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que les intervenants du secteur privé pourront inclure dans des procédures éventuelles 
d’évacuation et de sauvetage et qui serviront de guide aux organismes de réglementation dans la 
formulation de leurs directives. La viabilité de ce concept fait partie intégrante d’un système 
d’évacuation et de sauvetage mis en place au cours d’une année, et permettra de surmonter un 
obstacle important à l’exploitation des ressources de gaz naturel en régions éloignées. 
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requirements necessary to keep such a route open are examined.  For example, the number of ES 
necessary for different scenarios is researched.  Would one ES suffice?  What would happen if the 
ES was located down-wind, in the event of an explosion or fire?  Should another ES be 
established at the opposite side of the structure?  But this possibility may be limited by the size, 
extent and anisotropy of a typical rubble field.  A report and paper (Barker and Timco 2006; 
Barker et al. 2006a) examined the characteristics of grounded rubble fields, and provides input 
into this aspect of the study.  Aspects relating to moving pack ice and winter evacuation 
conditions have been researched by Timco and Dickins (2005), Timco et al. (2006), Wright et al. 
(2003) and Simões Ré et al. (2003), for example.  However, most of these studies addressed 
neither the potential combination of rubble and pack ice, nor the logistics involved in ES use.     
 
This project has a novel aspect not previously examined in a Canadian context, as it incorporates 
the first systematic investigation of the issue of traversing rubble fields and in applying ice 
engineering technology (spray ice and ice management) to the EER process.  During the course of 
this four-year project, the Arctic exploration platform at Paktoa C-60 was established.  
Discussions with the authors, industry and regulators led to the deployment of an ES at this site 
by Devon Canada.  This report documents that deployment of the Paktoa C-60 ES, including the 
procedures used to do so.  The considerations for establishing ES on ice in the Arctic may have a 
significant impact on receiving regulatory approval for operations.  This area of study has been 
largely neglected in the past but it should be at the forefront of concerns for resource development 
in frontier regions.   The data obtained from this project is interpreted to provide guidelines for 
safe evacuation to an ES.  This will provide industry with concrete tools that may be included in 
future EER procedures and will provide regulatory agencies with guidelines that may be 
integrated into Arctic code development. 
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Figure 1 Diagram showing maximum extent of Beaufort Sea landfast ice edge from 1977-

1980 (Dome Petroleum Ltd. et al., 1982). 

The type and extent of the ice rubble that may form around the structure was extensively 
examined in Canatec Consultants Ltd. (1994) and Spedding (1987), while Barker and Timco 
(2006) examined rubble field dimensions and timing specifically in the context of EER 
procedures.  There were three key results of the latter report with respect to ES considerations: 

• The anisotropy of a rubble field will play a large role in the location of an ES, as fields are 
rarely a uniform shape around a structure.  In some cases, little or no rubble may be present 
at one side of a structure, for example, while in other cases, an extensive rubble field may 
completely surround the structure.   

• The definition of the stability of a rubble field needs to be clarified with respect to EER 
strategies.   For example, whether a rubble field is safe for personnel versus whether it is 
stable may have different definitions depending upon the level of safety required by 
regulators, calculation methods (grounding resistance, presence of landfast ice, percentage 
of grounding), time of year and so on. 

• The third key result ties into the time-dependent nature of the ice regime and ice rubble 
formation.  Four seasons with respect to evacuation were described in the report: open 
water, pack ice, quasi-stable rubble and stable rubble/ice.  At any given location, and often 
changing each year, an offshore structure in the Arctic will encounter two or more of these 
seasons.  The latter two seasons, quasi-stable rubble and stable rubble/ice, are those that 
may be considered as potentially suitable for an ES.  For the rubble fields that were 
examined in that report, these rubble features (whether floating or grounded) were present 
for a large period of the year.  This could be an advantage for ES applications.  The timing 
of the development, stabilization and decay of the ice at a site is of prime importance 
regarding the placement of an ES, and needs to be revisited throughout a drilling program, 
as this will impact the initiation and implementation of any ES strategy. 

