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Précis - Antarctic Resupply

The United States Antarctic Program (USAP) is at a logistical crossroads. The processes
and systems that have faithfully served the program are near their practical limits. That
they have served so well is a testimony to the many dedicated individuals who have
continually stretched available resources and assets to cope with an increasingly
demanding and complex logistical mission. It is time for a paradigm shift to more
effectively meet today's needs as well as to prepare for the future.

Understanding the urgency of the situation, the National Science Foundation Office of
Polar Programs (OPP) initiated a study of resupply alternatives and asked the OPP
external Advisory Committee (OAC) to form a subcommittee to oversee and guide the
development and analysis of alternatives, resulting in recommendations to achieve
effective long term resupply capabilities.

The Subcommittee examined a broad spectrum of prior studies, research, professional
opinions, and practical experiences to achieve a set of recommendations that would
enable the establishment of a future resupply paradigm focused on:
Assurance: The ability to continue to operate USAP science given a one-year lapse in
primary resupply capability,
Efficiency: The ability to sustain additional science and science support with existing
levels of resource investments,
Agility: The ability to readily adapt to changes in mission driven logistical needs and
operating environmental conditions, and
Environment: The ability to conduct science and science support in Antarctica with
absolute minimum impact on the natural environment.

The major recommendations of this effort include:

» Develop a comprehensive systems approach to Antarctic icebreaking in order to
alleviate the single point of failure inherent in the current mode, and to reduce
operating, maintenance, and fuel costs. In the near term this should include
commercial sources, backed up by the US Coast Guard icebreakers. Ultimately a
new McMurdo-capable icebreaker may be required to meet future logistical needs
of the USAP. Commercial business models (possibly involving the private sector)
should be examined considering procurement and/or operation of that icebreaker.

» Construct a wheeled-aircraft capable runway at South Pole Station to allow
direct supply from off Continent and more efficient resupply from McMurdo. A
companion capability would be a blue-ice Runway on the polar plateau.

» Continue development of a ground traverse capability to provide alternative
resupply of South Pole Station, to support remote field site research, and to assist
McMurdo resupply.

* Lean McMurdo functions and assets to reduce resource requirements and
optimize its utility as a logistics hub and science support base. In conjunction
with this it would be necessary to move appropriate support operations off
Continent.
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Examine commercial business models and heavy-lift capability to augment and
extend military capabilities.

Examine Lighter-Than-Air technologies to provide greater heavy-lift flexibility
and efficiencies in the future.
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Report of the NSF Office of Polar Programs Advisory Committee

Subcommittee on U.S. Antarctic Program Resupply

PART I. SUMMARY

August 2005

A EXECUTIVE SUMMARY

The United States Antarctic Program has a centric resupply system whereby all materials, fuel
and personnel transit by sea and air through McMurdo Station (Fig. A.1) en-route to science and
support operations throughout the Continental side of Antarctica. This includes McMurdo
Station, South Pole Station, and local area and remote field science camps. This centric resupply
system is inherently risky due to a single point of failure condition created by a growing frailty
of US Polar class icebreakers and recent severe southwestern Ross Sea ice conditions.

Recognizing this situation,
the National Science
Foundation Office of Polar
Programs (OPP) initiated
an internal preliminary
study last year of several
resupply alternatives
related primarily to the US
Antarctic Program’s
(USAP) McMurdo and
South Pole stations. The
OPP Director
subsequently asked the
OPP external Advisory
Committee (OAC) to form
a resupply subcommittee
to oversee and guide this
analysis of alternatives
and to develop its own
recommendations
concerning resupply
options, both to assure
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Figure A.1 General map of Antarctica.

continuity of operations and national policy of the USAP, and also to help assure that the most
cost effective and reliable approaches are implemented. This Executive Summary of the

Subcommittee's report highlights the principal recommendations. Many recommendations are
intertwined and some were challenging to summarize succinctly. Readers of this summary are




therefore encouraged to explore the details, discussion, and supporting information available in
the full report.
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The Subcommittee kept in mind that today's USAP logistics system represents 50 years of
refinement and optimization. There is obviously great merit and justification for the way the
program has operated. Even so, the Subcommittee’s review pinpointed, as had NSF's informal
internal study, a single point of potential failure regarding the dependence upon annual delivery
of fuel and cargo by ship to the hub at McMurdo Station. The Subcommittee also noted that
there have been significant advances in technology and practice that may provide some
advantages for supporting the changing needs of the USAP in the future. Today, large
icebreakers - two working together in some years - open a shipping channel through the ice to
McMurdo Station (Fig. A.2) which is then used by the resupply vessels. From McMurdo
supplies and fuel are used directly or are flown to South Pole Station and the USAP's various
remote field locations. The Subcommittee shares the community's admiration of and respect for
the US Coast Guard Polar Icebreaker program, which has completed this icebreaking mission for
many decades, but only with increasing difficulty in recent years. The two Coast Guard Polar

1 1
: E""q._ iy |
v A e
¥ AN .
DRYGALSKI i o
ICE TOUNGE L 5 : et r
FAST ICE
(miainky s
muhti-year) "
.-l-’!? ‘&__
s

Marble Point B-156J

- .- L "
FAST IGED, /
* (mainky i
, fest-yoar) ) ROSS ISLAND s

Mational | Naval loe Center ; W =
MeMurde Region - Bergs & Fast lee e | CEGHRLE
DM EP OLS - IR Image - FASTICE
JULY 26, 2005 : Y imainly
TIME: 1744z Dry ' multicyaar)
Analyst: C. Evanego Valleys 1
| 2005°Ice McMurdo

 Channel™ E ﬁ 'E E E
Satellite photo (DMSP, IR image) of the Southwestern Ross Sea, July 26, 2005,
illustrating sea ice, large icebergs, and fast ice. The principal geographic features are
labeled and outlined in red. The principal sea ice features and ice channel to
McMurdo Station are outlined in green. A latitude/longitude grid is shown in blue.

Figure A.2.

class icebreakers are within a very few years of their estimated 30-year lifetime and more to the
point they are becoming increasingly difficult and costly to keep in service. No other US vessels
have the icebreaking capacity required.
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A.1  Overarching Recommendations

e The Subcommittee's first overarching recommendation is that NSF should develop the
means to continue science support at and from McMurdo and South Pole stations in the
event of one missed sea-borne annual resupply to McMurdo Station. This responds to the
immediate risk posed by the deteriorating condition of the Polar class icebreakers, and to
other identified elements of risk to seaborne resupply of McMurdo Station.

e The Subcommittee's second overarching recommendation is that NSF should consider in
its evolution of USAP logistics both the immediate situation and some extrapolation of
the changing future needs of the USAP as identified in long-term science planning
documents and discussions. For example, the Subcommittee determined that the science
community desires access to portions of the Continent that are now difficult or
impossible for the USAP to support by air from McMurdo Station.

The Subcommittee was strongly of the opinion that in addressing these, NSF and the science
community should not miss an opportunity to revolutionize USAP logistics, while overall seeing
that risk is minimized and reliability, agility, flexibility, efficiency, and opportunity are further
developed.

A.2  Specific Recommendations

The Subcommittee proposes that a paradigm shift in the South Pole Station supply chain logistics
and methodology, possible over both the short and long term, will significantly reduce, if not
eliminate, the single point failure risk of operating all logistics through McMurdo Station.
Perhaps equally important, it allows existing resources to be used to support new expeditionary
science and other program priorities.

To accomplish this, the Subcommittee recommends:

e NSF investigate construction of a hard surface processed snow runway at South Pole
Station capable of receiving heavy-lift wheeled aircraft directly from New Zealand or
South America. This appears to be relatively inexpensive, and may take only a few years
to construct.

e NSF continue development of safe, efficient ground-based traverse capability between
various key points (for example McMurdo Station, South Pole Station, and an ice shelf or
sea ice edge) for support of both science and logistics missions of the USAP. Traverse
capability needs to include transport of cargo and fuel, and return of waste to removal
points.

