENING OF A PUMP INJURED
AND COMMENCED CLEANING OUT THE PUMP
WITH HIS HAND. A COWORKER STARTED
THE PUMP RESULTING IN AMPUTATION
OF A FINGER.

4 ROTATION ELECTRICAL
DISCONNECT

5 9 .  [1] FRACTURE 
AN EMPLOYEE WAS CLEANING THE DRIVE 
PULLEY OF A CENTRIFUGE CONVEYOR. INJURED 
THE CONVEYOR SUDDENLY BEGAN MOVING 
DRAWING HIS ARM IN BETWEEN THE 
PULLEY AND THE BELT RESULTING IN 
FRACTURES OF HIS ARM. A COWORKER HAD 
ENERGIZED THE CONVEYOR.

4 ROTATION ELECTRICAL
DISCONNECT
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A p p e n d ix  C

EVALUATION OF EXISTING STANDARDS -  INTERNATIONAL, NATIONAL, STATE, CONSENSUS

The f o l l o w i n g  p a r a g r a p h s  co m p are  an d  e v a l u a t e  t h e  c u r r e n t  n a t i o n a l ,  s t a t e ,  
i n t e r n a t i o n a l ,  a n d  c o n s e n s u s  s t a n d a r d s  r e l a t e d  t o  e n e r g y  c o n t r o l s  ( l o c k o u t /  
t a g o u t s )  f o r  a c c o m p l i s h i n g  m a i n t e n a n c e  and s e r v i c i n g  a c t i v i t i e s  s a f e l y .  
S p e c i f i c a l l y ,  t h e  g u i d e l i n e s  recommended a r e  co m p a r e d  w i t h :  OSHA G e n e r a l
I n d u s t r y  S t a n d a r d s  (29 CFR 1910)  a n d  OSHA C o n s t r u c t i o n  S t a n d a r d s  (29 CFR 
1 9 2 6 ) ;  S t a t e  S t a n d a r d s  ( w i t h  a p p r o v e d  OSHA p l a n s ) ;  c r i t e r i a  d e v e l o p e d  i n  
C a n a d a  ( A l b e r t a ) ,  Germ an y,  an d  B r i t a i n ;  an d  c o n s e n s u s  s t a n d a r d s  ANSI 
Z 2 4 4 . 1 -1 9 8 2  an d  NFPA 70E p a r t  I I .

Summary

A p p e n d i x  T a b l e s  C - l ,  C - 2 ,  and  C-3 p r e s e n t  a n  o v e r a l l  c o m p a r i s o n  o f  t h e  r e c o m ­
mended g u i d e l i n e s  w i t h  t h e  r e s p e c t i v e  n a t i o n a l ,  s t a t e ,  i n t e r n a t i o n a l ,  an d  
c o n s e n s u s  s t a n d a r d s .  Even t h o u g h  t h e  t y p e s  o f  e n e r g y  a p p l i c a b l e  an d  t h e  
i n d u s t r i e s  a f f e c t e d  v a r y ,  a  c o n s i d e r a b l e  c o n s i s t e n c y  i s  f o u n d  i n  t h e  g u i d e ­
l i n e s  r e q u i r e d  f o r  a l l  e x c e p t  t h e  OSHA n a t i o n a l  s t a n d a r d s  an d  t h e  s t a t e  OSHA 
s t a n d a r d s  ( w i t h  t h e  e x c e p t i o n s  o f  C a l i f o r n i a  and  M i c h i g a n ) .  The p r i m a r y  
c r i t e r i a  e l e m e n t s  e l i m i n a t i n g  e n e r g y ,  s e c u r i n g  t h e  means  by w h ic h  t h e  e n e r g y  
i s  e l i m i n a t e d ,  v e r i f y i n g  t h a t  e n e r g y  h a s  d i s s i p a t e d  t o  s a f e  l e v e l s ,  d o c u ­
m e n t i n g  t h e  p r o c e d u r e s ,  an d  t r a i n i n g  t h e  p e r s o n n e l  i n v o l v e d ,  a r e  fo u n d  
c o n s i s t e n t l y  i n  t h e  o t h e r  s t a n d a r d s .

The e x i s t i n g  n a t i o n a l  OSHA s t a n d a r d s  a r e  i n a d e q u a t e  b e c a u s e  o f  i n c o m p l e t e  
i n d u s t r y  c o v e r a g e  and i n c o m p l e t e  and i n c o n s i s t e n t  c r i t e r i a  w h e r e  s t a n d a r d s  
e x i s t .  The e x i s t i n g  s t a t e  s t a n d a r d s ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  f o r  
C a l i f o r n i a  an d  M i c h i g a n ,  a r e  r e p r i n t s  o f  t h e  n a t i o n a l  s t a n d a r d s .  The 
C a l i f o r n i a  an d  M i c h i g a n  s t a n d a r d s  c l o s e l y  p a r a l l e l  t h e  reco mmen ded g u i d e l i n e s ;  
h o w e v e r ,  t h e y  do n o t  p r o v i d e  t h e  t h r e e  a l t e r n a t e  means  o f  s e c u r i n g  t h e  
p o i n t ( s )  o f  c o n t r o l  a s  p r o v i d e d  by t h e  re com mended g u i d e l i n e s .  The C a l i f o r n i a  
s t a n d a r d s  a r e  a l s o  l i m i t e d  t o  e l e c t r i c a l  e n e r g y  an d  m e c h a n i c a l  m o t i o n  o f  
e q u i p m e n t ;  w h e r e a s ,  t h e  recommended c r i t e r i a  c o v e r  e l e c t r i c a l ,  m e c h a n i c a l ,  and  
t h e r m a l  e n e r g y .

The e x i s t i n g  A l b e r t a ,  C a n a d a ,  r e g u l a t i o n s  l a c k  e f f e c t i v e n e s s  s i n c e  t h e y  do n o t  
i n c l u d e  m e c h a n i c a l  m o t i o n  o r  t h e r m a l  e n e r g y  a s  a p p l i c a b l e  fo r m s  o f  e n e r g y  t h a t  
p e r s o n n e l  m u s t  b e  s a f e g u a r d e d  a g a i n s t .  A l s o ,  t h e  A l b e r t a  r e g u l a t i o n s  do n o t  
s p e c i f y  t h e  d o c u m e n t i n g  o f  p r o c e d u r e s  and  t r a i n i n g  o f  p e r s o n n e l  a s  n e c e s s a r y  
r e q u i r e m e n t s  f o r  a n  e f f e c t i v e  p r o g r a m  f o r  c o n t r o l l i n g  h a z a r d s  d u r i n g  m a i n t e ­
n a n c e .

The d r a f t  German A c c i d e n t  P r e v e n t i o n  S p e c i f i c a t i o n s  do n o t  i n c l u d e  e l e c t r i c a l ,  
c h e m i c a l ,  o r  t h e r m a l  a s  a p p l i c a b l e  fo r m s  o f  e n e r g y  t o  b e  c o n t r o l l e d  d u r i n g  
m a i n t e n a n c e  an d  s e r v i c i n g .  I n d u s t r i e s  a f f e c t e d  by t h e  s p e c i f i c a t i o n s  a r e  
l i m i t e d  t o  "power  d r i v e n  e q u i p m e n t "  w h i c h  e x c l u d e s  many i n d u s t r i e s  t h a t  e x p o s e  
w o r k e r s  t o  h a z a r d o u s  l e v e l s  o f  e n e r g y  d u r i n g  m a i n t e n a n c e .  The German s p e c i f i ­
c a t i o n s  do  n o t  r e q u i r e  v e r i f i c a t i o n  t h a t  h a z a r d s  h a v e  b e e n  c o n t r o l l e d ,  d o c u ­
m e n t i n g  o f  p r o c e d u r e s ,  o r  t r a i n i n g  o f  p e r s o n n e l  i n  s a f e  w o r k  p r a c t i c e s .
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TABLE C - l  
COMPARISON SUMMARY OF 

TYPES OF ENERGY

RECOMMENDED GUIDELINES: M e c h a n i c a l  m o t i o n ;  p o t e n t i a l  e n e r g y  due  t o  p r e s s u r e ,  g r a v i t y ,  o r  s p r i n g s ;  e l e c t r i c a l
e n e r g y ;  t h e r m a l  e n e r g y  r e s u l t i n g  f rom h i g h  o r  low t e m p e r a t u r e .

i-p>l_nI

NATIONAL

E l e c t r i c a l  e n e r g y ;  
h y d r a u l i c  p r e s s u r e ;  
t h e r m a l  e n e r g y .  
M e c h a n i c a l  m o t i o n  
i s  i m p l i e d  b u t  n o t  
s t a t e d .

STATES*

E s s e n t i a l l y  
i d e n t i c a l  t o  t h e  
n a t i o n a l  OSHA 
s t a n d a r d  e x c e p t  
f o r  C a l i f o r n i a .  
C a l i f o r n i a  s t a n d ­
a r d s  a p p l y  t o  
e l e c t r i c a l  e n e r g y  
and m e c h a n i c a l  
m o t i o n .

ALBERTA
CANADA

[9 2]

P o t e n t i a l
e n e r g y ,
power ,
c h e m i c a l
e n e r g y .

INTERNATIONAL

GERMANY
[46]

M e c h a n i c a l  
m o t i o n ,  
p o t e n t i a l  
e n e r g y .

CONSENSUS

BRITAIN
[71]

M e c h a n i c a l
m o t i o n .

ANSI
Z 2 4 4 . 1 -1 9 8 2  

[5]

E l e c t r i c a l ,  
m e c h a n i c a l , 
h y d r a u l i c , 
c h e m i c a l , 
n u c l e a r ,  and 
t h e r m a l  e n e r g y .

NFPA 70E 
P a r t  I I  

[ 54 ]

E l e c t r i c a l  
e n e r g y .

* S ta te s  rev iew ed: AL, AZ, CA, HI, IN, IA, KY, MD, MI, MN, NC, NV, OR, SC, TN, VT, WA, and WY.



