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NON-TECHNICAL SUMMARY

Initial Environmental Evaluation
Proposed Deep Ice Core Drilling Project
On Skytrain Ice Rise Antarctica

1. Introduction

This Initial Environmental Evaluation (IEE) has been carried out by the British Antarctic
Survey (BAS) for a proposed deep ice core drilling projeckytrain Ice RisgAntarctica.

The IEE has been prepared in accordance with Annex | éfrtitecol onEnvironmental
Protection to the Antarctic Treafi998).

2. Description of the Proposed Activity

BAS, in collaboration witlthe Department of Earth Sciences, Cambridge Univerdiyns to
carry out a deep ice core drilling project Skytrain Ice RisgAntarctica,situated in the south
west ofthe Ronne Ice Shetb the north of the Ellsworth Mountain Rangghe project is
funded in full by the European Research Council Advanced Grant to Prof. Eric Wolff
(University of Cambridge), with partner Dr Rob&tulvaney (UKRIBAS). Additional
collaboration for recovery of a short rock core from beneath the ice is fundeQASS
projectwith Dr Patrick Harknesé&Glasgow Universityand Prof Mike Bentley (Durham
University), with UKRIBAS partners.

The chosenlrilling site (79°44.53S, 078°33.82W) is on a local domef altitude 784 m
above sea levelyhere ice approximatel§16 m thick sits on dlat basal topography
approximately 168 m above sea levéhe aim igo retrieve an ice corthrough the full

depth of the ice to the base, and if possible a small sample of the baded snhterial. Ice
cores will be transportedrozento the UK andsampled andistributed amongst the
collaborating institutes for laboratory analysis. The objective is to obtawaand
definitive, ice core palaeoclimate record from tegion where the West Antarctic Ice Sheet
(WAIS) drains intathe Ronne Ice I&lIf, complementing the existingK Berkner Island
(located centrally in the Ronnelletcher Promontory (located aethouth western corner of
the Ronnejce cores and those of the WAIK® core programme of the USAhe drilling
project is planned to be carried out at a temporary field camp ®iegla austral summer
season 2(8/19

3. Description of the Environment

The Skytrain Ice Risés an ice dome, rising to an altitudeasburd 784 metres aboveea

level. There is no icéree ground in théocal vicinity, and no known biotahe nearest ice

free ground is in the Ellsworth Mountains, more thaki®Odistancdrom the proposed drill

site The drilling project does not require visits to any-fie areas elsewhere in the region.
Surface radar profiles have already baadertaken at the site in the past, and it has therefore
already been subject to minor humdisturbance There is currently a depot of drilling
equipment, drill fluid and fuel at the proposed sitéere are no protected areas on the
Skytrain Ice Rise.



4. Alternatives to the Proposed Activity

Three alternatives have been examined:

i) Do nothing
i) Drill Elsewhere in Antarctica
iii) Use Alternative Drilling Technologies

All three alternatives were considered not viable for scientific, technical or health and safety
reasons.

5. Impact Assessment

The area likely to be impacted by the deepdoe drilling project is estimated at
approximately 0.5 kéfor the field camp, and 816 m x 135 mm boreholeThe tractor
traverse used to depot equipment adds to the cumulative impact of the pitogectain
environmental impact that kbeen identifieds the use of Exxsol D60 drillinfjuid.

In addition, minor environmental impacts may occur as a result of the field camp, including
the production of a small quantity of hazardous andharardous waste including sewage,
possible contamination of snowused by minor spills and leaks of fuel or drilling fluid, and
air pollution and particulate deposition from generator emissidneslikelihood of non

native species becoming established as a result of this project is very low.

6. Mitigating Measures

An environmental briefingvill be given by the BAS Environmegffice to all those taking
part in the proposed deep ice core drilling projecBkytrain Ice Rise

Appropriate measures are recommended to mitigate any adverse impacts from the proposed
activity. These include:

1 Site selection The drill site has been previously visited. There will be no visitation of
ice free ground. There are no protected areas on the Skytrain Ice Rise

9 Drilling methods: Most of the drilling fluid will be recovered from the borehole
using a bailer attached to the drilthe borehole will be closed at all times other than
during drilling to prevent the eyporation of the drilling fluid.

1 Biosecurity: The provisions of the BAS Biosecurity Handbook will be followed
wherever applicabl&ll equipment will be checked prior weployment from
Rothera Statioto ensure that it is free of soil and noative biota.

1 Waste managementAll waste, other thagrey water and uringwill be correctly
packaged and labelled in accordance with the BAS Waste Management Handbook,
and removed from Antarctica.

1 Spill response Spill kits including absorbents will be available for use to respond to
any spill of fuel or dril fluid.