An immediate ancillary benefit of these two steps would be availability for science support of a
large number of valuable LC-130 aircraft flight hours, currently expended on fuel, cargo, and

personnel transport flights between McMurdo and South Pole stations.
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A corollary recommendation is that NSF also investigate establishing an infrastructure capability
to land heavy-lift wheeled aircraft at a blue-ice runway area near South Pole, and traverse cargo
and fuel from the blue-ice area to/from South Pole.

USAP heavy-lift aircraft support is now provided through the military. Longer term, the
Subcommittee recommends that NSF investigate charter of commercial heavy-lift and passenger
aircraft for the delivery of cargo, fuel and personnel. The Subcommittee does not, however,
recommend entirely abandoning the military option of long-range air transportation, because the
Department of Defense can provide unmatched capabilities to meet unforeseen — and potentially
catastrophic — events, such as the need for search and rescue. On the other hand, commercial
options are important if there comes a time when military aircraft are not available to the USAP,
not equipped for or capable of a particular mission, or the military flight hour cost becomes
prohibitive.

The Subcommittee sees substantial long-term potential in using Lighter-Than-Air (LTA) heavy-
lift craft (now being developed) to transport cargo and fuel from New Zealand to South Pole
Station, and/or from McMurdo Station to South Pole Station and remote research sites. NSF
should now begin to work with the LTA developers, demonstrating NSF's interest, and consider
providing USAP performance criteria to be considered during the design stages.

The Subcommittee recommends that McMurdo Station continue to operate in its current location
as a major research and logistics hub for the USAP. NSF should, however, investigate ways to
reduce and restructure the size and impact of its McMurdo-area operations. In addition to
reconfiguring South Pole Station resupply, NSF should investigate (1) moving applicable support
services to New Zealand, (2) using support groups whose operational mode requires minimum
on-Continent personnel and limited during-season rotations, (3) keeping days on-Continent per
science team member to those required for the immediate mission, and (4) providing economic
incentives to contractors for saving energy and reducing impact on-Continent.

The Subcommittee recommends that NSF maintain the ability to offload shipborne fuel and
cargo at McMurdo Station. The preferred mode for that shipborne logistics support is to provide
tankers and cargo vessels, escorted by an icebreaker capable of opening the supply channel
through the ice.

The Subcommittee recommends that fuel reserves at McMurdo Station allow for one missed
annual fuel delivery. Needs following a missed year could be met from the current tank farm
capacity by reducing the total fuel consumption at and through McMurdo Station, in part by: 1)
reducing the number of support personnel operating out of McMurdo Station, 2) reducing or
even eliminating the direct dependence of South Pole Station fuel resupply on McMurdo Station,
and 3) reducing or even eliminating icebreaker refueling.

The Subcommittee recommends that NSF address both short and long term means to provide

appropriate icebreaker support for the annual break-in to McMurdo Station. In the short term
NSF should charter an icebreaker on the commercial market as it did in 2004-2005. However,
NSF should use the US Coast Guard Polar class icebreakers, once repaired, in reserve in order
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that their capabilities are maintained as long as feasible. This would best satisfy NSF's present
tasking to maintain these vessels' capabilities economically and at low risk. The Subcommittee's
rationale is for other icebreakers to take some of the load, and wear and tear, while US national
icebreaker policy is being reviewed. Examples of circumstances where a US polar icebreaker
might be required during this interval include (1) failure to obtain a suitable contract with a
commercial or other operator for a given USAP field season, (2) southwestern Ross Sea ice
conditions requiring support from a back-up icebreaker for a commercial or other icebreaker, or
(3) a mechanical casualty suffered by a commercial or other icebreaker used to support the
USAP.

The Subcommittee notes that NSF's stewardship of icebreaker operation and maintenance funds
may make it possible to explore polar icebreaker operation models that promote greater retention
of expertise, longer field seasons, increased maintenance in the field, and other aspects of more
efficient use. (Much the same may also apply to some aircraft operations in the Antarctic.) Use
of USCGC Healy for more than the current sea days per year seems to be an obvious place for
improvement. Were the Healy operated in a mode more nearly like that of PFS Polarstern,
which spends only about one month each year in Germany, it might be possible to both increase
its total Arctic science days and also provide the vessel for Antarctic support during years when a
primary icebreaker would especially benefit from back-up and channel-grooming support.

Although there is much to admire about the remarkable hulls, fine maneuverability, and long
string of missions supported by the two US Coast Guard Polar class icebreakers, in the longer
term private sector construction and operation of a new icebreaker with appropriate capabilities,
to NSF specifications and with NSF chartering the vessel for its needs, appears to be an attractive
option which merits further and immediate study. This would offer advantages of availability to
other icebreaker users, bi-polar operation, and optional use in science support at other times of
the year. Icebreaker specifications for USAP logistics support should be focused squarely upon
the requirements of the McMurdo Station resupply mission, with a goal of mission success at
least approximately 9 out of every 10 years. Resupply in "missed" years would depend on
reserves, alternate resupply methodologies, and other flexibility and contingency measures
recommended by the Subcommittee. In addition high priority should be given to vessel
reliability, ability to carry out Antarctic missions without refueling within the Antarctic
(potentially making available to other USAP priorities =25% of the fuel annually delivered to
McMurdo Station), and overall economy of operation. Support for seakeeping and habitability
on long transits, including through the tropics, is also highly desirable. Other factors, such as
onboard support for polar marine science, should be addressed as feasible. The Subcommittee
recommends that in addressing funding of new icebreaker(s), NSF's Major Research Equipment
(MRE) program should not be considered, because the cost would likely have a very large
impact on all NSF program areas.

To mitigate risk in the event sea ice conditions prevent access to the McMurdo Station wharf,
NSF should be prepared to deliver fuel via hoses over the sea ice to the McMurdo Station tank
farm, as it did in 2003. Resupply should not depend upon unloading of a large amount of cargo
onto sea ice with subsequent traverse to McMurdo Station, however, as this appears to carry high
risk.
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NSF should carry out further feasibility studies and develop cost/logistics models for alternative
McMurdo Station fuel delivery from a tanker via ice shelf offload and traverse, noting especially
the relationship of the traverse mode to other areas of USAP support, including South Pole
logistics support and support for new remote, expeditionary science initiatives.

All said, the Subcommittee emphasizes that it is most important to mend the USAP's present
reliance on a resupply mode which has a single point of failure, a point which has recently come
worryingly close to reality. Recent iceberg calving and drift greatly challenged the McMurdo
break-in, and this situation could have just as easily developed into one which made the present
mode of resupply inoperable, even for 100% fit icebreakers. There is also the matter that
although the US Coast Guard Polar class icebreakers are severely worn and have weak points in
their mechanical systems design, the demands of heavy icebreaking can result in mechanical
failure of any icebreaker. The responsible approach to this near-crisis situation is to provide
back-up, alternative, or redundant supply systems for the USAP. Moreover, the right choices can
both result in efficiencies in the present system and also enable new major science by virtue of
the developed logistics plus net USAP energy savings which can then be applied to science.

The work of the Subcommittee so far suggests that several believable alternatives exist, and that
these can be addressed both immediately and in the long term.

The OAC Subcommittee recommends that the OAC advise NSF to further investigate means and
costs associated with the recommended changes, for example via expert groups and consultants,
and in doing so to continue to evaluate and update appraisal of their risks, benefits, reliability,
environmental impact, timeliness, and impacts to science.

B. IMPETUS AND APPROACH

B.1  Synopsis of Issues

"The U. S. Antarctic Program (USAP) has three principal justifications and objectives: presence,
science, and stewardship." This is quoted from the 1997 report of the U.S. Antarctic Program
External Panel, The United States in Antarctica (also known as the Augustine Report). The
report also acknowledges the role of national prestige, particularly at the South Pole. The annual
resupply that enables the manifestation of these Antarctic objectives, and hence much of the
USAP on-Continent research, has depended for many years on a single annual event: large
icebreakers - two working together in some years - opening a shipping channel through the ice to
McMurdo Station which is then used by resupply vessels to gain wharf-side access to the station
(Fig. B.1). From McMurdo supplies and fuel are used directly or are flown to South Pole Station
and the USAP's various remote field locations. All personnel — scientists and contractor support
— are also flown to the South Pole and remote field locations.