TABLE C-2 
COMPARISON SUMMARY OF 

INDUSTRIES AFFECTED

RECOMMENDED GUIDELINES: T h o s e  i n d u s t r i e s  t h a t  e x p o s e  w o r k e r s  t o  h a z a r d o u s  l e v e l s  o f  e n e r g y  d u r i n g
m a i n t e n a n c e .

NATIONAL STATES*
ALBERTA
CANADA

[92]

INTERNATIONAL

GERMANY
[46]

BRITAIN
[71]

CONSENSUS
ANSI
Z 2 4 4 . 1 - 1 9 8 2  

[5]

NFPA 7 OE 
P a r t  I I  

[54]

I
■p-ONI

O v e rh ead  a n d  g a n t r y  
c r a n e s ;  w o o d w o r k in g ;  
m e c h a n i c a l  power  
p r e s s e s ;  f o r g i n g  
m a c h i n e s ;  p u l p ,  
p a p e r ,  an d  p a p e r ­
b o a r d  m i l l s ;  
t e x t i l e s ;  b a k e r i e s ;  
s a w m i l l s ;  t e l e ­
c o m m u n i c a t i o n s ;  
an d  c o n s t r u c t i o n .

Same a s  t h e  
n a t i o n a l  OSHA 
s t a n d a r d  e x c e p t  
f o r  C a l i f o r n i a .  
C a l i f o r n i a  l o c k ­
o u t  s t a n d a r d s  
a r e  a p p l i c a b l e  
t o  e l e c t r i c a l  
a n d  g e n e r a l  
i n d u s  t r y .

M a c h in e r y  
an d  e q u i p ­
men t  , 
powered 
m o b i l e  
e q u i p m e n t  
and  h o i s t s .

Power  
d r i v e n  
e q u i p m e n t .

M a c h in e r y
and
p r o c e s s e s  
a p p l i c a b l e  
t o  a l l  
s e c t o r s  o f  
i n d u s t r y .

Not s p e c i f i e d , Not  s p e c i f i e d .  
A p p l i e s  t o  
an y o n e  who 
w o rk s  o n ,  n e a r  
o r  w i t h  
e l e c t r i c  
c i r c u i t s  and  
e q u i p m e n t .

* S ta te s  rev iew ed : AL, AZ, CA, HI, IN, IA, KY, MD, MI, MN, NC, NV, OR, SC, TN, VT, WA, and WY.



TABLE C-3 
COMPARISON SUMMARY OF 
CRITERIA REQUIREMENTS

RECOMMENDED GUIDELINES: E n e r g y  s h a l l  b e  i s o l a t e d ,  b l o c k e d ,  d i s s i p a t e d ,  s e c u r e d ,  v e r i f i e d .  P r o c e d u r e s  s h a l l
b e  d o c u m e n t e d  an d  p e r s o n n e l  s h a l l  b e  t r a i n e d .

NATIONAL STATES* INTERNATIONAL CONSENSUS
ALBERTA ANSI NFPA 70E
CANADA GERMANY BRITAIN Z 2 4 4 . 1 -1 9 8 2 P a r t  I I

[92] [46 ] [7 1] [5] [54 ]

I n c o m p l e t e  an d E s s e n t i a l l y E n e r g y E n e r g y Document  a E n e r g y  s o u r c e s E n e r g y
i n c o n s i s t e n t .  Some i d e n t i c a l  t o  t h e s h a l l  b e s h a l l  b e w r i t t e n s h a l l  be s o u r c e s
s e c t i o n s  r e q u i r e n a t i o n a l  OSHA i s o l a t e d , i s o l a t e d , " p e r m i t  t o b l o c k e d ,  d i s s i ­ s h a l l  be
p r o v i s i o n s  f o r  l o c k ­ s t a n d a r d  e x c e p t b l o c k e d , b l o c k e d , w o rk " p a t e d ,  s e c u r e d b l o c k e d ,
o u t  o n l y  w h i l e i n  C a l i f o r n i a . d i s s i p a t e d , a n d  d i s ­ s y s t e m by l o c k o u t d i s s i p a t e d ,
o t h e r  s e c t i o n s C a l i f o r n i a s e c u r e d s i p a t e d  . p r o c e d u r e d e v i c e s  o r  t a g ­ s e c u r e d  by
r e q u i r e  p h y s i c a l r e q u i r e s  t h a t a g a i n s t U n a u t h o r i z e d and  t r a i n o u t  d e v i c e s , t a g  only, o
l o c k o u t  o r  t a g o u t e n e r g y  b e a c c i d e n t a l e r r o n e o u s  o r p e r s o n n e l an d  v e r i f i e d . l o c k  o n l y ,
b u t  do n o t  r e q u i r e i s o l a t e d , movement u n e x p e c t e d i n  s a f e P r o c e d u r e s o r  no l o c k s
v e r i f i c a t i o n , b l o c k e d ,  d i s s i ­ o r  u s e  a i n i t i a t i o n p r a c t i c e s . s h a l l  be  d o c u ­ or tags. =  n

p r o c e d u r e s ,  o r p a t e d ,  s e c u r e d , p h y s i c a l o f  h a z a r d o u s m e n t e d  and v e r i f i e d .
t r a i n i n g . a w a r n i n g  b e means  on movements p e r s o n n e l P r o c e d u r e s

p o s t e d ,  and t h e  power s h a l l  be s h a l l  b e s h a l l  b e
v e r i f i e d . c o n t r o l ,  a a v o i d e d . t r a i n e d . d o c u m e n te d
P r o c e d u r e s w a r n i n g and p e r s o n ­
s h a l l  b e  d o c u ­ t a g ,  and n e l  shall
m e n te d  and v e r i f i e d . t r a i n e d .
p e r s o n n e l  s h a l l
be  t r a i n e d .

* S t a t e s  r e v i e w e d :  AL, AZ, CA, H I ,  IN,  IA,, KY, MD, MI , MN, NC, NV, OR , SC, TN, VT, WA, an d  WY.



The e x i s t i n g  B r i t i s h  Code o f  P r a c t i c e  r e l i e s  on t h e  human e l e m e n t  t o  f o l l o w  a  
d o c u m e n t e d  " p e r m i t  t o  w o r k "  s y s t e m  f o r  p e r f o r m i n g  m a i n t e n a n c e .  I t  c l o s e l y  
p a r a l l e l s  t h e  recom mended g u i d e l i n e s ,  an d  r e l i e s  on t h e  d o c u m e n t e d  s y s t e m  t o  
s e r v e  a s  a r e c o r d  o f  a l l  t h e  f o r e s e e a b l e  h a z a r d s  w h i c h  h a v e  b e e n  c o n s i d e r e d  i n  
a d v a n c e .  I t  a l s o  r e l i e s  h e a v i l y  on s u p e r v i s i o n  t o  s e e  t h a t  t h e  s y s t e m  o p e r ­
a t e s  p r o p e r l y .

The C o n s e n s u s  S t a n d a r d s  a r e  s i m i l a r  t o  t h e  recommended g u i d e l i n e s .  They p r o ­
v i d e  t h e  o p t i o n s  o f  ( 1 )  s e c u r i n g  t h e  p o i n t ( s )  o f  c o n t r o l  by  l o c k o u t  o r  t a g o u t  
d e v i c e s  o r  ( 2 )  h a v i n g  no  l o c k s  o r  t a g s ,  p r o v i d e d  o t h e r  r e q u i r e m e n t s  a r e  m e t .  
T h e s e  s t a n d a r d s ,  h o w e v e r ,  do  n o t  a l l o w  t h e  o p t i o n  o f  h a v i n g  a p e r s o n  r e m a i n  a t  
t h e  p o i n t ( s )  o f  c o n t r o l  t o  p r o t e c t  a g a i n s t  u n a u t h o r i z e d  a c t u a t i o n  o f  t h e  ma­
c h i n e  o r  p r o c e s s  d u r i n g  m a i n t e n a n c e  a n d  s e r v i c i n g .  A l s o ,  t h e  s t a n d a r d s  do  n o t  
c o v e r  t h e  b r o a d  s p e c t r u m  o f  h a z a r d s  a s  do  t h e  recommen ded g u i d e l i n e s .