1 Air quality : Daily visual checks of generator exhausts will be carried out, and
maintenancevill be undertaken as requiradreduce the impact of atmospheric
emissions.



1 Aesthetics/WildernessThe locationof the camp, depots and associated tiseser
will be recorded on the Ops GIS. The accidental loss of any equipment or waste to
the environment will be prevented by sound drilling methods and experienced
operatives, and good camp management. Any loss event will be recorded.

7. Environmental Monitoring and Management

During the deep ice core drilling project, compliance with BAS environmental policy and the
mitigation measures outlined in this IEE will be the responsibility of the BAS Field Leader
Dr Robert Mulvaney

8. Conclusion

This IEE indicates that the proposed deep ice core drilling projeskymain Ice Risés

likely to have no more than a minar transitoryimpact on the Antarctic environment,

provided the recommended mitigation measures identified in this reportraeel cait. It is

therefore concluded that this activity should be allowed to proceed, and that a Comprehensive
Environmental Evaluation (CEE) is not required.
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Initial Environmental Evaluation
Proposed Deep Ice Core Drilling Project
On Skytrain Ice Rise, Antarctica

INTRODUCTION AND SCOPE

This Initial Environmental Evaluation (IEE) has been carried out by the
British Antarctic Survey (BAS) for a proposed deep ice core drilling project
on Skytrain Ice RiseAntarctica. It has been prepared ic@cance with
Annex | of theProtocol on Environmental Protection to the Antarctic Treaty
(1998). The Revised Guidelines for Environmental Impact Assessment in
Antarctica Resolution 1, 2016)ere also consulted during its preparation.

DESCRIPTION OF THE PROPOSED ACTIVITY
LOCATION OF THE PROPOSED ACTIVITY

The proposed deep ice core drilling will take plata site on th&kytrain Ice
Rise Antarctica, situated in the south wekthe Ronne Ice Shelf, to tm®rth
of the Ellsworth Mountains The chosen drilling site/9°44.53'S,
078°33.82'W is on a local topographic dome with @titude of abou?84m,
where ice approximatglb16 m thick sits on dlat basal topography
approximately 168 m above sea legfegure 1).

PRINCIPAL CHARACTERISTICS OF THE PROPOSED ACTIVITY
Aim and objectives

The proposed activity is a collaborative project between BASrand
University of Cambridgewith additional minor involvement of Glasgow and
Durham Universities

The project aims to drill through the ice sheet to bedrock, retrieving an ice
core from the entire616 metresUpon reaching the bed of the ice sheet, we
plan to deploy @ercussiveock drill in an attempt to recover up to 30 cm of a
narrow diameter cor@round 25 mm) of rock or sedimeitheice core(and

any small amount of basal rock/sedimeni) be transported to the UK and
distributed amongst the collaborating institutes for laboratory analysis. The
principal scientific objective is to obtain ameand definitive, ice core
palaeoclimate record fromregiornwhere the West Antarctic Ice Sheet
(WAIS) drains into the Ronne Ice Shelf
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Figure 1 Location ofproposedirilling site onSkytrain Ice Risewith Sky Blu Field
Station identified.

2.2.2 Field Camp

A field camp will be establishenh a local topographic dom&84 mabove

sea levetlose to theentre @ Skytrain Ice Rise The logistic operation to
establish the camp will be viBAS Twin Otter aircraft operatg out of

Rothera and the Sky Blu blue ice runwako limit the need for Twin Otter
flights, the majority of camp and drilling infrastructure is alreadysaa,

having been deployed in an earlier seaspship to the Ronne Ice Front, and
then by oversnow traverse to the sitdJplift of equipment at the end of the
project will be mainly by BAS traverse logistics, with some equipment and all
of the ice cores removed by Twin Otter to Rothera.

The camp will consist of a maximum ©pyramid tents for aanmmodationa
toilet and a showemlndtwo work tentfor messing and equipment repair. An
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2.2.3

area of about 15 m x 4.5 m will be covered over with a wooden floor

comprising approximatelg000kg of newtimber compliantvith the

International Standards féhytosartary Measures No. 15 (ISPM 1&hd
covered with a OWeatherhavend shelter
system. A trench (12 x 3 x 3 m) will be dug and covered with a wooden roof

of approximately 1100 kg afewtimber compliantvith ISPM 15 to serve as

an ice core storage facility.

A 16 kVA diesel generatqfuelled on a mixture of Avtur and&roke oil at a
ratio of 50:1)will be installed at the field camp to operate the drilling
equipment and to supply power to the field camp. Fugk&A and 1kVA

petrol generators will be kept on site to service low power requirements when
the main generator is not running.