The US Coast Guard has completed this icebreaking mission for many decades but only with
increasing difficulty in recent years. Its two Polar class icebreakers are within a very few years
of their estimated 30-year lifetime and more to the point are becoming increasingly difficult and
costly to keep in service. In addition, Coast Guard funding has been inadequate to meet the
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maintenance and overhaul needs of these ships. One is presently out of service and the other
requires significant maintenance to be kept in operable condition. No other US icebreaking
vessels have the icebreaking capacity required for the McMurdo break-in ice conditions in recent
years.

T A
Spring 2005 Shipping Channel and Turning Basin

Hut Point Peninsula
(Ross Island)

Sea Ice

McMurdo
Station

Winter
Quarters
Bay

Ice Wharf Scott Base

(New Zealand)

Legend it

—E 2005 Shipping channeliturning basin
Background image: 2001 aerial photo (1 5m resolution)

Figure B.1. Aerial photograph of the McMurdo Station region, illustrating spring 2005 shipping
channel and turnine basin (pink).

Simply put, the present situation regarding heavy icebreaker support can jeopardize fulfillment
of the nation's Antarctic objectives, including the USAP. A thorough analysis of resupply
alternatives is thus essential both to assure continuity of operations of the US Antarctic Program,
and also to help assure that the most cost effective and reliable approach is implemented.

The urgency for a study of resupply alternatives was further driven by related events. In March
2000 an enormous iceberg, dubbed B-15, calved from the Ross Ice Shelf and eventually major
pieces of it drifted to partially block sea access to McMurdo Station. Although a sea route
remained available, it filled with sea ice, and transformed the previous approximately 35+18
kilometer annual break-in (based on more than four decades of McMurdo break-in statistics),
through mostly first-year ice, to as much as 135+ kilometers, with reduced opportunity for
broken ice to flush out, thus raising the specter of break-ins through tough multi-year ice. This
greatly increased the icebreaking burden on the already-fragile US Coast Guard Polar class
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icebreakers, plus it was apparent that future iceberg movement, from B-15A or another large
iceberg, could totally block sea access to McMurdo Station. There were clearly abundant
reasons to explore changes to the resupply model, most importantly because the events
demonstrated the risk to the USAP incurred by a resupply model with a single point of failure.

The National Science Foundation Office of Polar Programs (OPP) initiated an internal
preliminary study last year of several resupply alternatives related primarily to the McMurdo and
South Pole stations. The OPP Director subsequently asked the OPP external Advisory
Committee (OAC) chaired by Dr. James Swift to form a resupply subcommittee to oversee and
guide this analysis of alternatives and to develop its own recommendations concerning resupply
alternatives. This document is the report of that Subcommittee to the OAC, and highlights the
recommended changes.

The OAC Subcommittee recommends that the OAC advise NSF to further investigate means and
costs associated with the recommended changes, for example via expert groups and consultants,
and in doing so to continue to evaluate and update appraisal of their risks, benefits, reliability,
environmental impact, timeliness, and impacts to science.

B.2  Panel Charge and Scope of Activities

The complete charge to the Subcommittee is contained in Appendix 1. In summary, the
Subcommittee was tasked to:

¢ identify the full initial universe of options worth considering;

e assist the [OPP] working group in focusing on the most promising options in a timely
fashion;

e monitor progress of the OPP working group analyzing the options; and

e prepare a short summary of the pros and cons of any options the Subcommittee deems
worthy of serious further consideration by NSF.

In carrying out this work the Subcommittee was also asked to take into full consideration the
potential impacts on the present and future scientific programs, both positive and negative, as
well as the potential impacts on safety, environmental protection, reliability, cost, and timeliness.

Subcommittee members were:

Dr James Swift, Chair

Dr. Ed Link, co-Chair

Dr. Sridhar Anandakrishnan
Mr. Sam Feola

Dr. Berry Lyons

Dr. Olav Orheim

The formal activities of the Subcommittee included:
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teleconference on 27 April 2005,
meeting during 15-16 May 2005,
teleconference 02 June 2005,
meeting 06 July 2005,
teleconference 02 August 2005.

In addition, the Chair sent an electronic letter to the OAC outlining Subcommittee progress,
which generated responses. On 29 July the Chair sent a near-final draft of the report to the OAC.

During the 02 August teleconference the Subcommittee discussed the draft report, and
determined that although there remained need for small changes, the thrust and recommendations
were close enough to final that the report could be formally reviewed by the OAC.

On 03 August the OAC carried out an informal teleconference to discuss the Subcommittee
report. A number of small revisions were recommended.

B.3  General Approach

The approach chosen by the Subcommittee included identification and examination of a wide
range of documents, conversations with experienced persons, and internal discussion by email,
teleconference, and at meetings. The Subcommittee found the documents assembled and
developed by OPP staff to be impressively broad, thoughtful, and complete, and NSF staff very
well prepared to discuss the issues. The Subcommittee was, however, in no way bound by these.

Throughout the course of its work, the Subcommittee considered both the immediate situation
and a hypothetical future USAP defined by needs identified in long-term science planning
documents and discussion, rather than the present day USAP logistics structure, including how
the immediate recommendations might segue into the future. Overall principles were to see that
USAP resupply retained and further developed reliability, agility, flexibility, efficiency, and
opportunity while minimizing risk.

There was ongoing discussion of the interplay between resupply and science. For example, how
do the options examined relate to the support of science in important but non-traditional working
areas on the Continent? What is the demand for access to regions that are currently hard or
impossible to reach by air in the present mode? Science foci are expected, as each evolves to the
fore, to temporarily shift the resources required. How do the various resupply alternatives relate
to maintaining flexibility for science priorities, for changing environmental conditions, and/or for
direct support of science (for example science carried out on polar icebreakers)?

In keeping with the charge, the principal report presented here provides a short summary,
focusing on the principal recommendations. The Subcommittee has, however, referenced many
of the documents considered during the discussion, or provided them as electronic appendices to
this report.
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C. A STRATEGIC FRAMEWORK FOR DEVELOPING AND ASSESSING
ALTERNATIVES FOR ANTARCTIC RESUPPLY

C.1  Background

The Thomas W. Lawson (Fig. C.1) sank in the English Channel Friday, Dec 13, 1907. The ship
was designed to compete against the new steam powered vessels (introduced in mid 1800s) that
were taking cargo business away from sailing ships. It was fast, 22 knots, but to gain speed (a
function of hull length and sail area), the designers sacrificed maneuverability, making the vessel
unstable. In fact, it capsized at anchor during a gale. Clipper ships were actually approaching
their limits 50-60 years before the Lawson took to the seas.

Figure C.1. The Thomas W. Lawson, an example of extending a capability beyond its inherent
capacity to perform. Source: Angelucci and Cucari, "Ships", McGraw Hill, 1975.

In his book, “Innovation, The Attacker’s Advantage", Richard Foster used the Lawson as an
example of a concept stretched beyond its practical limits. It is also an example of the impact of
momentum, the desire to continue doing something by the tried and true or accepted approach
rather than shifting to a new approach. Foster introduced the idea of “S” Curves to generalize
the concept. For any process, technology or capability, the S-Curve relates the level of
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performance or output resulting from a level of input or effort. Early in the evolution of a
capability, a significant amount of effort is needed to gain increases in output as the bugs are
worked out and efficiencies are introduced. As a capability matures, one reaches the steep slope
of the curve where there is an increase in output for a given input. Eventually, however, it will
take increasing amounts of input to achieve increases in output. This is the time when a
capability is ideally replaced by an alternative that provides a productivity advantage. In
essence, this is moving from one S-Curve to another, and as illustrated in Figure C.2, may depict
the situation with the current logistics capability in Antarctica. It may not be practical to extend
the current resupply model to meet the changing needs of the future, but rather to change the
paradigm of how logistics resupply are provided.

Today?

New
Logistics

Current
Logistics

PRODUCTIVITY

Effort (Funds, Time, Assets, Resources, etc.)

Figure C.2  The S-Curve concept in relation to Antarctic Resupply.

