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% of
Producers Mt | world

total
Uinited States 801 | 205
Peoples Rep. of China | 460 11.7
Russian Federation| 265 6.8
India 228| 5.8
Japan 171 4.4
Korea 126| 3.2
Brazil 11 2.8
Germany 98 2.5
Islamic Rep. of Iran| 95 2.4
Canada 93 2.4
Rest of the world | 1 468 | 37.5
World 3916 | 100.0

Net exporters | Mt
Russian Federation| 115
United States 81
India 53
Saudi Arabia 34
Kumwait 30
Qatar 20
Venezuela 19
Korea 16
Belarus 14
Canada 13
Others 146
Total! 541
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Figure Y. Location of major seawater desalination plants in the Persian Gulf. Adapted from Summary of the State of the Marine Environment Report

(p- 1), by Regional Organization for the Protection of the Marine Environment, Y+)Y, retrieved from http://www.ropme.org/Uploads/SOMER/
SOMERY - \YSummaryWeb.pdf. Copyright Y-\% by ROPME. Adapted with permission.

According to a recent published report by the Gulf Research Center (Bachellerie,
2012) and other sources, the contribution of seawater desalination in producing
potable water for the Arab countries of the Gulf includes the following:

. The UAE, above 90% (Dubai, 98.8%, Sharjah, 80%; with approxi-
mately 3 days of water supply in reserve)

. Qatar, 99% (with approximately 2 days of water supply in reserve)

. Kuwnait, 95%

. Oman, 80%

. Bahrain, over 80%

. Saudi Arabia, more than 70% (About Saudi Arabia, 2015)

A noteworthy fact in this context is the vulnerability and risk exposure of the Gulf
desalination plants to oil spills and other seawater contamination, which could
easily force their closure. For example, the Seki oil tanker incident in 1994, in the
UAE, according to Elshorbagy and Elhakeem (2008), would have turned into a
major disaster if the spilled oil had reached the intakes of the desalination plant in
Fujaira of the UAE. Also, in July 1997, diesel fuel spilled from a grounded barge in
Sharjah, UAE, entered the intake of a desalination plant, and led to a major con-
tamination of the water supply of an estimated half million people (Elshorbagy &
Elhakeem, 2008). This event left the city without water for a day (Mardini, 1997).
Iran is now facing a severe drought condition. Most recently; a former Iranian
minster of agriculture has warned about the possibility of “approximately 50 mil-

lion people, 70% of Iranians will have no choice but to leave the country in the
coming years because of water scarcity” (Kalantari, 2015). Irans share of water
demand met by desalination grew from around 0.2% in 2004 (Food and Agri-
culture Organization of the United Nations [FAQ], 2009] to around 1% in 2010
(World Bank, 2012). Although this fractional amount is small in comparison to
the aforementioned level for the Arab states, officials in Tehran are strategically
considering the Gulf as the primary water resource for not only the southern parts
of the country but also for the central parts in the future. Projections suggest that
in 10 years, approximately 9 million people, who will account for almost 10% of
the country’s population, will depend on desalinated water in the southern areas
of Iran (Mivehchi, 2015).

Figure 3 depicts locations of major seawater desalination plants in the Gulf. This
figure, however, does not represent the number of those plants.
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Figure Y. Schematic of surface currents and circulation processes in the Persian Gulf. Reprinted from “Physical Oceanography of the Gulf, Strait of Hormuz,
and the Gulf of Oman: Results from the Mt Mitchell Expedition,” by R. M. Reynolds, 144Y, Marine Pollution Bulletin, YV, p. £3. Copyright V43Y by Elsevier.

culture in this accident. Furthermore, according to the most recent voluminous
report by the International Atomic Energy Agency (IAEA; 2015), the regulation
guidelines and procedures were not adequate concerning safety culture, and it
stated that “it is necessary to take an integrated approach that takes account for
complex interactions between people, organizations and technology” (IAEA,
2015, p. 67).

The human factors root causes of these accidents follow previous major, com-
plex systems accidents, such as Three Mile Island, Bhopal, and Chernobyl, where
problems from display and control designs all the way to supervisory and organi-
zational factors contributed to those accidents (Meshkati, 1990, 1991).

