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Executive summary

The Antarctic Search for Meteorites (ANSMET) is an annual expedition to the southern continent to
collect meteorites. In addition to its goal of gathering extraterrestrial material, it is a realistic model for
human space flight. Similarities between ANSMET and Space Shuttle, International Space Station (ISS),
and notional future Mars exploration flights include mission duration, major activities, circadian
disturbances, a variety of supporting vehicles, small living quarters, allocation of crew time,
environmental and systems-related hazards, crew stressors, communication limitations, resupply intervals,
and crew involvement in public outreach. Differences include ANSMET's more benign environment, lack
of weightlessness, limited crew training, generous personal baggage allowance, reduced physical danger,
and absence of a mission control center. The correspondences between ANSMET and space flight make it
as valid a model for space exploration as NASA's "analog" projects, which simulate space exploration

missions in challenging environments on Earth.

The Principal Investigator (PI) of the ANSMET project selects each year's team members from a pool of
interested applicants. The resulting teams usually cohere well, suggesting that space commanders should
also have a say in the selection of their crews. ANSMET selectees must meet strict medical standards. The
expedition begins in late November in Christchurch, New Zealand, where the team is outfitted with
protective clothing. A range of available options helps them find good individual solutions for keeping
warm. The team then flies to McMurdo Station, Antarctica, for 10 days of field training and equipment
gathering. In early December, the team flies to its field camp location on the polar plateau. ANSMET work
sites have temperatures near -20°C, with wind chill to -40°C. The team spends six weeks searching for
meteorites on foot and on snowmobiles. Bad weather may confine the team to camp for days at a time. The
team may receive two or more resupply flights during the season. In late January, the team pulls out of the
field. The participants return to McMurdo and spend three to 10 days cleaning and returning equipment.

Then they fly to Christchurch, return their borrowed clothing, and travel back to their home countries.

Antarctica is served by a wide range of vehicles, including the C-130, a four-turboprop cargo aircraft, and
a variety of motor vehicles equipped for snow roads. A meteorite hunter relies on his or her Ski-Doo
snowmobile to drive about 16 km per day (650 km per season), consuming 2.5x10° J/day in fuel. Ski-
Doos increase the team's search area by a factor of approximately 100 compared to foot travel. The Twin
Otter, a utility aircraft with a payload of approximately 1000 kg for typical Antarctic missions, resupplies

field camps.
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ANSMET camps are aligned with the wind to minimize snowdrifts. Campers live in two-person Scott
tents with a floor area of 5.7 m? and a volume of 4.3 m>. The tents are double-walled for insulation and
ventilated for stoves. The camp includes a latrine tent, and may have additional tents. Each day, a camper
eats about 1.0 kg of food (about 1000 calories per day more than normal) and drinks 3 liters of water.
Varied food helps counteract a monotonous environment. A tent group of two people uses about 1.0 kg of
hydrocarbon stove fuel (5.2x10" J) per day for heating and cooking. Solar panels provide up to 35 W of
electrical power for each tent, corresponding to about 1.5x10° J per person per day. Communication with
McMurdo and home is via satellite telephone. About 50% of a field camp's footprint consists of logistics,
mostly stored outside the tents. The logistics deployed for an eight-person, 6-week field season had a
mass of 10,742 kg and a volume of 49.6 m®. Camp waste is collected in bags for disposal in McMurdo.
Striking tents and loading sledges for a camp shift takes time, strength, and skill.

Antarctic explorers navigate with a Global Positioning System (GPS). Future astronauts exploring other
solar system bodies will also need accurate navigation, probably via a different technical solution.

ANSMET collects meteorites using a formally established protocol. When the team members find a
meteorite, they assign it a number, establish its GPS coordinates, measure and photograph it, record a
brief description, and place the sample in a clean bag. They place a marker flag at its location as a backup
for the GPS data. At the end of the season, the meteorites are shipped to curators in the United States.
ANSMET has collected more than 20,000 meteorites since 1976.

Concerns for the people on an ANSMET expedition include team compatibility, staying warm and
healthy, maintaining good hygiene, getting enough rest, managing human waste, and keeping a positive
attitude despite hardship.

Use of time in ANSMET is similar to that on the ISS. Each day, ANSMET participants have an 8.4-hour
sleep period (of which 6.9 hours is actual sleep). They spend 4.2 hours on meals and hygiene, 0.9 hours

on team coordination, and 7.0 hours on scheduled work. They have about 3.5 hours of personal time per
day. Mental workload can approach saturation on meteorite searches; physical work reaches limits when

loading cargo and shoveling snow.

McMurdo Station, a model for a future space settlement, has a summer population of 900 and a winter
population of 150-200. The ratio of support workers to scientists is 5:1. Space crews, who must play both
roles, should plan for a comparable allocation of work time. McMurdo Station uses about 14,000 liters of

water per day. Its power demand averages 1.7 MW. It recycles about 65% of its solid waste. Oceangoing
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ships resupply it once a year. Supplies, spares, and other logistics occupy about 75% of its geographic
footprint. In comparison, the pressurized volume of the ISS allocates only about 20% to logistics. Limited
stowage space on the ISS impedes work and makes it hard to find tools and supplies. Future vehicles

should follow Antarctica's example and provide more volume for logistics.

Comparing ANSMET with real and analog space missions leads to some observations and
recommendations. ANSMET"s similarity to space flight provides opportunities to learn about the human
exploration of deep space at a tiny fraction of the cost of a real mission. It is even more valuable now that
other analogs have fallen victim to budget pressure. NASA should support ANSMET and use it to gain
more insights for deep space exploration. Astronaut participation in ANSMET is valuable to the
astronaut, who gets training in an environment similar to a long-duration space mission, and to his or her
teammates, who get a partner trained in survival, operations, and expedition behavior. Astronaut

participation in ANSMET should continue.

ANSMET could benefit by adopting some NASA operational techniques. It could cross-train critical crew
skills so that the team can still complete all of its tasks with an ill or injured crew member. It could make
more explicit contingency plans for the loss of equipment or personnel. It could formally train personnel

in leadership, teamwork, and expedition behavior before deploying to the deep field.

ANSMET's lack of a control center makes it an example for the increased crew autonomy that will be
necessary for the future human exploration of deep space. The ANSMET PI has the authority to change
daily plans, schedules, and task assignments. ANSMET field teams monitor their own status and
progress. The ANSMET Pl is empowered to make decisions that affect scientific productivity. These are
all different from current human space flight techniques, which rely on a control center on the ground.
ANSMET is a good place to practice making the best use of limited communications. ANSMET
equipment is thoroughly tested and proven to be simple, robust, forgiving of mistakes, and easily
repaired. Deep space exploration equipment should be similar. ANSMET crews do their own manifesting

and inventory management, rather than relying on the ground as ISS crews do.

It would be possible to conduct an advanced end-to-end Mars mission simulation in Antarctica, using
winter stays at the South Pole to simulate the outbound and return legs, and exploring the Dry Valleys in

summer as geological and astrobiological analogs for the surface of Mars.



1. Introduction

In an era of shrinking buying power and reduced flight opportunities, NASA must extract the greatest
possible value from all sources of insight into the future of human space exploration. Antarctica is one
such source. The history of Antarctic exploration has many political and technical parallels with the
development of space, and Antarctica's remoteness and harsh climate make it an excellent proxy for space
(e.g., [1,2]). Links between space and Antarctica date back to the International Geophysical Year of 1957-
1958, which saw both the launch of Sputnik 1 and the establishment of a station at the South Pole.

The Antarctic Search for Meteorites (ANSMET) is an annual expedition to the south polar plateau to
collect meteorites. Although its intent is not to simulate a space mission, the handful of astronauts who
have participated in ANSMET agree that it is very similar to a long-duration space flight.

Independently, NASA and other space agencies have simulated deep space exploration missions in
"analog" activities at remote field sites on Earth (e.g., [3]). These include NASA Extreme Environment
Mission Operations (NEEMO) [4,5], Desert Research And Technology Studies (Desert RATS) [6,7], and
the Pavilion Lake Research Project (PLRP or simply Pavilion Lake) [8]. This report focuses on NEEMO,
Desert RATS, and PLRP because of the author's firsthand experience with them. Other noteworthy
analogs, such as the arctic Haughton Mars Project and the European Space Agency's underground
Cooperative Adventure for Valuing and Exercising human behavior and performance Skills (CAVES),

are not treated here.

NASA analogs often include fully staffed control centers, astronauts serving as crew, and realistic mission
timelines lasting 1 to 2 weeks. Analogs have provided key insights into system architectures and
operational concepts for the future human exploration of deep space. They have pioneered techniques for
human communication with significant speed-of-light delays, for conducting spacewalks on natural
objects with negligible surface gravity, and for empowering exploration crews to work with reduced
dependence on a ground control center. They have field-tested dozens of emerging technologies including
spacewalking tools and full-scale prototype vehicles and habitats. They have provided valuable
experience for astronauts preparing for their first space flight, and for flown crew members who will take
command roles on later missions. Some analogs, especially PLRP, have connected observers in the field
with science teams in remotely located control centers to produce high-quality, publishable scientific

results. The analogs have accomplished all of this at a tiny fraction of the cost of an actual space flight.



This report treats ANSMET as space flight analog. The chapter following this introduction describes
ANSMET in depth. The report then presents data on logistics and crew considerations that may be useful for
developers of future human space exploration missions. It offers detailed comparisons between ANSMET
and past, present, and future space flights on the Space Shuttle, the International Space Station (ISS), and a
proposed Mars mission. Those comparisons are intended to complement the work of Eppler [2], who
compares ANSMET to the Apollo Moon flights. This report also compares ANSMET with the Desert
RATS, NEEMO, and PLRP analogs. It then presents observations and makes recommendations related to
ANSMET's value as a simulated space mission. The report ends with a short conclusion.

The remainder of this introductory chapter provides background material to help readers interpret the rest of
the report. It gives brief overviews of Space Shuttle and ISS missions along with information on a notional
future human flight to Mars. It also presents the general features of three of NASA's space flight "analog”
projects. With those points of reference in place, the chapter concludes with an overview of ANSMET.

1.01. Overview of Space Shuttle Missions

Between 1981 and 2011, Space Shuttles launched from Kennedy Space Center (KSC) into low Earth orbit
(LEO) to perform a wide variety of missions. Preparation for a 13-day 1SS assembly flight (e.g., [9]),
typical of missions late in the Program, began with about 1.5 years of flight-specific training for the
seven-person crew, who were led by a commander with a background in military aviation. The mission
itself began with launch and ascent to LEO. There, the crew faced a hostile environment and physical
challenges associated with weightlessness. While in space they worked long days on difficult tasks with a
high cost of failure. The Mission Control Center was always available on the radio for consultation. In the
event of a medical or other emergency, it was possible for the Shuttle to return to Earth within hours to
days. Major activities in an ISS assembly flight included launch, heat shield inspections, rendezvous and
docking with the ISS, multiple Extravehicular Activities (EVAs, or spacewalks), robotic arm operations,
exchange of one or more crew members, cargo transfer, undocking, and entry, descent, and landing. The

Shuttle usually landed on a dedicated runway at KSC.



1.02. Overview of International Space Station Missions

Crews bound for the ISS launch on Soyuz rockets from Baikonur Cosmodrome in Kazakhstan. The Soyuz
carries three crew members: a commander (always a Russian cosmonaut), a flight engineer, and a third
person who can be either a second flight engineer or a passenger. The Soyuz may take as long as 2 days
or as little as 6 hours to rendezvous with the ISS and dock there. Typically there are two Soyuz spacecraft
docked to the ISS at a time. Their two three-person crews comprise the six-person complement of the ISS.
One ISS crew member with prior space flight experience is designated as the commander. Missions on
board the ISS last 6 months. Compared to Shuttle crews, ISS crews enjoy a larger habitation volume, but
must also endure a longer period of isolation and confinement. Emergency return of an ill crew member
on Soyuz is possible. The pace of work on the ISS is less intense than on a Shuttle flight. Crews spend
most of their day doing vehicle maintenance, science, and exercise. There are a few planned EVAs per
year, and also rare unplanned ones in response to equipment failures. ISS crews work with the robotic
arm to perform various tasks, including the capture and berthing of unpiloted cargo vessels. Flight control
centers around the world support ISS operations, with multiple communication channels for voice, video,
and data available day and night. ISS crews return home on the Soyuz. They undock, enter the

atmosphere, and descend to a parachute landing in a sparsely inhabited region of Kazakhstan.

1.03. Overview of a Reference Future Mars Mission

Many human missions to Mars have been proposed, all subject to the same limitations of physics and
technology. This discussion refers to NASA's Human Exploration of Mars Design Reference Architecture
5.0 [10], henceforth called Mars DRA 5.0. The basic structure of a Mars mission will follow that of past
and present space flights. A flight crew will be led by a commander, and a control center on Earth will
monitor the flight and provide remote assistance. There will be two major differences with respect to
present operations. First, distance and speed-of-light delays will restrict the amount and timeliness of
assistance the ground can provide [11]. For a period of weeks around superior conjunction, when the sun
lies between Earth and Mars, there will be no communication at all. Second, the distance between the
planets and the geometry of their orbits will prohibit crew, cargo, and rescue flights except at specific
launch opportunities occurring at 26-month intervals. Responsive resupply and emergency crew return are

thus not possible.

The six-person crew will complete a multi-year training flow on Earth. At the same time, a months-long

campaign will robotically assemble two large spacecraft in LEO and send them to Mars. On arrival, one
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ship (with the ascent vehicle that the crew will later use to launch from Mars) will land and manufacture
return propellant from local resources, while the other (with a combined lander-habitat module) waits in
orbit. A second campaign will assemble the crew's ship in Earth orbit. When it is complete, the crew will
launch, dock with the Mars ship, and perform a trans-Mars injection burn, beginning an 8-month
interplanetary flight. During the mission, the crew members will face isolation, confinement, and no
possibility of resupply or early return. Their activities will resemble those of ISS crews, focusing on
vehicle maintenance, science, and physical exercise. Arriving at Mars, the crew will leave the
interplanetary transit vehicle in orbit and take the pre-emplaced lander-habitat module through entry,
descent, and landing on Mars. Depending on the return trajectory, they may remain on Mars a few weeks
(for an "opposition-class" mission), or more than a year (for the energetically favorable "conjunction

class" mission).

