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Executive Summary

This report provides a methodology for estimating exposure time in Polar Regions. Using
information provided by Canadian Search and Rescue (SAR) personnel and published by
Kennedy et al. in 2013, a formula for calculating exposure time was developed and implemented
in Python to estimate exposure time at any location in the Polar Regions. Variables considered in
the calculation of exposure time include rescue craft speed, capacity, and range, proximity of
bases and ports to the route of interest, the number of individuals awaiting rescue, and the number
of survival crafts deployed. Other factors are related to SAR response, and include the time to
deploy a task force, the time to receive communications, and search and rescue time. Presently,
the International Maritime Organization’s International Code for Ships Operating in Polar Waters
(2017, the Polar Code) stipulates that the maximum expected time of rescue in the event of a
maritime emergency must be no less than five days; this means that all equipment must be
functional for at least the maximum expected time of rescue. This report therefore compares a
maximum expected time of rescue of no less than five days with the estimated exposure time.

The results indicate that, particularly as new and more remote routes open up in the Polar
Regions, estimated exposure time may be in excess of a maximum expected time of rescue of
no less than five days. Therefore, as the Polar Code requires that life-saving appliances (LSA)
support human survival for the maximum expected time of rescue, individuals may find
themselves awaiting rescue beyond the required functionality of this equipment.

The report therefore recommends:

1. Utilizing the suggested methods to determine exposure times along the route of interest,
and thus determining the level of LSA required to ensure survivability in the event of a
maritime emergency.

2. Further research into the areas of bathymetry, international SAR response standards,
and communication delays in Polar Regions, in order to further refine the predictive
model of exposure time.

Methodology for Estimating Exposure Time in Polar Regions iv



® ® ® NRC.CANADA.CA

Table of Contents

EXECULIVE SUMMAIY ...ooiiiiiiiiiiiiiiiieeeeee ettt v
R 0] 1o Yo [ o [ o PSRRI 7
1.1, LIitErature REVIEW .....coci ittt e e e e e e e e e e e e e e e eeennes 8
2.1. Establishing Areas of INTEresSt............uuuuuiiiiiiiiiiiiiiiiiiees 11
2.2. RESOUICE SEIECHION.....ceiiiiiiiiiie et e e e e e e eeeaa s 12
2.2 1 HEICOPLEN ... 12
2.2.2.  FiXed-WING AIFCIafl .......ccooe i 12
2.2.3. MaArNE VESSEIS ..o 13
P S = (=10 10 | o =N (oo | 1o o [P 13

3. MELNOUOIOQY ... 13
3.1. Determination of Variables..........cccooiiiii 15
3.2. Sources of Potential Delay .............cuuuiiiiiiiiieeicce e 16
4. Calculating Estimated EXPOSUIE TIME ........ccoiiiiiiiiiiiiie e 18
4.1. Phase 1: Initial ComMMUNICALIONS .........ccvviiiiiiiiiiiiiiiieeeeeeeee e 18
4.2. Phase 2: Travel t0 LOCAtION ......ccoovviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 19
4.3. Phase 3: Search TiMe.......ooiiiiiiii e 19
4.4, Phase 4: RESCUE TIME....ccoiiiiiiiiiiieieee e 20
4.5. Phase 5: Multiple Loads Of EVACUEES .............eeiiiiiiiiiiiiiciec e 21
4.6. Total EXPOSUIE TIMIE ..uuuuiii it e e e e e e e e e e e 23
5. SAMPIE SCENANOS. ... .ccceieieeeei et e e e et e e e e e e e e e 24
5.1, SCENANO L. 24
o o = o -V o 27
SR T I £ o] B S [ o 32
6.1. Limitations and ASSUMPLIONS. .......uuuuuuuiiieiiiiiiiiiiieiiaieeiieeieeebeebeeeeeeeeeaaeaanaaee 34
6.2. Recommendations for Future Research ...........cccccoooiiiiiiiiiiiii e, 35
Y e g ()Y (=0 (o T=T0 o= oL T 36
S TR L= (=T =T ol L S 37
AP ENAIX A e 39
APPENAIX B oo 40
APPENAIX € 41

Methodology for Estimating Exposure Time in Polar Regions v



® ® ® NRC.CANADA.CA

List of Figures

Figure 1: The eight locations studied by Kennedy et al. (2013). [5] «..cocvveeeiiimeieiiieie e 9
Figure 2: Factors, as ranked by Canadian SAR experts, affecting exposure time. [5]......cccccceeeviiiivvnnennnn. 9
Figure 3: A flowchart demonstrating the methodology for estimating exposure time. ...........ccccceevvveeeenene 17
Figure 4: Flowchart showing basic phases of eXpOSUre tiMe. .........oocciiiiiieee i 21
Figure 5: Flowchart showing phases of exposure time with multiple loads of evacuees. ..............ccceeenee 22
Figure 6: Route of the stricken vessel as well as the location of the incident............ccccccovviiiiie i, 24
Figure 7: Flow chart determining resource and variables for scenario 1..........cccoocceeiiiiiieiniiiie e 25
Figure 8: Flow chart for determining resources and variables for scenario 2 with air resource deployment.
.................................................................................................................................................................... 27
Figure 9: Route of the vessel and the location of the incident, as well as the average exposure times along
the route if an air asset Were deplOYed. ........cooi i 29
Figure 10: Flow chart for determining resources and variables for scenario 2 when a marine resource is
(0 [=T 0] [0) Y=o R PP P PP OPPPP 30
Figure 11: Route of the vessel and the location of the incident, as well as the average exposure times along
the route if a marine asset Were deplOYEd ...........eoi ittt e e sbeeee e 32
Figure 11: The Arctic Region as defined by IMO [L]. .......uuuuiiiiimimiiiiiiieieieieieieieieieienenee ... 39
Figure 12: Antarctic Search and Rescue ReGiONS [14]......ccoiuiiiiiiiiiieiiiie et 40
Figure 13: Arctic Search and ReSCU€ REQIONS [15]. ...uuuuuuuuuuururnruiuiuiuininininrnrnrnrnnnrnrnrnrnrnmernrnrnnn——.. 40
Figure 14. Wind speed and subsequent drift SPEed [16]. .....cuueieiiiiiieiiiiiie e 41

List of Tables
Table 1. Results from Kennedy et al., 2013 [5], giving estimated exposure time in hours.Error! Bookmark

not defined.

