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Table 3.2 Percent of work deaths by cause

Percent of Work Deaths by Cause
Type of Accidents Percent
Wotor vetice rlaied a2
Fais s
Electric curent a7
Drowning 3z
Fire related a1

£/ Ar vansportrlatoa 30

#[ Pason (sold, Taue) 27

] Wate anspon lted 0

[ Poison (gas or vapor) “

< [omer EQ

Source: Burcau of Labor Sttistics

and vessels. In the mornings the ladders arc wet with dew. They can miss their footing on
‘ damp metal ladder and fll just two rungs to the deck and sprain an ankle. The romaining
accidents are distributed fairly cqually among the other causes justlsted,

nris to Body Parts

T onder 1o develop and maintain an effective saety and health program, it i necessary to
Know not only the most common causes of death and injury but also the parts of the body
‘most frequently injured. The most frequent injuries to specific parts of the body are listed
below in order f most frequent injury o least frequent.

Back
Legs and fingers

Amms and multple parts of the body
Trunk

Hands

Eyes, head, and fect

Neck, toes, and body systems

ssessces

“The back is the most requendy injured part of the body. Most safety and health programs
strongly emphasize instruction on how (o ift without hurting the back. Back injuries are
often due to poor lftng techaiques. Being out of shape makes it casier to incur a back in-
jury. Onece the back s injured, it becomes more prone 1o being injured again.

‘Working in the process industry also makes injuries to legs and fingers more prevalent.
‘The network of pipes and valves and ladders and sharp sieel or corroded iron cquipment
reates a prime habitat for leg and finger injorics. Knces get banged up. legs twisted or
sprained, and ingers pinched, cut, abraded, or crushed. These things don'thave (o huppen.
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Estimating the Cost of Accidents

“To an alert and careful operator, they won't happen. But the opportunty for them to hap-
‘pen abounds, especially at night and in bad weather.

ESTIMATING THE COST OF ACCIDENTS

Accidents are expensive. To successfully incorporate prevention in the workplace,
‘management must be show that accidents are more expensive than prevention. To do
this, they must be able 10 estimate the cost of accidents. The costs associated with
‘workplace accidents, injuries, and incidents fall into the broad categories listed in
Figure 3-1,

Callculating the direct cost associated with lost work hours involves compiling the total
number of lost hours for the period in question and multplying the hours times the appli-
cable loaded abor rate. The lowded lubor rate is the employee’s hourly rate plus benefits.
Beneits vary from company to company, but typically inflate the hourly wage by 20 o
35 percent. An example of how Lo compute the cost o Tost hours s shown here.

Employee Hours Lost (4th quarter) x Average Loaded Labor Rate = Cost
400 x $30.00 = $12,000

In this example, the company lost 400 hours of work due to accidents on the job in the
fourth quarter ofits fiscal year, The three employees who actually missed time at work
formed a pool of people with an average loaded Iabor rate of $30 per hour ($25 average
hourly wage plus 20 percent for benefit). The average loaded labor rate muliplied times
e 400 lost hoursreveals an unproductive cost of $12,000 to tis company.

By studying company records, management can also determine medical costs, insurance
premiums, property damage, and fire losses for the time period in question. All o these
costs, taken together, result in a sublotal cost This figure is then increased by a standard

© Congage Lesning 2013

Figure 31 Costs Associated with Workplace Injuries
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percentage to cover indirect costs to determine the total cost of accidents for a specific
time period. The percentage used to calculate indirect costs can vary from company 1o
‘company, but 20 percent i 2 widely used.

Following this paragraph the eader will find a partal list of some major indsirial accidens.
“The listhas ben included to make the point that the potential for acidens s enormous. Manu-
facturing fcilties next t ncighborhoods, pipelines running through communities, hazardous
cargo vehicles, and vessels on roads, rals, and waterways throughout the country—all of
these situations are opportunities for an accident. What will prevent those accidents from
occurring are knowledgeable and alert workers. Accidens don't have to happen.

PARTIALLIST OF MAJOR INDUSTRIAL ACIDENTS (1917 70 1985)
(Source: Marrin Abrahan, The Lessons of Bhopal: A Community Action Resource Manual
on Hazardous Technologies, 10CO, Penang, Malaysia, September 1985.)

December 6, 1917, Halifax, Nova Scotls, Canada:
A French ship carrying sbout 1,000 tons of ammunition collided with a Belgian steam-
ship, seting off explosions that destroyed a two-square-mile area of Halifax and damaged
nearby piers. Some 1,634 people were killed.

