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pack ice, etc.) near a target vessel performing set operations (e.g., a stationed struc-
ture performing drilling or production operations or a seismic survey vessel perform-
ing exploration operations with a planned route). The system monitors positions of

these identified marine obstacles over time relative to the target vessel and predicts
i any potential threats. When a threat is predicted, the system plans deployment of sup-
port vessels, beacons, and the like to respond to the threat. For example, the system
can direct a support vessel to divert the path or break up ice threatening the target
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Comparative Ice Drift and Tow Model Analysis for Target Marine Structure

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Appl. 62/013,380,
filed 17-JUN-2014, which is incorporated herein by reference. This application is
also co-pending with U.S. Appl. 14/077,467, filed 12-NOV-2013, and entitled “Marine
Threat Monitoring and Defense System,” which is incorporated herein by reference

in its entirety.

BACKGROUND OF THE DISCLOSURE
[0002] Oil and gas production operations in new regions, such as the Arctic, have
dramatically increased over the past few years. This increasing activity makes it
more likely that fixed or floating production platforms, drill ships, and other structures
will be used in these regions. A concern for these types of structures in such regions
is potential for damage caused by objects that are uncontrolled and floating or
submerged in the water, such as flotsam, jetsam, debris, icebergs, ice floes, and
other threats (“marine obstacles”). Inicy regions, for example, large icebergs and
strong ice floes can pass through survey, production, and drilling areas. Although
production vessels may be designed to handle some impacts from such marine
obstacles, the vessels may have limits on how long impacts can be sustained and
what force of potential impacts that can be handled safely.
[0003] For these reasons, operators on a production vessel or other structure will
need to anticipate and defend against threats from obstacles so the production
vessel can be sufficiently protected. If conditions become too dangerous, operators
may also need to suspend operations and move the production vessel away until it is
safe to return to normal operations. Being able to do so reliably can be of utmost
importance to operators.
[0004] To monitor conditions in an icy region, operators can use iceberg drift

models. Several iceberg drift models have been developed by ice engineers and
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scientists. Normally, the existing models are specific to a particular area of ocean.
As is typical, the iceberg drift models are run onshore at data centers, and results
are sent to a vessel on a daily basis or as required. This obviously requires reliable
communications so data and predictions can be sent back and forth.

[0005] For example, various ice drift prediction models are available from C-
Core, National Research Council of Canada (NRC), and others. Ice berg
observations are obtained using airplane reconnaissance, satellite imagery, radar or
manual observation, and the observations obtained offshore are sent to an onshore
processing center. Then, the drift prediction model is run onshore within the
processing center. Because offshore observations from vessels and the like are
sent back to the processing center onshore, the drift model cannot be run if
communications are down. Either way, the drift prediction model is often only run
once per day in the onshore center, and the output (an image of the predicted drift
for all tracked icebergs) is then sent to the vessels for review. Again, if
communications are down, then sending the analysis can be hindered.

[0006] The subject matter of the present disclosure is directed to overcoming, or

at least reducing the effects of, one or more of the problems set forth above.

SUMMARY OF THE DISCLOSURE
[0007] Drift and towing models are analyzed to defend a target marine structure
and its set operation from threats, disruptions, damage, and the like. A modelling
system allows users to update observations, compare models, and display various
performance measures to both predict the course of ice and to assess performance
of the models.
[0008] Although the present disclosure discusses drift and tow analysis with
respect to ice, such as icebergs, ice floes, etc., it will appreciated that the teachings
of the present disclosure can apply to debris or anything else on/near the water’s
surface that may pose a threat to a target marine structure. Additionally, although
the present disclosure focuses on ice drift and tow models, other types of models

can be used in a similar fashion.



WO 2015/195801 PCT/US2015/036230

-3-

[0009] The modelling system has a prediction model "framework" that allows
system users to "plug in" and use various models. The models include drift models
for calculating future or subsequent drift positions of an obstacle in the vicinity of the
target marine structure. For example, based on acquired data of current conditions
offshore, the system then predicts ice drift for each obstacle using each model that
calculates the passive drift of the obstacles from current or given positions under the
prevailing conditions. This processing is preferably done offshore in the field using a
planning tool of the disclosed system. As new data is entered into the system or after
a certain time lapse (for instance the current predictions may have a 1-hr
granularity), the system pushes all current iceberg observations into all drift models.
[0010] In addition or as an alternative to calculating drift, the models can include
tow models for calculating future or subsequent tow positions of an obstacle in the
vicinity of the target marine structure. For example, based on acquired data of
current conditions offshore, the system can predict future or subsequent tow
positions for each obstacle using each model that calculates active diversion of the
obstacles from current or given positions under the prevailing conditions. This
processing is preferably done offshore in the field using the planning tool of the
disclosed system.

[0011] The predicted results of each model can then be shown on interactive
system maps, for example, as different layers. The performance (or error) over time
(versus the real observations and drift) of each model is displayed, graphed, tracked,
and reported. The system user can then decide, based on model performance,
which model has given the best predictions and can mark this model as the optimal
model. The optimal model can then be used for the final predictions, alarm zone
monitoring, planning of iceberg towing operations, and other purposes.

[0012] The system automates the tasks in the field by bringing together the
models within an automated command and control system. In one benefit, the
system aids in the selection of (or automatically selects) the most efficient method of
iceberg avoidance for a target marine structure by selecting a deflection method and
timing relative to external conditions that can save fuel and make ice management

operations more efficient.
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[0013] In one embodiment, a marine threat modelling method is used for a target
marine structure conducting a set operation in a body of water. The method involves
monitoring with a computer system at least one given position of at least one
obstacle drifting in a vicinity of the target marine structure as the target marine
structure conducts the set operation in the body of water. The method involves
modeling with the computer system at least two subsequent positions of the at least
one obstacle over time from the at least one given position relative to the target
marine structure by using at least two models for calculating movement of the at
least one obstacle. The method further involves presenting with the computer
system the at least two subsequent positions of the at least two models for
comparison to one another.

[0014] For example, the marine threat modelling method can model at least two
subsequent drift positions of the at least one obstacle over time relative to the target
marine structure by using at least two drift models for calculating passive drift of the
at least one obstacle applied to the at least one given position. In addition or in the
alternative, the marine threat modelling method can model at least two subsequent
tow positions of the at least one obstacle over time relative to the target marine
structure by using at least two tow models for calculating active diversion of the at
least one obstacle applied to the at least one given position.

[0015] In another embodiment, a programmable storage device has program
instructions stored thereon for causing a programmable control device to perform a
marine threat monitoring method as noted above and disclosed herein.

[0016] In yet another embodiment, a marine threat modelling system is used for
a target marine structure conducting a set operation in a body of water. The system
can have communication equipment obtaining information about one or more
obstacles in a vicinity of the target marine structure. The system can have memory
storing the obtained information and storing at least two models for calculating
movement. Processing equipment of the system can be operatively coupled to the
communication equipment and the memory.

[0017] The processing equipment can be configured to monitor at least one given

position of at least one of the obstacles drifting in the vicinity of the target marine
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structure as the target marine structure conducts the set operation in the body of
water. The processing equipment can also be configured to model at least two
subsequent positions of the at least one obstacle over time relative to the target
marine structure by using the at least two models applied to the at least one given
position. The processing equipment can further be configured to present the at least
two subsequent positions for comparison to one another.

