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Abstract This paper addresses the present environmental misconceptions common
in the oil and gas development sector. Some innovative solutions are proposed to solve
the problems caused by oil and gas development activities in the marine environment.
These solutions are based on the holistic environmental approach, which takes into ac-
count the complexity of natural processes and also takes advantage of these processes,
rather than working against them. Some of the proposed models are marine protected
areas in oil sites (MPAOS), ocean fertilization and CO; utilization (OFCU), integrated
coastal pollution balancing (ICPB), artificial recruitment in fisheries (ARFS), and
artificial rigs from oil rigs (AROR). The main goal of the proposed approach is to
maintain and restore ecological sustainability and ecosystem integrity. As a result,
each solution will not only stop destruction of the environment but also improve the
productivity, biodiversity, and fisheries in the marine ecosystem.

Keywords ecosystem-based management, innovative management techniques, sus-
tainable management

Introduction

Petroleum hydrocarbons are the lifeblood of modern industrialized society. To date,
there has been no other suitable alternative to this energy source. Adequate supplies
of reasonably priced oil and gas are required for the economic growth of a country.
Despite the hydrocarbon sector’s great economic and social benefit, it draws enormous
public attention due to its environmental consequences (Smith and Garcia, 1995; Khan
and Islam, 2003, 2004, 2005, 2006). All stages of oil and gas operations generate a
variety of solid, liquid, and gaseous wastes (Khan and Islam, 2006; Khan et al., 2006).
These offshore oil and gas development activities reportedly have devastating impacts in
the marine environment and its flora and fauna (Joint Group of Experts on the Scientific
Aspects of Marine Environment Protection (GESAMP), 1993; Khan and Islam, 2007;
Khan et al., 2006).

Following the extensive scientific research and knowledge gained in marine ecology,
oceanography, and oil and gas technology, scientists are now in a better position to
understand ocean science and technology. At the same time, technological development
is also creating new and complex problems at an ever-increasing rate. The conventional
way to manage the marine resources especially offshore oil and gas operations no
longer works adequately. The present management strategies in offshore oil and gas
development are based on the traditional sectoral as well as chemical approach rather than
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taking into consideration the whole ecosystem. In this research, an alternative sustainable
management approach is introduced to solve the existing problems of offshore oil and
gas development. The main goal of the proposed approach is to maintain and restore
ecological sustainability and ecosystem integrity in the operations of the offshore oil and
gas development. This article provides a brief description of present environmental status
of offshore operations. It is followed by the detailed description of all alternative modes.

The Environmental Status of Offshore Oil and Gas

Offshore oil and gas development operations and their impacts are different from the
land-based oil and gas activities. The offshore operations were divided into four phases.
These phases are seismic exploration, exploratory drilling and installation of structures,
production, and decommissioning of the platforms. The technological details and scale
involved for each of these phases were significantly different and generated different
effluents and impact, as shown in Table 1.

In offshore oil and gas operations, different types of wastes are studied (Khan
and Islam, 2003, 2007) which are drilling wastes, human-generated wastes, and other
industrial wastes. A detailed list of wastes generated in different phases of offshore
operations is shown in Table 2. There are also accidental discharges—for example, via
air emission, oil spills, chemical spills, and blowouts. CO, emissions are one of the most
pressing issues in the hydrocarbon sector. There are direct emissions from production
sites through flaring and from burning fossil fuels. The oil sector contributes a major
portion of CO, emission. About 29 billion tons of CO, are released into the air every
year by human activities: 23 billion tons come from burning fossil fuels and industry
(Intergovernmental Panel on Climate Change (IPCC), 2001; Jean-Baptiste and Ducroux,
2003), which is why this sector is blamed for global warming. The question is: How
might these problems best be solved? Is a solution possible?

Crude oil is one of the major toxic elements released in the marine environment
(Figure 1) by the oil industry. On average, from offshore oil and gas operation, 15
million gallons of crude oil are released yearly into the marine environment. There are in
total 700 million gallons of oil discharges into the sea from other sources (United States
Coast Guard, 1990; Khan and Islam, 2004). Other sources of oil release are routine
maintenance of shipping, domestic/urban runoff, up in smoke, and natural seepages.

