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President’s Message

International System Safety Society President
Robert Schmedake

At the core of any professional society is the charge to aid
the membership in its professional development. A few
years ago, our Society created the position of director of
mentoring, research and development. Currently, Steve
Mattern serves that role. Steve took on the program initi-
ated by Mike Allocco and has established the mentoring
program. He is now seeking members interested in par-
ticipating, including mentors, as well as mentees. I believe
that participating in a mentoring program is a tremendous
benefit to any person’s professional development.

In my career, I have been blessed with a number of
mentors. These were people who were senior to me in my
company, in my profession, in my military organization
or in my education. Some were technical experts, some
were managers and some were experts in other areas, but
understood the business environment in which I worked.
Being mentored was an advantage — it meant I could
learn from the experience and mistakes of others.

Sometimes, the mentor brought expertise on the
product. When I worked on weapon programs, [ had a
mentor who had experience in getting weapons certi-
fied for use. He understood the issues related to getting
board approvals, and my program and I greatly benefited
from his advice. When I worked on fighter jets, I spoke
with pilots to learn about how situations looked from
their perspective. I also spent time with maintainers and
discovered their unique perspective on keeping aircraft
safe. Sometimes, someone who has been down a path
before can be a real asset, and sometimes it is good to
hear another point of view of a problem on which you
have been working.

Another type of mentor has been the career mentor.
Some managers have helped me identify my strengths
and weaknesses. They helped me identify career oppor-
tunities, develop my skills and improve my value to my
employer. In short, they helped me find my niche.

With 30 years behind me now, I might be tempted
to say I no longer need a mentor, but that’s just not true.
There is always room for improvement, and there are
always new challenges. Lately, I have gotten good advice

2 Journal of System Safety, Spring/Summer 2014

The Value of a Mentor

on corporate survival. In the six months since I took of-
fice in the Society, I have struggled with budget issues and
Conference legal issues, as well as with finding ways to
encourage volunteers. I have come to rely on a number

of good managers at my company, as well as a number of
excellent members from our Society.

In any enterprise, seeing the dangers that lie ahead
of an obstacle is a challenge. Mentors are the advance
scouts who may have already traveled the route you are
now taking. They illuminate the way forward and help us
see the dangers and benefits of a particular path. I cannot
imagine what my career would have been without the
mentors I have had, and I want to encourage you to take
advantage of the networks you are in to find the right
mentor for the path you are taking.

Being a mentor also has benefits. As a Boeing Tech-
nical Fellow, I am expected to provide mentoring. I find
that mentoring a less-experienced engineer sharpens my
skills as much as theirs. For one thing, ideas I have come
to accept as true get challenged. Questions from an engi-
neer on why a particular path is a good path cause me to
re-evaluate what I believe, and I often have a much better
understanding of the topic after the time I spend discuss-
ing it with the mentee.

So, how does being a mentor benefit my value as a
professional? One’s career arc starts with the role of be-
ing a learner. We transition from learning the job to doing
the job. Eventually, we get to a point where we imagine
better ways of doing the job and create efficiencies in
our work. When we move from creating better ways for
ourselves to teaching others about these efficiencies, we
begin to influence our employer’s productivity and effec-
tiveness at a much higher rate. When we transition from
mentoring individuals to leveraging change at an organi-
zational level, we are truly impacting our organization’s
effectiveness. Our value to the organization increases as
we follow this arc.

So, contact Steve at smattern@bastiontechnologies.
com and volunteer. Become a mentor, or get a mentor. This
is an excellent way to develop within your profession.
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From the Editor’s Desk...

JSS Technical Editor
Clif Ericson

Habits

As editor of Journal of System Safety, I often do “extra-
curricular” reading to keep up with events and technol-
ogy. Recently, I read a book titled The Power of Habit by
Charles Duhigg. The book is primarily about the power
that habits hold over us, how to
modify bad habits and how to
create new, good habits. It was

an interesting book, but what
really caught my attention was
one of the case studies described
in its pages. This particular case
study followed Paul O’Neill as
he took over as CEO of Alcoa

in 1987. He took the reins dur-
ing a time of low profits and a
poor accident record. But, as

the new CEO, he did not make
promises to lower costs, increase
productivity and boost profits,

as was expected. He stated that
his goal was to make Alcoa the
safest company in America — his
objective was zero injuries. At
that point, nearly everyone in the
audience thought his selection as CEO was a mistake
and many recommended selling their stock before the
company fell into decline.

O’Neill believed that some habits have the power
to start a chain reaction throughout a company. Safety
was a keystone habit that influenced all other habits and
processes in the company. His philosophy was that if
Alcoa could bring its injury rates down, it would happen
because managers and employees would have agreed
to become part of something important — they would

have devoted themselves to creating a habit of excellence.

Safety would become an indicator in changing bad habits
across the entire company.

O’Neill was serious about safety, and the book
explained many of the detailed steps he took to instill
this new keystone habit. Within a year, company profits
reached a record high. By the year 2000, when O’Neill

retired, someone who had invested a million dollars in
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6 6 [Alcoa CEO Paul O’Neill's]
philosophy was that if Alcoa
could bring its injury rates
down, it would happen because
managers and employees
would have agreed to become

part of something important
— they would have devoted
themselves to creating a
habit of excellence. Safety
would become an indicator in
changing bad habits across the
entire company. 99

the company when O’Neill was hired would have earned
another million in dividends.

For me, the moral of this story is that, as safety en-
gineers, we must never give up or concede to degraded
levels of safety. We need to vig-
orously continue to “sell” safety
to management and use stories
such as this to show that it really
works. This is a great example of
where safety had an even greater
pay-off than saving lives.

The first technical paper
in this issue, “Exxon Valdez: Hu-
man Error, Plain and Simple”
by Arthur Barondes, notes that
the effects of the 1989 disaster
continue to be felt to this day.
Not surprisingly, various interests
seized on the catastrophe to sup-
port their causes or improve their
lots. While it is now clear that
the ship went aground purely as
a consequence of human errors
— there were no mechanical or electrical failures — the
event has been used to justify changes that, while desir-
able, would not have prevented the Exxon Valdez from
going aground, or the subsequent oil spill. These changes
include, among other things, a variety of improved
navigational aids, expanded Coast Guard monitoring
capabilities, increased requirements for harbor pilots and
required crew rest. In looking back, one might be led to
believe that the ship went aground in a sea of red her-
rings. This paper reviews what really happened on that
night, and the incontrovertible evidence that supports
the idea that human errors — and a failed safety culture
— were solely responsible for the disaster.

The second technical paper in this issue contains
the results of the two-day Safety Case Workshop that
was conducted in January 2013. The workshop, under
the sponsorship of the SAE International G-48 System
Safety Committee, generated international participa-



tion from industry, government and academia. The
United States has typically used a process-based ap-
proach in managing system safety programs, but there
is a current movement to use the evidence-based Safe-
ty Case approach to validate the safety of systems. At
the conclusion of the workshop, participants reached
the consensus view that the Safety Case approach has
merits worthy of being accepted among the best world-
wide system safety practices.

The third technical paper in this issue, “Technical
Safety or System Safety? Why Names Matter” by Ser-
gio Oliva and Ricardo Lopez, discusses a challenge the
authors faced from a customer who opined that techni-
cal safety was different from the other “safeties,” such
as system safety, functional safety or operational safety.

In his “System Safety in Healthcare” column,
Dev Raheja discusses “The Challenges of Sign-offs.”
As healthcare has become more specialized, more
clinicians are involved in patient care, which often
leads to more complex patient sign-offs as compared
to years past. Erroneous sign-offs can contribute to
gaps in patient care and hazards in patient safety, in-
cluding medication errors, wrong-site surgeries and
patient deaths. Clinical environments are dynamic
and complex, presenting many challenges for effective

communication among healthcare providers, patients
and families. This article presents an overview of
sign-offs and hazards, as well as suggestions for qual-
ity improvement initiatives and recommendations for
potential remedies.

In his “TBD” column, Charles Hoes discusses
the leak of MCHM (4-Methylcyclohexanemethanol)
into the drinking water supply for the city of Charles-
ton, West Virginia. As it turns out, there was actually
more than MCHM in the leak, but since the company
failed to notify the authorities about the additional
chemical(s), they weren’t included in the initial tests
for water safety.

In his “Unintended Consequences” column, Terry
Hardy discusses the lessons learned from an aluminum
dust explosion that occurred at the Hayes Lemmerz
International-Huntington, Inc. facility in Huntington,
Indiana on October 29, 2003. And, in his “Design-Based
Safety” column, Dave MacCollum discusses the concept
of “Selling Safety.”

Remember, if you wish to opine send me an email
at journal@system-safety.org.

Until next time,

Clif

Mark Your Galendar
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Management (PSAM) Conference
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October 27-31, 2014
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The 52" Annual SAFE Symposium
November 3-5, 2014
Caribe Royale - Orlando, Florida
http://www.safeassociation.com/index.cfm/page/
symposium-overview

Safety in Autonomous Systems
December 4, 2014
London, U.K.
http://www.safety-club.org.uk/e299

32" International System Safety Training Symposium

August 4 - 8, 2014

Union Station DoubleTree Hotel
St. Louis, Missouri, USA

Check http://www.system-safety.org for upcoming details!

Corporate Sponsor:
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TBD

by Charles Hoes

As you have likely heard by now, there was recently a
leak of MCHM (4-Methylcyclohexanemethanol) into
the drinking water supply in the city of Charleston,
West Virginia. It turns out that there was actually more
than MCHM involved in the leak, but since the com-
pany failed to notify the authorities about the addi-
tional chemical(s), they weren’t included in the initial
tests for water safety.

The leaking tank problem generated a lot of press
because it caused such a large problem to the local com-
munity, shutting off the city’s water supply for many
days. A couple of interesting problems have been high-
lighted in the news discussions. One of these was the
lack of understanding of the hazards associated with
the leaked material. Apparently, the best information
available to emergency response personnel was obtained
from the material safety data sheets (MSDS). Unfortu-
nately, almost all of the important safety information
was listed as “unknown.”

The next problem of note was the almost complete
lack of planning by the company, the water district or
anyone else concerning what to do in the event of a
chemical leak into the drinking water. Then, there is the
issue of reports that the storage facility hadn’t been in-
spected for the last 20 years. Not only that, but the leak
was reportedly only detected because neighbors com-
plained about odors. The tank had apparently been leak-
ing into the water supply for an unknown length of time.

I found one news article to be quite interesting
because it pointed out that the planning activities for
this sort of thing are done at the local level by local re-
sources. We have a similar situation in my neighborhood.
[ live in a “rural” agricultural community that has several
potential sources of significant chemical spills into local
water supplies. We are located close to the Sacramento
River, which is a major source of water for much of the
state of California. Our fire department is located within
a few feet of Interstate 5, which is the main north-south
artery for the western United States. There is always a
potential for large spills of a wide variety of chemicals
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from tanker trucks, rail cars on the railroad running adja-
cent to the highway or local storage facilities. There are
a number of chemical storage and distribution centers in
our small community, handling large amounts of pesti-
cides and other chemicals important to the local agricul-
tural and natural gas drilling industries.

Our fire department is charged with identifying
chemical hazards and making plans to control them.
However, as a member of the local volunteer fire depart-
ment, [ know that there is nobody in the department
who is necessarily qualified to do any of this work (with
the possible exception of myself). The department sends
out a fire department member without any training or
background in safety (who happens to be the chief)
to look at new chemical facilities as part of the county
permit process. He signs whatever needs to be signed to
obtain the permit, and that is the end of it. There is no
follow up. There are no verification inspections or peri-
odic inspections. Nobody looks at or evaluates company
safety plans, and the department has no internal plans,
equipment or training in what to do in the event of a
significant spill.

While it sounds extreme, it is the way it’s done in
every small town and city in northern California — and
probably the other states, as well. Generally, there are
no resources available to do this sort of planning, and
most of the people who are charged with doing it have
no training, ability or inclination to do so. In many cases,
these people are the same people who would have to
spend extra money if something was found needing to
be fixed. The local folks who are in control also tend to
be the local folks who have a financial stake in every-
thing that happens locally. They are also usually con-
vinced that they are being overly regulated by govern-
ment agencies of all sorts in the first place.

In addition to a lack of qualifications to perform
comprehensive emergency planning, a lack of chemical
safety information makes effective planning almost im-
possible. It is my understanding that something close to a
“Catch 22” cycle exists. The Toxic Substance Control Act
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a leak of MCHM
(4-Methylcyclohexanemethanol)
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(TSCA) of 1976 requires companies to perform safety
studies on chemicals that the EPA has determined are
hazardous. However, the EPA doesn’t have the staffing
or funding needed to determine which chemicals might
fit into this category of requiring safety studies. Not only
that, there are tens of thousands of chemicals, formula-
tions and mixtures that are unknown to the EPA. The
end result is that few chemicals are actually studied

for safety. The main tool used to notify the EPA that

a chemical is hazardous comes from epidemiological
studies in which people have been found to have been
injured by the materials.

MSDSs are required for chemicals placed into
commerce, but these are often created by individuals
lacking the necessary qualifications and based on ques-
tionable data and MSDSs for the materials that are used
to make the new product. Even if the information for
the raw materials was good (an extremely unlikely situ-
ation), the assumption that the risks of the final product
can be predicted from the risks of the raw materials is
fraught with uncertainty. For example, the risks of water
are different from the risks of either of the constitute
parts (hydrogen and oxygen). There are risks associated
with water, but flammable and explosive hazards no lon-
ger apply once the materials have combined into a new
form. It should also be noted that there are essentially
no government or third-party reviews of the quality of
MSDSs. The documents are assumed to be valid, com-
plete and accurate without oversight or review.

Because of these (and many other) issues, it seems
the system designed to protect people and the environ-
ment from potentially hazardous chemicals and ma-
terials is woefully inadequate. While the structure and

framework for appropriate regulations and planning are
in place, they are often ignored and not enforced be-
cause of limitations on funding, manpower and the will
to do so.