On Mars, the crew will perform EVAs for geological, biological, and resource exploration. Return to
Earth will involve launch from the surface of Mars in the pre-deployed ascent vehicle, docking with the
interplanetary ship in Mars orbit, a trans-Earth injection burn, and another cruise of about 8 months,
finally culminating with entry, descent, and landing on Earth. The full mission duration will be about 3
years. That time can be cut in half for the opposition-class flight, at the expense of much additional

propellant mass launched from Earth.

1.04. Overview of NASA Extreme Environment Mission Operations (NEEMO)

In NEEMO expeditions [4,5], six-person NEEMO crews lived for about 10 days in the Aquarius
underwater habitat, located off Key Largo, Florida, at a depth of about 15 m. Aquarius is an isolated,
confined space with an outside environment that does not support human life. It is also a saturation-dive
facility, so a quick return to the surface is not possible. NEEMO crews donned diving gear to conduct
"EVAs" outside the habitat, taking advantage of the water's buoyancy to simulate reduced or zero gravity.
A mobile control center topside in Key Largo assisted and monitored the "aquanauts” via voice, data, and

video communication links.

1.05. Overview of Desert Research and Technology Studies (RATS)

Desert RATS [6,7] was a space mission simulation at a geologically interesting field site near Flagstaff,

Arizona. Two- and four-person Desert RATS crews drove prototype rovers on 1- to 2-week missions that
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simulated traverses on the Moon or Mars, or that mimicked operations at a near-Earth asteroid. Wearing
instrumented backpacks, crew members performed shirt-sleeve 1-g "EVAs" to evaluate tools and
techniques for geological exploration. They ate and slept in the rovers, providing insight for designers of
future vehicle cockpits and habitation spaces. As in NEEMO, a distant control center assisted in the

operation.

1.06. Overview of Pavilion Lake Research Project (PLRP)

PLRP [8] was a scientific investigation that also served as a space flight analog. It studied unusual stony
microbial growths in remote mountain lakes in Canada by employing one-person submersibles that were
excellent stand-ins for spacecraft. As in NEEMO, the underwater environment posed real challenges and
risks. The submersible "pilots" made science dives typically lasting 3 to 6 hours, in close communication
with scientists in the boats that tracked the subs. Unlike NEEMO and Desert RATS, the space mission

simulation was limited to the dives and did not continue during surface time or off-duty hours.

1.07. Overview of Antarctic Search for Meteorites (ANSMET)

ANSMET is an annual expedition to Antarctica to collect meteorites for scientific study. ANSMET teams
have journeyed to Antarctica every year but one since 1976. They have collected more than 20,000
meteorites, including rare and scientifically important specimens from the Moon and Mars. A well-known
Antarctic meteorite is ALH 84001, which in 1996 was reported to contain evidence for past life on Mars
[12], a claim that remains controversial to the present day. The meteorites that ANSMET collects are
permanently curated at the Smithsonian Institution in Washington, D.C. Although meteorites fall no more
commonly on Antarctica than anywhere else, Antarctica is the best place to find them. The cold dry
climate preserves meteorites, the scarcity of Earth rocks makes meteorites easier to spot, and the flow and
erosion of the ice concentrates meteorites in glacial moraines and in certain locations characterized by
solid blue ice at the surface. Funding for ANSMET has been provided by the National Science
Foundation (NSF) with supplemental funds from NASA in some years. When funding allows, ANSMET
may deploy as two groups: a mobile reconnaissance team of four people that explores areas identified
from remote sensing as potentially containing meteorites; and an eight-person systematic search team that

goes to a place known to be rich in meteorites and collects as many as possible.



An ANSMET mission begins when the team members meet in late November in Christchurch, New
Zealand, which hosts the primary logistics support point for the United States Antarctic Program (USAP).
Participants convene at the Clothing Distribution Center (CDC) for training and Extreme Cold Weather
(ECW) clothing issue. The next day they make their "Ice Flight" to McMurdo Station, Antarctica, on a
U.S. Air Force cargo plane, a journey of 4000 km. For the next 10 days, the team members stay in
McMurdo to gather more field gear; select and pack food for field camp; complete an overnight field
training trip on the ice near McMurdo; learn and practice crevasse rescue techniques; and crate, palletize,
and document over 10 metric tons of equipment and supplies for air transport.

Figure 1. ANSMET field camp at Larkman Nunatak.



ANSMET teams deploy via ski-equipped aircraft to their search sites, typically 1500 to 2500 m above sea
level on the south polar plateau (Fig. 1). The sun is above the horizon 24 hours a day. Typical
temperatures are near -20°C, with wind chill factors reaching -40°C. When the team members arrive at
the work area, they set up a field camp of two-person Scott tents. They may use snowmobiles and sledges
to traverse to neighboring search areas not directly accessible by aircraft. Team members use
snowmobiles to search for meteorites on blue ice, and go on foot to search in glacial moraines. Field
seasons typically last 6 weeks. High wind, snowfall, drifting snow, or thick overcast and flat light that
make travel dangerous can prevent searching on a quarter or more of the days the team spends in the field.

ANSMET field camps are autonomous except for satellite telephone communication and aircraft resupply
flights. There is no 24-hour control center dedicated to the expedition, as in a space mission. Instead,
there are administrators and technicians who support many projects on the continent and may be
reachable by satellite phone during business hours. Resupply flights to the field camp might occur only
twice during the season. They deliver critical spares and remove trash and unwanted equipment. Medical
evacuation of an ANSMET team member by aircraft has occurred a handful of times in the project's
history.

As with an ISS expedition or a flight to Mars, an ANSMET expedition is a months-long expedition far
from home with a dangerous outside environment. ANSMET crew members live in cramped quarters
with a small group of international co-workers, isolated from family, friends, and the rest of the world.

They endure long workdays and challenges with basic life functions such as eating and sleeping.

Because of its similarity to a space mission, ANSMET provides potentially useful insights for planners of
future human deep space exploration missions. This report presents some of those insights, in the hope

that they can inform plans for the human exploration of the Moon, near-Earth asteroids, and the planets.



2. Comprehensive characterization of ANSMET

This chapter presents a full description of ANSMET. It covers the expedition step by step. It then
discusses transportation in Antarctica, life in field camp, the process of collecting meteorites, and crew
concerns specific to Antarctic field expeditions. This chapter is intended both to give a complete picture

of the expedition and to serve as a primer for future ANSMET participants.

2.01. Description of the Mission

This section contains a phase-by-phase breakdown of the ANSMET expedition.

2.01.01. Applying to join the team

Participation in ANSMET begins early in the calendar year with a written request to the Principal
Investigator (PI), currently Professor Ralph P. Harvey at Case Western Reserve University in Cleveland,
Ohio. The PI handpicks each year's team based on his knowledge of their capabilities, character, and
Antarctic experience. This model works because most ANSMET participants are young American
planetary scientists, a pool small enough that the PI can know them all personally or by reputation.
Choosing a group that can work together harmoniously is important because the team members have less
than 2 weeks to get to know one another before they deploy to the deep field. Notably successful polar
explorers of the last two centuries, such as Fridtjof Nansen [13] and Ernest Shackleton [14], also
handpicked their teams. In human space flight, agency managers select crews who then learn to work as a
team during an intense flight preparation syllabus lasting one or more years. This method probably won’t

yield good results with training flows as short as ANSMET's.

The PI announces the upcoming season's team members in June or July.

2.01.02. Medical qualification

The first order of business for an ANSMET selectee is to obtain medical certification for Antarctic duty.
Physical Qualification (PQ) is important because an ANSMET participant may be days away from the
nearest hospital, which is in Christchurch. Disabilities and medical conditions that could require care

beyond the scope of an outpatient clinic are disqualifying for polar duty. The PQ application includes a



doctor's examination, a dental checkup, and many pages of health questionnaires. The results go to a
medical institution (currently the University of Texas Medical Branch in Galveston, Texas) working
under contract to the NSF. PQ paperwork is due in August. In September, the contractor announces its

rulings on the applicants' fitness for polar duty.

Occasionally, the contractor disqualifies an ANSMET selectee. In this case, the Pl must find a
replacement quickly. In some years, ANSMET has called upon astronauts as late replacements. The strict
medical standards that astronauts must meet, and the copious and readily available documentation of their
health, make it easy for them to qualify for polar duty. Sometimes ANSMET accepts backup team
members who voluntarily go through medical certification one year, in exchange for priority
consideration for a place on the next year's team.

2.01.03. Advance mailing

ANSMET participants travel to Antarctica via New Zealand, which enforces strict limits on imports of
agricultural products. Experienced travelers bring no such items on their persons or in their luggage.
ANSMET participants who want to bring special foods to the field to boost morale can avoid delays in
Customs by mailing the food to themselves in Antarctica. McMurdo Station has a US post office that can
receive and hold packages for USAP participants. Mail delivery to Antarctica uses the same overseas
postal system as the United States Armed Forces. Service to Antarctica is slow and is subject to
disruptions for weather and aircraft availability. ANSMET team members expecting to pick up packages
in McMurdo when they arrive in early December should ship them in early October. Food items sent by

mail must be securely packaged and have at least a 2-month shelf life.

2.01.04. Flight to New Zealand

ANSMET team members begin their journey in late November, taking commercial flights to
Christchurch, New Zealand. An NSF contractor arranges and pays for air travel from the major US airport
nearest to the participant's home. The ANSMET grant may reimburse international participants for their
flights to the United States. In 2004, the routing for a Houston-based team member was Hobby Airport to
Dallas to Los Angeles to Auckland to Christchurch. In 2012, the routing was Hobby to Dallas to Los
Angeles to Sydney to Christchurch. The travel time was about 30 hours in both cases. A day is lost in

crossing the International Date Line from east to west. In Christchurch, a USAP representative waits

9



beyond Customs to greet Antarctic travelers and direct them to local hotels, where the NSF contractor has
arranged reservations (but not payment). ANSMET members may be routed independently from their
home airports, but with few exceptions they all arrive at the same hotel in Christchurch on the same day.
Ground transportation from the airport is provided via taxicabs or shuttle vans, the latter equipped with

cargo trailers for Antarctic travelers' massive personal baggage.

2.01.05. Christchurch

Christchurch, with a population of about 350,000, is the largest city on New Zealand's South Island. It is
located at 43° South latitude and has a cool maritime climate. In the Southern Hemisphere, late November
is early summer. The trees and flowers are in full leaf and bloom, a pleasant contrast for travelers from
the Northern Hemisphere. The city has many public parks and gardens, and an excellent free museum.
From 2010 to 2012, the city was heavily damaged by earthquakes on a previously unknown fault. At the
time of this writing, much of the central business district remains cordoned off as a "red zone" that is
unsafe for public entry. Some buildings outside the red zone show evidence of seismic damage. Many
hotels have been affected by the earthquakes, which limits options for Antarctic travelers. Reconstruction

efforts were still under way in 2013.

ANSMET travelers pay for their own food, lodging, and local transportation expenses in Christchurch.
The ANSMET grant, currently administered by Case Western Reserve University, reimburses those costs

after the expedition.

The NSF travel coordinators schedule one full day for USAP participants in Christchurch, but "lce
Flights" from there to Antarctica are commonly delayed, sent back, or cancelled outright because of bad
weather or aircraft problems. Antarctic travelers may therefore spend extra days in Christchurch waiting
for their Ice Flights to be rescheduled. Local recreational options include visiting the Royal Botanic
Garden, admiring the native forest in Riccarton Bush, viewing the riverside formal grounds at Mona Vale,
going to the beach at New Brighton, and taking the bus to the nearby resort town of Akaroa for day hikes

or boat tours.

2.01.06. Clothing issue

The purpose of the scheduled day in Christchurch is for the team to go to the CDC, which is located near

the airport. The CDC session begins with training videos about the harsh conditions in Antarctica and
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about the international treaties that protect the continent's flora, fauna, and environment. After the video
presentation, the CDC staff hands each participant a checklist and two large orange duffel bags filled with
ECW clothing. The traveler must verify each item against the checklist and try it on to make sure it fits.

Section 3.09 presents a complete list of CDC gear issued to the author for the 2012-2013 season.

Fit is especially important for boots. The standard issue boots are made of white rubber. They are
constructed in two layers with an insulating air space between them. Their cartoonish appearance has
earned them the nickname "bunny boots." Bunny boots must fit comfortably over however many layers of
socks the wearer plans to use. Loose boots can cause blisters. Tight boots restrict circulation, which leads
to cold feet and possibly frostbite.

Another notable ECW item is the bright red Canada Goose down parka. The parka is equipped with many
large pockets, a hood with a real fur ruff, and a tag with the wearer's name. Because of its size and
distinctive color, the parka is nicknamed "Big Red."

The third major part of the ECW ensemble is a pair of black insulated snow pants with a bib that blocks
drafts and provides an extra layer of insulation for the wearer's chest.

Some Antarctic veterans, who may have their own personal arctic clothing, shun the red-black-white
ensemble. It indicates to everyone within sight that the wearer is (certainly) a science grantee or "beaker"
and (probably) a first-time visitor to Antarctica. Both imply incompetence. Antarctic contract workers are

issued insulated Carhartt work clothes, which are brown.

The CDC has lockers available for travelers to store baggage brought to Christchurch but not wanted in

Antarctica.