[0018] The foregoing summary is not intended to summarize each potential

embodiment or every aspect of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Fig. 1 schematically shows a marine threat modelling system according to
the present disclosure.
[0020] Fig. 2 schematically shows some of the components of the modelling
system, including a target marine structure, a support vessel, a beacon, and a
remote vehicle, along with various services used by the system.
[0021] Figs. 3A-3B show features of a client-server based architecture for the
modelling system.
[0022] Figs. 4A-4B schematically show a general processing and data handling
methodology for the modelling system.
[0023] Fig. 5 conceptually shows components of the modelling system in an
example arrangement during operations.
[0024] Figs. 6A-6B show a process in flow chart form for the modelling system to
model drift of an obstacle relative to a target marine structure.
[0025] Figs. 7A-7D show example user interface screens for the disclosed
modelling system displaying drift models for an obstacle.
[0026] Figure 8 show a process in flow chart form for the modelling system to
model tow of an obstacle relative to a target marine structure.
[0027] Figs. 9A-9C show example user interface screens for the disclosed
modelling system displaying tow models for an obstacle.
[0028] Figs. 10A-10B show additional user interface screens for the disclosed

modelling system displaying tow and drift models for an obstacle.
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[0029] Fig. 11 shows an alternative user interface screen depicting drop zone

information for an obstacle relative to a target marine structure.

DETAILED DESCRIPTION

1) Overview of Modelling System
[0030] As noted previously, protecting attached, fixed, or stationary marine
structures or marine vessels with planned movements or routes from marine
obstacles and impacts presents a significant challenge to drilling, production, and
exploration operations in some marine regions, such as the Arctic. To meet this
challenge, operators on such a structure can use a marine threat modelling system
10 as schematically illustrated in Figure 1. The modelling system 10 protects a
target marine structure 20 in a region, such as the Arctic, having floating and/or
submerged objects that drift in the ocean and threaten the structure 20. The
modelling system 10 can be incorporated with, part of, or used with a marine threat
monitoring and defense system as disclosed in co-pending U.S. Appl. 14/077,467,
which is incorporated herein by reference in its entirety.
[0031] In general, the target marine structure 20 can be a production vessel, a
production platform, a drilling ship, a wellhead, a riser, a seismic survey vessel, or
other marine structure or vessel used in drilling, production, or exploration operations
at sea. The structure 20 can be floating or fixed and can be permanently or
temporarily affixed to the sea floor. Therefore, the structure 20 can be stationed (i.e.,
“set”) for drilling, tanker loading, well workover, subsea maintenance, or other drilling
or production operations in a body of water. For exploration, the structure 20, such
as a seismic vessel, can traverse an area of exploration with a planned (i.e., “set”)
route for seismic acquisition or other such exploration operation. In any event, the
structure 20 typically operates in one specific location for a period of time to perform
its drilling, production, or exploration operations, which makes it vulnerable to moving
threats from marine obstacles in the water. For the purposes of description, the
structure 20 is referred to herein as a target vessel, but the structure 20 can be any
of the several types of structures, vessels, platforms, and the like that are known and

used for drilling, production, and exploration in water ways.
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[0032] As discussed in the examples below, such a target vessel 20 can be used
in icy regions having glacial ice, pack ice, ice floes, icebergs, and other ice
obstacles. However, the vessel 20 and elements of the disclosed system 10 can be
used in other locations having debris, plants, flotsam, jetsam, or other obstructions or
obstacles submerged and/or floating in the water that can interfere with the drilling,
production, or exploration operations of the vessel 20. The disclosed system 10 as
described in the examples below can be used to monitor and defend the target
vessel 20 in any of these situations in a similar fashion as discussed below.

[0033] Being used in an icy region, for example, the target vessel 20 is prone to
threats from drifting marine obstacles, namely flotsam, jetsam, debris, icebergs, ice
floes, loose pack ice, and other hazards, that can impact the vessel 20 and cause
structural damage beyond the vessel’s limitations or disrupt the set operations. The
marine obstacles may be moving freely in the area around the target vessel 20, and
weather conditions, ocean currents, wave height, wind direction and speed, and
other environmental factors can influence the movements (drift) of these obstacles.
Additionally, icy regions may have pack ice of various thickness and layers. Portions
of this pack ice may break loose over time and flow in ocean currents to threaten the
vessel 20. Therefore, being able to monitor and track ice can be beneficial for
protecting the target vessel 20 in such a region.

[0034] To help operators improve safety and operations (e.g., drilling, production,
or exploration), the modelling system 10 monitors, forecasts, and proactively guards
against various threats in the icy region. To achieve these purposes, the system 10
has various support vessels 30, tracking beacons 40, surveillance vehicles 50, and
communication equipment (not specifically indicated), among other features to be
discussed in more detail later.

[0035] In the system 10, equipment on the target vessel 20 (or on any other
vessel 30 or other location) can act as a master control, and it communicates directly
with each of the support vessels 30 and other components of the system 10. In turn,
the various support vessels 30 and other components to be positioned, controlled,
and tracked by the system 10 run software features to perform tasks and obtain data

for protecting the target vessel 20. Finally, the vessels 20/30 and other components
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communicate data and instructions between one another to proactively act against
threats from marine obstacles.

[0036] Briefly, system operators control the system 10 to protect the target vessel
20 against incoming ice threats. As set operations (drilling, production, or
exploration) proceed and threats arise, the system 10 helps manage and control
operations of the support vessels 30 tasked with protecting the target vessel 20 and
helps track and monitor ice as it drifts relative to the target vessel 20. As part of this
management, the system 10 obtains and uses information about ice formations and
locations from various satellites 60, such as weather, imaging, and GPS satellites.
Additionally, the system 10 can obtain images and other information using remote
vehicles 50, such as unmanned aviation vehicles or the like to take photographs or
weather information. Moreover, the system 10 can obtain information from remote
base stations 65 on land, such as weather stations and the like.

[0037] The modelling system 10 then uses software, communication systems,
satellite and weather imaging, and the like so system operators can visualize and
manage the various obstacles around the target vessel 20 and can allocate and
direct the various support vessels 30 and other components to track and deal with
those obstacles. To assist in the visualization and management, the system 10
monitors ocean currents, wave height, weather conditions (temperature, wind
direction and speed, etc.), debris, and ice in the vicinity of the target vessel 20 in real
time, and this information is used to forecast movements (i.e., drift) of ice and
changes in the environment.

[0038] Then, over the course of operations, the system 10 tracks the risks from
debris and ice threats and forecasts how those risks might proceed going forward in
time. The forecasting can be based on information such as how local ocean currents
usually operate, how such currents are operating now, where icebergs or floes are
currently located, what is the confidence in any forecast, etc. Additionally, if the
target vessel 20 is used for exploration operations, such as seismic surveying, the
target vessel 20 has a planned route or track to run. In this instance, the forecasting
can be further based on the target vessel’s current speed, direction, route, planned

track, etc.
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[0039] The forecasting as disclosed herein analyzes the drift of obstacles using
drift models and can further use tow models for towing obstacles. The drift and tow
model analysis can then be used for a number of purposes. For example, the
analysis can be used in the field by system users to find and use the best performing
drift and tow models to deal with obstacles. Once the system 10 is configured,
running of each model can be automated and presented to the system user, allowing
the user to concentrate on the task at hand. The analysis can also be used onshore
as a post season review to determine which model performed the best over the
course of the previous season(s). Developers of the models can then refine the drift
and tow models to test and calibrate new or modified models for use in the future.
[0040] Based on the tracked risks, forecasts, and models, the system 10 can
then identify and automatically suggest various scenarios to improve the protection
of the target vessel 20 by indicating whether obstacles can be moved or broken up in
a suitable time frame, by indicating when to disconnect and move the target vessel
20 from a forecasted threat, etc.