There is constant pressure from the news media
and politicians to deregulate and remove existing safety
and environmental protections. The public seems to
assume that we have a strong consumer and environ-
mental safety culture, when we actually have a lax one.
Examples of “overregulation” get front-page news cover-
age, but the positive impacts of appropriate regulations
and the need for additional regulations with effective
monitoring and oversight seldom get reported.

Most people that I talk to are shocked and appalled
when I tell them that few products have been tested or
evaluated for safety, and that the vast majority of chemi-
cals have unknown safety characteristics. Most home-
owners are equally ignorant about the lack of safety
planning and site inspections for the chemicals stored
in their neighborhoods and near their sources of water.
They believe that the government is not only looking
after their welfare in these areas, but that it is doing so in
excess — causing harm to industry and the economy:. [
guess this is what is meant by “living in a fool’s paradise.”
I don’t know what we can do to address these issues,
but we can at least attempt to educate our friends and
neighbors regarding the lack of regulation and scientific
understanding of the safety implications of the chemi-
cals that surround us on a daily basis. Unless the public
is informed about the true nature of the regulatory situ-
ation, people will continue to believe that we are over-
regulated and are over-studying the issues — and will
demand further cuts in funding to these efforts.
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Unintended Consequences

by Terry Hardy

On October 29, 2003, an aluminum dust explosion oc-
curred at the Hayes Lemmerz International-Huntington,
Inc. facility in Huntington, Indiana. One worker was
killed and six others were injured in the explosion.
The U.S. Chemical Safety and Hazard Investigation
Board (CSB) investigated the accident and found that
the explosion occurred in the scrap re-melting system,
a system used to re-melt chips of aluminum scrap
from wheel machining operations.

The CSB said in its report that the accident was
the result of several factors. First, the chip feed system
was releasing excess aluminum dust, but the company
did not perform a review to examine why this was oc-
curring. The company made temporary patches to the
system to repair holes that had worn through ducts
and pipes, but dust and chips still blew through unre-
paired leaks. Second, the CSB stated that the company
did not properly design its dust collection system.
Third, the company did not ensure that the dust col-
lection system and installation followed industry guid-
ance. Finally, the company had experienced several
fires, but did not have a formal root cause and correc-
tive action system to investigate these incidents. For
example, just hours before the accident, a duct fire
had occurred that was extinguished. Employees told
CSB investigators that such fires were frequent events.

The report also said that, while formal proce-
dures existed, employees received no formal training
on those procedures. According to the report, “The
lack of formal training for the chip and dust collection
systems’ operators and maintenance personnel led to
acceptance of abnormal conditions — the ‘normaliza-
tion of deviations,’ such as flashes during chip feed
startup and fires in the fume exhaust ducts.”

References

Dust Explosion in Indiana

66 According to the [CSB] report, ‘The

lack of formal training for the chip and
dust collection systems’ operators
and maintenance personnel led to

acceptance of abnormal conditions —
the ‘normalization of deviations,’ such as
flashes during chip feed startup and fires in
the fume exhaust ducts.’ 99

Lessons Learned: Analyses after accidents
often show that clues existed before the mishap
occurred. Such clues frequently take the form of
anomalies observed during the lifecycle of a project.
An anomaly is an apparent problem or failure that
occurs during verification or operation and affects
a system, subsystem, process, support equipment or
facilities. Anomaly or problem reporting and correc-
tive action, therefore, can play an important role in
system safety analyses. An effective anomaly report
and corrective action process not only allows for the
reporting of problems, but also implements a closed-
loop process for finding and fixing the root cause of
a problem. In the case of this accident, if the near-
misses had been properly reported and analyzed, it
may have been prevented.

Readers are encouraged to review the full ac-
cident and mishap investigation reports referenced
here to understand the often complex conditions and
chains of events that led to each accident discussed
here. Additional lessons learned are available at www.
systemsafetyskeptic.com.

U.S. Chemical Safety and Hazard Investigation Board, “Investigation Report: Aluminum Dust Explosion (1
Killed, 6 Injured), Hayes Lemmerz International-Huntington, Inc., Huntington, Indiana, October 29, 2003, Re-

port No. 2004-01-I-IN, September 2005.
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Now Is the Time... To Upgrade Your Membership

“May you live in interesting times” — so goes the curse.
Lately, it seems there are interesting developments at ev-
ery turn. The International System Safety Society (ISSS)
has taken on the objectives of providing global system
safety perspectives and improving member value in the
midst of real flux in the profession. The policy and bud-
get drivers shaping our key industries are not particularly
supportive of our efforts. In this climate of “leaner and
meaner” societal norms, each of us must put forth our
best efforts and be seen in the best possible light to influ-
ence the projects and programs where we work, simply
to survive. There is no substitute for sound system safety
practice. We each need to do the right jobs, in the right
way, to have the best influence on our work. In addition,
it helps to have professional recognition. The ISSS has
long asserted that members benefit from being recognized
for their professional capabilities and professional service.

The ISSS recognizes members in various ways, in-
cluding professional awards and a professional member-
ship advancement track that includes Senior and Fellow
membership designations. These credentials provide
members with tangible evidence they can use to enhance
their resumes and CVs, to hang in their offices and to
support their advancement within their companies.

As a member, the real key to your membership ad-
vancement is your application. You'll need to download
an application (available at http://www.system-safety.
org/pdf/SSS_membership_application_form_rev41.pdf)
to see if you meet advancement criteria.

Once you have the application handy, you can re-
view the advancement criteria against your experience.
The basic criteria for advancement to Senior Member
include:

e Four years of System Safety Society Membership
¢ 35 points cumulative from:
o At least 12 points must be from the combined
educational, experience, and contributing achieve-
ment areas
o Atleast 10 points from the professional achieve-
ment area.

The educational area credit is awarded based on
your studies. The application provides you the opportu-
nity to take credit for university or professional training.

The experience area credit is awarded based on
your work experience. The application provides credit
for full-time and part-time work on system safety-related

by Russell Mitchell, C.S.P.

Houston, Texas

tasks, at a rate of one point per year of full-time experi-
ence (or a half-point for a year of part-time experience).

The contributing achievement area credit is award-
ed based on your experiences serving in roles supporting
either your local chapter or the Society internationally.
The application presents an extensive list of opportuni-
ties to take credit for your efforts to support the Interna-
tional System Safety Society.

The professional achievement area credit is awarded
based on your advancement in your professional career
such as professional engineer, certifications, awards, pub-
lications and promotions. The application presents an
extensive list of opportunities to take credit for your pro-
fessional advancement.

Advancement to Fellow uses the same application
and requires the following basic criteria:

®  Minimum of five years of Senior membership

® Minimum of 70 points
o Atleast 35 points qualifying under the Senior
Member criteria mentioned above.
o Another 35 points of which must come from the
contributing achievement area.

Both Senior and Fellow applications require three let-
ters of recommendation. For Senior members, the recom-
mendations should come from either Senior members or
Society Fellows. Recommendations supporting an upgrade
to Fellow must come from Fellows of the Society. Have
the letters sent directly to russmitchellcsp@yahoo.com.

Because the application must be submitted with
copies of documentation that will be used to verify the
application, contact headquarters prior to submitting
your application. Also, email russmitchellcsp@yahoo.com
to arrange for a discussion of the process and guidance
about the application and qualified documents. Many ap-
plicants provide more information than required or pro-
crastinate applying because they feel overwhelmed. My
job is to make the process painless and straightforward.

The application process moves fairly quickly once
all of the information has been received. All communica-
tions are now electronic, including the various approvals
and voting, so there is no need to wait. If you would like
to receive your certificate or plaque at the annual meet-
ing in August, plan on submitting your application in
April to avoid the year-end rush in June.

[ am preparing my own paperwork right now; you
should, too!
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System Safety in Healthcare

Dev Raheja & Maria C. Escano, M.D.

With increasing demand for efficiency and produc-
tivity from a clinical team that’s often overworked

and understaffed, provision of seamless patient care

is challenging. Clinicians need to hand off — or sign
off — essential information to the next provider to
help transition care. An effective hand-off supports the
transition of critical information, along with continuity
of care and treatment. This article offers an overview
of sign-offs, hazards and suggestions for quality im-
provement initiatives, as well as recommendations for
potential remedies.

Healthcare has become more specialized, and
more clinicians are involved in patient care, which
often leads to more complex patient sign-offs com-
pared to years ago. Erroneous sign-offs can contribute
to gaps in patient care and hazards in patient safety,
including medication errors, wrong-site surgeries and
patient deaths. Clinical environments are dynamic
and complex, presenting many challenges for effective
communication among health care providers, patients
and families.

Sign-offs are not free of human errors. Clinicians
are overwhelmed with the volume of electronic notifi-
cations and may ignore them because of warnings and
alerts fatigue. If clinicians do not check the messages,
the EMR’s safeguards are ineffective. Another risk oc-
curs when a clinician uses the e-prescribing function of
an EMR, but if the computer is temporarily unavailable,
the clinician may prescribe on paper, which may not
be entered into the system. The next prescriber may be
totally unaware of the prescription.

Other hazards include:

e System Crashes — A clinician may fail to back up
files and may end up losing patient records, which
may also create problems for payers when it is time
for an audit.

10 Journal of System Safety, Spring/Summer 2014

The Challenges of Sign-offs

* Automatic Orders — Sometimes, a computer soft-
ware program will order diagnostic tests automati-
cally. This may result in overtreatment. A physician
recently commented that “Doctors want to practice
medicine the way it was intended to be practiced —
individualized in care” [Ref. 1].

e Usability Errors — These errors, omissions and
hazards can range from missing an important
finding that is buried in a template charting
and inadvertent selection of the wrong patient
from the drop-down menu to computer glitches
that result in a loss of unsaved data, and auto-
population of incomplete or erroneous data from
generic templates.

e Distraction Oversights — These oversights can
include omission of vital information presented by
the patient while the clinician is entering data. He
or she may fail to hear everything the patient is
saying or ignore the body language of the patient
when the computer becomes a barrier instead of an
adjunct to patient care [Ref. 2].

¢ Computer Entry Errors — Computer entry er-

rors can range from clinicians clicking the wrong
box to the system pulling incorrect data. In one
survey, 75 percent of clinical staff indicated they
have identified multiple errors on a weekly basis.
One hundred forty-two nurses from Contra Cos-
ta County Hospital filed formal complaints alleg-
ing errors in the EHR, which resulted in medi-
cation dosing errors. The system also wouldn’t
allow them to document medication administra-
tion appropriately. Dosages recommended by
the system would have been fatal had they been
administered [Ref. 3].



66 Computers, just like any
other technology, have
advanced health care in

ways that were not possible
generations ago. However,
patient care is a dynamic

and complex process. This
challenge needs to be met and
balanced with individual patient
needs, staff/clinician resources,
and technological limitations to
minimize patient harm.,,

What are the Remedies?

The usual remedies (not always practiced) are to use risk
analysis tools on the sign-off process, such as Prelimi-
nary Hazard Analysis and Fault Tree Analysis [Ref. 4 &
5]. These tools help predict harmful errors and provide
guidelines for risk mitigation.

Dr. Mark Chassin, president of The Joint Commis-
sion, and Dr. Jerod M. Loeb, executive vice president for
healthcare quality evaluation of The Joint Commission,
suggest paying attention to reliability methods. They
report that “too many hospitals and healthcare leaders
currently experience serious safety failures as routine
and inevitable parts of daily work” [Ref. 6]. To prevent
the harm that results from these failures, which affect
millions of Americans each year, the article specifies
a framework for major changes involving leadership,
safety culture and robust process improvement. This
framework is designed to help hospitals make progress
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Design-Based Safety

David MacCollum

Marketing safety can be compared to the Greek myth
in which Sisyphus, the King of Corinth, was punished
in Hades by having to roll a huge stone uphill, only to
have it roll down repeatedly as soon as he had pushed it
to the summit. A quick review of
negative opinions that make sell-
ing safety a task like that of Sisy-
phus tells us that the introduc-
tion of alternate safer design is
often greeted with the comment,
“Safety does not sell.” Many people
have a built-in mindset that re-
jects design-based safety. They
feel that accidents can be avoided
with simple common sense and
believe accidents are the result of
bad luck and are the cost of prog-
ress. Few people are aware that
accident prevention is a “Gemini
function” with twin approaches:

e The first “twin” is the most-used concept in avoid-
ing accidents: All that is required is to modify human
behavior. As Sisyphus found, this twin relies on be-
havior modification to avoid a hazard, but discovers
that the hazard, like the stone, can roll back down
because it has not been eliminated.

e The second “twin” is usually overlooked; it requires
the hazard to be eliminated by design.

“Selling” safety requires that the public be told
that when a hazard is eliminated by design, the ac-
cident cannot be repeated. But there are a number of
reasons why safety does not sell. Usually, management
takes the easy way out and relies on insurance to pay
for the loss. This allows speculation as to what the risk
will be for the occurrence of unidentified hazards caus-
ing injury, death or damage. Management is now no
longer troubled with the task of hazard identification
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66 Developers of projects usually
lack the expertise to ensure
for safety and environmental
hazard prevention. Safety by
design is an invisible function.

All enterprise needs the
expertise of system safety
engineers to overcome people
and environmental hazards

with green engineering. 99

Selling Safety

and prevention. Those responsible for the purchase of
equipment or machines are often uninformed about
available safety appliances or safer designs. These should
be specified in purchase contracts. Developers of proj-
ects usually lack the expertise to
ensure safety and environmental
hazard prevention. Safety by
design is an invisible function. All
enterprise needs the expertise of
system safety engineers to over-
come people and environmental
hazards with green engineering.
The “Catch 22" is that a
change of emphasis has evolved
with the development of auto-
mation. This has given priority
to design-based safety. The 21+
century will bring workerless
production, just as we hear today
about driverless cars. The seeds
of this change were planted in the 1960s, when the De-
partment of Defense implemented MIL-STD-882 for
system safety. The development of sophisticated elec-
tronics to guide drones, missiles and surveillance systems
was a top-secret effort requiring military security clear-
ances. Today, we are experiencing how, little by little,
system safety is being incorporated into our economy.
Our National Transportation Safety Board (NTSB)
started with airline safety and then promoted legislation
for Positive Train Control (PTC) to overcome inherent
lapses in operating engineers’ consciousness. The Brit-
ish are adopting Business Information Modeling (BIM),
which copies the U.S. Army’s civil districts’ public works
program called Construction Operations Information
Exchange (COIE) and includes hazard identification and
prevention at the time of planning and design. Building
plans in three dimensions afford bigger, better and faster
construction, as these plans show what the completed
project will look like. This activity makes hazards visible.
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Automation is liberating the workforce from monoto-
nous and dangerous employment, and is providing op-
portunities in higher-paying installation, operation and
maintenance of automated production positions. The
public has little awareness of the nature of hazards, so
they can be identified.