Close to thdield camp will be located a depot containi3gx 205 L drums of
AVTUR fuel (total 7185litres), 2 x 205 L drumf petrol (tota410litres)
and45 x 205 L drums of Exxsol D60 drilling fluid (tot&225litres).

Some UAS flights will be carried out in the vicinity of the camp to collect
photographic images and videos.

Drilling methodology

Thedeepdrilling will be carried out during one austral summer field season
using an electromechanical drilimilar to that described in Mulvaney al.
2007and Mulvaney et al. 2014

The drill consists of a drilling head with ice cutters mounted on a rotating
inner barrel driven by an electric motor. The inner barrel is contained within
an outer barrel, which is connected to an-tortjue device. This device is
designed to grip the borele walls to counter the rotational torque generated
by the drilling action. Ice chippings generated by the drillingwireed with
drilling fluid, andcarriedby an internal slurry pumio the top of the inner
barrel by a series of flightgshere the sluy is filtered, the chips captured
within the chamber for recovery, and the fluid returned to the borehole.

The drill is suspended by a wire cable with internal conductors carrying power
from the snow surface to the drill. The drill has an overall leafghm, and
weighs170kg. It is capable of taking @8 mm diameter core of
approximatelyl.1 m in length on each drilling run, in a borehoB5Inm

diameter. Raising and lowering the drill in the borehole is controlled by a
winch and a mast at the suréaghich is rotated to the horizontal to facilitate
extraction of the ice core from the barr@bwer is provided by thEs kVA
dieselgenerator.

1



2.2.4
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A typical drilling run, which includes lowering the drill to the bottom of the
borehole, drillingl.1 m of coe, returning the drill to the surface, and
removing the core and chippings, takes approxima&@iyninutes aBOOm
depth.

Drilling fluids

As the borehole depth increases, fluid is added to the borehole to maintain a
pressure in the borehadmdprevent reduction in diameter of the borehole due
to ice deformation. In addition, it is a wedlcognised characteristic of ice

core drilling that the quality of cores deteriorates rapidly beyond a depth of
about 120 m if drilled in a dry hole withoutetluse of fluids (essentially, the

ice becomes brittle with depth, and the mechanical working during the drilling
fractures the ice into small pieces which cannot be used for the modern range
of analytical techniques). For this reason, all deep ice coeedriled using

fluid filled holes, and the deep ice core drdlgoptimised to use in fluid

filled holes, relying on the fluid for transport of chips away from the drilling
head. Based upon extensive laboratory analysis of deep ice core drillirsg fluid
carried out at the University of Copenhagen (Talalay and Gundestrup, 1999),
the most appropriate fluid for useSkytrain Ice Risdnas been identified as
Exxsol D60. For this project, onlymartialcolumn of the fluid ¢p to150 m)

will be used at théottom of the borehole without Solkane 141b densifying
agent, an Ozone Digting Substance (ODS) which in the past was commonly
used with Exxsol D6@o increase the density of the fluid mixtieeg.

compare Mulvaney et al. 2007 for a project that usdkiaBe densifier with
Mulvaney et al. 2014 whictid not use a densifier)

Exxsol D60 is a complex hydrocarbon mixture. It is a petroteenived

aliphatic cycloparaffinic hydrocarbon. It is a highly volatile substance which
will rapidly evaporate and deggle in the atmosphere. It is readily
biodegradable and has a low ecotoxicity. Appendix 1 contains the safety data
sheet for Exxsol D60.

Termination of drilling operations

Once retrieved, the cores will remain depoted on site until an opportunity
ariseso fly them to freezer storage Rothera using BAS Twin Otter aircraft
Later, the cores will be shippeth the BAS research vessel REgest
Shackletoror RRS James Clark RossEurope for analysis.

When drilling has been completed, tirdling fluid will be recoveredrom
the boreholand the top of the borehole will be sealed. The field camp,
drilling equipment, wooden floor of the drilling trench, unused fuel and
drilling fluid, and any remaining waste, will be removed from Antardtica

10
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reuse or safe disposalainly via BAS traverse logistics, and a limited amount
flown by Twin Otter to Rothera; ice cores will be flown to Rothera.

AREA OF DISTURBANCE OF THE PROPOSED ACTIVITY

The area of disturbaneg the drill sitds estmated at a maximum of 0.5 Em
including the field camp and fuel depot. The bboée will descend to a depth
of ~616m, and will be 135 mm in diameter over most of its depth.

The location of the associated tractor traverssd to depot equipmeist
recorded on the BAS Operations GIS.

DURATION AND INTENSITY OF THE PROPOSED ACTIVITY

Preparations for the proposed deep ice core drilling commenced during the
2017/18 austral summer, when a field depodoiling equipment, living
units,fuel (AVTUR), D60 solvent bulk drilling fluicand 60 ice core boxes
was input toSkytrain Ice Rise This activity was covered by the IEE for the
BEAMISH science campaignlhe remainingsmall amount oéquipment
(sensitive electronics, and a further 60 ice core bax#ishe flown into the
siteduring the drilling season.