Examining the current logistics chain reveals why it may be characterized as being at the “top”
of the S-Curve where it requires extraordinary input to gain a significant increase in output. First
of all, there is very little redundancy built into the current system. It is vulnerable to a single
point failure, especially with regard to the bulk supplies (materials and fuel) that are needed to
sustain and support research. The path from New Zealand to Antarctica is totally reliant on ships
being able to reach McMurdo Station. This in turn requires icebreaker support, the lack of which
has been the primary stimulus for undertaking this Subcommittee's work. Second, the pathway
to South Pole Station is similarly singular, with total logistics support reliant upon LC-130
aircraft from McMurdo Station. Additionally, while research in the Dry Valleys and East
Antarctica can be served from McMurdo Station, any future endeavors in West Antarctica may
be out of bounds from McMurdo, due to the limited operating range of the LC-130s. The current
concept of operations has also reached some practical limits. Refueling icebreakers at McMurdo
Station consumes a significant percentage (=25%) of the fuel transported there each year and
transport of fuel to South Pole Station via LC-130 is very fuel intensive (approximately 1.7 liters
of fuel consumed to deliver each liter to the pole) and reduces aircraft availability to support
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science elsewhere. The infrastructure at McMurdo Station itself has grown significantly and
requires a substantial level of support. While this may be justified, if that infrastructure were
focused more on science, it may be less necessary than if the focus at McMurdo is increasingly
administration and logistics.

The recent presence of the B-15A iceberg in the Ross Sea highlighted the vulnerability of the
entire operation, because of the lack of redundant pathways if the current avenues are for some
reason denied. Missing one year's delivery of fuel or supplies would be traumatic to the USAP,
causing little to happen except survival and subsistence. While the current system has served the
USAP well, it seems not to have the flexibility or capability to continue to serve it for the future,
if icebreaker support and ability to bring resupply ships to the McMurdo ice wharf, are not
possible.

C.2  Objective

There are four major objectives for any new strategy developed for Antarctic resupply. These are
also the primary criteria by which alternatives will be judged:

e Assurance: Gain redundancy, through development of alternative means to supply
materials needed to continue priority research in the event the traditional or primary
means fail.

e Efficiency: Reduce cost, by providing means of resupply that will reduce cost and allow
enhanced science support.

o Agility: Create a logistics capability that is agile and capable of adjusting to changes in
program needs and environmental conditions.

e Environment: Develop a logistics system that reduces environmental impact.

C.3  Approach

Dealing with an issue such as Antarctic resupply requires examining the potential future
operating environment as well as considering current issues and requirements. The development
and assessment of new approaches to provide a more capable resupply system must consider the
probable needs of the future as well as those of today. Assessing the future is tricky business.
The Toffler Associates, the strategic advisory firm of internationally renowned futurists Alvin
and Heidi Toffler, commonly start by defining the drivers, the primary forces that are shaping the
future environment with respect to the area of interest. The drivers are used to examine the
implications of different possible future conditions that might result from combinations of the
drivers at their logical extremes. This examination leads to insights from which a strategy can be
developed that consider the spectrum of possible futures. Drivers for future Antarctic Resupply
are depicted in Figure C.3. “Modes” denotes the means for conveying supplies while “nodes”
denotes the logistics hubs that serve as points of debarkation and embarkation. “Mission” relates
to the primary purpose of the logistics operation (i.e., enabling science research). For each driver
it is useful to describe antipodes, extremes that will stretch the thinking and current practice and
provide insights for more effective strategies in the future. The antipodes are often best made
simple, such as single or multiple for modes and nodes. For modes, this postulates that for any
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pathway, say from New Zealand to McMurdo Station, there is only one primary mode (e.g.,
ships) to transport bulk supplies, or multiple modes (ships, heavy aircraft, Lighter-Than-Air,
etc.). For nodes, it postulates that there is a single pathway to reach a point (e.g., South Pole
Station can only be supplied via McMurdo Station, and in turn, McMurdo Station can only be
supplied from New Zealand). Or, there are multiple pathways to supply a location (e.g., South
Pole Station supplied either through McMurdo Station, another coastal logistics base, or directly
from New Zealand). Mission was considered to have antipodes of supporting science at major
sites (e.g., South Pole Station) or expeditionary science (e.g. West Antarctica, remote East
Antarctica). Considering how NSF would operate in future years that are defined by
combinations of these antipodes provides insights into the types of alternatives that may provide
a more adaptive and capable resupply system for the future.

1
Alternative nodes
provides more
flexibility for
logistics

Nodes

Multiple modes of
movement provide
redundancy and
flexibility

Expeditionary
science places
different demands
on logistics than site
centric research

Expeditionary

Figure C.3.  Specification of major drivers of future operating environments for Antarctic
Resupply. Source: Toffler Associates, Manchester, MA.
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PART II. ANALYSIS, DISCUSSION, AND DETAILED RECOMMENDATIONS

D. US ANTARCTIC PROGRAM LOGISTICS/RESUPPLY INFRASTRUCTURE
AND SITE CENTRIC ISSUES

D.1  Overview

The Subcommittee reviewed the current USAP logistics system, pinpointing, as had NSF's
informal internal study, a single point failure modus of operation whereby the program operates
all Continental logistics support through a single event: the annual delivery of fuel and cargo by
ship to the hub at McMurdo Station. Thus the Subcommittee gave highest priority to logistics
shifts which would provide flexibility and reduce risk to the USAP.

In general, it can be difficult to broadly visualize a move into the future by directly building from
where one is today. Hence the Subcommittee began with the future, using ongoing community
discussion regarding future Antarctic science as a starting point. By defining (realistic)
ideal/future logistics support, the Subcommittee hoped it would be possible to determine how
well any one proposition met the ideal, thereby establishing mission critical elements for future
operations and logistics capabilities. Then the Subcommittee mapped backwards to today's
USAP to establish feasible roadmaps.

As "Grand Challenges" are developed for the USAP by the science community (see, for
example, http:// www.nsf.gov/od/opp/gpra/cov_prss_2004.pdf ) these will provide a vision of the
future USAP (e.g., "science in the dark"). Future science goals are also part of community
planning for the International Polar Year (IPY). From these the Subcommittee understands,
regarding logistics needs for future science, that in addition to requiring support from the three
permanent USAP stations, the science community desires access to portions of the Continent that
are now difficult or impossible for USAP to support due to limited range, flexibility, and agility
of current support systems. Hence the Subcommittee supplemented its discussion of logistics
support for the three USAP stations by considering a conceptual generic (currently inaccessible)
remote field site for an interdisciplinary, complex, multi-year science initiative. Also, the
Subcommittee noted that future science foci are expected, as each evolves to the fore, to
temporarily shift the resources required. Hence the Subcommittee discussed how the various
resupply options related to maintaining flexibility for science priorities, and for changing
environmental conditions.

Recent threats to USAP resupply logistics, the examinations of future support needs, and the
interconnected nature of the USAP support system together create an opportunity to bring about
change. But to minimize risk, to some extent it will be necessary to implement change via small
steps. Although the Subcommittee discussed attractive, but expensive, concepts with dramatic
long-range benefits, the view was that high cost and drastic change concepts at this time are not
likely to reach the starting line. Nonetheless, the Subcommittee was strongly of the opinion that
NSF and the community should not miss an opportunity to revolutionize USAP logistics. This is
one reason the Subcommittee initially focused on an ideal future scenario rather than
immediately trying to "polish the apple" (i.e., simply put a band-aid on present logistics). For
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example, the Subcommittee felt it would be advantageous both in the short term and long term to
address de-coupling South Pole Station resupply from its present complete reliance upon
McMurdo Station, rather than address only the immediate McMurdo resupply issue.

The Subcommittee focused specifically on the logistics underlying the NSF mission (science
support). Other National interests, including for example missions of US polar icebreakers
which are not in support of NSF science, were regarded as the purview of other bodies.

The Subcommittee parsed the issues various ways, such as temporally into the short-term and
long-term, with a medium-term defined as a transition. Thanks to recent northward movement of
the principal large blocking iceberg, and based on the 2004-2005 austral summer experience, the
Subcommittee determined that one reasonably heavy icebreaker could likely reach McMurdo
Station in the 2005-2006 austral summer. Because this closely parallels NSF's analysis of the
situation, the Subcommittee did not overtly focus on the very short term, though there was
extensive discussion of support several years into the future.

