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 Abstract: During the austral  summer  seasons  1999,12ooO and  2000f'2oo1 the

summ ¢ r
 base '"Kohnen"  was  built as  a  platform for the EPICA  deep ice  eorc

dri]ling in Dronning  Vvaaud Land, Antarctica. The design is based en  prefab-

ricated  container  units,  The  base was  erected within  t"'o summer  seasens.

Overltind traverses with  PistenbulLy tracturs and  cargo  sledges  moved  all  needed

rnuterial  und  base containers  from the German  basc Neumayer  ut  the iXntarctic

coast  to the base Kohnen 750 km  inLand. All installEttions were  completed  at  the

end  ot' the 2000,/2001 season  including the drM  and  science  trench  with  a cased

10()-m borehole. Tbus  everything  is prcpared to sturt  the deep drilling operatLon

during the  2001,/'O-O02 austraL  summer  seuson,

                            1. Introduction

   Two  major  deep drilling operations  are  undenz'ay  in Antarctica within  the European

Project for Ice Coring in Antarctica (EPICA). EPICA  is ajoint  project often  European

nations  with  the aim  to  decipher the earth's  climatic  conditions  during the last 500(X]O years

<http:1/www.estlorg!life/lp/Epica), The first core  is drillecl at Dome  Concordia.(D(I)

(ref. Fig, 1) and  addresses,  amongst  other  issues, the question whether  the stable  c                                                                limatic

conditions  during the last 1000() years were  exceptional  throughout  the last five glacial

cycles.  .
    The  second  core  will be drilled starting  in the 2oo1/2002 season  in Dronning  Maud

Land  (DML) to attain  a higher resolution  tbr the last 150000 years and  thus ]ink the last

glacial cycle  be[ng recorded  in the Greenlandic cores  GRIP  (Grip Members. 1993). GISP2

(Grootes et al. 1993). and  NGRIP  (Dah]-Jensen et al., 1997). The drill site ofthe  EPICA

Dronning Maud  Land  core is situated  on  an ice divide originating  at Dome  Fuji {DF).

The  DML  record  will  thus complement  the DF  (Dome-F Deep  Coring  Group. 1998) and

the  DC  (Tabacco et at,, 1998) records  with  a much  higher resoiution  over  the last glacial

cycle,  .
    The  drill site for the deep drilling has been chosen  after an  extensiN,e  multinational

pre-site survey. The  accumulation  distribution {Holmlund et al., 2000; Isaksson et at..

1999; Kar16fet al., 2000; Oerter et al.  1999,2000; Richardson and  Holmlund,  1999; Van

den Broeke et al,, l999), sno"'  chemistry  (Sornmer et al., 2･ OOOa. b; Stenberg et al., 1999)

and  ice thickness  as  well  as  bedrock topogruphy  (Steinhage et al., 1999) hax,e been
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considered
 in selection  of  the dril[ slte. The ice thickness  at the dril] site is 2750± 50 m

according  to aifborne  electromagnetic  refiection  survey  (Steinhage, 2oo1), . .FLgure 
1
 
com-

piles the pre-site survey  contributions  cited  above  ug well  as  t'urther activities.

    The  deep drMing itselfrequires a  camp  as  a  logistic platform.  The estimated  .drilling
time  to bedrock will be 3 summer  seasons.  Aspects ofdesign.  transport. construction  and

operation  oftlie  summer  base Kohnen wili  be discussed in the tbllowing sections,  
After

the location for the deep drMing  was  selected  in autumn  1999, the erection  of  the base

statled  during the 1999f2000 austral  summer  season.  Half of  the 2000/2oo1 season  
was

needed  to complete  the main  buildings before the buse was  named  in the memor>i  of  Dr.

Heinz Kohnen  (5,2.1938-25.7.1997) on  Januar>' 1lth, 20()1. Dr. Heinz Kohnen was  rhe

head of  AWI"s  logistics section  und  a  ketr promoter of  German and  European polar

research.  especiall>'  the EPICA  programme.  ..

    One of  the most  lmportant criteria  of polar operations  is the meteorological  cond]tion

on
 site. Enyironmental conditions  will  be summarized  first, before the base is described

and  the logistical operations  are  discussed.