[0041] Through this monitoring, tracking, forecasting, and modelling, the system
10 obtains and presents a variety of data to the system operators for analysis. Data
from direct observations, sensors, and beacons 40 can report real-time location
information of the support vessels 30, icebergs, ice floes, ocean currents, wind
speed and direction, and other variables of interest. The sensors and beacons 40
can be deployed by hand or by air, dropped from a support vessel 30, a helicopter,
an R.0.V. drone, etc. Sensors used can include ice profilers, such as upward
looking sonar devices to detect the presence, thickness, motion, and other feature of
sea ice. Examples of such devices include Ice Profiler Sonar and Acoustic Doppler
Current Profiler that deploy in water at 25 to 60-m below the surface. Additional data
for analysis includes, but is not limited to, satellite ice imagery, Environmental
Systems Research Institute, Inc. (ESRI) shape files, manually defined obstacles with
assigned headings and level of threat, marine current/ice flow prediction models,
logged ocean current data, vessel positions and exclusion zones, standard ship and

ice radar readings, and automatic identification algorithms. In predicting movements
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of ice in the water, the system can use ice profilers mounted on the sea floor that can
measure ice thickness (draft), floe size, and other measurements.

[0042] Combining all of this information, the system operators can then use the
system 10 to direct the support vessels 30 to perform selected tasks, such as
running defensive marine obstacle breaking routes, physically diverting marine
obstacles, visually observing marine obstacles, deploying remote monitoring
beacons 40, etc. In the end, the system 10 seeks to identify risks as early as
possible, forecast where those risks will move (drift) over time, and identify protective
measures for dealing with the threats so the target vessel 20 can continue set
operations. Yet, the system 10 can also identify the level of a threat and what time
frame may be need to cease set operations and possibly move or evacuate the
vessel 20.

[0043] As discussed in more detail below, system operators use a planning tool
of the system 10 to proactively monitor the environment, evaluate risks, model drift
and tow of obstacles, and make necessary decisions, such as commanding support
vessels 30 to intercept marine obstacles that pose a risk and commanding support
vessels 30 to perform scouting and icebreaking duties on a predefined track (e.g.,

” o«

“picket fencing,” “racetrack,” elliptical, orbital, and other patterns). As shown in
Figure 1, for example, the support vessel 30a has been tasked with running a picket
fence pattern to thwart off threats from ice by breaking up ice and being prepared to
move (i.e., tow) obstacles when needed. The operator can also command support
vessels 30 to observe and tag identified marine obstacles that pose a risk. For
example, the other support vessel 30b in Figure 1 has been tasked with observing
and tagging a particular iceberg. Reconnaissance can also be carried out by remote
vehicles 50, such as drones, which can drop beacons 40, take photographs of ice
features, make weather measurements, and perform other duties around the target
vessel 20. These and other details of the system 10 are discussed below.

2) Components of Modelling System
[0044] With an understanding of the overall modelling system 10, discussion now
turns to additional details of the system’s components. Figure 2 schematically

shows some of the components of the modelling system 10, including a target
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marine structure 20, a support vessel 30, a beacon 40, and a remote vehicle 50.
Also depicted are various services 140 used by the modelling system 10.
[0045] As will be appreciated, other related components can also be used and
may be based on some of the same concepts detailed below. Moreover, a given
implementation may have more or less of these components. Further details related
to the modelling system 10 as shown in Figure 2 are disclosed in the incorporated
US Appl. 14/077,467 and are not repeated here for brevity.

3) Client-Server Architecture
[0046] With an understanding of the overall modelling system 10 and its
components, discussion now turns to additional details of the system’s computer
architecture. As mentioned previously, the system 10 uses a client-server based
architecture. Server modules 120 can be used on the target vessel 20, and client
modules 130 can be used on the support vessels 30 and other components.
Alternatively, server modules 120 can be used on the support vessels 30, and client
modules 130 can be used on the target vessels 20 and other components. Being
client-server based, the disclosed system 10 can be used on a single workstation on
a single vessel or can be used on multiple servers on multiple vessels.
[0047] For illustrative purposes, Figure 3A schematically shows the system’s
client-server architecture 100 in block diagram form, and Figure 3B schematically
shows various processes of the client-server architecture 100 that can be distributed
and shared across the modelling system 10 and its modules 120 and 130. Further
details related to the client-server architecture 100 of Figures 3A-3B are disclosed in
the incorporated US Appl. 14/077,467 and are not repeated here for brevity.
[0048] Of particular note here are calculation processes 113 and configuration
processes 115. The calculation processes 113 compute vessel positions, carry out
collision detection, predict paths of vessels and obstacles, run drift and tow model
calculations, and perform other calculations. Predicting paths of obstacles using drift
and tow models as disclosed herein can help operators and the system 10 to assess
threats and risks and to implement tasks to deal with them. Also, by performing
collision detection between vessels 20/30 and ice obstacles, the calculation

processes 113 can generate alarms if potential collisions are predicted.
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[0049] The configuration processes 114 allow operators to configure the
system’s operation, such as define the data interfaces, displays, workstations,
support vessels, logging locations, communication parameters, and any exception
criteria for alarms. In addition to operating in conjunction with the target vessel 20,
each support vessel 30 can be set up with system components that can operate
independently from the target vessel 20. Notably, the configuration processes 114
have a planning tool 200. As discussed below, the planning tool 200 is a graphical
application that allows system operators to view operations and define a protection
plan for the target vessel 20. The planning tool 200 is open to interface with multiple
drift models for ice flow/drift and with multiple tow models. The modelling is
preferably done in field to give immediate results to system operators and ice experts
on one or more of the vessels 20/30.

4) Processing Methodology
[0050] The components of the disclosed modelling system 10 using the client-
server architecture 100 as outlined previously follow a general processing
methodology as schematically illustrated in Figure 4A. As shown, the system’s
processing methodology 70 involves data collection (Block 72), communication
(Block 74), decision-making (Block 76), and threat response (Block 78).
[0051] As an initial matter and as shown in Figure 4B, the client-server
architecture 100 has various resources and data sources 80, which are involved in
the data collection (Block 72) of the system’s processing methodology 70 of Figure
4A. As noted previously, some of the resources 81 include the vessels, beacons,
remote vehicles, and other components for collecting data for the client-server
architecture 100. Satellite data 82 can come from weather, ice imaging, and GPS
satellites, and manual data 83 can come from visual observations, flyovers, and the
like. The client-server architecture 100 can also obtain local data 84 at the target
vessel (20; Fig. 1), from radar, GPS, and the like.
[0052] Finally, the target marine structure or vessel (20) has its own electrical,
alarm, and operational systems, and this target vessel data 85 can be used by the
client-server architecture 100. Furthermore, any current operations performed on

the vessel (20) and the vessel’s structural limitations can be part of the vessel data
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85 available to the client-server architecture 100. For example, the target vessel
(20) may be able to handle various levels of wind, current, and ice over a certain
period of time, but may have structural limits that need to be accounted for.

[0053] As another example of vessel data 85, current operations (drilling,
production, or exploration) being performed with the target vessel (20) may dictate
how much time is needed to shut down the vessel (20) and move it to another
location if needed. In other words, the vessel (20) may need to halt drilling, to pull a
riser, or to pull in seismic streamers before the vessel (20) can be moved or
redirected, and these operations can take a particular amount of time to complete. If
these operations are occurring on the vessel (20), any time frame for risk
assessment can account for the length of time to complete the “set” (i.e., stationed or
planned) operations, to shut down the operations (e.g., stop drilling, remove a riser,
reel in seismic streamers, etc.), to move the vessel (20), to evacuate the personnel,
and the like. Any time intervals involved will depend on the type of structure (i.e.,
vessel 20) involved, the type of “set” (i.e., stationed or planned) operations being
performed (e.g., drilling, production, exploration, etc.), and other factors.

