


along with near-shore tidal flats, wetlands, rocky inter-tidal areas, coastal beaches,
sub-tidal reefs, kelp forests, and underwater canyons over more than a ten-year
period — more damage than caused by the 2007 M/V Cosco Busan spill in San
Francisco Bay. In the end, it cost the US more than US$20 million to remove the oil
from this one sunken wreck and US$21 million to restore the impacted environment
(Luckenbach Trustee Council 2006).

Responses to continuous oil leakage episodes that appear as “mystery spills”, or to a
massive oil release, from one or more of these wrecks will cost hundreds of millions
of dollars, probably significantly more. Because on-water oil response efforts are
rarely highly-effective, the damages when environmentally-sensitive and
economically-valuable shorelines and coastal and marine waters are oiled will be
extensive. The response costs and damages will be significantly greater when the
responses occur on a reactive basis than the costs that would be associated with
planned and controlled proactive oil removal operations. In other words,
implementing a proactive strategy will mitigate damage and costs before there is an
emergency and the oil is in our waters and on our shorelines.

Yet, it is impractical and economically unfeasible to remove oil and hazardous
materials from all these vessels. Each wreck presents a unique situation with regard
to the probability of leakage and the potential impacts of oil leakage. This paper
presents a strategic modeling approach to prioritizing the wrecks with regard to their
risk potential. The model takes into account both aspects of oil pollution risk — the
probability that leakage will occur and the potential impacts of that leakage.

Methodological Approach

The overall approach to the risk assessment process as it would be applied to a
decision-making process is shown in Figure 2. The first step is to determine the
probability of leakage from a submerged wreck. This leakage potential depends on a
number of factors such as cargo and fuel tank configurations, including the type of
vessel and where build, the structural integrity of the particular vessel by design, its
condition with regard to breakage and damage (particularly for WWII vessels that
may have suffered torpedo or other damage), the depth at which the vessel lies,
water temperature and salinity, and exposure to currents.

The nature of the leakage that might occur depends on the vessel condition, as well
as the actual amount of oil on board the vessel, its cargo and fuel tank configuration,
and the type and condition of oils on board. Tankers contain oil as cargo (in the form
of crude oil or refined products), as well as bunker, lubricating, and engine oils. Non-
tank vessels contain various types of bunker, lubricating, and engine oils. The
condition of the oil is dependent on chemical and physical properties, as well as
vessel depth i.e. the temperature. The oil may leak continuously or sporadically in
relatively small amounts, or may be spilled into the marine environment in a single
massive release.






all these wrecks to be removed. The wrecks need to be evaluated in a systematic
and scientifically-based manner to prioritize the risk. The combination of a
technically-sound leakage probability assessment with state-of-the-art modeling of
potential spill impacts results in a comprehensive risk assessment approach that can
be applied to prioritize wrecks for oil removal based on estimated risk.

Sunken vessels suspected of containing oil and/or other dangerous cargoes are
evaluated with regard to the potential for leakage. Those vessels deemed highly
likely to leak (or already leaking) are then considered for a risk assessment process.
The costs associated with spill response for actual or hypothetical potential spills, as
well as the environmental and socioeconomic damages associated with those spills
are then compared with the costs of the salvage operations. The decision to remove
the oil and other contaminants in a salvage operation is based on the outcome of the
cost-benefit analysis of costs of the salvage operations in comparison with the
averted costs and damages for spills.

Inventory of Wrecks

As the first step in this proactive process, the project must systematically assess the
complex problem of undersea threats and account for the many wrecks that exist
within the coastal waters of nations that are concerned with this issue, especially in
areas of greatest environmental concern. This process will entail the further
development of a comprehensive inventory of underwater wreck sites for
incorporation into a specialized database (e.g., ERC’s Wreck Database) that can be
used to track vital wreck information. The critical information needed for the
database shall consist of the location of the vessel, the true identification and
historical significance of the vessel, the type of cargo and vessel specifics, the water
depth the vessel resides in, the casualty date, and known evidence of oil leakage or
survey descriptions of wreck. These wreck case-studies will be used to assess the
pollution potential with regard to the likelihood of spillage and the potential volume of
release and prioritize the vessels for proactive and preventive oil removal operations.

Determining the Probability of Leakage

The probability of leakage can be determined by defined screenings of the wreck
through on-site/underwater surveys to determine the exact position and wreck and
site conditions. A preliminary desk study can determine the vessel history and
possible cargo and fuel contents, voyage history, drawings, and yard- and building
details. An on-site survey can be used to verify or obtain on-site conditions in order
to assess the potential pollution risk. Each survey is site-specific and will validate
critical information to include: the verification of location information, prevalent
weather and current patterns, assessment of historical condition, water depth,
physical condition and position (e.g., lying on a particular side, upside down, sunk
into the mud, etc.), type of steel used, effects of steel corrosion, site vulnerability,
and inspection of tanks for remaining product.









environmental risk assessment should include a description of the resources
available to respond to and contain an oil release. It should also take into account
the amount of time needed to respond to a release. In the process of performing a
response cost analysis, it could also be determined how to mitigate the risk of
chemical spills by reducing the potential for spills with various prevention measures.