Table 2. Variables for scenario 1. = consultation with SAR personnel is recommended.: ............ Error!
Bookmark not defined.
Table 3. Variables for scenario 2 (air): = consultation with SAR personnel is recommended.:....Error!
Bookmark not defined.
Table 4. Variables for scenario 2 (marine): = consultation with SAR personnel is recommended:... 31

Methodology for Estimating Exposure Time in Polar Regions vi



® ® ® NRC.CANADA.CA

1. Introduction

Recent years have witnessed an increase in marine traffic throughout the Polar Regions.
As new opportunities for shipping and new technologies make travel through these hazard-prone
areas more viable, the number of vessels and size of their complements in Arctic and Antarctic
waters is growing. Accordingly, as human presence in Polar Regions increase, so too does the
risk of a maritime emergency, and thus the demand on search and rescue (SAR) resources.

Due to the lack of infrastructure and overall remoteness at high latitudes, those who are
forced to evacuate a stricken ship in Polar Regions may have to wait a considerable time for
rescue. In 2017, the International Maritime Organization (IMO) brought into force the International
Code for Ships Operating in Polar Waters (Polar Code) in response to the unique risks associated
with polar travel. Amongst other things, the Polar Code stipulates that all life-saving appliances
(LSA) must provide safe evacuation and be functional for the maximum expected time of rescue
of not less than five days [1].

Multiple incidents of vessels in distress in Polar Regions are on record. Of note, in 2007,
the MV Explorer struck an iceberg and sank off the coast of Antarctica. Passenger accounts
suggest that survival was largely due to good weather and the nearby presence of another vessel
[2]. Other incidents have had worse outcomes; the trawler Insung No. 1 sank off the coast of
Antarctica in 2010, with only 20 of the 42 crew rescued from the cold waters [3]. 2010 also saw
the grounding of the Clipper Adventurer near Kugluktuk, Nunavut resulting in risk to passengers
as well as environmental costs [4].

In 2013, Kennedy et al. published a report outlining a methodology for estimating
exposure time in the Canadian Arctic [5]. Exposure time indicates the total time that an evacuee
or set of evacuees await rescue following a marine evacuation. Based on the results of Kennedy
et al's (2013) report, individuals in the Canadian Arctic may be awaiting rescue for far longer than
the maximum expected time of rescue as set by the Polar Code. Thus, when estimated exposure
time exceeds the five day minimum, evacuees may be at risk if LSA that support longer duration
survival times are presently unavailable. On the other hand, it is worth noting that situations may
also present themselves whereby the maximum expected time of rescue is indeed less than five
days.

Through a generalization of the work first presented by Kennedy et al. (2013), in order to
apply it more broadly to the Polar Regions, this report will present a methodology upon which
guidelines for estimating exposure times in these areas can be calculated. This methodology is
in response to section 5.9.2 of IMO SSE 6/18, where interested Member States were invited to
submit work on how to determine the maximum expected time of rescue [6]. The methodology
will lead to a final equation to calculate estimated exposure time, using variables of craft speed,
distance travelled, proximity to fuelling locations, capacity of rescue craft, number of evacuees,
rescue craft range, number of survival crafts, and other variables. Finally, using this equation and
a computer program developed in using the programming language Python, the estimated
exposure time along given routes will be determined. The estimated exposure time will denote
the maximum expected time of rescue for the route.

Methodology for Estimating Exposure Time in Polar Regions 7
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1.1. Literature Review

Kennedy et al.’s (2013) “Evaluating Exposure Time until Recovery by Location” report
used a qualitative analysis with contributions from Canadian SAR experts to help establish an
estimated exposure time for eight predetermined locations in the Canadian Arctic. The study
included the responses from multiple Canadian SAR experts on the impact of different factors,
such as ice concentration, weather conditions, bathymetry, and crew experience, on exposure
time. The results were then discussed amongst the 14 workshop participants representing SAR
resources throughout Canada to elaborate on and help quantify the impact of these factors. Using
these results, Kennedy et al. (2013) established low and high estimates for exposure time, for
situations wherein a stricken ship is awaiting help by both marine and air resources.

For the purposes of their report, Kennedy et al. (2013) described a scenario wherein a
ship with 18 persons on board (POB) requires assistance in the Canadian Arctic. The 18
individuals evacuate into two lifeboats, and are considered to be awaiting rescue. Applying this
scenario to the eight locations chosen for the report, a methodology to estimate total exposure
time was derived using contributions from Canadian SAR experts in an equation to determine the
high and low estimate for both marine and air resources. The results are summarized in the table
below, and the eight locations studied, chosen based on maritime traffic, are indicated in Figure
1.

Table 1. Results from Kennedy et al., 2013 [5], giving estimated exposure time in hours.

Exposure (h) Location
1 2 3 4 5 6 7 8
. Low 26 26 13 14 26 13 13 7

Marine X

High 202 222 145 88 123 71 132 33
Air Low 18 17 16 14 11 10 12 11
High 26 25 25 21 18 17 19 17
Methodology for Estimating Exposure Time in Polar Regions 8
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Four variables were established based on Canadian SAR response and used in
calculating exposure time. These variables were communication time, transit time, search time,
and rescue time, and were quantified and used to calculate total exposure time, including the
potential increases and decreases in exposure time due to the above listed factors. Kennedy et
al. (2013) concluded the following in regard to the four variables used in calculating exposure time

[5]:

1. Communication time: There may be significant delay in communications,
particularly at extreme latitudes, due to ionospheric and geographical interference
with radio waves [7]. Canadian SAR experts indicated that communication time
could take up to four hours and, in extreme circumstance, up to 12 hours.