[0054] To obtain and transfer all of this collected data (Block 72) as shown in
Figure 4A, the client-server architecture 100 uses various forms of communication
(Block 74). As noted throughout, the various components of the system 10 can use
any of a number of available forms of communication (Block 74) for the environment
of interest. In general, satellite or radio communications can be used depending on
weather conditions, and other forms of wireless communication using relay stations
and the like can be used. As will be appreciated, many types of communication
systems can be used.

[0055] Having the collected data (Block 72) communicated to it, the client-server
architecture 100 goes through various decision-making processes (Block 76) to
develop a managed response (Block 78). The decision-making process (Block 76)
can use predictive algorithms, decision trees, risk weighting, and other techniques
and can be handled by automatic computer processing and human intervention to

handle threats to the target vessel 20 from ice and the like.



WO 2015/195801 PCT/US2015/036230

-14 -

[0056] In particular, the architecture 100 in the decision-making and response
processes (Blocks 76 and 78) manages the resources and data sources 80 and their
data collection (Block 72) by tracking, directing, and configuring the vessels 30,
beacons 40, and the like to collect data and address threats. Then, the client-server
architecture 100 can provide operators on the vessels 20/30 with results 90, such as
resource management 91, risk assessment 92, alarms 93, instructions 94, and
monitoring 95.
[0057] In the resource management 91, for example, system operators can
manage various tasks and operations of the vessels 30, beacons 40, vehicles 50,
and other resources around the target vessel 20. As operations continue, results for
risk assessment 92 can predict threats, prioritize tasks, and perform other
assessments, including drift and tow model analyses. Then, depending on the
threats and their severities, alarms 93 can be triggered based on various time
intervals or stages to warn operators of threats to the target vessel 20.
[0058] Finally, operators can relay instructions 94 to other components of the
system 10, such as vessels and the like, and can direct a course of action and
orchestrate a response to threats. In the monitoring 95, the client-server architecture
100 monitors the entire operation by logging the data collected and producing
reports and the like for further analysis.

5) Operation of System
[0059] With an understanding of the components of the system 10, its
architecture 100, and the various processes used, we now turn to discussion of how
the modelling system 10 operates to protect a target vessel 20 from threats in a
given region. Again, the current example focuses on threats encountered in an icy
region, but the system 10 can be applied to any marine region in which threats can
be encountered.
[0060] To help illustrate how threats are identified and monitored and how tasks
and plans are generated to deal with them, we turn to the example shown in Figure
5, in which components of the system 10 are conceptually shown along with some
possible graphical elements that may be displayed in user interfaces of the system

10, such as in the planning tool 200 as described herein. The target marine
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structure or vessel 20 is shown with only some of its components, including server
module 120, communication system 22, and planning tool 200, but the other
components would be present as well. These components, such as the planning
tool 200, need not be specifically located at one location (i.e., the target vessel 30)
and can be instead distributed or located elsewhere in the system.

[0061] Two support vessels 30a-b are also shown in this example with each
having a client module 130. Finally, various ice obstacles O are shown in this
example, including a first obstacle O+, a second obstacle Oz, and various smaller
obstacles Os. One of these obstacles O- has a beacon 40 deployed on it.

[0062] In general, the marine obstacles O can be flotsam, jetsam, debris,
icebergs, ice floes, and other floating threats to the target vessel 20 carried by ocean
and with currents, and the marine obstacles O can be defined as single or multi-point
objects in the system 10. Each marine obstacle O in the system 10 can have a set
of attributes associated with it—some of which can be displayed as described later.
The attributes can be obtained in various ways, such as manually entered
coordinates; graphically defined information with a display screen and mouse
control; automatically obtained from radar targets, satellite images, or a beacon 40;
and other ways.

[0063] At the target vessel 20 and the support vessels 30, the server and client
modules 120/130 can be used to create and delete the various marine obstacles O
in the vicinity of the target vessel 20. The obstacle information is preferably passed
automatically between each of the vessels 20/30. For consistency across the system
10, the obstacle information is distributed automatically between the various vessels
20/30.

[0064] Using the exchange of information, for example, obstacle information can
be displayed on local user interfaces of the outlying support vessels 30. These local
user interfaces outline at least all of the active threats in the local area. Using the
client modules 130, local operators on the support vessels 30 can create and
remove obstacles O in the system 10 and modify their attributes. During monitoring

activities, the support vessels 30 can also physically tag obstacles O with the
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disposable navigation beacons 40 used to track the obstacle’s movement in real-
time.

[0065] The planning tool 200 includes a drift model interface 210, a tow model
interface 220, and data interfaces 230. The drift model interface 210 interfaces with
a plurality of available drift models 212. Similarly, the tow model interface 222
interfaces with a plurality of available tow models 222. The data interfaces 230
receive data as input for processing and outputs data for display, analysis, and
comparison. Accordingly, the input data includes, but is not limited to, weather data,
tow vessel data, obstacle data, target vessel data, etc. The output data can include
any suitable form of data for viewing, analysis, comparison, and the like according to
the purposes disclosed herein.

[0066] An optimizer function 240 of the planning tool 200 enables system users
to compare the various drift and tow models 212 and 222 with one another. This
allows the system users to monitor each model 212, 222 to compare and score
prediction performance against actual observed data. For example, the planning
tool 200 can present comparisons in a "league table" or other display interface for
the system user to study and select the best performing model 212, 222 to use.
Other relevant decision-making data can be included in the table including seasonal
and tidal patterns.

[0067] While discussing particular examples of the system’s operation with
reference to Figure 5, discussion also looks at a modelling process 150 shown in
Figure 6A. Although a general methodology has already been discussed, the
process 150 in Figure 6A for monitoring ice drift relative to the target marine
structure or vessel 20 is laid out in some additional detail.

[0068] In the monitoring process (150), system operators access data interfaces
230 of the planning tool 200 of the disclosed system 10, which enables the system
operators to monitor obstacles O. Initially, the system operators identify the marine
obstacles O in the vicinity of the target vessel 20 (Block 152). As noted before, this
can use manual observation, satellite imaging, ice imaging, and the like. Details
about the obstacle’s position, size, shape, direction, etc. are imported into the

system’s planning tool 200, and the system operators can use the planning tool 200
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to create and edit details about the obstacles O. Some, if not all, of these functions
can be automated using software programs.

[0069] Over time, the planning tool 200 monitors the position of these identified
obstacles O relative to the target vessel 20 (Block 154). This monitoring produces
historical tracks T of the obstacles O, which can be viewed by the system operators
and analyzed by the system 10. The planning tool 200 then operates to integrate
data from multiple drift models 212 by interfacing with multiple models 212, running
the drift models 212, and displaying the results.

[0070] For example, one or more drift models 212 are selected to assess the
monitored ice obstacles O (Block 156). This selection can be automated, user-
defined, or based on manual user selection based on preferences. To operate with
multiple models 212, the drift model interfaces 210 of the system 10 use a software
framework capable of integrating with a number of available drift models 212.
Therefore, any external software models 212 used by the planning tool 200
preferably have compatible and standardized data formats and interfaces for
interacting with the planning tool 200.

[0071] The drift models 212 for icebergs and other ice obstacles are
mathematical computer algorithms that are developed to predict the future
movement (drift) of a given iceberg(s) or other ice obstacle. Inputs to such models
212 include position, time, size, shape, and environmental observations, such as
ocean current, wind, temperatures, and environmental constants or physical statics.
In addition, the drift models 212 can include spatial current models at a variety of
water depths and spatial wind forecasts or predictions. The data for water currents,
wind currents, and other forecasts can be obtained from external data providers,
such as discussed above.