2.01.07. Ice Flight

All travelers must wear their CDC-issued parka, boots, snow pants, hat, gloves, and goggles to board the
Ice Flight from Christchurch to McMurdo Station. Each passenger may bring one carry-on bag, typically
one of the orange duffels from the CDC. Everything else flies as checked baggage. Once checked, bags
are inaccessible until the traveler arrives in Antarctica, with one exception. Each person designates one
checked item as a "boomerang bag" to be pulled off the cargo pallet and returned to the traveler if the
flight does not take off or is forced to turn back. The boomerang bag should contain street clothes and

other essentials for a few days in Christchurch. All bags are x-rayed and examined by dogs trained to
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detect contraband, especially drugs. As on domestic flights in the United States, knives and other sharp
objects are not allowed in carry-on luggage. In 2004, each traveler could bring 34 kg of personal baggage

(including both checked and hand-carried) to Antarctica. In 2012, the limit was 68 kg.

On the morning of the Ice Flight, travelers gather at the Antarctic Terminal near the CDC to check their
baggage. The scheduled check-in time is early enough to allow a quick breakfast at a nearby hotel or at
the neighboring International Antarctic Centre. Travelers watch short training videos about the flight and
about Antarctica, then take a bus a few hundred meters to the airfield, where they board the plane. Each

traveler is given a sack lunch, but must bring his or her own water bottle.

Antarctica is served by aircraft from the United States and other countries. In 2004, the author flew to
McMurdo on a Royal New Zealand Air Force C-130. In 2012, the author's aircraft was a US Air Force C-
17. In both cases, the aircraft was filled to capacity with cargo and passengers. US military operations in
Antarctica are termed "Operation Deep Freeze." The name comes from Antarctic missions in 1955-1956
in preparation for the International Geophysical Year of 1957-1958. Antarctic aircrews may wear
Operation Deep Freeze insignias on their uniforms. In 2012, C-17 crew members wore humorous patches
featuring Dr. Seuss's Grinch character and the words "Christmas is cancelled," a reference to the pre-

emption of the traditional American winter holiday by the Antarctic summer work season.

Boomerang flights, which depart for Antarctica but turn back because of bad weather or mechanical
problems, are common. This underscores the importance of the boomerang bag discussed above. In 2004,
the author's first Ice Flight turned back for weather after 4 hours in the air, resulting in a 2-day delay in
Christchurch.

The 4000-km flight from Christchurch to McMurdo takes about 5 hours in a C-17, or 7 hours in a C-130.

It takes about 8 hours in an LC-130, whose bulky skis reduce the plane's cruising speed.

Scenery on the first half of the flight is uninteresting, as the airplane passes over the Southern Ocean.
After the halfway point, patches of sea ice may be visible below. The last quarter of the flight offers
spectacular views of the mountains and glaciers of Victoria Land, the Antarctic coastline along the air

route between Christchurch and McMurdo.

Upon landing, passengers are greeted by freezing temperatures and impressive views of ice and
mountains. They transfer to "Ivan the Terra Bus" (described in Section 2.02), Delta vehicles, or 13-

passenger vans for transport from the airfield to McMurdo Station proper. There, they collect their
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baggage at the Movement Control Center, pick up their room keys from the housing office, and move into

their assigned dormitories.

2.01.08. McMurdo Station

McMurdo Station (Fig. 2) is America's largest installation in Antarctica. It is located at 77.5° South
latitude on Ross Island in the Ross Sea. Its placement near historic exploration huts built by Scott and
Shackleton is no accident: it is the world's southernmost piece of exposed land reachable by ocean-going
ships in summer, when the sea ice is at its annual minimum. New Zealand's Scott Base lies about 2 km
away. A graded dirt road connects the two. McMurdo Station was originally established by the United
States Navy. Traces of its Navy heritage remain in the ship anchors exhibited outside the chapel, the
Seabees mementos that decorate one of the taverns, and the nomenclature of the Galley (dining hall) and
the Ship's Store (the firmly land-bound gift shop).
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Figure 2. McMurdo Station from Observation Hill.

McMurdo is served by a helipad and three airfields. The helipad lies in the southern section of the station
and can accommodate about eight helicopters. For fixed-wing operations, the nearest airfield is a
temporary runway on the annual sea ice just offshore from town. It is used in spring and early summer,
when the sea ice is still thick enough to support heavy aircraft. It is abandoned later in the summer when
the ice thins, then re-established the next year. McMurdo's second aerodrome is Williams Field, located
on the permanent McMurdo Ice Shelf about 11 km from town. Williams Field is suitable only for ski-
equipped aircraft. Pegasus Field, named for an airplane that crashed there in the 1960s, is about 25 km
from McMurdo. It too is located on thick permanent ice, but is machine-groomed for use by both wheeled
and ski-equipped aircraft. Warm weather in the summer may make the surface too soft to accommodate
heavier wheeled aircraft such as the C-17. Occasionally the runway gets so soft that even C-130 traffic
must be stopped. Both Williams Field and Pegasus are reached by multilane snow roads based at the sea-

ice transition near Scott Base. Warm weather and melting accentuated by dirt that falls from vehicles can
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make the snow roads badly rutted, increasing travel time and demanding frequent lane closures and

resurfacing work.

All three of McMurdo's airfields use the Microwave Landing System (MLS) as a navigational aid for
planes arriving in poor weather. Decades ago, MLS was expected to replace the older Instrument Landing
System at airports worldwide, but it never caught on. It is used in Antarctica because the ground
infrastructure is easy to relocate. Runway numbering (and indeed all aspects of air navigation) in
Antarctica is not based on magnetic directions, which are badly distorted near the magnetic South Pole.
True directions are also problematic because of the singularity at the geographic South Pole, where a
major airfield is located. Instead, Antarctic air navigation is based on a square grid centered on the South
Pole and aligned so that "north" is in the direction of the Prime Meridian. Aircrews use grid directions
and coordinates for all their work. Readers interested in Antarctic flying can learn more from a special
issue of Aviation Week and Space Technology magazine [15].

McMurdo Station is also a seaport. Workers have constructed a floating pier of ice to moor the cargo
ships that serve as McMurdo's primary supply line. If the sea ice does not break up completely, the NSF
must hire an icebreaker to cut a path from the open ocean. The resupply ships include a container vessel
that brings durable goods and takes away trash and surplus equipment, and a tanker that fills McMurdo's
large fuel storage tanks with diesel fuel, automotive gasoline (termed "mogas"), and kerosene fuel for
aircraft. Incoming and outgoing cargo is staged in designated zones located inland from McMurdo's
habitation buildings. Logistics yards (Fig. 3) occupy several times more area than the station's

dormitories, laboratories, and workshops combined.
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Figure 3. Logistics at McMurdo Station.

McMurdo Station tries to minimize its waste stream. This is accomplished largely through recycling.
Instead of simple wastebaskets, trash stations in McMurdo consist of a dozen or more labeled receptacles
for different recyclable materials. A typical trash station has separate bins for light metal, fabric, food
waste, "Skua" (see 2.01.11 below), batteries, aerosols, empty aluminum beverage cans, paper towels,
mixed paper, glass, plastic, and non-recyclables. People who seek to avoid sorting their trash by simply
dumping it all in the "non-recyclable" bin face criticism. Sorted recyclables are returned by ship to the
United States for processing. McMurdo recycles about 65% of its waste, twice the percentage of even the

greenest US cities.

McMurdo Station is the northern terminus of the South Pole Traverse, a marked and maintained 1,600-km

snow road for tractors dragging 50-tonne cargo sledges and fuel bladders to the Amundsen-Scott South
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Pole Station. The Traverse takes about 40 days to reach its goal. It is valuable because it carries supplies

that would otherwise have to be airlifted to the Pole at greater expense.

McMurdo was powered by a nuclear plant from 1962 to 1972, but after persistent leaks the reactor was
decommissioned and replaced with diesel generators. McMurdo consumes about 1.7 MW of electricity
during peak season. Nearly all of this is provided by the diesels. Three wind turbines installed on the ridge
between McMurdo Station and Scott Base provide all of the electricity for the latter, and about 10% of the
electricity for the former. At the time of this writing, more wind turbines are on order. Diesel power also
runs the desalination plant, which produces 14,000 liters of fresh water daily during peak season. Signs
reminding residents to conserve electricity and water are everywhere in McMurdo.

McMurdo has a summer population of about 900. In winter, a smaller community of 100 to 200 endures
months of extreme cold, darkness, and physical isolation from the rest of the world. The male-female
ratio is about 3:1, and the ratio of support personnel to researchers is about 5:1. Residents live in
dormitories. During the busy summer season, they may have to share sleeping quarters with two or three
roommates. Dorm room windows have blackout shades to block the perpetual summer daylight during

sleep periods. The residents of each dorm hallway share lavatories and laundry rooms.

McMurdo has telephone and Internet connections to the outside world via the Black Island
telecommunications facility, a suite of dish antennas pointed at satellites in geosynchronous orbit. The
satellites are near the northern horizon as seen from there. The Black Island terminal is connected to
McMurdo by a microwave link. In 2004 and 2005, McMurdo had only four outside telephone lines.
Callers had to enter an electronic queue and often wait for tens of minutes for a turn to make a phone call.
In 2012 and 2013, outside phone lines appeared to be unlimited and waiting was not necessary. McMurdo
has Internet connectivity, but audio and video streaming are prohibited because the limited bandwidth
must be shared among all residents. Computer kiosks are available for residents without computers of
their own, and many areas have wireless network coverage. Web browsing is noticeably slower at
McMurdo than in the United States. Personal computers being brought into McMurdo must have the
latest security patches and must be surrendered overnight to USAP Information Technology personnel for

Virus scans.

The dining hall in Building 155 serves four meals a day: breakfast, lunch, dinner, and "midrats" (midnight
rations). The food is excellent. Bread, cereal, hot and cold drinks, and peanut butter and other condiments
are available in between the main meal times. "Frostie Boy," the soft-serve ice cream dispenser, is

popular at dessert time. Frostie Boy appears to have its own fan club with special T-shirts.
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Other points of interest in McMurdo include the post office (open for a few hours 3 days a week), an

interfaith chapel, a barber shop, and a store that carries gifts, toiletries, and incidental items. Two Wells
Fargo Automated Teller Machines in Building 155 dispense US dollars. Only one machine is active at a
time. Visitors may not interact directly with McMurdo's air traffic control center, fire station, or medical
clinic, but may rely on them for support of their projects. Pickup trucks for transporting expedition gear

are available for checkout at the Crary Laboratory and at the Mechanical Equipment Center (MEC).

2.01.09. Food and gear pull

The team spends much of its 10-day stay in McMurdo gathering food and equipment for the field season.
Team members accomplish this work at the Berg Field Center (BFC), a pair of buildings that serve as
storage and maintenance facilities for the materiel used in Antarctic field camps.

The PI divides the team into two-person tent groups. Each tent group spends 2 or 3 hours with pencil and
paper planning its menu for the entire 6-week field season, including reserves, based on a list of the
products available at the BFC. When the season's food plan is ready, the tent group "pulls" (selects, scans,
and packs) 1 day's worth of dry and canned food for the overnight snow school trip. This equips them for
snow school and also trains them for the much larger job of pulling dry and canned food for the main
season. That task occurs later and takes about half a day. Pulling frozen food for the season takes another

half day. Food pulls are hard-scheduled so groups won't interfere with one another.

Yet another half day is spent pulling field gear. The BFC issues each ANSMET participant a sleep kit
with a sleeping bag, insulating pads, a folding camp chair, and other nighttime necessities. Each
participant also gets an ice ax and a "mountain bag," a rucksack with crampons, a first aid kit, and
crevasse rescue tools. As a part of gear pull, each recipient checks all of his or her equipment to make
sure it fits and is in good condition. See Section 3.09 for a complete list of the gear that the BFC issues to
ANSMET team members.

The BFC issues each two-person tent group additional camping equipment. There is a Scott tent, a box of
tent stakes, a 6-pound sledge hammer for driving the stakes, and two short-handled snow shovels. Each
tent group also gets three sturdy wooden "tent boxes." The first contains cooking utensils. The second
holds hand soap, matches, paper towels, toilet paper, a fire blanket, a fire extinguisher, hand sanitizer,
clothespins, and similar necessities. The third tent box stores commonly used food items such as candy,

drink mixes, butter, and spices.
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Each tent group also receives a stove box containing two propane stoves, propane hoses, stove boards, a
stove platform, a kettle, and a large metal pot for melting snow. Two stoves (of different design) are
provided to allow personal choice and backup capability if one fails. The tent group gets an A-frame solar
panel and a 40-kg waterproof case with batteries and power conditioners that also serves as a base for the
solar array. The group gets two or three "crash pads," old foam sleeping pads commonly placed just

inside the tent entrance to protect the knees of people crawling in and out.

Finally, the entire field party has additional gear. There is a separate tent for the latrine. There may be
additional tents to store field gear or to provide shelter for snowmobile repair. There are one or more
strong, stackable plastic "Lego boxes," which measure about 40x50x50 cm and contain spare parts and
tool kits. Noteworthy spares include loss- and failure-prone snowmobile parts (spark plugs, drive belts,
springs, windshield attachment fittings, and tow ropes), extra bedding, and a backup radio set. The party
carries an emergency shelter and supplies in a 40-kg "bivouac bag." There is an insulated toilet seat and
numerous plastic buckets with sealing lids for the latrine, plus large supplies of toilet paper and paper
towels for cleanup. For camp shifts, there may be Nansen sledges, Siglin sledges, and large and small
Komatik sledges. The party is equipped with hundreds of bamboo marker flags. Each participant has his
or her own "Ski-Doo" snowmobile. Some Ski-Doos are equipped with panniers for additional cargo and
jerry cans for extra fuel. There are 208-liter drums of fuel for the Ski-Doos, wooden drum cradles that
allow the fuel barrels to be carried securely on sledges, and two hand-cranked fuel pumps, a prime and a
spare. The party carries a large supply of propane bottles for the camp stoves. There are also ice augers
and ice chippers used to drill holes for marker flags and to harvest ice for drinking water. The team leader
carries a GPS base station that is kept in camp, plus a roving GPS unit to record the positions of

meteorites in the field.