2. Transit time:

a. There was a near-universal consensus among Canadian marine SAR
responders that poor bathymetric data could increase transit time by over
20%, with only one location of those given with an increase in time of less
than 5%, when a marine SAR resource is deployed. While further research
would be required to determine the appropriate delay for Polar Regions
outside of the Canadian Arctic, it is important to note that poor bathymetric
data can have a significant impact on exposure time. The quality of
bathymetric data available in a given region should therefore be considered.

b. For every location listed, an increase in transit time of over 20% in the case
of harsh weather when a marine SAR resource is deployed was estimated.
As above, further research could indicate more precise delays in other
regions.

c. There was, for every location listed, a potential increase in transit time of over
20% in the case of crew and captain inexperience when a marine SAR
resource is deployed. Again, this number may vary in different regions, and
can be estimated through consultations with SAR personnel of those regions.

3. Searchtime: Search time was estimated using drift speed and quantifying the effect
of inclement weather, poor visibility, poor bathymetric data, limited communications
capabilities, and limited crew experience.

4. Rescue time: Rescue time was estimated using Canadian SAR contributions, and
was considered as being impacted by weather. The time taken to rescue a
complement of persons from a lifeboat was estimated at 1-2 hours for a marine
resource, while the estimated time to winch an individual to a rescue helicopter was
taken from ten minutes to greater than twenty.

Methodology for Estimating Exposure Time in Polar Regions 10
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2. Generalization of Methodology

The following section sets out to establish a methodology for estimating exposure time in
Polar Regions, based on a generalization of the work completed by Kennedy et al. (2013), which
focused exclusively on the Canadian Arctic. This methodology will begin with a discussion on
establishing areas of interest, followed by considerations in resource selection, determination of
variables, and a final calculation providing a range of estimated exposure times. Following this
methodology, a simple model has been developed to calculate a low and high estimated exposure
time based on user input. To describe the methodology, some key terms must first be established:

Exposure time: Exposure time is taken to be the total time that an individual or individuals
are exposed to the elements following a marine evacuation, including time spent inside a survival
craft. For the purposes of this report, the exposure period will be considered to begin when the
stricken ship sends its first signal of distress. Exposure time concludes with the rescue of the
final evacuee.

Polar Regions: For the purposes of this report, the Polar Regions consist of regions in
both the Arctic and Antarctic waters. The Arctic region consists of the area surrounding the Arctic
Circle (illustrated in Appendix A) and the Antarctic region consists of the waters surrounding the
continent below 60°S [1].

Vessel of opportunity: A vessel of opportunity is any ship that may be called upon and
diverted to assist with a maritime emergency.

Ice conditions: Ice conditions refers to both the concentration of ice in an area (X/10ths)
and the type/thickness of the ice.

2.1. Establishing Areas of Interest

Prior to the voyage, a vessel operator will have established the route their ship will take,
and during what time of year it will transit. Therefore, from the perspective of the vessel operator,
this pre-planned route can be considered their respective area of interest.

A vessel operator will establish the known route of their vessel as the area of interest, and
will thus assess the estimated exposure time along the known route.

In the event of no known route, areas of interest may be based on marine routes commonly
taken in the region considered, and can be determined from patterns of historical marine traffic.

Further to this, potential new routes, or exploration in new regions may also be considered
potential areas of interest. For example, Kennedy et al. (2013) considered the receding sea ice in
the Canadian Arctic during location selection [5], and thus determined a potential increase in
popularity in routes in the high Arctic, such as routes extending beyond 80°N. Increased interest
in new routes on account of a reduction in sea ice extent and thickness is a growing possibility

A distress signal is considered to be a mayday call, an automated signal such as an Emergency Position-
Indicating Radio Beacon (EPIRB) signal, or any other means of signalling immediate distress. A pan-pan signal
does not indicate immediate distress and is therefore not considered as initiating exposure time.

Methodology for Estimating Exposure Time in Polar Regions 11
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within the expedition cruise industry, coupled with the development of more advanced icebreaking
cruise ships, and perhaps a corresponding interest for cargo traffic up and over a North Pole
route.

Information regarding the chosen area will contribute to the estimation of exposure time.
Patterns of marine traffic will differ when comparing different types of ships, and thus this must be
considered; there are regions in which it is very unlikely to see a cruise ship, for example, and
therefore there is unlikely to be a ship with a large number of potential evacuees. However, other
regions, such as the Antarctic Peninsula or the North Pole, are becoming increasingly popular
among cruise ships despite their remote nature, and their complements can range from 100 to
several hundred. Therefore, the area of interest will indicate the potential types of vessels likely
to require help.

Search and Rescue Regions (SRRs) should also be considered when determining areas
of interest, as SRRs dictate which nation is responsible for coordinating SAR efforts in the area.
Global SRRs are displayed in Appendix A. Furthermore, special consideration must be paid for
routes travelling through particularly remote locations, such as to the North Pole or, generally
speaking, to the waters surrounding Antarctica. These areas, particularly Antarctica, have very
little infrastructure nearby and may pose a higher risk of long exposure times.

2.2. Resource selection

The type of resource deployed will have a significant impact on exposure time. There are
several factors to consider in the selection of the resource to be deployed; these are elaborated
on below. The main types of resources likely to respond in the event of a maritime emergency are
as follows:

2.2.1 Helicopter

Helicopters travel relatively quickly, and are particularly useful in SAR missions for their
ability to hover in place under the control of a pilot while lifting evacuees from the water or survival
craft. Helicopters deployed in SAR missions generally have relatively low passenger capacity and
range; they are, however, fast when compared to marine resources. They are also not limited by
areas of high ice concentration.

Helicopters are generally unsafe to fly at high levels of turbulence. As well, if a maritime
emergency is a significant distance from shore, and there is no fuelling station nearby, the range
of a helicopter may render it unable to assist. The Cormorant helicopter used by the Canadian
Coast Guard, for example, has a range of approximately 500 nm [8]; distances approaching this,
unless fuel is nearby, may not be accessible by helicopter. Due to the lack of infrastructure in the
Polar Regions, fuelling locations are remote and may cause an issue for helicopter usage.