[0072] The modeling of future positions by the drift models 212 may be manually
output as desired by a user or may be automatic or user-defined. For example, as
new data becomes available (new iceberg observations or environmental Metocean
data is obtained), the planning tool 200 can then automatically run each drift model

212, although this can be user managed.
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[0073] At a minimum, the drift models 212 extrapolate future position(s) or
track(s) of the ice obstacles O based on observed iceberg data. In more
sophisticated modeling, the drift models 212 take into account a number of the other
variables and mathematical relationships outlined above. The drift models 212 can
also predict melt conditions and calving (splitting) events that may occur during
movement of the iceberg(s) O.

[0074] As the system 10 operates, the planning tool 200 models future drift
positions of the obstacles O with the drift models 212 (Block 158). An input to the
models 212 in the planning tool 200 can include the time in the future in which an
operator wishes to predict the obstacles’ drift with respect to the target vessel 20.
The outputs from each of the models 212 include the obstacle’s future drift positions
for the given future prediction time. Ultimately, the planning tool 200 can thereby
predict future position(s) and track(s) T for the obstacles O based on the drift models
212, historical movements, ocean currents, size and position of obstacles, etc.
These future drift position(s) and track(s) T then define what threats may exist to the
target vessel 20 and what possible time frames those threats may take to become
imminent.

[0075] Once the modeled future positions are determined, the planning tool 200
then presents the modeled future positions for comparison to one another (Block
160). As detailed below, presenting the modeled future positions can use data
interfaces 230 of the planning tool 200 to display results for comparisons. From the
presented results, the system operators can use the planning tool 200 to plan a
response (e.g., various tasks) to respond to the predicted threats (Block 170).

[0076] To do this, the system operators can configure a number of tasks or
assignments to be performed by support vessels 30 and other components. These
various tasks can be arranged in various scenarios in which particular resources
(e.g., support vessels 30, beacons 40, remote vehicles 50, etc.) are deployed in
different ways to deal with predicted threats. Each scenario is essentially a model of
predictions showing possible movements and changes of threats in the environment
and possible strategies and tasks for dealing with the threats. Thus, the scenarios

allow the system operators to create and analyze multiple “what if’ situations using
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the observed data available in the system 10. Each scenario can have differing
prediction models applied and can allow the system operators to visualize possible
outcomes and threats.

[0077] For each scenario, the disclosed system 10 as shown for example in
Figure 5 uses the selected marine obstacle prediction models to predict the track T
for each obstacle O (based, for example, on drift and tow models 212, 222) and
constantly checks for the possibility of future collisions. The target vessel 20 can
also be assigned multiple safety boundaries Z, such as the boundaries Z1, Z>, and Zs
in Figure 5. If any of the marine obstacles O encroaches on the vessel’s safety
boundaries Z, the system 10 raises an alarm, which can be displayed and logged.
This information allows the system operators to decide on the optimal course of
action to protect the target vessel 20.

[0078] Additional examples of the system’s operation with reference to the
example arrangement of components shown in Figure 5 are disclosed in the
incorporated US Appl. 14/077,467 and are not repeated here for brevity.

[0079] On a further level, the planning tool 200 tracks the models 212 and their
modeled future or subsequent positions over time, compares the accuracy of the
results, ranks the models 212, and enables operators to choose preferred models
212. In particular, Figure 6B shows additional steps in the process 150 for accessing
the models to plan a response to ice obstacles. In presenting the modelled future
positions for comparison to one another (Block 160), the planning tool 200 monitors
the positions of the obstacles O over time (Block 162). For each model 212, the
planning tool 200 compares the modified positions to the monitored positions for the
ice obstacles O (Block 164). This shows the accuracy of the models 212 based on
what they previously predicted and what the ice obstacle O is actually observed as
doing.

[0080] A comparison for each model 212 is quantified (Block 166), and the
qguantified comparisons of the models 212 are presented for assessment (Block 168)
S0 a response can be better planned based on the presented comparisons (Block
170). For example, the accuracy for each of the models 212 can be displayed as a

percentage of accuracy or other statistic of the models 212 relative to the actual
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tracked position of the obstacles O. The accuracy of each model 212 can be
displayed relative to one or more of the other models 212 for comparative purposes.
These and other comparative quantities could be used to assist the system operator
or any automated feature of the planning tool 200 in planning a response.

[0081] As noted previously, the modelling system 10 uses a number of data
interfaces 230 for displaying information on the vessels 20/30. In general, these
data interfaces 230 can show satellite ice data, ice obstacles, radar targets,
beacons, vessels, and other elements of the modelling system 10. Attributes of the
various elements can also be viewed, and multiple displays can be configured.
[0082] Some examples of a user interface screen 300 for the disclosed system
10 are described below with reference to Figures 7A-7C. As will be appreciated with
the benefit of the present disclosure, system operators can use these various user
interface screens 300 as well as others not detailed herein to visualize the
surrounding environment, operational parameters, drift and tow model calculations,
and other useful information. The user interface screen 300 can be part of the
planning tool (200; Figs. 3B & 5) operating on the system’s architecture 100 on the
vessels 20/30 or other location so operators can review information, configure the
system 10, track and monitor threats, and plan tasks and other activities in response.
[0083] In Figure 7A, the screen 300 displays a section of a map 302 in the area
of interest in which an identified ice obstacle 310 (e.g., iceberg) is depicted. The
historical track 312 of the obstacle 310 is shown leading up to the current or given
position of the obstacle 310 attime T. A model selection panel 304 can be used to
select which drift model (model X) to apply to the obstacle 310 and the current
environmental conditions. Here, only one model has been selected for display.
[0084] The current position of the obstacle 310 is displayed at time T at the end
of the historical track 312, which may have been monitored overtime with historical
information. From there, subsequent drift positions of the obstacle 310 that have
been modeled are shown for the one model (i.e., model X) at calculated time
intervals (T+6, T+12, etc.).

[0085] The modelling system inputs the latest data and obstacle positions to the

selected model(s) in turn and obtains predicted positions for a number of time
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periods into the future from the models’ analyses. For example, given the latest
environment conditions and the position of the obstacle 310 at time T, the modelling
system predicts with each model where the obstacle 310 will be positioned at time
T+6 hours, T+12, T+24 and T+48. The modelling system can then record all of the
predicted positions from each model for display, monitoring, and further evaluation.
For example, Figure 7B shows the user interface 300 showing predicted positions for
the obstacle 310 from several models X, Y and Z for the future times T+6h, T+12h,
T+24h, T+48h.

[0086] As time progresses, the predicted positions from each model 212 are
scored against the actual observed position of the obstacle 310, which is obtained
through tracking, observation, satellite data, reconnaissance, etc. In the previous
example, at time T+6 hours, the 6 hour prediction made at time T will be compared
with the observed position at time T+6. As shown in the screen 300 of Figure 7C, for
example, the actual position 314 for the obstacle 310 at time T+6 is displayed versus
predicted positions at that time T+6 for the models. The position difference 316
between the actual position 314 and the predicted positions can be recorded and
used as a measure of each models’ performance at predicting 6 hours into the
future. As more time passes, the position differences 316 for each time interval can
also be recorded and also used as a measure of the models’ performance.