The proposed drilling project is planned ®Undertaken during one single
austral summer season, 18019 This assumes that the field pacgn be
successfully input t&kytrain Ice Risén earlyNovember 20&. A temporary
field camp will be established which will remain for the duration of the
project, after which it will be removed. The drilling infrastructure will be
comprie ofa wooden dll trench floor covered by a Weathaxen sheltera
drilling winch and tower system, generators and a centrifuge for recovering
fluid from the chips.

Nine personnel will spend a total @0 - 80 days in the fieldthough it is
likely two of the personel will leave the field at the migloint of the project
when the speed of ice core recovery slowa) the end of this season, the
field camp and drilling infrastructure, including the wooden floor, will be
removed fronSkytrain Ice Riseas well as akmpty fuel and fluid drums,
unused and recovered drilling fluid, unused fuel, ice cores and waste.

DESCRIPTION OF THE LOCAL ENVIRONMENT

Skytrain Ice Risaés quasicirculariceridge projecting north east from the

eastern side of the Antarctic Peninsula towards the Ronne Ice Shelf, bounded

by the Rutford Ice Stream and tHerculesinlet. The chosen drill site is on a
local topographic dome with a surface altitude of arol8#im metres above

11



4.1

sea leveland dlat base about68 m above sea levelhere is no icdree
ground in the vicinityand thee are no known biotaresent

The Skytrain Ice Rise is in Domain O in the Antarctic Environmental

Domains Analysis. This domain consists entirely of ice sheet and contains no
mapped geology. Climactically the environment is cold with an average air
temperature 0f28.6 ° C and a lowelvel of solar radiation. The environment is
quite flat with an average slope of 4.93 °.

There are no protected arédASPAs, ASMAs or HSMspn Skytrain Ice Rise

The site has been visited in the past, and has therefore already been subject to
minor hurman disturbanceSurface borne radar studies were carried out by
BAS in an earlier season

ALTERNATIVES TO THE PROPOSAL
DO NOTHING

This alternative has been considered and rejected on the grounds of the highly
important scientific benefit that will be gained from carrying out the project.
The significance of the project has been verified as of exceptional importance
by t he &8Wwh grdntfor the praject in the hightpmpetitive

European Research Council Advanced Grants to the project Pl Prof Eric

Wolff (Cambridge University) and partner Dr Robert Mulvaney (BAS).

Ice cores provide the best possible records of the historjnuditel change

and atmospheric composition. Major deep ice core drilling projects (greater
than 500m in depth) have been carried omaite than twelvéocations in
Antarctica since 1968. Figure 2 shows the locations of previous deep ice core
drilling sites in Antarctica.

12
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Figure 2. The location of previous ice core drilling site$00m depth)n
Antarctica(plus the recent UK 364m site on James Ross Island

The outline of climate history provided by the longest records of Antarctic
deep ice core dhing projects (Vostok, Dome C and Dorg should now be
complemented by understanding how climate changes have affected different
regions of Antarctica. Th&/AlS Divide ice core, which spans a timescale of
almost70,000 years, shows similar climate patteto the longest corglsut

with important differences during rapid climate change (such as the last
deglaciation)Indeed the analysis of other coastal cores of a similar timescale,
such asBerkner IslandFletcher Promontorylaylor Dome Siple Domeard

Talos Domesuggest that Antarctic climate did not follow a single or uniform
pattern of change. This apparent discontinuity with ceRaatAntarctic

records poses severe tests on existing models of climate change. It is also clear
from figure 2 thathe drilling of a deep ice core &kytrain Ice Risevill
complemengeographical coverag®/AlS and Ronne sectord Antarctica.

DRILL ELSEWHERE IN ANTARCTICA
This alternative has been considered and rejected on the grounds that the
Skytrain IceRiseice cap has beeselectedas theone of thebest sitgin the

SW Ronneaegion for obtaining a high resolution climate record of this region

13



using the <1000m ice core drilling capability of the UResults fronradar
surveys by BAS show thatSkytrain te Risehas approximatel@16m depth

of ice sitting oveflat bedrock topography, an accumulation rate equivalent to
approxmately 3 cm of water per yeaa, surface temperature ¥7°Cand a
bedrock temperature of arour20°C. Experience from Berkner Island and
Fletcher Promontory suggests thas the best location for a deep ice core to
capture the climate record of this seabf Antarctica over the pasfi20000
years thus incorporating the period of the Last Interglawsiaén the climate

was warmer than our present interglacial climate, sea levels warehbgher
and the WAIS might have collapsed

The International Partnerships in Ice Core Sciences (IPICS), endorsed by

SCAR and officially approved as an IPY project bg tPY Committee, has

released five White Papers describing the science strategy for ice core
researchoverthtD t o 15 year s. One oHistotyhese Whi
and Dynamics of the Last Interglacp@riodfrom Ice Coreé
(http://pastglobalchanges.org/ini/ertf/ipics/documentiscalls for additional

ice core drilling site to expand the number of regional ice doves

Antarctica (see Figure 3).