N a t i o n a l  S t a n d a r d s

The e x i s t i n g  n a t i o n a l  s t a n d a r d s  a s  shown i n  T a b l e  C-4 a r e  n o t  u n i f o r m  i n  t h e i r  
c o v e r a g e .  I n c o n s i s t e n c i e s  i n  t h e  r e q u i r e m e n t s  e x i s t  b e t w e e n  i n d u s t r i e s  a n d  
b e t w e e n  e q u i p m e n t  w i t h i n  t h e  same i n d u s t r y .  Some s e c t i o n s  o f  t h e  G e n e r a l  
I n d u s t r y  S t a n d a r d s  i m p l y  l o c k i n g  o u t  o r  t a g g i n g  o u t  e n e r g y  r a t h e r  t h a n  s p e c i ­
f y i n g  t h a t  l o c k o u t s  o r  t a g o u t s  b e  p e r f o r m e d .  S e c t i o n s  o f  t h e  s t a n d a r d  c o v e r ­
i n g  i n d u s t r i e s  o r  e q u i p m e n t  r e q u i r i n g  p r o v i s i o n s  f o r  o n l y  l o c k i n g  o u t  o r  t a g ­
g i n g  o u t  e n e r g y  a r e :  o v e r h e a d  an d  g a n t r y  c r a n e s ;  w o o d w o r k in g  m a c h i n e r y ;
m e c h a n i c a l  pow er  p r e s s e s ;  c e r t a i n  f o r g i n g  m a c h i n e s ;  c e r t a i n  p u l p ,  p a p e r ,  and  
p a p e r b o a r d  m i l l s ;  t e x t i l e s ;  c e r t a i n  b a k e r y  e q u i p m e n t ;  and  c e r t a i n  s a w m i l l  
e q u i p m e n t .  O t h e r  s e c t i o n s  o f  t h e  G e n e r a l  I n d u s t r y  S t a n d a r d  a r e  m ore  p o s i t i v e  
an d  e x p l i c i t  i n  t h e i r  c o v e r a g e  i n  t h a t  t h e y  s p e c i f y  t h a t  l o c k o u t s  o r  t a g o u t s  
s h a l l  b e  u t i l i z e d .  I n d u s t r i e s  o r  e q u i p m e n t  i n  t h i s  c a t e g o r y  a r e :  c e r t a i n
f o r g i n g  m a c h i n e s ;  c e r t a i n  p u l p ,  p a p e r ,  an d  p a p e r b o a r d  m i l l  e q u i p m e n t ;  c e r t a i n  
b a k e r y  e q u i p m e n t ;  c e r t a i n  s a w m i l l  e q u i p m e n t ;  an d  t e l e c o m m u n i c a t i o n s  s y s t e m s .  
The C o n s t r u c t i o n  S t a n d a r d  i s  a l s o  i n c o n s i s t e n t  i n  i t s  r e q u i r e m e n t s .  S e c t i o n s  
o f  t h e  s t a n d a r d  c o v e r i n g  i n d u s t r i e s  o r  e q u i p m e n t  w h e r e i n  p r o v i s i o n s  f o r  o n l y  
l o c k i n g  o u t  o r  t a g g i n g  o u t  e n e r g y  a r e  s p e c i f i e d  c o n s i s t  o f :  w oo d w o r k in g
t o o l s ,  b a s e - m o u n t e d  drum h o i s t s ,  m o t o r  v e h i c l e s ,  an d  p i l e - d r i v i n g  e q u i p m e n t .  
S e c t i o n s  o f  t h e  C o n s t r u c t i o n  S t a n d a r d  c o v e r i n g  i n d u s t r i e s  o r  e q u i p m e n t  w h ic h  
s p e c i f y  t h a t  l o c k o u t s  o r  t a g o u t s  b e  p e r f o r m e d  a r e :  g e n e r a l  c o n t r a c t o r
m a c h i n e r y ,  e l e c t r i c a l  c i r c u i t s ,  c o n v e y o r s ,  c o n s t r u c t i o n  e q u i p m e n t  s u c h  a s  
b u l l d o z e r s  and e n d - l o a d e r s ,  e l e c t r i c  b l a s t i n g  e q u i p m e n t ,  pow er  t r a n s m i s s i o n  
a n d  d i s t r i b u t i o n  l i n e s  and  e q u i p m e n t ,  an d  e l e c t r i c a l  s u b s t a t i o n s .  The e x i s t ­
i n g  n a t i o n a l  s t a n d a r d s  h a v e  o n l y  l i m i t e d  e f f e c t i v e n e s s  b e c a u s e  o f  t h e  l a c k  o f  
u n i f o r m i t y  ( l o c k o u t s  f o r  some i n d u s t r i e s  an d  o n l y  p r o v i s i o n s  f o r  l o c k o u t s  f o r  
o t h e r s )  an d  b e c a u s e  t h e y  a r e  w r i t t e n  o n l y  f o r  s p e c i f i c  i n d u s t r i e s .  The e x i s t ­
i n g  G e n e r a l  I n d u s t r y  an d  C o n s t r u c t i o n  S t a n d a r d s  r e l a t e d  t o  t h i s  s u b j e c t ,  a s  
c o m p i l e d  by OSHA, a r e  c o n t a i n e d  i n  A p p e n d ix  D.

S t a t e  S t a n d a r d s

The e x i s t i n g  s t a t e  s t a n d a r d s  ( T a b l e  C - 5 ) ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  f o r  
C a l i f o r n i a  and M i c h i g a n ,  a r e  e s s e n t i a l l y  i d e n t i c a l  t o  t h e  n a t i o n a l  s t a n d a r d s .  
C a l i f o r n i a  h a s  h o r i z o n t a l  s t a n d a r d s  w h ich  recommend i s o l a t i n g  o r  b l o c k i n g  
e n e r g y  s o u r c e s ;  d i s s i p a t i n g  o r  b l o c k i n g  s t o r e d  e n e r g y  t h a t  c o n s t i t u t e s  a  p e r ­
s o n n e l  h a z a r d ;  u s i n g  p h y s i c a l  means  o r  d e v i c e s  t o  s e c u r e  t h e  p o i n t  o f  c o n t r o l
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TABLE C-4

GENERAL INDUSTRY, OSHA SAFETY AND HEALTH STANDARDS 29 CFR PART 192 6,  OSHA SAFETY AND HEALTH REGULATIONS
i. (29 CFR 1910)  CONSTRUCTION, FEDERAL REGISTER

LOCKOUT AND TAGOUT NATIONAL STANDARDS

T h es e  s t a n d a r d s  a r e  w r i t t e n  f o r  s p e c i f i c  i n d u s t r i e s  
o n l y .  I h e  f o l l o w i n g  s e c t i o n s  o f  t h e  s t a n d a r d s  make 
p r o v i s i o n s  f o r  l o c k i n g  o u t  o r  t a g g i n g  o u t  e n e r g y .

1 9 1 0 . 1 4 5 ( f ) ( 1 ) ( i ) 261 (e ( 1 2 ) ( i i i )
1 4 5 ( f ) ( 3 ) ( i i i ) 261 (e (13)

1 1 7 9 ( g ) ( 5 ) ( i ) 261 ( f ( 6 ) ( i )
' 17 9 ( g ) ( 5 ) ( i i ) 261 (g (4 )  ( i i )
< 1 7 9 ( g ) ( 5 ) ( i i i ) 261 (g ( 1 5 ) ( i )
< 1 7 9 ( 1 )  (2 )  Ci) ( c ) 261 (g ( 1 6 ) ( i )

i 1 8 1 ( f ) ( 2 ) ( i ) ( c ) 261 (g ( 1 9 ) ( i i i )
£  2 1 3 ( a ) (10 ) 261 (g (2 1)

' ' 2 1 3 ( b ) ( 5 ) 261 ( j ( 1 ) ( i i i )
i 2 1 7 ( b ) ( 8 ) ( i ) 261 ( j ( 4 ) ( i i i )
t 2 1 7 ( d ) ( 9 ) ( i v ) 261 ( j ( 5 ) ( i i i )
E 2 1 8 ( a ) ( 3 ) ( i i i ) 261 ( j (6 )  ( i )
I 2 1 8 ( a ) ( 3 ) ( i v ) 261 (k ( 2 ) ( i i )
c 2 1 8 ( d )  (2 ) 2 6 2 (c (1 )
c 2 1 8 ( e ) ( 1 )  ( i i ) 262 (n ( 2 )
3 2 1 8 ( f ) ( 1 ) 2 6 2 (p (1 )
3 2 1 8 ( f ) ( 2 ) 262 (q ( 2 )
3 2 1 8 ( g ) ( 1 ) 2 6 3 (k ( 1 2 ) ( i )
3 2 1 8 ( h ) ( 2 ) 2 6 3 ( 1 ( 3 ) ( i i i ) ( b  )
3 2 1 8 ( h ) ( 5 ) 26 3 (1 ( 8 ) ( i i i )
i 2 1 8 ( i ) (1 ) 265 (c ( 1 2 ) ( v )
5 2 1 8 ( i ) (2 ) 2 6 5 (c (13 )
i 2 1 8 ( j ) ( 1 ) 265 (c (2 6 )  ( i i i )
> 2 5 2 ( c ) ( 1 ) ( i ) 2 6 5 (c (2 6 )  ( v )

2 6 1 ( b ) ( 4 ) 265 ( e ( l ) ( i v )
2 6 1 ( b ) ( 5 ) 2 6 8 (1 (2 )
2 6 1 ( e ) ( 2 )  
2 6 1 ( e ) (1 0)

268 (m ( 7 ) ( i )

T h e s e  r e g u l a t i o n s  a r e  w r i t t e n  f o r  g e n e r a l  u s e  e q u i p m e n t  
s p e c i f i c  p u r p o s e  e q u i p m e n t ,  and s p e c i a l  s y s t e m s  w i t h  
l i m i t e d  a p p l i c a b i l i t y .  The f o l l o w i n g  s e c t i o n s  o f  t h e  
r e g u l a t i o n s  make p r o v i s i o n s  f o r  l o c k i n g  o u t  o r  t a g g i r n  
o u t  e n e r g y .

1 9 2 6 . 2 0 ( b ) ( 3 )
2 0 0 ( h ) ( 1 )
2 0 0 ( h ) ( 2 )
3 0 4 ( a )
4 0 0 ( a )
5 5 5 ( a ) ( 7 )
6 0 1 ( b ) (1 0 )
906 ( j  )
9 0 6 ( 1 )
9 5 0 ( d ) ( 1 ) ( i i ) ( b )
9 5 0 ( d ) ( 2 )



TABLE C-5

STATE OF CALIFORNIA STANDARDS STANDARDS FROM OTHER STATES
AND THE TERRITORY OF PUERTO RICO

STATE STANDARDS

T h e s e  s t a n d a r d s  p a r a l l e l  t h e  
re com mended g u i d e l i n e s .

The s t a n d a r d s  a r e  w r i t t e n  f o r  
e l e c t r i c a l  e q u i p m e n t  o r  
s y s t e m s ,  p r i m e  m o v e r s ,  
m a c h i n e r y ,  a n d  e q u i p m e n t  i n  
g e n e r a l .

T h e s e  s t a n d a r d s  a r e  w r i t t e n  f o r  
s p e c i f i c  i n d u s t r i e s  o n l y  and 
a r e  n o t  h o r i z o n t a l  s t a n d a r d s .  
They a r e  e s s e n t i a l l y  i d e n t i c a l  
t o  and p a r a l l e l  t o  t h e  29 CFR 
1910 n a t i o n a l  s t a n d a r d s .