2.2.2. Fixed-Wing Aircraft

Fixed-wing aircraft can be useful in SAR missions for searching for and dropping
emergency supplies to evacuees. Those fixed-wing aircrafts in SAR fleets are generally unable

Methodology for Estimating Exposure Time in Polar Regions 12
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to assist in picking up evacuees; however, due to their speed, they can effectively begin searching
for evacuees and can communicate this information to helicopters or vessels. Other fixed wing
aircraft may be able to land on ice or open water; however, these are not considered as primary
resources in this report, which considers helicopters as the main responding air resource.

2.2.3. Marine Vessels

Marine resources come in a variety of sizes, but generally have a larger capacity than
aircraft and may therefore be able to assist larger numbers of evacuees at one time. They are,
however, far slower than air resources, and, in remote areas, can take days to transit to the
location of the incident.

2.2.4. Resource location

Air resources are generally predictable in their location. This methodology assumes that
helicopters are available at their respective bases, and that fuel is readily available at stations
which generally supply fuel.

Marine resources, however, are less predictable, as a ship may be in port or on patrol;
thus, if a marine SAR asset is tasked to an emergency, its initial location will be determined at the
time of tasking. Thus, for the purposes of estimating exposure time, marine resources are
assumed to be deployed from port, as one cannot confidently assume another initial location.

Exposure time can be greatly reduced with the assistance of a nearby vessel of
opportunity (VOO). A vessel of opportunity is a nearby ship that can be diverted to assist another
vessel in need. Some Polar locations (i.e. Svalbard or the Antarctic Peninsula) will see higher
traffic than other locations in the same region, but traffic is generally lower than in non-Polar
locations. Due to the unpredictability of the presence of VOOs in Polar Regions, this methodology
does not take VOOs into consideration as a factor that could decrease exposure time. In the event
of a VOO responding to a maritime emergency, it will decrease exposure time, and therefore
using the potential location of a VOO to estimate exposure time may offer an overly optimistic
estimate.

A number of volunteer organizations in several Polar Nations are dedicated to an
involvement in the SAR process. Some of these organizations, such as the Canadian Coast
Guard Auxiliary, rely on volunteers to respond with their vessels in the event of an emergency.
These vessels, however, are not considered a primary resource, as they may not be required to
be on standby, unlike official SAR teams, and thus the response is less predictable and
guantifiable.

3. Methodology

Methodology for Estimating Exposure Time in Polar Regions 13
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The methodology for determining exposure time requires first considering the following
factors, which have an impact on the SAR resource deployed to the scene, which will affect
exposure time. In some cases, both air and marine resources may be able to respond. However,
there are some limitations to both resources, and thus the following factors can help determine
which resource may be preferable. In the event where either resource can respond, exposure
time should be calculated for both types of resources, and the greater exposure time should be
assumed as the total exposure time.

1. Area of interest/route: The first factor to consider is the given route of the vessel. Once
the transit route has been determined (either from the vessel operator planning the
voyage, or selecting an area based on marine traffic), the following can be identified:

a. Expected weather: The expected weather of the locations along the route may
dictate the type of resource available for the SAR mission. For example, if a
location is prone to turbulent winds, a helicopter may not be able to access the
area. Therefore, the resources chosen would be limited to marine.

b. Ice conditions: Similar to weather, the ice conditions of the region may render a
resource unable to access the area, or may dictate that a marine resource can
only access the area with the assistance of an icebreaker.

c. Distance to SAR resource: The distance from the emergency site to the nearest
viable SAR resource can be calculated from the distance to a base or port. This
distance will be used to calculate the transit time to the scene.

d. Distance from shore/fuelling station: The range of a helicopter may dictate that it
is unable to travel a great distance away from shore without requiring refuelling; in
Polar Regions, locations for refuelling are few, and thus a helicopter may not be
able to safely participate in SAR efforts in certain locations. Though helicopter
ranges vary, a SAR helicopter generally can fly within the range of 130 — 730 nm
[9]. If the distance to the emergency location and back to shore exceeds this, a
helicopter is not a viable resource, unless a ship with a helipad is assisting.

Therefore, the location may automatically determine what resources are likely to respond.
If, for example, the location of the incident is a significant distance from shore, a helicopter may
not have the range to be a viable option. Further, some regions may be prone to weather or ice
conditions that would render a type of resource inutile.

2. Time of year: Once location is known, the time of year should be determined. Certain
months, where polar travel is not viable, may be excluded depending on vessel class. The
following factors are influenced by time of year:

a. Weather: As determined by location, the expected weather can be further clarified
by the time of year. This may eliminate potential SAR resources as not viable for
the region.

b. Ice conditions: As above, ice conditions will be further clarified by specifying time
of year, and may eliminate specific SAR resources.

If a required resource is not determined by location and time of year (and, subsequently,
weather and ice conditions), other factors may be considered:
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3. Number of evacuees: The number of evacuees awaiting rescue may impact the choice of
SAR resource, as air resources may have much lower capacities than marine resources.
Thus, if a cruise ship with hundreds or even thousands of evacuees requires assistance,
rescuing them via helicopter would require many loads and thus a significant period of
time. However, this is a secondary factor: if weather or ice dictates that only one type of
resource can operate safely, then the resource is limited by those factors regardless of
the number of evacuees.

3.1. Determination of Variables

Following the consideration of the above factors, the resource most likely to respond to an
emergency scenario can be determined. From this, the following variables can be identified, which
will be used in estimating exposure time:

1. Cruising speed (v): The cruising speed of the resource chosen, in knots. The low and
high velocity range varies among different rescue crafts.

2. Range (r): The distance a resource can travel without needing to refuel, in nm.

3. Capacity (cap): The number of evacuees a resource is able to take on board at one
time.

a. Loads (f): Based on capacity of the resource and the number of evacuees, the
number of loads of rescued persons can be determined.
4. Refuelling time (twe): The time it takes to refuel the resource, in h.
5. Launch time (tprep): The time it takes to deploy the resource, in h.

Further, the location and time of year, as well as the resource chosen, will influence the
following potential delays in rescue or dictate time required in different phases of the rescue:

1. Initial distance (dj): The initial distance consists of the distance travelled by the rescue
resource to reach the location of the emergency (in nm).

