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Part I Industrial Safety






Chapter 1 Safety Theory

Lesson 1 The history of system safety

Prior to the 1940s, safety consisted of basically trial — and — error. The term fly - fix - fly was
associated with generally having an aircraft make a
circuit and if it broke they would fix it and fly it
again. This process was repeated until the final so-
lution and correction was made. This method
worked in the aviation world of low and slow air-
craft. However it had little success in the fields of
nuclear weapons and space travel. Here the conse-
quences of having trial — and — error were much

too costly. There needed to by a way to implement

safety into the design and production. Thus, mak-
ing a flight a success the very first time.

This is where system safety was born. As we had discussed, the first method was fly - fix -
fly or trial — and - error which was not an adequate answer for aviation or space programs.

a. 1960s—MIL - STD - 882 (DOD, NASA).

b. 1970s—MORT ( Department of Energy).

c. 1980s—other agencies.

The actual roots of system safety are not clearly defined. It is presumed that they started back
in the 1940s era. However pinpointing the exact date is not possible. It is evident that once both
aircraft and weapon systems became more technologically advanced and more money was put into
them, their accidents became less acceptable.

As defined by MIL - STD - 882, system safety is the application of engineering and manage-
ment principles, criteria, and techniques to achieve acceptable mishap risk, within the con-
straints of operation, effectiveness and suitability, time and cost, throughout all phases of the
system life cycles. Today, system safety is pushing at the constrains of its MIL — STD defini-
tions. To accurately define system safety, one must first determine the scope of the system in ques-
tion. Is it composed of only one element (e.g. , hardware or software), or will the system in-
clude the human factor as it applies to the design, operation, handling or maintenance of the sys-
tem or its parts? It may be simple device or it could be a complicated series of devices and/or sys-
tems all functioning together in a specific environment. Defining what comprises the system is an

essential first step in determining its system safety.



THE 1960s —MIL —STD -882, DOD, AND NASA

In the 1960s, system safety began to take on its own role. It became an issue that needed to
be addressed.

a. USAF publishes “System Safety Engineering for the Development of Air Force Ballistic
Missiles” (1962).

b. USAF publishes MIL — S —38130, “General Requirements for Safety Engineering of Sys-
tems and Associated Subsystems and Equipment” (1963).

c. System Safety Society founded (1963).

d. DOD adopts MIL - S -38130 as MIL - S —381308A (1966).

e. MIL —S -381308A revised and designated MIL — STD —882B, *“System Safety Program
Requirements” (1969) (Stephenson, 2000, p.4).

Most people would agree that one of the first major formal system safety efforts involved the
Minuteman Intercontinental Ballistic Missile (ICBM) program. This series of pre — Minuteman
design — related silo accidents, which probably provide at least part of the incentive ( U.S. Air
Force 1987).

The U. S. Air Force Ballistic System Divisions were the ones who generated the early system
safety requirements. Early air force documents provided the basis for MIL — STD — 882 ( July
1969 ), “System Safety Program for Systems and Associated Subsystems and Equipment: Require-
ments for. ” This particular document (and revisions MIL — STD - 882 and MIL - STD - 882B)
became, and still remain, the bible for the Department of Defense (DOD) system safety effort
(Moriarty and Roland 1983).

Other early system safety efforts were associated with the aerospace industry, including civil
and military aviation and the space program. Here the weapon systems were also a part in this.

The National Aeronautical and Space Administration ( NASA ) developed its own system
safety program requirements. The development of this program closely paralleled the MIL — STD -
882 approach given by the DOD. Reasons for these two agencies to use a similar process are be-
cause the two tend to share contractors, personnel, and missions.

In the early to mid — 1960s, Roger Lockwood in Los Angeles founded the System Safety Soci-
ety. The society later became known as the Aerospace System Safety Society in California in
1964. The name was changed to System Safety Society in 1967 ( Medford 1973 ). In 1973, the
System Safety Society was incorporated as an international, non — profit, organization dedicated to
the safety of systems, products, and services ( System Safety Society 1989).

THE 1970s —THE MANAGEMENT OVERSIGHT AND RISK TREE

In the later part of 1960, the Atomic Energy Commission (AEC) made the decision to hire
William G. Johnson, a retired manager of the National Safety Council, to develop a system safety
program for the AEC. This decision was made due to the awareness of the system safety efforts in
the DOD and NASA communities.

The AEC programs and AEC contractors had good (some better than others) safety programs

in place, the programs and approaches varied widely.
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This lack of standardization or commonality made effective evaluation, monitoring, and con-
trol of safety efforts throughout the organization difficult, if not impossible.

Here the goals became to improve the overall safety effort by :

a. Develop a new approach to system safety that incorporated the best features of existing sys-
tem safety efforts.

b. Provide a common approach to system safety and safety management to be used throughout
the AEC and by their contractors.

A risk tree (MORT) manual and revised management oversight was published by the AEC
in 1973. William G. Johnson mired his MORT program heavily off of the existing DOD and NASA
programs. However it bored little resemblance to the MIL — STD —882.

In the 1970s Bill Johnson expanded and supplemented the System Safety Development Cen-
ter. (SSDC) in Idaho Falls, Idaho. The MORT program provides the direction for this second
major branch of the system safety effort.

Progress in the 1970s included ;

a. NASA publishes NHB 1700. 1 (V3), “System Safety” (1970).

b. AEC publishes “MORT - The Management Oversight and Risk Tree” (1973).

c. System Safety Development Center founded (1974).

d. MORT training initiated for AEC, ERDA, and DOE (1975).

e. MIL — STD - 882A replaces MIL — STD —882 (1977) (Stephenson, 2000, p.6).

THE 1980’ S —FACILITY SYSTEM SAFETY

Three factors throughout the 1980s have driven system safety tools and techniques in other
than the traditional aerospace, weapons, and nuclear fields.

First, a more sophisticated upstream safety approach was the product of highly complex and
costly non — flight, and non — nuclear projects.

Second, added incentives to produce safe products had introduced product liability litigation.

Third, the upstream safety efforts lead to better design because of system safety experiences
that have demonstrated positive progress.

Significant programs initiated or developed in the 1980’s include the facility system safety ef-
forts of the Naval Facilities Command and the U. S. Army Corps of Engineers and initiatives in the
petrochemical industry.

a. MIL — STD - 882B replaces MIL - STD 882A (1984).

b. NAVFAC sponsors system safety courses (1984 ).

c. AIChE publishes “Guidelines for Hazard Evaluations Procedures” (HazOps) (1985).

d. MIL - STD - 882B updated by Notice 1 (1987).

e. USACE - sponsored facility system safety workshops initiated ( 1988 ) ( Stephenson,
2000, p.6).

The constant need for a system safety effort for major military construction projects resulted in
the development of draft guidelines and facility systems safety workshops for the military safety and

engineering communities. By the end of the decade, facility system safety training programs for
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