For the long term, the Subcommittee worked in part from community expressions of the "where
we want to be" type reports from various community long-term science planning workshops,
science user group meetings, and so forth. Discussion of realistic future logistics support options
also reduced the constraints imposed by beginning with only the present day options and, it was
hoped, set the stage for evolution of a viable long-term US strategy. USAP marine science
support did not receive explicit attention, except as a science support ramification of the use of
icebreaking and ice-capable vessels to support on-Continent logistics.

The Subcommittee's development of shorter-term resupply strategies was based upon providing
continued support for the present-day scenario (i.e., support for the three permanent US Antarctic
stations; Palmer, McMurdo, and South Pole), with the present-day balance of materials sent to
each station. Because Palmer Station resupply is not in jeopardy and involves relatively small
amounts of fuel and cargo, Subcommittee attention focused on McMurdo and South Pole
stations, with South Pole Station being resupplied (in the short term) via McMurdo, and the other
USAP activities enabled through those sites, as at present. The Subcommittee also addressed
how the South Pole Station can be supported assuming the primary sea-borne resupply fails to
reach McMurdo during one year in the relatively near future. Noting that South Pole Station
resupply cannot be improvised at the last minute, whatever alternatives are recommended must
be reliable and in place.

The Subcommittee is aware of the excellent tradition of mutual support, especially during
emergencies, carried out by the Antarctic nations. And there are many instances of icebreakers
coming to the aid of other nations on an occasional basis. But there is nowhere within the
international Antarctic community the kind of redundancy needed to handle the much larger US
logistic transport requirements. For example, were the USAP not to have alternative logistics
systems ready, a massive effort would be required to maintain the USAP after a missed annual
resupply of McMurdo Station, on a scale which would overwhelm any other nation's Antarctic
facilities. There is also the matter that those non-US facilities are not located strategically to the
benefit of maintaining the USAP.
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Planning for resupply alternatives should include analysis of the impacts on science and on
construction costs which might take place if scientific equipment or construction cargo scheduled
to be delivered by ship were delayed. This will help to make the rationale for development of
viable strategies even more compelling.

Long-term strategies were much less constrained. Again, for the most part Palmer Station was
not explicitly included in the discussion, but this recognized that many of the future resupply
options which apply to other USAP sites and activities would also apply to Palmer Station or
similar future sites. More central to the discussion was the Subcommittee's assumption that the
US would continue to operate a South Pole station with approximately today's personnel
complement and annual local-use cargo and fuel requirements, but it must be emphasized that
South Pole Station resupply options other than through McMurdo were considered as high
priority, and achievable. One goal of the discussion was to specify means to maintain South Pole
Station science - and as many other USAP science activities as possible - with occasional (ca.
once per decade) lapses in direct (at the ice wharf) McMurdo annual resupply from sea.
Moreover, a wide-ranging discussion took place concerning the future role and resupply of
McMurdo Station. For example, how might resupply be affected if McMurdo Station annual
needs were larger or smaller, if some - or even all - of the activities now at McMurdo Station
were moved to one or more other sites on or off the Continent, or if environmental issues
affecting annual resupply improved or deteriorated (e.g., close presence of very large icebergs)?
A parallel discussion focused on the logistics methodologies themselves, covering a wide range:
icebreakers and ice-strengthened vessels, aircraft of various sizes and types (including lighter-
than-air), ground support from tracked vehicles and hovercraft, plus the sites used by these,
including various types and locations of ship offload sites, runways, and vehicle routes.

The Subcommittee found that OPP staff were commendably well along on identifying and
studying resupply alternatives. Examples include developing one or more supply chains parallel
to the existing one, milling the channel to McMurdo continuously with smaller ships,
disembarking cargo at a point near McMurdo where icebreaking would not be such a great
challenge, increased reliance on air transport to McMurdo and/or South Pole stations, and
measures to reduce the amount of fuel and supplies needed. OPP staff had also examined a
broad suite and mix of air, water, and ground-based transport methodologies.

With excellent background work available, the Subcommittee focused on the principal strategic
issues: What are the mission essential priorities in the supply chain? What do we have to be
able to do?

The overall strategic situation of "southbound" USAP resupply is illustrated schematically in
Figure D.1.1, which shows the global flow of materials to Antarctica now carried out in support
of the USAP. There is also a flow of materials from Antarctica, not shown in the figure.
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It was determined early in the Subcommittee's work that due to the large amount of fuel and

cargo annually

required - some 25,000,000 kilograms of fuel and 7,000,000 kilograms of cargo

at present - that one way or another, ships were going to be involved. Considering the Antarctic
context, at some point sea ice must be taken into account in that ship support. Furthermore, due
primarily to the cost of air transport, it was decided not to pursue in depth those resupply
alternatives which required in a typical field year a significantly greater number of resupply
flights than now take place. Also, because Antarctica is, in the words of the Augustine report,
"the coldest, driest, windiest, remotest, and highest (on average) continent," and is ringed by
myriad ice shelves and tongues, seasonal and fast sea ice, and other extremely challenging
features, the Subcommittee recognized that resupply alternatives which might be promising in

other locations

may not be suited to the Antarctic.

D.2  South Pole Station

The Subcommittee believes that a paradigm shift in the South Pole Station logistics supply chain

methodology is
if not eliminate
It also acts as a

possible, over both the short and long term. This shift will significantly reduce,

, the single point failure risk of operating all logistics through McMurdo Station.

redundancy to using McMurdo as a centric hub. Perhaps equally important, it
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allows existing resources to be used to support new expeditionary science and other program
priorities.

The Subcommittee recommends that NSF investigate:

Construction of a hard surface processed snow runway at South Pole Station
capable of receiving heavy-lift wheeled aircraft directly from New Zealand or South
America;

Establishing an infrastructure capability to land heavy-lift wheeled aircraft at a
blue-ice runway area near South Pole Station, and traverse cargo and fuel from the
blue-ice area to/from South Pole Station;*

Continuing development of the traverse capability from various start points (e.g.,
McMurdo Station or an ice edge) to/from South Pole Station to transport cargo and
fuel, and to return waste to McMurdo Station for removal; * and

Proactively investigate the potential of using Lighter-Than-Air (LTA) transport of
cargo and fuel from New Zealand to South Pole Station, and from McMurdo Station
to South Pole Station and other parts of the Continent.*

! (Note: Personnel may still need to be flown via McMurdo Station.)

The principal logistics alternative is to establish direct air operations from New Zealand or South
America to South Pole Station to move cargo (materials), fuel, and both science and support
personnel. This would involve heavy-lift wheeled aircraft and/or lighter-than-air craft (LTA). A
secondary logistics alternative is to complete the development of a traverse capability.
Collectively, these would significantly increase the efficiency and timeliness of deploying
science personnel and priority supplies and equipment to South Pole. It would provide direct
fuel resupply without using valuable LC-130 aircraft, which could then be dedicated to direct
science support.
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Figure D.2.1. Snow-pavement surface-strength requirements for various heavy wheeled aircraft.

NSF has made great strides in developing a traverse capability to South Pole from the Ross
Sea area. This capability should be completely developed and incorporated as a logistics
mode, at least until other modes of transportation render the traverse capability obsolete or
uneconomical.

A key element to making South Pole Station "free and independent" from a single point centric
logistics hub in McMurdo is the construction of a processed-snow hard surface runway to land
heavy-lift wheeled aircraft. Recent experience by NSF to construct a thick base of processed
snow for a large telescope project indicates the feasibility of building a hard surface runway at
the approximate cost of $3M in 2005 funds (11 personnel, equipment and fuel). The snow index
strength requirements (Russian Snow Penetrometer, RSP) indicate that the tire pressure and
weight bearing of various types of aircraft that NSF would likely use to land at South Pole are
well within the engineering capacities (see Fig D.2.1).