A hazard is always in one of three modes: dor-
mant, armed or active. Many people believe it is only
by chance that a hazard will become active, making
prevention unnecessary. A significant concern is how
much harm the hazard will cause when it becomes ac-
tive. A clear example of this is when a raised crane boom
comes into contact with a power line. The ability to
raise a crane boom so it can reach a power line is always
present. When a crane is used in a location in which
there are no power lines, the hazard is dormant; when
it is used where a power line can be reached with its
raised boom, the hazard is now armed; when the boom
strikes a high-voltage overhead power line, it is active.
The prediction of the harm that the active hazard will
cause is another uncertainty. It may only cause momen-
tary sparks, but it can also cause severe injuries or even
deaths, costly property damage or a huge electric power
outage. Hazard avoidance training does nothing to elimi-
nate this hazard.

Advocates of hazard avoidance rely primarily on
modifying worker behavior, but this does not remove
the overhead power lines from the crane’s work site,
nor does it provide insulated links to guard the workers
guiding the load from the flow of high voltage or pro-
vide workers with a proximity alarm device that would

warn that the boom is near a power line. Sole reliance
on worker behavior is not a reliable measure to prevent
wrongful injuries or death from crane boom/power line
contact. This illustration is one of countless examples of
how sole reliance on personnel behavior modification is
like repeatedly pushing a huge stone uphill and having
it roll back down. When a hazard is avoided by worker
training, even though it is obvious that the hazard could
have been eliminated, the public loses confidence in
safety in two ways:

e [t knows that training alone isn’t the answer.
¢ [t considers the safety profession ineffective,
as the hazard was not discovered and removed.

The only reliable means of preventing costly oc-
currences is to use the second “twin”: requiring design-
based safety. Because a hazard can be in one of the
three modes described previously and because of the
uncertainty of the consequences, the emphasis shifts
from hazard identification and prevention to speculat-
ing that a loss is only by chance and may arise from un-
known occurrences. Risk management focuses primar-
ily on developing a safety culture that centers around
behavior-based safety, with little emphasis on hazard
prevention through design-based safety. It is at this
point that some people become dissatisfied with the
lack of emphasis on hazard removal or by not providing
accessories that either warn of the hazard or intercede
to prevent injury. Often, managers just hope that they
can continue to be lucky.
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With all the negative aspects around the functional
administration of safety, most management leaders are
totally blind to this shift to automation. The reduction
of defense spending is curtailing opportunities in the
development of military systems. Both business lead-
ers and specialists who have experience in developing
system safety now have a new challenge to transform
their expertise in design-based safety from military ap-
plications to civil automation. Many steps can be taken
by system safety specialists to tap the bonanza of the
switch to automation with design-based safety. The old
academic adage to “publish or perish” rings true for the
system safety specialist. Trade publications are always
looking for articles on how safety features reduce costs,
injuries or death.

System safety specialists have unique knowledge
that is marketable in teaching engineers in conventional
disciplines how to expand their practice by identifying
hazards at time of design and by providing alternate, saf-
er designs. New career paths are opening for specialists
to be retained by companies that are providing design-
based automated systems. Even personal injury attorneys
understand the need to inform courts and juries as to
how design-based safety eliminates hazardous conditions
and circumstances.

The marketing of safety to overcome the Sisyphus
syndrome needs the expertise of public information
specialists. Progressive business management either
has this staff capability or can expand this effort by
retaining nationally recognized authorities on public
information. When public relations is funded to ensure
publication in major radio, television, newspapers and
magazines, a dramatic public interest can be developed.
It is a well-documented fact that executives and top
managers do read and improve their own activities
and operations from what is in publications such as
The Wall Street Journal, Business Week, The Economist
and Engineering News Record. Members of the general
public who want to stay current read The Atlantic and
The New Yorker. Public relations experts know how to
shape the public’s awareness to benefit their clients.
Public relations could include interviewing system
safety specialists to develop their identity as individu-
als with special knowledge on how to protect people’s
lives with design-based safety, while improving the
profit margin of the enterprise. Public relations profes-
sionals know where to target the placement of adver-
tisements and text to motivate acceptance by those
who should adopt design-based safety.

But public relations is not a do-it-yourself activity.
In addition to providing a well-funded program, some of
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the large international design-and-build construction and
mining firms have substantially increased their opera-
tions by first training all their engineering and construc-
tion management staff members in the basics of design-
based safety. This method of “selling” safety to key staff
engineers and construction managers provides them
with the expertise to sell their safety to their clients.
They are then able to expand the scope of their pro-
posals and activities to include design-based safety. The
growth of professional societies is becoming dependent
on their choices to ensure members personal develop-
ment and success, and on promoting educational oppor-
tunities and public awareness of their members’ exper-
tise in design-based safety. These organizations would do
well to retain public relations firms to tell the business
world and the public about the accomplishments and
special skills of their members.

The task of selling design-based safety as a mar-
ketable enhancement of products, services and systems
is unlimited. Every enterprise can benefit by selling
design-based safety as a critical component of their ac-
tivity. As every community becomes more dependent
on technology, more and more people are becoming
dependent on design-based safety. Public opinion can
be like a huge rock being rolled uphill. When things
go wrong because of hazardous design, the huge rock
of public opinion rolls back down the hill. No longer
will the public tolerate an absence of transparency and
allow themselves to be the guinea pigs in identifying
hazardous conditions or circumstances. Nor will blam-
ing someone else as a scapegoat suffice as an excuse
for not providing safe design. Selling design-based safe-
ty is rapidly becoming a marketable commodity. The
recent poisoning of the water supply in Charleston,
West Virginia is a great example of how toxic chemi-
cal storage tanks need to be placed within a watertight
basin so that if a leak occurs in a tank, the toxic lig-
uid cannot contaminate the soil and water table. The
limited scope of safety professionals’ being restricted
to prevention of worker injury and death needs to be
expanded to include the public, product safety and
environmental safety. To sell safety effectively, we need
to use examples of the second Gemini twin’s ability to
eliminate the hazard. The traditional method of behav-
ior modification does not work, as it is vulnerable to
the Sisyphus syndrome of the hazard repeatedly caus-
ing injury or death. Many safety heroes, whose work
products have eliminated hazards by design, have
never been recognized. Telling the world about these
heroes who have developed safety features is the best
method of selling safety.



A Lifetime Dedicated to Making Workplaces Safe

David V. MacCollum, known for visionary achieve-
ments as a safety engineer, is being recognized for a
lifetime of contributions in the safety profession.

Recently, during a reception in his Sierra Vista
home, the Board of Certified Safety Professionals (BCSP)
recognized MacCollum by naming a $2,000 scholarship
in his honor. In addition, he was presented with a plaque
by Don Eshelby on behalf of the BCSP, a board dedi-
cated to certifying practitioners in the safety profession.
MacCollum'’s presentation was made before members of
the Southern Arizona Chapter of the American Society
of Safety Engineers (ASSE).

“The Certified Safety Professional Award of Excel-
lence is given to one individual each year with the great-
est contribution to the safety profession,” Eshelby said.
The $2,000 scholarship will be awarded to a student,
safety educator, college professor or an individual who
works in the safety field.

During a discussion about MacCollum'’s career
and contributions, Eshelby said, “With around 10,000
Certified Safety Professional certifications throughout
the world, David MacCollum holds the third certifi-
cate. He’s one of the very few individuals who has
achieved as much recognition and respect from safe-
ty professionals.”

In addition to the BCSP scholarship, the Southern
Arizona ASSE established and named a visionary scholar-
ship after MacCollum, also honoring his extensive list of
contributions to the safety profession, in recognition of a
career that spans more than 60 years.

Shari DiPeso, Southern Arizona ASSE president,
said, “We are very fortunate to have an individual like
David as part of our chapter and part of the safety com-
munity. His contributions to the body of knowledge for
the safety profession are legion. His energy, focus and
intellect in so many areas have resulted in better designs,
which have saved numerous lives. It is only fitting that
our scholarship, which will support the next generation
of safety professionals, be named in his honor.”

The ASSE is currently building the fully funded
$30,000 scholarship which will be administered through
the ASSE National Foundation, said Mark Grushka, a
health and safety consultant and ASSE member. “Once
we reach the $30,000 goal, we are hoping this will be-
come self-sustaining, so a deserving student in the health
safety or environmental field will be given a $1,000
scholarship each year.”

by Dana Cole
Sierra Vista, Arizona

MacCollum, 90, is a past ASSE president and was a
member of the first U.S. Secretary of Labor’s Construc-
tion Safety Advisory Committee (1969-1972). In 1999
the ASSE named MacCollum a Fellow, the Society’s most
prestigious honor, recognizing a lifetime of commitment
to the occupational safety and health profession.

“I've been a maverick, fighting the system forever,”
smiled MacCollum, whose interest in occupational safety
dates back to 1946 during a time when he worked in the
logging industry while attending college at Oregon State
University. “I witnessed a lot of very serious accidents on
that job, where one man a month was killed,” he said.
MacCollum’s experiences in the logging industry served
as a driving force behind rollover protection structures
for tractors and other construction equipment, which
he developed in the 1950s while working with the U.S.
Army Corps of Engineers in Oregon.

Through his role as an occupational safety engi-
neer, MacCollum fought for improved safety conditions
for workers in a wide range of industries. “I have always
believed you can prevent serious injuries by eliminating
hazards, but there were many times when I had to fight
to get my ideas accepted.”

MacCollum has authored four industry-related
books, along with a novel, Murder by Electrocution, pub-
lished in 2010. In addition, he has published more than
400 articles and has written for numerous industry-relat-
ed newsletters.

David MacCollum and his wife of 61 years, Nancy,
are longtime Sierra Vista residents.

Founded in 1911, the ASSE is the oldest and larg-
est professional safety organization in the world, said
Grushka. As a global association of occupational safety
professionals, it represents more than 35,000 members
worldwide. Through its proactive efforts of creating safer
work environments, its members record less lost time and
lower workers’ compensation costs, increased productiv-
ity and higher employee satisfaction.

The BCSP Scholarship Fund was established within
with ASSEF to encourage entry into and advancement of
the safety profession. For information, go to the American
Society of Safety Engineers Foundation website at www.
asse.org/foundation.

Reprinted with permission from

The Sierra Vista Herald (http.//www.svherald.com/)
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@ Chapter News

Central California

The Central California Chapter is in the planning phase
for CY ‘14 field trip options. In addition to its regular
support for the Central Coast Science Fair, the Chapter
has also been presented with mentoring opportunities
through the local American Institute of Aeronautics and
Astronautics (AIAA) Chapter, which will help students
prepare their science fair projects. Several Chapter mem-
bers have shown interest in this opportunity.

Northeast Chapter

The Northeast Chapter held its Fall general meeting
on Thursday, October 3, 2013. The topic was “UTAS
Space Systems: Approach to Safety through Systems
Architecture” by Ben Bishop. Ben is a UTAS Fellow in
systems architecture/controls integration, with nearly
45 years of experience in the design and development
of complex systems for fluid, power, thermal and data
management for DoD, NASA, and the printing and
publishing industry.

The Chapter’s Winter general meeting was held on
Thursday, January 30, 2014. The topic was “Identifica-
tion of Safety-Critical System, Hardware and Software
Requirements Using Fault Trees,” by Wes Rainey, MSEE
Life Cycle Engineering, General Dynamics Electric Boat.
Both meetings were held at the Go Fish Restaurant in
Mystic, Connecticut, and were also available virtually for
those who couldn’t attend in person.

Sierra High Desert Chapter (SHDC)
Sierra High Desert Chapter members in good standing
voted unanimously to approve a motion for the Chapter
to fund ISSS membership dues for all of its members for
one Society year. The Society year was SY14 for the 11
members who have not renewed their ISSS membership
this year and SY15 for the nine members who had al-
ready renewed ISSS membership for SY14, which began
on July 1, 2013. The motion was made by John Leipper,
and was seconded by Ken Chirkis and Jerry Banister.
The Chapter’s next meeting is scheduled for May.
Membership renewal, Chapter goals and the challenges
facing our Society and Chapter will be discussed.

Tennessee Valley Chapter

On December 11, 2013, 13 members and 16 guests
attended the lunch meeting at QinetiQ in Huntsville.
Jason’s Deli box lunches and drinks were provided by
the Chapter. Chapter Vice President Ken Rose presided
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over the meeting. Brandon Daugherty of Sikorsky pre-
sented a paper he authored with Cliff Pariso, manager
of system safety at Sikorsky. The presentation was titled
“Safety is Not an Option — Sikorsky’s Aviation Safety
Equipment List (ASEL) Process.” ASEL is a method for
evaluating and classifying rotorcraft safety-enhancing
equipment in terms of impact on safety and various
equipment installation factors. Guidance from certify-
ing agency policy and system safety standard practice
were considered, resulting in a classification tool that
can be used to determine if equipment should be mar-
keted and sold as either mandatory or optional. The
methodology that was developed may have applications
for other products and industries.

On January 15, 2014, 20 members and nine guests
attended the lunch meeting at A-P-T Research in Hunts-
ville, Alabama. Pizza was provided by the Chapter and
drinks were provided by A-P-T. Don Swallom opened
the meeting by welcoming the attendees. Pam Kniess,
chair for the International System Safety Training Sym-
posium 2014 in St. Louis, Missouri, gave an update on
planning efforts. Dr. John McDermid of the University of
York, UK., gave a repeat of his presentation to the G-
48/A-P-T Research Safety Case Workshop conducted at
A-P-T on January 14 and 15, 2014. The presentation was
titled “Safety Cases: Purpose, Process and Prospects.” This
presentation, along with the other workshop presenta-
tions and the workshop findings, is located at http://
www.apt-research.com/news/newsBlog2014.html.