Figure 2 outlines the decision-making process for determining whether an ES may be a viable 
part of an HSE Management Plan. 
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Once it has been decided that an ES is a viable part of an HSE Management plan, the remaining 
topics of consideration may be evaluated.  The preferred location of the ES(s) in relation to the 
structure, the preferred location of an ES(s) in relation to the hazards that may occur and the type 
and number of on-ice routes to the ES(s) placed around the structure may all be specific 
requirements as outlined by regulator or operator guidelines.  However, some general 
considerations include locating the ES sufficiently far away from the structure that personnel will 
be at a safe distance from a hazard, but also such that the ES is not so close to an active edge of 
the rubble field that personnel become at risk from failing ice.  The number of ESs required may 
be based upon the nature of the ice surrounding the structure (e.g. if there is only a marginal 
rubble field and no landfast ice, there may be no room for an ES and it may be unsafe to place 
such a shelter on the ice), the nature of any hazards that may occur, the geographical location of 
the structure (e.g. a location with two prominent wind directions) and the level of evacuation for 
which the ES is designed (e.g. secondary or tertiary).   
 
A logic diagram for the selection of an ES site(s) is given in Figure 3.  The issues that are 
identified in this methodology, and the logic flow for related decision- making, should be clear. 
Key considerations range from ice-related factors affecting the strategic placement of an ES, to 
considerations regarding the avoidance of the effects of any “fall-out” from the on-board 
problem.     
 
The detailed planning process, as shown in Figure 3, encompasses a number of considerations.   
Given suitable ice conditions around a platform for the deployment of an ES(s), namely the 
presence of a stable ice rubble formation and/or landfast ice, the following questions are of 
practical importance for any evacuation plan.  

• When should this type of evacuation option be adopted as being a viable option after 
freeze-up, and when should it be abandoned in spring? 

• How to get down off the platform and onto the ice, and at how many locations to allow 
flexibility? 

• Should one or more egress pathways be “cleared” on the surrounding ice, to allow easy 
access to ES(s) that have been deployed?  

• How is this best done given the range of ice conditions that may be experienced? 

• How should these access routes to an ES (s) be maintained?  
The first point is discussed in this section, while the second point is not discussed, due to its 
dependence upon the type of platform.  The third point and the implications of the type of over-
ice route are addressed in Section 3.  The fourth and fifth points are addressed in Section 4. 
 
More specific yet ancillary issues include: 

• The ability for on-board personnel to move down and off the platform, through a 
prepared route to an ES, the clothing they should wear, and the training they should have. 

• The types of emergency supplies that should be housed in the ES(s), and related 
“durations”, which will depend on likely rescue time frames (i.e.: hours versus days) for 
the evacuated personnel.  

These two points are discussed in Section 5. 
 
Barker et al. (2007) also summarizes the decision-making process, and a copy of this article may 
be found in Appendix A. 
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2.3 Ice Bearing Capacity and Stability Assessment 
Before any shelter may be placed on the ice, it is of paramount importance that the bearing 
capacity and stability of the ice are ascertained.  It is essential that when carrying out any work or 
placing of personnel on the ice, bearing capacity and stability are considered in tandem.  The 
procedure to do so may be carried out differently depending upon the ice conditions and location 
of a site, however there are some common elements of consideration.   
 
Ice bearing capacity may be defined as the amount of weight the ice can support, calculated by 
estimating the strength of the ice, its allowable deflection and the weight it must carry.  Ice 
bearing capacity has been studied extensively over the years in a variety of contexts – including 
crowds of people on ice, ice platforms, airstrips and ice roads (e.g. Nevel and Assur, 1968; Gold, 
1971; Baudais et al., 1974; Frederking and Gold, 1976).  In order to ascertain if the bearing 
capacity of level ice or ice rubble is sufficient for personnel, a number of techniques may be 
employed, including ice thickness determination, observation of ice type and deformation, 
environmental monitoring, ice resistance calculations and use of existing charts and equations for 
ice thickness and bearing capacity.  
 