Table 1
Different technological phases of offshore oil and gas development and related wastes
Seismic Drilling and
exploration installation Production Decommissioning
When a license is Generally 3-5 years, Depending on the size Proponents require

issued, the proponent including onshore of the reserve, the preparing a

is given 5 years to fabrication, installation, production phase can decommissioning plan

explore the resources. and commissioning. last between 25-35 for offshore petroleum

The actual process years. development;

may be 20-30 days. however, no
information on time
frame of
decommissioning

activities was found.
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Table 2
Different technological phases of offshore oil and gas development
and related wastes
Seismic Drilling and
exploration installation Production Decommissioning

Sounds

Associated wastes

Human generated
wastes: sanitary
wastes, kitchen and
food wastes, laundry
wastes, and sink and
shower drainage,
and trash

Drilling muds

Drillings cuttings

Produce sands

Storage displacement
water

Bilge and ballast water

Deck drainage

Well treatment fluids

Naturally occurring
radioactive materials

Cooling water,
desalination brine

Water for testing fire
control

Other assorted wastes:

Accidental discharges:
air emission: oil spills,
chemical spills, blowout

Human generates wastes:
sanitary wastes, kitchen
wastes, and sink and
shower drainage,
laundry wastes, and
trash

Other industrial wastes:
cardboard, empty
container, scrap metal,
wood pallets, used
chemicals and paint,
sandblasting grit and
paint, and cooling water

Produced water Abandoned structures

Treatment, and
completion fluids

Deck drainage

Produced sand

Storage displacement
water

Bilge and ballast water

Deck drainage

Well treatment fluids

Naturally occurring
radioactive materials

Cooling water,
desalination brine

Water for testing fire
control

Accidental discharges:
air emission: oil spills,
chemical spills,
blowout

Other assorted wastes

Human generated
wastes: sanitary
wastes, kitchen
wastes, and sink and
shower drainage,
laundry wastes, and
trash

Other industrial wastes

Alternative Environmental Management Techniques

Present management techniques in offshore oil and gas create numerous problems in the
marine ecosystem, which have been well studied (Patin, 1999; Khan and Islam, 2003,
2004, 2005, 2006; Khan et al., 2006). There is clearly a need to develop measures in this
sector that stop adverse impacts on the marine environment. Managers, scientists, and en-
gineers have tirelessly sought to develop different strategies, techniques, and management
guidelines to solve the problems. Yet, in solving these problems, misconceptions have
appended in the present “environmentally absolutely correct” attempts made in oil and
gas operations which cause further damage to the environment. To solve these problems,
some new management techniques are proposed for the offshore oil and gas operations,
which are pictorially shown in Figure 2. The figure shows the five different models,
namely MPAOS, OFCU, ICPB, ARFS, and AROR.
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Figure 1. Annual total amount of oil release in the marine environment (Khan and Islam, 2004).
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Figure 2. Proposed different sustainable management models of offshore oil and gas operations.
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Marine Protected Areas in Oil Sites (MPAOS)

Offshore oil and gas development sites can also be designated as protected areas, or
MPAOS. Due to the huge structural development in the oil operation, these sites represent
obstacles to fishing, maritime transport, and other activities, which in turn provide
undesignated restricted areas or protected areas. It is reported that 500 m from the oil
rig is rarely polluted, and a 1,000-m distance is safe from waste discharges. There is no
harm in creating protected areas in the oil development sites. Currently, marine protected
areas are being introduced as part of fisheries management, as a legally designated area
necessary to maintain biodiversity and to protect resources and cultural value.