On January 18, 2014, Don Swallom and Chris
Trumble of the Tennessee Valley Chapter served as
judges for the System Safety Award at the Alabama
Regional Future City Competition at the University
of Alabama Huntsville. The Future City Competition
is a national, project-based learning experience where
students in sixth, seventh and eighth grade imagine,
design, and build cities of the future. Students work
in teams with an educator and an engineer mentor
to plan cities using SimCity™ software, research and
write solutions to an engineering problem, build table-
top scale models with recycled materials, and present
their ideas before judges at regional competitions. A
total of 19 teams competed at the Alabama regional
event. The winner of the System Safety Award was the
team from the Academy of Science and Foreign Lan-
guage in Huntsville, Alabama. The team also won the
overall competition and will compete at the National
Finals in Washington, DC in February.
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System Safety Bookshelf

A Deep Dive Into Safety Questions

Volume 1

Human Safety (Vol. 1 & 2)

By George A. Peters and Barbara J. Peters
Publisher: CreateSpace

ISBN-10: 1490564454
ISBN-13: 978-1490564456
504 pages

Price: $36.00

Volume 2

ISBN-10: 1490567046
ISBN-13: 978-1490567044
498 pages

Price: $36.00

George and Barbara Peters, the
authors of Human Safety, have
published a unique and useful sys-
tem safety book. Their approach
considers the entire realm of sys-
tems and industries, and serves as
a reference guide that would fit
nicely on your office bookshelf.
This two-volume series also pro-
vides insight into the legal aspects
of system and human factors engi-
neering, hazard identification and
mitigation, along with the human
aspect to accidents that include
human cognizance, memory, tired-
ness and communication.

The knowledge required
to adequately perform system
safety in our ever-evolving world
is almost overwhelming. The
authors provide pithy explana-
tions of almost every safety and
human factor topic, concern
or hazard, with each and every

At last, a book has been writ-
ten that addresses the many
design safety questions that
plague managers, designers
and safety engineers. The latest
book by George and Barbara
Peters, titled Human Safety,
contains a plethora of useful
design safety information not
found elsewhere. This book
covers diverse topics, such as
lasers, fatigue and toxic chemi-
cals, along with many others.
It analyzes and discusses past
mishaps such as Bhopal, Deep-
water Horizon and Fukushima.
The topics are so broad
the book comes in two vol-
umes. It has an extensive
design safety checklist, health-
care safety checklist and a
school safety checklist. This
book not only addresses er-

reader of Human Safety coming
away enriched and better pre-
pared to meet their responsibilities as system safety
professionals. The authors use accident examples to
drive their respect points home in a succinct, unam-
biguous and useable manner. This book also provides
checklists to ensure that every detail is considered in
the performance of analyses. In summary, Human Safe-
ty is a must-read that will surely enrich your job and
career. I believe Human Safety will earn a permanent
and predominant position in your reference library.

— Warren Naylor

rors, faults and liability, but

it also provides design safety
remedies. And, the topics addressed are very diverse;
for example, I had no idea that hair graft operations
can result in brain damage if not properly performed.
This book is highly recommended reading and should
be on every designer’s and safety engineer’s bookshelf
for reference. Don’t be intimidated by the title; this
book covers all aspects of the design safety of systems
involving humans.

— Clifton Ericson
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Notes on Society History

Historical Note No. 1:

The Founding of the Society
The event recognized as the
founding of the Society occurred
on December 4, 1963 in the
main lecture hall at the School of
Aviation Safety on the University
of Southern California campus

in Los Angeles. The gathering
consisted of about 40 individuals,
including many students and
others from the USAF Aerospace
Safety Center, some USC faculty
members, along with system safety
representatives of the numerous

aerospace companies located in

the area. They had been invited

by current technical lead of the
USC Aviation Safety School, C.O.
(Chuck) Miller. He presented the
current scope and purposes of the
USC program, which had been
contracted by the Air Force. It was
designed for those currently in, or
being assigned to, aerospace project
safety positions, and was intended
to better equip them to manage the
implementation of the system safety
engineering requirement of recently
released MIL-S-38130 (now known

Presentation of certificate of appreciation commemorating the 50" anniversary
of the Charter Meeting of the Society. From left: Tom Anthony, Roger Lock-
wood, Francis McDougall, and Dr. Najm Meshkati

Editor’s Note — “Historical Notes” is a new series of articles
that will be presented periodically in Journal of System Safety.
These notes will provide members with a better appreciation
of the Society’s origins, trailblazing pioneers and critical
events, as well as the opportunity for colleagues to critique
and improve on the scope and historical accuracy of these
notes. It is intended that when complete, these peer-reviewed

notes will serve as a valid resource in the development of the

Official History of the Society.
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ISSS Historian

as MIL-STD-882), stipulating
implementation of system safety
programs on Air Force aerospace/
missile programs.

Following Miller’s presentation,
Roger Lockwood, a member of the
school’s faculty, advised the gather-
ing that he had obtained a state of
California charter for a technical,
non-profit organization to be known
as the “Aerospace System Safety So-
ciety.” With himself named as presi-
dent, he invited any of those present
who wished to pay a $2 member
fee to become members. Lockwood
maintained detailed records of those
paying the initial and subsequent
dues, thus identifying those 10 who
both signed the charter member roll
and paid the $2, and can be right-
fully recognized as “Charter mem-
bers of the Society.” Within several
months, a total of 30 members had
paid their dues, (which had been
quickly raised to $5 per year by a
vote of the Charter members).

These 30 initial members not-
ed here include 10 Charter mem-
bers, nine past Society presidents
and seven past chapter chairmen/
presidents. As will be addressed in
subsequent notes, the name of the
Society has progressed from the
Aerospace System Safety Society
(ASSS) to the System Safety Society
(SSS) to, currently, the International

These notes will address the founding of the Society, and
then cover its ever-expanding role in the promotion of the
system safety concept, both in the U.S. and internationally.
They will highlight key events and members who played
critical roles in this expansion. These notes will further
provide a timeline of key historical events — proceeding
from the tenuous beginnings through to its current days.



System Safety Society (ISSS). These name changes offers an
illustration of the expanding scope of the practice of system
safety — from its aerospace origins in Los Angeles to a multi-
tude of world-wide applications.

On December 7, 2013, in commemoration of the 50®
anniversary of the Charter meeting of the Society, the South-
ern California Chapter presented a plaque to the current
director of USC aviation safety programs, to be hung in the
school’s lobby. This presentation occurred during a Chapter
luncheon held in Los Angeles. This “Declaration of Apprecia-
tion” identifies five key individuals who uniquely contributed
the necessary elements leading to the Charter meeting of the
Society. Subsequent “notes” will expand on the roles of these
and other system safety pioneers, along with the necessary
elements leading to the formation of the Society.

The honored guests at this 50%" commemoration cele-
bration were Founder and initial President Roger Lockwood
and fellow Charter Member Rex Gordon. Joining Chapter
President Francis McDougall and other Chapter members
was Thomas Anthony, aviation safety program director and
other USC faculty. The meeting culminated in the presen-
tation of the Certificate of Appreciation by Francis McDou-
gall and Roger Lockwood to USC’s Tom Anthony and Dr.
Najm Meshkati.

Comments on the accuracy of these notes on the History of the
Society should by addressed to Rex Gordon at rexbg@aol.com.

Original Members of the Society

Sam Canale § Edgar Mendenhall
» Edgar Cecawicz * Chuck Miller T §
Niel Classon 1 § Julius Morris
Gerald Couch » George Peters 1
Alfred Dallman Rolland Ratz

Saxe Dobrin

Herbert Robb

Elwood Driver T §

Douglas Robinson

Gus Economy

» William Rogers

* Rex Gordon 1 §

George Ruff §

* Willie Hammer

Leo Shroeder

* George Haviland t

Albert Sternberger

Everett Hodapp

Lynn Stone

* Norman Horton

Gordon Willard 1 §

Richard Kohlheyer 1

Ernest Zellerman

* Roger Lockwood T

e James Zurn

* - Charter Society Member
T - Past Society President
§ - Past Chapter President

The System Safety Concept — Origins

For almost any system, product or service, the
most effective means of limiting product liability
and accident risk is to implement an organized
system safety function beginning in the conceptual
design phase and continuing through to its devel-
opment, fabrication, testing, production, use and
ultimate disposal.

While it can be argued that ancient and
common laws, making the builder responsible
for harm caused by faulty products, form the
original basis of the SSC, addressed here in these
notes is the direct antecedent of the current
practice of system safety.

The initial formal documentations of what
is generally recognized as the SSC are tradition-
ally traced back to a technical paper presented
by a Boeing engineering manager, Amos L.
Wood, at the January, 1946 annual meeting of
the Institute of Aeronautical Sciences (ISA) in
New York. This paper addressed the importance
of a manufacturer’s organizational structure
to incorporate a focus on safety from design
through post-accident analysis. It was titled “The
Organization of an Aircraft Manufacturer’s Air
Safety Program.”

Some eight months later, in September
1946, a technical paper presented by William
Stieglitz, an aeronautical engineer, at a special
ISA meeting provided additional far-sighted
views on the SSC. These included the following
quotations:

“Safety must be designed and built into
airplanes, just as are performance, stability,
and structural integrity.”

“Safety is a specialized subject just as are
aerodynamics and structures.”

“A safety group must be just as important
a part of a manufacturer’s organization as a
stress, aerodynamics, or a weights group...”

Thus, we can see that while at least in the
aviation industry, key elements of the SSC were
being formally discussed by forward-thinking
leaders as early as 1946, there was as yet little
detectable change in the majority of traditional
technical methods.
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Exxon Valdez. Human Error, Plain and Simple

uch has been made of the Exxon Valdez go-
Ming aground on Bligh Reef in Prince William

Sound in 1989 — and rightfully so. The ef-
fects of the disaster continue to this day. Why the Exxon
Valdez went aground is straightforward, although not
widely well understood. As can be expected, various
interests seized upon the catastrophe to support their
causes or improve their lots. Whereas it is now clear
that the ship went aground purely as a consequence of
human errors — there were no mechanical or electrical
failures — the event has been used to justify changes
that, while desirable, would not have prevented the
Exxon Valdez from going aground, or the subsequent
oil spill. Those changes include, inter alia, a variety of
improved navigational aids, expanded Coast Guard
monitoring capabilities, increased requirements for har-
bor pilots and required crew rest. In looking back, one
might be led to believe that the ship went aground in a
sea of red herrings. This article reviews what really hap-
pened on that night and incontrovertible evidence that
supports human errors — onboard the Exxon Valdez
and thousands of miles away at the Exxon Shipping
Company — in a failed safety culture as solely respon-
sible for the disaster.

Introduction

Most of you have at least heard of the Exxon Valdez
disaster. You probably remember it as a tanker that
went aground in Alaska and spilled 11 million gallons of
crude oil into natural habitats. Some of you might even
remember that the ship’s captain was accused of being
intoxicated and driving the ship aground. Those who
followed the story of the Exxon Valdez might also recall
some of the wide array of offered explanations, as well
as the recommended corrective “fixes.” There is some
truth to such recollections. The Exxon Valdez certainly
did go aground and spill a huge quantity of crude oil.
But the story of why it went aground is now quite clear.
Equally clear is the inability of those recommended
fixes to have had any effect on preventing the accident.
This is that story.

We begin with a brief description of what is sup-
posed to happen, i.e., normal tanker operations in
Valdez Bay and Prince William Sound. We follow that
with a description of what actually happened on that
fateful night in March, 1989. That description pinpoints
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Figure 1 — Exxon Valdez.

the immediate causes of the ship going aground — all
of them human failures. Then, we examine the array of
recommended fixes and identify why each one would
not have prevented the accident. Finally, we show that
the accident was solely the consequence of human fail-
ures in an inadequate safety culture. We assert that the
accident would not have occurred if the Exxon Valdez
crew and Exxon Shipping Co. management had com-
plied with established and published human perfor-
mance procedures.

Routine Valdez Tanker Operations
Valdez is a small town (population ~4,000) some 120
miles east of Anchorage, Alaska. As shown in the nauti-
cal charts in Figure 2, Valdez is located on the northeast
side of Valdez Bay. It is the only cultural center on the
Bay. On the south side of the Bay, the Alyeska Marine
Terminal is used to store crude oil piped from the Alas-
ka North Shore and transship it to seagoing tankers. On
average, two loaded tankers sail from Valdez every day.
In the 12 years before the Exxon Valdez accident, there
had been nearly 9,000 tanker sailings without a single
oil spill from going aground.

Tankers sailing from the Alyeska Terminal follow
a controlled route. They proceed into Valdez Bay, navi-
gate through the Valdez Narrows into the Valdez Arm
of Prince William Sound (Figure 2), and then into sea
lanes to their off-loading destinations: Panama, Los An-
geles or San Francisco. The Coast Guard Vessel Tracking
Center (VTC)/Marine Safety Office (MSO) controls and
monitors traffic in the Bay, and controls the inbound and
outbound traffic lanes in the Traffic Separation Scheme

(TSS) in the Valdez Arm of Prince William Sound to



NOAA Graphic

Figure 2 — Valdez Bay and Prince William Sound

within about six miles of Valdez Nar-
rows (the entrance to Valdez Bay
and Port Valdez). The traffic lanes
are almost a mile wide in most of
the Sound, but gradually decrease to
3,000 feet approaching the Narrows.
In 1989, a harbor pilot was required
to steer ships in the Bay and through
the Narrows. The ship’s master is
required to be on the bridge with
the pilot, as well as when navigat-
ing in coastal waters, e.g., the Valdez
Arm of Prince William Sound. By
and large, such tanker operations are
uneventful, with the primary hazard
to navigation being small to moder-
ate-size icebergs drifting south from
Columbia Glacier into the outgoing

lane, but also into the incoming lane

of the TSS.