2. Distance to safe port (d): This distance is the distance from the location of the
emergency to the nearest point where a rescue resource could drop evacuees and
refuel (in nm).

3. Communication time (tcomm): The communication time consists of the time elapsed
between sending and receiving a signal for help. At high latitudes, this time may be
longer. Consulting with SAR personnel can give an estimate of this time (in h).
Canadian SAR estimated a communication time range of 0-4 hours [5].

4. Preparation time (tprep): This time (in h) consists of the time elapsed during the
preparation and deployment phase of SAR personnel, and can be estimated via
consultation with SAR personnel; this can vary based on time of day [5].

5. Search time (tsearch): The time (in h) spent searching for evacuees upon arrival at the
emergency location is affected by weather, ice, and resources deployed. Consulting
with SAR personnel can give an estimate of the general time spent searching for
evacuees. This report considers the time spent searching for a survival craft
containing evacuees rather than searching the water for evacuees in the water, as
survival time in Polar waters is likely to be short [10]. Kennedy et al. (2013) estimated
search time based on initial distance travelled and drift speed of the survival craft [5].
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6. Rescue time (tesc): The time (in h) spent affecting the rescue of evacuees (from
locating evacuees to when they are safely on board the rescue vessel) is impacted
by weather, ice, and type of resource deployed, and can be estimated through
discussions with SAR personnel. Canadian SAR estimated a rescue time of 1-2
hours per lifeboat for a marine resource, and 10 minutes to over 20 minutes per
person for an air resource [5].

These are the main variables used in calculating an estimated exposure time.

3.2. Sources of Potential Delay

As indicated by Kennedy et al. (2013), there are numerous potential reasons for delays in
rescue in Polar Regions. These delays will impact some of the variables determined above. To
establish accurate values for these variables, consultation with SAR personnel is recommended.

Variables that may be affected are:

1. Cruising speed: Weather and ice conditions may slow a vessel.

2. Launch/prep time: Preparation time may be affected by poor weather.

3. Communication time: Locations in the Polar Regions, particularly closer to the poles
(above 70°N, for example) may have ionospheric interference that decreases the
effectiveness of a communication system. Communications can take up to several
hours [5].

4. Search time: In poor weather, particularly due to precipitation or fog, or due to long
periods of darkness, it may take longer to locate evacuees, thus increasing search
time. Poor communication may also affect this variable.

5. Rescue time: The time to rescue the evacuees can increase due to ice conditions or
poor weather, thus hindering the rescue process.

Thus, the methodology can be summarized as shown in Figure 3.
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Figure 3: A flowchart demonstrating the methodology for estimating exposure time.

The definition of these variables, along with information about the emergency scenario,
then allows for a calculation of estimated exposure time.
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4. Calculating Estimated Exposure Time

Calculating the estimated exposure time of evacuees requires calculating the time elapsed
in each of the four phases set out by Kennedy et al.’s 2013 report. Using the above methodology,
the rescue resource to be deployed is determined; using the specifications of this resource as
well as other information about the area and scenario, the estimated exposure time can be
calculated. A model was developed to allow for user inputs regarding location, number of
evacuees, location of emergency response resources, number of survival crafts, rescue craft
speed, rescue craft range, and SAR input regarding communication time, preparation time, rescue
time, and search time periods. The model then calculates a low and high range of exposure time
estimates.

4.1. Phase 1: Initial Communications

The initial phase includes the time elapsed between the sending and receiving of initial
communications, as well as the time required for SAR resources to prepare and deploy.
Communications near the poles may be delayed due to ionospheric and geographical interference
[7]. Thus, if there is no predicted communication time available, the equation uses a range of
between 0 and 4 hours to make a high and low end estimate of exposure time. This range is
based on results from Kennedy et al. (2013) [5].2

Preparation time will be affected by the experience of the crew being deployed, as well
as the readiness of the SAR resource being deployed, i.e. whether the responding SAR personnel
are on 30 minute standby or longer, for example.

Therefore, the total time for phase 1 can be calculated from:

t1 = teomm + tprep Equation 1

Where:
t1 = the total time elapsed during phase 1 (h);

tcomm = the time elapsed between the stricken ship sending initial communication and
SAR personnel receiving it (h);

torep = the time elapsed between receiving communication and deploying (h).

The estimated values for communication time, rescue time, and search time are taken from Kennedy et al.,
(2013), and apply specifically to the Canadian Arctic. These values can be adopted for an estimation of exposure
time in any region, but it is recommended that a more precise estimate be calculated by obtaining values for a
specified region from the appropriate experts or authorities.
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4.2. Phase 2: Travel to Location

The second phase consists of the time elapsed while the SAR resource travels from its
initial location to the site of the emergency. This phase does not consist of the time spent
searching for evacuees, but rather ends upon arrival at the location of the emergency.

Distance can be calculated as a straight line distance using the haversine formula [11]
and coordinates of the emergency location and nearest resource. This method works best for the
distance travelled by air resources, as marine resources rarely travel in a straight line. The
distance to be travelled by a marine resource should be determined from sea routes, to account
for travelling around land mass and other obstacles.

In certain cases, the rescue resource may have to make stops along the initial distance;
for example, a helicopter may require refueling and a crew change over long journeys. Thus,

considering travel time and including stops with time spent relaunching the craft, preparation time,
and refueling time, phase 2 is defined as:

t, = %+ (terew T truer) X B Equation 2

Where:
di = distance travelled from initial location (nm);

v = cruising speed of the rescue resource (kt).
terew = the time for the crew to switch and relaunch (h);
trel = the fueling time of the craft (h);
B = number of stops required.
To determine the number of stops required by a craft based on range, the following

equation can be used. Note that the number of stops is rounded to the highest natural number
(including and above 0).

B = [%] -1, {peN] Equation 3

Where:
r = range of craft (nm).

4.3. Phase 3: Search Time

The search time consists of the time period from arrival at the scene to locating evacuees
in need of rescue. This period is heavily affected by weather, visibility, and resource deployed. As
stated previously, this phase does not consider the time to search for evacuees directly in the
water, but rather to search for a survival craft, based on the assumption of a short survival time in
Polar waters [10]. Kennedy et al. (2013) used drift speed of the survival craft and transit time to
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the scene to estimate the search time, based on the movement of the survival craft away from
the initial emergency location [5]:
_ () Xvarife

tsearch = Equation 4

VUsearch

Where:
varit = drift speed of survival craft (knots);

Vsearch = Search speed of rescue craft (knots).