In today's resupply model, NSF uses ski-equipped LC-130s flown by the 109™ New York Air
National Guard (ANG) to fly all cargo, fuel, science and support personnel to South Pole via
McMurdo Station. This resupply must first make its way to McMurdo Station — by air from New
Zealand, and/or by cargo and fuel ships to McMurdo Station (requiring icebreaker support) -
where it is off-loaded, moved to separate staging areas and flown by LC-130s to South Pole.
Cargo and fuel are handled multiple times, as shown in the examples below, requiring significant
contractor and ANG personnel support on the ground in McMurdo. This adds significant costs
and environmental risks through the double or triple handling of the resupply, increased staffing
and infrastructure in McMurdo to handle the resupply and personnel, and 6-8 days (round trip) of
non-productive “wait-time” for scientists deploying and redeploying through McMurdo Station.
(Note that the fuel is delivered through the existing aircraft wing tanks, whereas the cargo is
generally palletized and delivered in the cargo bay. Science and support personnel are delivered
via troop seats and can be transported with cargo and/or fuel.) Additionally, in the 2004-2005
USAP season, 320 of the 401 flights flown by the ANG in Antarctica were between McMurdo
and South Pole stations, thus tying up high valued LC-130 time and airframes that could be used
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for direct support of science elsewhere on the Continent. In the Subcommittee's suggested new
model, direct air operations (using large wheeled aircraft) from New Zealand or South America
to South Pole would get materials and fuel, and science and support personnel to South Pole in
the most timely and efficient manner, thus providing mission assurance, flexibility and economy
to the program.

CARGO PIPLINE EXAMPLE

Cargo shipped through McMurdo to South Pole is unloaded from the aircraft or ship; un-
palletized or unloaded from a container; moved to a staging or storage area; moved again to
priority staging areas; palletized and moved to the aircraft staging area several kilometers away;
loaded on the aircraft; flown to South Pole where it is unloaded, un-palletized and moved to
storage or operational areas. The multiple handling allows an increase in risk associated with
lost or damaged cargo. If aircraft flew directly from NZ to South Pole, cargo would be
delivered to NZ by air or ship, transported to the cargo yard at the airstrip, palletized and loaded
on an aircraft and flown directly to South Pole, where it would be unloaded, un-palletized and
moved to storage or operational areas. The risk of damage or loss is greatly reduced via direct
air flights from NZ to South Pole.

FUEL PIPLINE EXAMPLE

Fuel is discharged/pumped from the resupply tanker into a variety of storage tanks located
around McMurdo Station. Fuel for delivery to South Pole is then piped to tanks at the runway
of departure (either the ice runway or Williams Field), for loading into the aircraft wing tanks
for delivery to South Pole. At South Pole, fuel is offloaded directly from the aircraft wing tanks
into station storage tanks. A dedicated LC-130 fuel flight (all payload is fuel) delivers 14,000
liters. If flights originated in New Zealand directly to South Pole, fuel, likely in larger units of
80,000-170,000 liters, would be loaded one time and off-loaded one time, thus reducing the risk
of environmental damage and reducing necessary McMurdo storage capacity.

PERSONNEL TRANSPORT EXAMPLE

Science and contractor personnel destined for South Pole Station are flown from New Zealand
to McMurdo Station where they enter the infrastructure support system (berthing, food, water,
work spaces) until they are manifested on a flight to take them and their personal effects, cargo
and science equipment to South Pole. This could take several days depending on aircraft
priorities and availability, as well as good weather for flying. It is not uncommon for grantees
to be "stuck" in McMurdo for three to five days or longer before flying to South Pole.
Conversely, scientists returning to New Zealand to redeploy to their home institution can be
stuck in McMurdo for similar time frames. Several times a season, McMurdo infrastructure,
especially berthing, can be overextended with South Pole contractor personnel and scientists.
Direct flights from New Zealand to South Pole would eliminate these delays and infrastructure
impact.

Another practical alternative for NSF to consider, in somewhat the same vein as using a
processed-snow hard surface runway at South Pole Station, is to fly various types of heavy-lift
aircraft to a blue-ice runway near South Pole Station, then traverse the cargo, fuel and possibly
personnel the remaining distance to the South Pole. [The Subcommittee clearly favored the
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processed-snow runway option based on the information examined.] The Mt. Howe blue-ice
area is located 260 kilometers from South Pole Station, and coincidentally is less than 100
kilometers from the projected traverse route from McMurdo Station. Synergies may exist for a
mixed mode of resupply using this blue-ice area and long-haul traverses from the McMurdo area
or other alternate start points. The Mill Glacier blue-ice area is located 500 kilometers from
South Pole. The Subcommittee's brief discussion of anecdotal information about blue-ice sites
produced mixed opinions, with the negative views having to do mostly with possible aviation
weather issues. If NSF's investigation of this alternative showed early promise, a suggestion is
that one or two leading blue-ice sites be instrumented with satellite-reporting remote weather
stations.

Aircraft landing directly from New Zealand/South America (at either South Pole Station or a
blue-ice area) could also return retrograde and waste for transshipment to the United States. In
fact, a blue-ice area could be an alternate landing site, as well as McMurdo, New Zealand or
South America for weather diverts. Additionally, the Subcommittee recommends NSF complete
the development of the traverse capability from other locations, such as McMurdo or an
alternative cargo landing site, and use it to deliver cargo and fuel to South Pole Station.
(Personnel would be flown by aircraft, most likely LC-130, unless a hard surface wheeled
capable runway is built.) A traverse could then be utilized to take retrograde equipment and
waste back to McMurdo for return to the United States.

The Subcommittee looked at the probabilities of utilizing KC-10s, KC-135s, and C-17s in the
near and mid term for flying cargo, fuel and personnel directly from New Zealand/South
America to South Pole. This mode of operating requires a hard prepared-surface runway, which
NSF believes is technically achievable in a two-year time span. Longer term, the NSF could also
charter commercial heavy-lift and passenger aircraft for the delivery of cargo, fuel and
personnel. The Subcommittee does not, however, recommend entirely giving up the military
option of long-range air transportation, because, as noted in the 1997 Report of the U.S.
Antarctic Program External Panel, "The United States in Antarctica," the Department of Defense
can provide unmatched capabilities to meet unforeseen — and potentially catastrophic — events,
such as the need for search and rescue. On the other hand, commercial options are important if
there comes a time when military aircraft are not available to the USAP, not capable of a
particular mission, or the military flight hour cost becomes prohibitive. For example, in April
2001, the NSF chartered a commercial Twin Otter to fly an emergency medical mission to South
Pole Station, when military LC-130 aircraft could not operate at South Pole due to low outside
air temperatures (maximum on-ground operating temperature is -55°F). The Twin Otter safely
and successfully recovered the medical patient in less than five days, operating in temperatures
of -90°F.

The Subcommittee also reviewed other alternatives to provide fuel in the event of a single point
failure in McMurdo if the current New Zealand-McMurdo-South Pole resupply model continues.
Examples included air-to-air refueling of LC-130s from KC-10 or KC-135 "mother ships"
orbiting South Pole; or, the utilization of "near by" blue-ice runways, traversing from there to
South Pole. If the station life-support demanded it, the station could also be re-supplied by
airdrop of cargo/materials.
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Consideration was given to building a hard surface gravel runway at Marble Point. However,
aircraft payloads, using LC-130s from McMurdo to South Pole, would not increase as the LC-
130s are currently operating from McMurdo Station on skis at the same maximum allowable
gross weight as they would on wheels. Moreover, this alternative would require a significant
cost to build, and would also require the logistics to move major cargo between McMurdo
Station and the runway plus the infrastructure needed to support flight operations. Nevertheless,
if a hard surface snow runway was constructed at South Pole to allow heavy-lift aircraft, it may
be practical to do an economic study to determine if a gravel runway in the McMurdo area would
be beneficial.

A future (long term) alternative for moving cargo, fuel and personnel from New Zealand direct
to McMurdo and/or South Pole stations is Lighter-Than-Air (LTA) aircraft. This is also referred
to as Hybrid Ultra Large Aircraft (HULA) in developing literature. The mode of transport is still
in commercial and military development, but marketing advertisements and preliminary studies
indicate significant capabilities to move large amounts of cargo and/or fuel (500-1000 tonnes)
over long distances (up to 6500 kilometers).