The M i c h i g a n  s t a n d a r d s  c l o s e l y  
p a r a l l e l  t h e  recommended 
g u i d e l i n e s  e x c e p t  t h e y  do n o t  
i n c l u d e  v e r i f i c a t i o n  p r i o r  t o  
s t a r t i n g  m a i n t e n a n c e .
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to prevent unauthorized persons from reenergizing the system; using warning 
tags to caution personnel that energy has been i so la te d  and the reason for  
i so la t io n ;  ver i fy ing  that i s o la t io n  of  energy has been e f f e c t i v e ;  ver i fy ing  
that personnel have cleared the area prior to reenergizing the machine or 
system; documenting procedures; and ensuring that personnel who implement the 
c r i t e r ia  have been adequately trained to thoroughly understand the procedures.

The Michigan standards c l o s e l y  p a ra l le l  the recommended guidel ines  except  
Michigan does not include v e r i f i c a t i o n  that blocking,  i s o l a t i n g ,  and d i s s ip a ­
ting hazardous energy have been e f fe c ted  before s tar t in g  maintenance.

International Standards

International standards from Canada, Germany, and Brita in  (summarized in Table 
C-6) p a ra l le l  portions of  the recommended c r i t e r i a .  The Alberta,  Canada, 
regulations  for machinery and equipment s ta te  that no maintenance or repairs  
sh a l l  be carried out u n t i l  the machinery or equipment has been shut down and 
secured against accidental movement or the power control devices have been 
locked out in an inoperative mode by the i n s t a l l a t i o n  of  lockout devices and 
warning tags .  Diss ipat ion o f  stored energy, v e r i f i c a t i o n  that i s o la t io n  and 
d is s ip a t io n  have been e f fe c ted  prior to s ta r t in g  maintenance, and v e r i f i c a t io n  
that upon completion of maintenance, personnel are c lear  of  the danger points  
before the machine or equipment i s  reenergized are a lso  included as require­
ments.

The German sp e c i f i c a t io n s  for setup, troubleshoot ing, and maintenance of  
power-driven equipment s ta te  that these tasks must only be performed when:
(1) The hazardous movements are brought to a ha l t ;  (2) the i n i t i a t i o n  of  haz­
ardous movements as a consequence of  stored power or energy i s  prevented; and
(3) unauthorized, erroneous, or unexpected i n i t i a t i o n  of  hazardous movements 
i s  avoided by some adequate means.

The B r i t i sh  Code of  Practice  for Safeguarding of Machinery s ta te s  that e f f e c ­
t iv e  control o f  hazards during maintenance can be achieved by having a writ ten  
"permit to work" system. Such a system must c lea r ly  id en t i fy  the hazards and 
document the practices  to be followed, precautions to be taken, and responsi­
b i l i t i e s  of the workers and of  management. The code of  pract ice  a lso  c a l l s  
for adequate training o f  workers and supervision in safe  systems of  work and 
lockout systems for maintenance operation.

Consensus Standards

The ANSI and NFPA standards (Table C-7) e s ta b l i sh  requirements and procedures 
for lockout /tagout  o f  energy sources for s tat ionary machines and equipment and 
for e l e c t r i c a l  c i r c u i t s  and e l e c t r i c a l  equipment, r e sp e c t iv e ly .  These stan­
dards require (1) that energy sources be i so la ted  or blocked for maintenance,
(2) that stored energy be d is s ipated  prior to beginning maintenance, (3) that  
physical means or devices  be used to secure the energy sources,  (4) v e r i f i c a ­
t ion  that the energy sources have been i so la ted  prior to s tar t ing  work, (5) 
v e r i f i c a t i o n  that a l l  personnel are c lear  of hazards before reenergizing the 
machines or systems, (6) assurance that the procedures for lockout /tagout have 
been documented, and (7) that personnel have been adequately trained to under­
stand and implement the recommended gu ide l ines .

-5 1 -



A pp l icab i l i ty  o f  the ANSI standard i s  l im ited to unexpected energizat ion ,  
startup,  or release  o f  stored energy of  equipment or process.  The NFPA 
standard does not have such a l im ita t ion  but covers only e l e c t r i c a l  energy.  
The recommended guidel ines  are applicable for a l l  phases of  maintenance and 
s e r v ic in g .
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TABLE C-6

INTERNATIONAL STANDARDS

OCCUPATIONAL HEALTH AND SAFETY 
REGULATIONS, ALBERTA, CANADA [92]

ACCIDENT PREVENTION SPECIFICATION 
(DRAFT) "POWER-DRIVEN EQUIPMENT," 
GERMANY [46]

SAFEGUARDING OF MACHINERY, BSI 
CODE OF PRACTICE, BRITAIN [71]

IU!u>I

These regulations contain both 
horizontal and v e r t i c a l  standards 
for s p e c i f i c  equipment and a 
l imited number o f  sp e c i f ic  
industr ies .

This regulation p a r a l le l s  the 
recommended g u id e l in es .*

*"When machinery or equipment i s  
shut down for maintenance or 
repairs ,  no work s h a l l  be carried  
out u n t i l  a l l  parts,  extensions  
and attachments thereto have been 
secured against accidental move­
ment o£ the power control devices  
have been locked out in an 
inoperative pos i t ion  with a 
supplemental tag which describes  
the work to  be performed and the 
name of  the worker responsible  
for the i n s t a l l a t i o n  o f  the 
lockout device."

This sp e c i f i c a t io n  p a r a l l e l s  certa in  
sec t ions  of  the recommended guide­
l in e s .  *

*"Setup, troubleshooting or mainte­
nance tasks must be performed only 
in the area provided for th is  
purpose when unauthorized, erroneous,  
or unexpected i n i t i a t i o n  of  hazard­
ous movements i s  avoided." The 
sp e c i f i c a t io n  does not describe how 
hazardous movements sh a l l  be avoided.

This standard s ta te s  that mainte­
nance hazards can be e f f e c t i v e l y  
controlled by documenting a 
"permit to work" system i d e n t i ­
fying hazards and precautions to 
be taken, defining practices  to be 
followed and defining worker and 
management r e s p o n s i b i l i t i e s  for  
maintenance. Adequate tra in ing of  
workers and supervision in the 
appl icat ion of  safe  work practices  
during maintenance i s  a l so  a 
requirement.



TABLE C-7

CONSENSUS STANDARDS

ANSI Z244.1-1982 SAFETY STANDARD FOR NFPA 70E PART II  LOCKOUT SAFETY
THE LOCKOUT/TAGOUT OF ENERGY SOURCES RELATED WORK PRACTICES
[5] [54]

This standard p a r a l l e l s  the recommended 
guidel ines .

This standard allows that e i th e r  lockout 
devices s h a l l  be attached to hold the 
energy i s o l a t i n g  devices in a safe  
p os i t ion  or tagout devices  s h a l l  be 
attached to forbid the operation o f  the 
energy i s o la t in g  devices .

These sa fe ty  re la ted  work prac­
t i c e s  cover procedures for employ­
ees who work with e l e c t r i c  c i r ­
c u i t s  and equipment. These pro­
cedures are e s s e n t i a l l y  id en t ica l  
to the recommended gu id e l in es .

This standard allows the use of  
tags only when i t  i s  not f e a s ib le  
to apply locks to e f f e c t  lockout .  
Where c i r c u i t s  or equipment are 
deenergized for minor maintenance, 
serv ic in g ,  adjust ing ,  e t c . ,  the 
work s h a l l  be permitted to be 
performed without the placement of  
locks or tags on the disconnecting  
d e v ic e .
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X. APPENDIX D

EXISTING OSHA STANDARDS RELATED TO LOCKOUT, TAGOUT, 
OR THE CONTROL OF ENERGY DURING MAINTENANCE

NOTE: THE INFORMATION IN THIS APPENDIX WAS ADAPTED FROM
INFORMATION SUPPLIED BY OSHA.
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General Industry Lockout Related 

Standard Provisions  

SPECIFICATIONS FOR ACCIDENT PREVENTIONSIGNS AND TAGS

No.

1910.145(f ) (1)

STANDARD

( i )  The tags are a temporary means of warning a l l  con­
cerned of  a hazardous condit ion,  d e fec t iv e  equipment, 
radiation hazards, e t c .  The tags are not to be con­
sidered as a complete warning method, but should be 
used u n t i l  a p o s i t iv e  means can be employed to e l im i­
nate the hazard; for example, a "Do not Start" tag on 
power equipment sh a l l  be used for a few moments or a 
very short time u n t i l  the switch in the system can be 
locked out; a "Defective Equipment" tag sha l l  be placed 
on a damaged ladder and immediate arrangements made for  
the ladder to be taken out of serv ice  and sent to the 
repair shop.

1910.145(f ) (3) ( i i i )  Do Not Start tags sha l l  be placed in a conspicu­
ous locat ion  or s h a l l  be placed in such a manner that  
they e f f e c t i v e l y  block the s ta r t in g  mechanism which 
would cause hazardous condit ions  should the equipment 
be energ ized .

1910 .145(f ) (4 ) ( i )  Danger tags should be used only where an immediate 
hazard e x i s t s .  There should be no var ia t ion  in the 
type of design of tags posted or hung to warn of spe­
c i f i c  dangers.

1910.145(f ) (5)

1910.145(f)

( i )  Caution tags should be used only to warn against  
poten t ia l  hazards or to caution against unsafe 
p r a c t i c e s .

(6) Out o f  order tags .  Out of  Order tags should be 
used only for the s p e c i f i c  purpose of ind icat ing  that a 
piece of  equipment, machinery, e t c . ,  i s  out of  order 
and to attempt to use i t  might present a hazard.

POWERED INDUSTRIAL TRUCKS

1910.178(q) (4) Trucks in need of  repairs  to the e l e c t r i c a l  system 
sh a l l  have the battery disconnected prior to such 
r e p a ir s .