Although different survival crafts have different drift speeds, Appendix B provides a figure
from Kennedy et al. (2013) that supplies an estimation of drifts speeds for different life rafts. These
figures can be used in the absence of figures specific to a given life raft. Furthermore, Kennedy
et al. (2013) estimated that search time

Therefore, the time period of the third phase is simply:
t3 = lsearch X Ny Equation 5

Where:
tsearcn = the time elapsed while searching for evacuees to rescue (h).

n; = number of lifeboats/life rafts containing evacuees.

4.4. Phase 4: Rescue Time

The rescue period consists of the time elapsed between locating evacuees in need of
rescue and getting them safely aboard the rescue craft. For a marine resource, this may consist
of pulling alongside the survival craft and transferring the evacuees to the main ship. For an air
resource, this may consist of airlifting evacuees from lifeboats to the helicopter. It is worth noting
that several factors can slow the rescue process, such as harsh weather, poor visibility, or injured
evacuees. Other factors, such as calm weather or evacuees who are able-bodied and
experienced, may speed up the rescue process.

Based on Kennedy et al. (2013), a low and high range of values for rescue time was
determined. For an air resource, the estimated range of times is 10 minutes per person to
approximately 30 minutes per person. For a marine resource, the range of rescue time is 1-2
hours per survival craft.

For a marine resource, the rescue time encompasses the time spent coming alongside
a survival craft and rescuing the evacuees inside. For an air resource, the rescue time
encompasses the time to winch each evacuee from the survival craft.

Therefore, for a marine resource:

tresc = lr—marine Equation 6a
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Where:
tr = the time elapsed during a rescue (h);

tresc = total rescue time per rescue attempt (h).
For an air resource:
tresc = tr—qir X CAp Equation 6b
The total time for the rescue phase is therefore:
ty = tresc X My Equation 7

When all evacuees of the emergency are rescued, the rescue time and, in sum, the exposure
time concludes.

4.5. Phase 5: Multiple Loads of Evacuees

In some situations, for example if air resources are deployed to help a stricken ship with
a large number of evacuees, there may need to be multiple rescue resources and multiple loads
of evacuees taken to safety. This can greatly increase the exposure time as evacuees may be
forced to await turns. During the Viking Sky incident in 2019, for example, passengers were
airlifted to multiple helicopters and brought to shore before the helicopters returned to collect
more. The coordination of the SAR crews as well as the proximity to shore made this an efficient
process; in the high Arctic, however, the safe base to deliver evacuees may be a significant
distance away, or a marine resource may be required to coordinate with the helicopter for taking
evacuees.

If this is the case, the additional trips must be accounted for when calculating estimated
exposure time. Without considering multiple loads, the four phases of exposure time progress as
shown in Figure 4:

Resource Arrival at Evacuees Rescue
deployed location located complete

Figure 4: Flowchart showing basic phases of exposure time.
However, considering the potential of multiple loads, the phases of exposure time

progress as shown in Figure 5. Phase 5 occurs only when there are more evacuees awaiting
rescue. If all evacuees have been rescued, the exposure time concludes.
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Figure 5: Flowchart showing phases of exposure time with multiple loads of evacuees.

The number of loads of evacuees to be rescued can be determined thusly:
— [~ ;
L= [cap], {£ € N} Equation 8

Where:
{ = number of loads;

n = number of evacuees;
cap = total capacity of rescue resources.
The number of loads is rounded to the highest non-decimal number (0 and greater).

Thus, if multiple aircraft are deployed, the total capacity is calculated as the sum of their
capacities.

The time spent travelling from the emergency site to the safe base and back, and then
rescuing the next load, can then be calculated as

ts = (t4 +2X %) xX({-1) Equation 9

Where:
d = distance to safe base to which evacuees are brought.

The final factor to be considered is the time spent on shore activities when depositing

evacuees. This period may encompass dropping off evacuees, fueling the craft, switching crew
members, and preparing for relaunch, and can be considered as:

te = tshore

This period can be estimated by SAR personnel familiar with their procedures.
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4.6. Total Exposure Time

Considering the total time elapsed during the four phases, the total estimated exposure
time can be determined from the summation of the four phases. This summation yields:

Alternatively, combining the terms of each phase,

d; d
t=tcommt+ tprep + 7 + (tcrew + tfuel) X .B t tsearch X Ny + trese X ?+ (tshore + 2;) X (€ - 1)
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5. Sample Scenarios

The follow scenarios illustrate how the methodology and calculation function. The variables of
each scenario were used as inputs in a Python computer program to return the high, low, and
average range of estimated exposure times, as well as maps indicating high, low, and average
exposure times in the chosen region.

5.1. Scenario 1

A fishing vessel with 30 crew strikes ice off the coast of Antarctica while fishing, at 70.7°
S, 10.6°W. The crew signals for help before evacuating into two life rafts. The ship itself sinks with
all crew having successfully evacuated. At this location, the ship is approximately 1300 nm from
the Antarctic Peninsula, which, based on tourism numbers from IAATO (International Association
of Antarctica Tour Operators) is the busiest location on the continent in terms of marine traffic
[12]. Due to the remoteness of the location, the Argentinian Joint Rescue Coordination Centre
(JRCC) deploys a marine resource. Assuming no vessel of opportunity is nearby, the deployed
resource will leave port at Ushuaia. It will travel approximately 1700 nm to reach the scene. It is
the austral summer and therefore sea ice has receded enough to allow the marine resource to
travel to the area at a relatively quick speed.

M

T T T T T T
40 50 60 70 80 90 100 110 120
Estimated exposure time (h)

Figure 6: Route of the stricken vessel as well as the location of the incident.
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Following the methodology for this scenario yields the following:
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Figure 7: Flow chart determining resource and variables for scenario 1.