The Subcommittee recommends that NSF investigate the development of LTA/HULA
concepts, demonstrating the Government’s interest, and consider providing criteria and
requirements that could be added into the design stages.

Economics:

Flight hour costs utilizing military heavy airlift vary from year-to-year. Historically, heavy-lift
flight hour costs for the C-5 were in the $10,000 to $12,000 range. C-17 flight hour costs are
projected to be at the level of a C-5, except that extraordinary circumstances have kept the flight
hour cost artificially low since the C-17 was first introduced to the Antarctic Program. Also, C-
17s came with warranty programs that kept the maintenance costs relatively low in the early
years of use. Today, and in the recent past, USAF flight commitments to support conflicts in the
Middle East have kept the flight hour costs very low ($3,000 per hour) due to the spreading of
operations and maintenance costs to the many current users. Once the flying pace decreases,
operations and maintenance costs (with fewer total users and less benefit from warranty
programs) will most likely drive the flight hour costs to significantly higher levels. When that
occurs, NSF may wish to examine cost effective means to obtain heavy airlift via the commercial
sector to see if any meet USAP mission requirements.

Today’s fuel delivery requirement to South Pole is 2,660,000 liters annually. This covers the
Austral Summer science season and the winter-over period. Typically, after the winter-over ends
and the station opens for the Austral Summer, fuel delivery begins, and just before station
closing at the end of the Austral Summer, the fuel storage capacity of 1,710,000 liters is topped
off. The 2,660,000 liter requirement is approximately 8-10% of the fuel delivered by chartered
tanker (requiring Icebreaker support), and stored at McMurdo Station.

The cost of one liter of fuel delivered to South Pole Station is about $6.58 ($25/gal), or
$17,500,000 for 2,660,000 liters, using the traditional McMurdo resupply route. This considers
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the initial cost of the fuel, the prorated charter cost of the tanker vessel, the prorated cost of the
icebreaker(s), and the prorated flight hour costs and number of L-130 missions flown to South
Pole (320 in 2004/2005 season, of which 60% of the payload moved was fuel). If a hard surface
runway was built at South Pole, it would take 50 C-17 missions, at a cost of $1.32 per liter ($5
per gal), or about $3,600,000. This is a mere one-fifth of the cost of the current McMurdo
resupply route, saving nearly $14,000,000. This does not factor in mobilization and
demobilization costs to the NSF. Using KC-10 tanker aircraft instead of C-17s, it would take 15-
16 flights at a cost of about $2,500,000, saving about $15,000,000.

To re-emphasize one of the Subcommittee's primary recommendations, the technology
exists to build a hard surface processed snow runway at South Pole today. It is
inexpensive. It would take a few years to construct, thus providing an immediate short
term achievable goal that would literally shift the paradigm of USAP logistics resupply to
positively benefit the NSF and direct support of science.
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D.3  McMurdo Station

McMurdo Station is the largest US base of operations in the Antarctic. It is located in the Pacific
sector at approximately 77.9 °S, 166.7 °W on the southwestern Ross Sea. As noted in the
Augustine Commission Report, McMurdo Station currently serves as the logistics base for most
USAP inland operations and has been critical in providing logistics support for South Pole
Station. Historically, the McMurdo region has been utilized by USAP and pre-IGY researchers
and explorers because it is located close by the site chosen by the 1910-1913 Scott Expedition as
their base camp due to its being nearly the farthest south sea-accessible point in the Antarctic in
the majority of years. McMurdo Station remains accessible by sea today, though for only a
relatively short portion of the year, and even during those times the sea approaches are typically
blocked to varying degrees by residual first-year sea ice, fast ice, and hard multi-year ice.

McMurdo Station is by any measure the largest scientific and logistics support facility in the
Antarctic, housing approximately 1200 persons in the summer, with an over-winter complement
of approximately 200. These USAP scientific and support staff, and the Continental research
they enable, currently depend upon annual delivery of 25,000,000 kilograms of fuel and
6,500,000 kilograms of cargo to McMurdo Station for immediate use there and for transshipment
to South Pole Station, Scott Base, and remote field sites. Approximately 5,000,000 kilograms of
scientific samples and gear, end-of-service equipment, and USAP waste (most of the total), must
be removed from Antarctica each year, currently through McMurdo Station.

The annual McMurdo Station resupply cannot realistically take place via aircraft. The C-17 is
now the primary USAP airlift platform. It has a maximum payload of approximately 45,500
kilograms, but if operated from Christchurch it is likely that the USAF would limit loads to
approximately 34,000 kilograms so that the aircraft can carry enough fuel to have a point of safe
return from overhead at McMurdo Station (without landing) and also to not require taking fuel
from McMurdo Station to complete its return to Christchurch. Thus something on the order of
approximately 730 flights would be required for the annual USAP fuel delivery, with another
200 for cargo. And even if that heavy flight load were feasible in the sense of aircraft and crew
availability and cost, there would remain the issues that (1) the type of runways currently used in
the Antarctic by wheeled aircraft can handle a maximum of only a small fraction of the total
loading and wear represented by that annual use and (2) aircraft engines produce approximately
25 to 1000+ times the pollutants per kilogram of cargo delivered (depending on the specific
pollutant; see table D.3.1) compared to typical modern terrestrial engines (much the same applies
to marine engines), an important consideration in the US role in the stewardship of the Antarctic
environment and ecosystem.
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Table D.3.1 Comparison of Annual Air Emissions From South Pole Resupply Alternatives

Fuel Combustion Byproducts (kg)
Cargo Exhaust
Transported | Fuel Use | Sulfur | Nitrogen | Carbon | Hydro-
(kg) (liters) Oxides | Oxides | Monoxide | carbons | Particulates
Traverse 800,000 750,000 51.2 27.6 10.2 1.4 2.3
LC-130 800,000 1,200,000 | 1,358 10,734 7,208 3,210 2,953

A portion of today's annual fuel and cargo resupply to McMurdo Station is transported onwards
to the US South Pole Station. (See Table D.3.2.) Yet even were South Pole Station to receive its
annual resupply independently of that for McMurdo Station, for example via direct air delivery
from South America or New Zealand, a majority of the total USAP annual resupply would
remain destined for McMurdo Station. Also, if a major new USAP research initiative were to
require staging from a location other than one of the three present USAP stations, the most likely
logistics scenarios include landing at least a substantial fraction of the needed materials at a
suitable coastal site. In addition, ships also are needed to transport scientific equipment, science
samples, and environmental recycling from the Continent.

The Subcommittee thus concluded that under almost any scenario NSF would need to be
able to move fuel and cargo to Antarctica, including to McMurdo Station, by ship. The
Subcommittee also felt strongly that McMurdo Station in its current location should be
retained as a major research and logistics hub of the USAP.

10% South Pole
USA 2,660,000 liters | McMurdo | 20% McMurdo
(100%) offload 25% Icebreakers

45%  Flights to South Pole

Table D.3.2 Schematic of present-day use of fuel delivered annually to McMurdo Station
(values are rounded to nearest 5%).

There are no realistically feasible sites to land seaborne fuel and cargo in the McMurdo Station
vicinity which are free of sea ice and have suitable harbors. Hence, McMurdo Station resupply
will continue to require icebreaker operations in order to retain its current and future role in the
USAP. This does not mean that the status quo need be maintained: Managing USAP risk, for
example in the icebreaker program, is essential from NSF's standpoint. The Subcommittee
discussed a number of issues regarding the McMurdo Station resupply and logistical operations
which would lead to more flexibility and economy in operation, as well as to a more reliable mix
of logistics/resupply alternatives for the future USAP. This will ensure resupply of McMurdo
Station over years when ice conditions or mechanical casualties prevent direct resupply by sea,
and also greatly improve flexibility in support for USAP science missions.
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McMurdo Station support for icebreaker operations: In order to help stockpile fuel for
McMurdo Station and science operations, it was strongly advocated by the Subcommittee that a
reduction in the refueling of icebreakers at McMurdo Station would be a significant boon to the
overall program. Currently ca. 25% of the fuel delivered to McMurdo Station every year is used
to refuel ships, mostly the icebreakers. This is roughly equivalent to what is used by McMurdo
Station annually.