[0087] After a period of time, the planning tool 200 generates a history of how
each model 304 has performed in predicting the obstacle’s positions over a number
of time periods. The performance statistics can be used to form a league table 306 of
the models 304 from which the user can identify the best performing model 304 for
the time periods configured. In this way, the planning tool 200 can enable the system
user to evaluate the performance of models 304 and further select preferred models
304 under the circumstances. In fact, the user can use the performance results of
the drift models 304 to choose the drift model 304 to feed predicted positions into
other modules of the planning tool 200, such as assessing tow models as discussed
below.

[0088] When the drift model(s) indicate that an ice obstacle poses a threat to the

target marine structure, the ice management supervisor has two choices: either
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move the target structure to avoid the threat or move the iceberg to avoid the target
structure. On a regular traveling vessel, such as a standard ship, operators could
simply navigate the ship to avoid the ice threat. This is not typically possible or even
practical with a target marine structure as disclosed herein conducting a set
operation in the icy environment. As discussed herein, the target marine structure
conducting its set operation cannot be readily moved and is not expected to or
desired to be moved unless absolutely necessary. In fact, the target structure
performing the set operation may be a seismic vessel towing several kilometers of
streamer behind it, or may even be a stationary vessel, such as an oil rig, drill ship,
FPSO, etc. To move these vessels is an expensive and time consuming operation.
For this reason, the preferred option here is to move the iceberg or obstacle itself,
and as expected, this is a challenging and dangerous activity.

[0089] Therefore, to plan a response, analysis based on the presented
comparisons of the modelling system 10 also takes into account tow models in which
the obstacles are moved or altered during their drift relative to the target marine
structure. In this way, in addition to using drift models 212 to monitor ice obstacles,
the planning tool 200 can further use tow models 222 to monitor ice obstacles and
plan a response, such as towing the ice obstacles.

[0090] Dealing with a threatening iceberg or other ice obstacle by towing involves
moving the iceberg out of the danger area and disposing of it where the ocean
currents will not bring it back. As will be appreciated, towing the ice obstacle can
involve pulling (towing), pushing, steering, and the like, and methods are known how
to connect to and engage the iceberg, and they are not detailed here for brevity. In
general, to tow an iceberg, a support vessel can wrap a dedicated iceberg tow line
around the iceberg and can tow the iceberg to a safe area.

[0091] A number of factors are taken into account when planning an iceberg tow,
including consideration of the size and shape of the iceberg, mass, draft, proximity to
facilities, ocean currents, wind conditions, support vessel availability, the horsepower
required by the tow vessel to tow the iceberg, an appropriate place to drop the
iceberg, the distance to tow, and the time that will be required to tow the iceberg.

Additionally, a number of features are required on the tow vessel to be able to
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effectively tow an iceberg, and these likewise are not detailed here. In any event,
due to the complexity of the operation, making the correct towing decision can be a
challenge especially when operators have multiple icebergs threatening a target
marine structure in an area, when operators have multiple drop zone options, and
when the operations have limited availability of tow vessels.

[0092] Because the obstacles may be towed during the course of planning and
monitoring with the system 10 as noted above, the planning tool 200 interfaces with
multiple tow models 222, runs the tow models 222, and displays results so operators
can plan tow operations accordingly.

[0093] For example, Figure 8 shows additional steps in the process (150) for
assessing the drift and tow models 212, 222 to plan a response to ice obstacles O.
In presenting modelled positions of the ice obstacle (Block 160), the planning tool
200 use one or more tow models 222 to assess the monitored obstacles O (Block
180) and models one or more future or subsequent tow positions of the obstacle O
(Block 182). In running the tow models 222, the planning tool 200 can automatically
calculate the suggested vessel’s sail track T required to carry out a task starting from
the current vessel position or from the end of a previous task. The disclosed
modelling system 10 also calculates the estimated time to travel between tasks.
[0094] Making the correct tow decision at the right time is a difficult task. At a
given tow position, the towed ice obstacle O may be released, but the obstacle O
would then drift relative to the target structure 20 and may still pose a threat. Then
of course, once the ice obstacle O is dropped or released, knowing where the
obstacle O will drift is again equally important. Therefore, the planning tool 200 also
models future or subsequent drift positions of the obstacles O with the drift models
212 based on the future tow positions (Block 184). The modeled future tow and drift
positions are then presented for comparison to one another (Block 186). Using all of
these modelled drift and tow positions, the system user can use the planning tool
200 to plan a response based on the presented comparisons (Block 170). Thus, at
an additional level similar to what is disclosed above with reference to Figure 6B, the

planning tool 200 tracks results of these tow models 222 over time, compares the
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accuracy of the results, ranks the tow models 222, and enables operators to choose
the preferred tow model(s) 222 for the situation.

[0095] Figure 9A illustrates a user interface screen 400 of the planning tool (200)
having an obstacle 410 (e.g., iceberg at a given time T) at the end of its historical
track 412. As before, the obstacle 410 is shown on a section of a map 402 in the
area of interest. Resource vessels 420A-B are shown relative to the obstacle 410
and the target vessel 430. Two predicted drop zones 440A-B are shown for possible
release of the obstacle 410 when towed by one or both of the vessels 440A-B. In
general, the drop zone 440 can be considered as a defined area where an ice
obstacle 410 (i.e., iceberg) under tow can be dropped so that sea currents and wind
will push it out of harms way of the target structure 430.

[0096] Once an ice obstacle 410 has been identified as a threat, the system user
can mark the obstacle 410 for towing with the planning tool 200 in the user interface
screen 400. Once marked, the system user can then drag the obstacle 410 on the
map 402 and drop it on a specific drop zone 440A-B. Alternatively, all drop zones
440 can be considered for analysis. As for the drop zones 440, the user can create
new drop zone 440, move existing drop zones 440, etc. for assessment. Additionally,
the modelling system may calculate prospective drop zones based on the analysis
discussed below.

[0097] Once the drop zone(s) is selected or the obstacle 410 is marked for
towing, the planning tool 200 inputs the obstacle’s properties (position, size, mass,
draft, set and drift) and environment details (wind, current, and other environmental
factors) and known or prospective drop zone details into the one or more tow
models. The tow models then process the input data and return tow details for the
selected drop zone(s).

[0098] In Figure 9B, for example, prospective tow routes 442, 444 are depicted
for towing the ice obstacle 410 to two example drop zones 440A-B. Various
environmental conditions (wind and current) data may also be depicted as it has
been used in the tow models. As further depicted in Figure 9C, drift model analysis
can then be performed on the position of the obstacle 410 towed in the prospective

tow routes 442, 444 to the drop zones 440A-B. By running the tow models and the
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drift models as disclosed herein, details of the tow routes and predicted drift
positions 450A-B of the dropped ice obstacle 410 can be calculated and displayed,
as shown in Figure 9C.

[0099] Figure 10A shows an additional user interface screen 500 of the planning
tool 200 for assessing and planning tow and drift models. The screen 500 includes a
map display 400, display options 510, tow model selection 520, drift model selection
530, tow vessel selection 540, a planning pane 550, and a league table 560.

[0100] The map display screen 400 is similar to that discussed above and is
shown in greater detail in Figure 10B. Within the planning tool (200), the position of
each vessel 420, 430 is also known, and the fleet of tow capable vessels 420 is
known and defined for access in planning. As part of the definition, the vessel's
towing power can be specified. Scheduled tasks for each vessel 420, 430 can also
be defined and shown in the planning pane 550, giving the user a temporal view into
each vessel’'s availability. The display options 510 allow the user to display various
environmental conditions (e.g., wind, current, etc.) as layers in the map screen 400.
[0101] As noted above, the planning tool (200) is configured to integrate with any
of a plurality of tow and drift models for analysis. In particular, the tow model
selection 520 and drift model selection 530 allow the user to select respectively
which tow and drift models to use for calculation and display in the map screen 400.
Instead of showing all of the tow and/or drift models, the user can therefore select in
the selections 520 and 550 which one or more of the model predictions to use for
display together on the map 400. The vessel selection 540 allows the user to select
one or more of the available vessels 420A-B for towing the selected obstacle 410 in
the planning.