The flow chart indicates that a marine resource is likely to be deployed. Notably,
determining the number of evacuees is not relevant to final resource selection in this scenario,
since the distance to the incident site exceeds the range of most helicopters. Furthermore,
although some helicopters are stationed on the continent, at research stations, they are generally
lower-range helicopters used for transportation rather than rescue operations.

The variables are listed in the table below.
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Table 2. Variables for scenario 1: = consultation with SAR personnel is recommended:
VARIABLE SYMBOL | VALUE | UNIT SOURCE
Craft speed % 5-15 knots Craft specs., SAR

Capacity cap 100+ Craft specs.
Range r 11000 nm Craft specs.
Evacuees n 30 Scenario
Lifeboats ne 2 Scenario
Wind speed w 20 knots Scenario
Temperature T 0.9 °C Scenario
Loads £ 1 Calculated
Initial distance di 1700 nm Scenario
Distance to fuel d - nm Scenario
Communication time tcomm 0-4 h SAR
Prep time tprep 0.5 h SAR
Search time tsearch 3+75%3 h SAR
Rescue time tresc 0.5-2 h SAR

As noted previously, the communication, prep, search, and rescue times are based on
estimates given by Canadian SAR experts. Therefore, if estimating exposure time in an SRR not
governed by Canada, SAR experts for the given SRR may be able to provide a more precise
value.

Using equation 8 and the variables as determined from the methodology, the range of
estimated exposure times for this scenario is 139-290 hours, which is above the five day minimum
standard set by the Polar Code [1].

Alternatively, if an expedition vessel was visiting the Antarctic Peninsula at this time, and
was able to be diverted to assist, the exposure time could be reduced to a little over 100 hours,
depending on specific location. However, this variable is too uncertain to be reliable in estimating
exposure time. Furthermore, potential expedition ship crew inexperience in rescue operations
could actually prove dangerous in transferring persons from survival crafts to the ship. Similarly,
another fishing vessel in the region may be able to assist, but this is again unreliable.

Search time is estimated from Kennedy et al. (2013) (see Appendix C) from a wind speed of 20 knots. At 20
knots, the survival crafts will drift at a speed of approximately 0.4 knots; during the transit phase of the rescue
resource, the life raft drifts an additional approximate 45 nm, requiring approximately another 3 hours of transit
for the vessel.
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5.2. Scenario 2

The second scenario consists of a maritime emergency in Arctic waters. A ship with 450
persons on board is evacuated while travelling to the North Pole on an expedition cruise. The
evacuees are in eight survival crafts (lifeboats and life rafts). Due to the high latitude of almost
80°N, communication time may be delayed. The expedition ship was en route further north when
they required assistance; the ship has now sunk entirely. The weather is mild with a relatively
warm temperature (approximately 0°C), and winds are relatively calm at 7.5 knots. The ice
concentration is fairly high, and the expedition ship itself was an icebreaker.

In this scenario, either resource may be used (air or marine). Estimating exposure time
for each resource can help determine the best course of action.

79° N,
42° E
June
«—
Mild 7/10ths
ice
\/
450
evacuees
\Y; Air tresc =
=125- 0.167-0.5
\ l / h/pers
r =500 tcomm =
nm \ 0-4 h
Determine .
Cap= —— variables prep =
12/heli / \ 0.5h
tsearch = di = ~200
0.5 hr nm
+ 75% Exposure

time = 91.09
—254.99h

Figure 8: Flow chart for determining resources and variables for scenario 2 with air resource deployment.
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Table 3. Variables for scenario 2: = consultation with SAR personnel is recommended:
VARIABLE SYMBOL | VALUE UNIT SOURCE
Craft speed \ 125-175 knots Craft specs., SAR

Capacity cap 12* Craft specs.
Range r 500 nm Craft specs.
Evacuees n 450 Scenario
Lifeboats re 8 Scenario
Wind speed w 7.5 knots Scenario
Temperature T 0 °C Scenario
Loads £ 30 Calculated
Initial distance di ~200 nm Scenario
Distance to fuel d ~200 nm Scenario
Communication time tcomm 0-4 h SAR
Prep time torep 0.5 h SAR
Search time tsearch 0.5+75%* h SAR
Rescue time tresc 0.167- h SAR
0.5/pers

The capacity of each helicopter is 12 passengers; however, six helicopters are deployed,
and the total capacity of the rescue resources is therefore 72 passengers per load.

4 Search time is estimated from Kennedy et al. (2013) (see Appendix C) from a wind speed of 7.5 knots. At 7.5
knot wind speed, the survival crafts will drift at a speed of approximately 0.2 knots; during the transit phase of
the rescue resource, the life raft drifts less than a nautical mile; thus, the extra search time is approximated as
half an hour for searching time.
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Figure 9: Route of the vessel and the location of the incident, as well as the average exposure times
along the route if an air asset were deployed.

This scenario gives a very wide range of possible exposure times, from 91.09 to 254.99
hours, which is well over five days. This wide range can be explained by the variation in rescue
time. As indicated by Kennedy et al. (2013), poor weather and crew inexperience can increase
the standard winching time of ten minutes to greater than 20 minutes per person. Thus, depending
on weather and crew, the rescue time can vary significantly, resulting in a wide range of values.
Therefore, in the case of bad weather, for example, a ship may be a faster rescue resource.
Deploying a marine resource for this same scenario yields the following result:
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Figure 10: Flow chart for determining resources and variables for scenario 2 when a marine resource is
deployed.