What Happened on

the Night of March 23, 1989

The sequence of events leading to
Exxon Valdez going aground has
been documented by the National
Transportation Safety Board (NTSB)
Marine Accident Report [Ref. 1].
The ship arrived at Valdez at 11:35
p.m. on March 22, docked at the
Alyeska oil loading terminal and
prepared to load 1.25 million barrels
of crude oil [Ref. 1]. With the ship
loaded on March 23, the third mate
completed the testing of all required
navigation equipment and found

it operating properly. The ship de-
parted the terminal at 9:12 p.m. that
evening — an hour earlier than orig-
inally planned. The master was on
the bridge with the chief mate, the
helmsman and the required State
harbor pilot. As the ship departed
under the control of the harbor pi-
lot, the third mate relieved the chief
mate, and the master — contrary

to regulations — left the bridge.

The master did not re-appear until
requested by the pilot after clearing
the Narrows, putting the ship on its
outbound course of 219° (all head-
ings are True) and preparing to dis-
embark. At 11:25 p.m., the master,
in control of the ship, reported his
position to the Coast Guard VTC.
He advised that he was proceeding
in the outbound lane of the Traffic
Separation Scheme (TSS), with the
ship’s speed programmed to acceler-
ate from the Narrows’ speed limit
of 6 knots (7 mph) to “sea speed” of
16.25 knots (18.8 mph) — a pro-
cedure that would take about 43
minutes, i.e., until about 1:08 a.m.
on March 24.

As the Exxon Valdez continued
into the Valdez Arm of Prince Wil-
liam Sound, this 45-minute critical
chain of events evolved:

11:25 p.m.: The Coast Guard
watchstander at the Valdez Marine
Safety Office (MSO) requested a re-
port on ice conditions in the channel.
The master responded in a slurred
voice, “Okay. I was just about to tell
you that, ah, judging by our radar, I
we'll probably divert from, ah, the
TSS and end up in the, ah, inbound
lane if there’s no conflicting traffic.”
The watchstander confirmed that
the inbound channel would be free
of traffic, to which, the master re-
sponded, “That will be fine. Yeah. We
may end up over in the, ah, inbound
lane, outbound transit. Ah, we’ll
notify you when we leave the, ah,
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Figure 3 — Master’s Planned Course

TSS and, and, ah cross over the separation zone.” (Note:
Coast Guard approved deviations from the established
TSS lanes were common practice to avoid ice.)

11:31 p.m.: The master directs the helmsman to
come port (left) to 200° and advises the Coast Guard
watchstander, “I'm going to alter my course to 200°
and reduce speed to about 12 knots to, ah, wind my
way through the ice....” However, the master does not
change the activated ship speed program to increase to
sea speed (16.25 knots, 18.8 mph).

11:36 p.m.: The master directs the third mate, who
has just returned from assisting the pilot off the ship, to
take a fix of the ship’s position. He tells the third mate
that he will move the ship more quickly across the TSS
by bringing it farther port (left) to 180° — due south —
to skirt the ice (Figure 3). The third mate takes his fix
with a visual bearing on Busby Light and radar range.

11:39 p.m.: The fix shows the ship to be in the
separation channel.

11:43 p.m.: The ship is steady on a course of 180°.
As directed by the master, the helmsman engages the
autopilot. Changeover to the 0000-0400 watch is about
to start with the master, the second mate and a new
helmsman on the bridge. The master authorizes the
oncoming forward lookout (who has a cold) to take her
post on the starboard (right) wing of the bridge.

11:50 p.m.: The helm watch changes with the ship
steady on 180° and on autopilot. (Note: Policy prohibits
the use of the autopilot when navigating in the traffic
lanes.) The master advises the third mate that he will
be leaving the bridge “to do paperwork.” He instructs
the third mate to turn the ship back to the traffic lanes
when abeam Busby Light and to advise him that he
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Figure 4 — Exxon Valdez abeam.

has started the turn. He asks the third mate if he feels
“comfortable” with what he is to do. (Note: As shown

in Figure 3, the master has the ship crossing the TSS
inbound lane rather than entering it as approved by the
Coast Guard.) The third mate, who is not certified to
control the ship in coastal operations, decides to remain
on watch until the vessel has cleared the ice and not call
his relief, the second mate, who is scheduled to come on
watch at 11:50.

11:52 p.m.: The master leaves the bridge. (Note:
The Exxon Shipping Company “Bridge Organization
Manual,” requires that either the master or the chief
mate be on the bridge in charge of the watch when ar-
riving or leaving port or in congested waters.) The third
mate, expecting to alter course, takes the ship off auto-
pilot. This is observed by the helmsman.

11:55 p.m.: The ship is abeam Busby Light —
three minutes after the unauthorized departure of the
master. As the third mate is plotting the fix (Figure 4),
the lookout advises him that the red light of Bligh Reef
is to starboard (right). (Note: A red mark to starboard
when leaving port is cause for concern, but with the
ship deliberately heading due south across the TSS, the
red light of Bligh Reef should have been to starboard.)

11:56 p.m.: One minute late, the third mate or-
ders, “Ten degrees starboard (right) rudder.” In a crucial
oversight, he fails to check the rudder indicator on the
bridge. After ordering the right rudder, he telephones
the master as directed and informs him that he has
started to turn the vessel back toward the traffic lanes.
The master asks if the second mate is on the bridge. He
tells him that the second mate has not been called. The
ship is still building to “sea speed.”




Figure 5 — Track of the Exxon Valdez.

11:57 p.m.: Off the phone, the third mate goes to
the port radar and takes radar ranges from Bligh Reef
buoy and Reef Island, which he has in sight, to deter-
mine the ship’s change in course. There is none. (Note:
Large ships, such as the 214,861-deadweight-ton Exxon
Valdez, have large steering time constants, i.e., they
respond slowly to rudder inputs.)

11:59 p.m.: Now four minutes late, the third mate
orders, “20 degrees right rudder.” He checks the ship’s
rudder indicator to confirm the change. He notes that
the ship is not yet in the “red sector” of Busby Light
(Figure 4).

00:01%2 a.m.: The ship starts to turn.

00:02 a.m.: The third mate calls for “hard right
rudder.” The helmsman complies.

00:04 a.m.: The third mate telephones the master
and says, “I think we are in serious trouble.”

00.05 a.m.: As the telephone conversation is com-
pleted, the third mate feels the vessel contact the bot-

tom. The ship speed is about 14 knots (~16 mph) with
~3E9 ft Ib of kinetic energy being dissipated.

00:09 a.m.: The ship is aground on Bligh Reef
(Figure 5).

00:27 a.m.: Eighteen minutes after going aground,
the master advises the Coast Guard Vessel Traffic Con-
trol (VTC): “Yeah. Ah, it’s Valdez back. Ah, we've —
ah, should be on your radar there — we’ve fetched up,
ah, hard aground north of, ah, Goose Island off Bligh
Reef. And, ah, evidently, ah, leaking some oil, and, ah,
we’re gonna be here for a while. And, ah, if you want,
ah, so you're notified.”

The Exxon Valdez story continues to play out,
surfacing important issues, such as containing the oil
spill, getting the ship off the reef and minimizing the
environmental impact. But those issues are irrelevant in
determining why the ship went aground on Bligh Reef
and what actions would prevent other ships from facing
a similar fate. Those actions — recommended and ad-
opted — are the subject of the next section. But, before
addressing them, it is important to note from the fore-
going description of events that:

e The Exxon Valdez had no mechanical or electrical
failures

e The ship had a complete suite of navigational
equipment (Table 1)

e There were no failures with Coast Guard naviga-
tional aids

e The ship responded properly to the orders it re-
ceived

¢ The master and, subsequently, the third mate,
knew exactly where the ship was at all times

¢ Failure to execute the rudder order at 11:55 sealed
the fate of the Exxon Valdez.

Table 1 — Navigation Suite.

Ship Control Center
Sperry SRP-2000

RADAR
Raytheon RAYCAS V S-band
(out of commission)
Raytheon X-band (2)

LORAN C
VLF Omega
NavSat (Transit)

GPS

Figure 6 — Exxon Valdez aground.
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Explanations and Fixes
There has been no shortage of claims made to explain
the Exxon Valdez going aground (Figure 6). Those
claims — offered by various interests and sources os-
tensibly to prevent a recurrence of ships going aground
in the Valdez Arm of Prince William Sound — have
led to a variety of proposed, and oft-adopted, fixes. For
the most part, these so-called fixes neglect to recognize
that the Exxon Valdez went aground because of a series
of strictly human failures. Worse, they were predomi-
nantly a failed safety culture that tolerated deliberate
failures to adhere to established
policies and procedures. It was
not because of mechanical or

‘ ‘ There has been no shortage

and Exxon management knew it. It was just too expen-
sive to fix and operate” [Ref. 5].

Whereas the RAYCAS V was a technologically
advanced maritime radar system, it was not part of the
suite of “minimum essential equipment” necessary to
comply with the safety requirement for two operating
radars. The RAYCAS V capability to “paint” the Bligh
Reef corner reflector was not unique. As described ear-
lier, at 11:57, the third mate had the light of the Bligh
Reef mark in sight and was using a less-sophisticated
RAYCAS radar (the port-side radar) to take range and
bearing fixes. Whereas it could
be argued that the RAYCAS V

would have been more capable,

electrical failures or shortcom-
ings in Coast Guard navigational
aids and supervision.

Some claims are based on
assertions that are demonstrably
false. As an example, “The cap-
tain was confirmed to be asleep
when the ship crashed in Prince
William Sound’s reef” [Ref. 2].
Note that the third mate was on
the phone with the master twice
(11:56 p.m. and 00:04 a.m.) in
the 10-minute period before
the initial impact at 00:05 a.m.
Many other offerings simply

of claims made to explain
the Exxon Valdez going
aground.... Those claims —
offered by various interests
and sources ostensibly to
prevent a recurrence of ships
going aground in the Valdez
Arm of Prince William Sound
— have led to a variety of
proposed, and oft-adopted,
fixes. For the most part,
these so-called fixes neglect
to recognize that the Exxon

Valdez went aground because

of a series of strictly human

that was not an issue: The posi-
tion of the Exxon Valdez was
never in doubt.

The Coast Guard — In a
report addressing the Valdez ac-
cident, the Coast Guard enumer-
ated the the changes required of
it by the Oil Pollution Act (OPA)
passed by Congress in 1990: “To
strengthen (the Coast Guard’s)
regulations on oil tankers and
their owners and operators.
Today, tank hulls are specially
designed to provide maximum

miss the point. In that context
they are, in effect, red herrings in
Prince William Sound. Specific
examples include:

The RAYCAS V Radar — Much has been made
of the failure of the Exxon Shipping Co. to maintain
the ship’s advanced Raytheon Collision Avoidance Sys-
tem (RAYCAS) radar. One popular, but implausible,
claim asserted that the radar “if functional, would have
indicated to the third mate an impending collision with
the Bligh Reef by detecting the ‘radar reflector’ placed
on the next rock inland from Bligh Reef for the pur-
pose of keeping boats on course via radar” [Ref. 3]. In
another, “the radar system would have detected the ‘ra-
dar reflector,’ placed on the next rock inland from Bligh
Reef for the purpose of keeping boats on course via
radar” [Ref. 4]. In still another, “At the helm, the third
mate would never have collided with Bligh Reef had
he looked at his RAYCAS radar. But the radar was not
turned on. In fact, the tanker’s radar was left broken
and disabled for more than a year before the disaster,
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protection against oil spills. Com-
munications between vessel
captains and vessel traffic centers
have improved for safer sailing.
In addition, the Coast Guard implemented stronger
regulations on vessel traffic:

e The addition of three people at the Coast Guard’s
Vessel Traffic Service (VTS) to provide additional
watchstanders round the clock

¢ The close monitoring of fully laden tankers by sat-
ellite as they pass through Valdez Narrows and exit
Prince William Sound. In 1989, only Valdez Nar-
rows and Valdez Arms were watched. [Note: The
Coast Guard had two remote radar sites: one ad-
jacent to its Valdez office and one at Potato Point
(southwest end of the Narrows).]

e The continuous plotting of progress of all tankers
in the Valdez channel

¢ The improvement of foul weather survelliance
[sic] capability with the installation of an all-
weather radar system....



® The erection of a major lighted aid to navigation at

Bligh Reef” [Ref. 6].

Regarding the marker at Bligh Reef, one source
[Ref. 7] went so far as to claim erroneously, “The
Exxon Valdez ended up on Bligh Reef because they
did not follow the correct route and did not see the
warning markers.”

While improved markers are desirable, they and
the other improvements cited here — if present when
the Exxon Valdez went aground — would not have pre-
vented the accident. True, the position and course of
the Exxon Valdez were not known to the Coast Guard
VTC as the accident was playing out. But both the posi-
tion and course were well known to the master until he
left the bridge three minutes before the critical course
alteration was to be made. As detailed in the NTSB Ma-
rine Accident Report [Ref. 8], the third mate, in control
after the master departed, knew the position of the ship
throughout its progress to Bligh Reef. In fact, the third
mate was consumed with position fixing to the neglect
of steering the ship and controlling its speed.

The MIT Analysis — A group at MIT examined
the Exxon Valdez accident as part of “A New Approach
to System Safety Engineering” [Ref. 9], wherein the
thrust was to design safety into systems so as to pre-
clude accidents. Whereas their approach is admirable,
the use of the Exxon Valdez as a case in point — in-
cluding questioning the culpability of the master — is
not. Using the catch question, “Was he [the master] to
‘blame’?” the “New Approach” identifies eight dubious
causative factors that “spread the blame” and reduce the
key role of human failures:

® “State-of-the-art iceberg monitoring equipment
promised by oil industry, but never installed.” This
could be true, but it is not a causative factor un-
less the argument is made that the Exxon Valdez
altered course on the basis of non-existent ice. But,
there is no evidence to support that. Hazardous
ice buildups from calving glaciers are common
occurrences in Prince William Sound and, as on
this occasion, appeared on ship’s radar. A common
practice, endorsed by the Coast Guard, was to steer
around such build-ups, as was being done by the
Exxon Valdez and other ships that day.

e “Radar station in city of Valdez, which was respon-
sible for monitoring the location of tanker traffic in
Prince William Sound, had replaced its radar with
much less powerful equipment. Location of tank-

ers near Bligh Reef could not be monitored with
this equipment.” The Coast Guard Valdez Marine
Office of Safety (MOS) was primarily concerned
with ships in the Valdez Arm near the Narrows,
the Valdez Narrows and Valdez Bay. It provided
tracking information out into the Valdez Arm and
Prince William Sound as a service — not a require-
ment. That night, the Coast Guard watchstander
had the Valdez Arm radar (at Potato Point) set on
short range and was not tracking the Exxon Valdez.
When the Exxon Valdez was reported aground, the
watchstander set the radar to long range and im-
mediately detected the ship (albeit now broadside
to the radar). It could be argued that had the Coast
Guard been tracking the Exxon Valdez, it could
have warned that it was on a dangerous course, but
the master knowingly set the ship on that course
and the Coast Guard knew he had turned south.
The ship’s course became unrecoverable when the
third mate failed to make the ordered turn. Again,
it is important to note that the position of the
Exxon Valdez was not in doubt.