For ice rubble, the bearing capacity is largely due to the strength of the rubble, which in turn is 
strongly related to the consolidation of the rubble field (Roth and Marcellus, 1986).  As discussed 
in Høyland and Liferov (2005) and Timco et al. (1987), for example, the thicker the consolidated 
area, the stronger the ice.  In these papers, the consolidation rate is linked to initial ice 
temperature, time available for consolidation, keel depth, oceanic flux, and so on.  Timco et al. 
(1987) found that the consolidation depth was found to be linearly related to the square root of the 
product of the temperature of the ice surface and the freezing time in hours.  The importance of 
the initial ice temperature and freezing time was confirmed in Høyland and Liferov (2005).  
Those authors also found that the cohesive strength of the rubble was linked to the freeze bonds 
that formed between ice blocks, such that the strength of the rubble increased in the initial phase 
of consolidation, but decreased thereafter.  Roth and Marcellus (1986) summarized reports 
describing how the strength of the ice rubble is also related to parent ice sheet properties, 
confinement, porosity, temperature, loading rate and, for grounded rubble, the degree of 
grounding and seabed strength.  They discuss that for unconsolidated broken ice, the bearing 
capacity will be equal to the sum of the buoyant inertial and drag forces, as a lower boundary 
condition.  For totally consolidated broken ice, Roth and Marcellus point out that by making 
some assumptions, the bearing capacity for totally consolidated broken ice may be calculated as if 
for a level ice sheet.  This calculation would give an upper boundary condition for ice rubble.     
 
An example of the importance of determining the bearing capacity of rubble and how it may 
change is illustrated by way of an occurrence at the Tarsiut N-44 drilling site.  At that site, during 
the 1981-1982 exploration drilling program, rubble was moved from one location on the site to 
another, to help to create a spray ice relief well pad.  Where the rubble was removed, the rubble at 
that site, initially grounded, became floating.  It was subsequently pushed away by moving ice, 
carrying away drilling supplies that had been placed on the ice surface.  Additionally, the rubble 
in areas where supply vessel access had been maintained through early December did not ground.  
 
The stability of ice may generally be described as the ability of ice to resist movement.  The 
greater the stability, the less likely the ice is to move due to environmental forcing.  For level ice, 
stability will largely be a factor of whether the surrounding ice is landfast, and how imbedded 
within the landfast ice zone a structure may be, if so.  The stability of landfast ice is generally 
determined based upon weather conditions, air temperature, ice thickness, the presence of 
grounded ice features in the vicinity of the structure, and the judgment of the individual(s) 
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Figure 4 Results of the ground penetrating radar plotted in Excel.  X-axis shows distance 

along the taxiway and Y-axis is ice thickness in metres (Image courtesy of Horizon Ice Inc.). 

 

 
Figure 5 Manually profiling with an auger (Photograph courtesy of Horizon Ice Inc.). 

2.4 Decision-Making Approach for ES Site Selection 
The approach to the decision-making chart will be illustrated.  For the purposes of this work, 
three different scenarios have been considered in terms of an appropriate “onto-ice evacuation 
method”, from a Beaufort platform to a surrounding stable ice rubble field, or beyond.  To 
represent these scenarios, three case histories from previous structures used in the Beaufort Sea 
have been selected.  The scenarios and case histories include: 
 

• a platform located in shallow water (5m to 10m), which is surrounded by a small ice rubble 
field, and lies in the landfast ice regime: artificial island at Netserk F-40, in 8m of water 
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approximately 6.5 m, and the total water depth was 21 m.  The Tarsiut Island Research Program 
(TIRP) was carried out in 1982-1983.  A timeline of rubble formation, duration and decay is 
shown in Figure 6.  By the end of January 1983, a well-developed grounded rubble field had 
formed around the caissons (Figure 7).  At that point, the location was at the landfast ice edge, 
with the shear zone immediately north of the rubble field (Figure 8).  During late March and 
through April, the landfast edge moved north of the structure, eventually extending up to 2 km 
north of the site (Figure 9).  It was estimated from side-scan sonar profiling that the rubble field 
was grounded out to a water depth of 15 m (Gulf Canada Resources Limited, 1983b).  The 
maximum longer diameter of the rubble field was 450 m, while the maximum shorter diameter 
was 315 m.  The maximum sail height was 10 m.   
 

Tarsiut
N-44

TIRP

Open Water Quasi-stable Rubble

Stable Rubble

 

Figure 6 Timeline of rubble formation, duration and decay at Tarsiut N-44 (TIRP). 