September 21,1921, Oppau, Germany:
“The biggest chemical explosion in German history occurred at  nitrute manufacturing
plant about 50 miles south of Frankfurt. The biast destroyed the plant, a warehouse, and
Teveled houses four miles avway in the nearby village of Oppau. At least S61 lives were lost
‘and some 1,500 people injured.

October 20, 1944, Cleveland, Ohio:
A poorly designed liquefied natural gas tank belonging to the East Ohio Gas Company
developed structural weakness, resulting in a massive explosion. The ensuing blast and
e cluimed some 131 Tives.

Aprl 16, 1947, Texas City, Texas:
A feighter, the “Grand Camp,” carrying 1,400 tons of ammonium nitrate ferilizer x-
ploded ater fire broke out on board. The niial explosion set off  series o secondary ex-
plosions tha detroyed much of Txas City. The blast rauled windows 150 miles sway and
the leaping flames alo destroyed a nearby Monsanto plant producing @ styrene. The next
day another freighte, the “High Flyer. also loaded with itrates, exploded i the same
hurbor. Some 576 people were illed and 2,000 others seriouly njured

June 1, 1974, Flixborough, UK:
‘A large twenty-inch bypass pipe carrying caprolactum at a NYPRO Lid. plant leaked, re-
Sulting inthe escape of a large amount of the chemical. The caprolactum cloud exploded,
Setting off a fire over 20 acres of land. The blast illed 28 people, injured 36, and 3,000
others were evacuated; the blast also leveled every building on the 60-scre plant site.

July 10, 1976, Seveso, Italy:

An uncontrolled exothermic reaction in a reactor at the Hoffman-La Roche Givaudan
chemical plant caused a major explosion. The ensuing release of only 10-22 pounds of
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toxic tetrachlorodibenso-p-dioxin contaminated soil and vegetation over 4,450 acres of
land, and killed over 100,000 grazing animals. Although there were no immediate injuries
or loss of human lives, over 1,000 residents were forced to flee, and many children subse-
quently developed a disfiguring rash called chlorace.

November 10, 1979, Missisanga, Ontario, Canada:
A total of 21 ralrond carscarrying caustic soda, chlorine, propane, styrene, and olucne.
deraild. Three of the railrosd cars carrying propane and toluene exploded and caught fire
while a fourth railroad car carrying chlorine ruptured and its contents. also caught fre.
No lives were los,butcight fir fighers were injured and 250,000 people evacuated.

December 2-3, 1984, Bhopa, India:
‘The escape of some 40 tons of MIC (methyl isocyanate) gas from  Union Carbide pesi-
cide production plant i the Indian ciy of Bhopal led to the world's worst industral disas-
tex. At least 2,500 people were killed, 10,000 serously injured, 20,000 partally disabled,
2nd 180,000 others adversely affccted in one way or another. Some 150,000 people are
reported o be sillsuffering from the adverse effects ofthe Bhopal catastrophe.

THE HUMAN FACTOR
Most industrial accidents that happen around the world are caused by human error. Hu-
man error is as much an indictment of company organization and management as of the
employees involved. The twentieth century's worst industrial disasters—Bhopal, Three
Mile Island, and Chernobyl—helped clarify the complex chain of systemic problems that
Tead to human error. The accidents provided numerous checklists and case studies for con-
ol room and equipment design. Almost very mishap can be traced ulimately © human
error,either on the part of the person immediately involved in a mishap, a designes who
e u mistake in 4 caleulation, a worker incorreetly manufacturing a product, inade-
quate management or procedures, etc. Poor design of machinery, cquipment, and control
systems may be a significant cause of accidents by contributing to worker ertor. On the
other hand, human error may cause well-designed equipment (o fuil. But what do we mean
by the human factor that leads to human error? There are numerous reasons why errors
occur. Some factors contributing 0 human error are:

Skl level
Technician futigue

Failure to follow procedures

Inadequate procedures

Lack of clear communication protocols

Poorly designed cquipment

Improper understanding of crgonomic issues by management

HUMAN ERROR
"Human errorcan be defined as an action that i inconsistent with established behavioral pat-
terns (speeding ticker, publc intoxication, tc.) considered normal or that differs from pre-
Seribed procedures. Exrors can be divided into two catcgories: predictable and random.
Predictable errors are those which experience has shown will occur again if the same condi
o exit. Predictable errons can be foreseen because their oceurrence has taken place more:
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Potental foran Accident
Figure 32 Ineraction of Factors That Lead to an Accident

