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Foreword

The Sixth Symposium on Antarctic Logistics and Operations was held in Rome, Italy
from 29-31 August 1994. The Symposium was conducted by the Standing Committee
on Antarctic Logistics and Operations (SCALOP) of the Council of Managers of
National Antarctic Programs (COMNAP) and held in conjunction with the twenty-
third meeting of the Scientific Committee on Antarctic Research (SCAR).

Logistics and operational activities are fundamental to the support of science in
Antarctica and represent the major cost element of most national Antarctic programs.
Because of the complexities and difficulties of providing safe and effective logistics and
operational support in such a harsh and remote environment, the cost of conducting
Antarctic science is typically six times greater than undertaking similar scientific
activities within developed countries.

For most national programs the scope of logistics and operations includes the
provision of shipping, aircraft and surface transport; the design, construction and
maintenance of stations or bases; the support of field activities and marine science;
the specification, procurement, packaging and delivery of provisions, materials and
equipment; and the recruitment, training, deployment and repatriation of expedition
personnel. In conducting activities in Antarctica, national operators are obliged to
comply with relevant national and international regulations as well as measures
adopted by the Antarctic Treaty Parties which include stringent requirements
regarding environmental management '

The formidable challenge and high cost of logistics and operational activities in
Antarctica has led to a considerable degree of cooperation between national operators
during the last four decades. The conduct of symposia continues to be an important
mechanism to facilitate the exchange of experience and knowledge and to help
national programs optimise the use of available support resources.

The earlier symposia on logistics and operations were held under the auspices of
SCAR and the Antarctic Treaty Parties in Boulder, USA (1962), Tokyo, Japan (1968) and
Leningrad, Russia (1982). Following the establishment of COMNAP in 1988 (and the
formation of SCALOP from the former SCAR Working Group on Logistics) it became
the practice to hold the symposia in conjunction with the biennial meetings of SCAR.
Hence the fourth symposium was held in Sao Paulo, Brazil (1990), the fifth in
Bariloche, Argentina (1992) and the sixth in Rome, Italy (1994).



In recent times it has also become the practice to hold a trade exhibition in
conjunction with the symposia in order to provide Antarctic operators with the
opportunity to discuss the technical and commercial aspects of equipment and services
with relevant suppliers. The trade exhibition at the Rome Symposium was the largest
and, I believe, the most successful to date. On behalf of SCALOP I wish to thank the

exhibitors for their participation and highly professional presentations.

Differing themes have been adopted for each of the symposia although transport and
building construction have featured in most programs. In recent years greater focus
has been given to the implementation of environmental measures required under the
Antarctic Treaty and emerging technologies relevant to logistics and operations. The
themes for the sixth symposium were:

use of alternative energies;

environmental protection related to operational technologies;
selection and management of Antarctic personnel; and

new developments in operations, logistics and science support.

The proceedings of this Sixth Symposium include twenty five papers, many of which
reflect the endeavours of national operators to pursue improved efficiency and
effectiveness of their operations and to implement environmental management
measures and technologies in keeping with the requirements of the Antarctic Treaty.

On behalf of SCALOP, I wish to thank the authors for their time and effort in
preparing quality papers and also for their direct participation in the Symposium. I
also wish to thank the Symposium participants who generated cc:nsiderable discussion
on the various topics. It was pleasing to see that the Symposium “attracted a large
audience which included members of the Antarctic scientific community as well as
logistics and operations practitioners

Finally, I wish to thank the SCALOP Symposium Working Group and, in particular,
chairman Pietro Giuliani for undertaking the work of designing the program,
reviewing and selecting the papers and managmg the Symposium in conjunction
with the Italian Antarctlc Project of ENEA. -

Membership of the 1994 SCALOP Symposium ‘Working Group comprised Pietro
Giuliani (Italy), John Hall (United Kingdom), Luis Fontana (Argentina), Jack Sayers
(Australia), Patricio Eberhard (Chile), Heinz Kohnen (Germany), Olle Melander
(Sweden) and Erick Chiang (USA).

Jack Sayers
SCALOP Chairman



WELCOME ADDRESS

by

Pietro Giuliani
ENEA Antarctic Project

It is a great pleasure for me to welcome you, also on behalf of
ENEA, to this Sixth SCALOP Symposyum in the ancient city of Rome.

Quite appropriately, the venue of this meeting is the old
building of the School of Engineering of the University of Rome.

Logistics is a vital part of Antarctic activities and its
optimization is becoming an ever increasing concern of Antarctic
operators, in view of the tight budgets of our programmes. The
exchange of information among countries active in Antarctica is
very broad and this Symposium is going to be an important
milestone in this exchange.

The Selection Committee for this meeting had a difficult task
because of the high quality of the papers submitted and of their
number. All papers contained interesting ideas and information;
consequently, the selection process was made more difficult by
the wish to accept as many as possible within the time
constraints. We hope that. we managed to select well, while
covering satisfactorily the themes that the Symposium was
intended to cover.

~The themes selected for this VI SCALOP Symposium are of great
relevance to Antarctic activities and we feel that the papers
that will = be presented shall highlight a number of important
aspects of these activities.

In conjunction with the Symposium a Trade Exhibition has been
organized. A total of 20 exhibitors participates, 8 from Italy
and 12 from abroad. We hope that you will find it useful.

I wish you all an intéresting and fruitful meeting and a

pleasant, even if a little too warm, stay in Rome.

Pietro Giuliani
Chairman of the Selection Committee for SCALOP VI
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British Antarctic Survey

DEVELOPMENT OF A MOBILE GARAGE/VEHICLE SERVICING FACILITY
HALLEY SCIENTIFIC STATION

BY

A.L. Smith and D.K. Harley

INTRODUCTION

To support scientific operations at the British Antarctic Survey’s (BAS) Halley Statioh (75°35°S),
26°22°W) on the Brunt Ice Shelf, extensive use is made of tracked vehicles (eg. cranes, dozers and
snocats etc). This reliance brings with it a requirement for a major facility for front line servicing and
maintenance. Traditionally the requirement has been met by the provision of a surface structure which
has been allowed to become buried, access to the garage being via an inclined tunnel. With the
development of the fifth Halley station and the move away from sub-surface structures in favour of
a surface facility elevated on 5 metre high jackable platforms, the provision of a vehicle maintenance
facility had to be addressed. :

After a rigorous appraisal of options, a re-locatable above surface garage/vehicle servicing facility was
selected. This offered greater benefits in access and maintenance and complemented the elevated main
station facilities.

The concept of a re-locatable unit on skis was first considered in the early 60’s but until recently had
‘never been fully evaluated by the British Antarctic Survey. A feasibility study was completed and a
detailed performance specification prepared for the mobile garage. Accommodation had to be provided
for the largest vehicle in the fleet, this being the Nodwell 110C tracked crane (7.8m x 3.2m x 3.7m
weight - 15.25 tonne). This resulted in the need for a structure of sizable proportions which, when
fully equipped, would weigh in the region of 50 to 55 tonnes.

The method of procurement reflected the fast track nature of the project with concurrent engineering
principles being adopted. Following fabrication the unit was subject to a trial erection in the UK
before transport to the Antarctic. From receipt of the instruction to proceed, to loading on the ship,
was a total of 13 weeks. This unit was erected on site during the Austral summer of 1992/93. The
fully self-contained facility was used extensively during the following winter and performed well with
the snow accumulation around the structure being less than predicted.



DESIGN PARAMETER

This was to provide a self sufficient and re-locatable facility for carrying out vehicle and plant
maintenance in a safe working environment and to include adequate storage for equipment and spares.

Other considerations were:-

° Light but strong construction.
° Totally waterproof floor and sump.
. Creation of sump for containment of melted snow from vehicles and any other
spillages.
. Speed of erection and of installation of internal services.
o Energy efficient.
° Low shipping volumes.
o Low cost maintenance.
. Climatic conditions.
Air temperatures - Mean annual temperature -18°C
Extreme maximum +4.5°C
Extreme minimum -55.3°C
Snow - Annual snow accumulation 1.2m
Surface temperature summer -7.5°C
Annual mean -19.1°C
Density 0.408 g/cm®
Winds - Prevailing wind direction 075° (true) = 15°W of E
Secondary wind direction 270° (true) =W
Frequencies of wind direction: Easterly = 68.8%
All other = 28.8%
Calm = 24%
Design wind speed 120Kt = 62.0m/sec
Design wind speed crosswise to prevailing -
wind direction 60Kt = 31.0m/sec
° A maintained internal température of +15°C bearing in mind vehicle reheat loss and
ice melt loss. '
° Aerodynamics of structure to minimise snowdrift.
° Prevention of snow and water ingress.

DESIGN PHILOSOPHY

When producing the design of any major piece of plant or equipment there are two factors to be taken
into consideration. The first is to produce an item which will not only satisfy the operational functions
but also to pre-empt any unforseen requirements. The second consideration is to produce a design
which can be successfully and economically manufactured and assembled in the time required.

The final design of a ski mounted mobile garage/servicing facility was produced as a team effort co-
ordinating the expertise of the main contractor, their designer, and BAS Technical Officers. Because
the building was to be towed around the snow, the design had either to'be flexible enough to adjust
to uneven ground during movement, or rigid enough not to distort as it moved over an uneven surface.




It was concluded that a flexible solution would result in unacceptable distortion of the building during
towing which in turn would cause internal wall cladding, doors, etc. to require resetting. Therefore
it was the rigid design concept that was used. In order to produce a rigid concept the whole building
and wall cladding had to be used to produce what is effectively a "torsionally stiff box" on skis. Any
other form of design where a steelwork super frame structure is supported off a base with skis would
either be much heavier to produce the same degree of rigidity, or be much more flexible for the same
weight. A complex analysis tool, ANSYS finite element modelling, was used to assess the inherent
strength and flexibility of the structure as a whole.

The period allotted for assembly of the facilities on site was particularly short and a structure
composed of a large number of small bolted components would require a long period, together with
exact assembly tolerances. It was therefore concluded that a small number of large components would
enable the outer structure to be rapidly assembled with a minimum of bolts was required for the initial
temporary assembly, allowing the remainder of the bolts to be fitted from within the enclosed
structure. The method of construction resulted in only 30 major items needing to be coupled together
to produce the basic structure. Furthermore, it enabled some internal bracketry to be pre-bolted to the
major components, thus reducing any ambiguity on site during assembly.

Because the whole building had to act as a totally stiff box the outer steel panel or skin of the building
had to be rigidly attached to the frame. It was initially assumed that the skin would need to be
continuously welded to the main portal beams, however, for two reasons this was not the best possible
solution. Welding would have resulted in distortion during manufacture of the major components
which in turn would have complicated assembly and have been detrimental to the overall appearance.
However, more importantly, the outer skin would have been subjected to the lowest temperatures and
embrittlement of the welds would cause brittle fracture during the towing. The versatility of the main
contractor and their advice as to the "least distortion design" allied to techniques developed in the
aerospace industry led to the conclusion that a riveted external sheeting would be the only suitable
technique.