The party packs most of their gear into "triwalls," cube-shaped triple-thick cardboard boxes with a
volume of about 1.2 m® (equal to 42 cubic feet, the units used for aircraft loading calculations). Triwalls
sit on wooden pallets so that forklifts can handle them. Ratcheting cargo straps hold the triwalls closed
and secure them to their pallets. Cargo strap mechanisms often stiffen or jam because of the cold and the
wind-blown grit in McMurdo. The commercial penetrating oil WD-40 frees stuck cargo strap
mechanisms. Experienced cargo strap operators keep a can of WD-40 handy. Large items such as tents,
Ski-Doos, and fuel drums do not fit in triwalls. The team delivers these things to the Antarctic cargo
system separately. Every item sent into the cargo system must be weighed and given a barcode sticker
with a unique tracking number. The ANSMET team members do much of this work themselves. A cargo

list for an ANSMET expedition is presented in Section 3.10.
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In addition to selecting and packing BFC-issued supplies and equipment, ANSMET team members must
keep their personal gear organized. This takes effort. Different clothes and supplies are needed in
Christchurch, in McMurdo, on the snow school trip, and in the field, so a participant may have to repack
his or her bags several times. In particular, repacking is unavoidable during the stays in McMurdo at the
beginning and end of the season. Dorm rooms in McMurdo lack open floor space for this operation, and it
may be necessary to keep the room dark and quiet for day sleepers. Team members may therefore have to
repack in the hallway. Despite the 24-hour daylight outside, experienced Antarctic travelers bring a
headlamp to help them find things in darkened dorm rooms. They also organize their gear with an eye
toward the venue in which each item will be used, perhaps keeping a "Christchurch” bag, a "McMurdo™
bag, and a "Field Camp" bag.

2.01.10. Snow school

USAP participants bound for field camps must take an overnight outdoor survival course called ""show
school" or "happy camper school." Because of its good safety record, ANSMET is allowed to conduct its
own snow school. The ANSMET snow school is led by the same experienced mountaineer who will
accompany the party into the field. Snow school begins early on the morning of the fourth or fifth day in
McMurdo. Participants collect their personal, tent, and group gear. They use pickup trucks to shuttle their
equipment down to the sea ice transition. There they load it all onto sledges and lash it down for travel.
Towing the sledges behind their Ski-Doos, they drive to a location about 15 km from McMurdo. In 2004,
ANSMET conducted its snow school at a location on Hut Point Peninsula called "Room with a View" for
its vistas of Mt. Erebus and the Royal Society Range. In 2012, ANSMET held its snow school on the

permanent sea ice near the base of Kiwi Ski Hill.

At snow school, participants develop Ski-Doo driving skills on terrain of varying difficulty, learn and
practice crevasse rescue techniques, and set up a field camp. They learn how to use their tents, stoves, and
other camping gear. In early December, temperatures in the McMurdo area are near freezing, conditions that
make a good transition between the heated buildings of the station and the extreme cold of the polar plateau.

The transition is important because some ANSMET participants may have never been camping before.

After spending a night in the tents, the team members eat breakfast, strike camp, re-load the sledges, and
motor back to McMurdo Station. There, they unpack their gear and use a truck to return it to the Berg

Field Center for cleaning and drying.
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2.01.11. Recreation in McMurdo

ANSMET teams spend about 10 days in McMurdo preparing for the field. One off-duty day is typically
scheduled just before deployment to the polar plateau, but transportation delays may provide team members

with more unstructured time in town. There are many options for recreation in and around McMurdo.

Unofficial travel away from the station is generally restricted. Exceptions include a popular hiking trail to
the top of nearby Observation Hill. "Ob Hill" offers spectacular views of McMurdo Station and nearby
Scott Base. Southward lie White Island, Black Island, and Minna Bluff. To the southwest lies Mount
Discovery, a 2681-m stratovolcano. The Royal Society Range forms the western horizon. To the north
and the northeast are the two massive volcanoes that dominate Ross Island: Mount Erebus (3794 m) and
Mount Terror (3230 m). Mount Erebus is the world's southernmost active volcano. A plume of vapor is
commonly visible at its summit. A wooden cross on top of Ob Hill commemorates the Scott party who
died on the return from the South Pole in 1912.

Other established hiking trails lead to Cape Armitage, to Scott's historic Discovery Hut, and along the Hut
Point ridge in the direction of Arrival Heights. Walking to New Zealand's Scott Base, which has a bar and
a gift shop that are sometimes open to visitors from McMurdo, is also popular. Some nearby areas, such
as Arrival Heights itself and the explosives storage facility in a volcanic crater above town, are closed to
unauthorized entry. When the sea ice is open for travel, ski trips around Cape Armitage are permitted. The
ice road to Williams Field is also open for skiers, who can flag down shuttle vans for transportation on

land between McMurdo and the ice shelf transition near Scott Base.

Skiing and hiking on the 16-km Castle Rock Loop Trail is permitted when snow and weather conditions
allow. Travelers wishing to take that route must attend an outdoor safety lecture, submit an electronic
travel plan, and carry a radio. Most importantly, they must check out with the firehouse when they leave
McMurdo and check back in when they return. Failure to check in on time results in activation of search-
and-rescue forces. The entire Castle Rock Loop Trail is marked with flags. Emergency shelters are placed
at three locations along the route. Over the years, three travelers have fallen to their deaths from cliffs or

into crevasses after leaving the marked route, so it's important to stay on the path.

It may be possible to arrange guided tours of the inside of Discovery Hut (which contains artifacts from
early 20th-century Antarctic exploration) and the scenic pressure ridges near Scott Base. In 2004, there

was an organized motor journey to Scott's rarely-visited Cape Evans Hut, about 30 km from McMurdo,
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but by 2012 such morale trips had fallen victim to budget pressure. International treaties protect all

historic sites in Antarctica.

McMurdo offers yoga and aerobics classes for USAP participants who prefer indoor exercise. There are
two gymnasiums with a variety of aerobic and resistive exercise equipment, and a third for open-court
activities such as basketball. McMurdo residents volunteer their time to teach the exercise classes. They

also offer other kinds of classes, such as swing dancing.

Interesting volcanic minerals, rocks, and landforms are common in and around McMurdo. Collecting
rocks for personal use is not allowed. Observable wildlife includes Weddell seals, and birds such as skuas
and penguins. Penguins are rarely seen until after the sea ice breaks up. The Crary Laboratory has a touch
tank with interesting marine life from the waters around McMurdo. The Antarctic Treaty protects wild
animals from human contact. Scientists investigating Antarctic plants and animals must obtain special

permission to interact with the subjects of their studies.

For media-based entertainment, McMurdo has a radio station that residents can listen to or join as disc
jockeys. Dorm rooms have television sets with access to locally managed and American Forces Network
programming. Dorm lounges are equipped for playing videos of various formats, and libraries of DVDs

and VHS tapes for general use.

Building 155 has a craft room with sewing machines and other tools for handiwork projects. Residents
sell things they have made at occasional craft sales. McMurdo Station has two libraries — one for general
use and another for research — plus informal book exchanges in the dorm lounges. ANSMET participants
can borrow books and craft materials to take to the field. McMurdo has a free exchange for unwanted but
still serviceable personal goods. Donors place such items in "skua" lockers in the dorms; people in need
can claim donated goods for free at "Skua Central." Strange works of local folk art, including a killer
whale made from welded chains and a rusty steel troll lurking under a footbridge, are installed around
town. Noteworthy graffiti includes "Seize the day with giant metal hands," advice to people exiting one of

the Berg Field Center structures.

McMurdo Station has two bars, Gallagher's and Southern Exposure. Sometimes the bars offer live music
of surprisingly high quality and varied range for such a small community. Occasionally, closing time
must be enforced externally. In the absence of a police force, this service is rendered by the fire
department. McMurdo has a coffee shop with a presentation room that is often scheduled for movie

showings and open microphone performances.
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McMurdo Station and Scott Base each host special events, including both traditional annual parties and
one-off cultural events. In the 2004-2005 summer season, McMurdo had an impressive local art show and
an evening of dramatic readings of Dr. Seuss. Scott Base sponsored a medical research fundraiser in the
form of the Undie 500, a 500-meter foot race conducted outdoors in base-layer clothing. In 2013,
McMurdo hosted bingo games and another medical fundraiser in which participants would bid for the
right to choose unusual patterns to be sculpted in the facial hair of male volunteers returning unshaven
from the field.

A bowling alley, featuring undulating floors and volunteers hand-setting the pins, was available in 2004-
2005 but had been decommissioned by 2012.

2.01.12. Put-in flight

When training and cargo preparation are complete, the team is almost ready to deploy to the field. All that
remains is to pack personal gear. Each passenger may bring one carry-on bag aboard the aircraft. All
other baggage will be checked. Experienced participants keep a few days' worth of clothing and necessary
toiletries in their carry-on bag. If the flight is delayed or cancelled, checked bags remain in the cargo
system and will be inaccessible to the traveler. ANSMET team members can store items they don't want
to bring to the field, including street clothing used in McMurdo that would not be useful in camp, in the

"cage," a locked storage space in the rear of the Berg Field Center.

The evening before put-in, travelers gather for "bag drag," reporting to the Movement Control Center at
the designated time wearing their ECW clothing and bringing all of their baggage. They prepare tags with
their name and flight number for each bag. They deliver their checked bags to be palletized for air
transport. Each traveler then steps on a scale with his or her carry-on bag. An attendant records the weight

for the aircraft weight-and-balance calculation, then releases the traveler.

Participants can consult television monitors around McMurdo to find scheduled bag drag and transport

times, as well as arrival and departure updates for flights to and from McMurdo.

On the day of the put-in flight, team members report to the Movement Control Center at the designated
transport time. They ride to the active airfield in vans or heavy vehicles. At the field, there may be a wait
of an hour or more in the passenger terminal; i.e., a small heated waiting room with benches. The terminal
is mounted on skis so that it can be transported from one airfield to another as conditions change. The

restroom is in another movable building.
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Deployment to the ANSMET field site may be in stages. In 2004, the author's eight-person team deployed
to La Paz Ice Field in two legs. The first was via LC-130 aircraft from McMurdo to the South Pole, a
journey of 1400 km accomplished in about 3 hours (Fig. 4). At the South Pole, the team reconfigured its
cargo into smaller units for transport by Twin Otter. Two team members went with a single Twin Otter
load of cargo to establish the field camp that same day, while the rest of the team spent the "night" at the
Pole. The next day, the rest of the team and most of the equipment were ferried out to La Paz in six Twin
Otter flights. A final Twin Otter flight on the third day completed the deployment. A Twin Otter covers
the 400 km between Pole and La Paz in about 2 hours.

Figure 4. Antarctic vista between McMurdo and the South Pole on an LC-130 put-in flight.

In 2012, the author's eight-person team deployed via LC-130 from McMurdo to the Otway Massif
skiway, a 750-km trip accomplished in about 2 hours. Two LC-130 flights and two Twin Otter flights
over a period of 4 days delivered all of the team's personnel and equipment.
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USAP policy requires flight crews to wait with engines running after delivering the first team members to
a remote site. When the field team has successfully erected a tent, started a stove, and made radio or

satellite phone contact with McMurdo, the plane is allowed to depart.

2.01.13. The South Pole

The Amundsen-Scott South Pole Station (commonly called "Pole™) is located at the geographic pole, 2800
m above sea level. Because the low temperature decreases the atmospheric scale height, the air density at
Pole is similar to that found at an elevation of over 3300 m in the mid-latitudes. Travelers from McMurdo,
which is at sea level, may experience shortness of breath, dizziness, and altitude sickness. The exertion of
shifting thousands of kilograms of cargo by hand may make symptoms worse. Air temperatures at Pole in
summer are near -35°C. Winds are often light, but wind chill may nonetheless be significant.

Pole has a summer population of about 200, mostly housed in a single large structure that was under
construction when the author visited in 2004-2005. By 2013, it had been completed. The new South Pole
Station building replaced the 1970s-vintage dome that was gradually being covered in snow. Earlier
stations lie buried underneath that one. The new station features an air gap underneath, with extensible
legs to allow drifting snow to pass below the structure rather than accumulating around it. The Pole
station supports major research facilities for astronomy, high-energy physics, atmospheric science, and
other fields of study. It features a cafeteria, a gift shop, and a brightly lighted greenhouse for growing

fresh vegetables.

Outside the main station and next to the landing strip (which, oddly, has the three-letter designation
"NPX") is a small passively-heated passenger terminal. As with McMurdo, the Pole station is bordered by
a large cargo yard for managing logistics. Near the main building, a candy-striped ceremonial South Pole
marker is surrounded by the flags of the many countries that participate in Antarctic research. Nearby is
the physical South Pole marker, which must be moved about 10 m each year to compensate for the

motion of the ice upon which the Pole station is built.

The South Pole station enjoys about 4 hours of Internet connectivity daily, through an old
geosynchronous communication satellite that has run low on stationkeeping propellant and oscillates
north and south of the Equator every 24 hours. At its southern extreme, it peeps above the horizon as seen
from the South Pole.
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A shower at Pole reportedly costs the US taxpayer $50, mostly to transport the fuel needed to melt and
heat the water. Toilet flushes cost $20. Because of high logistics costs, the USAP tries to minimize the

number of people at Pole.

None of the author's three visits to Pole (in 2004, 2005, and 2013) lasted more than 2.5 hours, so a more

detailed description is not possible here.

2.01.14. La Paz Ice Field

The 2004-2005 ANSMET systematic search team worked in a large area of blue ice called La Paz Ice
Field. The camp was located at S 86° 17.44', W 069° 39.86', 1859 m above sea level. At La Paz, the
prevailing wind is from the south. The area has little topographic relief, which makes distances and scales
hard to estimate by eye. There is a general downward trend toward the north, expressing itself as flat
terraces alternating with slight downslopes on a scale of several km. The tops of the slopes may be
decorated with "pinnacles," thorn-shaped excrescences of ice up to 3 m in height that are often associated
with crevasses. Small crevasses can be opened safely with an ice axe, and often contain spectacular
hexagonal crystals of ice several cm in size. La Paz has a population of several-meter-sized sastrugi
(formations of wind-carved snow). At La Paz, "white ice," an intermediate form of ice between firn and
blue ice, shows the same rainbow-hued 22-degree halo sometimes observed in the sky around the sun in

middle latitudes.