A Snapshot of the State of nuclear

Energy, Seawater desalination, and

Seafood in the Ecosystem of the Gulf

The Gulf is a marine environment that is surrounded by eight countries (Iran,
the United Arab Emirates [UAE], Saudi Arabia, Qatar, Oman, Kuwait, Irag, and
Bahrain). According to the Regional Organization for the Protection of the Ma-
rine Environment (ROPME) State of the Marine Environment Report, the total
population of these countries, which was around 150 million in 2010, is expected
to reach 200 million in 2030 (ROPME, 2013). Given the land shortage in Kuwait,
Qatar, and the UAE, most of the population are living in urban settlements situ-
ated on the coast (see Figure 1) and are heavily dependent on marine ecosystems
(ROPME, 2013).

There are approximately “800 offshore oil and gas platforms and 25 major oil ter-
minals situated in the region” (Haapkyld, Ramade, & Salvat, 2007). Some 25,000
tankers pass through the Strait of Hormuz annually and transport approximately

60% of all the oil shipped globally (Haapkyla et al,, 2007). Oil exploration, pro-
duction, transport, and discharges of mainly drilling wastes, operational sludge,
and oily fluids from unused fracturing fluids or acids are major contributors to
pollution levels in the Gulf (Madany; Jaffar, & AI-Shirbini, 1998; ROPME, 2013).
The Gulf is a semiclosed shallow body-ofwater system; it has an average water
depth of 36 m and a maximum internal depth of 94 m, with very high salini-
ty (Sale et al,, 2011). The dominant path of flow is counterclockwise (Figure 2),
where ocean water with normal salinity enters the Gulf from the Strait of Hor-
muz, flows westward along Irans side, and turns southeast to exit the Gulf, saltier
than it started, after passing the south Arab countries (Reynolds, 1993). The res-
idency of water in the Gulf is estimated to be between 2 and 5 years (Reynolds,
1993). In other words, a molecule of water that enters into the Gulf through its
only opening to the “open” sea from the Strait of Hormuz will circle and eventu-
ally leave this body of water more than 2 years later.
The vital role of seawater desalination in the Gulf. According to Lattemann and
Hopner
(2008), the largest number of desalination plants in the world can be found in the
Gulf, with a total capacity of 11 million cubic meters per day, which is equivalent
to 45% of global daily water production.
Arab countries in the Gulf are widely dependent on this water body for their
drinking water needs. In the past 30 years, the capacity of the desalination plants
has been increasing from 5 million cubic meters per day in 1985 to 24 million
cubic meters per day in 2015 (Saif, 2012). It has been projected that water demand
will increase by 50% by 2050 (Saif, 2012). Almost all of these countries will have
no other options than the Gulf for water.
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Figure \. Major cities in the Persian Gulf. Reprinted from Summary of the State of the Marine Environment Report (p. 2\, by Regional Organization for
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sequence technological calamities with long-lasting environmental effects and
regional aftermaths in just the past 5 years: The BP Deepwater Horizon offshore
oil drilling platform explosion in 2010, which killed 11 workers and spilled mil-
lions of gallons of crude oil into the Gulf of Mexico, and the Fukushima Daiichi
nuclear power plant accident in Japan in 2011 that released radiation (which is
still seeping) to the atmosphere and spilled thousands of gallons of contaminated
radioactive water into the Pacific Ocean and affecting sea life (Buesseler, 2014).
The underlying rationale and the major objective of this paper is, by learning
lessons from the past and building upon the underlying premise of the human
factors, to provide a systematic framework to address the potential interaction
among people, technology, and ecosystem in the Gulf through (a) a brief overview
of primary human factors root causes of major technological disasters with severe
environmental impacts, (b) a brief analysis of the state and role of seawater desali-
nation and nudlear energy in the Gulf and their impacts on its ecosystem, and (c)
a proposed systematic framework for the analysis and design of interoperability of
major actors whose actions can affect safety and sustainability of the Gulf during
routine and nonroutine (emergency) operations, as the primary building block
for the integration of people-technology-ecosystem.

A Brief overview of Primary Human

Factors root causes of the BP deepwater Horizon and the Fukushima disasters
The BP Deepwater Horizon offshore drilling rig, which exploded on April 20,
2010, in the Gulf of Mexico, killed 11 workers and injured 17 others and initiated
one of the worst environmental disasters in American history. Over the course of

87 days, until the flow finally stopped on July 15, 2010, an estimated 171 million

gallons of oil had leaked into the Gulf of Mexico (Natural Resources Defense
Council, 2015), and its financial and monetary damages may run up to $68.2
billion (Eaton, 2015).

The important contribution of human performance in this accident has been
extensively discussed and reported by the US. Chemical Safety and Hazard Inves-
tigation Board (in press). The critical role of communication and interactions of
key players, as well as the safety culture of the involved companies, have also been
addressed in multiple sections of the official accident investigation bodies, such as
reports by the National Academy of Engineering and National Research Council
(2011) and the National Commission on the BP Deepwater Horizon Oil Spill and
Offshore Drilling (2011).