OVERHEAD AND GANTRY CRANES

1910.179(g)(5)  ( i )  The power supply to the runway conductors sh a l l  be
contro l led  by a switch or c i r c u i t  breaker located on a 
fixed structure ,  a c ce s s ib le  from the f lo o r ,  and 
arranged to be locked in the open p o s i t io n .
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1 9 1 0 . 1 7 9 ( 1 X 2 )

DERRICKS

1 9 1 0 . 1 8 1 ( f ) ( 2 ) ( i )

WOODWORKING MACHINERY 

1 9 1 0 . 2 1 3 ( a )

1 9 1 0 . 2 1 3 ( b )

1 9 1 0 . 2 1 3 ( b )

( i i )  On cab-operated cranes a switch or c i r c u i t  breaker 
of  the enclosed type, with provision for locking in the 
open pos i t ion ,  sha l l  be provided in the leads from the 
runway conductors.  A means of  opening th is  switch or 
c i r c u i t  breaker sha l l  be located within easy reach o f  
the operator.

( i i i )  On floor-operated cranes, a switch or c i r c u i t  
breaker of  the enclosed type, with provision for lock­
ing in the open pos i t ion ,  s h a l l  be provided in the 
leads from runway conductors. This disconnect sh a l l  be 
mounted on the bridge or footwalk near the runway c o l ­
l e c t o r s .  One of  the fol lowing types of  f loor-operated  
disconnects sha l l  be provided:

( i )  Before adjustments and repairs are started on a 
crane the following precautions sh a l l  be taken:

(b) All contro l lers  s h a l l  be at the o f f  p o s i t io n .

(c) The main or emergency switch s h a l l  be open and 
locked in the open p os i t ion .

(d) Warning or "out of  order" signs sha l l  be placed on 
the crane, a lso  on the f loor  beneath or on the hook 
where v i s i b l e  from the f loor .

(c) The main or emergency switch sh a l l  be locked in the 
open p o s i t io n ,  i f  an e l e c t r i c  h o i s t  i s  used.

(d) Warning or out o f  order signs s h a l l  be placed on 
the derrick and h o i s t .

REQUIREMENTS

(10) It  i s  recommended that each power-driven wood 
working machine be provided with a disconnect switch 
that can be locked in the o f f  pos i t ion .

(3) On applications  where injury to the operator might 
r esu l t  i f  motors were to res tart  a f t er  power fa i l u r e s ,  
provision sh a l l  be made to prevent machines from auto­
m at ica l ly  res tart ing  upon res torat ion  of power.

(5) On each machine operated by e l e c t r i c  motors, p o s i ­
t i v e  means shal l  be provided for rendering such con­
tro ls  or devices inoperative while repairs or adjust ­
ments are being made to the machines they control .
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MECHANICAL POWER PRESSES

1910.217(b)(8)

1910.217(d)(9)

FORGING MACHINES 

1910.218(a)(3)

1910.218(d)

1910 .218(e ) (1)

1910.218(f )

1 9 1 0 .2 1 8 (f)

( i )  A main power disconnect switch capable o f  being 
locked only in the Off p os i t ion  s h a l l  be provided with 
every power press control system.

( iv )  The employer sha l l  provide and enforce the use of  
sa fe ty  blocks for use whenever dies  are being adjusted 
or repaired in the press.

( i i i )  Means shal l  be provided for disconnecting the 
power to the machine and for locking out or rendering 
cycl ing  controls  inoperable.

( iv )  The ram sha l l  be blocked when dies are being  
changed or other work i s  being done on the hammer. 
Blocks or wedges s h a l l  be made of material  the strength  
and construction of  which should meet or exceed the 
sp e c i f i c a t io n s  and dimensions shown in Table 0-11.

(2) Shutoff valve.  Steam hammers sh a l l  be provided 
with a quick c los ing  emergency valve in the admission 
pipe l in e  at a convenient locat ion .  This valve sh a l l  
be closed and locked in the o f f  p os i t ion  while the 
hammer is  being adjusted, repaired, or serviced , or 
when the dies  are being changed.

( i i )  A i r - l i f t  hammers sh a l l  have an air  shutoff  valve  
as required in paragraph (d)(2)  of  th is  sec t ion  and 
should be conveniently located and d i s t i n c t l y  marked 
for ease o f  i d e n t i f i c a t io n .

( i i i )  A i r - l i f t  hammers sh a l l  be provided with two drain 
cocks: one on main head cy l inder ,  and one on clamp 
c y l in d e r .

(1) Mechanical forging presses .  When dies  are being
changed or maintenance i s  being performed on the press,
the following sh a l l  be accomplished:

(1) The power to the press s h a l l  be locked out.

( i i )  The flywheel s h a l l  be at r e s t .

( i i i )  The ram sh a l l  be blocked with a material  the 
strength of  which s h a l l  meet or exceed the s p e c i f i c a ­
t ions  or dimensions shown in Table 0-11.

(2) Hydraulic forging presses .  When dies  are being
changed or maintenance i s  being performed on the press,
the following sha l l  be accomplished.
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1910.218(h)

1910.218U)

1910.218(j)

WELDING, CUTTING, 

1910 .252(c ) (1)

1910 .252(c ) (2)

1910.218(g)

( i )  The hydraulic pumps and power apparatus sh a l l  be 
locked o u t .

( i i )  The ram s h a l l  be blocked with a material the
strength of  which sh a l l  meet or exceed the s p e c i f i c a ­
t ions  or dimensions shown in Table 0-11.

(1) Hot trimming presses .  The requirements o f  para­
graph ( f ) ( 1 )  o f  th is  s ec t io n  s h a l l  a lso  apply to hot
trimming presses.

(2) Lockout. Upsetters sh a l l  be provided with a means
for locking out the power at i t s  entry point to the
machine and rendering i t s  cycl ing  controls  inoperable.

(5) Changing d ie s .  When dies  are being changed, main­
tenance performed, or any work done on the machine, the 
power to the upsetter  sh a l l  be locked out ,  and the f l y ­
wheel s h a l l  be at r e s t .

(1) Boltheading. The provis ions  of  paragraph (h) of  
th i s  s ec t io n  sh a l l  apply to boltheading.

(2) Rivet making. The provis ions  o f  paragraph (h) o f  
th i s  sec t ion  sha l l  apply to r iv e t  making.

(1) B i l l e t  shears.  A p o s i t iv e - ty p e  lockout device for 
disconnecting the power to the shear s h a l l  be provided.

AND BRAZING

( i )  I n s t a l la t io n .  All  equipment sh a l l  be in s ta l l e d  by 
a q u a l i f ied  e l e c t r i c i a n  in conformance with subpart S 
o f  t h i s  part.  There sha l l  be a sa fe ty - typ e  disconnect­
ing switch or a c i r c u i t  breaker or c i r c u i t  interrupter  
to open each power c i r c u i t  to the machine, conveniently  
located at or near the machine, so that the power can 
be shut o f f  when the machine or i t s  controls  are to be 
ser v ic ed .

( i i )  Capacitor welding. Stored energy or capacitor  
discharge type o f  r es is tan ce  welding equipment and 
control panels involving high voltage  (over 550 v o l t s )  
s h a l l  be su i tab ly  insulated and protected by complete 
enclosures ,  a l l  doors of  which s h a l l  be provided with 
su i tab le  in ter locks  and contacts  wired into the control  
c i r c u i t  (s imilar  to e levator  in t e r lo c k s ) .  Such in t e r ­
locks or contacts  sh a l l  be so designed as to e f f e c t i v e ­
ly  interrupt power and short c i r c u i t  a l l  capacitors  
when the door or panel i s  open. A manually operated 
switch or su i tab le  p o s i t iv e  device sha l l  be in s t a l l e d ,  
in addition to the mechanical in ter locks  or contacts ,  
as an added sa fe ty  measure assuring absolute discharge  
o f  a l l  capacitors .
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PULP, PAPER AND PAPERBOARD MILLS

1910.261(b) (4) Lockouts. Devices such as padlocks sh a l l  be pro­
vided for locking out the source of power at the main 
disconnect switch. Before any maintenance, inspect ion ,  
c leaning,  adjust ing ,  or serv ic ing  of  equipment ( e l e c ­
t r i c a l ,  mechanical, or other) that requires entrance 
in to  or c lo se  contact with the machinery or equipment, 
the main power disconnect switch or va lve ,  or both,  
c o n tro l l in g  i t s  source o f  power or flow of  materia l ,  
s h a l l  be locked out or blocked o f f  with padlock, blank 
f lange,  or s imilar  device .

(5) Vessel  entering. L i f e l in e s  and sa fe ty  harness  
sh a l l  be worn by anyone entering closed v e s s e l s ,  tanks, 
ship bins,  and s imilar  equipment, and a person s h a l l  be 
s tat ioned outs ide in a p o s i t io n  to handle the l in e  and 
to summon ass is tance  in case of emergency. The a ir  in 
the v e s s e l s  sha l l  be tes ted  for oxygen def ic iency  and
the presence of both tox ic  and explos ive  gases and 
vapors, before entry into  closed v e s s e l s ,  tanks, e t c . ,  
i s  permitted. Self -conta ined a i r -  or oxygen-supply 
masks s h a l l  be readi ly  ava i lab le  in case of  emergency. 
Work sha l l  not be done on equipment under condit ions  
where an injury would resu l t  i f  a valve were unexpect­
edly opened or c losed unless the valve has been locked 
in a safe  p os i t ion .

1910.261(e) (2) Slasher tab les .  Saws s h a l l  be stopped and power
switches s h a l l  be locked out and tagged whenever i t  i s  
necessary for any person to be on the s lasher  tab le .

(10) Stops. All  control devices s h a l l  be locked out
and tagged when knives are being changed.

1910.261(e)(12) ( i i i )  Whenever i t  becomes necessary for a workman to go
within a drum, the driving mechanism s h a l l  be locked 
and tagged, at the main disconnect switch, in accor­
dance with paragraph (b)(4)  of  th is  s ec t ion .