The ski base for the building involved a significant degree of development. Originally the skis were
to have sheets of low friction nylon attached to the underside. Of concern was the fact that differential
expansion would cause the sheets to bulge which would then enable ice to build up around the skis
and "key" the skis to the ice. The exact behaviour and temperature differential was not known, so to
prevent any possible problems alternatives were considered. Finally a low friction paint used for ice-
breaking ships was used.- This removed the problem of the ice keying to the skis. The underside of
the base modules were also designed to have as smooth a profile as possible and these were also
painted with the same material. The skis were not attached directly onto the base. This was to ensure
that heat loss through the base would not be transmitted into the skis and encourage the possibility of
the snow melting around the skis.

The design concept thus far produced a basic carcass. However, certainly not a base which could
support vehicles, nor panels that could take the full wind and snow loading required. Furthermore,
insulation of the whole building against an outside temperature of -50°C with no cold spots was
required. Following intensive research into special materials, an expandable foam was found which
satisfied all the stringent requirements. This was applied into the base units and to the inside top of
the panels. This technique produced the required insulation, stiffness and bearing capacity. It could
also be applied prior to assembly and shipping which reduced the content of on site work.



DESCRIPTION

Structure

The garage/workshop consists of a series of 5 steel insulated modular rings. Individual modules of
base, sides and roof are bolted together, trapping a 10mm foam rubber gasket between the mating
faces thus providing a rigid air and water tight building. Each module is 3m long resulting in a total
length of 15m. The overall height is 6m and the overall width is 8.6m.

The gaskets in the sump area are of composite construction, manufactured from E.P.D.M. rubber on
the underside, which provides resistance to water at low temperatures, and nitrile rubber on the
upperside, which provides resistance to water and aromatic hydrocarbons.

For ease and speed of erection lifting eye bolts were fitted to each module.

The main door opening is 5m wide x 5m high. There are 2 leaves to the door which is hydraulically
opened, closed and secured. To protect the main door sill and seals 2 hinged ramps are lowered
before the entry or exit of a vehicle.

The 2 personnel doors are wide enough for skidoos. All the main doors have Neoprene "P" seals and
the door frames are trace heated. Each door has a viewing port.

Internal cladding consists of 0.5mm colour coated steel panels backed with 40mm insulation.

Internal partitions divide off areas for the plant room, office/store room, toilet facilities and a
mezzanine floor storage area.

The garage is mounted on 2 ski-runners. The runners and the undersurface of the base modules are

coated with marine coating Inerta 160. This provides a smooth low friction surface for the whole of
the underside of the unit. The exterior of the wall and floor was painted red.

- Services
All the services needed to make the garage self sufficient are provided.
These include:-
° Electrical Supply
10Kw is taken from the station generators to supply the boiler, the fire and gas
detection system, the gaseous extinguishing system, the lighting system, battery
charging and a certain amount of power distribution. A 16Kw' generator provides
additional power.
J Heating and Ventilation Systems provide -
- Fresh air supply
- Hot air supply

- Exhaust extraction

° Oily water separator used when emptying the sump. The separated water is pumped
outside and the separated oil is placed into the waste oil tank.

° Air compressor used to operate tools and for inflating the pneumatic air bags.




TECHNICAL INFORMATION

Steel material - to BS4360 Grade S0E Impact 27 @ -50°C.

Coating for Ski-runners - Marine coating Inerta 160 manufactured by International Marine Coatings.
The advantage for using this product is that it can be applied in the fabricators works, it also has a
friction coefficient close to that of PTFE. (U value of 0.08 compared with 0106 for PTFE).

Generator/Alternator -

Engine - Lister type TR3, three cylinders in line, naturally aspirated, 4 stroke, pressure
lubricated, air cooled industrial diesel engine capable of developing 22.5 b.h.p.
at 1500 rev/min, at N.T.P. conditions.

Engine Protection - the unit is arranged for automatic shutdown in the event of:

a) Low oil pressure
b) High engine temperature
c) Overspeed
d) Under/over volts
e) Overcurrent
Alternator -  Newage UCI184F brushless two bearing alternator, self exciting, self

regulating, screen protected, drop proof type maintaining a voltage regulation
of + or - 2% from no load to full load, unity to 0.8 lagging power factor
producing an output of 20.0 kVA at 0.8 p.f. (16.0 Kw) 415/240 volts, three
phase, 50 Hz, 4 wire, 1500 rev/min,

Hot Air Burner - is a standard Powermatic Model CP200, with a Reillo burner modified to burn avtur

fuel oil. - Output rating S9Kw.

Heat loss calculations used

Insulated surface 3,90 Kw
Bridge surface 11.92 Kw
Air replacement © 22,11 Kw
Vehicle reheat 7.84 Kw
Ice thaw 4,93 Kw
50.70 Kw
Less % of air pef. loss
(assumed non coincident) 16.58 Kw
Predicted load 34.12 Kw

Fuel consumption is 14600 litre annually to maintain a temperature of +15°C at all times. The
fuel tank is double skinned, has a capacity of 3000 litres and is housed on the mezzanine

floor.



Air Compressor - is a standard Hydrovane Model 15 PURS, rotary vane operated motor operating
temperatures O°C to 40°C.

Normal working pressure - 10 BAR
Free air delivered at 10 BAR - 3.5 l/sec
Motor power - 2.2 Kw
Qil capacity - litre - 0.8 litre
Max oil temperature - 100°C
Noise level at 1 metre - 67dBA
Receiver volume - 100 litre
Air cleanliness - 5 PPM

Oily Water Separator - manufactured by Hodge Stetfield Ltd., and is a modified version of their
Victor Mini-Sep 0.5 Lt/min. The modifications entail the addition of 500W immersion heaters in each
of the chambers, and return feed from the second stage unit to the first stage for oily water which
normally would be fed directly into a ship’s bilges for subsequent re-circulation.

Lighting - There are two systems for lighting. The first is the main lighting system, which controls
the operational lighting i.e. the garage fluorescent, the office and plant room lights and the external
flood lighting. The second is the emergency lighting system, which is battery fed, and cuts in on any
mains failure. Additional mobile lights are used when and where required.

Fire Alarm System and Gaseous Extinguishing System - manufactured and supplied by Thorn
Security Systems Ltd., and is their System 1700.

Table of Equipment

Item Description Qty

1. Main Contol Panel 4 Zone c/w Charger & Batteries for 48 hours standby in the event of mains 1
failure. Consists of:

4 Zone Module & Display
Alarm Module & Display

Relay Module

Two x 15 A/H 12v SLA Battery
External Power Interface

2. Heavy Duty Relay Unil 2

3, 1700 Extinguishing Unit ' ' 1
4. Flashing Beacon 24v Internal Lens Colour - Red 1
5. Banshee Discharge Sounder i 1
6. 6" (150mm) Fire Alarm Bell 3
7. MF 301 lonisation Smoke Detector c/w Base A ' 2
8. MR 301 Optical Smoke Detector c/w Base 2
9. MD 301 Rate of Rise/Fixed Temperature Detector ¢/w Base 3
10. GP2 External Siren c/w Heater ' 1

11. Thermostat for Item 10 1

12. Flashing Beacon External 1
13. CP 200 Break Glass Call Point ‘ 3
14. 9 kgs ABC Dry Powder Portable Fire Extinguisher /w Wall Mount 4
15. 6.8 kgs CO, Portable Fire Extinguisher ¢/w Hall Mount 2




Gaseous Detection System - manufactured and supplied by Sieger Ltd. It is designed to detect
flammable gases at high and low levels along with carbon monoxide (for rogue exhaust emissions).

High Level - Flammable (Acetylene)
- Carbon Monoxide

Low Level - Hydrocarbon (fuel vapours)
Utilities and Services - include the following items
Snow melt tank - Capacity 50 litres. Water temperature 45°C for hand washing only.
Waste oil tank - Capacity 1200 litres
Dry package toilet - PACTO 206 made by Pactosan, Box 103, 5-71300 Nora,

Sweden.

SITING AND SNOW DRIFT ACCUMULATION

The garage/workshop is situated 500m from the main station complex so that the snow drifts do not
interact with one another. The electrical supply cable is maintained above surface and this also acts
as a personnel safety line.

The classic windscoop has been created and all access doors are free of snow.

RE-LOCATION

The garage/workshop is re-located annually. The internal equipment is safely stored and the fuel and
oil tanks are almost emptied. The snow is cleared around the base and pneumatic air bags are used
to break the adhesion between the skis and the snow. Two Caterpillar Bulldozers, D4H LGP, with
20 tonne winch capacity are used to winch the unit out of the windscoop onto a higher surface The
windscoop is filled in and the area groomed.

PERFORMANCE

The mobile garage/workshop facility has proved to be a significant success and on present performance
it is anticipated that it will exceed its original design life of 15 years. Given the ease with which the
unit can be re-located, the Survey has adopted the basic design philosophy of the garage in designing
an additional accommodation unit which is schedulcd to be erected at Halley during the 1994/95
summer,
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WASTE MANAGEMENT CONCEPT AT THE
GERMAN WINTER STATION NEUMAYER

S. el Naggar, S. Schoppe, Germany

1. Introduction

This lecture intends to introduce the Waste Management Concept at the German
Winter Station Neumayer. It will be shown how the requirements and
recommendations of the Protocol on Environmental Protection to the Antarctic
Treaty have been adopted and how they have been realised. |

First 1t. will be gone into the Protocol on Environmental Protection, then the
Neumayer Station will be introduced. In the main part the measures being carried
out before, during and after the season to fulfil the Protocol on Environmental

Protection are shown.

2. The Protocol on Environmental Protection

Iri October 1991 the Treaty Parties signed the Protocol on Environmental
Protection. They came to an understanding to protect the Antarctic Envirohment
and the dependent ecosystems. In Annex IIl they decided to reduce the amount of
waste and to remove the waste from Antarctica. It was also decided to dispose of
the waste in the countries of origin or in countries that signed international
agreements like the Basel Convéntion. | |

Germany is carrying out the waste management ét Neumayer according to these

guidelines.

13 .



The Waste Management Concept at the German Winter Station Neurnayer

3, Neumayer Station

Neumayer Station is the German overwintering station in Antarctica.

Neumayer Station followed the old Georg-von-Neumayer Station. It was bullt in the
sumimer season 1992, The activities of the old station are continued at Neumayer.
It is operating as an observatory for geophysics, meteorology, and air chemistry,

and it is also a logistical base for summer expeditions.
3.1. Location

The Station is located on the Ekstrdm Ice Shelf, position 70°39'S, 08°15'W in the
north-western Wedell Sea. There the ice shelf has a thickness of about 200
meters. Supply vessels moor at the ice edge which is approximately 8 lkilometres

away from the station.
3.2. Construction

| Except of the garage the entire station is situated under the snow.

Neumayer Station consists of two parallel steel tubes, each one 90 metres long and
8 metres in diameter.. In these tubes containers are mserfed to accommodate living
quarters, pantry, kitchen, hoépital. labox;atories. workshop, radio operator's room,
sanitation, two energy supply stations, a central control for the wind energy plant,
and a snow melting plant. That means at present 53 20 feet containers and one 10
feet container are built in. The installation of a sewage treatment plant in the
season 95/96 will raise this number up to 54 20 feet containers.

A transverse tube contains storage rooms for supply, waste containers, and tank
containers as well as space for vehicles. A tunnel connects the main station with a

garage for all types of vehicles.