than once, For example, people will gencraly tend to follow procedures that invole minimal
‘physical and mental effor,discomfort, or tme. Any procedure contravering these basic prin-
ciplesis certain 0 be llgally modifed or gnored at some time by the persons camying it out
‘Many workers take short cuts o oftenignore work rulesthey consider a nuisance. Human na-
ure makes this kind of eror predictable. Sorme errors are caused by the interaction of two or
‘more factors (sce Figure 3-2) and often cannot be predicted. Random exrors are unpredictable
‘and cannot be attributed fo  specific cause. For example,  highly competent operator may be
annoyed by a fly and swat at i In doing so, he bumps a critcal control device that causes a
‘unt upset. There are ower types of random errors than of predictable crrors

In the workplace errors are further soried nto (wo types, errors of omission and errors
of commission.

@ Ancrror of omission is the filure Lo perform a required function. A step is
left out of  prescribed procedure, intentionally or accidentally, or @ squence
of operations may not be completed. In some instances, intentional omissions
may be due to procedures that are 100 long, badly wriien, contrary to normal
tendencies and actions, or not readily understood.

@ Ancrror of commission is performing a function not required, such as
unnecessarily repeating a procedural step, adding unnecessary steps (o &
sequence, or doing an crroncous sicp.
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‘Some following paragraphs discuss the various types of human errors.

Desiuingand lsring Erors
The person who designs equipment or plans an operation can make errors such as
(1) miscaleulations, ) fuling torerove or conrola hazard, and (3) failin to incorporatc
salegusrds o prevent acidens or proteet personnel, Some of thse errors we hear sbout
Srequenily, cspecially those concerning automobile recalls for potental safety defccts.
‘When a designer or planner cannot compleely climinate a hazardor the possibilty of an
accident, thy mst atempt 1o minimize the possibility thatoperatorswill commi eors
leading to mishaps. Incffct, the desigaes, throvgh foresight, must atempt to make the
system “idiotproof;” although e al know about he inevitabilsy of Murphy's Lave

Designers' crrors may invit mistakes in reading disls or ganges or may lengthen operator re-
action tmes. With a large array of widely spaced instruments of several consoles,reviewing
them often might require &n operator to have two heads. A design exror can also be one that
violates a normal tendency or expectancy. Employees expect that on a vertically mumbered
instrument, the higher-value mumbers wil be at he top; on a circular dial they expect values
toincrease clockwise. An improper design can unduly sress the operator. Poor design may
roquire employees to wear burdensome protective respiratory equipment for ong lengths of
time that result in atigue that may lead 1o errors. Other ftigue-producing causes arc

Glare.
Inadequate lighting

Uncomfortable chairs

Vibration or noise:

Unosual positions in which to operate
Closeness to hot surfaces

Al of these poor design conditions can produce fatigue, strss and a lack of motivation.

Procedural Ermars
Procedural errors can tum a minor emergency into a major emergency. AL such times,
‘personnel are almost always in a stae of stress and extremely susceptible (o commilting
errors. No matter how calm the individual may appear during an emergency their ability
10 make decisions will be impaired and they will be more susceptible (o making errors.
Procedural errors can be minimized if the procedures arc

® Clearly writen
® Concise.

‘@ Have backout steps in case of error or emergency sizps
@ Warnings and explanations about criical steps.

Two-Person Concpt
o minimize the possbility of human eror in any procedur involving & nuclear device,
the U.S. Department of Defense has developed the fwo-person concept. Two o more
persons,each capable of undertaking the prescribed task and of detecting an incorrect or
unauthorized sep in & procedur, e ussgned o the task. One person accomplishes the
procedura step and the other checks the action to verify i has been done corectly. It is
ot necessary that both persons have equal knowledge of the task, only thatcach is able
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10 detect and ensure thatthe actions of the other are correct according to procedure. Com-
‘mercial sirline pilots use this concept before tske-off and landings. Some situations in the
processing industry may require the fwo-person concept

‘SAFETY PROMOTION TO PREVENT ERRORS

o forme years,many efforts o promot saf pracics consisied o enirey of a cam-
paign tha aleted cuployees 1o the hzards n ther workplce and urged them fo work
afely The modem conept s that hzrdsthatcanno b lminated should b controld,
first by design and then by procedural means. Procedural means consist in relying on em
‘ployees to perform tasks properly and safely. Use of procedures is a less desirable means
ofacldentpevention thanis good design bt bocauseal hazards cannot b liminated by
desien compnics el o the s practices o e workers. Tocasre e work practices
oy thei anployees, comprics must bave an ffctiv sfey promotion ls,

“Why won't they work safe? Why do our workers take shortcuts?” These are just a few
questions asked by management from the firstline supervisor al the way to top exccutives
in an organization. In trn, the employee asks, “Why docsn't management support safety?
AN hear from menagement s got it done! Management says nothing s more important
than safoty, but it scems like lip service to me.” Both groups have valid points. When look-
ing at an organization's safety culture one mst look at the commitment of every employce
and their motives for having a safc work cavironment, Safety must be the responsibiliy of
the individual. The individual is made up of op executives down through the organization
0 the newly hired process technician.