180°W

Figure 3. Locations & deep ice cores containing sections from the last
interglacial are shown with red stars. Filled star indicates complete intact
Eemian record; open star indicates records that contain Eemian ice but are
either not complete or not stratigraphically intabgf is, sections are missing
and/or not in order).

14
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4.3

43.1

4.3.2

USE ALTERATIVE DRILLING TECHNOLOGIES

Two alternative drilling technologies have been considered.
Thermal Drilling

This alternative has been considered i@jelcted on the grounds that it:

1 may resultin a poor quality ice core;
1 is more energy intensive than eleetn@chanical drilling.

Thermal drilling replaces the cutter head, as used in an eleettbanical

drill, with an annular ring of electrically heated wires that melt an annulus of
ice. The melt water is mixed with antifreeze, and drawn away from the head of
the drill into a charber. Using thermal drilling, the borehole must also be

filled with bulk drilling fluid to avoid hole closure. Thermal drilling usually
requires a strong ethylene glycol mixture, or pure ethanol, as the drilling fluid.

The major scientific disadvantagetbermal drilling is the thermal shock
applied to the ice core, which initiates the cracking of the ice, damaging the
core, and commonly soaking the core with contaminated liquid which is
miscible with the ice. This can result in a poor quality ice coheghwill
compromise the quality of the chemical analysis, and hence the climate
record, obtained.

Thermal drilling is also more energytensive, requiring greater quantities of
fuel, with a resulting increase in atmospheric emissions and the deposition
particulates in the immediate surface snow layer, while returning a
scientifically compromised ice core that is unlikely to meet the quality criteria
for the range of analyses planned.

Poor quality core, and the energy intensive nature of thernti@girmean
that this technique is now rarely used in Antarctica where an ice core is to be
recovered.

Alternative Drilling Fluid
This alternative has been considered and rejected on the grounds that:

1 Some alternative drilling fluids may poseisk to human healtbr
well-being

Others may pose a fire hazard;

Use of an inferior substitute could result in the loss of the drill, which
would compromise the scientific objective of the project.

T
T

15



The main purpose of the drilling fluid is to preverg tlosure and sealing of

the borehole due to the plastic deformation of the surrounding ice, while
allowing the drill to recover cores of sufficient quality for analysis in the

brittle ice zone. The fluid density must mathclose as possiblettoe

densty of pure ice, be liquid at ice sheet temperatures, immiscible with ice
and of low viscosity to allow passage of the drill in the borehbls.dlso

required to transport the ice chips away from the drill head and up to the chip
chamber in the drill.

Bulk drilling fluids thathave beemisedin the past include-butyl acetate
(possibly with the addition of an HCFC densifier) and Exxsol D30 or D60
petroleum based solvents, also with the addition of an HCFC densifier.

Talalay and Gundestrup (1999) have reported on the possible health effects
associated with the use obutyl acetate as a bulk drilling fluid. It is toxic and
can cause eye irritation, narcosis and further effects on the nasal and
respiratory systems. is also teratogenic (i.e. causing embryonic
malformation). It has therefore been assessed by BAS that the risk to human
health is too great to usebutyl acetate as a drilling fluid.

Exxsol D30 or D60 do not have significant health risks associatedhweith,

but do normally require a significant quantity of densifier (up to 30%).
Densifiers are used to raise the density of the bulk fluid to match the ice
density (0.917 Mg ) - critical in preventing borehole closure. The densifier
identified as mostusted to ice drilling is HCFE€L41b, an ODS which has an
Ozone Depleting Potential (ODP) of 0.11. This substance was used for the
Berkner Island deep ice core drilling programme. However, the use of a
densifier has been rejected in this project in favdar €hallow column of

pure D60 the inevitable borehole closure is acceptable providing the drilling
project carbe completed in a single season, as planned.