14




The Waste Management Concept at the German Winter Station Neumayer

3.3. Enexgy supply

Energy for the station is provided by two 90 kW diesel generators. The use of the
waste heat of the diesel generators for heating and melting snow and a 20 kW
wind generator contribute to an ecologically beneficial energy supply. The diesel
generators are equipped with catalytic converters to reduce the exhaust emissions.
The waste heat becomes utilizable by a 95kW cooling water heat exchanger and a
30 kW waste heat-exchanger. At present just about 33kW are used in summer-
time to operate the station and approximately 112kW in winter-time. That is why

we want to use the remaining waste heat to operate new devices. |

4. The Waste Management Concept at Neumayer

4.1. Measures taken in advance td avoid rubbish

Already at the planning stage of a supply of the station the environmental
digestibility of the products and their packaging is taken into account. -

4.1.1. Influence of the choice of pfoducts on the environmental

digestibility

Knowledge about the ingredients or components of the goods is of considerable
importance. The relation between the utility value and the ingredients or
components is checked, and the data of the different alternative products are
compared with each other. This way the most environment-friendly products that

match all the requirements can be ascertained.
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1. Technical resources |

Most of the fuel is used to drive the vehicles and to run the diesel generators for
energy production.

Already since 1988 the ski-doos are operated on unleaded fuel.

At present the possibilities to run the generators with sulphur-reduced diesel,
containing 0.05 weight% sulphur instead of the actual 0.3 weight%, are checked.
A kerosene content of 40 % would lead to a reduction of sulphurdioxide in the
exhaust fumes by 50 % to approximately 450 kg per year.

The paints used at the Neumayer Station do not contain any unhealthy heavy
metals. The spray paint in use is based on 80 % of solvent, but it is tested if this
can be replaced by other material for use with brush, which has a much lower
content of solvent. In places that are difficult to reach, this paint could be sprayed
with an airless spraying device. Since it contains just 35 % of solvent, the release
of solvent into the air can be gfeaﬂy reduced. Water-soluble paint, which is by far
the environmental-friendliest, cannot be used in Antarctica because a minimum

temperature of +5°C must be Qven while painting it. B

2. Detergents and cleaning agen'ts'

Depending on the manufacturer the detergents and clearing agents may coﬁtain

ingredients that differ in their environmental relevance. In order to use detergents

in an ecologically desirable way the following was taken into account: |
A modular principle is brought into action, built up by the basic detergent, a water

softener, and a stain remover. This way the user is enabled to fit the composition

of the detergent to the particular requirements. The basic detergent is done

without colour intensifier, enzymes and filler. It is a powder with a high content of
surface active agents. The dose of the water softener is measured out according to
the water hardness at Neumayer. Stain remover is only used when the washing is

very dirty. This modular detergent system is almost completely biologically
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degradable. There are no fabric softeners in use, since they are not necessary and
hence would be needless environmental pollution.

Cleaning agents used at Neumayer Station are not allowed to contain any chiorine-
or phosphate-compounds. They must be biologically degradable and be offered in
environment-friendly packaging. All in all this keeps the environmental impact on

the lowest possible level.

3. Foodstuffs
The ingredients generally are not important regarding the environmental
digestibility. But it is taken into account that the packaging does not exceed an

adequate standard.

4.1.2. Influence of the packaging on the environmental digestibility

The subjects 'material' and ‘weight and volume' are of importance when looking at
possible environmental impacts caused by packaging. ‘

1. Material

~ The packaging should be reusable or at least shox;xld it be possible to recycle the
material. If both is not posslb}e material should be chosen that causes the lowest
poéslble impact.

Reusable are mainly glass, metal, paper and plastic. When selecting packaging
material, mixtures are avoided. This way and by sorting the waste at Neumayer
even non-returnable packages can be supplied to recycling processes.
Polyvinyl-chloride is avoided wherever possible because of its environmental

hazardous character when incinerated.
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2. Weight and volume

The subjects are relevant concerning the environment, because they are mainly
determining the use of the means of transport. A reduction of weight and volume
directly results in a reduction of transport expenditure on the way to and fro
Antarctica.

Also the fuel consumption for the tractors in Antarctica is reduced, in consequence
the emissions are fewer, so there is less pressure put on the environment.

The following measures are taken by the AWI:

Reusable packagings are favoured instead of non-returnable material, thus
reducing the amount of waste. Wrappings are avoided (e.g. folding boxes around
tubes of toothpaste) and replaced by larger units. Detergents and cleaning agents
are bought as concentrates in refilling packages, in order to reduce volume and
weight.

Heavy packaging materials like glass have been replaced by lighter ones like
plastic. This possibility is mainly used in connection with foods. For-example
vegetables had been purchzised in tins and glasses, but are replaced by frozen
vegetables which are packed in plastic bags. Ready-to-serve products in tins are
now bought in tetrabricks and parts of the beverages ére delivered in
polypropylene tubes. |

Since 1993 the AWI is using another system to transport goods to Antarctica. They
are stacked on a thin carton. Packaging films are réplaced by elastic tape. For that

reason pallets and films are not used any more. .
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4.2. Waste Management at Neumayer during the season
4.2.1. Treatment of domestic waste

Waste is not burnt open or in ovens at the German Antarctic stations. Domestic
waste is collected and sorted in classes. These classes are: paper, synthetic
material, glass, metal, and other waste.

On summer expeditions having Neumayer as logistical base, the waste is collected
and sorted like at the Neumayer Station. It is disposed of together with the waste
of Neumayer after the season.

To reduce the volume of the waste of Neumayer onto a minimum a hydraulic press
compacts it onto 1/3 to 1/5 of its initlal volume. It is stowed in a container and

once a year it is taken out of Antarctica.
4.2.2. Treatment of non-domestic waste

Also the non-domestic waste is removed from the Antarctic. Non-domestic waste
are radioactive materials, used batteries, waste oil, any waste containing rubber,
oil or heavy metals, photo chemicals, etc. These materials are stowed in suitable

containers which are removed every year.
" 4.2.3. Cleaning of exhaust gas

To protect the environment agaixist noxious substances the amount of stack
pollutants has been reduced. The exhéust gas of the two diesel generators is
cleaned by catalytic converters. Théir efficiency is 98% for carbon monoxide, 70%
for hydrocarbons, and 30% for aldehyds. The black smoke value is reduced by

30%.
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4.2.4. Purification of waste water

During the season 1995/96 a sewage treatment plant will be installed at Neumayer
Station. This plant is designed in a way that it only requires electric energy and
heat energy of the station to be able to clarify the waste water. The basic idea
during the development of the concept was to create an autarkic system except of
the energy supply.

This system also should demand low maintenance and an easy-to-use operation.
Below the results are shown in detalil:

The waste water of the entire station is purified biologically. In addition a sludge
treatment is carried out, enabling us to remove even the arising sludge from
Antarctica.

The entire system of waste water and sludge treatment is installed in a 20 ft
container. The container is fed with electric energy of 380 V, 50Hz and 220 V,
50Hz. The waste heat of the diesel generators is used to keep the container at a
temperature of +15°C and to dry the sludge.

The sewage is collected in a lcjv'el regulated tank. This tank is situated under the
container for water generation. It is used for mﬁdng the different waste waters ahd
to even out peak times of waste water inflow. From that tank water will be turned
out by a screw-spindle pump through é pipe to the sewage treatment plant over a
distance of about 60rx;. There the sewage is puriﬁéd in a biological process. Then
‘the clarified water is sterilized by UV-rays and pumped through a pipe to the
dump in the shelf ice which is located approximately 100m awéy from the station.
Chlorine is not used for sterilizing the purified water in order to keep the
environmental impact at the lowermost level.

The cleaning capacity of the sewage treatment plant meets the requirements of the
US Coast Guard, and the Canadian Cdast Guard. The plant is also accepted by the

Russian Register and the German 'Seeberufsgenossenschaft'.
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The dewatering system for the sludge concists of the reaction tank and a filter
module equipped with two separate inlets. Arising surplus sludge with a dry
substance of about 2% will be drawn off periodically and pumped into the reaction
tank where it is sterilised by adding hydrated lime. After admixing of a flocculation
powder the surplus sludge will be thickend and then dewatered in semipermeable
drainbags. The draining water will be collected and led to the inlet of the sewage
treatment plant. During the dewatering of the sludge vitiated air is arising. It is led
directly out of the container by a fan. After the drainbags have dewatered for about
24 h they have a dry substance of approximately 18%. They are dried in a drying
chamber that is heated to +35°C by using the waste heat of the diesel generators.
Resulting from this step of treatment the sludge has a dry substance of 40%. Now
it is inodorous and has storage stability.

The sludge containing the solid residues of the purification process is removed
from Antarctica.

Finally some technical details should be mentioned:

The container with all devices has a weight of approximately 7to. In operation it
has a weight of about 8to. due to the waste water in the sewage treatment plant.
To reduce the weight of the container the steel tank of the sewage treatment plant
has been replaced by a more hghtvveight PE tank. |

The entire system has an electric terminal power input of about 7 kW. Taking
account of the diversity factor it takes approximately 3 LW. |

The entire system gets its heating load out of the hot water supply of the
Neumayer Station which is heated by the cooling water and the vitiated air of the
diesel generators. The heat-exchanger only takes a special amount of heat because
the back flow of the heat-exchanger mustn't be colder than 50°C. Otherwise the
diesel generators might be damaged by cooling water having a temperature lower

than permitted.
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4.3. Disposal of waste

Once a year the Neumayer Station is supplied by a vessel. At this time the waste is
brought to the ship. The waste is disposed of in South Africa by a licensed

company according to the requirements of the Basel Convention.
4.4. Future

Also in future it will be our goal to put the best available technology into action. At
the moment tests are made to replace mineral oils by ester-type oils. These oils are
more easily biologically degradable and consequently they are environment-
friendlier.

But the use of the ester-type ofls requires a technical change-over of the vehicles.
For example the ester-type oils diffuse more easily, for which reason they
jnecessitate special tubes. As soon as the tests are completed and if the margin of
safety is high enough, tests will be made at Neumayer Station to gain experience.
Alternative energy will get a higher importance. It is considered wether to install a
second wind energy plant. This would further reduce the fuel consufnption and in -

consequence the amount of arising emissions.

5. Conclusion

The lecture should show how a Waste Management Concept has been realised at
the German Winter Station Neumayer.

Already when preparing for a season all kind of rubbish is avoided. Extensive
packaging is avoided and heavy packing materials are replaced by more lightweight
ones. A special method that does not need pallets and films is used to transport

the goods to Antarctica.
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All year round all waste is collected and once a year removed from Antarctica. No
waste is burnt. The emissions of the exhaust gas of the diesel generators are
reduced by catalytic converters.

In 1995/96 a sewage treatment plant will be installed. All solid residues of the
process will be removed from Antarctica. With further developments and their
application, like using ester-type oils and establishing alternative energy for
example in the form of wind energy. it will be possible to minimize the human

impact and thus cope with the requirements of the Protocol to the Antarctic Treaty.
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THE POTENTIAL FOR
INTEGRATED WASTE MANAGEMENT IN
THE UNITED STATES ANTARCTIC PROGRAM
AS A MODEL

Eric D. Juergens
United Stetes Anterctic Progrem

INTRODUCTION

The United States Antarctic Program (USAP) approach to waste management has recently been challenged
by logistical limitations, new environmental regulations, and a renewed commitment to environmental
protection. The fundamental response of the USAP to these challenges can be used as a model by industries
and communities alike.