“Congressional approval of Alaska oil pipeline and
tanker transport network included an agreement
by oil corporations to build and use double-hulled
tankers. Exxon Valdez did not have a double hull.”
Clearly, except to the extent that it affects the
draft, the hull construction of the ship is irrelevant
to going aground. Even so, the maximum vertical
damage penetration measured...was 10.9 feet in
two locations [with] transverse frames...deformed
upward from 8 to 15 feet.... thus, minor leakage
probably could still have occurred.... [But,] any
outflow would have been expected to be consid-
erably slower if the vessel had had a double bot-
tom...” [Ref. 10]. The double-hull issue is another
red herring when examining why the Exxon Valdez
went aground.

“Crew fatigue was typical on tankers. Crews rou-
tinely worked 12- to 14-hour shifts, plus extensive
overtime.” Although difficult to measure, various
degrees of crew fatigue can be inferred from their
on-duty time and sleep history. Long shifts for
some crew members were characteristic of loading
and unloading the ship, but not during the longer
periods at sea. Normal watches underway were
four hours on, eight hours off. There is no evidence
that the master was suffering from overwork or
sleep deprivation. Conversely, the unqualified third
mate, who was in control of the ship by virtue of

a human failure by the master, was judged by the
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accident investigation board to have been impaired
by “fatigue and excessive workload,” even though
he made the decision not to be relieved by the
rested and qualified second mate. The malassign-
ment of personnel on the bridge was magnified

by the change in departure time (9:00 p.m. rather
than 10:00 p.m.) that put the ship in the critical
Bligh Reef region during watch changeover (11:50
p.m.) rather than an hour into the second mate’s
watch (00:00 a.m. to 04:00 a.m.).

e “Coast Guard at Valdez assigned to conduct safety
inspection of tankers. It did not perform these
inspections. Its staff had been cut by one-third.”
There is no evidence that the Exxon Valdez, before
or after the accident, had any safety deficiencies.
Another red herring: As attested by the harbor
pilot, the third mate’s inspection and the accident
investigation, all required systems were function-
ing properly.

e “Tanker crews relied on the Coast Guard to plot
their position continually. Coast Guard operating
manual required this. Practice of tracking ships all
the way out to Bligh Reef had been discontinued.
Tanker crews were never informed of the change.”
This is simply a misconception. The crew of the
Exxon Valdez did not rely on the Coast Guard
to plot its position. The mate on watch had the
responsibility of plotting the ship’s position. Fur-
ther, the position of the Exxon Valdez was never in
doubt. (Note: The Exxon Valdez also had Global
Positioning Satellite (GPS) capability, but there is
no reference to it being used.)

e “Spill response teams and equipment were not
readily available. Seriously impaired attempts to
contain and recover spilled oil.” Whereas this is
true, it actually has no bearing on the Exxon Val-
dez going aground.

® “[The master] was tried for being drunk the night
the Exxon Valdez went aground. He was found
‘not guilty.”” This is true, but the implication that
he was not impaired by alcohol is not. Through
a series of glitches, the blood alcohol sample was
not taken until some 10 hours after the accident.
Although the alcohol content was unacceptably
high, the master’s lawyer successfully argued that
those results could be attributable to alcohol con-
sumed by the master after the traumatic accident
— notwithstanding that alcohol was not permitted
aboard the ship. An in-depth, but not conclusive,
frequency analysis of the master’s speech [Ref. 11],
recorded by the Coast Guard before the accident
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(see previous examples at 11:25 p.m. and 11:31
p.m.), found it consistent with alcohol impairment.
The accident investigation concluded the master
was alcohol-impaired at the time of the accident.

Human Failure, Plain and Simple

A careful review of the facts shows that the Exxon Val-
dez did not go aground because of any mechanical or
electrical failures, the absence of Coast Guard oversight
or inadequate navigational aids. Rather, it went aground
solely because of a series of human failures — primarily
failures to comply with established regulations, policies
and procedures — starting well before the actual event.
The number of human failures is sufficiently large as

to require questioning the safety culture in the Exxon
Shipping Co. and, in particular, the senior crew of the
Exxon Valdez. Significant human failures include:

Human Failure 1 — Well before the accident, the
Exxon Shipping Co. was aware that its master of the
Exxon Valdez was an alcoholic with a record of “driv-
ing under the influence.” In accordance with company
policy, crew members with an alcoholic dependency are
required to complete a rehabilitation program, followed
by abstinence. The master did neither. This policy also
“prohibits the use, possession, distribution, or sale of
drugs and alcohol on company premises...[and forbids]
being unfit for duty because of the use of drugs or alco-
hol...” [Ref. 12]. Further, crew members had reported
to company management that the master was drinking
and observed him openly drinking in Valdez the day
the ship sailed. In effect, the company “looked the other
way” and continued him as the master. Had the compa-
ny human resources and medical departments complied
with company policy, there would have been another
master onboard the Exxon Valdez.

Human Failure 2 — Before the Exxon Valdez
sailed for Valdez, an Exxon seaman reported to Exxon
Shipping Co. management personnel that the master
was using alcohol. No action was taken.

Human Failure 3 — The master is observed by
other crew members to be drinking in Valdez before the
Exxon Valdez sails. No action was taken.

Human Failure 4 — The master did not comply
with the requirement to be on the bridge as the pilot
takes the ship from the Alyeska Terminal into Valdez
Bay and through the Valdez Narrows. He saw the pilot
off only after the pilot requested his presence.

Human Failure 5 — Contrary to standard op-
erating procedures, the master ordered the ship’s
programmed speed control to achieve Sea Speed (16



knots) in the coastal waters of Prince William Sound.
A consequence of this human failure is a higher speed
than allowed, greater turning radius and more damage
when going aground.

Human Failure 6 — In response to Coast Guard
approval to use the inbound traffic lane, the master told
the Coast Guard that he was altering, heading to 200°
to enter the inbound lane of the
TSS. He subsequently steered
180° to expedite transit through
the separation zone, through the
inbound lane and into hazardous

‘ ‘ Human failures in commission

be in a position to make the decisions that led to the
Exxon Valdez going aground.

As for the third mate, we assert that he bears some
responsibility for the accident by not recognizing his
limitations. Whereas he claimed to be “comfortable” fol-
lowing the master’s orders, we picture him as a relatively
inexperienced mate eager to gain experience in control-
ling the Exxon Valdez in coastal
waters — a job both he and the
master knew was above his “pay
grade.” We see him making three
serious “rookie” mistakes:

waters before his planned turn
back onto the outbound head-
ing. He failed to advise the Coast
Guard of this change in heading.
Human Failure 7 — The
master put an unqualified third
mate in control of the ship.
Human Failure 8 — The

and omission of key actions
by the master sealed the fate
of the Exxon Valdez. Clearly,
as required by company
policy, he should have been

replaced as master until

successfully completing
an approved rehabilitation
program. Was anyone else
to blame? Here again, the

First, he neglected to con-
firm his rudder order by observ-
ing the rudder indicator. Whereas
it cannot be substantiated with
evidence, we see the confusion
between the third mate and the
helmsman on the use of “hand
steering” or autopilot as the key

master, required to be on the
bridge, left the bridge “to do some
paperwork” — a scant three min-
utes before the critical course
alteration was to be made.

Human Failure 9 — The third mate decided he
should stay in control of the ship rather than have the
scheduled and qualified second mate take control.
(Note: If the watch change to the second mate had
started as scheduled at 11:50 p.m., the changeover
briefing, with the master present, would have covered
the rudder change to be made abeam Busby Light at an
estimated time of 11:56 p.m.)

Human Failure 10 — The third mate and the
helmsman, between them, failed to initiate the criti-
cal course alteration that would miss Bligh Reef. The
third mate, in control, failed to monitor the ship’s
rudder position.

Conclusion

To the MIT question, “Was he to blame?” we assert
the evidence — as presented here — supports an
unarguable “yes.” Human failures in commission and
omission of key actions by the master sealed the fate
of the Exxon Valdez. Clearly, as required by company
policy, he should have been replaced as master until
successfully completing an approved rehabilitation
program. Was anyone else to blame? Here again, the
evidence supports a “yes.” The omission of key actions
by the Exxon Shipping Co. to execute its written
policy on alcohol and drug use allowed the master to

evidence supports a ‘yes.’9 9

contributor. It appears that the
helmsman used the autopilot to
put in the 11:56 order for “10 de-
grees starboard rudder” when the
ship was in hand steering mode.

Second, his navigation prowess is at issue. We
would argue that considering the criticality of the turn
abeam Busby Light, it was another “rookie” mistake to
wait until the ship was “abeam Busby Light” to take his
fix. A more experienced navigator would dead reckon
(DR) ahead from the last fix to the turning point and
use that estimated time of arrival (ETA) to have the
helmsman put in 10 degrees starboard rudder, or al-
ternatively order the turn on his “mark” when visually
abeam Busby Light. This would have saved one or two
critical minutes equating to a quarter or a half-mile —
perhaps enough for subsequent unintended events to
play out and still miss Bligh Reef.

Third, again related to his navigation prowess, at
11:59 p.m. he failed to recognize the potential cata-
strophic consequences of the ship not turning. He called
for a modest “20 degrees starboard rudder” to make
up for the missing 10 degrees starboard rudder. Had
he called for “hard starboard rudder” as he did three
minutes later at 00:02 a.m., the ship would clear Bligh
Reef. Also, he failed to slow the ship as it continued its
programmed increase in speed and associated growing
turning radius.

Whatever the reasons for the accident, it is interest-
ing to note that subsequent simulations showed that had
the master’s rudder order (10 degrees starboard rudder
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when abeam Busby Light) been executed, the Exxon
Valdez would have missed Bligh Reef and continued on
an uneventful trip. The master would have continued his
career and no one would have been the wiser — until his
next cataclysmic human failure.

The recommended and ac-
tually implemented “fixes” have
the appearance of enhancing the
safety of maritime operations in
Prince William Sound. But they
would not have prevented what
happened to the Exxon Valdez.
Most of them relate to determin-
ing the accurate positions of ships
— something not at issue with the
Exxon Valdez. Hence, the fixes are
largely red herrings. Only the use
of a pilot all the way to Bligh Reef
(essentially removing control from
the master) offers any hope of having kept the Exxon
Valdez off the reef — assuming the pilot does not make
cataclysmic human errors.

As a post script, with all the attention on the Exxon
Valdez and the host of subsequent fixes and “improve-
ments,” “a [136-ft] tugboat [drawing only 19 feet and
scouting icebergs] ...ripped open on Prince William
Sound’s Bligh Reef in 2009.... [The captain] was un-
aware of the boat’s position when he put it on a crash
course with the infamous and well-known navigational
hazard.... [The captain] changed the tugboat Path-
finder’s course, increased its speed and was playing a
computer game just before it ran aground...” [Ref. 13].
We would say this was unarguably another human fail-
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Safety Gase Workshop

Case Workshop was conducted

in Huntsville, Alabama under the
sponsorship of the SAE International
G-48 System Safety Committee and
A-P-T Research, Inc. (APT). Attend-
ees from industry, government and
academia participated, with several
making formal presentations on vari-
ous safety methods. Industry focus
is turning to international pursuits,
which involve a broader understand-
ing of different approaches to ensur-
ing safety. The United States has typi-
cally used a process-based approach
in managing system safety programs,
but there is a current movement to
use the evidence-based Safety Case
approach to validate the safety of
systems. At the conclusion of the
workshop, participants reached the
consensus view that the Safety Case
approach merits being accepted
among the best world-wide system
safety practices.

In January 2013, a two-day Safety

Background

During the 2013 International Sys-
tem Safety Conference (ISSC), the
SAE International G-48 System
Safety Committee' accepted an ac-
tion to investigate the utility of the
Safety Case approach in relation to
ANSI/GEIA-STD-0010-2009. The
Safety Engineering and Analysis Cen-
ter (SEAC) of A-P-T Research, Inc.
(APT) offered to organize and host
a workshop for that purpose. The
SEAC was formed as a division of
APT to support independent stud-
ies and risk assessments with special
capabilities in safety. Leaders in the
field were invited to present at the
workshop, and a panel was selected.

! The charter of the G-48 Committee
includes establishing national best
practices in system safety.

by Tom Pfitzer, Tom Del.ong, Saralyn Dwyer, John Frost, Dave West

Moderated by John Frost, the panel’s
presenters included Dave West,
SAIC; Don Swallom, U.S. Army
Aviation and Missile Command
(AMCOM); John McDermid, pro-
fessor of software engineering at the
University of York, UK_; Barry Hen-
drix, Lockheed Martin; Dr. Homay-
oon Dezfuli, National Aeronautics
and Space Administration (NASA);
Robert Schmedake, Boeing; and Tom
DeLong, APT. Representative mem-
bers of industry, government and
academia included AMCOM, APT,
Boeing, NASA, Northrop Grumman,
Missile Defense Agency (MDA),
SAIC and the University of York.

Scope
The purpose of the workshop was to
identify the best relative approach

Huntsville, Alabama

to benefit the system safety disci-
pline and make a recommendation
to the G-48 Committee in an effort
to define the best practices of sys-
tem safety. The approaches reviewed
and the findings of each are summa-
rized here.