It may come as a surprise to some people that the Fukushima Daiichi accident,
which was caused by a natural disaster—the March 11, 2011, Tohoku earthquake
and tsunami—was an anthropogenic accident. All investigations have concluded
that Fukushima Daiichi was mostly preventable (Acton & Hibbs, 2012) and that
the natural hazards acted only as a triggering mechanism for the ensuing disaster.
And a recent study goes even further by asserting that “the Fukushima accident
was preventable” (Synolakis & Kanoglu, 2015). In the words of Dr. Kiyoshi Kuro-
kawa, chairman of the National Diet (Parliament) of Japan Fukushima Accident
Independent Investigation Commission (NAIIC), Fukushima was “a man-made
disaster” and “made in Japan?” Because Japan’s nuclear industry failed to absorb the
lessons learned from Three Mile Island and Chernobyl nudlear accidents, “it was
this mindset that led to the Fukushima Daiichi disaster” (NAIIC, 2012). Other
official reports, such as the one by the U.S. National Academy of Sciences (2014),
have also acknowledged and extensively discussed the instrumental role of safety
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Objective: The aim of this study is to identify the interdependencies of human
and organizational subsystems of multiple complex, safety-sensitive technological
systems and their interoperability in the context of sustainability and resilience of
an ecosystem.

Background: Recent technological disasters with severe environmental impact are
attributed to human factors and safety culture causes. One of the most populous
and environmentally sensitive regions in the world, the (Persian) Gulf, is on the
confluence of an exponentially growing number of two industries—nuclear pow-
er and seawater desalination plants—that is changing its land- and seascape.
Method: Building upon Rasmussens model, a macrosystem integrative frame-
work;, based on the broader context of human factors, is developed, which can be
considered in this context as a “meta-ergonomics” paradigm, for the analysis of
interactions, design of interoperability, and integration of decisions of major actors
whose actions can affect safety and sustainability of the focused industries during
routine and nonroutine (emergency) operations.

Conclusion: Based on the emerging realities in the Gulf region, it is concluded
that without such systematic approach toward addressing the interdependencies
of water and energy sources, sustainability will be only a short-lived dream and
prosperity will be a disappearing mirage for millions of people in the region.
Application: This multilayered framework for the integration of people, technolo-
gy, and ecosystem—which has been applied to the (Persian) Gulf—offers a viable
and vital approach to the design and operation of large-scale complex systems
wherever the nexus of water, energy, and food sources are concerned, such as the
Black Sea.
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and environment, accident analysis, seawater desalination, nuclear power
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Many of the challenges and opportunities for human factors research for the fu-
ture are global, or at least international, in scope. . . . How fitting an expansion of
the connotation of human factors it would be to have the human factors commu-
nity around the world to take a leadership role in this regard, working toward the
improvement of international communication and actively promoting collabora-
tive efforts toward shared goals. (emphasis in the original; Nickerson, 1992, p. 373)
Introduction

Human ingenuity has resulted in complex technological systems whose accidents
rival in their effects the greatest of natural disasters, sometimes with even higher
death tolls and greater environmental damage. A common characteristic of these
systems, such as nuclear power plants, is that sizable amounts of potentially haz-
ardous materials are concentrated in sites under the centralized control of human
operators. The effects of catastrophic breakdowns of these complex systems, creat-
ed by anthropogenic or natural causes, pose serious threats and long-lasting health
and environmental consequences for workers in the facility; for the local public,
and possibly for the whole country and the neighboring regions.

One of the most populous and environmentally sensitive regions in the world,
the Persian Gulf (hereafter; the Gulf), is on the confluence of an exponentially
growing number of two new complex, large-scale technological systems— nu-
clear power and seawater desalination plants—that is changing its land- and sea-
scape. There is an increasing reliance on seawater desalination in the Gulf as well
as expected operations of at least three newly built nuclear power plants in the next
5 years (and many more planned for the next 20 years). This emerging trend is in
addition to ongoing offshore oil and gas production and their combined effects
on the sea life and fragile ecosystem. All these operations, in light of routine heavy
maritime traffic of different naval and commercial vessels, pose a serious and con-
tinuously increasing risk on the livelihood of millions of people who will be living
in the coastal area in the near future.

The Gulf countries ought to think about the unthinkable, which should not be
that difficult to do, especially after witnessing two major lowprobability; high-con-
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