In Greenland, a new class drilling fluid based on a coconut oil extract has been
used in a recent drilling project, but leftsituin the borehole at the end of
drilling. The oil does not evaporate and is difficult to clean from the cores
from the dothing of the drillers We have considered using this fluid, but
have rejected it for th8kytrain Ice Risgroject in favour of the D60 (without
the HCFC densifier) as we consider the use of an existing stock of D60
recycled from the James Ross Islanitlidg project, and then the recovery of
the fluid from the boreholdeaves a lesser environmental impab60 is also
substantially easier to work with in a BAS field camp environment where
washing clothes and routinely taking showers is difficultg¢ghare the normal
procedures when using the newer coconut oil extracts in Greenland drilling
projects)

16



5.1

5.1.1

IDENTIFICATION AND PREDICTION OF IMPACTS, AND
MEASURES TO MINIMISE OR MITIGATE THOSE
IMPACTS

The following predicted impacts and mitigating reg@es are based upon BAS
experience of operating similar deep ice core drilling projects (for example,
Berkner Island 2002006 James Ross Island, 2007/G8tcher Promontory
2011/12).

USE OF DRILLING FLUID

The use of drilling fluid is an unavoidable impact if BAS is to successfully
drill for an ice core of high scientific value. We have chosen to continue to
useExxsol D60 hydrocarbomixture (see Section 2.2,4nd 4.3.2since the
alternatives are more difficulb handle, and we already havecdkts of D60In
Antarcticathat have been recovered from earlier UK deep drilling operations
and can be recycled for use in the current proposed pr@226 L of D60
drilling fluid in 45 x 205L drums has been depoted andhe ready for this
drilling project.

Mitigating Measures

The borehole will be closed at all times other than during drillimgdocethe
evaporation of the drilling fluid.

The BAS will also attempt to recoveB9% of theremainingl50m fluid

column from the bottom of the borehole once drilling is compAS has
developed a fluid bailer (Figure 4), whiahowsfor a 2m column of drilling

fluid to be recovered each time it is lowered into the borehole. The bailer will
be attached seirely to the top section of the drill. The slots at the top of the
bailer, shown in Figure 4, allow the fluid to enter the bailer. The valve at the
bottom allows for the liquid to be released from the bailer into a drum once it
is recavered from the boradte. Up to 73ifts will be required to recover the
fluid, taking approximatelyour days. Amodification to the bailer for the final
2m allows for even the remaining liquid in the borehole to be reedver

There is a risk that the borehole without thedlwill close more rapidly than
anticipated. Whilst drilling, this can be overcome byridling the particular
section. However, when using the bailer, the borehole cannotdriéled.
Therefore it will be necessary to carefully monitor the forceireq to move
the bailer through the borehole. If the risk of losing the equipment becomes
too high, bailing will stop immediately.

All recovered fluid will be stored in the drums used to deliver fluid to the
field, and flown toRothera for further reise in a future drilling operation, or
for return to the UK for safe disposal.

17
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Figure 4. Fluid bailer developed by BAS for the Proposed Deep Ice Core
Drilling Project onSkytrain Ice Rise

The first recovery of drilling fluid from a borehole in Antarctica was
undertaken in 2006, under very different circumstances to the proposed
Skytrain Ice Risalrilling proposal. 568 litres of fuel and brine solution was
removed from a rock/ sediment booéd at Lake Vida, McMurdo Dry

Valleys, using a bailer (XXX ATCM/ IP21). Resurgence of fuel and-fuel
contaminated soil had been noted from this particular borehole intermittently
between 19742002, and the site was subject to flooding from the nearby
freshwater Lake Vida. In this instance the recovery of the drilling fluid (years
after the drilling programme) was required to prevent further pollution caused
by the resurgence of the drilling fluid into the lake ecosystem.

Thebailerdesigned by BASs specfically for ice core drilling projects, and
proved effective during the UK drilling project on Mount Haddington, James
Ross Island in 2007/Q8here all but a few litres of the drilling fluid was
recovered post drilling and shipped out of fieéd (ATCM XXXI/IP54).
Recovery of drilling fluid was again successful on Fletcher Promontory in
2011/12.Once the liquid is removed, the borehole will quickly close due to
ice deformation.

Note that aSkytrain Ice Risgthe basal temperatuiecalculated to belase

to -20°C (using an ice sheet model of heat flux, based on the surface
temperature and accumulation, ice thickness and basal geothermal heat flux)
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and therefore no liquid water hydrological system is present beneath the ice
sheet that could be contaratedand dispersany liquid remaining in the
borehole. The base of the ice sheet is ~166 m above sea level, so no
interaction with sea water is possible.