In 1991 the USAP elected to cease open burning of trash and to begin much more conscientious efforts to
protect the Antarctic environment. In 1992, the USAP committed to cease the interim practice of
incineration and to base waste management on 100 per cent removal of wastes from the continent.
Although this approach is environmentally sound, it confronted the USAP with a dilemma. Wastes from past
operations combined with the annual volume was estimated to exceed the capacity of mechanisms to
remove and return the wastes to the United States. With plans for additional environmental restoration
efforts and facility restoration, the generation of associated debris would continue to threaten the USAP’s
ability to remove all wastes. in addition, acceptance of Antarctic wastes into the U.S. requires significantly
more thorough segregation and classification of waste than routinely practiced. Responding to these
challenges, the USAP developed one of the most aggressive waste management programs in the world.
Concurrent with developing the practical aspects of this program, the USAP began to gain unigue insight
intc the weaknesses and flaws common to most U.S. based waste management programs. Unlike the U.S.
programs, the USAP has realized_that effective waste management must be founded on the principal of self-
sufficiency. This understanding drives the fundamentals of the USAP waste management program and is
the foundation of the model concept.

THE EVOLUTION OF WASTE MANAGEMENT

Waste management in the U.S. has been traditionally defined ‘as prudent disposition of waste. Rarely, did
the concept of prudence extend beyond the short term. As such, early waste management practices did
not include controlling waste generation mechanisms nor management of waste sources. Since land was
plentiful and inexpensive, waste management meant land disposal. This approach was practiced both by
industries as well as communities. This era of waste management was fundamentally a linear concept; raw
materials in, product and waste out. No consideration was given to the ultimate site of disposition nor to
the long term impacts. This myopic approach led to the environmental catastrophes of the 1960’s and to
the implementation of the environmental regulations in the 1970's.

Industrial Waste Management

The first regulatory controls placed on industry were based on treatment technology performance standards.
The National Pollutant Discharge Elimination System (NPDES) implemented under the Clean Water Act
defined acceptable industrial pollutant discharge standards based on the performance of existing, readily
available treatment technologies. Industry was compelled to install designated or equivaient treatment

25



technologies to achieve mandated effluent limitations. This strategy was based on the presumption that
competition would lead to ever better technologies that would eventually lead to "zero discharge" of water-
borne wastes. Beyond the requirement to use defined or equivalent treatment technologies, industry had
no incentives nor inducements to reduce discharge limits or waste amounts further.

The Resource Conservation Recovery Act regulations initially took a slightly different tact. Hazardous waste
was defined by source, by chemical characteristic, and by health-based hazards. Treatment of hazardous
wastes to render them less hazardous offered essentially no regulatory relief. RCRA stipulated that once
a waste was determined to be hazardous it was to remain classified as such uniess "delisted". The delisting
process was perceived as a costly gamble and was not commonly pursued. The prevailing waste
management strategy reverted to disposal rather than reduction. Soon, approved landfills were reaching
capacity. With such environmental disasters as New York’'s "Love Canal" and Kentucky’s "Valley of the
Drums”, the public resistance to landfill siting approached militancy.

Amendments to RCRA were responsive to this critical shortage of landfill space. Land disposal restrictions
were imposed. Land disposal of specified wastes was banned unless such wastes were treated by a
particular specified technology. This ban, and the associated economic burden of treatment, finally led
industry to examine waste management alternatives. Industry began to investigate ways of eliminating or
greatly reducing the volume and type of waste generated. Regulatory incentives seemed to be having an
effect on waste generation, but the waste disposal sites of the past were taking their toll on the
environment.

The Comprehensive Environmental Restoration and Liability Act or, Superfund, placed liability for the clean
up of disposal sites deemed to be posing unacceptable environmental risk. This liability was placed squarely
on those contributing wastes to such sites. The fear of implication in a Superfund action-was ample
motivation to further reduce or eliminate wastes, or to render them legally non-hazardous prior to disposal.

Recently drafted EPA regulations specify that voluntary waste reduction programs be implemented by
American industry; mandatory programs are sure to follow. These regulations place even greater emphasis
on substituting new materials for the traditional and more hazardous materials. Means of recovering raw
materials, improving the efficiency of manufacturing processes, or development of new manufacturing
processes are now routinely investigated by industry. Often these alternatives are proving to be more
economically desirable when life-cycle costs and environmental risks are considered. '

These regulatory mandates work effectively on industry since compliance made certain economic sense.
Additionally, once a management strategy is developed, the autonomous nature of industry management
assures its rapid implementation and universal worker compliance. Still, much of industrial waste
management is based on the linear concept. Waste generation may be reduced to the practicable minimum,
but that which is generated is hauled away by the lowest bidder.

in combination, regulatory, economic, and public awareness forces have overcome traditional tendencies
and significant evolution in waste management has occurred. To a large extent these inducements have
caused some industries to develop a more holistic approach to waste management; waste minimization and
the commitment to alternative treatment technology.development has taken hold.

26




Community Waste Management

Waste management at the community level in the U.S. has been less of a target of regulatory controls.
After the Clean Water Act regulated the uniform upgrade of municipal sewage treatment across the nation,
jittle regulatory pressure was placed on communities. Early legal actions implicating municipalities in
CERCLA cleanup did result in some re-evaluation of community waste management strategies and, to some
extent, have led to somewhat more environmentally sound alternatives to traditional dumping. New U.S.
EPA standards for solid waste landfills do reduce the potential for long lasting environmental impacts of this
traditional mode of waste disposal. At the same time however, municipal waste incineration is met with
resistance similar to that waged against hazardous waste incineration. Environmental activists have taken
aim at municipal and hazardous waste incinerators and have incited the "not in my back yard" syndrome of
public response. it would appear that this protectionism has become accepted policy by many state
governments. Many states have taken up legal arms to combat the importation of wastes from neighboring
states protecting their precious few landfills. California has chosen to impose waste disposal! regulations
significantly more stringent than the Federal regulations discouraging much needed industrial development
and interstate commerce. These signs of the times would appear to indicate that there is no consistent
public policy or government direction being developed to address solid waste management. These actions
are short-sighted and perpetuate the linear concept of waste management at the community level: consumer
commodities and infrastructure supplies come into the community, wastes are transported out.

The USAP has learned that much of the bulk of traditional waste can be converted to commodities. Often
these commodities can be utilized locally, or could be sold for profit. Communities continue to contract with
third party disposal services and fail to realize any direct economic benefit. Typically, the third party disposal
firm has every economic incentive to dispose of wastes in the least technological manner; landfilling.
Communities rarely use the contractual mechanism to establish a more aggressive waste recycling program,
although the USAP has demonstrated that this is a viable mechanism to influence waste disposition. This
traditional, linear system is repeated throughout the U.S.; wastes from communities are transported away
from the generators to a location out of sight of the generating community. Unfortunately, these sites are
becoming scarce, opportunities to capture resources are lost, and natural resources are being depleted to
feed this linear behavior. : ‘ :

THE UNITED STATES ANTARCTIC PROGRAM WASTE MANAGEMENT

The United States Antarctic Program (USAP) is subject to Antarctic Conservation Act regulatory
_ requirements that are unprecedented in the depth and scope in controlling materials and wastes generated
by their use. The USAP also is confronted with logistical constraints that play a major role in the control
of materials going to Antarctica and the ability to remove wastes generated. Finally, the USAP holds itself
to standards of environmental care that are higher than commonly practiced in the United States because
it operates on the principle of preservation rather than conservation.

These requirements, constraints, and standards have led the USAP to develop "wide-angle” vision when
alternatives to waste management are evaluated. The USAP examines management, administrative, as well
as technological alternatives from the perspective of broad-based integration into a comprehensive waste
management program. The USAP has recently integrated waste minimization practices, maximum
segregation of wastes, and has directed the waste management subcontractor to conduct disposal in
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manners that take aim at controlling incoming materials, reducing the amount of waste produced and
encouraging the optimum reuse of the waste generated.

The next evolution of the USAP waste management program is to integrate measures to attain a more self-
sufficient posture. This goal is driven most immediately by logistical and economic considerations but
beyond that, is grounded in the less tangible benefits of image and public and legislative confidence.

WASTE MINIMIZATION

To fully appreciate the potential for USAP self-sufficiency, it is essential to understand all aspects of the
waste minimization efforts being taken. The technologies being considered are but a single facet of the
overall management undertaking. In the purest academic application of waste minimization methodology,
turning to technological solutions to solve waste problems takes place only after all other waste minimization
alternatives are exhausted. For the USAP, these efforts are taking place simultaneously because wastes
amenable to treatment have been shown to be necessary and unavoidable byproducts of USAP. Although
the volume of such wastes may be reduced in the future by aggressive waste minimization it is unlikely that
they will ever be altogether eliminated. '

A typical application of a formal waste minimization program encompasses two pathways. The first of these
pathways is the investigation into methods of waste reduction. Waste reduction opportunities generally fall
into three categories: management controls, source controls, and engineering controls. Within each of these
categories are various measures that can be taken resulting in waste reduction. Management controls
consist of conservation, improved housekeeping, training and awareness, and prevention of spills. The
USAP also has policy making abilities that represent a unique management control.

The second pathway of waste minimization is recycling and reuse. This pathway includes investigation of
the potential to indirectly reuse, directly reuse, recycle onsite, and to recycle offsite.

Industries can and do WASTE MINIMIZATION STRATEGY
implement many of the »
waste reduction measures MANAGEMENT CONTROLS ENGINEERING CONTROLS
cecause the inherent , Conservation : Process Changes
autonomous controls improved Housekeeping Recontiguration
Training and Awareness . Automation

needed to ca".y out ".‘”‘?h . Spill Prevention ‘ Treatment
measures exist within o ‘ , :
most industrial PROCESS CONTROLS : REUSE/RECYCLING
management structures. Substitution On-site
The direct benefit to ~ Dilution Oft-site
industry is immediate Elimination

. . , . Segregation
economic relief; directly in .
operational cost savings,

and indirectly in savings

realized from regulatory . _ . . _
relief. However, it is not atypical to see industries turn to engineering solutions and fail to investigate

management and source controls, particularly in manufacturing operations where engineering is the
predominant discipline within the organizations. :
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Both pathways; waste reduction and recycling/reuse are also applicable to communities, but are rarely
pursued on a systematic basis by communities. Within a community level government itself many of the
controls are implemented, but oddly are not applied nor promoted within the governed community itself.
This failure to apply fundamental principles of waste minimization at community levels is a manifestation
of how a community defines itself in the linear and amorphous terms earlier described.

Being an isolated community, confronted with economic and logistical considerations, and having a direct
managerial and cultural influence on its populous, the USAP is viewed in different terms than typical
communities. Importation of raw materials and exportation of wastes are controlled, measured, and
managed. This control, measurement, and management is possible largely because of that isolation. But
it is becoming apparent that the recognition, the realization, of the USAP as a closed community is the first

lesson that can be transferred to U.S. communities.

MANAGEMENT AND PROCESS CONTROLS WITHIN THE USAP

Until recently, management and process controls within the USAP have been largely reactive and informal
in nature. Procedures for waste handiing at the generator level was left largely to the generator. Little or
no specific guidance beyond general population instruction was provided to address the unique
circumstances of individual points of generation. Recently specific technical guidance, technical assistance,
and educational programs have been implemented specifically to educate and place specific responsibilities
at the generator level.