 

Figure 7 Rubble field extent and topography at Tarsiut N-44.  North is in the direction of 

the top of the drawing (from Gulf Canada Resources Limited, 1983b).  
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The flowchart was examined in the following order: the typical ice regime, preferred ES location 
and extent and topography of rubble field were examined first, followed by detailed planning.  
The type of ice regime at this site presents some difficulties.  Tarsiut N-44 is at the edge of the 
landfast zone and often in moving pack, although it is usually expected to become landfast.  
However, it is doubtful whether a production system EER designer could be guaranteed that the 
structure would be in landfast ice for any given year.  Examining time dependency, one could 
wait for the landfast ice to form before implementing an on-ice evacuation route and shelter, but 
at this site in 1983, the ice was only fully within landfast ice for two months.  Rubble surrounded 
the structure for an additional five months, which would severely limit rescue vessel access 
(without some form of rubble removal system) for a production platform at this site.  Therefore, it 
would be prudent at this location to have one or two evacuation routes during the quasi-stable 
rubble period.   
 
By mid-December to early January, the existing rubble field at this site would allow for the 
deployment of an ES.  Applying such factors as the orientation of the ES relative to the hazard 
may not be as viable during this time frame, due to the limitations imposed by the extent and 
topography of the rubble field.  Given the above rubble field topography, an ES location at this 
time of year would be unable to be 300 m away from the structure.  One also has to maintain a 
sufficient distance from the active ice edge.  At Site A in Figure 10 (which shows a photograph of 
the rubble field at the end of January), the ES would be less than 100 m from the structure, on the 
somewhat level area to the west of the structure.  At this spot, relatively little clearing/spraying 
would need to be done to create the route and the shelter pad.  Alternatively, a second location is 
shown, Site B, that is as far from the structure as is realistic, but still a safe distance from the 
active edge of the rubble field.  More extensive levelling/spraying would be required, as the 
rubble field is rougher along this route, but the ES would be approximately 110 m away from the 
structure.  In hindsight, both of these locations would have remained viable until May.  If on-ice 
evacuation not used during this period, alternatives would involve relying solely on helicopter 
evacuation, rubble management to allow vessel access or use of a vehicle that can both traverse 
rubble and be on thin ice/open water. 
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Figure 11 Evacuation routes and shelter locations for Tarsiut N-44 once the location is 

within landfast ice (photograph from Gulf Canada Resources Limited, 1983b). 

 

Figure 12 Deteriorating, quasi-stable rubble surrounding the Tarsiut N-44 caissons in mid- 

June, 1983 (photograph from Gulf Canada Resources Ltd. 1983a). 
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Figure 14 Photograph showing the high, relatively large rubble field at Amauligak F-24. 

 

Figure 15 Aerial photograph of the rubble field at Amauligak F-24 (photograph from Gulf 

Canada Resources Ltd., 1989). 
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Figure 16 Photograph of Netserk F-40, on November 11, 1975 (from Strilchuk, 1977) 

 

Figure 17 Photograph of Netserk F-40, on February 4, 1976 (from Strilchuk, 1977) 
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Route 1 – Groomed Trail Route 2 – Low Rubble 

Route 3 – Low Rubble Route 4 – Low Rubble 

Route 5 – Rough Rubble Route 6 – Medium Rubble 

Route 7 – Ridge Route 8 – Medium Rubble 

 

Figure 19a Photographs of routes studied for traverse rate evaluation 
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The field programme found that the traverse rate as a function of rubble height was: 

rt  = 1.03e−0.34h       [1] 

where rt is the traverse rate in m/s and h is the rubble height in metres.  This is also shown 
graphically in Figure 20.  The equation underestimates the traverse rate over a groomed trail, and 
it should be noted that it is based on the fastest traverse rates recorded.  Therefore, the equation 
provides an upper bound of the best possible rates across the surface.  Slower rates are obviously 
possible, especially if injured personnel are present, and this must be considered in the EER 
strategy.  Nonetheless, Equation [1] provides a starting point for use by those responsible for 
planning EER strategies for an offshore facility in the Arctic. 
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Figure 20 Plot of traverse rate against rubble height. 