A very stong interest in behavior-based safety emerged at the close of the 90 decade. Tt has
often been said that every worker is a manager. Workers can be expected to manage their
situation to ther personal advantage. f they can get away with shortcuts tha save time and
effort but increase sk, some workers take the shortcuts.In behavior-based safety the culture,
not the Occupational Safety and Health Adminisration (OSHA), drives the safety process.
‘Behavior-Based Safery (BBS) focuses intervention on observable behavior, directing and
‘motivating managers and workers through acsivators and consequences. In BBS, both work-
ers and management must partcipate actvely and buy into the process. This process seeks t
produce a safery culture nique t a specific work sit. This approach focuses on observable:
behaviors, provides positive activators o mofivate workers (changes work conditions, modi-
fis the task, includes extra manpovwer, etc.), and applies continuous interest and evaluation.
Positive activators are those which provide the workers with a sense of empowermen, free-
dom, and control. These are longer lsting than negative activators e fear of punishment,

Each worker is personally responsible for their own safety and for observing an unsafe
act o unsafe behavior and pointing it out o the persons committing them. In addition,
it means allowing fellow workers the freedom to point out things being done that could
‘cause an accident. It s important for both parties, workforce and management, to not cre-
ate an adversarial cultre. A successful behavior-based safety progra is not weighted to
one side or the other in areas of responsibility. 1f an employee or someone considred to be
atthe bottom of the organizationa lst observes unsafe behavior and fecls that they cannot
approach the situation because of retaliation, the culture is wrong and the creation of
abehavior-based safety program will il
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Safety Regultions

Safety regulations are as old as the first human communitics. Any place where people.
worked in groups, they developed rules 1o protect themselves while they worked. Go to
any third world country where there is no OSHA, and you willfind humans have created
safety rules to protect themselves. These rules are codes of conduct to avoid injury and.
damage. Employers have been cited and fincd under the OSHA Act where employces.
were injured or killed because of falures to enforce safe work ruls. Safety rules may
have been published probibiting horseplay et some supervisors have routinely witnessed
horscplay and fuled to stop it. In such a case, when a worker s injured due to horscplay.
the company may be liable o a personal injry suit. The injured worker would be cntitled
1o Workers' Compensation, plus one or more people may los their jobs

Employee Paricpation n Sfety

After the OSHA standards went into effect in 1971, OSHA inspectors visited many plants
after their unions or individuals charged that mumerous imminent dangers existed. The
workers in any process arc the ones most aware o the hazards in thir process and they
‘want the hazards mitigated or climinated because their lives and health ae at siake. Work-
ers are excellent sources of information about hazards,

Employecs can participate in any safoty cffort in numerous ways (see Figurc 3-3). One
‘way is 10 eport equipment design or performance deficiencies. Many workers fail 1o report

Union
Suppont

Salety Inspecting Safety &
nspoctions Equipment

© Congage Leaming 2013

Figure 33 Employee Partiipation in Safety
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such deficiencies to their supervisors for correction for several reasons. Ofien it i because
they believe the presence of such hazards is normal and they accept the potentialy injuri-
ous condition. Some workers simply don't recognize the danger. Others may recognize it
but will o nothing unless they are rewarded in some way.

Another way an employee can patcipae n safety is through thei union. Management and
unions frequeatly disagrec on prodaction gouls, work rules, and numerous othe things, but
they do sharethecommon concem ofsaety: Accident preventionis the foremest aea where.
management and unions cooperate very wel together. Historically, a major reason for the
birth ofindustrial unions has been the health and safty of it members. Managemeat will
often find the union representatveto be  strong supportr of management safty efors

Safy trining i ancthr way employes pricipte i sefty. Through rining they e howe
1o dentiythe diferentypesofhaards The raining shoud begin withthe new employee and
coninue unil the canployee retirs. The typ of tining, frequency,and matcrialprscated
“ill vy with employment Safty trinin shouldbegiven 0l ne cmployees regardlss of
prvious experience. Topics i this tining should include informtion on and review of:

® ‘The company safety rules and practices
‘@ The cmployee duties and rights under the OSHA Actor sate safety codes
‘@ Emergency signals and their meanings

‘@ How t0 use PPE and emergency equipment

‘@ How to summon help i times of necd

Their immediate supervisor or a designated experienced and knowledgeable coworker
should indoctrinate the new cmployee further. This indoctrination should include safety
topics listed here:

‘@ Hazards in the operations in which the employee will participate

‘@ Sufeguards that have been provided and precautionary measures o b taken
against those hazards

‘@ Locations of emergency exits, fire extinguishers, frst aid kits, and other
emergency cquipment workers might use

‘@ Procedure to follow in the cvent a specific type of emergency occurs

‘@ How to report hazards or defective equipment

@ The nced for good housckeeping

Sulety (Tigate) Meetings

Even experienced cmployees can benefit from regular on-the-job safety training. One of
the most effective means is @ crew’s daily safety meetings, ofien caled tailgate meefings.
‘Members of work teams (operations crews, instrumenttion and analyzer crews, mainte-
nance crews, etc,) attend short 15 minute safety meetings each morning before beginning
their work and the subject mater i perlinent (o their activities. The meeting can be lead
by the crew supervisor or may be rotated among crew members. Informal mectings should
allow aftendees to contribote comments. Such meetings might include:

‘@ Instructing employees on new types of equipmen, their uses, capabilitcs,
hazards, and safeguards
‘@ Listing the precautionary measures required for  task they will undertake today
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Review Questions

@ Discussing aceidents or unsafe practices recently witnessed.
‘@ Reporting of unsafe cquipment, conditions, or practices

SUMMARY

‘Accidents are the leading cases of death for persons i their teens and up to age 45. The
costof accidents in the workplaces of the Uniled Staes is approximately $150 billion an-
‘nually, Work accidents are expensive. Besides the fines, management also incurs costs for
Safety corrections, medical reatment, survivor benefits, death and urial casts, plus many
other indirect costs. The value of Tost production due o accidents can exceed those listed
above,

Most industrial accidents are caused by human error. However, the error is often due as
‘much to a company’s organization and management as 1o ts workers. I is important to
have a general understanding of how and why accidents oceur, how people are affected by
accidents, and how they can be prevented. This understanding should come from data and
facts, not suppositions and bias. There was  long, hard struggle to provide safeguards to
eliminate or reduce accidents and the injuries and damages that result, The struggle was
influenced by two mutually opposiag considerations: (1) the costs of accident preveation,
and (2) moral regard for human lfe and well being

Errors can be divided into two categories: predictable and random. Predictable errors are
those which experience has shown will oceur again i the same conditions exist. Randomn
errors are unpredictable and cannot be attributed (o & specific cause. Many random errors
can be included under o general safeguard, whereas for a predictable error a specific safe-
guard may be provided.
Because all hazards cannot be eliminated by design, companies mustrely on the safe work
practices of their employes. To casure safe work practices of their employees, companics
will have to have an effective safety promotion plan. The plan should include employee
paricipation in safety and safety truining.
REVIEW QUESTIONS

1. Two benefits of accident investigations are —_and

2. Explain swhy the injuries keep happening from the same incidents at the same plan.

3. Listthe five leading canses of aceidental death in the United States

4. Listfour eloments that contribute to the overall ost of an accident.

5. Ina typical year there are — work deaths i the United States

6. Most worldwide industrial accidents are caused by .

7. The three most frequent injuries o the body are to the
and
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8. (T/F) Erors and accidents frequently occur because equipment i designed for a
statistcal (average) worker.

9. isan action that is inconsistent with the established behavioral patterns
considered normal or that differs from prescribed procedures

10,

Predictable errors are.
a. Those thatleave out sizp in  procedure:

b Those that add an cxira step o a procedure

‘Those which experience has shown will occur again if the same conditions exist
Those that cannot be atributed (0 4 specific cause.

ar

11— are non-predictable and cannot be atributed to a specific cause.
b. prediciable
d. random

ermor of i the fuilure 0 perform a required function
13, Anerrorof —_is performing a fonction not required.

14, A s one that violates the normal tendency o expeciation, such as on a
circular dial the values decrease clockwise.

15, (T/F) Safety must be the responsibility of the individual, not managemen.
16, Listthree ways the employee can participate in safety.