1910.261(e) (13) Intermittent barking drums. In addit ion to motor
switch, c lutch,  b e l t  s h i f t e r ,  or other power discon­
necting device ,  intermit tent barking drums sh a l l  be 
equipped with a device which may be locked to prevent 
the drum from moving while i t  i s  being emptied or 
f i l l e d .

1910 .261(f ) (6)  ( i )  When c leaning, inspect ion ,  or other work requires
that persons enter rag cookers,  a l l  steam and water 
va lves ,  or other control devices ,  sh a l l  be locked and 
tagged in the closed or "off" p o s i t io n .  Blank flanging  
of  p ipe l ines  i s  acceptable in place of  c losed and 
locked va lves .
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1 9 1 0 .2 6 1 (g )(4 )

1910.261(g)(15)

1910.261( g ) (16)

1910.261(g)(19)

( i i )  A man sha l l  be s tationed outside to summon a s s i s ­
tance i f  necessary.  All intake valves  to a tank sh a l l  
be blanked o f f  or disconnected.

( i )  Valves contro l l ing  l in e s  leading into  a d iges ter  
s h a l l  be locked out and tagged. The keys to the locks  
s h a l l  be in the possession of a person or persons doing 
the inspecting or making repairs .

( i )  Safety regulat ions governing inspection and
repairing of  pressure tanks-accumulators (acid) sh a l l  
be the same as those s p ec i f ied  in subparagraph (15) of  
t h i s  paragraph.

( i i i )  When blow l in es  from more than one d iges ter  lead 
in to  one pipe,  the cock or valve o f  the blow l in e  from 
the tank being inspected or repaired sha l l  be locked or 
tagged out,  or the l in e  sh a l l  be disconnected and 
blocked o f f .

1910.261( g )(21)

1910.261( j ) (1)

1910.261(j ) (4)

1910.261(j)  (6)

1 910 .261(j ) (5)

1910 .261(k ) (2)

Inspection and repair of tanks. All  piping leading to 
tanks sha l l  be blanked o f f  or valved and locked or 
tagged. Any l in es  to sewers s h a l l  be blanked o f f  to 
protect workers from a ir  contaminants.

( i i i )  Repairs for cleaning of  blockage s h a l l  be done 
only when the shredder i s  shutdown and control devices  
locked.

( i i i )  When c leaning,  in spect ing ,  or other work 
requires that persons enter the beaters ,  a l l  control  
devices sh a l l  be locked or tagged out,  in accordance 
with paragraph (b)(4) o f  th i s  s ec t io n .

( i )  All  control devices s h a l l  be locked or tagged out 
when persons enter stock ch es t s ,  in accordance with 
paragraph (b)(4)  of  th is  s ec t ion .

( i i i )  When c leaning, in spect ing ,  or other work requires  
that persons enter pulpers, a l l  steam, water, or other 
control devices s h a l l  be locked or tagged out.  Blank 
flanging and tagging of  pipe l in e s  are acceptable in 
place o f  c losed and locked or tagged v a lv es .  Blank 
flanging of  steam and water l in e s  s h a l l  be acceptable  
in place o f  valve locks .

( i i )  All drives sha l l  be provided with lockout devices  
at the power switch which interrupts the flow of  cur­
rent to the u n i t .
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T e x t i le s

1910.262(c)

1910.262(n)

1910.262(p)

1910.262(q)

BAKERY EQUIPMENT 

1910.263(k)(12)

1910 .263(1 ) (3 ) ( i i i )  

1910.263(1)(8)

(1) Means of stopping machines. Every t e x t i l e  machine 
sh a l l  be provided with individual  mechanical or e l e c ­
t r i c a l  means for stopping such machines. On machines 
driven by b e l t s  and shaft ing ,  a locking-type  s h i f t e r  or 
an equivalent  p o s i t iv e  device sh a l l  be used. On opera­
t ions where injury to the operator might resu l t  i f  
motors were to res tart  a f t er  fa i lu r e s ,  provision sha l l  
be made to prevent machines from automatically  r e s t a r t ­
ing upon res torat ion  of power.

(2) Protection for loom f i x e r .  Provisions sh a l l  be 
made so that every loom f ixer  can prevent the loom from 
being started while he i s  at work on the loom. This 
may be accomplished by means o f  a lock, the key to 
which i s  retained in the possess ion of the loom f i x e r ,  
or by some other e f f e c t i v e  means to prevent s tar t in g  
the loom.

(1) J-box protection. Each valve contro l l ing  the flow 
of  steam, injurious  gases ,  or l iquids  into  a J-box 
sh a l l  be equipped with a chain, lock, and key, so that
any worker who enters the J-box can lock the valve and
reta in  the key in his  possess ion .  Any other method
which w i l l  prevent steam, injurious  gases ,  or l iquids
from entering the J-box while the worker is  in i t  w i l l  
be acceptable .

(2) Kier valve protection. Each valve contro l l ing  the 
flow of  steam, injurious  gases ,  or l iq u ids  into  a kier
s h a l l  be equipped with a chain, lock, and key, so that
any worker who enters the k ier  can lock the valve and 
re ta in  the key in h is  possess ion. Any other method
which w i l l  prevent steam, injurious gases ,  or l iquids
from entering the kier  while the worker i s  in i t  w i l l  
be acceptable .

( i )  Where pan cool ing towers extend to two or more 
f l o o r s ,  a lockout switch sh a l l  be provided on each 
f loor  in order that mechanics working on the tower may 
p o s i t i v e l y  lock the mechanism against s ta r t in g .  Only 
one s tart  switch sh a l l  be used in the motor control  
c i r c u i t .

(b) Main shutoff  valves  sh a l l  be locked in the closed  
p os i t ion  when men must enter the oven or when the oven 
i s  not in s e r v ic e .

( i i i )  A main disconnect switch or c i r c u i t  breaker shal l  
be provided. This switch or c i r c u i t  breaker s h a l l  be 
so located that i t  can be reached quickly and s a f e ly .
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The main switch or c i r c u i t  breaker s h a l l  have provi­
s ions for locking i t  in the open p os i t ion  i f  any work 
on the e l e c t r i c a l  equipment or ins ide  the oven must be 
performed.

SAWMILLS

1910 .265(c ) (12) (v) Open switches.  Before working on e l e c t r i c a l  equip­
ment, switches sha l l  be open and s h a l l  be tagged,  
blocked, or locked out .

1910.265(c) (13) Hydraulic systems. Means s h a l l  be provided to
block, chain, or otherwise secure equipment normally 
supported by hydraulic pressure so as to provide for 
sa fe  maintenance.

1910 .265(c ) (26) ( i i i )  Blocking h o is t in g  platform. Means sh a l l  be pro­
vided to p o s i t i v e ly  block the h o i s t in g  platform when 
employees must go beneath the stacker or unstacker 
h o i s t .

(v) Locking main control  switches.  Main control  
switches s h a l l  be so designed that they can be locked 
in  the open p o s i t io n .

1910 .265(e)(1) ( iv )  Carriage control.  A p o s i t iv e  means sh a l l  be pro­
vided to prevent unintended movement o f  the carriage .  
This may involve a control locking device ,  a carriage  
tie-down, or both.

1910.268(1) (2) Before the voltage  i s  applied,  cable conductors
s h a l l  be i so la ted  to the extent pract icab le .  Employees 
sh a l l  be warned, by such techniques as br ie f in g  and 
tagging at a l l  a f fec ted  lo c a t io n s ,  to stay c lear  while  
the vo ltage  i s  applied.

1910.268(m)(7) ( i )  Pr ior  to grounding a radio transmitting s ta t io n
antenna, the employer s h a l l  insure that the rigger in 
charge: (A) Prepares a danger tag signed with h is
s ignature ,  (B) Requests the transmitting technic ian to 
shutdown the transmitter and to ground the antenna with 
i t s  grounding switch, (C.) Is n o t i f i e d  by the transmit­
ting technician that the transmitter has been shutdown, 
and (D) Tags the antenna ground switch personally  in 
the presence o f  the transmitting technic ian a f t er  the 
antenna has been grounded by the transmitting  
technic ian .

NATIONAL ELECTRICAL CODE

1910.309
NEC A r t ic le  430-86(a) 430-86. Motor Not in Sight from Controller .  Where a

motor and the driven machinery are not in s ight  from 
the contro l ler  locat ion , the i n s t a l l a t i o n  sh a l l  comply 
with one o f  the following conditions:
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(a) The contro l ler  disconnecting means i s  capable of  
being locked in the open po s i t io n .

GENERAL SAFETY AND HEALTH PROVISIONS

1926.20(b) (3) The use of any machinery, to o l ,  material  or equip­
ment which i s  not in compliance with any applicable  
requirement of  th i s  part i s  prohibited.  Such machine, 
t o o l ,  mater ia l ,  or equipment sh a l l  e i th er  be id e n t i f i e d  
as unsafe by tagging or locking the controls  to render 
them inoperable or sh a l l  be physically  removed from i t s  
place of  operation.

NONIONIZING RADIATION

1926.54 (e) Beam shutters  or caps sh a l l  be u t i l i z e d ,  or the 
la ser  turned o f f ,  when laser  transmission i s  not 
actua l ly  required. When the laser  i s  l e f t  unattended 
for a substant ia l  period of time, such as during lunch 
hour, overnight,  or at change of  s h i f t s ,  the laser  
sh a l l  be turned o f f .

FIRE PROTECTION AND PREVENTION

1926.150(d)(1) ( i i )  During demolition or a l te r a t io n s ,  e x i s t in g  auto­
matic sprinkler i n s t a l l a t i o n s  s h a l l  be retained in 
serv ice  as long as reasonable.  The operation of  
sprinkler control  valves  sh a l l  be permitted only by 
properly authorized persons.  Modification of sprinkler  
systems to permit a l te r a t io n s  or addit ional demolition  
should be expedited so that the automatic protection  
may be returned to serv ice  as quickly as p o s s ib le .  
Sprinkler control valves  s h a l l  be checked da i ly  at  
c lose  o f  work to ascerta in  that the protection i s  in 
s e r v i c e .