5.2 ATMOSPHERIC EMISSIONS

Air pollution will result from the input of the field party ayrcraft and the
use of diesel andnleadedetrol generators at the field camp. Fuel
consumption from the generators useesda during the field season is
estimated af185L of AVTUR and410L of petrol. Emissions will include
carbon monoxide, carbon dioxid®trous oxides, sulphur dioxide, heavy
metals and particulatesUsingUK Government Guidelines for Greenhouse
Gas Reporting (201&see
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-
factors-2018) the use of AVTUR and petrol in the generators will give rise to a
combined total emission of greenhouse gaseppfoximatelyl9,145kg

COze (carbon dioxide equadent). Emissions resulting from the fuel ugegl
in aircraft and Pisten Bullyassociated with the projects logistics will be
calculated andeported in the BAS Annual Environmental Re@stpart of
the overall BAS carbon footprint

Emissions will generally be rapidly and thoroughly dispersed by the strong
and regular winds. There will be some fallout of pollutants in the local area.
Heavy larger particles, such as soot, are likely to have relatively short
maximum transport distancesith background levels in surface snow
samples probably being reached within 2 km downwind oflthiesite.

Heavy metals would have greater transport distances. Based on monitoring
results from Halley IV Station, it is possible that background levdieaty
metals (e.g. lead) in surface snow samples would be exceeded up to a
maximum of 10 km downwind of the site (Suttie and Wolff, 1993).

5.2.1 Mitigating Measures

Daily visual checks are to be made of generator exhausts. Any maintenance to
reduce atmosphieremissions will be carried out as required. The generators
will be shut down when not required.

5.3 WASTE

A very minor increase in the quantity of hazardous andha@ardous waste
produced by BAS in Antarctica is expected as a result of the drilling project.
Hazardous waste is likely to comprise drilling fluid, batteries and clinical
waste. Non hazardous wass likely to comprise paper, glass, metal and
plastic.
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5.3.1

5.4

Based on experience we will recover about 85% of the drilling fluid, with 15%
being lost to evaporation, and some lost from the drill transiting the borehole
in the firn layer (the upper 75m of thee sheet). The fluid will be returned to

the original drums, and removed from the site, either to Rothera for storage for
a future drilling project, or to the UK for safe disposal.

Batteries will be returned to Rothera: rechargeable batteries will be taken from
the Rothera battery store at the start of the season, and returned to the store at
the end of the season for use by other projects. Primary cells \ialpéd,

and flown toRothera andafely removed from Antarctica for disposal.

Approximately 50 kg of waste plastic and paper is generated by the drilling
project, and will be removed to Rothera and absorbed into the Rothera waste
management system

Based upon an estimated 812y of waste (excluding sewage and grey water)
produced per person per day (derived from Lewis, 1994), it is estimated that a
maximum of B5kg of general waste will be produced by the field party

during the one austt summer season.

The field party wii also produce sewage, food waste and grey water. Based
upon an average adult excreting 1.8 litres of urine and faeces per day, the field
party will produce approximatell150 litres of sewage during the season.

Mitigating Measures

Staff involved in tle Skytrain Ice Ris®rilling Project will comply with BAS
waste management policy and will follow the procedures outlined in the BAS
Waste Management Handbod¥ASS, 2Q17). The camp will be cleared of any
rubbish or debris each day. All waste, other theay water and urinewill be
removed from the site t®otherawhere it will be removed from Antarctica

for safe and controlled disposal. Open burning of waste is prohibited.

All BAS field parties are supplied with a copy of thield Operations Manual
colour coded waste sacks for the separation and disposal of waasiesolid
human waste drums that are UN approved for clinical waste

MINOR SPILLS OF FUEL OR DRILLING FLUID

A further, but localised possible impact, could be ice or snow contamination
caused by minor spills and leaks of fuel or drilling fluid. The maximum
quantity of fuel or drilling fluid that is likely to be spilled at any one time is
205 L, due to a punctudedrum. Spilled fuel or drilling fluid would pass
quickly through the surface layer of snow, and be absorbed by it. A small
guantity may also evaporate. There would be no biological effect of a minor
fuel spill or leak close t&kytrain Ice Rise
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5.4.1

5.5

551

5.6

Mitigati ng Measures

The BAS makes every effort to prevent accidental fuel spills through careful
attention to fuel management, at its stations and in the field.

Members of the field party will be expected to take all reasonable precautions
to ensure that minduel leaks and spills do not occur. Any minor fuel spills
should be stopped as quickly as possible. A drum funnel will be provided to
prevent spills. Absorbent mats and pads will be provided for immediate
response to minor fuel spills from 205 L dryrti®ugh this is likely to be

most effective on the hard wooden floor of the drilling Weatherhaven than on
unpacked firnUsed absorbents may deimmed and removed to Rothera for
safe disposal

A log of any fuel spills is to be kept anecorded on the BAS&ccident
reporting (AINME) system.