A major management control that has also been instrumental in optimizing waste reuse, recycling, is the
contract with the U.S. waste management contractor. The specifications for this contract require that the
waste management contractor identify and utilize alternative disposition rather than traditional disposal. This
approach has resulted in achieving 71%.recycle, reuse, or treatment of hazardous waste and 76% in solid
waste recycling. . i

Conservation ' ANNUAL RECYCLING, REUSE, AND
o ' ) TREATMENT
Historical programs of conservation of water, fuel, - WITHIN THE USAP

and electrical energy have a direct translation in
waste amounts produced - by - electric power SOUD WASTES

generators and engines, and reduce the amount of Tota! waste (est.) 1629 METRIC TONS
domestic waste discharged to the environment. Reussd, Recyoled 1235 METRIC TONS

. ) . % Reused, Reoycled ] 76
Conservation of commodity items has its K
foun-da.tuon in §9unc} inventory control. This control HAZARDOUS WASTES
maximizes utilization of in-stock overages and Totel Weste (est.) 483 METRIC TONS
minimizes spoilage and product expiration. With Reused, Reoycled, Trested 342 METRIC TONS
the implementation of a USAP computerized
% Reused, Recycled 7

material purchasing and tracking system this
aspect of the fundamental mechanism to conserve ' '

raw materials is in place. Engineering new and . o
replacement facilities utilizing modular components constructed within the United States has significantly
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reduced the on-site generation of construction

related waste materials and conserves the base SOLID WASTE DISPOSITION
inventory of lumber, sheetrock, paints as well as U.S. vs USAP
other related commodities. roopde obee Landra neorde omwree Lantha
Improved Housekeeping provil- 2 b & b 0
pronlA 4 o Novets 10 o “
Waste classes have been redefined recently to porinlN : St n o
reflect U.S. waste disposition opportunities related Comnestion 10 b 24 N Moo ¢ S “
to recycling, reuse, treatment, and finally, as a last pe. > w e 4 ! w
resort, disposal. Containerization and accumulation P ) esono 10 o -
is now formally addressed and weekly inspections - 0 ° * om— 2 . ”
of accumulation areas are being performed. — e " N ° pot
Corrective actions to noted deficiencies incliude i 2 e 1o : !
providing additional and more appropriate waste ot : G- ’ o
collection receptacles and re-training and prerdDR b4 Doa 1 ? »
orientation. Data collection has been improved at el ped D Vepela 2 1 s
the point of generation and accumulation to provide Mosasss B8 ] 7wy 1 o ®
quantitative information with which waste | ~—  ° ? * wrems & ° -

minimization opportunities can be evaluated.

US. fvorge "
. wareaRs N " 10
Training and Awareness UBAP ten) €1 ) b

Educational and orientation programs have been
developed and implemented stressing the need for
USAP participant involvement in source reduction,
adherence to waste segregation rules; providing an overview of waste management initiatives; and providing
specific guidance on waste reduction methods and techniques. Mandatory orientation of all USAP
participants, specialized supervisory training, and on-call technical assistance are now integral to the
management approach to attain participant compliance with formal waste management procedures.
Personnel assigned to waste management received specialized training and are certified in accordance with
appropriate U.S. regulations.

Spill Prevention

Fuel and hazardous material spill controls are being systematically implemented; new bulk tanks incorporate
secondary containment or double walled vessels. Refueling and fuel transfer are being conducted more
frequently on containment structures. This coupled with increased awareness training has reduced releases
to the environment caused by human error or neglect. Improvements to fuel distribution infrastructure are
occurring; new tank installations specify hard welded joints rather than gasketed flange connections and

system upgrades are being considered.

Substitution

Opportunities for substitution of materials to reducé. the environmental impacts of inadvertent releases has
focussed largely on coolants and heat exchange fluids. It is estimated that the USAP generates upwards
of 113,550 liters (30,000 gallons) annually of ethylene glycol for vehicle coolant and heating system fluids.
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No reliable estimates of the total volume of ethylene glycol in use is available but engineering estimates place
the figure at 75,700 liters (20,000 galions) used as vehicle coolants and 37,850 liters (10,000 gallons) used
in facility heating systems. USAP has currently launched systematic replacement of all ethylene glycol with

the significantly iess toxic propylene glycol.

Of all of the solid waste streams generated by the USAP, wood has been the most significant to bring under
manageable control. It is estimated that the USAP generates some 816.3 metric tons (300 U.S. tons) of
wood scrap and discarded boxes and pallets annually. This wood waste has built up over the recent past
to result in an estimated 1905 metric tons (2100 U.S. ton) backlog. Efforts are underway to bring this
waste under control; existing wood waste will be ground to smallier fragments to facilitate return to the U.S.
Additionally, boxes, paliets, and crates are being recycled to minimize further construction of these shipping
supplies. Testing has confirmed the applicability of wood wastes as a fuel in the U.S. once metals are
magnetically removed. These procedures will likely result in managing this waste in the future but will not
significantly impact the resource intensive reliance on wood packaging.

Conversion to alternative packaging and crating materials is seen as the most effective means of minimizing
the overall wood waste. Worldwide concern over forest depletion has spurned availability of alternatives
for wood and wood products. With the non-critical nature of the majority of the USAP's wood requirements,
these alternatives appear to offer a viable solution. Plastic "lumber”, collapsible plastic crates and boxes,
and air bladder dunnage are all being investigated as substitutes for non-critical wood usage.

An estimated 0.9 to 2.7 metric tons (1 to 3 U.S. tons) of non-rechargeable consumer batteries are generated
annually by USAP participants, largely in personal appliances such as radios, CD players and cassette tape
players. The major portion of these batteries are alkaline type. Currently the predominant disposition
technique practiced in the U.S. is landfilling. Although, economically and logistically insignificant when taken
in the context of overall waste, cost effective alternatives do exist which would essentially eliminate USAP
battery landfilling.

A program to provide battery rechargers to USAP participants coupled with discouraging, if not banning, the
use of alkaline batteries is scheduled for implementation. This program would reduce battery disposal and
would limit those batteries being disposed in the USAP to nickel-cadmium type. . Nickel-cadmium type
batteries that are disposed at USAP facilities would then be recycled by existing U.S. industry.

Dilution

Recently the USAP has initiated procedures to facilitate the reuse of waste oils as supplement to virgin fuel.
Once fully implemented, this program will augment fuel supply by an additiona! 113,550 to 151,400 liters
(30,000 to 40,000 gallons) annually. In addition to the annual cost deferment of virgin fuel purchase, this
program realizes a $50,000 to $70,000 (U.S.) savings in waste oil disposal costs.

Nori-chlorinated waste solvents such as ethanol and methanol are also being considered for inclusion in this

program to further augment fuel supply and to offset fuel and disposal costs and to eliminate the
environmental risks associated with handling, storage, and transportation.
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Elimination

The USAP has incorporated into the ACA regulations provisions to empower the Administrator the authority
to ban additional substances from use in Antarctica. This authority clearly represents the most aggressive
management control available to the USAP to eliminate tenacious materials. At this stage of waste
management and environmental control programs this authority has not been exercised. As more data are
gathered and analyzed and as more knowledge of waste disposition difficulties are gained, it is anticipated
that this option will become a meaningful management tool.

Segregation

The USAP waste management program currently specifies some 60 various standard categories and
numerous subcategories to waste segregation. These segregation categories have been established for two
principal reasons: 1) to optimize recycling, reuse, and treatment.opportunities, 2) to allow for the accurate
data tracking for required reporting and for the conduct of critical analysis in evaluating waste minimization
opportunities.

The identification and implementation of management controls is gaining significant momentum; a recently
developed document, "Source Reduction Plan” delineates in detail many additional programs, procedures,
and measures that are at various stages of implementation beyond that which has been alluded to herein.

ENGINEERING CONTROLS AND RECYCLING AND REUSE WITHIN THE USAP

McMurdo Station, being the largest waste generator of the USAP and currently a conduit for most USAP
waste retrograde, has become the principal focus of waste minimization efforts. This initial attention to
McMurdo has rapidly led to the identification of certain wastes that are inherent to essential operations and
activities. Taken collectively, the volume of these wastes amount to a massive logistical burden when
retrograde to the United States is undertaken. This burden is approaching the level of overtaxing the
transportataon system, specifically, vesse! capacity.

To address this growing problem, an array of engineering controls are being defined and investigated for
integration into the overall waste management and minimization strategy. In more traditional applications,
engineering controls apply to enhancement of manufacturing operations through upgrades to the process
equipment, reconfiguration of processing equipment to reduce waste generation, automation to implement
tighter controls thus reducing wasting, and installation of treatment technologies to render the wastes less
hazardous, reduce the waste volume, or to render the wastes amenable to recycling and reuse.

Within the USAP, opportunities for beneficial engineering controls are generally restricted to treatment -

technologies or processing strategies. These technologies and strategies are being considered in the context
of the concept of evolutionary implementation: first order technologies are those readily transferable to the
USAP from proven analogous applications with little innovation or testing being required. These technologies
and processing strategies will likely be implemented based on the clear economic advantages they offer as
well as the alteration of the nature of certain wastes or reduction of the quantity of particular wastes.

The second order alternatives are more innovative technologies or are innovative applications of existing
treatment technologies or processing strategies. The implementation of these technologies and processes
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are driven by the desire to realize program image, environmental, and logistical benefits. Collectively, they
also represent a unique waste management infrastructure reinforcing the philosophy of maximized self-
sufficiency. The realization of the second order technologies or processing strategies will require testing and
evaluation and must be predicated on a sound and clear commitment.

The initial, or first order, technologies and processing strategies are being examined with a focus on
compatibility, integration potential to advance the degree of self-sufficiency of the USAP. The goals of the
application of these strategies is to meet multiple objectives of the following:

- Treatment or processing of wastes to alleviate the immediate burden on waste
retrograde infrastructure

- Minimized environmental impacts of intentional or inadvertent release
- Deferment of U.S. based waste disposition costs

- Realization of operational benefits of recycling or reuse on station (realizing secondary
economic benefits) .

- Enhancing the recycling and reuse of waste materials once retrograded to the U.S.

- Co-processing of currently segregated wastes with one technology reducing manpower
allocation, and simplifying accounting and logistical complexity of waste management
associated with U.S. based disposition

- Posturing the USAP as a model of waste management .strategy

The goal of the evaluation of the second order treatment and processing strategies is to further advance
USAP self-sufficiency. The second order technologies and processes are inherently more advanced, affirm
a bold and aggressive policy of applied science research as an integral component of the USAP mission, and
truly advance McMurdo Station as a test bed and model of technology integration. The second order
technologies are also driven less on the economic benefits and focuses more intently on environmental and
aesthetic benefits. '

The waste management strategy initiated during 1993/94 has facilitated the capture of highly accurate data
on the amounts, sources, and types of wastes generated by the USAP. Additionally, specific unit costs of
U.S. waste disposition allows for critical economic evaluation of many candidate treatment technologies and
processing strategies. Through analysis of this data, the following waste streams have been identified as
being amenable to first generation aiternatives. :
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TARGET WASTES FOR FIRST ORDER ENGINEERING CONTROLS

The USAP has identified six waste streams amenable to immediately available processing equipment that
would render these wastes directly reusable, recyclable, rendered hon-hazardous. The sum weight of these
six streams is approximately 363 metric tons (400 U.S. tons) annually; roughly 17 per cent by weight of
the entire waste lot generated annually. Current U.S. based disposition practices result in a cost $445,000
(U.S.) or 37% of the total expense of U.S. based waste disposition.