1926.200(h)

1926.304

(1) Accident prevention tags sh a l l  be used as a 
temporary means of warning employees of  an e x i s t in g  
hazard, such as d e fec t iv e  to o l s ,  equipment, e t c .  They 
sh a l l  not be used in place o f ,  or as a su b s t i tu te  for,  
accident prevention s igns .

(2) Sp ec i f ica t ions  for accident prevention tags s imilar  
to those in Table G-l sha l l  apply.

(a) All f ixed power driven woodworking too ls  s h a l l  be 
provided with a disconnect switch that can e i ther  be 
locked or tagged in the o f f  pos i t ion .

WELDING AND CUTTING 

1926.352 (g) For the el imination of  poss ib le  f i r e  in enclosed  
spaces as a r esu l t  of gas escaping through leaking or
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improperly closed torch v a lves ,  the gas supply to the
torch s h a l l  be p o s i t i v e l y  shut o f f  at some point out­
s ide  the enclosed space whenever the torch i s  not to be 
used or whenever the torch i s  l e f t  unattended for a
substant ia l  period of  t ime, such as during the lunch 
period. Overnight and at the change o f  s h i f t s ,  the 
torch and hose s h a l l  be removed from the confined
space.  Open end fuel  gas and oxygen hoses s h a l l  be
immediately removed from enclosed spaces when they are 
disconnected from the torch or other gas-consuming 
d e v ic e .

ELECTRICAL-GENERAL REQUIREMENTS

1926.400(g) (1) Equipment or c i r c u i t s  that are deenergized s h a l l  be
rendered inoperative and have tags attached at a l l
points where such equipment or c i r c u i t s  can be
energized .

(2) Controls that are to be deactivated during the 
course o f  work on energized or deenergized equipment or 
c i r c u i t s  sha l l  be tagged.

(3) Tags sh a l l  be placed to id en t i fy  p la in ly  the equip­
ment or c i r c u i t s  being worked on.

BASE-MOUNTED DRUM HOISTS

1926.553(a)(3) ( i )  A device  to disconnect a l l  motors from the l in e
upon power fa i lu re  and not permit any motor to be 
restarted  u n t i l  the co n tro l ler  handle i s  brought to the 
"off" p os i t ion .

( i i i )  A means whereby remotely operated h o i s t s  stop  
when any control i s  i n e f f e c t i v e .

CONVEYORS

1926.555(a) (7) Conveyors sha l l  be locked out or otherwise rendered
inoperable,  and tagged out with a "Do Not Operate" tag 
during repairs and when operation i s  hazardous to 
employees performing maintenance work.

MOTOR VEHICLES, MECHANIZED EQUIPMENT, AND MARINE OPERATIONS

1926.600(a)(3) ( i )  Heavy machinery, equipment, or parts thereof ,  which
are suspended or held a l o f t  by use o f  s l in g s ,  h o i s t s ,  
or jacks sha l l  be su b s ta n t ia l ly  blocked or cribbed to 
prevent f a l l in g  or s h i f t in g  before employees are 
permitted to work under or between them. Bulldozer and 
scraper blades,  end-loader buckets,  dump bodies,  and 
s im ilar  equipment, sha l l  be e i ther  f u l ly  lowered or 
blocked when being repaired or when not in use.  All
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contro ls  sh a l l  be in a neutral pos i t ion ,  with the 
motors stopped and brakes s e t ,  unless  work being  
performed requires otherwise.

1926.600(a)(3) ( i i )  Whenever the equipment i s  parked, the parking
brake s h a l l  be s e t .  Equipment parked on in c l in es  s h a l l  
have the wheels chocked and the parking brake s e t .

1926.601(b) (10) Trucks with dump bodies s h a l l  be equipped with
p o s i t iv e  means of  support, permanently attached, and 
capable of being locked in p os i t ion  to prevent acciden­
t a l  lowering of  the body while maintenance or inspec­
t ion  work i s  being done.

(11) Operating levers  contro l l in g  h o is t in g  or dumping 
devices on haulage bodies s h a l l  be equipped with a 
latch or other device which w i l l  prevent accidental  
s ta r t in g  or tripping of  the mechanism.

1926.603(a) (5) A blocking device ,  capable of  s a fe ly  supporting the
weight of the hammer, s h a l l  be provided for placement 
in the leads under the hammer at a l l  times while  
employees are working under the hammer.

INITIATION OF EXPLOSIVE CHARGES-ELECTRICAL BLASTING

1926.906 ( j )  In underground operations when f i r in g  from a power
c i r c u i t ,  a sa fe ty  switch s h a l l  be placed in the perma­
nent f i r in g  l in e  at i n t e r v a l s .  This switch sh a l l  be 
made so i t  can be locked only in the "Off" p os i t ion  and 
sh a l l  be provided with a s h o r t - c i r c u i t  arrangement of  
the f i r in g  l in e s  to the cap c i r c u i t .

(1) When f i r in g  from a power c i r c u i t ,  the f i r in g  switch 
s h a l l  be locked in the open or "Off" pos i t ion  at a l l  
times,  except when f i r i n g .  It  s h a l l  be so designed 
that the f ir in g  l in es  to the cap c i r c u i t  are automati­
c a l ly  shor t -c ircu i ted  when the switch i s  in the "Off" 
p os i t ion .  Keys to th is  switch s h a l l  be entrusted only 
to the b la s te r .

POWER TRANSMISSION AND DISTRIBUTION

1926.950 (d) Deenergizing l in e s  and equipment

(1) When deenergizing l in e s  and equipment operated in  
excess  of  600 v o l t s ,  and the means of  disconnecting  
from e l e c t r i c  energy i s  not v i s i b l y  open or v i s i b l y  
locked out,  the provis ions  of subdivisions ( i )  through 
( v i i )  of  th is  subparagraph s h a l l  be complied with:

( i )  The particular  sec t ion  of l in e  or equipment to be 
deenergized sha l l  be c l ea r ly  i d e n t i f i e d ,  and i t  sh a l l  
be i so la te d  from a l l  sources o f  vo l tage .
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( i i )  N o t i f ica t io n  and assurances from the designated  
employee s h a l l  be obtained that:

(a) All switches and disconnectors through which 
energy may be supplied to the part icular  sec t ion  
o f  l in e  or equipment to be worked have been 
deenergized;

(b) All switches and disconnectors are p la in ly  
tagged ind icat ing  that men are at work;

(c) And that where design of  such switches and 
disconnectors permits,  they have been rendered 
inoperable .

( i i i )  After a l l  designated switches and disconnectors  
have been opened, rendered inoperable,  and tagged,  
v isu a l  inspection or t e s t s  sh a l l  be conducted to insure  
that equipment or l in e s  have been deenergized.

( iv )  Protect ive  grounds sha l l  be applied on the discon­
nected l in e s  or equipment to be worked on.

(v) Guards or barriers  sh a l l  be erected as necessary to 
adjacent energized l i n e s .

(v i )  When more than one independent crew requires the 
same l in e  or equipment to be deenergized, a prominent 
tag for each such independent crew sha l l  be placed on 
the l in e  or equipment by the designated employee in  
charge.

( v i i )  Upon completion of  work on deenergized l in es  or 
equipment, each designated employee in charge s h a l l  
determine that a l l  employees in h is  crew are c lear ,  
that protective grounds in s t a l l e d  by his  crew have been 
removed, and he s h a l l  report to the designated authori­
ty that a l l  tags protecting h is  crew may be removed.

(2) When a crew working on a l in e  or equipment can 
c lea r ly  see that the means of  disconnecting from e l e c ­
t r i c  energy are v i s i b l y  open or v i s i b l y  locked-out,  the 
provisions of  subdivis ions  ( i )  and ( i i )  of th is  sub- 
paragraph sh a l l  apply:

( i )  Guards or barriers  sh a l l  be erected as neces­
sary to adjacent energized l i n e s .

( i i )  Upon completion of  work on deenergized l in e s  
or equipment, each designated employee in charge 
s h a l l  determine that a l l  employees in h is  crew are 
c lea r ,  that protective  grounds in s t a l l e d  by h is
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crew have been removed, and he s h a l l  report to the 
designated authority  that a l l  tags protecting h is  
crew may be removed.

1926.957 (b) Deenergized equipment or l in e s

When i t  i s  necessary to deenergize equipment or l in es  
for protection of  employees, the requirements of para­
graph 1926.950(d) sh a l l  be complied with.
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APPENDIX E

REFERENCES SUPPORTING GUIDELINES FOR CONTROLLING HAZARDOUS 
ENERGY DURING MAINTENANCE AND SERVICING

A.2 . a. -  Among the organizations concurring in th i s  requirement are the United 
Automobile, Aerospace, and Agricultural Implementation Workers of America [2 ] ,  
the American National Standards I n s t i t u t e  [5 ] ,  the National Safety Council
[6 ] ,  the Rubber Manufacturing Association [7 ] ,  the International Brotherhood 
of E lec tr ica l  Workers [ 8 ] ,  the American Iron and Stee l  I n s t i tu te  [9 ] ,  and the 
Conveyor Equipment Manufacturers Assoc iation [10] .  Other supporting r e f er ­
ences for th i s  f i r s t  e s s e n t i a l  guidel ine  are as fo llows: [7 -45] .

A. 2 .b . -  Publications supporting th is  requirement include the German Accident  
Prevention Spec i f ica t ions  (draft)  [46] which ind icate  that the i n i t i a t i o n  of  
hazardous movements may r e su l t  from stored energy and that th is  stored energy 
may be in the form of  p o ten t ia l  or k in e t i c  energy. The ANSI Safety Standard 
for the Lockout/Tagout of  Energy Sources [5] ind icates  in Section 5 .2 .5  that  
a l l  equipment and processes "shall  be c a re fu l ly  examined to detect  and 
r e l i e v e ,  disconnect,  or res tra in  any res idual energy." The Edison E lec tr ic  
I n s t i tu te  in describing procedures for deenergizing [47] s t a te s :  "Reliance
a lso  should be placed on work procedures which assure the removal of res idual
energy from l in es  and equipment before work i s  begun." Other supporting 
references  are: [3, 15, 17, 19, 22, 23, 25, 26, 31, 35, 37, 39-43, 46-51] .