Weather at La Paz was often clear. Temperatures were near -15°C. Clouds sometimes approached the
camp from the direction of the Weddell Sea, but they rarely progressed far enough to cover the sky. The

La Paz team lost 8 full days and 7 half-days of work to high winds.

Some of the Ski-Doo and Twin Otter fuel used by the 2004-2005 team was salvaged from prior years'
ANSMET camps in neighboring parts of La Paz.

2.01.15. Otway Massif

The 2012-2013 ANSMET systematic search team operated at several locales in the Grosvenor Range,
located east of the head of the Beardmore Glacier. The first camp was at Otway Massif, a group of
mountains that rise out of the polar ice cap. The massif separates the Mill Glacier, a major tributary of the

Beardmore, from the smaller Mill Stream Glacier. The southeast side of the massif, which appears to
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form a stagnation point between the Mill and Mill Stream Glaciers, is characterized by deep snow, a lack
of crevasses, and locally calmer winds. It is a designated LC-130 skiway with the airfield identifier XOM.
The camp was located at S 85° 32.74', E 173° 24.66', 2605 m above sea level. A small blue ice field lies
near Otway, but it was searched by an ANSMET reconnaissance team in a prior year and was not deemed

worthy of further attention.

The weather at Otway was generally calm by Antarctic standards. The massif creates its own weather.
Often it was capped by cloud while Mt. Bumstead, 11 km away, enjoyed clear skies.

2.01.16. Mt. Bumstead

The 2012-2013 systematic search team's second camp was located north of Mt. Bumstead at S 85° 36.77",
E 174° 15.56', 2559 m above sea level. North and west of Mt. Bumstead lies a blue ice field about 5 km in
size. ANSMET searched the ice field, its associated moraines, and the saddle south of the main summit,
but collected only five meteorites in 4 days of searching. Meteorite collection was complicated by the
large number of confounding terrestrial rocks, evidently from the steep face of Mt. Bumstead itself. The
team also collected geologic samples from the summit of Mt. Bumstead, which is rich in beautiful geodes

and other hydrothermally altered rocks.

2.01.17. Larkman Nunatak

Leaving Mt. Bumstead, the 2012-2013 systematic search team moved to Larkman Nunatak, a traverse of
about 45 km. "Nunatak™ is a native American word for a mountaintop that rises from a glacier. The
Larkman Nunatak camp was located at S 85° 43.62', E 178° 59.20', 2608 m above sea level. Larkman was
windier than Otway or Bumstead. The snow surface was characterized by small but hard sastrugi, which
had earned a bad reputation for breaking Twin Otter skis in previous years. For that reason, the team was
equipped with a 250-kg hydraulically actuated snow groomer designed to be towed behind a snowmobile
to prepare a safe landing strip for the expected mid-season resupply flights. The team's mountaineer spent
half a day grooming and marking the airstrip. Two resupply flights and one medical evacuation flight

used it without incident.

The terrain around Larkman Nunatak appeared to be a product of scouring by the prevailing southeast
winds. An area of ice pinnacles and crevasses lay to the south of camp. The summit of the nunatak was

covered with fantastic forms of frost many meters high and evidently condensed directly from the gas
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phase. To the southeast of camp was a distinctive notch in the nunatak's summit ridge. Airfoil-shaped
ridges of ice stretched hundreds or thousands of meters northwest from the nunatak's major prominences.
Exploration on a windy day revealed that these structures effectively filled any lee zones downwind of the
mountain, leaving no place sheltered from the wind. Within the curve of the nunatak's main ridge was a
wind-scoured bowl of blue ice. At the floor of the bowl lay a series of parallel, curved glacial moraines.
These contained meteorites, but also diverse other rock types including petrified wood, malachite, and
shale with plant fossils. There were also lumps of coal and chert, and many pieces of dolerite — a black,
slightly magnetic rock occurring in rounded lumps that often resembled meteorites.

The weather at Larkman is notoriously windy, but the 2012-2013 season logged only 3 full days and 2
half days that were too windy to search for meteorites. One afternoon had a few hours of eerily complete
calm, during which it was possible to relax comfortably outside in light clothing. Air temperatures at
Larkman averaged about -20°C. One day with clear skies and a very thin ice fog produced a spectacular
display of rainbow arcs and halos in the sky.

2.01.18. Cecily-Raymond

The 2012-2013 systematic search team expected to conclude its season at the blue ice fields near Mount
Cecily and Mount Raymond, about 45 km west-southwest of Larkman. Delays for weather and resupply,
plus a medical emergency on the day the party attempted to shift camp, prevented work there. Instead, the

team remained for a few more days at Larkman, then traversed back to Otway Massif for pull-out.

2.01.19. Resupply flights

ANSMET camps receive Twin Otter resupply flights during the season. For the reconnaissance team,
resupplies coincide with camp moves via Twin Otter, which may happen a half-dozen or more times. For
the systematic search team, there are typically two resupply flights. In 2004-2005, resupply flights arrived
at La Paz Ice Field on December 30 and January 9. The first of those flights also exchanged two members
of the reconnaissance team with two from the systematic search team. That exchange ended up taking
much longer than planned because the Twin Otter cracked a ski at the reconnaissance team'’s location
(Larkman Nunatak) and had to divert to McMurdo for repairs. The systematic search team members

heading for the reconnaissance team were then further delayed in McMurdo by bad weather. In 2012-
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2013, resupply flights arrived at Larkman Nunatak on December 26 and January 11. The crew of the
second flight had made plans to spend the "night" at the field camp, but later decided not to.

Each day when the camp was a primary or secondary destination for an aircraft, the field team phoned in
hourly weather observations beginning 6 hours before the aircraft's scheduled departure time. When field
camp members provide weather observations using true directions (based on sun angle), someone in the

McMurdo weather office must transform those observations to grid directions for aircrew use.

Resupply flights carry about 1000 kg of cargo. They bring pre-planned quantities of Ski-Doo and stove
fuel, flat and package mail for field team members, packages left in McMurdo by team members
explicitly for mid-season delivery to themselves, and critical spares and other items requested by the team
via satellite phone a few days before the flight. Thoughtful aircrews may bring a few pieces of fresh fruit
as a morale boost for the field team. If there is room on the plane, a USAP employee who otherwise might
never get to see the continent beyond McMurdo may ride out and back with a resupply flight.

When it departs a field camp, a resupply flight removes about 1000 kg of trash, empty food boxes, empty
fuel containers, broken or unneeded equipment, and sealed buckets of human waste. The last are equipped
with sealing lids but may still release odors after several hours in the warm aircraft cabin. The departing

plane also takes insulated containers full of meteorites if any are ready to return to McMurdo.

2.01.20. Pull-out flight

At the end of the season, ANSMET teams leave the field via ski-equipped aircraft. As with resupply
flights, the field team phones in hourly weather observations before the pull-out aircraft's scheduled
departure time. In 2005, the La Paz camp was recovered via Twin Otter to the South Pole, then via LC-
130 to McMurdo. The author's flight left camp on January 22. Aircraft schedules and weather constraints
had forced the pull-out operation to move forward a few days from the originally planned date. Word that
the airplane was on its way and the camp needed to be packed up came as a surprise. The field crew
assisted with hand-loading the aircraft at La Paz. After that, all gear except for carry-on bags was

managed by the cargo system.

At the end of the 2013 season, the systematic search team established a camp at the Otway Massif skiway
to await the arrival of the LC-130. It took several days for the weather and schedule to cooperate so that
an airplane could be sent. While waiting, the ANSMET team prepared for pull-out by loading their gear

onto Air Force pallets, holding it in place with cargo nets and ratcheting straps. The team's first attempt at
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this was only partially successful. The team member who had experience preparing cargo for LC-130
transport had left the expedition for medical reasons, and nobody else knew how to do it. When the first
pull-out aircraft came on January 18, the plane's loadmaster had to re-strap some of the cargo. The rest of
the field team waited another 5 days for weather and higher-priority missions before they were able to fly
back to McMurdo. Some cargo left off the first flight did not make it onto the second flight and remained
at Otway to be picked up the following summer.

2.01.21. Trash sorting and gear return

When ANSMET field teams return to McMurdo, they sleep in the dormitories as they did on first arrival.
They shower, wash their clothes, and again enjoy dining hall food, including "Frostie Boy." Their field
equipment appears in the logistics yard outside the Berg Field Center on the following day. The field team
members must unpack, sort, clean, and return all the gear they have borrowed from the BFC. The job
includes hanging tents up to dry, hand-washing relief bottles, cleaning all cooking and eating utensils, and
storing ANSMET-owned field gear in the cage or in a shipping container near the BFC that houses cold-
and moisture-tolerant equipment. Any uneaten food in good enough condition to be reissued must be
identified, gathered, and returned to the food room. Team members retain their CDC-issued clothing until

they return to Christchurch.

All trash generated in field camp returns to McMurdo in the bags it was thrown into. The field team must
sort the trash by hand and place it in the appropriate recycling bins. This is not a trivial task. Much camp
trash consists of wrappers, containers, and paper towels contaminated with food residue, which is classed
as "food waste." But mixed in with the food waste may be valuable recyclables such as cans, glass, and

cardboard. These items must be separated from the rest, cleaned, and recycled.

The systematic search team and the reconnaissance team return to McMurdo at about the same time, but
rarely on the same day. Members of the same team may also be split across flights on different days. The
result is that personnel and gear return to McMurdo sporadically. Team members already in town help

new arrivals take care of their incoming equipment. The complete process may take as long as a week.

2.01.22. Retrograde flight

When all field equipment has been cleaned and returned, the team can fly back to Christchurch. The

group members do not normally travel together. Instead, different schedules and priorities split the team
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across multiple retrograde flights. Preparing for the retrograde flight is much like preparing for field camp
put-in. Travel coordinators in McMurdo assign passengers to flights. The evening before, the travelers do
a bag drag at the Movement Control Center to drop off their checked items and to be weighed in ECW
with their hand luggage. There is no provision for boomerang bags, so prudent travelers keep a few days'
worth of necessities in their carry-on bags. This is important. In 2013, a group of passengers was on Ivan
the Terra Bus, riding out the snow road to Pegasus for their return flight to Christchurch, when a radio
call came in saying that the aircraft's weight and balance calculations had been updated and that five
people, including two ANSMET participants, were being bumped from the flight. The unfortunates were
let off the bus by the side of the road and picked up by an empty passenger van returning from Pegasus.
They spent an extra weekend in McMurdo, with only the belongings in their carry-on bags, before

successfully flying out.

The author's 2005 retrograde flight was on January 25 in a C-141 with more than 120 passengers and a
full load of cargo. The flight lasted about 5 hours. In 2013, the date was January 28 and the plane was an
LC-130 with about 35 passengers and no cargo. That flight took 8 hours. Both flights arrived in

Christchurch after sunset. Darkness was a novel experience after nearly 2 months of continual daylight.

Buses take deplaning Antarctic passengers across the Christchurch airport to the main international terminal,

where they claim their baggage from the carousels, load it on luggage carts, and pass through Customs.

2.01.23. Clothing return

The CDC lies about 500 m from the Christchurch International Airport passenger terminal. Returning
Antarctic travelers may take their airport luggage carts through the parking lot and across the street to the
CDC, following boot prints and penguin footprints painted in blue on the sidewalk. At the CDC they
return the clothing and bags they collected at the beginning of the season. In 2005, an attendant used a
checklist to make sure all of the gear (except for the used socks) was returned. In 2013, there was no
formal check-in process. Travelers simply dumped everything (including the used socks) in a heap,

presumably for CDC personnel to sort out later.

2.01.24. Return to the United States

Returning Antarctic travelers stay one or two nights in Christchurch, including the night of their arrival,

before flying back to the United States via commercial air. USAP personnel in McMurdo make the
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lodging and flight reservations. In 2005, the author's flight home was on January 27 and the routing was
Christchurch to Auckland to Los Angeles to Dallas to Hobby. In 2013, the flight was on January 30, and
the routing was Christchurch to Sydney to Dallas to Hobby. The day lost in crossing the International

Date Line on the outbound journey is regained on the return.

Some ANSMET participants delay their post-season commercial flight to the United States in order to
tour New Zealand, Australia, or other southern-hemisphere countries that would be difficult to reach
directly from home.

2.02. Transportation To, From, and Within Antarctica

As in a space mission, many aspects of an Antarctic expedition are shaped by transportation constraints.
The USAP uses a variety of vehicles to support its operations. This section describes the vehicles that
ANSMET participants are most likely to encounter.

2.02.01. Lockheed C-130 "Hercules" aircraft

The mainstay for hauling cargo and passengers to, from, and within Antarctica is the venerable "Herc," a
medium-size four-engine turboprop airplane. Passenger accommodations are minimal. The aircraft is
equipped with tube-and-webbing seats. It is so noisy that all passengers are advised to use foam earplugs.
Some wear earmuff-style hearing protection in addition to the earplugs. In 2004, the Royal New Zealand
Air Force C-130 that carried the ANSMET team to Antarctica was configured with four rows of seats in
the forward part of the cargo bay. Facing pairs of passengers had to interlock their knees, making any
change of position difficult. On takeoff, the passengers slid aft, making the crowding worse toward the
rear of the plane. The C-130 has basic lavatory facilities isolated from the cabin by a plastic curtain. A
few small side windows allow passengers to see outside. After the plane reaches cruising altitude, the
loadmaster permits passengers to leave their seats. Antarctic aircrews may allow one or two visitors on

the flight deck on a non-interference basis during cruise.