Additional qualitative information of ice surface topography and its effects on personnel 
evacuation was collected and are shown in Table 1.  These factors should also be taken into 
account when planning the route to an ES.  From Equation 1 and Table 1, it is clear that where the 
capability exists, a groomed route over the ice surface to an ES is the best option.  This type of 
route is straightforward to traverse, can accommodate a number of personnel at once, rather than 
traveling single file, and can most likely best accommodate injured personnel as well.  Other 
route types are possible (e.g. established path across low or medium rubble), however travel over 
rough rubble or ridges will greatly impair, or possibly even impede, evacuation over the ice 
surface.  
 
Typical hazards along the ice surface are shown in Figure 21.  As indicated in this figure, a 
variety of hazards may exist, many obscured by snow.  ES location and route selection decisions 
need to take such hazards into account, in order to avoid them or mitigate their presence.  For 
example, a limited amount of rubble may be cleared from an area, cracks may be filled or flagged, 
and routes may detour around large features that can not readily be removed.   
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4. CONSTRUCTION ASPECTS OF EVACUATION ROUTES TO 
SHELTERS 
As discussed in the previous section, the ice surface and type of route over the ice can greatly 
affect evacuation times.  This section examines the construction aspects of these various types of 
routes. 

4.1 Route Construction and Assessment  
Spencer et al. (2007) examined the construction aspects of an ES route through ice rubble, as part 
of this study programme (the paper is included in Appendix A).  In that paper, example scenarios 
are used to demonstrate how route costs vary with the ice conditions that may surround a 
structure, and with the type of construction method(s) used to create the route.  The paper steps 
through ice volume estimations, equipment selection and time estimates in order to determine the 
cost of a single route, both financially and in terms of labour/equipment requirements.  Overall, it 
was found to be most cost-effective to minimize extensive manual labour components of any 
work, while the particular type of ice surface features greatly influenced the overall cost because 
of specific equipment use.  The time involved to create the route depends on factors such as “the 
roughness of the ice, the horizontal dimensions of the rubble field, the equipment and manpower 
available on site, the time of year and local weather conditions.” (Spencer et al., 2007).  Both 
deterministic and probabilistic methods could be used to assess construction times and costs. 
 
Again using Paktoa C-60 as an example2, the ES site was chosen during a reconnaissance outing 
on January 25th.  At that time, the ice was 0.6 m.  The site and its route were marked off with 
reflectors mounted on sticks.  Prior to construction of the shelter, a groomed route did not exist.  
Rather, a marked footpath led the way from the SDC to the proposed shelter location.   At the 
same time, an egress route was created from the SDC down onto the ice surface (Figure 22).  This 
trail took three days and about 30 man-hours to construct, and was completed by January 30th. 
 
Once the D4 Cat was able to be lowered onto the ice (Figure 23), approximately 60 man hours 
required to created the taxiway (which was the route to the ES) and the airstrip, which were built 
from February 8th through the 13th.  One day was used to rough in the taxiway and runway 
(Figure 24), while the rest of the time was used to clear these areas and flood the ice to thicken 
and level the surface.  Figure 24 also shows that the surrounding ice at Paktoa C-60 was relatively 
flat during the winter of 2005-2006.  The cost of using the D4 Cat was $650/day for the operator, 
plus the long-term rental rate that was negotiated with the operator.     
 

                                                      
2 All information regarding the Paktoa C-60 route construction, maintenance and ES deployment is 

courtesy of Horizon Ice Inc. (Sean McDermott, personal communication). 
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Figure 24 Driving along evacuation route and taxiway (Photograph courtesy of Horizon Ice 

Inc.). 

4.2 Route Maintenance 
Regular route maintenance would be required for any established evacuation route.  This 
maintenance would require not only inspection and repairs of the surface, but also regular 
mustering of personnel at the ES.  By including this latter step in part of the EER strategy for the 
platform, personnel could have increased confidence in their ability to cross the ice surface safely, 
as well as increasing the likelihood that they could identify typical hazards to be aware of en 
route.  
 
Depending upon the type of route to the ES, maintenance requirements could entail: 

• Assessing hazards along the route 

• Repairing, where possible, hazards, or if not possible, taking the necessary precautions so 
that either personnel are aware of them or, if severe, assessing relocation of the route 

• Clearing the route of any accumulated snow 

• Regrading the route if necessary 

• Checking and/or replacing route markers 

• Ensuring handrails, lighting, bridging apparatus, etc., if used, are in working order 
The frequency of this maintenance would depend largely upon EER policies as well as the ice 
conditions at the site.  For example, a structure in landfast ice conditions versus one surrounded 
by a rubble field and moving pack ice will likely have different monitoring requirements. 
 