17. Tailgate meetings usually take about —_ minues end can be conducted by
supervisor or crew member.

EXERCISES
1. COST OF AN ACCIDENT

Instructions
Afer reading the paragraph below, answer the questions at the end.

An outside operator was working with 90-pound steam (331°F) using cotton gloves in-
stead of the required heat resistant-gloves. The operator received a third-degree burn to his
left hand, was rushed to medical, and then taken by plant ambulance to a hospital. Afier
recciving treatment, the operator was sent home. As an outside operator, bis job required
the use of two hands to perform his duties. He did not retum to work for three weeks. The
operator made 31 per hour and worked 40 hours a week. Overtime to replace him cost
$46.50 an hour. Three people (one engincer, one safety officer, and one operator) con-
ducted an accident investigation that 100k two hours at an average cost of $43 per hour
each. The completed report was read and discussed at Monday morning’s management
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‘meeting taking up 30 minutes of 5 manger's time at a cost of $55 per hour. The hospital
bill for cmergency treatment cost the plant $670. Two operators, who were also EMTs, left
their jobs to drive the ambulance to the hospital and remained at the hospital two hours
each hefore returning back (o the plant. They make $31 per hour. The accident report will
have to be included in monthly injury statistics and annual injury statistcs plus cntered
in the OSHA 3000 log. The cost for this was $2 total The steam burn occurred in No-
vember and pushed the plant los time injory total high enough for the year to warrant an
‘OSHA site inspection. Two OSHA inspectors came out and met with the plant manager,
operations manager, safety and health supervisor, unit engineer, unit lead operator, and
three operators of the unit where the operator received the steam burn. OSHA was in the
plant for three hours for a total cost of $876.

a. Calculate th total cost 1o this production site for this steam burn that took less than
5 seconds to oceur.
b. Whatis the one thing the operator could have done (o have prevented this accident?

2. Go on the Intemet and research one of the accidents described in the chaper. Find
the cost of that accident and write a one page report detailing the cost.

3. Write.a one page reportjustifying whether you support o disagroe with the following
scenario. List five or more reasons why you want the worker to be disciplined o not
o be disciplined. Scemario: A worker who has been in the plant and on his unit for
18 years made an error of omission, damaged a $50,000 pump, and caused a line:
break that relcased 15 gallons of chemical onto the unit pad. The worker had only.
one other aceident ten years ago, gets along with everyone, and has always been
considered very reliable. Management wants him suspended from work with no pay.
for 30 days. The nion disagrees because of his good work record. You be the judge
and pass down  verdict

RESOURCES
wwwwikipedia.org
s oshi gov

v, YouTube.com
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CHAPTER 3

Accidents and
Human Error

Learning Objectives

Upon completing this chapter the student should be able to:

List the benefits of accident investgations.
List he five leading causes of accidental deathin the United States.
List he elements that make up the overall cost of an accident.

List the five leading causes of work deaths in the United States.

List four types of fatigue-producing designs.

Esplain four ways to minimize procedural ermors.

Explain the tvo-person concept.

Describe three ways tha workers can be involved in safery.

INTRODUCTION

Unforcunately, fires, explosions, chemical leaks, and other incidents happen i the process
industres. Depending upon the ype of plant s size, work force training, experience, and
safety culture, & plant site may experience one or two incidents a year, An incident does
ot necessarily mean a serious fire or explosion. The most common types of ncidents
ranked by frequency are:

® Chemical leaks
® Fires
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® Equipment failures
® Over-flled vessels

1tis not uncommon in some industrics, such as the chemical and electric utlty industrics,
to experience new injorics or fatalities duc to the same incidents. Industialincidents have
an cerie way of repeating themselves because organizations do not learn from the past, In-
dividuals learn, but individuals retire or move to different locations and take their knowl-
edge and experience with them. The organization as a whole loses memory. As people
retire, move to other plants, or plants downsize, incidents of a similar type tend to recur
within the same company at approximatcly 10-year intervals.

Investigations of industrial accidents reveal that most are caused by human error.
‘The twentieth century’s worst industrial disasters-— Bhopal, Three Mile Island, and
Chernobyl—helped clarify the complex chain of system problems that lead to human
error. System problems are problems caused by a process system with built in design and
operating deficiencies. The accidents provided mumerous checklists and case studies for
control room and equipment design. A partial list of some of the problems found at the
industrial sites mentioned above arc:

Unprioritized alarm signals
Malfunctioning equipment

Poor maintenance practice

Distant display and equipment control pancls
Inadequate operator training.