The cost of the hypothetical spill response that would be required are also calculated
for the equipment, labor, and resources required for on-water operations (e.g.,
mechanical recovery and/or dispersant application) based on the behavior and
trajectory of the oil on the water (Etkin and Welch 2005; Etkin 2001) . Shoreline oil
and chemical removal costs are calculated based on the efforts required for removal
by shoreline type, oil and chemical type, and degree of deposition as determined by
the SIMAP and CHEMMAP simulations (Etkin 2003).

Prioritization of Wrecks

The “risk” from any particular wreck is the product of the probability of spillage and
the impact of that spillage. Initial studies to “triage” wrecks in a particular region of
concern based on the proximity of the wrecks to known sensitive resources and
knowledge of prevailing currents that would likely cause significant coastal impacts,
along with preliminary impact modeling could be used to narrow the scope of a more
rigorous assessment. The wrecks could then be ranked with regard to risk based on
detailed impact modeling and cost estimations studies.

Estimating Costs of Environmental Salvage Operations

Environmental salvage and oil removal technologies have improved dramatically
over time making for more effective and safe removal operations. With today’s
salvage and wreck oil removal technologies, combined with the availability of both
moored and dynamically-positioned (DP) project support vessels, it is possible to
work for extended periods of time at position and to deploy divers or remote
operated tools without being hampered by mooring systems and the water-depth
limitations of surface and saturation diving. Remote-operated vehicles (ROVs) are
common tools in the oil and gas industry that allow the execution of very complex
subsurface engineering and construction tasks. A variety of ROVs are available
within the industry for either observation purposes or doing installation and
construction work. The new work-class ROVs can go to 4,000 meters of water depth
and beyond. Remote-controlled offloading systems (ROLS) can be used to gain
pollution-free access from the outside of a ship’s hull into cargo and bunker tanks.
Small portable modular hot-tap systems are available for use either by divers or in
connection with a ROV.

Subsea oil heating systems for local installation close to the oil outflow valve are well
developed. These systems are powered either by steam or high-frequency electricity
and are meant to reduce the often high-viscosity of the oil to increase pumping rates.
Alternatively, water injection at the outflow valve to decrease friction in transport



hoses or mixing of oil residues with biological degradable oils at the outflow valve to
reduce viscosity can both be used to aid in pumping.

Non-invasive identification of oil and emulsions has a great advantage over invasive

techniques by reducing the risk of accidental leakage. An example of this technology
is the neutron back scattering system (NBS), which measures changes in the density
of hydrogen contained in water, oil, or other emulsions. The NBS is able to detect oll

and emulsions through up to eight cm of steel walls.

Advances in oil/water separation capabilities are also now more developed, which
makes it possible to have larger quantities of oil stored on board of the support
vessels without the interruption of going back to port to discharge collected product.

The response community (environmental salvage companies, oil industry support
companies, and diving companies) are able to address the threats of potentially-
polluting submerged wrecks as never before. However, the required technology
generally needs to be tailored to fit each job individually. Each operation will have its
unique challenges and operations costs, many of which may not be predictable
before the surveys and operations commence, as is the case for all spill response
operations.

At the same time, the approximate costs of the necessary removal operations would
need to be estimated as part of determining the outcome of a cost-benefit analysis of
a hypothetical operation. In estimating the costs of the removal, water depth is the
primary driving factor, though other site-specific factors need to be considered as
well. Removal operations costs can be controlled by:

e Pre-planning: An oil removal job should be planned well in advance on the
basis of an in-depth desk study and on-site surveys to develop the most cost-
effective removal plan.

e Informed contracting: Costs can be controlled by defining a clear scope of
work, and using market mechanisms such as tendering, clever contracting of
sub- contractors inclusive of performance criteria.

e Effective project management: The establishment of proper management for
the preparations and executions of projects is important in determining costs.

e Executing at the right time of the year: The timing of oil removal should be
planned to fall into the best available season in order to avoid as much as
possible down time and maximize working windows.

o Work with proven technology: Technology and equipment intended to be used
should be tested by contractors and accepted by project management prior
commencement of any contracts.

As part of the cost of salvage operations, the cost of precautionary spill
preparedness resources needs to be considered. In addition, the cost of any spill
(and the low probability of that event) needs to be taken into account.



Cost-Benefit Analysis of Removal Operations

The “benefit” of a proactive removal operation is the amount of damage and cost
averted through the removal of the pollution threat. These damages and costs are
quantified in the modeling and cost analysis phases of the assessment. These
averted costs — i.e., the benefit — must then be compared to the costs of the removal
operation to complete the cost-benefit analysis. In some cases, qualitative factors,
such as the need to preserve cultural, historical, or natural resources that are difficult
to quantify need to be considered in this process. In some wreck cases, a “leave
alone and monitor” policy may be appropriate rather than an actual removal. In other
cases, the benefits of removing a substantial threat will far outweigh the costs of the
removal operations.

Conclusions

Many nations around the world have recognized the environmental threat posed by
the cargo and/or bunker oils and chemical cargoes remaining onboard shipwrecks
located in their respective waters, and that the time had long since come when
action must be taken to deal with those pollution threats. Now, in light of the need to
provide for a heightened level of marine environmental protection, and with the
benefit of today’s capabilities, there exists the capability to address the threat to the
world’s coastal and ocean environment posed by the aging population of shipwrecks
by employing a proactive, rational, scientifically-based strategy. The use of a
scientifically-based risk assessment process using state-of-the-art modeling
capabilities provides authorities with rigorous data that can be used to make
informed decisions on wreck oil and chemical removal.
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