Used Lubricating Oil

Used lubricating oil is generated during the normal maintenance of power generating diesel generators; heavy
internal combustion engines of construction and maintenance vehicles and equipment, light vehicles, aircraft,
snow mobiles, and portable gas powered electric generators. Currently both petroleum based and synthetic
lubricating oils are used throughout the USAP. Annually, these waste oils constitute some 45,420 liters
(12,000 gallons) or an estimated 48 metric tons (63 U.S. tons). This waste oil has traditionally been
retrograded to the LJ.S. to be used as fuel, or has been used by the supply vessel as fuel.

Petroleum Contaminated Soii

The current containment and distribution systems for fuels used at McMurdo based facilities, outlying
support facilities (runways), and vehicles lacks in the controls and alarms necessary for the minimization or
elimination of inadvertent releases and spills. Although the USAP has commenced installation of secondary
containment, increased orientation and training of fuels personnel, and maintains an on-call spill response
capability, equipment failure and human error results in the contamination of a highly variable amount of
soils. 57 to 170 cubic meters (2000 to 6000 cubic feet) or 91 to 272 metric tons (100 to 300 U.S.tons)
of petroleum contaminated soils annually. Current practices have been to retrograde this soil to the U.S.
for treatment or disposal as a hazardous waste for an average annual cost of $122,000 to $366,000 (U.S.)
annually. '

Floor sweep compounds

Floor sweep compounds are clay or wood based absorbent materials used principally in the vehicle and

snowmobile maintenance facilities. These materials typically are spread on floors or placed in containers
to absorb spilied or drained oils and hydraulic fluids. Annually, some 14 to 23 metric tons (15 to 25 U.S.
tons) of used floor sweep compound are generated costing upwards of $25,000 (U.S.) for U.S. based
disposal as a hazardous waste.

Industrial use rags

Rags used in numerous industrial applications are generated by vehicle and facility maintenance personnel,
painters, carpenters, and utility workers. Annual generation rate is approximately 9 to 14 metric tons (10
to 15 U.S. tons) costing $12,000 to $15,000 (U.S.) per year for U.S. disposal as a hazardous material. In
most cases, rags are contaminated with oily residue, solvents and paints. The USAP has examined the use
of discarded clothing as a source of these rags, but has determined the materials to be unsuitable for

absorbency.
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TARGET WASTE STREAMS

Medical and laboratory wastes FIRST ORDER

Used lubricating oils

Medical and laboratory wastes compriseé Petroleum contaminated soil

bandaging, packaging, syringes, tubing, Floor sweep compounds

disposable bed linens from medical infirmaries, : industrial-use rags

syringes, pipettes, petri dishes and similar Medical and laboratory wastes

plastic and glassware, and laboratory bench top Non-halogenated solvents

absorbent pads and other debris, and personal

care products that have contacted bodily fluids. | seconDp ORDER

True medical wastes generated by medical

infirmaries are regulated wastes in the U.S. Food wastes {expired products and solid fraction)
since they are potential vectors for the spread Dry combustible wastes {paper, light kraft, etc.)
of disease and viruses. Laboratory wastes are Domestic wastewater

generally not regulated by U.S. regulation unless ;V::t?cs

items come in known contact with infectious
substances. Since no visual distinction can be
made of these items from true medical wastes,
all laboratory debris is treated as regulated medical wastes. The current practice is to dispose of 1.8t0 2.7
metric tons (2 to 3 U.S. tons) of this class of waste in U.S. based approved medical waste incinerators at
an annual cost of $1,600 to $2,500 (U.S.).

Non-halogenated Solvents

Non-halogenated solvents such-.as:ethanol and methanol are generally generated by science activities
although occasional industrial uses are noted. These waste solvents constitute some 2.6 t0 4.5 metric tons
(4 to 5 U.S. tons) annually and cost $2,500 to $3,500 (U.S.) annually for U.S. based disposal, typically as
a fuel additive. The USAP has examined the potential for redistillation of such solvents, but has determined
limited reuse potential since recertification as "reagent grade” is not feasible.

TARGET WASTES FOR SECOND ORDER ENGINEERING CONTROLS

Analysis of annual waste types and amounts, and review of potentially applicable technology indicates that
four of the target waste streams have the potential for treatment or processing in the future. These wastes
represent 42 per cent of the total wastes and represent a total cost for disposal of $85,000 (U.S.) annually.
The fifth waste stream for application of second order engineering controls is domestic wastewater. There
are currently minimal costs associated with the disposition of domestic waste water, although in recent
years several repairs to the sewer outfall and the supporting bulkhead (quay) have required repairs averaging
$100,000 (U.S.) per repair evolution. :
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Food Waste (expired product and heavy fraction)

Foods waste subject to potential second order engineering controls comprise food scraps from food
preparation, consumer reject, spoiled and expired food stock and produce, and cooking oils and lards. Some
68 to 136 metric tons (75 to 150 U.S. tons) are produced annually. U.S. regulatory options are limited to
steam sterilization, incineration, introduction into municipal sewage treatment systems, or other specific
options approved by U.S. health officials. In the recent past, the USAP has utilized steam sterilization prior
to disposal in landfills at a cost rate of $0.27 (U.S.) per kilogram ($0.60 (U.S.) per pound) ($120,000 U.S.)
for 92/93 food waste disposal). The near term disposal arrangements specify incineration at a rate of $0.04
(U.S.) per kilogram ($0.09 (U.S.) per pound) (annual projected cost of $24,000 (U.S.) for 93/94 food
waste). The USAP ceased operation of an on-site incinerator for the disposal of this as well as other
combustible wastes in 1992. Efforts have been made through pre-preparation of food, alternate food
packaging, improved and more diverse menu selection to reduce the volume of this waste.

Dry combustible wastes (paper, light kraft, etc.)

Dry combustible wastes consist of non-white paper products, food contaminated wrapping materials and
combustible food containers, light kraft, and small corrugated fiberboard as well as discarded mataerials such
as paper toweling, tissues, and tobacco products. This waste accounts for 136 to 159 metric tons (150
to 175 U.S. tons) per year and costs from $11,000 to $15,000 (U.S.) annually for U.S. based disposition.
These wastes were subject to on-site incineration until incinerator operations ceased in 1992. The short
term strategy for disposition is U.S. based incineration.

Wood

* Wood wastes include reusable w.ood material, non-reusable wood material, and carpenter shop off-fall and
sawdust. ,

Reusable wood material comprises shipping pallets, boxes, and crates either chemically impregnated or non-

impregnated (for fire retardency or waterproofmg) and may also contain adhesives such as in particle board,

plywood, or pressboard.

Non-reusable wood is generally generated from the discarding of damaged or excess wood material such
as pallets, crates, or boxes.

Carpenter off-fall and sawdust is generated duiingconstruction of small scaleitems, short term remote camp
facilities or during large scale production.

It is currently estimated that wood wastes are generated at an annual rate of 544 to 635 metric tons (600
to 700 U.S. tons) and represent a disposa! cost of approximately $50,000 (U.S.). These estimates of the
annual rate and cost however, are highly suspect; numerous management controls have been implemented
to retard the generation rate of wood wastes but tight controls do not exist to discriminately discard wood
materials. After processing in the U.S. for additional size reduction and metals removal scrap wood is used

for fuel.
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A large scale wood grinder is being
used to reduce the volume of wood
and to facilitate more efficient
packaging of the wood material into
transport containers. It is estimated

WASTE IN ANTARCTICA (USAP)
(EXCLUDES PENINSULA SOLID WASTE)

that a .tc?tal of 2 million kilograms HS:JYM%/EL. }31:222 ﬁ:tgg:ﬁmg
(4.4 million pounds) of wood has CARDBOARD 94,318 KILOGRAMS
accumulated over the past three GLASS 10,496 KILOGRAMS
years of operation and remaining in ALUMINUM 37,228 KILOGRAMS
McMurdo prior to the 93/94 season mggop:';ig fg';g? E:tgg:ﬁmg
representing $:I 32,000 (U.S.)in U.S. COOKING OIL 3:950 KILOGRAMS
based processing costs. PLASTIC 27,597 KILOGRAMS

CONSTRUCTION DEBRIS 306,450 KILOGRAMS
Plastics CLOTHES/RAGS 9,262 KILOGRAMS

Plastic waste management in

PRODUCT CONTAINERS
UNOPENED FOOD

1,711 KILOGRAMS
4,398 KILOGRAMS

R wWOoO0D* 1,821,675 KILOGRAMS

McMurdo Statlop dges not currently BURNABLES 138.924 KILOGRAMS -
include segregation into the standard GALLEY FOOD WASTE 116,156 KILOGRAMS
recycling classes. Current U.S. DRY FOOD CONTAINERS 141 KILOGRAMS
plastic recycling market fluctuations MAGAZINES/NEWSPAPERS 5,085 KILOGRAMS
HUMAN WASTE 216 KILOGRAMS

resulting in frequent redirection of
segregated plastics to landfills, and
the significantly increased burden on
waste management infrastructure
preciudes this added practice. Mixed
plastic wastes can be recycled as a
commingled waste stream; new
industries that produce lumber
* substitute materials, and to a lesser
degree, petroleum from plastic
refining has begun to be established

ALUMINUM FOIL
HAZARDOUS WASTE®*®

1,973 KILOGRAMS
483,056 KILOGRAMS

3,404,181 KILOGRAMS
3,404 METRIC TONS

.* INCLUDES BACKLOG WASTES AS WELL AS ANNUAL
*¢ SUM OF 45 HAZARDOUS WASTE CLASSES

in the U.S. Currently, annual waste generation for plastics is approximately 28,150 kilograms (62,000
pounds) costing $3,645 (U.S.) in U.S. disposition costs. .

Domestic Wastewater’

Domestic sewage accounts for the discharge of aimost 53 million liters {14 million gallons) of wastewater
accounting for the release of nearly 227,000 kilograms (500,000 pounds) of combined nutrients, oxygen
depleting organic materials, and various metals and other chemical compounds annually. Although
management and process controls are expected to reduce non-human related wastes from this discharge
nearly 27,240 kilograms (60,000 pounds) of biological oxygen demand and 113,500 kilograms (250,000
pounds) of solids are estimated to continue to be discharged annually without treatment implementation.
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ANNUAL DOMESTIC WASTE DISCHARGE FROM FIRST ORDER ENGINEERING
McMURDO STATION CONTROLS

Analysis of annual waste types and
FLOW 513,066,735 LITERS amounts, as well as review of
CADMIUM 0.1 KILOGRAMS currently available, directly applicable
ICR%':\IPER 96'3 :::tgg::mg technology has identified six waste
LEAD 2.0 KILOGRAMS streams showing immediate potential
MERCURY 0.14 KILOGRAMS for implementation. These six
SELENIUM 0.13 KILOGRAMS streams represent 17 per cent of the
SILVER 0.11 KILOGRAMS total annual waste stream (by weight
AMMONIA-N 1,026 KILOGRAMS basis) and estimated to represent
NITRATE-N 1.0 KILOGRAMS . h o
NITRITE-N 1.0 KILOGRAMS $445,000 (U.S.) in U.S. disposition
TOTAL KJELDAHL-N 3,804 KILOGRAMS costs. Technologies that could be
PHOSPHOROUS 18,251 KILOGRAMS implemented for beneficial reuse or
zgm#lsélgzﬁ;ﬂpl;ﬁ%:gggﬁ oS :g.fz; z:tggmg treatment of these wastes are proven
TOTAL DISSOLVED SOLIDS 79,904 KILOGRAMS :::hacgowes having wide usage in
BIOLOGICAL OXYGEN DEMAND 25,651 KILOGRAMS '
CHEMICAL OXYGEN DEMAND 70,824 KILOGRAMS
GLYCOL 127 KILOGRAMS On-site reuse of Used Lubricating

- PETROLEUM HYDROCARBONS - 1,208 KILOGRAMS Oils

OIL, GREASE, HYDROCAR. 5,130 KILOGRAMS

The USAP has made the commitment

. to implement a full scale used oil
reuse program commencing next operating season. This program will entail 1) filtration or centrifugation
of lubricating oil from the McMurdo Station diesel generators for direct reuse in the generators, and 2)
filtration -or centrifugation of lubricating oils from vehicles and aircraft in the various industrial boilers at
McMurdo Station. The USAP will institute a used oil testing program.to document that used oil is in
accordance with standards applicable to similar operations in the U.S.