C-130s in Antarctica carry GPS and other customary navigation tools, but crews also use a sextant built
into the ceiling of the flight deck to sight the sun as an aid to navigation. Cruise speed for a C-130 is

about 510 km/h (280 knots, in the units used by aircrews). A typical crew complement is a pilot, co-pilot,
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flight engineer, and navigator on the flight deck, plus a loadmaster in the cargo compartment. A typical

load for a Herc on an Antarctic mission is about 12,000 kg.

2.02.02. Foremost all-terrain bus ("lvan the Terra Bus")

Most air passengers arriving at McMurdo get a ride on lvan the Terra Bus as their first ground
transportation experience in Antarctica. lvan is an all-wheel-drive off-road bus originally designed by a
Canadian company for use on tundra. Its six wheels have low-pressure tires about 1.5 m in diameter.
Cargo lockers along the sides of the bus, accessible from the outside only, provide stowage space for hand
luggage. Despite the high cabin, boarding is easy via stairs at the forward door. The bus can seat about 50
passengers. It can travel about 40 km/h on ice and dirt roads. At speeds above about 30 km/h, the ride is
very bouncy.

2.02.03. Delta

A Delta is a four- or six-wheeled transport, hinged behind the two-wheeled driver's cabin. As with Ivan,
Deltas have low-pressure tires 1.5 m in diameter. Their high suspension gives them superior ground
clearance. The aft section can be a heated compartment for passengers or a flat bed for cargo. In the
passenger configuration, which seats about 20 people, the floor of the compartment is high off the ground
and can only be reached by a folding metal ladder in the rear of the vehicle. People in the passenger
compartment communicate with the driver's cabin via radio. Delta wheels do not have fenders, so the
windows of a Delta are usually opaque with spattered mud. Like most heavy vehicles in McMurdo, the

Deltas have individual names, such as "Dawn," stenciled on the cab.

2.02.04. Utility truck

Bright red Ford F-350 pickup trucks, with standard or flat beds, are available for light-duty hauling and
errands in and around McMurdo. Besides snowmobiles, these are the only vehicles that ANSMET
participants are likely to drive themselves, and then only after attending a 1-hour class that highlights the
special considerations of driving in Antarctica. All drivers must carry a valid license. The trucks are
equipped with fat low-pressure tires and engine-block heater cords that can be connected to electrical
outlets at their parking spaces. The heaters are not needed in summer. The trucks have a special hand-

operated parking brake that replaces the normal foot-operated brake. The Crary Laboratory has two trucks
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available to science grantees for 45-minute checkout. The MEC has several more trucks that are available
on a first-come, first-served basis. The day's first driver is required to perform a thorough check of all the
vehicle's systems and fluid levels and to record the results on a checklist kept in the cab. A Hobbs meter

on the dashboard records engine hours, which the driver must also record on the checklist.

2.02.05. 13-passenger van

Ford E-350 13-passenger vans operate as passenger shuttles that link McMurdo Station with Scott Base
and the surrounding airfields. They run on a schedule that shifts according to daily demands. The primary
"bus stop™ in McMurdo is Derelict Junction, a parking area west of Building 155. With prior
coordination, a group of people traveling together to a specific destination may be able to arrange
dedicated van service. Many van drivers are volunteers. It is a challenge to cram 13 people, fully garbed
in ECW clothing and carrying large bags for air travel, into a shuttle van. As with the pickup trucks, the
vans are equipped with low-pressure tires to reduce rutting on snow roads in warm weather. As with the
Deltas, shuttle van side windows are often covered with spattered mud and impossible to see through.

Passengers wishing to admire the scenery should ride shotgun.

2.02.06. Bombardier "Ski-Doo" snowmobile

The Ski-Doo (Fig. 5) is one of the most critical items of equipment the field team uses. ANSMET
participants spend half or more of their meteorite searching time riding on snowmobiles. A participant

with a broken Ski-Doo cannot effectively search for meteorites.

The Ski-Doo greatly increase a meteorite hunter's operational radius. If limited to foot travel, which is
slow on slippery ice and tiring with bulky ECW gear, searches would be limited to a radius of about 2
kilometers. The field team would clear that area in a few days. Ski-Doos increase the area available for
searching by about two orders of magnitude. In the 2012-2013 season, the author logged about 650 km on
his Ski-Doo, collecting meteorites and shifting camp (see Section 3.6).

The machine itself weighs about 300 kg and is powered by a lightweight "Rotax™ engine designed for
ultra-light aircraft. It seats one rider comfortably and can carry a passenger as well. ANSMET Ski-Doos
are equipped with steel-tube cargo racks on the hood, and large wooden storage boxes mounted behind
the rider. Some have additional fittings for GPS antennas. Storage for smaller items, such as a tool kit,

spare drive belt, spill kit, and tow ropes, is available underneath the seat, which is hinged on the left side.
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A reinforced cable loop at the front of the frame allows a disabled Ski-Doo to be towed, and a cotter-

pinned trailer hitch at the rear enables it to tow other loads. A Ski-Doo can tow about 900 kg on properly

loaded sledges.
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Figure 5. Bombardier "Ski-Doo" snowmobile, fully loaded and towing two sledges for a camp shift.

A wide drive tread moves the machine forward. Two unpowered forward skis are attached to the steering
assembly for directional control. On the left part of the dashboard is a transmission lever with neutral,
reverse, and first and second gears. Top speed in first gear is 55 km/h (35 mph on the English-unit
speedometer). There is no operational reason for an ANSMET team member to drive faster than that. The
rider controls speed with a thumb-actuated throttle lever on the right handlebar. A responsive brake lever
is on the left, along with the headlight switch and a small lever that locks the brakes. The throttle lever
and handlebars have electric heaters for rider comfort. In spite of the heaters, hands and especially thumbs

do get cold. Fatigue is also a factor for the thumb controlling the throttle, especially during systematic
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meteorite sweeps that can last for hours. Besides the speedometer, the dashboard has an odometer
(including a resettable trip odometer), a switch for the handlebar heaters, an engine priming pump, and a
lever-lock choke switch. New Ski-Doos have dual rearview mirrors. Unfortunately, USAP Ski-Doos are
not new. Many have only one mirror remaining, and a few have none. A detachable clear plastic

windscreen protects the rider from the worst of the relative headwind and associated cold.

Ski-Doos burn "premix," a 40:1 mixture of unleaded automobile gasoline and two-stroke engine oil. Fuel
use is about 3 km per liter (6 miles per gallon). The capacity of the fuel tank is 36 liters (10 gallons). The
gas cap has a probe and float designed to provide fuel level indication on a rotary dial built into the top of
the cap. It does not work reliably. The only way to be certain of the fuel level is to look inside. The
contrast between the bright sun and snow outside and the dark interior of the tank makes this difficult. An
operator fills the gas tank using a hand-cranked "hurdy-gurdy" pump that feeds from a 208-liter (55-
gallon) steel fuel drum. Filling a Ski-Doo without causing a fuel spill is an acquired skill. In Antarctica,
fuel spills are serious. All spills must be thoroughly cleaned up and reported to the USAP. Wise workers
hold an absorbent pad around the mouth of the gas tank while fuelling to catch any small spills. They may
also keep a dedicated pair of leather mitts for fuelling only, to keep from contaminating their gloves.

Overfilling a Ski-Doo gas tank can cause a small fuel leak via a vent line under the hood.

Starting a cold Ski-Doo engine is an involved process. Before starting, it's worth verifying that the
transmission is in neutral and that the kill switch on the right handlebar has not been pushed down. The
MEC-recommended starting procedure is three pumps of the primer, five full cycles of the starter pull-
rope, two more pumps of the primer, choke switch on, ignition key on, then pull the rope until it starts.
The electric starter works if the engine is already warm. Once started, the engine must be revved for about
1 minute before it can be left to idle without stalling. Too much priming, or too heavy a hand on the
throttle, can flood the engine and make it impossible to start. A flooded engine will dry out if left alone
for about 15 minutes. An impatient rider can fix a flooded engine faster by lifting the forward cargo rack
and hood, removing the spark plugs, and pulling the starter rope about 20 times to dry out the cylinders.
After putting the machine back together, the operator can try again to start it.

There are three ways to turn off a Ski-Doo engine: the keyed ignition switch, the kill switch, and a second
dedicated switch on a lanyard designed to clip to the rider's clothing and kill the engine if the rider falls
off. The lanyard can come loose inadvertently, causing a mysterious engine failure. The kill switch is easy
to press accidentally, especially if handlebar muffs are installed, resulting in an engine that will not start

until the problem is recognized and remedied.
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Riders are cautioned not to defeat the spring feature of the throttle lever, which returns to idle when
released. A rider once decided to alleviate thumb fatigue by slipping a cardboard toilet paper tube over the
end of the handlebar to provide constant pressure on the throttle lever. That worked until the machine hit
a bump. The rider fell off without injury, but the machine motored away and would have gone on until it
ran out of gas if a fast-thinking and fast-driving teammate had not chased it down, reached over, and hit
the kill switch.

The drive tread is made of a strong synthetic rubber with metal cleats for traction on ice. The tread rolls
on idler wheels and slides on aluminum rails. The interface between the tread and the rails is intended to
be lubricated with snow. Long operation at high speed on snow-free ice can create enough heat to melt
the tread and weld it to the rails.

Although Ski-Doos are commercial-off-the-shelf products that have been tested by thousands of users
over millions of miles, they are not immune to the effects of the harsh Antarctic environment. ANSMET
often operates at high elevations, where the low density of the air makes engines run fuel-rich. A rich
mixture fouls the spark plugs with soot, which in turn causes the engine to lose power or quit
unexpectedly. A fouled plug can be cleaned by placing the spark gap in the flame of a camp stove for an
hour. Adjusting the fuel-air mixture so that plugs will not foul requires pulling apart the engine's two
carburetors and repositioning a tiny metal clip on the steel pin that controls the fuel jet, an operation that
takes about an hour for an inexperienced worker, or 15 minutes for an experienced one. In both the 2004-
2005 the 2012-2013 seasons, the best efforts of the MEC to pre-set the carburetors for the expected
altitude and temperature resulted in constant plug fouling, and the systematic search team had to adjust all
of the carburetors (16 total) in the field.

Ski-Doo windshields are held on by thick rubber bands that grasp flanges on the windscreen and which fit
through slots in the hood. The rubber bands are prone to breaking or falling off. The bands stiffen in the
cold and are hard to manipulate. Some of the flanges are in places difficult to reach by hand. In the 2004-
2005 season, all eight of the systematic search team's Ski-Doos lost so many rubber bands that the team
members had to secure their windshields with freezer tape. In the 2012-2013 season, the team carried a
large number of spare rubber bands. They were able to replace the few that were lost during the season

and keep their windshields on without freezer tape.

The undercarriage of a Ski-Doo has springs to smoothen bumps and hinged brackets to transmit loads
from the chassis to the tread. The extreme cold and hard bumpy ice cause springs and brackets to break,

the latter usually at the welds. They must be replaced with spares using hand tools, a job that takes two
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people several hours. The work is complicated by the cold conditions, which demand gloves.
Undercarriage work can take all the strength the worker can muster. In the 2004-2005 season, the
systematic search team had no spare parts to repair broken undercarriages. By the end of the season, they
had two unusable machines. Riders had to double up or remain in camp, reducing the party's search
efficiency. In 2012-2013 the systematic search team suffered one broken spring and one broken bracket,

but had the spares and skills to repair them and finished the season with eight working machines.

Some Ski-Doos used by ANSMET have welded steel fixtures on the rear to hold GPS antenna poles. In
2004-2005, two of these fixtures broke at the welds and fell off.

Unplanned Ski-Doo repair and maintenance consumed about 32 person-hours of time in the 2012-2013
field season.

In 2012-2013, the MEC recommended that riders check all four suspension springs and tighten all the

idler wheel bolts at the end of every day of riding, in an attempt to reduce (or at least promptly detect)

mechanical problems. This operation made use of three crescent wrenches from the Ski-Doo's onboard
tool kit, and took about 5 minutes to complete.

2.02.07. Ski-equipped Lockheed LC-130 aircraft (" Skier™)

The Herc can be fitted with skis for takeoffs and landings on snow or ice runways or even unimproved
snow (Fig. 6). Thus equipped, the aircraft is designated an LC-130 and has a "Skier" callsign. The 109th
Airlift Wing of the New York Air National Guard, based in Schenectady, New York, operates the LC-
130s that support the USAP. The skis add weight and drag to the aircraft, slowing its cruise speed by
about 20 km/h to 490 km/h (270 knots). The skis fit over the wheels. The skis and wheels can be
hydraulically raised and lowered independently so that the aircraft can land on both snow and concrete.

This capability is especially important for flights between Antarctica and Christchurch.

Skiers are frequently employed for flights to the South Pole. The cold temperatures there demand that the
engines be kept running while the plane is on the ground, even during refueling. Passengers are not

allowed on board during hot-refueling.

At unimproved landing strips such as Otway Massif, aircrews unload LC-130 cargo using combat airdrop
techniques. The plane lands, then taxis forward at a few km/h. The loadmaster and crew maneuver loads

strapped to aluminum Air Force pallets along rollers built into the floor of the cargo hold, then down the
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lowered ramp at the rear of the plane and onto the snow. The entire plane can be emptied this way in less

than 1 minute.

Loading the plane at an unimproved site without forklifts or other heavy equipment is difficult. Cargo
must be secured to Air Force pallets with side nets and ratcheting cargo straps, and staged near the
landing strip. The plane lands, taxis into position, and lowers the cargo ramp. Ground crew members (for
ANSMET, the participants themselves) use snowmobiles to tow the loaded pallets into position behind
the plane, where they are subjected to the heat, noise, and fumes of the engines. Heavy or asymmetrically
loaded pallets may dig into the snow or fishtail when towed. Once the pallets are in place, the aircraft
loadmaster winches them aboard the plane and secures them. The entire process, including possible
reconfiguration of the cargo, snowmobile operations, and getting the pallets on the plane, can take an hour

and a half.