In current general practice, marine protected areas are developed in the particular
habitat by considering the special characteristics needed to preserve biodiversity. The
proposed MPAOS can be designated in any place where oil rigs are operating, such as
tidal lagoons, mudflats, salt marshes, mangroves, rock platforms, underwater areas on the
coast, and seabed in deep water. Details of MPAOS are presented in Figure 3. Community-
based approaches can also be introduced in long-term maintenance of the MPAOS, where
different stakeholders and local communities of the surrounding areas can be involved in
planning, developing, and managing the MPAOS. The oil and gas companies can play a
major role by becoming involved in these conservation activities. For the success of the
MPAOS, there needs to be considerable cooperation and involvement among all levels
of government, industry, and the community.

In the MPAQS, all activities should be controlled, and only activity which does not
harm the area’s biodiversity may be permitted. Recreational and commercial activities
such as sports fishing and eco-tourism may continue but should be sensitively managed
to prevent adverse disturbances to the natural attributes of designated areas. Conserving
the environment should be the main objective in MPAOS (Figure 3).

Employment Increase Fisheries
production

Stop fish poaching Protect Breeding,
Benefits nursing ground

Amendment of existing law

Production facilities -
raos

Areas utilizallion Utilization Implemen- —

for Sanctuaries tation New guidelines

10-15 sq Km around
oil production area Coordination of oil-gas
companies, DFO & Fishers

Increase biodiversity

‘j.

Figure 3. Pictorial view of marine protected area in oil sites and its method of implementation,
requirements, and benefits.
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By designating an oil site as a protected area, numerous ecological and environmental
benefits can be achieved, some of which are discussed in this article. MPAOS can improve
fisheries production by protecting fish nursing and breeding grounds. They may maintain a
good fish stock for the natural recruitment of fisheries, and they will improve and maintain
undisturbed biodiversity. Fishing activities will be limited or controlled in the MPAOS. As
a result, the other organisms will not be destroyed as “by-catch” during fishing periods.
MPAOS can also protect endangered or threatened species from further destruction. The
protected area will stop the poaching of valuable species from the designated areas.

Ocean Fertilization and CO;, Utilization (OFCU)

The main objective of this proposed approach is the fixation of the CO, by bacterio-
plankton following fertilization with enriched industrial and domestic wastes. Ecological
and planktonic studies of Barber and Chai (2001), Coale (2001), Hutchings and Bruland
(1998), and Coale et al. (1996) reveal that phytoplankton growth can be significantly
increased by providing iron as a fertilizer (Figure 4). As a result, plankton may produce
a bloom in which optimum number of plankton grow in the environment (Cooper et al.,
1996; Boyd et al., 2000; Coale, 2001). This plankton bloom can play a significant role
in CO; utilization. A pictorial image of the proposed model is given the Figure 5.

For experimenting, abandoned, semi-enclosed bodies of water can be selected. The
enclosed water body will be helpful in controlling the ecosystem parameters to maintain
optimum growth of phytoplankton. Desirable industrial or organic wastes containing
increased iron, silicon, nitrogen, phosphorus, and potassium may all be used as fertilizers.
The targeted fertilizer has iron and silicon. This will also help with accumulation of the
wastes, which will be utilized as the nutrient sources of marine phytoplankton. These
nutrients can be applied through semi-submersible boxes or can be spread through tankers,
barges, or aerial application. The targeted species for iron fertilization are photosynthesis
species or chlorophyll pigmented species, some of which are known as cyanobacteria,
diatoms, blue-green algae, bacterioplankton, and seaweeds.

The most intriguing aspect of the proposed OFCU model is its potential to minimize
atmospheric CO, levels, which may ultimately slow down global warming. The idea
is to balance CO, emissions by sinking enough organic carbon in the ocean bottom
by applying the IFCU models. Considering the larger ocean scale, one can estimate
how much CO; can be fixed if the model is successful. There are also ecological
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Figure 4. Effects of iron fertilizer in the plankton growth (adapted from Buesseler, 1999).
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Semi-Enclosed

Marine Walers

Figure 5. A proposed model of iron fertilization and carbon dioxide utilization.

benefits from this model. For example, plankton growth will develop associated plank-
ton feeding organisms, which will ultimately increase fisheries as well as ecosystem
productivity.