Soil Washing

The USAP has made the decision that petroleum contaminated soils created from operational spills and leaks
will be decontaminated in Antarctica and reused as fill material in construction projects.or returned to sites
of excavation. During the 93/94 operating season, approvals were obtained to establish a bulk contaminated
soil storage facility consisting of a high density polyethylene liner and sump system. .Efforts are currently
underway to procure and deliver a commercially available soil washing device capable of removing petroleum
products from the soil. After separation from the water-based detergent, the recovered petroleum products
will be tested to determine if they can be used as a fuel supplement or if they will require retrograde to the
U.S. for proper disposition. This technology will also provide the means for the USAP to systematically
commence cleanup of areas contaminated from past practices.

Floor sweep and industrial rag laundering

An evaluation of available equipment will be perforhed in the near future to determine applicability to the
USAP. These devices are currently used in a variety industrial applications in the U.S. and have been shown
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to be an economically viable and environmentally favorable alternative to disposal. Both floor sweep
compound recyclers and rag washers are based on the closed recycling of a solvent to cleanse the materials;
the solvent is subsequently re-distilled and recycled. The waste generated are the solids and heavier fraction

of contaminants removed during the washing process.

Medical and laboratory waste detoxification

The recent concern in the U.S. regarding the improper disposal of medical wastes and debris from clinical
and hospital operations have resulted in the development of a device to "detoxify" these wastes. These
systems physically grind the wastes and mix them with an iodine solution. This processing renders the
wastes non-infectious and physically destroys the syringes and other objectionable objects. Once processed
the resultant waste is considered to be non-hazardous municipal waste and can be disposed accordingly.
The USAP is examining the economic benefits of obtaining such equipment to process truly medical wastes
as well as laboratory waste having the physical appearance of medical wastes (e.g. syringes, pipettes, petri
-dishes).

Reutilization of non-halogenated solven

Much of the solvents used by USAP researchers are non-halogenated such as methano! and ethanol. There
is a potential for on-site redistillation but reuse by scientists would be unlikely without purity certification.
Since on-site testing to certify solvents sufficiently pure for science use is not feasible, the USAP is
evaluating the ramifications of using these used solvents as a fuel additives and burning them along with
. fuel in boilers, generators, and heaters.

SECOND ORDER ENGINEERING CONTROLS

Second order engineering controls applicable to the USAP and to the five identified waste streams represent
technologies that will require mere thorough evaluation, represent a greater capital investment with longer
economic periods of return on investment, and require .a fundamental policy and cultural commitment by the

USAP.
In-vessel composting

'Food wastes and dry combustible wastes pose a significant operational and logistical problem to the USAP
particularly with the cessation of on-site incineration at McMurdo Station in 1992/93. Food wastes pose
a potential sanitation and health concern during handling and storage particularly during the austral summer
where temperatures above freezing are not unusual. During transport to the U.S. for disposal, food wastes
must be kept refrigerated to prevent rotting and putrification. Dry combustible wastes pose a problem in
that they are not readily amenable to compaction and therefore require significant space to store and
transport. Once they arrive in the U.S., regulations allow for incineration or landfilling. . As the domestic
concerns and limitation of available disposal facilities are on the increase, the USAP has commenced
evaluation of alternatives. One promising alternative is the emergence of in-vessel or closed system

composting.
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Wood Reutilization

Although the USAP has implemented an aggressive program of wood pallet and crate reuse, and alternatives
to wood packaging are being introduced, wood waste will continue to be a generated waste. The USAP is
evaluating alternative means of processing to render this wood waste acceptable as a fuel. Analysis
indicates that at the current annual rate of generation, wood wastes represent some 20 billion BTUs of
potential heat representing some one and a half percent of the entire energy needs of McMurdo Station.
The USAP did arrange for retrograded wood to be processed for use as a fue!l source in the U.S.. In the
longer term, the USAP is evaluating the feasibility of utilizing scrap wood as a heating fuel in McMurdo

Station.
Plastic lumber extrusion and conversion of plastic to petroleum products

The relatively small volume of plastic waste generated by the USAP, and the sluggish market for recyclable
plastics does not justify segregation of plastics into standard recycling classes. Instead the mixed plastic
waste stream is currently landfilled in the U.S.. Many emerging technologies utilizing plastics are gaining
momentum in the U.S. and abroad and may offer the USAP alternatives to disposal. One such technology
is the production of plastic lumber substitutes. This material has demonstrated favorable application as a
landscaping and decking material having the machining characteristics and appearance of wood while
maintaining the durability of plastic. Although the USAP has no direct need for such materials in quantities
that would solely justify investment in such technology, this technology and the market for such material
will be investigated as an alternative to current practices.

Recer\t developments in retorting of plastic materials into its petroleum based precursor compounds also
shows potential promise and warrants investigation and evaluation by the USAP. '

Both of these alternative technologies offer a promising alternative to current plastic waste management.
It is hoped that these developments will bolster the market for recycled plastics and offer direct applicability
to the USAP in the future.

Sewage Treatment

The current practice of maceration of sewage and direct ocean discharge at McMurdo Station is allowed by
international treaty and by U.S. regulation. The USAP however, has commenced examination of available
sewage treatment technologies as a component of the increased commitment to environmental protection.
initial findings show that secondary treatment based on aerobic digestion practiced commonly throughout
the U.S. shows promise for implementation and would alleviate other existing waste management problems.
The evaluation of sewage treatment alternatives is being conducted in concert with the evaluation of in-
vessel composting as a means of stabilizing the resuiting sewage sludge. Although no direct economic
benefit, sewage treatment would eliminate an additional 181,600 kilograms (400,000 pounds) of pollutants
being discharged to the ocean annually. The estimated cost of secondary treatment of $750,000 (U.S.)
would be offset by the deferred cost of disposing of food and human waste in the U.S. estimated to be

$30,000 (U.S.) annually.
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CONCLUSION

As the USAP waste management program evolves to maximize its utilization of wastes as a resource, and
to minimize the impact on the Antarctic, as well as the U.S. environment, the infrastructure will become
more of a closed system. The lessons being learned by USAP waste management experts during this
evolution are directly applicable to industries and communities. Both industry, and to a greater extent,
communities, continue to transport wastes away from the point of generation and fail to consider the
impacts on the recipient communities. The USAP has demonstrated that with proper management controls,
much of the traditionally disposed wastes can be readily reused or recycled. In many cases, wastes can be
converted to commodity that can either generate revenue or be directly used by the generator.

With some wastes such as plastics, the market does not support recycling. In some ways this is the
epitome of the status of the waste management mentality in the U.S.; segregation of plastics at the
consumer level is often abandoned because the market does not support recycling, but the health of the
market is dictated by consumer behavior. Rather than succumbing to these weaknesses in the waste
recycling infrastructure, communities should consider local facilities to utilize wastes as commodities at the
local level. Opportunities such as utilization of waste oil, wood scraps, and plastics as fuel would directly
benefit local or regional communities by augmenting virgin oil purchase and use. Programs such as
conversion of plastic to wood substitutes, composting, and scrap metal smelting would benefit communities
by establiishing new industries, and with them, employment. Concurrently, these programs reduce the cost
of traditional waste management; waste disposal services, land costs, and potential liabilities. The
economics of alternative waste management strategies can be readily evaluated but should not
necessarily be the sole criterion for judging viability. The less tangibly measurable costs of traditiona! waste
management are continued environmental degradation, depletion of natural resources at an accelerated rate,
and ultimately a decline in the quality of life. '

It is somewhat ironic that the knowledge of scientific investigation in Antarctica is often deemed too lofty
for the layman to reap any direct benefit. Scientific research in Antarctica however, has validated the
suspicion that the planetary ecosystem is smaller and more sensitive than once believed. Effects of man’s
behavior have been measured and evaluated to be deleterious to the giobal environment. The USAP waste
management model is a response to these findings. Waste management strategies need to respond to the
notion that our communities are smaller than we choose to recognize and inexorably linked tothe community
next door. '
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The Clean-up Programme of Stations of the Alfred Wegener Institute

H. Kohnen, Germany

Introduction

The Protocol on Environmental Protection to the Antarctic Treaty, Madrid 1991.
requires in its Annex III, Article 1.1 that "past and present waste disposal sites on land and
abandoned work sites of Antarctic activities shall be cleaned up by the generator of such

wastes and the user of such sites". "Work sites” include structures of any kind as further

outlined in the same article.

Consequently, all wastes from waste deposits have to be removed from the Treaty
Area. It is our understanding that abandoned stations have to be dismantled and removed
as far as the removal does not create a greater environmental impact than leaving the

structures in place and as far as the station is not designated a historical site.

Figure 1: German Antarcu;: Stations

The Alfred Wegener Institute was and 1svfacec.l with the clean-up for four stations (Fig.
1). The winter station "Georg-von-N eumayer’ was given up in 1992 after 11 years of

operations. The winter station "Georg-Forster" of the former German Democratic Republic
came under the responsibility of the Alfred Wegener Institute after the reunification of both

countries. Winter operations ceased in spring 1993. The "Drescher Summer Station” used to
be a focal point of biclogical summer activities for penguin research. It was situated at an
inlet on the Riiser Larsen Ice Shelf. Two huts on Ardley Island opposite of King George
Island served until now as base for penguin studies. The small station is a remnant from the
German Democratic Republic's Antarctic programme.

The clean-up programme will be discussed in chronological order of the different
tasks.