[0102] The planning pane 550 allows the user to define and select various plans
for towing the obstacle 410. Using viewing and planning options 552, 554, plans can
be added and viewed and can be configured for the available tow vessel selections
540, tow model selections 520, drift model selections 530, drop zones 440, and other
configurable factors.

[0103] The planning pane 550 also includes a calendar or timeline 556 of the

plans. As shown in the planning pane 550, the user can use one or more “time-
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sliders” 558 to advance or back the timeframe of what is displayed. The time-sliders
558 allow the user to see (and compare) model predictions backward and forward in
time. Positions for intermediate times can be interpolated and shown on the map 400
based on available data points from incremental calculations. Finally, the league
table 560 provides comparative details for the plans for assessment purposes.

[0104] Once the system user has identified a threatening ice obstacle 410, one
course of action may be to tow the obstacle 410 out of the danger area to a safe
drop zone 440. Before the towing action can commence, the system user can
analyze the situation with the planning tool (200) and user interface screen 500 to
assess a number of questions. For example, the system user may want to
determine which vessel 420 to use for towing, where the best drop zone 440 for the
obstacle 410 may be, when is the best time to tow the obstacle 410, how much
horsepower and time may be required to tow the obstacle 410 to the selected drop
zone(s) 440, are there any vessels 420 available with the necessary horsepower,
etc. The planning tool 200 has functionality to help the system user answer these
guestions by providing modelling, calculation, and display to facilitate the decision
making process.

[0105] As the user interface screen 500 shows, the planning tool (200) integrates
the tow vessel’s availability details into tow model results, allowing the user to filter
the vessels 420A-B based on availability, distance from the obstacle 410, and towing
strength. The planning tool (200) allows the user to dynamically specify a drop zone
440 on the map 400 for tow and drift model analysis. Alternatively, a number of drop
zones 440A-B may be defined within the planning tool (200) and stored within the
configuration. Drop zones 440A-B can be clearly shown as a data layer within the
planning tool’'s display map 400.

[0106] When the drop zone 440 and tow vessel 420 are selected, the user
selects one or more tow models (selection 520) to be used to forecast the towing of
the obstacle 410 with the selected tow vessel 420. The tow model determines in
part how long the tow route will take, what is the best drop zone location, when the
tow vessel would be released for towing some other potential obstacle, and other

factors.
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[0107] The tow models then process the input data and return tow details for the
selected drop zone(s), intermittent positions, or intervals of time. As shown in Figure
10B, for example, a tow track 442 for towing the obstacle 410 from its current
position toward a potential drop zone 440 has been calculated with one of the
selected tow models and is shown on the map screen 400. Intermediate drop zones
or tow positions 444 may also be calculated and displayed. (Only one tow model is
depicted being applied in Figure 10B for simplicity of illustration. As noted herein,
multiple tow models can be applied and selectively shown for comparative purposes
according to the present disclosure.)

[0108] From the calculations, the tow models return tow details that can include
tow-time and tow horsepower required to tow the obstacle to each drop zone. These
details can be provided in the league table 560 of Figure 40A. Other input and
output details for the analysis can be geared to other decision goals, such as
efficiency, heightened safety margins, etc.

[0109] When the drop zone 440 and tow vessel 420 are selected, the user also
selects one or more drift models (selection 530) to be used to forecast the movement
of the obstacle 410 after it is dropped in the drop zones 440 or other locations,
ensuring that the obstacle 410 will move away to a safe area. The drift models then
process the input data and return drift details for the selected drop zone(s), which
may or may not be selected for display on the map 400. As shown in Figure 10B, for
example, the drift tracks 450 for the obstacle 410 from its current position and the
intermediate tow positions have been calculated with one of the selected drift models
and are shown on the map screen 400. (Only one drift model is depicted being
applied in Figure 10B for simplicity of illustration. As noted herein, multiple drift
models can be applied and selectively shown for comparative purposes according to
the present disclosure.)

[0110] Because the goal of drop zones 440 or other locations is to move an
obstacle out of the way, the drop zone can be defined by boundaries, as
schematically depicted in Figures 9A-9C and 10A-10B. Additionally, the target
marine structure 430 may be defined by one or more operational or safety zones Z,

such as shown in Figure 10B.
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[0111] An alternative depiction for the screen 400 is shown in Figure 11. Here,
the boundaries 460, 462, 464 are expansive and open relative to the target marine
structure 430. The boundaries 460, 462, 464 are calculated based on tow and drift
models taking the current environmental conditions into consideration with respect to
the relative positions of the obstacle 410 and target marine structure 430. In this
way, once the obstacle 410 is moved beyond one or more of the boundaries 460,
462, 464, the tow and drift analysis can indicate that the moved obstacle should no
longer threaten the target vessel 430. Accordingly, the boundaries 460, 462, 464
define “safe zones" beyond the target vessel 430 and define a series of "inbound risk
zones" stretching miles upstream of the target vessel 430.

[0112] The techniques of the present disclosure can be implemented in digital
electronic circuitry, or in computer hardware, firmware, software, or in combinations
of these. Apparatus for practicing the disclosed techniques can be implemented in a
computer program product tangibly embodied in a machine-readable storage device
for execution by a programmable processor; and method steps of the disclosed
techniques can be performed by a “computer system” or “processing equipment,”
which can include one or more programmable processors executing a program of
instructions to perform functions of the disclosed techniques by operating on input
data and generating output. A suitable processor for the “computer system” can
include, by way of example, both general and special purpose microprocessors.
Generally, the processor receives instructions and data from a read-only memory
and/or a random access memory, including magnetic disks, such as internal hard
disks and removable disks; magneto-optical disks; and optical disks. Storage
devices suitable for tangibly embodying computer program instructions and data
include all forms of non-volatile memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash memory devices; magnetic
disks such as internal hard disks and removable disks; magneto-optical disks; and
CD-ROM disks. Any of the foregoing can be supplemented by, or incorporated in,
ASICs (application-specific integrated circuits).

[0113] The foregoing description of preferred and other embodiments is not

intended to limit or restrict the scope or applicability of the inventive concepts
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conceived of by the Applicants. It will be appreciated with the benefit of the present
disclosure that features described above in accordance with any embodiment or
aspect of the disclosed subject matter can be utilized, either alone or in combination,
with any other described feature, in any other embodiment or aspect of the disclosed
subject matter.

[0114] As discussed previously, the disclosed system and methods can be used
in icy regions having glacial ice, pack ice, ice floes, and other ice obstacles.
However, the disclosed system and methods can be used in other locations having
debris, plants, flotsam, jetsam, marine animals, or other obstructions or obstacles
submerged and/or floating in the water that can interfere with drilling, production, or
exploration operations. Therefore, the teachings of the present disclosure are not
limited to use in only icy regions.

[0115] Although only some user interface screens for the modelling system 10
have been shown, it will be appreciated that the user interfaces and various modules
of the modelling system 10 can use a number of screens for entering, modifying, and
displaying information. For example, a user interface screen may be provided that
allows operators to relay and communicate instructions between vessels, maintain
action items, modify or configure the modelling system, and the like.