McMurdo Station support for fixed wing operations: The Subcommittee suggests that NSF
examine air operations at McMurdo Station. Consolidation of air operations via reducing the
number of runways, currently at three, to one or two could lead to savings (Fig. D.3.1). For
example, could an improved, wheeled-runway be developed at Williams Field? There is a need
for runways that accommodate both heavy wheeled and ski-equipped aircraft. Risk reduction
must also be considered in this examination.

Satellite image of McMurdo Station region showing location of airfields.
(SPOT HRYV image ID 30445569412011812251P © 1994 CNES, Licensed by

SPOT Image Cornoration. Reston. Virginia.)

Figure D.3.1.
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McMurdo Station fuel capacity: The Subcommittee recommended that fuel capacity at
McMurdo Station permit one missed annual fuel delivery. If nothing else in the overall logistics
scenario were to change, a doubling of capacity of the McMurdo Station tank farm plus delivery
of the extra fuel during one or more years would be required. But there are worthwhile
alternatives. Specifically, needs after a missed year could be met from the current tank farm
capacity by reducing the total fuel consumption at and through McMurdo Station, in part by: 1)
reducing the number of support personnel operating out of McMurdo Station, 2) reducing or
even eliminating the direct dependence of South Pole Station fuel resupply on McMurdo Station,
and, as noted above, 3) reducing or even eliminating icebreaker refueling.

Also, currently there may at present be insufficient incentive for fuel conservation at McMurdo
Station. Fuel use reduction at McMurdo could be stimulated in several ways. For instance, the
logistics support contract for the Antarctic with NSF could provide appropriate incentives for
reducing McMurdo Station resupply requirements as well as for minimizing the number of
deployed personnel for on-Continent science support operations. NSF could continue to develop
so-called "green" (generally, renewable) energy resources in the Antarctic. Also, it is possible
that some science support operations/activities could be transferred to New Zealand (see below).

McMurdo Station operations style: The Subcommittee suggests that an evaluation be undertaken
to establish the pros and cons of McMurdo Station being more of a "just in time" science support
operation than a "we have everything right here" base. There is a need to establish what savings
in logistic and science support personnel costs would be gained by this shift in philosophy. This
change in philosophy should not jeopardize the science mission of USAP in any manner, but
instead, for example, streamline contracted services and also transfer more science support
activity from the Continent to New Zealand. Moving towards a "just in time" resupply mode
would more often utilize the off-Continent air link (e.g., with New Zealand) to supply parts and
equipment, as opposed to heavy dependence on maintaining warehouses at McMurdo Station
resupplied using the annual cargo vessel. There would be more support flights to McMurdo
Station, but this would not significantly increase the amount of fuel needed at McMurdo Station
because the aircraft could fly round trip (or close to it) with fuel supplied off-Continent. Less
stock on-Continent reduces the local need for warehouses, and the people and energy used on-
Continent to support the warehouses. This mode of operation also works to reduce the disruption
caused by missing one year's resupply by cargo vessel because the USAP would not depend so
strongly upon the resupply vessel for critical items, having already committed to fly them in as
needed.

It also was suggested that changes in the opening and closing dates of McMurdo Station might
benefit the USAP in terms of both economics and logistics. Many other Antarctic nations have
longer field seasons and take advantage of better environmental conditions in the austral Fall
which benefit their resupply. Extending the USAP season into March and April could also
facilitate science operations that could take advantage of these different environmental
conditions. The balance between extended season fuel consumption and more dependable
resupply needs to be evaluated.
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D.4  Expeditionary Science and Traverses

The US Antarctic program has always been a pioneer in flight operations in the Antarctic. This
has allowed the US to continuously maintain well-supported science programs in the interior of
the Continent, far from the ship- and wheeled-aircraft-based coastal stations. The crown jewels
of this capability are the ski-equipped LC-130 fleet, which are unique to the US Antarctic
Program. These heavy-lift, long-range aircraft, with their deep-field landing capability (i.e.,
landing in areas without prepared skiways) have been instrumental in allowing research to be
carried out virtually anywhere on the Continent.

The US was also a leader in mechanized over-snow traverses for scientific research and
exploration. These traverses from the late 1950s continuing on into the 1970s were fundamental
in advancing our understanding of the Antarctic. This over-snow traverse mode of operation has
been de-emphasized in recent years. There were many reasons for the shift of emphasis to the
air-supplied field camps from the traverse mode of operation, including a desire to do targeted
research rather than broad-brush exploratory research.

The completed development of safe, efficient ground-based traverse capability will
significantly benefit both science and logistics missions of USAP.

D.4.a Science

The Antarctic is increasingly recognized as extremely heterogeneous, and results obtained in one
location are difficult to extrapolate beyond relatively short distances (perhaps 10s to 100s of km).
The extraordinary results of recent satellite-based work and airborne geophysics all point to the
variability of glaciological, geological, climatological, atmospheric, and other parameters on
strikingly short distance scales. There is an increasing need for corridors/swaths of research to
complement the airborne/satellite measurements and to link together the sites where intensive
point measurements have been conducted (cores, high-resolution surveys, long-term data
collection efforts, etc.)

In addition, research efforts in Antarctica are being undertaken at greater and greater distances
from the two main aircraft bases at McMurdo and South Pole stations. In the next decade, work
in central East Antarctica (e.g., the Gamburtsev Mountains, Lake Vostok, Dome Fuji), in the
Amundsen Sea Embayment (e.g., Pine Island, Thwaites, and Smith Glaciers), and in the
Filchner-Ronne drainage will all stretch or exceed USAP’s ability to support that science solely
with airborne resources.

To support the increasing geographic spread of science, and to support this different
corridor-based style of science, the USAP needs to diversify its modes of transport to include
options other than the current airborne support of field camps.

Recently, OPP initiated a proof-of-principal demonstration of overland traverse for partial
resupply of South Pole Station. The 2005-2006 operating season will be the final year of this
four year project and is expected to enable overland delivery of up to 2,000,000 kilograms of
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cargo annually to South Pole Station from McMurdo Station. The Subcommittee recommends
that the benefits of this technological development be applied to enable more effective support of
expeditionary science.

D.4.b Logistics

The logistics burden of most deep field operations are fuel, camp infrastructure, camp
consumables, and technical/scientific instrumentation. Arguably, the lion’s share of the burden
is on fuel and camp infrastructure. By utilizing ground-based traverse capability to deliver these
less-time-sensitive items to the deep field, the USAP would free up aircraft for supporting people
and time-critical cargo. One hybrid mode of deep-field resupply that needs to be investigated is
air-drops of "dumb cargo" such as building materials; retrograding the packing and parachutes
could be done by the ground-traverse equipment that would otherwise return to base camp
empty.

The USAP could also investigate launching traverses from ice-shelves edges where ships dock.
This would allow delivery of materials directly from the ship to ice shelves near the final science
location, from where the traverse could proceed. In addition, the traverse capability would allow
USAP to conduct field operations into the marginal-weather conditions at the beginning and end
of the austral summer.

Finally, there is an opportunity to improve camp infrastructure from the present Jamesways to
well-insulated, modular structures. Currently, setting up a remote field camp involves a week or
more of work by a team of specialists (carpenters, electricians, plumbers). The Jamesways are
heavy to deliver to the site, and are inefficient to operate in terms of both personnel time to keep
them clear of drift and also in terms of fuel. (Ironically, Jamesways are permanently illuminated
by light bulbs because there are no windows. Thus more fuel must be burned to generate
electricity to light the interiors!) A modular design that could be towed into place and with
services pre-wired (electrical, plumbing, etc), could make significant gains in reducing fuel
consumption, reducing the need for trained trades-people to raise a camp, and reduce the time to
occupation of a camp and reduce the amount of maintenance.

D.4.c Recommendations

To evaluate the risks and rewards of ground traverses, the Subcommittee recommend that the
USAP complete development of the McMurdo Station - South Pole Station traverse, and further
study this option for use in other routes. This should continue present collaboration with
international partners, such as the close relationship with the French National Antarctic Program
to gain and share traverse technology expertise. To fully utilize this capability, some
fun