The clean-up work

"Drescher Station”

The "Drescher Summer Station” was bulilt in 1984 on the Riiser Larsen Ice Shelf close
to the barrier at the end of an inlet. It was erected on the snow surface. The station
comprised living quarters for 8 persons, laboratory and storage space. The station was
entirely dismantled in 1988 and taken out.(removed) No waste deposits were left behind. It
was the standard routine after each season to remove all wastes, except human wastes, . The

site is cleared.
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"Georg-von-Neumayer"

"Georg-von-Neumayer" was the first winter station of the Federal Republic of
Germany. It was built in 1980/81 on the Ekstrom Ice Shelf and served for 11 years as an
observatory for atmospheric sciences and geosciences as well as a logistical base for
summer activities in this region. The station consisted of the three steel tubes (Fig. 2) of 50
m length and 8 m diameter into which the station facilities were built in as prefabricated
containers. The steel tubes protected the infrastructures against‘the accumulating snow
load. The infrastructures consisting of 35 20'iso containers comprised lving qua.rtel;s for 9
winter persons, technical infrastructures, laboratory and work space as well as tanks and
storage rooms. The containers were placed on a steel substructure. OQutside facilities
comprised meteorological installations, two geophysical and oﬂe air chemistry staﬁons. a
garage, a wind generator and antennas . The station had to be given up in spring 1992 due to
the progressing deformation of the tubes as a consequence of the ice movement and the
accumulating snow mass. During the same season a new station was built 8 km south of the
old site.

e, =
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Figure 2: Scheme of the Georg-von-Neumayer Station

The abandoned station was entirely dismantled during the following season.
Everything, except the steel structure, was taken out and removed from the Treaty Area. The
work was performed by a professional team of four persons within six weeks. The total load
comprised 35 containers of scrap equivalent to roughly 400 tons. The outside facilities were
removed to the new station by own personnel for further use. Hazardous goods were brought:
back to Germany, non-hazardous goods were properly disposed in South Africa in
accordance with the Basel Conventon. The steel tubes and the understructure had been left
in place. Burried under approx. 10 m of firn the removal would have had required extenstive
blasting. Constidering the enormous amount of explosives to be used, the impact was
estimated to be much higher than leaving the untreated steel (no paints) in place.

An Initial Environmental Assessment (IEE)} had been prepared for the clean-up

work.



"Georg-Forstex"

Scientific activities of the German Democratic Republic commenced in the
Schirmacher Oasis in the mid-seventies. A few small buildings served as base for
atmospheric and geophysical year-around research. The number of buildings and huts
increased with growing scientific interest. The station was officially inaugurated in 1986
as the wintering station "Georg-Forster" of the GDR. The main bullding complex is located
approx. 1 km from the Russian station "Novolazarevskaya". Both programmes were
logistically closely inter-related. The station assembly at the time of the reunification of
our countries (1989) is shown in Figure 3. The station could accommodate 10 to 15
winterers. After 1989, the GDR programnme was basically integrated into the programme of
the AWI including all logistical facilities. It was decided to terminate the winter programme
of "Georg-Forster" at the end of the 1992/93 summer season. Due to the requirements of the
Madrid Protocol, Germany had to face the clean-up of the waste disposal sites and the
station.

A first step towards this goal was the assessment of the ecological situation in the
region of the oasis where the activities of both national programmes were concentrated.

During the 1991/92 sumumer season a rather general survey of buildings and waste
disposal sites was performed by a field party of the AWI. This undertaking was followed by a
detailed survey during the 1992/93 season. All bufldings of "Georg-Forster' and all waste
deposits were assessed and mapped (Fig. 4). The evaluation yielded 19 different dump sites
which were categorized according to the type of wastes (hazardous goods, metal scrap, glass,
wood, kitchen waste, human waste, etc.). In addition, badly polluted terrain, i.e. earth
soaked by hydrocarbons, was registered. The assessment yielded a bulk estimate of approx.
800 tons equivalent to 5000 m® of wastes to be removed. These numbers include building
material of "Georg-Forster” ca. 3000 empty fuel drums and the other wastes. '

The Russian and .the GDR logistics had been interconnected for more than two
~ decades. It was consequently impossible to discern whose waste is contained in which waste
disposal site. Therefore, it seemed to be logical and most efficient to combine the efforts of
both institutes, the Arctic and Antarctic Research Institute, St. Petersburg, and the Alfred
: Wegener Institute. A respective agreement for a three year co-operative project was signed
1993 by our institutes. ‘

The field work started the samne year. During the 1993 winter season the winter team
of "Novolazarevskaya" began to collect all those wastes which were dispersed within the
region of the station's activities and to dispose it at designated, already existing dump sites.
The next step was and still is to concentrate the wastes in only a few disposal sites separated
according to the composition of the wastes. Sainples from the heavily polluted soil regions
had been taken and analyzed. The results show that m these areas the soll is soaked with
hydrocarbons down to about 1 m. Those parts have most likely to be regarded as lost areas.

During the 1993/94 summer season, the combined . effort concentrated oxi the
dismantling of buildings, the clean-up of waste disposal sites and the combining of wastes
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Figure 3: The building assembly of G?org-Fomwr Station
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from the different dump sites into only a few deposits. Those main deposits only contain
wastes of specific types like metal scrap, timber etc. At the same time, the removal of wastes
from the Oasis began according to agreed priorities. Heavy metals, hazardous goods,
hydrocarbons were designated to be removed first. By the end of the sumimer season, 20
containers with approx. 200 tons of wastes had been transported to the ice edge of the
Novolazarevskaya Ice Shelf. The ice shelf forms a seam of roughly 100 km width along the
continental coast between the sea and the oasis. The area of the two stations as well as
"Georg-Forster-Station” itself were cleared from hazardous goods and heavy metals.
Furthermore, some waste disposal sites were entirely, others partly cieaned-up by the end of
March. The winter crew of "Novolazarevskaya" continues the work during the winter 1994,
particularly by concentrating the disposal sites.

Unfortunately, the sea ice conditions were so poor along the ice edge at the beginning
of April that no expedition ship could reach the barrier to take over the containers. The
shipment of the 20 containers has to wait for the next summer season (1994 /95). Two more
summer seasons will most likely be necessary to fulfil the whole task.

As spin-off of the ecological undertaking no human and kitchen wastes are disposed-
off in the Oasis anymore. .

An environmental evaluation (IEE) has been prepared for the project.

YArdiey"

Researchers of the GDR Antarctic Research Programme had bulit a small station on
Ardley Island at the margin of the penguin rookery. The station consisting of two huts has
living and working spacé for uo to four scientists. Untl the reunification of our countries
the work at "Ardley” was logistically supported by the Russian station "Bellnxgha.ﬁsen”.

The joint Argentine-German Dallmann laboratory at "Jubany Station” on King
George Island also has the task to support biological activities which fofmerly had been
based at "Ardley". The AWI consequently decided to close "Ardley” and to abandon its
activities. The summer 1994/95 will be the last season at "Ardley”. It is planned to
dismantle the station at the end of the 1995/96 summmer and to remove the huts. The task
will be performed with own personnel supported by our vessel RV "POLARSTERN".

" Conclusions

The Alfred Wegener Institute had decided to close down four stations. One of them,
"Neumayer”, had to be abandoned because of external, i.e. natural influences. "Drescher”
was given up due to the imbalance of the logistical effort and scientific activities in the late
80ies. Part of those activities will be persued in future near "Neumayer". To continue the
operation of "Georg-Forster-Station” would. have required major renovations and
replacements, thus major investments. Parts of the programme were transferred to
“Neumayer'. The state of the station as well as the ecological conditions led to the decision
to terminate the winter operations. The programme of "Ardley" is being transferred to
"Dallmmann-Jubany”. These decisions are a consequence of our policy to reduce stationary
operations, which imply high logistical input in conjunction with an ongoing
environmental burden, wherever feasible. As consequence we have committed ourselves to

remove - as far as possible - all structures which are no longer used.
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A_R_A. T"BAHIA PARAISO"

By

Ignacio Alberto ARANGIO -
Commander of the Argentine Navy
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BACKGRROUND

On January 28th, 198%, Poular Ship "BAHIA  PARALSO™  (TPBP) of
Argentine flag groundcd in the wvicinity of  TPORT ARTHUR, ANVERS Island
(64046 44" 5, 64204 52" 0).

The Argentine Navy established a. Salvage Group {ormed by  senior and
enlisted personnel trained in salvage and diving vperations. This group
was airlifted to the wreck site together with the necesgsary equipment.

Onn January 31st, the ship sank bvefore anylhing could be done to
rrevent it and an approximate amount of 500 cubic meters of
hydrocarbons was spilled.

The NATIONAL ANTIPOLLUTION COMMAND was created, which took steps to
remove all the remaining contaminants from the hull, whichh wae heeled
at an angle of about 90°.

In this manner, all gas-0vil drums and gas Lubes stowed on deck were
removed, .as were most of the paint tins and other contaminants. Some of
the spilt fuel was also collected and the largest possible amount of
hydrocarbons was removed from the tanke with the available means.

Once tasks were completed towards the end c¢f March, the site was
cleared. The hull then showed a heel of approximately 120° and it had
sunk further because the weight of the ship had caused a ditch to form
among the fragments of rocks lying on the bottom.

From that moment, the Navy has been studying the problem and has
come up with three possible solutions:

1. Complete removal of the wreck.
2. Removel of the hydrocarbons remaining inside the hull.

3. Continuation of surveys until the necessary funds or information
are obtained to tackle the problem with: :
3.1 Private companies of renowned capability.

-

3.2 The Navy’'s own means and persounnel.

The first course of action was discarded as iuoo esxpensive, too risky
and virtually impracticable, ‘because it implied crossing the Drake
Passage with large cranes up tu the area arovund Ui shiipwreck, which io

not deep enough. In addition, there was a rigie of pollution upon
removal of the hull.,

Solution number two was analysed for implementation after . comple-
tion of mome of the Lasks associaled with requirements= 3.1 or 2.2.
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In Zeptember, 1989 1the hu!l was overflaown and it was found Lo have
sunk even further., now showing an heel of about 140°.

In 1990, the COMMAND OF  WNAVAL OPERATIONZ (CON) davized and sent  an
Antipollution Contingency Plan to the AMERICAN NATIONAL SCTENCE
FOUNDATION (NSF) to prevent potential lealage of hydrocarbons remaining
in the hull and to estab:lish courses of  action, in case the ie.o diage
should occur.

In February, 19891, a Jjoint exercise was carried out with PALMEE
Station personnel Lo test the possibility of draining the hydrocarions,
with excellent results.

Through the MINISTRY OF FOREIGN AFFAIRS (MINIREY), italks are being
held with the NSF on poszible courses of action Lo deal with the
problem of Polar Ship "BAHIA PARAISO

In September, U.S. Navy personnel offered a course at the Diving
School for Senior and Enlisted personnel, on the HOT-TAP system (HT),
considered the most suitable method for the removai of hydrocarbone
from the hull. ‘

On October, 4th, an initial contact was established betweesn the-
- governments of the ARGENTINE REPUBLIC (GRA) and the NETHERLANDS {(GRPB)
during the ANTARCTIC TREATY INTERNATIONAL MEETING.

As & result, on Febrﬁary. i8th 1992, the Memorandum of Understanding
was signed for the removal of the hydrucarbons remaining in the hull.

The Commander of Naval Operations submitted a report on the
recommended action to be taken by the Navy to execute Lhe tasks
assigned by the MINISTRY OF FOREIGN AFFAIRS.

The NAVY CHIEF OF STAFF approved the Recommended Action based on
Logistic Support, and set - off the process ‘'of procuring the neans
required for the Operation and ensuring their readiness.

The Commander of the Antarctic Navel Force and Area was appoinled
General Coordinator of the Task, Cummander Juan Carlos PARMIGIANI wa:z
designated as= Authority for the Supervision and Implementation of
Related Activities and Commander Ignacio