Poor communications

Inadequate or outdated procedres

‘These accidents, and many less devastating incidents that continue (0 occur today, were
linked by an incomplete analysis of human factors. The human side of safety was ignored
with high costs. Chemical manufacturers have yet to get over the impact of Bhopal, which
killed 3,800 and injured over 200,000, Litigation is stillin process. I required 4.5 yoars
and $970 million to clean up after the Three Mile Island nuclear plant accident. That cost
is hundreds: of millions more than the cost o build the plant. Long-term environmental and
health impacts of Chernobyl continue to hannt Russia and her ncighbors.

'BENEFITS OF ACGDENT INVESTIGATIONS
‘The two prime benefits of accident investigations arc

@ Awareness—Individuals should be made aware of the most frequent types of
accidents and the causes of these accidens.

‘@ Factual knowledge—Misconceptions about safety and accidents exist
because all the fucts may not be known or presened. Unfortuntely, these
misconceptions and myths continue to persst in spie of refutable data and
educational effots (see Table 3-1)

s important 1o have a general understanding of how and why accidents aceur, how peo-
ple are affected by accidents, and how 1o avoid them. This information should come from
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Table 3.1 Safety Myths?

Safety Myths or Not

Lighining never sikes twice n the same place

A drowning person always comes up or ar tree imes,
1 your boat overturms, you should swim 10 shore

“The firstsiep i saving a drowning person s 1o swim (0 them.

Itis impossibl {0 say afioat in water fo long with ciothes on-
Fod s the hunter's best clothing color

‘Applying a tourniquet i the best way to stop bleeding.
Numerous cups of coffee will sober up a drunk.

“Th primary danger from leaking gas is asphysation.

Flub snow on frostbia to make ciroulation returm,

data and facts, not suppositions and bias. By the way, all of the statements in Table 3-1
are false.

Our atitudes and values determine the meanings we find in what we observe. A study of
‘Some widespread misleading attitudes toward accidents may help show why people react
1 facts so differently and seem (0 always have accident problems. Listed below are some
‘misleading beliefs that determine individual atitudes and values about accidents.

® Itwon't happen 1o me. I is assumed that accidents always happen to other
people but won't happen to you.

© My mumber’s up. This concept assumes that when your number s up you will
get hurt and there is nothing you can do about i, Accidents are determined
purely by fate.

® Law of averages. Accidents and injuries are due o inevitable satitical aws.
‘Sooner or later everyone gets hut

® Macho concept. Living dangerously is manly and safely measures are:
regarded as wimpy.

Peaple react 1o facts differently. Sometimes education helps o change their beliefs and
values. Somerimes civil penalties (fines) modify their behavior. Sometimes nothing
changes their belifs or hehaviors.

Acidents i 10 Government Regulaion

‘When the Railway Safety Act was being considered in 1893, a railroed exccutve said it would
cost les to bury @ man Killed i an accident than to put ar brakes on a car. e considered the
safety of workers only in monetary terms. He lso believed workers assumed lablity when
they hired on and it was the responsibilty to be safc cven in unsafe situations. There was.
2 long, hard siruggle o provide safeguards o eliminate o reduce accidents and th injuries and.
damages that resul. The struggle was influenced by two mutually opposing considerations:
(1) thecosts of accident prevention, and (2) moral regard for human i and well being.
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A moral consideration for the lives of workers developed because of the number of ac-
cidental deaths and injurics. Gradually compromiscs came about betveen the benefits and
the costs of accident prevention. Many of the larger companies found the murual co
eration and compromise beneficial. The result was fewer walkouts and strikes and more
efficient operations. A safe worker wastes lss time avoiding hazards. Another bencfit to
‘companies has been  reduction in costs of litigation, insurance premiums, and audits by
regulatory agencies. Beginning in 1908, when U.S. Steel began its first. formal corporate
safety program, companies have found that safety programs reduced the costs of doing
business. It was common sense. The prime consideration of almost every warker s his
or her health and safly. If these are safeguarded in daily activities, the worker s better
‘motivated and more productive.

THE COST OF ACCIDENTS AT WORK
‘The Division of Vital Statstics reports that accidents are the leading causes of death for
‘personsin thei teens and up to age 45. n industry, there is no ntent to kill or injure work-
ers yet accidents kill and maim people. Many of the injuries eported as sprains and sirains
often involved the back. The incidence of fatalitics and injuris (along with potential mon-
etary losses) may incease as operations become more complex. The cost of accidents
in the workplaces of the United States s approximately $150 billion annually. Some cx-
‘ampls of costy accidents are

‘@ Arco Chemical Company paid $3.48 million in fines as a result of filng to
protect workers from an explosion a ts petrochemical plant in Channelview,
Texas.