At Paktoa C-60, regular maintenance of the route to the ES was conducted, to a certain extent 
because the route to the shelter was also the airplane taxiway.   However, this did not diminish the 
importance of inspecting the route in light of the EER strategy for the platform.  The route was 
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Figure 26 The heavy-duty grader with blade, deployed (Photograph courtesy of Horizon Ice 

Inc.). 
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Figure 27 The outside of the ES located at Paktoa C-60. 

 

Figure 28 The inside of the ES at Paktoa C-60. 
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Figure 31 Assembling the evacuation shelter base. Pins or anchors are frozen into the ice 

(Photograph courtesy of Horizon Ice Inc.). 
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6. SUMMARY 

6.1 Establishing Evacuation Shelters on Ice 
This report and its components have shown that on-ice evacuation shelters are indeed viable and 
practical in Canadian Arctic conditions, as they pertain to the Beaufort Sea. Section 2.0 and 
Barker et al. (2007) both present decision-making processes for determining if an ES is suitable 
for a given location and for siting and deploying an ES.  The processes account for the ice regime 
and rubble field geometry at a site, the type of platform being used, the preferred location of the 
ES, the time dependency of the ice conditions at a site and the detailed planning and 
implementation considerations for an ES.  Field observations and measurements of ice rubble 
characteristics of grounding, aerial extent, development and deterioration, were reported in 
Barker and Timco (2006) and Barker et al. (2006a).  As indicated there-in, rubble field anisotropy 
will play a large role in the deployment of an ES.      
  
Barker et al. (2006b) demonstrated that under good conditions, personnel traveling over the ice to 
a shelter can be a viable EER strategy.  Good conditions include establishing and maintaining a 
generally level, preferably wide, groomed route to a shelter.  Such a route results in quicker 
traverse rates, and depending on the specifics of the route, room for more personnel, including 
any who are injured, rather than walking in single file.  A rough, un-maintained rubble field will 
result in slow traverse times or progress may be completely impeded for some situations.  
Additionally, personnel may incur injuries traveling upon such a route.  Walking sticks are 
specifically recommended to be part of personal Arctic kits, and hand rails, bridging equipment, 
lighting, footing traction aids etc., while not examined specifically in Barker et al (2006b), are 
potentially valuable aids as well. 
 
Risks, costs and maintenance requirements for routes to evacuation shelters were compared in 
Spencer et al. (2007).  Again, route type greatly affected both the labour and financial 
requirements for a pathway to an ES.  Maintenance requirements generally involve checking for 
hazards (such as cracks in the ice that may be covered by snow), repairing or flagging hazards, 
maintaining adequate lighting (where established) and route markings and ensuring that personnel 
are familiar with the route.  Typical costs of an ES and the labour requirements to set-up such a 
shelter were described in Section 5, using the ES located at Paktoa C-60 in the winter of 2006 as 
an example.   
 
An example analysis of the limitations of ES placement based upon rubble field dimensions is 
demonstrated by each of the three scenarios in Section 2.  For those particular conditions, during 
the quasi-stable rubble periods in the autumn and spring, the placement of an ES at a distance 
equal to 300 m (as an example minimum distance requirement) was not feasible.  Of course, some 
rubble fields, such as the one at Isserk I-15, were extensive very early on in the season; therefore 
such a requirement could be met.  This indicates that because of the highly variable nature of 
rubble formation, EER strategies during these periods need further development.  Operators need 
to determine whether a minimum distance is an approach that must be observed no matter what 
season, or if this condition may be waived under certain conditions.  If the condition must hold 
regardless of the season, then appropriate strategies to evacuate personnel over potentially large 
expanses of rubble (while not meeting a minimum distance criteria, the rubble field may still be 
greater than 50 m wide, for example) during the quasi-stable rubble seasons need to be developed, 
or access to the structure must be maintained for rescue vessels.  If the condition may be waived, 
then the nature of the ES may also need to change from, for example, a large, enclosed shelter to 
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