A . 2 . c . ( l )  -  Physical means of  s ecur i ty  are u t i l i z e d  in many appl icat ions  and 
industr ies  as indicated by the ANSI Safety Standard for the Lockout/Tagout o f  
Energy Sources [5] presentation o f  a generic lockout procedure. The UAW 
strongly  advocates the use of  physical lockouts in their  Machinery Lockout
Procedures [4] .  The National Safety Council describes  physical lockout
provis ions in their  Accident Prevention Manual for Industria l  Operations [6 ] .  
An a r t i c l e  e n t i t l e d  "Lockouts Prevent Serious Accidents" in the Industria l  
Supervisor magazine recommends the use of physical  locks [52] .  Other r e f e r ­
ences supporting the use of physical means to secure p o in t ( s )  of  control  
include: [4-6,  8, 9, 11-13, 17, 19, 22-25, 27-30, 34, 37, 38, 45,  47,  51-70] .

A.2.C. (2 )  -  The summary of  a Panel Presentation on Lockout and Tagout Safety 
Procedures [11] c lea r ly  ind icates  the current use and a c ce p ta b i l i ty  o f  tagout  
practices  in industry by d e ta i l in g  sample tagout procedures which have proven 
to be e f f e c t i v e .  The American Iron and Stee l  I n s t i t u t e  [9] s ta te s  that tagout 
procedures have long been acceptable as an a l ternate  to locking procedures in  
the United States.  The Pratt and Whitney Aircraft  Group of United Technolo­
g i e s ,  East Hartford, Connecticut, s ta te s  that "a tagout system is  more r e l i ­
able than a lock system" for their  f a c i l i t y  [53] .  Other supporting references  
for using th is  method of s ecur i ty  include: [3, 6, 9, 11-13, 15, 38-41, 43,
44, 47, 48, 53, 54, 58-61, 63, 66, 68-70].

A.2 . c . (3 )  -  The Square D Company ind icates  that minor maintenance, in spect ion ,  
adjustment, and cleaning tasks can be performed s a fe ly  with the power o f f ,  but 
not locked or tagged out as long as the operator maintains v isua l  control of  
the energy control point [12] .  A s imilar  instance i s  adopted by the Wisconsin 
E lec tr ica l  Power Company in a l e t t e r  to the U.S. Department of  Labor [48] .
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The "Report o f  the Committee on E lec tr ica l  Safety Requirements for Employee 
Workplaces" [54] makes s p e c i f i c  provis ions  for performing maintenance 
functions without b e n e f i t  o f  lockout or tagout procedures. Other supporting 
references  are: [9, 12, 35, 40, 45, 48, 51, 54, 58] .

A .2 .d . -  An a r t i c l e  in the Plant Engineering magazine [13] describing points  
to consider when draft ing an e l e c t r i c a l  clearance ( lockout/ tagout)  system 
s t a te s :  "The system should indicate  that no clearance s h a l l  be considered
complete u n t i l  the c i r c u i t  has been tes ted  with a vo ltage  t e s t e r  . . . ." An
a r t i c l e  from the Czechoslovakian Occupational Safety Inspection Office Publ i­
cation e n t i t l e d  Power Switching -  E f fec t iv e  Accident Prevention [14] s ta te s  
(af ter  shutoff  o f  the e l e c t r i c a l  en ergy) :" B efore  s ta r t in g  such work, however, 
the parts of  the machine involved must be t r i a l  s tarted to assure that they 
are not energized." Monsanto, in i t s  response to the OSHA Advance Notice of
Proposed Rulemaking [15] ,  s ta te s :  "Verif icat ion  that the system has been
deenergized should be e s ta b l i sh ed ,  but the method may vary depending on the 
energy source." Other references supporting the need for v e r i f i c a t i o n  
include: [3, 6, 9, 13-15, 17, 24-27, 30, 31, 33,  39, 40,  43,  47,  48, 50-52,  
54, 57, 58, 64, 71, 72].

A.2 . e . -  Many procedures were found to s ta te  th i s  requirement in one way or 
another, but three of  the bes t  were the UAW "Machinery Lockout Procedures"
[4] ,  the ANSI "Safety Standard for the Lockout/ Tagout o f  Energy Sources" [5 ] ,  
and the "Report o f  the Committee on E le c tr ic a l  Safety Requirements for  
Employee Workplaces" [54] .  Other supporting references  are: [3,  5, 12, 26,
37, 48,  51, 54, 65,  73-75] .

A.3 . a. -  Though not pertaining d ir e c t ly  to writ ten procedures, the UAW "Ma­
chinery Lockout Procedures" [4] makes the fo llowing statement: "Risk of  a c c i ­
dent w i l l  be reduced i f  workers are not required to re ly  on memory. . . ."
The BSI Code of  Pract ice ,  "Safeguarding of  Machinery" [71] ,  addresses the need 
for such a c r i t er io n  as follows:  "Oral in s tru c t ion s ,  requests,  or promises
are l i a b le  to be misheard, mis interpreted, or forgotten and are,  therefore ,  
not a s a t i s fa c to ry  bas is  for action on which men's l i v e s  may depend." The
unsat is factory  working of  such procedures has been proven time and again. The
American National Standards I n s t i tu te  [5 ] ,  the Committee on E le c tr ic a l  Safety  
Requirements for Employee Workplaces [54] ,  and the Manufacturing Chemists 
Association [16] agree that documented procedures are e s s e n t i a l .  During emer­
gencies i t  should be assured that energy is  i s o la t e d ,  blocked, d is s ip a ted ,  
and secured. Also,  provis ions  for c lose  supervision and v a l id a t io n  should be 
made, because emergency a c t i v i t i e s  can pose ser ious  and unexpected hazards.  
Actions taken during emergencies should be documented in the event reuse i s  
required. Other references  supporting documented procedures are: [3,  5,
8-10, 13, 16, 21, 27, 33, 37, 39-41, 48,  54, 56, 58,  64, 65, 71].

A.3.b.  -  The UAW "Machinery Lockout Procedures" [4] encourage training for
workers in a l l  aspects of  sa fe ty ,  including the recognit ion of  hazards as well  
as sa fe ty  procedures. The National Safety Council in the Accident Prevention 
Manual for Industria l  Operations [6] emphasizes that ". . . control can be
maintained only by constant supervision and by train ing maintenance men in the 
safe  routine." Both the ANSI Safety Standard for the Lockout/Tagout of  Energy 
Sources [5] and the Report o f  the Committee on E le c tr ic a l  Safety Requirements 
for Employee Workplaces [54] emphasize tra in ing not only for personnel
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a ctu a l ly  involved in u t i l i z i n g  the hazard control techniques but a lso  for 
those supervising and those working in the a f fec ted  areas.  Training i s  
strongly  supported by the following references: [5,  6,  9, 12, 21, 26, 27, 32,
37, 39, 41, 45,  48,  54, 56, 58, 62,  69, 71, 73, 74, 76, 77].

B.1. -  The requirement i s  substantiated by noting that ANSI [5] requires that  
e f f e c t i v e  protect ion s h a l l  be provided when work i s  done on energized equip­
ment or systems. Hazardous energy sources must be i d e n t i f i e d  before th i s  
requirement can be met. The report of the Committee on E le c tr ic a l  Safety 
Requirements for Employee Workplaces [54] requires that when work i s  to be 
accomplished near energized c i r c u i t s ,  employees s h a l l  consider a l l  exposed 
conductors and c i r c u i t  paths that are dangerous. Other supporting references  
for energized work include PPG Industries [78] , which contains a requirement 
to  "analyze work (in) each s p e c i f i c  case for s p e c i f i c  potent ia l  hazards . . ."
Central Soya [79] s ta te s  ". . . an awareness of  po ten t ia l  hazards" i s  neces­
sary when performing energized work.

B.2. -  A l e t t e r  to OSHA from the Davenport Machine Tool Div is ion [80] s ta te s
the need for safe  operating, setup, and maintenance procedures performed with
equipment energized. In a l e t t e r  to OSHA from the Printing Industries  of  
America, Inc.  [81] ,  the statement that "much of  the equipment currently used 
in the print ing process i s  designed to be cleaned, and to a l e s s er  degree 
repaired, while energized" h i ^ i l i g h t s  the need to protect workers from ener­
gized equipment. The only way to protect the worker under these condit ions  is  
to be sure the procedures used are s a fe .  Addit ional ly ,  the ANSI Safety Stan­
dard for the Lockout/Tagout of Energy Sources [5] s ta te s  that "where energized
work i s  required, acceptable procedures and equipment sha l l  be employed to
provide e f f e c t i v e  protection to personnel." The terms "acceptable" and 
" effec t ive  protection" ind icate  a d e f in i t e  need to determine that the proce­
dures used are sa fe .

B.3.  -  The documents referred to in the foregoing ( [ 5 ] ,  [54] ,  and [80]) d e ta i l  
the need for safe  procedures and the implied need to demonstrate that these  
procedures are sa fe .  They a lso  c i t e  the need for train ing the maintenance 
workers and their  supervisors  in the hazards and procedures required to ensure 
s a fe ty .  J u s t i f i c a t i o n  for train ing workers in how to control  hazards to which 
they would otherwise be exposed should be ev ident .  References supporting sa fe  
performance of maintenance on energized systems are: [5, 7, 9, 15, 26, 27,
32, 38, 39,  47,  48,  51, 54, 58, 62,  65, 66, 68, 71, 73, 75, 76, 77, 79-87] .
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