® USX's stecl making division paid a $3.25 million fine to settle numerous
health and safety violations.

‘@ BASF Corporation agreed to pay a finc of $1.06 millin to setlle OSHA.
citations associated with an explosion at a chemical plant that rosulted in two.
deaths and 17 injuris.

Besides the fines, management also incurs costs for safety corrections, medical treatmen,
survivor benefits, death and burial costs, ste insurance, and many other indirect costs. For-
tunately, the rend in accident rates in the United States is downward due to the success of
the safety movement. In 2001, according to the National Safety Council (NSC), disabling
injuries on the job in the United States cost all parties involved, from companies to cm-
ployees to the government, about $132 billon o about $29,000 per incident. The effect of
accidents on profitabiliy i significant. Catastrophic accidents frequently result in damage
o the production faclity that requires extended downtime for repais and new consiruction.
Besides this monetary cost, here s the cost of employee morale and is effect upon produc-
ivity when a coworker s killed o severely injured. 1f low morale can devastat professional
Sports toams, it can also severoly affect workplace teams. Few things are as injurious to em-
ployes morale s seeing or knowing of a fellow worker injured. Besides worrying about an
injured friend or eam member, coworkers can'thelp but think, “That could have been me."

Personal Inury Costs
Multimillion-dollar personal njury awards ar not unusual. To the costofthe loss swarded
by a court mast be added that of the defense. Not every plaintif in an accident suit has
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a successful case, but the percentage is substantial. The vulnerabiliy of indusiry to high
costs from accident related court awards was demonstrated in 1997 in a product-design
Iiabiliy case. A plaindff family was awarded $262 millon from a major automobile man-
ufacturer. A 6-year-old was thrown from a car involved in a raffc aceident. The claim al-
loged the manufacturer of the car was negligent in providing a laich design on a van's rear
door that flew open during the accident. (CTDNews, “News Briefs: Workers Win $10.6
Million in Lawsuit” LRP Publications, Volume 6, No. 10, October 1997.) A 27-year-old
‘man working a tur-around in Los Angeles was awarded $4,735,996 to compensate for
a severe injury suffered by the man when he was struck by  630-pound pipe. A 69-year-
ol man, who lost his right arm when removing scrap from a punch press, was awarded
$1,750,000. His lawyer claimed the manufacturer had failed to equip the press with
a proper safety devis.

Lost Tome s
‘According to the NSC, the economic impact of fatal and nonfatal unintentional injuries
‘amounted to $693.5 billion in 2009. This is equivalent to about $2,300 per capita, or about
55,900 per household. These are costs that every individual and household pays whether
dircctly out of pocket, through higher prices for goods and services, or through higher
taxes. Approimately 35,000,000 hours are lost in a ypical year as a result o accidents.
(National Safety Council, Injury and Death Statistis, Injury Facts, 2009)

“This s acrual time lost from disabling injuries. Often there i spillover from accidens that
‘occurred in provious years that cause lost time in the curtent year. As an example, a worker
exposed to ammonia fumes that suffered permanent damage to his lungs can recover and
retum to work, but in the following years he may be more susceptible to preumonia and
be unable to work duc to llnesses dircetly elated to the provious njory.

Accidental Deaths on the Job

Deaths on the job have decreased over the years, however, they still occur Ina typical year
there are 10,400 work deaths in the United States. The deaths are due 1o a variety of rea-
sons, such as fall, clectrocution, drowning, fircs, explosions, poison, ctc. Table 3-2 lists
accidental work deaths by cause for a typical year.

WORK INJURIES
Over exertion, the result of employees working beyond their physical limits, is the lead-
ing cause of work injurics. This docs not imply that management created brutal working
‘conditions and long work hous. Injury by over exertion is often associated with the tem-
perature of the work eavironment and the worker's physical condition. Somcone in exccl-
Lent health and physical condition working in 99°F temperarures for a 12-hour shift may
over exert them self. Someonc 70 pounds overweight doing lifting and climbing is a prime
candidate for over excrtion. NSC data determined almost 31 percent of all work injurics
are cansed by over exertion.

Impact accidents involve a worker being struck by or striking against an object, Impact
accidents are more frequent during turnarounds when a lot of cquipment is being moved,
lifted, and transferred around. The next most prominent cause of work injurics is falls.
‘Operators, instrament technicians, and analyzer technicians do a lot of climbing on towers
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