Figure 6. LC-130 ski-equipped Lockheed "Hercules" cargo aircraft at the South Pole.
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In 2013, the systematic search team's first pull-out flight had difficulty taking off. The plane made an
unsuccessful 13-km takeoff attempt, then taxied back for a second try, this time using Jet Assisted Take
Off units, single-use solid rocket motors strapped to the aft fuselage to help the plane achieve takeoff
speed on soft snow or at high elevation. LC-130s in Antarctica carry eight jet-assisted take-off (JATO)
bottles. A crew member must exit the aircraft while on the ground to arm them for firing. When activated,
the JATO units produce considerable noise and smoke, and yield a noticeable shove forward, but only
boost the plane's forward speed by about 10 km/h (5 knots). Often, that boost is enough to break the nose
ski free of the snow and allow the plane to become airborne.

In the 2013 flight, the extra thrust from the JATOs lifted the nose ski off the snow, but it immediately
slapped back down, and that takeoff attempt had to be aborted. The aircraft then taxied back to camp. The
aircrew, with some urgency, unloaded much of the cargo, shifting everything remaining (including the
passengers and their hand baggage) to the extreme rear of the plane. The third takeoff attempt was
successful, but after so long on the ground with engines running, the aircraft lacked fuel reserves to fly
directly back to McMurdo. It had to divert to the South Pole to refuel. This gave the passengers an
unexpected but appreciated visit to the Pole. While the plane was hot-refueling at Pole, the flight engineer
was working behind the engines and got fumes in his eyes. The resulting irritation made him unable to
work the rest of his shift. He stayed on the couch in the aft part of the cockpit for the flight to McMurdo.

When the plane arrived at about 0200 local time, an ambulance was waiting to take him to the clinic.

2.02.08. Pisten Bully

A Pisten Bully is a medium-sized tracked vehicle used in and around McMurdo to transport passengers and

light cargo. The heated cabin can accommodate about eight people. There is a luggage rack on the roof.

2.02.09. de Havilland DHC-6 Twin Otter

Like the C-130, the turboprop-powered Twin Otter (Fig. 7) is an important Antarctic workhorse. With a
working radius of about 500 km carrying a load of about 1000 kg, a ski-equipped Twin Otter can land in
many places where an LC-130 cannot. Its load capacity is appropriate for camp resupply flights, which do
not demand the large cargo capability of an LC-130. Its cruise speed is about 280 km/h (150 knots). For
deliveries to remote field sites, cargo capacity is limited by the need to carry one or more 208-liter drums

of AN-8 turboprop fuel. While the plane is on the ground, the crew transfers the fuel to the plane's tanks
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using a gasoline-powered pump. Twin Otters are also used for responsive air transportation, such as

medical evacuations. The crew usually consists of a pilot, a copilot, and a loadmaster.

Figure 7. De Havilland DHC-6 Twin Otter aircraft at an ANSMET field camp.

Kenn Borek Air, a Canadian airline, operates the Twin Otters under contract for the USAP. In January
2013, during the author's second ANSMET season, a Kenn Borek Twin Otter crashed in the

Transantarctic Mountains. The crew and a single passenger died.

2.02.10. Lockheed C-141 Starlifter

C-141s — 1960s-era military cargo planes powered by four jet engines — provided Antarctic support for the
USAP until 2005. The United States retired its C-141 fleet in 2006, replacing the aircraft with the C-17.

41



2.02.11. Boeing C-17 Globemaster Il

The C-17 is a large, modern airlifter with four jet engines. It can carry heavier and bulkier loads than the
C-130, but is relatively expensive to operate. The USAP leases its C-17s from the 62nd Airlift Wing of
the Air Mobility Command, stationed at McChord Air Force Base near Tacoma, Washington. C-17s fly
primarily at the beginning and end of the Antarctic summer, when traffic to and from the continent is at
its peak. In addition to heavy cargo, C-17s carry fresh vegetables and package mail, both of great
psychological importance to Antarctic workers. In 2012-2013, warm weather made the Pegasus runway
too soft for the C-17, and the continent had to go without "freshies" and packages for many weeks. Some
care packages mailed to the ANSMET field team that season never made it to Antarctica and were

returned to their senders in the United States months later.

The seats on the C-17 were designed for paratroopers and are no more comfortable than those of the C-
130, but the plane nevertheless offers a much more pleasant ride. The interior lighting is brighter, the
windows are larger, the climate control is more responsive, and the interior noise level can be made
comfortable with only a single layer of hearing protection. Although it is a larger airplane than the C-130,
the standard crew complement appears to be the same: four on the flight deck, plus a loadmaster.

2.03. Field Camp
This section describes an ANSMET field camp, which might be analogous to an early outpost on

the Moon or Mars.

2.03.01. Orientation and layout

The wind affects all work done in ANSMET, beginning with the layout of camp. Any obstruction on the
ground causes downwind turbulence, which in turn creates dunes of drifted snow that may grow to be
meters high and tens of meters long. Although the snow is fluffy when first deposited, after a few days it
consolidates into a material tough enough to make shoveling difficult. Keeping tents and supplies clear of

drift is an endless battle.

The only advantage Antarctic campers enjoy in the struggle against drift is the consistency of the wind
direction, which makes it possible to align the camp to minimize the problem. The team places habitation

tents in a line perpendicular to the wind direction, spaced 5 to 10 meters apart. Ski-Doos and supplies
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such as food boxes are arranged in lines along the wind direction, downwind of the tents and their
turbulent wakes. The latrine tent is located downwind of the center of camp. The team places the Ski-Doo
fuelling station further downwind or off to one side of camp, with the fuel drums placed in a line along

the wind direction.

Even with careful layout of the camp, episodes of high wind or snowfall can force the team to spend half
a day digging equipment and supplies out of the drift. At the end of the season, they must invest more
time and effort to dig out the tents and their stabilization lines and stakes.

Placing an ANSMET camp demands attention to more than just the wind. The best substrate for a Scott
tent is firn: hard, consolidated snow that is more than one season old but has not been compressed to form
white or blue ice. Firn has material properties similar to polystyrene foam. Unlike ice, which shatters
when struck and will not hold a tent stake, and fresh snow, which is too weak to retain a stake with a load
on it, firn is both compliant enough to accommodate a stake and strong enough to hold it under load. Firn
can be excavated with vigorous shoveling to make holes for the tent legs and to provide ballast for the
tent skirt.

Experienced campers pitch their tents on firn that is smooth and flat. Tent floorboards, if used, can flatten

out bumps, but slopes cannot be compensated and result in uncomfortable living conditions.

While blue ice is a poor choice for tent placement, it is the best source of drinking water. An ideal

ANSMET campsite places the tents on firn, with a nearby exposed patch of blue ice for collecting water.

2.03.02. Food

The hard work and cold conditions in ANSMET make food a consideration of utmost importance. Food
provides energy to keep the body warm. In Antarctica, a person may need to eat a thousand calories more
than his or her normal daily intake to stay healthy. In particular, the sugar and fat that are reviled as
unhealthy under normal conditions are essential in Antarctica for short- and long-term energy,
respectively. A wide variety of good food also provides important psychological support for people in

monotonous surroundings and difficult working conditions (e.g., [13]).

ANSMET teams transport and store their dry and canned food in "river boxes," rigid plastic chests
measuring about 30x45x100 cm. River boxes are not insulated, but they do have a locking, sealing lid

that helps keep the drift out. The seal is not perfect, so ANSMET crews line the river boxes with plastic
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trash bags so that the drift that does enter won't spoil food packaged in cardboard. Dry goods for two

people for 6 weeks fill three river boxes.

Dry goods include rice, pasta, crackers, energy bars, candy, cookies, dried fruits and vegetables, jerky,
nuts, oatmeal, dry cereal, granola, pancake mix, bread mixes, powdered milk, other dry beverage mixes,
sugar, and spices. Juice boxes and canned fruits and vegetables are also popular. All food taken to the
field must be able to withstand rough handling and freezing, so metal containers are preferable to glass.
Mayonnaise is bad field food: if frozen, it separates irreversibly into unappetizing components. Each tent
group brings about a week's worth of "dehy,” commercially available freeze-dried backpacking food
packaged in foil or plastic envelopes. Dehy is lightweight and easy to prepare, generally needing only the
addition of boiling water. But it is very high in sodium and has poor flavor and consistency, so it is
generally reserved for emergencies. Most of the dehy brought to the field goes uneaten and is returned to
the food room at the end of the season.

Because summer temperatures in McMurdo may rise above 0°C, frozen food, which will spoil if thawed,
must be handled separately from the dry goods. ANSMET teams transport and store their frozen food in
steel coolers measuring about 40x40x70 cm. Three or four coolers are needed to contain the frozen food
for two people for 6 weeks. Immediately after the frozen food pull, ANSMET participants load their full
coolers onto pallets and secure them with cargo straps. A forklift takes the loaded pallets to McMurdo's
cold storage facility, where the frozen food items await loading onto the aircraft that will take them, still
frozen, to the field. In camp, frozen food can be safely stored outside because temperatures on the polar

plateau never approach thawing.

Popular frozen foods include beef, chicken, pork, sausage, fish, bacon, shrimp, scallops, frozen fruit,
frozen vegetables, bagels, sliced bread, tortillas, and products such as chiles rellenos and breaded chicken
patties. Butter is a key staple. It is used liberally in Antarctic cooking, including the "La Paz Heart
Attack™ breakfast, which consists of bacon and English muffins fried in butter. ANSMET participants
suffering chronically from the cold may find relief by eating more butter. The author heard an anecdotal
report of a woman who skied from the Antarctic coast to the South Pole using only the supplies she
hauled behind her on a sledge. One-third of the weight of her loaded sledge at departure consisted of

butter. One pound of butter per week per tent group is a typical consumption rate in ANSMET.

The total mass of dry and frozen food for a two-person tent group for a 6-week expedition is about 80 kg,

or 1.0 kg per person per day. The diet provides 3500 to 5000 calories per person per day.
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The Berg Field Center can provide a cookbook for Antarctic field camps. The National Outdoor
Leadership School's (NOLS”) camp cookbook [16] is instructive as well. Also, past ANSMET
participants have contributed recipes to "The ANSMET Cookbook for Hungry Hunters" [17], an
unpublished document that veterans may be able to provide. Section 3.15 presents an example of an
ANSMET camp recipe.

Most meals in camp are prepared by frying or boiling. Both options provide opportunities to add butter to
the diet. Boiling meat, vegetables, and starchy foods together results in a complete, balanced meal using
only one pot, an important consideration given that the dishes can only be "washed" by wiping them with
paper towels. Baking requires a camp oven. In 2012-2013, the camp had a propane oven large enough to
roast a 6.5-kg turkey for the Christmas feast. In 2004-2005, one participant brought a small camp oven
designed for use with a single-burner camp stove. It could bake small pizzas and cakes. Campers
appreciated fresh-baked goods after several weeks of eating only frozen, dried, and canned food.

The BFC issues each camper a bowl, cup, plate, knife, fork, and spoon. Some participants with camping
experience bring their own mess kits. The cooking kit for each tent includes a kettle, frying pans, pots and lids

of different sizes, kitchen knives, mixing bowls, spatulas, a corkscrew, a cheese grater, and a camp toaster.

2.03.03. Water

ANSMET camps are surrounded by water in solid form. Snow can be melted for water, but its low
density means that a container full of snow yields less than a quarter container of water. A container filled
with ice chunks produces about half a container of water. Chipping ice for water is a daily chore in camp,

and melting ice is the first step in preparing a meal.

Melted ice or snow is essentially distilled water. It contains no dissolved minerals and has no taste. Most
people find it too bland to drink without additives such as tea, coffee, chocolate, or "Raro," a powdered
drink mix that resembles Kool-Aid. In 2012-2013, the systematic search team camped downwind of the
exposed rock of Larkman Nunatak. Every pot of melted ice ended up with a few grains of windblown grit

in the bottom, which had to be thrown out.

ANSMET participants may add chips of blue ice to adult beverages traditionally served "on the rocks." In
this case the "rocks" are hundreds of thousands of years old and contain bubbles of air that have been

pressurized by long burial at depth. As the ice melts, the bubbles crackle and pop.
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2.03.04. Clothing

Clothing is key for ANSMET participants. The chief concern is to wear enough windproofing and
insulation to keep warm in wind chill factors below -20°C. A typical outfit includes a windproof fleece
hat with ear flaps, a neck gaiter, and ski goggles for the head; light gloves plus heavy mittens for the
hands; an undershirt, a long-sleeved thermal shirt, a fleece jacket, and Big Red for the upper body;
undershorts, medium-weight long johns, and windproof insulated bibbed snow pants for the lower body;

and sock liners, heavy wool socks, and bunny boots for the feet.

Inside the tent, conditions are much milder. Hats, goggles, gloves, Big Red, and bunny boots are rarely
necessary. Most people also remove the fleece jacket and exchange the heavy bibbed snow pants for

lighter wind pants while in the tent.

The standard clothing issued by the CDC offers enough total insulation and layering flexibility so that
most people can find a combination that keeps them comfortable. A disadvantage of CDC gear is that it is
often outdated. Antarctic veterans may bring their own higher-end clothing to supplement what they get
from the CDC. Another disadvantage of the CDC-issued gear is that the supply of base-layer underwear
and socks is limited. The CDC provides only one set of underwear and as few as two pairs of socks for a
6-week field season. People desiring a change of base layer clothing must bring their own. In camp it is
possible to hand-wash small clothing items. Campers who wash their underwear can bring fewer sets to
the field.