[0116] In exchange for disclosing the inventive concepts contained herein, the
Applicants desire all patent rights afforded by the appended claims. Therefore, it is
intended that the appended claims include all modifications and alterations to the full
extent that they come within the scope of the following claims or the equivalents
thereof.
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CLAIMS:

1. A marine threat modelling method for a target marine structure conducting a
set operation in a body of water, the method comprising:
monitoring with a computer system at least one given position of at least one
obstacle drifting in a vicinity of the target marine structure as the target
marine structure conducts the set operation in the body of water;
modeling with the computer system at least two subsequent positions of the at
least one obstacle over time from the at least one given position
relative to the target marine structure by using at least two models for
calculating movement of the at least one obstacle; and
presenting with the computer system the at least two subsequent positions for
comparison to one another.
2. The method of claim 1, wherein the marine obstacles includes an iceberg, ice
floe, pack ice, debris, plants, flotsam, jetsam, floating obstacles, submerged
obstacles, marine animals, fish schools, whale pods, or a combination thereof; and
wherein the target marine structure is selected from the group consisting of a drilling
structure, a drilling ship, a production structure, a production vessel, a production
platform, a wellhead, a riser, an exploration structure, a seismic survey vessel.
3. The method of claim 1 or 2, wherein monitoring with the computer system the
at least one given position of the at least one obstacle comprises one or more of:
receiving the at least one given position from at least one beacon deployed on the at
least one marine obstacle; determining the at least one given position from imaging
data of the vicinity of the target marine structure; and obtaining manually-entered
data of the at least one given position.
4, The method of claim 1, 2, or 3, wherein modeling with the computer system
the at least two subsequent positions by using the at least two models comprises
modelling one or more subsequent tow positions of the at least two subsequent
positions by using one or more tow models of the at least two models for calculating

active diversion of the at least one obstacle over time.
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5. The method of any one of claims 1 to 4, wherein modeling with the computer
system the at least two subsequent positions by using the at least two models
comprises modelling one or more subsequent drift positions of the at least two
subsequent positions by using one or more drift models of the at least two models for
calculating passive drift of the at least one obstacle over time.

6. The method of claim 5, further comprising one or more of: planning with the
computer system a response to the one or more subsequent drift positions; planning
deployment of at least one resource in response to the one or more subsequent drift
positions; planning to divert the at least one obstacle by directing at least one vessel
relative to the at least one obstacle; and planning to break the at least one obstacles
with the at least one vessel.

7. The method of claim 5 or 6, wherein modeling with the computer system the
at least two subsequent positions by using the at least two models comprises
modelling one or more subsequent tow positions of the at least two subsequent
positions by using one or more tow models of the at least two models for calculating
active diversion of the at least one obstacle over time.

8. The method of claim 7, wherein the one or more tow models are applied to
the at least one given position and/or to at least one of the one or more subsequent
drift positions of the at least one obstacle.

9. The method of claim 7 or 8, wherein modeling comprises modeling a plurality
of the subsequent tow positions of the at least one obstacle by using a plurality of the
tow models.

10.  The method claim 9, further comprising presenting the subsequent tow
positions for comparison to one another.

11.  The method of any one of claims 7 to 10, further comprising modeling with the
computer system one or more altered drift positions of the at least one obstacle
drifting from at least one of the one or more subsequent tow positions by using one
or more of the drift models applied to the at least one subsequent tow position.

12.  The method of any one of claims 5 to 11, wherein using the one or more drift
models for calculating the passive drift of the at least one obstacle comprises

selecting the one or more drift models from a plurality of available drift models.
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13.  The method of claim 12, wherein selecting the one or more drift models
comprises receiving a user selection of the one or more drift models from the
available drift models.

14.  The method of any one of claims 1 to 13, wherein modeling with the computer
system the at least two subsequent positions comprises: obtaining input data from
one or more sources; and producing output data representative of the at least two
subsequent positions by processing the obtained input data with an algorithm of
each of the at least two models.

15.  The method of any one of claims 1 to 14, wherein presenting with the
computer system the at least two subsequent positions for comparison to one
another comprises displaying the at least two subsequent positions for visual
comparison.

16.  The method of any one of claims 1 to 15, wherein monitoring with the
computer system the at least one given position of the at least one obstacle
comprises monitoring a plurality of the given positions of the at least one obstacle
over time.

17.  The method of claim 16, further comprising comparing, for each of the at least
two models, the at least two subsequent positions of the at least one obstacle over
time with the given positions of the at least one obstacle over time.

18.  The method of claim 17, further comprising: quantifying accuracy of each of
the at least two models based on the comparison; and presenting the quantified
accuracy.

19.  The method of any one of claims 1 to 18, wherein modeling with the computer
system the at least two subsequent positions of the at least one obstacle over time
relative to the target marine structure comprises predicting with the computer system
at least one threat to the target marine structure from the at least one obstacle.

20.  The method of claim 19, further comprising planning with the computer
system a response to the at least one predicted threat.

21.  The method of claim 19 or 20, wherein predicting with the computer system

the at least one threat to the target marine structure from the at least one obstacle
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comprises: determining an attribute of the at least one obstacle of the threat; and
comparing the determined attribute to a limitation of the target marine structure.
22.  The method of claim 21, wherein the attribute is selected from the group
consisting of a size, a distance, a speed, a shape, a depth, a track, a threat level, a
time interval to move, and a time interval to break up.
23. The method of claim 21 or 22, wherein the limitation of the target marine
structure comprises one or more of: a threshold of an impact sustainable by the
target marine structure from the at least one obstacle, a time interval required to
cease the set operation conducted by the target marine structure; and a time interval
required to move the target marine structure from the threat of the at least one
obstacle.
24. A marine threat modelling method for a target marine structure conducting a
set operation in a body of water, the method comprising:
monitoring with a computer system at least one given position of at least one
obstacle drifting in a vicinity of the target marine structure as the target
marine structure conducts the set operation in the body of water;
modeling with the computer system at least two subsequent drift positions of
the at least one obstacle over time relative to the target marine
structure by using at least two drift models for calculating passive drift
of the at least one obstacle applied to the at least one given position;
and
presenting with the computer system the at least two subsequent drift
positions for comparison to one another.
25. A marine threat modelling method for a target marine structure conducting a
set operation in a body of water, the method comprising:
monitoring with a computer system at least one giben position of at least one
obstacle drifting in a vicinity of the target marine structure as the target
marine structure conducts the set operation in the body of water;
modeling with the computer system at least two subsequent tow positions of
the at least one obstacle over time relative to the target marine

structure by using at least two tow models for calculating active
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diversion of the at least one obstacle applied to the at least one given
position; and
presenting with the computer system the at least two subsequent tow
positions for comparison to one another.
26. A programmable storage device having program instructions stored thereon
for causing a programmable control device to perform a marine threat monitoring
method for a target marine structure according to any one of claims 1 to 25.
27. A marine threat modelling system for a target marine structure conducting a
set operation in a body of water, the system comprising:
memory storing information about one or more obstacles in a vicinity of the
target marine structure and storing at least two models for calculating
movement; and
processing equipment operatively coupled to the memory and being
configured to perform a marine threat monitoring method for a target
marine structure according to any one of claims 1 to 25.
28. A marine threat modelling system for a target marine structure conducting a
set operation in a body of water, the system comprising:
memory storing information about one or more obstacles in a vicinity of the
target marine structure and storing at least two models for calculating
movement; and
processing equipment operatively coupled to the memory and being
configured to:
monitor at least one given position of at least one of the one or more
obstacles drifting in the vicinity of the target marine structure as
the target marine structure conducts the set operation in the
body of water;
model at least two subsequent positions of the at least one obstacle
over time relative to the target marine structure by using the at
least two models applied to the at least one given position; and
present the at least two subsequent positions for comparison to one

another.
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