INTRODUCTION OF NON NATIVE BIOTA

There is a very small risk of the introduction of fmative biota, particularly
micro-organisms, because of the importation of materials. This risk is very
low of species becoming establishesithe camp is beirggt upon an ice
dome, approximately TBkm from the nearest iekeee groundn the Ellsworth
Mountains to the south

Mitigating Measures

All equipment and materials required for the drilling projeitk be
thoroughly cleaned before dispatch to Antarctidatimber used for the
drilling rig infrastructurewill be new and comply withhe International
Standards for Phytosanitary Measures No. 15 (ISPM 15).

All items of cargo will be checked for soil or noative species prior to being

flown from RotheraThe advice and procedures contained withinBAS
Biosecurity Handbookvill be followed whereapplicable

CHANGES IN LOCAL TOPOGRAPHY AND
WILDERNESS/AESTHETIC VALUES

BAS logistics and science operatidre/e an impact on the wilderness and
aesthetic values in Antarctica.
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5.6.1 Mitigating Measures

5.7

5.8

The site has been previously visited and therefore subject to minor human
disturbance.Log of depots, camps arassociatedraverse routes to be kept at
BAS for future reference

Care will be taken to avoid loss of equipment and waste at the field camp/drill
site, and any accidental loss will be recorded on the AINME syst&hg

Flights will be in accordance with the BAS UAS Regulations which will
minimise the likelihood of UAS loss.

Snow drifts which have accumulated as a result of the field camp will
generally dissipate through natural processes once the field camp is removed.
Some groominground the immediate area of the field camp will be carried

out using a snow blower.

ENVIRONMENTAL EDUCATION

It is BAS policy to brief all new recruits on Care of the Antarctic Environment
before they travel to Antarctica. An environmental briefivith be given by

the BAS EnvironmenDffice to those personnel involved in the drilling

project

IMPACT MATRIX
Table 1 shows a summary of how the predicted environmental impacts which

may result from the drilling project, and how BAS plans to minimise or
mitigate these impacts.
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Activity Output Possible Impact Probability Severity of impact Preventative or mitigating measures
of impact
occurring
Ice Core Dirilling Use of Exxsol D60, ata | Chemicalcontamination of Low Low The borehole will be closed at all times other thar
depth of620 metres below: ice during drilling to prevent the evaporation of the
ice level drilling fluid.
Long term (many
millennia ) release into Removal ofmost of the fluid is planned, using bail
marine environment of attached to drill cable.
small quantity of drilling
fluid The provision of a pump system within the drill to
transfer chip/fluid slurry from the drill head to a
collection chamber.
A large centrifuge will be used in the drilling camg
to recove and recycles fluid absorbed onto the dr
chips.
Oil spill equipment to be with drill for use in event
of drill fluid spill.
Possible loss of drill Nonirecovery of drill or | Very low Very Low Safe drilling procedures toe followed at all times
fluid from Skytrain Ice to reduce risk of loss of drillOnly experienced
Rise operatives will use the drill.
The loss of any equipment will lveported in the
AINME system for inclusion in the lost equipment
log.
Importation of cargo to Introduction of nomative | Ecosystem alteration if Very low Very Low (if 1 or BAS BiosecurityHandbook will be followed where

Skytrain Ice Rise

species

species became
established. Increased
competition and spread of
non-nativedisease.

small number of
individuals)

High (if species
become established

appropriate.

All procedures include measures to ensure that s
seeds and propagules are not transported to
Antarctica.




Cargq vehiclesand personal clothing must be
cleaned prior to importatiorll equipment to be
thoroughly cleaned before packing, and checked
Rothera before flying into the field

All equipment to be flown directly to camp via Sky
Blu, and not offloaded on iekee ground.

If soil, seeds or propagules are accidentally
imported they must be cardfiucollected and
removed. Disposal may include incineration at
Rothera or removed from Antarctica.

All timber to be new and compliant with ISPM 15

Operating field campnd = Waste (hazardous and Danger to wildlife if Low Very Low Environmental briefing for all staff.
the supporting logistics non/hazardous) scattered by wind.
All waste to be correctly packaged, labeled and
removed fromSkytrain Ice Risdor safe disposal, in
line with BAS Waste Management Handbook.
Site to be cleakeach day to prevent wind scatter
Minor fuel spills and leaks Chemical contamination o Low Very Low Careful attention to fuel handling and manageme
from generators ice
Use of drip trays and funnels to prevent leaks.
Any minor leaks to be sealed immediately
Minor spills to be cleaned up with absorbents
Atmospheric emissions | Very minor but cumulative Certain Very low Daily checks of vehicles / generator emissions.
from generators contribution to regional
and global atmospheric Maintenance to be carried out as necessary.
pollution including
greenhouse gas emission
Particulate fallout.
Snow drifts around Changes in local Certain Very low Use of snow blower to level drifts.

temporary field camp

topography
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