The trickiest part of dressing for the Antarctic is eye protection. Participants who wear corrective lenses
face an even greater challenge. The two competing effects are cold and fogging. Eye covering that keeps
the wind out is likely to fog up on the inside. Eye covering with enough ventilation to prevent fogging is
likely to be intolerably cold. There are as many solutions to this conundrum as there are Antarctic
workers, a sure sign that no ideal answer exists. Motorcycle helmets, paintball masks, side-shielded
glacier sunglasses, and ski goggles all have their adherents. Some people swear by commercial
antifogging products, others swear at them. The specific scheme chosen is not important. What matters is
its effectiveness. Meteorite hunting is done entirely by eye, and eyes that are peering through foggy lenses
or tearing from the cold spot fewer meteorites. The author tested a half-dozen different arrangements,
including equipment borrowed from the CDC, the BFC, and the ANSMET project, plus personal glasses
and goggles. His preferred option was a pair of Oakley A-Frame polarized ski goggles used without

antifogging solution.
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2.03.05. Warmth

Proper clothing and plenty of good food are necessary but not sufficient to keep a person warm in
Antarctica. The chief provider of heat is the camp stove in the tent. In 2004-2005, each tent had two small
Optimus stoves designed for backpacking. These stoves burned white gas. They were prone to throttle
malfunctions, which made the flame level hard to adjust and sometimes made the stove impossible to turn
off. The fuel tank was small and had to be filled one to three times a day. For safety reasons, campers had
to refuel the Optimus stoves outside the tent. At subzero temperatures, white gas causes frostbite instantly
on contact with bare skin, so caution was required when refueling stoves. Starting a cold Optimus stove
required the user to ignite a measure of messy preheat paste on the burner before lighting the stove itself.
All of these disadvantages combined to make the Optimus stoves unpopular.

In 2012-2013, each tent group got two dual-burner camp stoves, which came from different
manufacturers to provide dissimilar redundancy. These stoves burned propane from 9-kg net-weight
cylinders that lasted for 8 to 10 days of normal use. Changing propane cylinders in the cold does not
expose the operator to frostbite risk as does pouring liquid stove fuel. Propane stoves also do not need
preheat paste, so they are safer and easier to light. Eliminating preheat paste also reduces the number of
hazardous materials that have to be airlifted to and from camp. A white-gas stove user who switches to

propane never changes back.

A camper who has trouble staying warm at night can fill a Nalgene container with hot water, wrap it in

clothing or the BFC-issued bottle insulation jacket, and place it in his or her sleeping bag as a hot water bottle.

Finally, each ANSMET participant is issued two vacuum-insulated metal flasks to carry hot liquids
during the workday. Both the 2004-2005 team and the 2012-2013 team used their vacuum flasks and their

insulated Nalgene water bottles every day.

2.03.06. Shelter

Shelter in an ANSMET camp is provided by the Scott tent (Fig. 8), based on a design used by the
eponymous Captain Robert Scott. It is a pyramid-shaped structure supported by four aluminum poles. It
weighs about 40 kg. It measures about 2.4 m on a side when set up. The internal volume is about 4.3 m?,

and the floor area is about 5.7 m?.
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The Scott tent has inner and outer walls separated by an air gap. The outer wall has a skirt about 30 cm
wide that is designed to be spread out on the ground. Campers shovel snow onto the tent skirt to hold it
down. This is a strenuous task, but it is important for two reasons. First, the snow provides weight and
stability, which may be needed in high winds. Second, snow helps to seal the gaps between the skirt and
the ground. Even a tiny crack provides a path for drifting snow to enter and fill the space between the

tent's inner and outer walls, effectively eliminating the insulation value of the double-wall construction.

Figure 8. Interior of a Scott tent, as seen from the entrance.

The Scott tent is anchored to the ground by guy lines about 1 cm in diameter. The tent stakes are 40-cm
sections of 2.5-cm steel pipe with rebar crosspieces welded across their tops to secure the tent lines.

About twelve stakes hold down the tent skirt; about nine more anchor the guy lines, including the crucial
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one that runs to the peak of the pyramid from the upwind side. A securely anchored Scott tent is said to be
able to withstand winds up to 150 km/h (80 knots).

Near the peak of the tent, the walls are pierced by two rigid vent tubes that allow stove exhaust to escape.
This helps prevent the buildup of carbon monoxide. The vents extend in different directions to keep
windblown drift from blocking both at the same time. Because the risk of carbon monoxide poisoning is
still not zero, ANSMET observes the rule that a stove cannot operate in the tent unless at least one person
is present and awake to watch it.

Entry to the tent is gained through cloth tunnels sewn into the inner and outer walls. Each has its own
drawstring to cinch it closed. When both occupants are inside or outside the tent, the doors can be tied off
with the drawstrings, which reduces drafts.

Inside, the top of the tent is equipped with clotheslines. These are extremely useful, but the built-in
clotheslines do not provide enough space for all the boots, hats, gloves, socks, goggles, thawing meat
packages and juice boxes, and other items that need the warm conditions near the peak of the tent.
Campers often rig extra clotheslines to provide more heated storage space. Finding anchor points for new

clotheslines can be a challenge.

Additional stowage space, albeit unheated, is provided by a row of pockets sewn onto the Scott tent's
inner wall. Campers use these pockets to store items they use frequently. The tent design could be further
improved by adding a second row of pockets, and by fabricating the pockets out of clear plastic or mesh

cloth so that the contents could easily be seen.

The typical internal arrangement places tent supplies, cooking utensils, the stove, and a food box in a line
up the center of the tent, beginning about 40 cm inside the door and running to the rear wall of the tent.
The two inhabitants set up their sleeping pads and sleep kits on either side of the central stores, allowing
them both to reach the food, utensils, supplies, and stove. During the day, they roll up their sleeping bags

and place them against the rear wall of the tent to make a comfortable backrest.

The floor of the Scott tent is a waterproof tarp that provides no padding, rigidity, or insulation. Without
extra flooring, the boards that support the cook stove slowly melt their way down into the ice beneath
them. A warmer, flatter, and more stable floor can be had by installing floorboards: 60x240 cm sheets of
plywood with bubble wrap covering one side. These can be slid under the tent walls before all the stakes

are installed, then covered with the waterproof tarp. Protecting the entire tent floor this way takes four

49



boards, which together weigh about 40 kg. An extra layer of foam crash pads under the area just inside
the door and beneath the central line of boxes and the stove board makes the tent noticeably warmer. The

inhabitants' sleeping pads provide more than enough floor insulation for the sleeping areas.

A tall person cannot stand up in a Scott tent. The only place high enough is the center, which is usually full

of hanging laundry and is directly above the stove and the tent boxes, which do not afford a place to stand.

Some newer Scott tents have vestibules: projections in the front outer wall of the tent which give the
occupants extra storage space that is not heated but is sheltered from wind and drift. The vestibule is
supported by additional metal poles. Its ceiling is high enough for short people to stand up straight, but taller
people must dig the floor down about 30 cm if they want to stand comfortably. The additional storage space
in a tent with a vestibule comes at a price: about 5 kg of extra weight and some loss of insulation.

The most important thing a Scott tent provides is shelter from the wind. But the double wall construction
also makes the tent much warmer than the outside air temperature, which in field camp is usually -20°C to
-15°C (-5°F to +5°F). With the stove lit, the temperature at the floor of the tent is near freezing. At the
peak of the tent, where the vents and the clotheslines are, it can be 25°C. Half a meter above the floor,
chest level for a seated occupant, the temperature is about 10°C. With the stove off for sleep during the
"night" or while the occupants are out, the temperature drops to slightly below freezing. On a sunny day
with no wind and an outside temperature near freezing, conditions that might be experienced at snow

school, a Scott tent can be uncomfortably warm.

2.03.07. Electrical power

Power for battery-operated equipment such as cameras is best provided by lithium batteries, which work
well in the cold. Alkaline cells perform poorly in low temperatures. Devices powered by alkaline batteries
work inside a tent. If taken outdoors, they can be used if they are kept in an inside pocket and brought out
into the cold for only a few seconds at a time. The USAP recommends rechargeable batteries to reduce
waste, but an ANSMET field season is short enough that a supply of expendable batteries for the entire

expedition can be carried easily.

ANSMET camps have ancillary electrical power systems for equipment without replaceable batteries, and for
larger power loads. In 2004-2005, the leader's tent had electricity provided by a wind turbine and a solar panel.
An electrical equipment box contained a storage battery and an inverter to provide 110 V, 60 Hz power. The

system generally worked, but was subject to sporadic outages. In 2012-2013, each tent had a two-panel solar
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array that could be bolted to the top of a 40-kg battery and inverter box. The system provided about 35 W of
110V, 60 Hz powver. It, too, was subject to mysterious failures, one of which electrified an array frame so that
it delivered a painful shock when touched. That unit had to be retired and exchanged for a spare. Other

electrical failures resolved themselves just as mysteriously as they arose.

2.03.08. Communication

Three systems provide communication in an ANSMET camp. The first, used in the 2012-2013 season but
not in 2004-2005, was a set of walkie-talkies that enabled tent groups to converse without going outside.
They were useful when the weather was bad. The second was a High Frequency (HF) radio set with a
wire antenna many meters long that had to be deployed perpendicular to the direction of the intended
receiving station, not a trivial task in camp. In 2004-2005 the HF radio was not able to reach either
McMurdo or South Pole, but it could receive BBC World Service news transmissions. In 2012-2013, the
team set up the HF radio, made a successful test call to McMurdo Station, then disassembled it and

packed it up again. The equipment remained in camp as a backup.

The camp's primary long-distance communication tool during both seasons was the Iridium satellite
telephone. In 2004-2005, the systematic search team had two Iridium handsets. In 2012-2013, there were
three. Each phone saw 5 to 60 minutes of use per day. The Iridium phone was used for daily check-in
calls to McMurdo, longer discussions with equipment specialists in McMurdo, personal calls to family
and friends in America and elsewhere, and hourly reports to Mac Weather on days when an aircraft was
expected. In 2013, the Iridium phone played a crucial role when one team member developed a medical

problem during a camp move when no other communication resources were available.

Iridium calls normally costs about $2.00 per minute. A user must have a pre-paid Subscriber Identity
Module (SIM) card to activate the phone. In 2004-2005, each ANSMET participant had to buy his or her
own SIM card. In 2012-2013, the ANSMET grant paid for an unlimited SIM card that covered all of the

team's Iridium phone use.

An Iridium phone draws about 6 W during its 8-hour recharge period. When fully charged, it provides 1

to 2 hours of talk time.

Because of poor satellite viewing geometry in Antarctica, Iridium calls may fail when dialed, or may
drop unexpectedly in mid-conversation. When either occurs, redialing a few seconds later is almost

always successful.
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Iridium handsets can receive, but not send, free text messages of up to 120 characters. Senders can log
onto a website to transmit their messages. Despite their brevity, text messages from friends and family at

home can provide important morale support for meteorite hunters.

2.03.09. Logistics

Organization of logistics in field camp is at the discretion of the camper. There is limited room in the tent
for stowing items that are frequently used or too delicate to leave outside. Typically, campers keep
electronics, everyday clothing, a small assortment of food, and cooking and cleaning supplies in the tent.
Inhabitants of tents with vestibules use the extra storage volume for the propane tank, trash bags, extra
frozen food, and additional clothing. Tents without vestibules have enough space between the front inner
and outer walls for the propane tank and trash bags.

Outside, campers stow personal bags near the entrances of their tents. They arrange their food boxes,
spares, tools, fuel, and other group gear in lines along the wind direction beside or downwind of the tents.

Toilet supplies stay in the latrine tent. Overall, about half of the camp's total footprint consists of logistics.

Material slated to leave camp on a departing resupply flight is stored in a dedicated cargo line a few

dozen meters from the tents, in a location accessible to the Twin Otter.

2.03.10. Trash

Trash generated in field camps must be sorted into categories compatible with the McMurdo recycling
system when the team returns at the end of the season. An easy arrangement that honors the spirit of the
recycling program is for each tent to maintain two trash bags. The first is for recyclables: glass,
cardboard, large pieces of paperboard, steel and aluminum cans, and recyclable plastic, all with the worst
of the food residue removed. These are easily sorted by hand into the proper bins in McMurdo. The
second is for paper towels that have been used to clean dishes, probably the largest trash item by volume.
These, along with any other trash contaminated by food, can be bagged together and thrown into
McMurdo's "Food Waste" bins.

Small trash items that are difficult to recycle, including dead batteries, are best kept by the participant and

discarded after returning to the United States.
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2.03.11. Shifting camp

In 2004-2005, the systematic search team stayed at one camp site for the entire season. In 2012-2013, the
systematic search team shifted camp from Otway to Bumstead, from Bumstead to Larkman, and from
Larkman back to Otway. An attempted shift from Larkman to Cecily-Raymond had to be aborted. Each
camp shift required loading all of the camp's equipment onto sledges to be towed behind snowmobiles.

Because changing conditions may delay or halt a camp move, packing takes careful thought.

Moving an ANSMET camp is strenuous and time-consuming. It also adds risk. The team cannot seek
shelter from the wind or make hot food when their tents and stoves are packed up and lashed to sledges.

Good weather is a requirement.

Some non-essential equipment, such as reserve food boxes, rarely used personal gear, and solar power
units, can be packed the day before a camp shift, but most of ANSMET's gear is needed for basic survival

and cannot be taken down until the morning of the move.

Each tent group is responsible for packing its own gear and loading it onto sledges. They begin with

nonessential gear, then handle the bedding, personal gear, and kitchen equipment from the tent. Last

comes the tent itself, which travels in a canvas cover. Groups who finish their own packing can go to
work on group gear, including the latrine tent and its contents.

All equipment must be loaded onto the team's Siglin, Nansen, and Komatik sledges. The heaviest
equipment goes toward the rear of the sledge for better towing characteristics. Lateral balance is

important as well. Unbalanced loads can capsize during the traverse.

Loaded sledges must be lashed down to make a compact load that will not shift or spill. A Nansen sledge
has a canvas cover that goes over the load. Metal hooks sewn into the cover allow a long lashing line to
cross back and forth. Two people work together, one on each side of the sledge. They cinch the line tight
after each turn. When the entire load has been sewn up, they repeat the process, pulling each turn of the
lashing line as tight as their strength allows. Without two stages of tightening, the load will work itself

loose as the sled travels over the uneven snow.

Siglin sleds have a concave shape that makes loading and retaining equipment easier, but the sleds have
no canvas cover. Instead, there are side ropes with multiple hooks for the same kind of