Safety Cases:

Purpose, Process and Prospects
The basic concepts and processes

of the Safety Case approach were
presented by John McDermid, Uni-
versity of York, UK. In Ministry of
Defence (MoD) practice, a Safety
Case is defined as a structured argu-
ment supported by claims of why
the system is adequately safe. The
claims may initially be unfounded;
during the course of the safety pro-
gram, evidence is gathered to confirm
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Figure 1 — Role of (Final) Safety Case.
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or deny the claims. The focus of the
program is on gathering evidence,
which consists of analyses and data
which correlate with the tasks in
the ANSI/GEIA Standard and the
MIL Standard. As shown in Figure
1, which reflects UK. MoD practice,
the final safety case offers evidence,
which provides a comprehensive
and compelling case that a system

is safe to operate in a given scenario.
Because these arguments are defined
at the beginning of a program, they
establish safety requirements that
need evidentiary support to eventu-
ally conclude that the system is ad-
equately safe. These claims and the
supporting evidence must be inde-
pendently reviewed prior to the risk
acceptance decision.

Other Approaches
Presented for Comparison

The ANSI/GEIA Process for
System Safety Assurance

The background and principles of
the ANSI/GEIA Standard (ANSI/
GEIA-STD-0010-2009) developed
by the G-48 were presented by
Dave West, SAIC. The primary fo-
cus of this document is to simplify
work elements and process flow,
modernize the risk assessment ma-
trix and introduce risk summing.
The basic elements of an effec-
tive system safety program defined
by the ANSI/GEIA Standard are

shown in Figure 2.

The MIL-STD-882 Process

The principles of MIL-STD-882E
were presented by Don Swallom,
AMCOM Safety. The basic elements
of the standard were presented, as
was background information on the
standard. The basic elements of an
effective system safety program, de-
fined by MIL-STD-882E, are shown
in Figure 3.

SAE ARP 4761 Process

The SAE ARP 4761, SAE ARP 4754,
IEEE STD 1228 and DO-178 pro-
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cess was presented by Barry Hendrix,
Lockheed Martin. These documents
focus on complex aircraft systems
and the development of safety assess-
ments that lead to certifications. The
basic products include a Functional
Hazard Assessment (FHA), a Pre-
liminary System Safety Assessment

(PSSA) and a System Safety Assess-
ment (SSA). Residual risk is not part
of the Aerospace Recommended
Practice (ARP) process, as require-
ments must be met with few excep-
tions. The safety processes associated
with aircraft systems are summarized
in Figure 4.
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Application of

Safety Case at NASA

Dr. Homayoon Dezfuli presented
the NASA evolution of system
safety and risk management, as well
as the current thinking regarding
system safety. The NASA system
safety framework, documented in

NASA/SP-2010-580, is shown in
Figure 5.

Of note was a concept of how
to account for Unknown/Underap-
preciated (UU) risks. NASA recog-
nized the need to consider the gap
between the known risk and actual
risk when applying safety thresholds

and goals. The concept of safety per-
formance margin is used to account
for UU risks. This provides a rational
basis for deriving verifiable require-

) ments on known risks.
Requirements, RISC
SSRA
2 . Evaluation
Epvaluatloln Risk-Informed Safety Case (establish , RisC Safety Case and
(h m;oﬁoks) ________ confidence Approval Software Development
andashake
. level) : . .
 Evidence Robert Schmedake, Boeing, dis-
(Sys;gm safety Agtivitie(sj . Confidence Deficit Cuiisid th_e Safetgr Casil approfz:ch
achieve safe system and € an oW lt can e use in software
produce evidence) &
Provider development. The current methods

in the standards are not bad; how-
ever, there is room for improve-
ment where software is concerned.
The advantages of using the Safety
Case approach include defining ex-
plicit claims for the safety design up
front, giving safety claims to build
an argument and providing evi-
dence (analysis, inspection, dem-
onstrations and tests) to support
claims. The disadvantages include:
a system-domain requirement for
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MIL-STD-882

1. Documentation of the ————p 1.
system safety approach

to an acceptable level

6. Verification of mishap
reduction

7. Review and acceptance------ -
of residual mishap risk by
the appropriate authority

8. Tracking hazards and
residual mishap risk

ANSI/GEIA-STD-0010

Program Initiation

— 2. Hazard Identification — )
2. ldentification of hazards and Tracking be used in safety case
3. Assessment of mishap risk:-f- » 3. Risk Assessment > 1. Devglop program e
provide supporting
4. ldentification of mishap------T ---p 4. Risk Reduction evidence and
risk mitigation measures i T independent review
5. Reduction of mishap risk----- ' — 2. Provide supporting

[FAPREAS

The eight program elements
outlined in MIL-STD-882D
and earlier versions were
combined and simplified
into five, to provide a more
concise representation of
current consensus practices.

Safety Case Approach

% O. Articulate arguments
(rationale & claims) to

evidence (I - A=-R)

% 3. Independently review,
verify and validate

) 4. Review for acceptance
- A

%k Feature not currently
in Best Practices

Figure 6 — Mapping Between Standard Approaches — Traceability Has Been Defined Between ANSI/GEIA-STD,

MIL-STD and Safety Case Approach.

expertise of the developed system. Also, re-use of prior
analysis can be problematic since the original case is
specific to the original system context.

Comparison of Methods

Tom DelLong, APT, summarized the various methods
and led a group discussion on each. It was noted that
in the U.S., NASA and the FAA are moving toward the
Safety Case approach.

In the U.S,, the safety assessment report (SAR)
comes closest to the Safety Case approach; however, a
Safety Case is broader in scope than the SAR. A Safety
Case is a structured argument, supported by evidence,
which provides a comprehensive and compelling case
that a system is safe to operate in a given scenario. When
compared to the SAR, the biggest difference is the use of
arguments and associated evidence to justify them.

When looking at U.S. Army systems, safety processes
that seem to be working best include fuzes, rocket motor
ignition systems, insensitive munitions and similar items
with the following common characteristics: detailed re-
quirements that are included in contracts, well-defined
processes to meet the requirements and demonstrate
compliance, and a designated group of experts to validate
compliance. The safety case approach can also provide
the same benefits for a broader set of domains.

The Safety Case approach is a structured way
of showing the work done on a safety program and
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highlights the importance of an independent evalu-
ation group. By defining arguments at the beginning
of a program, safety becomes the advocate rather
than the protagonist. This approach could change the
profession in profound ways by using a positive, front-
loaded approach.

Findings

Comparison of existing ANSI/GEIA-STD-0010 and
MIL-STD-882 techniques found that the Safety Case
approach includes the most critical elements of these
techniques, as mapped in Figure 6. Strengths found in
the Safety Case approach that are not included in the
U.S. approaches include a beginning step that articu-
lates the rationale, or requirements, to be used and an
independent review of the safety approach.

A significant portion of the workshop was dedicated
to investigating the strength of the Safety Case. It was
noteworthy that with more than 1,000 person-years of
safety experience in the room, there were few negative
responses and a great many positives. The highlight of
the second day of the workshop was reaching consensus
on these strengths and observations, as shown in Table
1. The structured, evidence-based approach to satisfy-
ing the safety arguments established at the start of the
program offers benefits that were not included in other

techniques. The consensus of the workshop is summa-
rized in Table 1.



Table 1 — Strengths and Observations Concerning the Safety Case Approach.

Strengths
1. Includes clear, early definition of most compelling issues

Observations
Not included in ANSI/GEIA or 882

2. Burden of proof is on the provider

3. Provides a baseline (normalcy map) for safety of the
system

4. Explicit argument tying objective and robust evidence to
support proof of claim

5. Essential narrative communicates effectively to decision
makers, risk takers and other stakeholders

6. Requires robust evidence to support key decisions
(e.g., to operate systems)

7. Explicitly addresses the needs of the decision maker in
deciding whether to accept a system, permit a system to
proceed to the next phase of development or go to operation

8. The approach is highly tailorable to fit the need for
evidence and the complexity of the system

All safety processes are tailorable; however, this approach
seems to be more so because the arguments are unique to
the decision

9. Inclusion of independence in review of the case (claims,
arguments)

Not included in ANSI/GEIA or 882

10. Evidence and independent review can aid in risk
acceptance phase

Review panels or experts will develop consistent rules

11. Encourages multiple approaches to capture evidence/
facts vs. assumptions

Existing SARs may not include all supporting evidence

12. Promotes a comprehensive assessment of the positive
safety aspects of a design but does not overlook negative
aspects of the design

Fills potential gaps in 882

13. Facilitates incorporation of methods, processes and
tools from all existing sources

Freedom for broad tailoring

14. Enables development of risk acceptance criteria in
context of overall system risk

Enables focus on overall system level risk and does not
mandate individual hazard risk assessment code

15. Visibility of progress toward achieving and demonstrat-
ing safety objectives

Serves as a road map for the program manager

16. Derived safety requirements from the statement of the
arguments and hazard analysis can be put into systems
engineering earlier than is currently being done

17. Earlier visibility of shortcomings (e.g., gaps in evidence)
and understanding significance

18. International standardization of safety methodology

Saves costs on multi-national programs

19. Facilitates a holistic view of complex systems, acknowl-
edging that safety is an emergent property

20. Supports legal defense

List of hazards can impede legal defense

21. Encourages system safety approach to become more
evidence-based as opposed to product-or process-driven

22. Is compatible with and unifies otherwise potentially
fragmented system safety processes and approaches

23. Encourages systematic attempt to identify where claims
may not be satisfied

This method requires expertise in the system domain of the
developed system

Requires up-front work and may make reuse of prior
analysis problematic

Requires training and implementation strategies

Requires extensive oversight by qualified practitioners
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A concept of what should be included in the Safety
Case approach was developed, as shown in Figure 7.
Ideally, a Safety Case makes success-oriented claims that,
when combined, form the safety argument. After evi-
dence is developed, the claims and evidence are reviewed
independently, leading to risk-informed decisions.

Recommendations Presented to the G-48

The workshop recommended that the G-48 Com-
mittee take steps to fully embrace the Safety Case
approach as a recognized “best practice.” It is also
noted that multiple U.S. organizations, including
NASA, major aerospace companies and the Chemi-
cal Safety Board, are already embracing the Safety
Case approach.

Further, the workshop recommends that key
features of the Safety Case approach be incorporated
into existing approaches documented in ANSI/GEIA-
STD-0010. These features include:

e Early identification of arguments required to dem-
onstrate that a system is adequately safe

® Development of compelling and comprehensive
evidence to underpin the claims of safety
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¢ Independent review by qualified experts prior to
risk acceptance decisions

® Incorporation of evidence that the claims have been
substantiated in safety assessments of the system

Actions Taken by the G-48 Committee

On the following day, January 16, the SAE Internation-
al G-48 System Safety Committee convened a meet-
ing, which included review of the previously outlined
strengths and recommendations. During that meeting,
the G-48 Committee endorsed the recommendations
of the workshop and defined actions that would ulti-
mately incorporate the Safety Case approach into doc-
umented “Best Practices.” The actions assigned included
developing a workshop paper documenting the findings
of the group, developing a track/panel on this approach
for the International System Safety Conference (ISSC),
and planning the path forward for including the Safety
Case approach in a future version of ANSI/GEIA-
STD-0010-2009.

Conclusion
For more than 40 years, the process-based approach has
been used within the U.S. to manage system safety pro-



grams. These include the eight-step MIL-STD process
and the IARA process used in the ANSI/GEIA Stan-
dard. During the past 15 years, a growing number of ad-
vocates have been using the evidence-based Safety Case
approach to validate the safety of systems. A review and
comparison of the methods show that the Safety Case
approach includes strengths not found in the process-
based approach. Therefore, it is concluded that the Safe-
ty Case approach has merits worthy of being accepted
among the best world-wide system safety practices.
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‘Technical Safety’ or ‘System Safety’? Why Names Matter

y providing safety and risk management con-

sulting services, we have the opportunity

to be regularly involved with clients from a
number of different industries. We often in-

by Sergio Oliva and Ricardo Lopez
Houston, Texas

versality. The terminology used by industry experts

frequently differs from the terms used by colleagues

in other industries, despite the fact that similar, if not
identical, methods, ideas and contraptions

teract with professionals of varied trajec-
tories and backgrounds, many of whom
have never received comprehensive
training in system safety. Those indi-
viduals are by no means less com-
petent in their jobs; however, their
schooling in system safety often
comes from a senior colleague or
mentor who held a safety-related po-
sition during a long career in a single
industry. More often than not, the indi-

are used by all. This is extensive to our
chosen profession and to the actual field
of system safety.

System Safety in All Its Flavors
After the previous experiences
with our clients, we questioned our

own understanding of the subject.

“System safety” may be traced to the

production of ballistic missiles in the

U.S. during the decade after World War II

vidual’s understanding of system safety is
reduced to his or her limited exposure to
this rich and diverse field.

A few months ago, we were involved in an off-
shore project for an oil and gas client. We visited the
client’s office for a project presentation. The meeting
was on a normal course until we brought up certain
system safety issues that required our attendee’s re-
view. These issues were under the label of “technical
safety,” which in hindsight was a mistake. We were
soon challenged to offer a definition of technical
safety, which in our view was no different than system
safety. This gentleman argued that technical safety
was different from the other “safeties” such as system,
functional or operational safety. Coincidentally, a few
weeks later in a meeting with a different group of cli-
ents, we mentioned that our expertise included system
safety. One of the meeting participants immediately
asked: “What system?”

The preceding experiences made us consider
how safety professionals may use tools, techniques
or mental constructs that were developed in differ-
ent industries, and originally labeled under differ-
ent names. It is a matter of fact that familiarity with
equipment, processes or activities in a technical field
favors the use of unique terminology to the point of
developing a professional jargon that is intelligible
only to insiders. The constant repetition of a term by
specialists in an industry without a clear definition
of that term’s meaning creates a false sense of uni-

[Ref. 1]. The first system safety practitio-
ners developed methods to assess risks and
controls of the hazards related to the rapidly changing
technologies they were facing. Some of the new quan-
titative methods were highly favored by the emerging
computerization taking place in military technol-
ogy. Analyses were initially time consuming, limited
and restricted to a few classified reports. In time, the
proven success of the methodology became known
worldwide. System safety as a professional field was
thereafter established.