Integrated Coastal Pollution Balancing (ICPB)

As mentioned earlier, more than 700 million gallons of oil enter the marine environment
annually (Oil in the Sea, 2003; Khan and Islam, 2004). The major portion (55%) enters
coastal areas through runoff (Figure 4). The proposed ICPB models utilize the runoff oils
and pollution through balancing ecosystem components. This is also a highly ambitious
idea. The principle of bioremediation, fisheries, food web enhancement, aquacultures,
and seaweed plantation will be utilized in the ICPB model.

To experiment with this model, sites can be selected in coastal inlets and river
mouths. This will require ecological planning for the implementation of this project; for
example, nutrient utilization rate and oil remediation rate by microorganisms or algae.
The total pollutants input will be estimated in the selected area, such as runoff oil, agricul-
tural waste releases, municipal waste releases, and other industrial pollution. Ecosystem
models would then be developed to utilize those pollutants. For example, after consider-
ing the quantity of total nitrate and phosphate discharges, plants such as seaweeds and
other algae will be introduced. These algae and seaweeds will be planted in such a
way that they play a role in the phytoremediation of drainage oil as well as oil (or oil
product) released from nearby sources. If agricultural or industrial pollution increases,
this might lead to excessive production of the seaweeds and other plankton. To control
phytoplankton growth, herbivorous fish can then be introduced. Mussel farming can also
be set up to control the number of plankton particles in the water. In this way, an overall
ecosystem can be developed in the selected coastal areas.

Oil degrades in the natural environment fairly quickly (GESAMP, 1993). Most
oil compounds are found to degrade within a year in the natural environment. In the
Exxon-Valdez report, it was found that within the first few years most of the spill oil
was degraded (GESAMP, 1993). Through implementing the ICPB method, the runoff
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oils can be biodegraded and other ecological benefits such as fisheries and aquaculture
production can be achieved. This may be a good option both for the ecosystem and
by improving its productivity, which will bring social and economic benefit for the
community.

Artificial Recruitment in Fisheries (ARFS)

Offshore oil and gas development is primarily criticized for its impact on the fisheries. The
impact of offshore operations on fisheries depends on where the oil and gas development
sites are. Studying the stock assessment of the developing sites, the status of the fisheries
can be estimated, and it is possible to estimate how many negative interactions would have
happened in that area. The main principle of the proposed ARFS method is to compensate
the fisheries production if anything happens as a result of oil and gas development. The
ARFS will help to increase the existing fish stocks and transplantation of species in the
targeted areas. Here, targeted areas might include development sites or an alternative site
where fisherman can extend their fishing activities into open waters, e.g., lakes, reservoirs,
rivers, seas, and oceans.

The main objective of the ARFS is to increase the stocks of selected species in
targeted areas and to resuscitate the stocks of over-fished or environmentally altered
bodies of water. It will also fill ecological niches, utilize more fully certain biological
resources, and compensate for the effects of barriers on the migratory routes to spawning
grounds. This objective is achieved through artificial propagation of seed (fish larvae)
and their release into open waters, stocking of adults into open waters and spawning
streams, and the construction of fish ways and artificial spawning channels. The amount
of fish fries should be added to achieve the maximum sustainable yield (MSY). Figure 6
shows the amount of fish that should be compensated to achieve the MSY.

The seed would be produced by establishing hatcheries, which induce hormonal
treatment for the artificial propagation. This sort of hatchery technique is well established
for commercial aquaculture development. After producing fish larvae, they will be stocked
in the targeted areas. The stocking density, or how much to stock, would be determined
by studying the carrying capacity of the targeted areas. Species selection would be done

MSY

Yield

e

Fish to be stocked

e

MSY = Maximum sustainable yield Effort

Figure 6. Maximum sustainable fisheries yield and direct recruitment of fish by oil and gas
operators.