Methodology for Estimating Exposure Time in Polar Regions 30



Table 4. Variables for scenario 2 (marine):

® ® ® NRC.CANADA.CA

= consultation with SAR personnel is recommended:

VARIABLE SYMBOL | VALUE UNIT SOURCE
Craft speed \Y 5-15 knots Craft specs., SAR
Capacity cap >450 Craft specs.
Range r 11000 nm Craft specs.
Evacuees n 450 Scenario
Lifeboats re 8 Scenario
wind speed w 7.5 knots Scenario
Temperature T 0 °C Scenario
Loads £ 1 Calculated
Initial distance di ~200 nm Scenario
Distance to fuel d n/a nm Scenario
Communication time tcomm 0-4 h SAR
Prep time tprep 0.5 h SAR
Search time tsearch 0.5+75%° h SAR
Rescue time tresc 0.5-2 h SAR
5 Search time is estimated from Kennedy et al. (2013) (see Appendix C) from a wind speed of 7.5 knots. At 7.5

knot wind speed, the survival crafts will drift at a speed of approximately 0.2 knots; during the transit phase of
the rescue resource, the life raft drifts less than a nautical mile; thus, the extra search time is approximated as

half an hour for searching time.
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Figure 11: Route of the vessel and the location of the incident, as well as the average exposure times
along the route if a marine asset were deployed

It is evident from the model output that the exposure time is shorter if a marine resource
is deployed in scenario 2. However, for the purposes of estimating exposure time, the longer
exposure time (that of 91.09 — 254.99 hours) should be adopted as the exposure time range, as
this represents the highest functional demand on LSA.

5.3. Discussion

The resulting range of exposure times in the scenarios presented above suggests that
exposure time can vary widely depending on many factors, and can be less than, or in excess of,
five days. Response by helicopter in particular has a wide range of exposure time values; under
ideal circumstances, a helicopter can very quickly rescue the distressed individuals. However,
under poor circumstances, such as inclement weather, exposure time can increase drastically
due to increase rescue time, particularly if the number of evacuees is large.

Thus, in the event where either an air or marine resource can be deployed, both should be
considered to determine which option will decrease exposure time. Ships carrying large
complements, for example, may be better served by a marine resource, while helicopters are
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generally faster to arrive on scene. All variables must be considered in the estimation of exposure
time.
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6. Conclusion

The example calculations suggest that, in certain remote locations, exposure times may
exceed the minimum five days as set by the Polar Code under certain circumstances. This
conclusion should be considered when selecting LSA, as those appliances may need to provide
support for survival beyond the minimum recommended time of five days. By determining the
regions in which a vessel is likely to travel and estimating the corresponding exposure time, a
more accurate expectation of the LSA performance required for survival can be established.

6.1. Limitations and Assumptions

Several assumptions were made in the development of this methodology for estimating
exposure time. It is assumed that all evacuees are able to evacuate into survival craft. This likely
reduces the search time for SAR personnel, as searching for a life raft or lifeboat is simpler than
searching for a single individual in the water. This assumption thus simplifies the calculation;
however, it is not always reasonable to assume this. It is quite possible that individuals would
require assistance from the water. During the Alaska Ranger disaster, for example, 25 individuals
of the complement of 47 did not make it into life rafts, and were retrieved from the water; five of
those in the water perished [13].

The model further assumes that the survival crafts do not necessarily drift in a pack, thus
requiring searching for each survival craft. This assumption represents a high-end estimate, and
accounts for potential separation of survival crafts, particularly if the type of crafts are different
(i.e. a motor propelled lifeboat versus a life raft without propulsion).

It should also be considered that the estimate is based on a static scenario rather than
a dynamic one, which would more accurately reflect reality. In an actual dynamic SAR scenario,
different resources might be deployed at different times as availability or weather changes and
makes new options available. This report estimates exposure time based on one initial
assessment of the scenario, and does not account for changing variables. Therefore, for example,
a marine incident in very turbulent winds may make the area too dangerous for a helicopter to
assist, thus relying on marine resources. However, if the wind decreased, a helicopter may be
able to join SAR efforts and thus decrease exposure time.

The given scenarios also assumed the mothership had sunk entirely, although this may
not always be the case. This assumption was made to simplify the estimated search time due to
the visual cue of a sinking ship.

Another limitation, as noted earlier in the report, was the lack of certainty regarding
vessels of opportunity in Polar Regions. The sample calculations adopted a conservative
approach and assumed vessels were being called from their respective ports when calculating
exposure time. Furthermore, the type of vessel was limited to ice-capable vessels, in order to
reflect the need for a rescue vessel to be able to traverse icy waters. Therefore, the assets of
volunteer search and rescue organizations, such as the Canadian Coast Guard Auxiliary, were
not included in this analysis, as the types of vessel responding as well as their initial locations
(insofar as they may not be required to be on standby) are unpredictable. The inclusion of these
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factors could result in an overly optimistic estimate of exposure time when their assistance is not
a certainty. However, volunteer SAR teams offer a valuable resource to overall SAR efforts, and
can certainly decrease overall exposure time with their assistance.

Finally, Canadian SAR estimates of communication, transit, search, and rescue times
were used for the development of this equation. These numbers are reflective of marine
emergencies occurring within the Canadian SRR: these values may differ for SRR’s of different
nations, as they may have different equipment, deployment times, resources, or other differing
factors. Thus, these numbers offer a potential range for these values. SAR experts for different
SRRs, however, may be able to provide different values that more accurately reflect the impact
their unique assets, and local environmental conditions, could have on estimating exposure time.

6.2. Recommendations for Future Research

Future research could refine the estimated exposure time estimation. Recommended areas
of research are:

1. Bathymetric data: Improved bathymetric data for Polar waters would help refine
SAR transit time to the scene of an emergency, by establishing preferred routes.

2. Standard SAR times: In order to establish concrete variables for communication,
preparation, search, and rescue times, further testing and research could examine
SAR responses from the various Polar nations.

3. Communications: Research has indicated delays in communication times due to
ionospheric and geographical interference. However, testing specific to marine
emergencies in both Arctic and Antarctic waters could establish a more precise
communications time estimate.

4. Advances in technology: As technology develops, estimates of exposure time may
change based on this new technology, which may result in improved
communications, faster rescue times, improved search times, or other changes to
the variables used in this calculation.
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Figure 12: The Arctic Region as defined by IMO [1].
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Appendix B
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Figure 11: Antarctic Search and Rescue Regions [14]
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Figure 124: Arctic Search and Rescue Regions [15].

Methodology for Estimating Exposure Time in Polar Regions

40



® ® ® NRC.CANADA.CA

Appendix C
Maritime Life Rafts with Deep Ballast System and Canopy
(4-6 person capacity)
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Figure 135. Wind speed and subsequent drift speed [16].
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