Variations of the concept of system safety have
been offered by experts, but the almost 40-year-old
definition remains up to date: “The application of
engineering and management principles, criteria and
techniques to optimize all aspects of safety within the
constraints of operational effectiveness, time and cost
throughout all phases of the system life cycle” [Refs. 2 &
3]. The completeness and broad scope of system safety
is manifest when the term “system” is subsequently
defined [Ref. 4]: “An integrated composite of people,
products and processes that provide a capability to satisfy
a stated need or objective. “

We are personally aware that the aforementioned
definition of system safety is accepted and in use in
several industries, such as aerospace, defense, mass tran-
sit and medical device manufacturing. We are also aware
that some areas of the body of knowledge of system
safety have acquired their own specific names. Col-
leagues in various industries have attempted to define
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Table 1 — System Safety Under Different Names

Name Most Accepted Definition Industry Reference
Functional Safety Part of the overall safety relating to the Equipment | Electronics, [5]
Under Control (EUC) and the EUC control system, [ Oil & Gas
which depends on the correct functioning of the
electric/electronic/programmable electronic safety-
related systems, other technology safety-related
systems and external risk reduction facilities
Operational Safety The systematic management of the risks associated | Civil Aviation, | [6]
(Management) with flight operations, related ground operations Railway,
and aircraft engineering or maintenance activities to | Nuclear,
achieve high levels of safety performance Oil & Gas*
Process Safety The proactive identification, evaluation and mitiga- | Oil & Gas, 71
(Management) tion or prevention of chemical releases that could Chemical
occur as a result of failures in process, procedures
or equipment.
Technical Safety The limits, controls and related actions that estab- | Nuclear, [8] [9]
(Requirements) lish the specific parameters and requisite actions Oil & Gas
for the safe operation of a (nuclear) facility. Upstream™*

* The use of “operational safety” has been adopted by these industries, civil aviation notwithstanding, without
any formal definition. The reader may refer to [10] for more on the topic.
** No definition of “technical safety” for Oil & Gas is provided in [8], despite its title.

these safety areas, with limited success. Table 1 shows a
list of definitions based on the authors’ experience.

One may argue that since people have always
been part of the system, occupational safety is there-
fore embedded in system safety. Perhaps for pragmatic
reasons, the safety of workers in the workplace has
been historically addressed by specialists with little
experience in system safety. By the same token, Sys-
tem safety practitioners are often unaware of all the
intricacies and requirements that compliance with
workplace safety and labor laws demands from our oc-
cupational colleagues. This is especially true when the
manufacturing, testing and deployment of a system
imply managing people with different cultures and
languages, and in compliance with laws in workplaces
scattered around the globe.

Specialized scientific knowledge often spins off
in time into a new field of science. The contributions
of its practitioners propel the development of the
new field with its ultimate acceptance by the scien-
tific community and the general public. Process safety
may be one of these cases as defined in Table 1. Any
plant safety aspect related to a potential chemical re-
lease is now typically under the label of process safe-
ty. Its practitioners customized system safety methods
in the 1980s, and even created new techniques to
address the unique issues of the process industries,
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more specifically in petrochemical facilities. Layers of
protection analysis (LOPA) and safety integrity levels
(SIL) are examples of that effort. At best, these tech-
niques match the capabilities of fault and event tree
analysis. However, that does not change the fact that
LOPA and SIL are central to process safety, and are
often the first quantitative tools of choice for practi-
tioners in that field.

The use of preceding modifiers to the term
“safety” is customary in many industries and mostly
useful to characterize a specialization within the
broad professional field of safety. The modifier iden-
tifies the specialty to make a clear distinction from
others. “Patient safety,” “radiation safety” and even
“system safety” are examples of that use. Therefore,
the names in Table 1 suggest that those areas of safety
are somehow different from system safety, and indeed
perceived by many as disconnected from our cho-
sen profession. Some may argue that the specialized
knowledge required in those industry niches deserves
specific designations within the safety profession.
Time will tell, but a false sense of uniqueness is por-
trayed in the meantime. As long as no clear definition
of those specialties is provided and the use of system
safety methods continues, system safety practitioners
are affected. Professionals and others with little expo-
sure to system safety tend to believe that the meth-



odologies used in Table 1 specialties were developed
within, or for, those industries alone. Managers and
other decision-makers are often doubtful of methods
and tools applied by outsiders, let alone of hiring sys-
tem safety practitioners from a different industry. It
may take years for a risk assessment technique to be
tested and adopted outside its industry of origin [Ref.
11]. The frequent re-labeling of methods once they
migrate to different industries compounds the detri-
mental effect. New practitioners are prevented from
finding the original association, and often remain
uninformed of concurrent breakthroughs by peers in
other industries.

Conclusion

Despite the issues discussed here, world-class organiza-
tions are working to close the gap among professionals
on issues related to safety and risk assessment. In the
Internet age, a professional forum is relatively inex-
pensive to create, and the benefits may be accessed by
colleagues worldwide. The International System Safety
Society is an example, for its outreach to foster com-
munication among professionals of different industries
across the globe.

As technologies and systems continue evolving,
and capital projects remain fraught with risks, system
safety will have an important place in project manage-
ment. System safety practitioners will certainly have
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an important role in the optimization of all aspects of
safety. This role will be fostered if it is derived from a

cooperative effort among professionals in every indus-
try — or it will likely be hindered by the atomization

of our chosen profession.
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0SH Management Systems:

Will They Hold Up in a Court of Law?

The best occupational safety and health (OSH) man-
agement systems are “standards-based,” i.e., they are
grounded solely in the U.S. Code of Federal Regula-
tions and other official statutory requirements. They
employ standards based on the law and, consequently,
provide significant liability protection.

Unfortunately, and often unknown to users, many
OSH management systems are derived from “sources”
that everyone assumes were developed from official
regulatory guidance. This difference is important be-
cause derivations and assumptions may or may not
hold up in a court of law. When it comes to protec-
tion from legal liability, only actual standards — to the
“letter of the law” — really matter. (See Figure 1 for an
example of a regulatory standard.)

Should a worksite death, accident or illness oc-
cur, the first questions that lawyers, prosecutors,
judges, federal inspectors and others are likely to
ask are these: “May we examine your OSH program
records and documentation?” Or, “May we see the
‘tangible evidences’ of your OSH planning, training,
self-inspection, review and other programs?”

When these types of documents are requested
and these types of questions are asked, these in-
dividuals are checking to see if your company is
employing standards-based programs, and that your
company is effectively working those programs.
They're also checking to see how accurately a com-
pany’s OSH programs compare with the law. “Are
they outdated? Are they incorrect or inaccurate?”
Or, as required, “Are they based on current statutory
law, and do they employ and/or direct users to valid
statutory guidance?”

Also, for example, Occupational Safety and
Health (OSHA) inspectors are going to ask similar
questions at an “opening conference” of an on-site in-

by David Wise
Bethel, Pennsylvania

29 US.C.

United States Code, 2011 Edition

Title 29 - LABOR

CHAPTER 15 - OCCUPATIONAL SAFETY

AND HEALTH

Sec. 654. Duties of employers and employees

(a) Each employer—

(1) shall furnish to each of his employees employ-
ment and a place of employment which are free
from recognized hazards that are causing or are
likely to cause death or serious physical harm to his
employees;

(2) shall comply with occupational safety and health
standards promulgated under this chapter.

(b) Each employee shall comply with occupational
safety and health standards and all rules, regulations,
and orders issued pursuant to this chapter which are
applicable to his own actions and conduct.

(Pub. L. 91-596, §5, Dec. 29, 1970, 84 Stat. 1593.)
From the U.S. Government Printing Office,
WWW.ZPO.gov

Also known as the General Duty Clause for
Occupational Safety and Health
Cited as: 29 U.S.C. § 654, 5(a)(1)

Figure 1 — Example of a Regulatory Standard.

spection. Inspectors are directed to immediately ask
for injury and illness records. Then, they ask for “other
OSHA programs and records ... including hazard com-
munication, lockout/tagout, emergency evacuation and
personal protective equipment.” In addition, “many
standard-specific directives provide additional instruc-
tion to inspectors requesting certain records and docu-
ments at the opening conference” [Ref. 1].

Editor’s Note — This is the first of four articles in a series by David Wise. Be sure to watch for future articles on:
* Do your System Safety Approaches include multiple programs, including planning, training, inspecting, and
reviewing? And, are those programs built on the Plan-Do-Check-Act cycle for “Continuous Quality Improve-

ment?”

® Are your System Safety Approaches powered with Relational Database Management Technology (RDMT) or
equivalent technology? That is, do your approaches share safety and health compliance management data rela-

tionally within and between multiple programs?

* Do you use your System Safety Approaches to Achieve Awards and Recognitions?
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Again, inspectors are checking for similar things;
namely, actively managed programs and systems based
on the U. S. Code of Federal Regulations and other of-
ficial statutory sources.

Conclusion

Are your company’s OSH management systems
standards-based, i.e., are they based solely on statu-
tory law? Said another way, will they hold up in a
court of law?

Your company’s management might as well ask
these questions first, as they will likely be the first
questions inspectors, lawyers and others will be asking
should an OSH incident or on-site inspection occur at
one of your company’s worksites.

In the next two issues of Journal of System Safety,
I will share two additional important components of
a highly effective occupational safety and health man-
agement system:

®  Multi-programmed and “quality”-driven: Built
on the Plan-Do-Check-Act (or PDCA) cycle for
“continuous improvement” (also known as the
“quality” model). With this approach, multiple

Index of Advertisers

OSH programs are managed, including planning,
training, inspection and review.

e Technologically-advanced: Powered with rela-
tional database management technology (RDMT)
or equivalent technology, integrating compliance
management data within and between each pro-
gram, thereby eliminating redundant data and
work efforts.

About the Author
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health care management from the Community College
of the Air Force. David is employed by the Department
of Veterans Affairs as a CDL motor vehicle operator and
bus driver, taking veterans to various morale, welfare and
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David Wise is the owner and developer of The Relational
EHS™ Management System, a powerful, comprehensive
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Journal of System Safety is seeking
papers and articles on topics
including the following:

e Explosive Safety
® Nuclear Safety

e Hazardous Material
Management

e Chemical Safety

e Biotech Safety

e Safety Management Issues
e Human Error

e Software Safety

e Safety-Critical Processes

e Lessons Learned

Please send summaries or abstracts
to Clif Ericson, Technical Editor, at
journal@system-safety.org.
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Join the System Safety Society!

Benefits of joining the System Safety Society include:

o The System Safety Society is the only professional organization specifically dedicated
to promotion of the system safety concept at the local, national and international level.

e Members benefit through contacts with other members and interfacing with persons
in related disciplines at Chapter meetings, symposia and annual International System

Safety Conferences.

e The Society promotes professionalism by establishing criteria and recognition for

outstanding achievements.

e Recognizing the critical need for technical and philosophical communications on sys-
tem safety at a professional level, it publishes the bimonthly Journal of System Safety.

e Members and employers receive assistance in finding and filling system safety positions.

e Society members are informed of new technology and advancements.

For membership forms or more information,
visit http://www.system-safety.org, call 540-854-8630 or
email systemsafety @system-safety.org.
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Through its local chapters, committees, executive council, publications and meetings,
the Society provides many opportunities for interested members to participate in a va-
riety of activities compatible with Society objectives. In addition to the basic operating
committees, Society activities include several noteworthy publications and events.

e Journal of System Safety is the official Society journal. Published three times a
year, JSS keeps members informed of the latest developments in the field of system
safety.

e Chapter newsletters are published periodically to disseminate news of chapter
activities and items of interest to chapter members.

® Proceedings of Society-sponsored conferences and symposia are made available to
members at a special discount.

e International System Safety Conferences are sponsored annually. These conferences
have proven to be a very popular and effective means for highlighting the latest
techniques, applications and social/legal aspects of system safety.

® Mini-symposia are sponsored by local chapters to provide an in-depth exploration
of a specific system safety-related topic.

 Chapter dinner meetings, field trips and panel discussions are held at intervals
throughout the year.

e The Society is a co-sponsor of various system safety-related symposia and conferences.

is open to all persons having an interest in or currently
involved in work related to system safety or an allied discipline. Professional mem-
bership grades are available for those able to demonstrate sufficient qualifications,
experience and training. Annual dues are $100 (USD) for United States and Canada
and $110 (USD) for international members. Student memberships are free. There is a
one-time application fee of $20 (USD). Society members and subscribers are located
in all areas of the United States and many countries around the world:

Australia Israel South Africa

Austria Italy Spain

Cameroon Japan Sweden

Canada Netherlands Switzerland

Chile Nigeria United Kingdom

China Norway (England, Northern Ireland,
France Russia Scotland and Wales)
Germany Saudi Arabia United States of America
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Requests for membership applications, subscription orders, requests for Conference
Proceedings and other matters related to membership and services should be addressed
to the International System Safety Society, P.O. Box 70, Unionville, VA 22567-0070.
Tel: 540-854-8630; fax: 540-854-4561; email: systemsafety@system-safety.org. Visit our
Web site at http://www.system-safety.org.

The International System
Safety Society is a non-profit
organization of professionals
dedicated to the safety

of systems, products and
services through the effective
implementation of the system
safety concept. Under this
concept, appropriate technical
and managerial skills are applied
so that a systematic, forward-
looking hazard identification
and control function becomes
an integral part of a project,
program or activity at the
planning phase and continues
through the design, production,
testing, use and disposal phases.

¢ To advance the art and science
of system safety

® To promote a meaningful
management and technological
understanding of system safety

® To disseminate advances in
knowledge to all interested
groups and individuals

e To further the development of
the professionals engaged in
system safety

e To improve public understand-
ing of the system safety disci-
pline

® To improve the communica-
tion of system safety principles
to all levels of management,
engineering and other profes-
sional groups

Professionals Dedicated to the Safety of
Systems, Products and Services
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