Sustainable Offshore Oil and Gas Operations 129

according to the hydrobiological condition of the site. Generally, species are selected
based on the need to utilize available food or the objectives of culture. It is a good
idea to select omnivorous, plankton feeding, and herbivorous or predator species to
optimally utilize the available food. Indigenous species should be selected rather than
exotic species. Otherwise, possible effects of exotic fish interaction on the indigenous
fauna and general ecology of the receiving waters, including rapid increase of introduced
species and possible elimination of indigenous species, will cause the destructive effects
of transplanted fish and the introduction of new pests, etc. Different species such as fish,
crustaceans, and mollusks can be stocked in the proposed ARFS.

By implementing ARFS, some direct fisheries benefits can be obtained. Some of these
are discussed in this article. The natural fisheries production in the open water depends
on the natural spawning in the ocean, but the success of ARFS is not dependents on
natural spawning and recruitment. This significantly increases harvest and survival rates.
It can also, therefore, utilize the optimum amount of natural food produced and establish
productive fisheries in the targeted areas.

Artificial Reefs from Oil Rigs (AROR)

In the offshore operations, different types of oil rigs are installed according to water
depth. Oil rigs are huge structures, thousands of tons in weight. By law, abandoned rigs
must be decommissioned and removed from marine waters. Generally, these rigs are cut
down to manageable size and brought back to the shore. The AROR model is proposing
to use these rigs as artificial rigs. The main objectives of the AROR are to utilize the
abandoned structures for fisheries yield and production, for recreational activities, to
prevent trawling, to repair degraded marine habitats, and overall economic and social
benefits (Cripps and Ababel, 2002; Baine, 2001).

In the proposed AROR models, the abandoned rigs can be kept in their original sites
to establish a reef community or it can be transported to another planned site, giving a
choice of type of seafloor conditions; for example, sand or muddy bottom or shallow
or deep water areas. It is reported that wherever artificial reefs are established, benthic
communities become productive. For example, the sand and mud habitat areas may not
be as diverse as an original reef community, but often they can produce the productive
benthic flora and fauna in establishing AROR.

It was recently reported that existing oil rigs have spawned lush marine habitats that
are home to a profusion of rare corals and 10,000 to 30,000 fish per rig (Dybas, 2005).
According to Dybas (2005), oil companies can save between $400 and $600 million
per rig by converting them into artificial reefs instead of offshore decommissioning.
Therefore, the conversion of AROR as well as other proposed models are economically
profitable and can be implemented with coordination of other governmental agencies and
NGOs. Figure 7 shows the detailed coordination process of the proposed models.

Conclusions

Present environmental management in the offshore oil and gas sectors is based on tech-
nological/engineering solutions, which consider only sectoral benefit in an unsustainable
way. To achieve the sustainability in this sector, an alternative management approach is
proposed. Based on this approach, five sustainable management models are developed;
namely, MPAOS, OFCU, ICPB, ARFS, and AROR. These models follow the principle
of natural functions in marine environment and take into account ecological, biological,
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Figure 7. Implanting agencies of sustainable management models.

and technological factors. The MPAOS model protects and increases fisheries production.
It also preserves biodiversity and improves ecological quality in the designated oil site.
The OFCU model naturally utilizes CO, through increasing primary productivity (food
chain) and sinks carbon in the sea bottom. This is a proposal for a natural way of CO,
utilization. The ICPB model utilizes or traps pollutants biologically through assimilation.
The ARFS model is designed to compensate the fisheries production by oil and gas
operations. It directly increases fisheries production by stocking fish fry in the oil and
gas operation sites. The AROR is modeled to utilize enormous amounts of abandoned
oil structures and convert them to artificial rigs. It also increases fisheries production,
biodiversity, and ecotourism activity.

The main goals of these models have been to maintain and restore ecological
sustainability and ecosystem integrity, while managing offshore oil and gas operations. As
a result, these models will not only stop destruction of the environment but also improve
the ecological quality, productivity, biodiversity, and fisheries in the marine ecosystem.
The existing solutions to these problems involve focusing on the individual problems
without integrating the total ecosystem. As noted, this may benefit the oil sector but harm
the whole ecosystem. The proposed sustainable management techniques are based on
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theoretical concepts. Therefore, to implement these techniques, it will require elaborative
research and experimental study to understand how these proposals will function in a
larger and real ecosystem context.
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