                2. Enyironrnental conditions  at the  drill site

    The  metereological  conditions  at the drill site refiect its position (75fiOO'06"S,

O`04'04"E) on  the interior of  the East Antarctic piateuu at 2882 m  height above  sea  level

{2892 m  WGS84),  The uir temperature  during the austral  summer  {Decembcr to Feb[u-

ary)  is in the  range  ot' -20'C  to -45  C. An automatic  weather  station  instal]ed 
on

 
sEte

has recorded  a  temperature  as lo", as -70'C  during the "･inter  <Reijiner. 2oo1). The mean

annual  temperature  calculated  from the observed  data for l998 is -46'C  and  fits well  
with

the firn temperature  at 10 m  depth of  -44.5'C, The  weather  station  recorded  wind  speeqs

typically  below 11ms  
i
 and  the annual  maximum  of  16ms  

i.
 The  wind  direction 

is

mainly  from Northeast to East {approximately 65' true Nocth). The mean  accumulation

of  60-70 kg m']  yr 
i for the last tsuo centuries  determined from ice cores  fits well  w'ith 

the

observed  snow  deposition of  20-30 c]Ti from sno"'  pit studies  and  surface  measurements,

respectively  (Oeiter et al., 20(X}). The  ice flow is less than  2 m  yr'i.

                3. Logistics: Transport chain  and  the fleet

   The eargo  transport  concept  frorn Bremerhaven (Germany) is based on  20' standard

ISO  container  modules.  From  Brernerhaven to  the departure port for Antarctica in the

Seuthern Hemisphere, usually  Cape Town  <South Africa). or  fi;om time  t() time  Punta

Arenas (Chile). the containers  are  either  transported on  commercial  centainer  ships  or  on

the German  polar research  vessel  Pokiistern, From  these ports the containers  are  shipped

either  on  RV  Pokmstern, or  in coeperation  "'ith  the Republic of  South Africu on  S.A.

Aguthas.

    The main  adyuntage  of  using  standard  ISO containers  is the short  loading and

unloading  times  required  in all ports and  in Antarctica at the ice edge  of the Ekstr6misen

or  on  the  sea  ice in front ef  the German  base Neumayer.

    The  land transport t'or the ISO  containers  is based on  Otaco type  sledges  {",eight 2.7

t) built by 
`"Aalener

 Baumaschinen GrnbH"  (httpi,/lww"'.aalener-baumaschinen.de).
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These stedges  provide fittings to mount  20' ISO  containers  with marine  standard  twist lock
fitEings,

 
Furtherrnore,

 they distribute the load evenly  on  all fbur skids  by allowing  the
skids

 
to

 
t}trn

 around  .their 
cardanic  suspended  axes.  Typically two  or  three sledges  are

arranged  in          sledge  trams,
                     

which
 are  towed  by Ktissbohrer Pistenbully (http:Z/www.pisten-

bully.com) tractors (types                     PB240, PB260 and  PB3oo). Pistenbully tractors were  originally
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deveioped for ski slope  preparation. The  ones  used  by Alfred-Wegener-Institut (Awr) are

equipped  either  with  a  personnet cabin  or  a  hydraulic crane  -'ith  a  torque  up  to 8.4 tm.

                                                    , Independentpreheaters,The  front is either  equipped  with  dozer blade er  a front shovel

trailer couplings.  VHF  Radio  and  Global Positioning System (GPS) receivers  are  
standard

equipment  as  well, At the camp  site. the snow  shovel  is useful  to carry  boxes and  
the

crane  is used  for construction  work.  The Kiissbohrer Pistenbully with  its 5.5 t total weight

creates  a  ground  pressure of  about  40 gcm  
],
 Figure 2 presents the load plan ofthe  flrst

traverse from Neumayer base to Kohnen  base in the 1999!2000 season, Each Pistenbully

pulled inore  than  a  20 t payload. The  six sledge  trains vv'ith a  gross weight  of201  
t
 
carried

                                                             on  load, surt'ace
a  total payload of  133 t  The  range  before ref'uelling  depends vcry  much
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    The traverse navigates  by GPS,  Surrounding bases are  contacted  by HF  radio  daily

and  furthennore Inmarsat Standard C Telex and  Standard M  Phone/Fax  communication

sets are  available.

    In 1999 and  2000 two  traverses with  slx and  four sledge  trains, respectively,  were  driven

the 750 km  long route  from Neumayer  base to Kohnen  base. Typically, the ascent  takes

ten days, while  the desccnt is one  day faster. The transported  payload totals 210t. where

47 m3  vehicle  fttel are  included, On  the way  back one  Pistenbully was  not  needed  for

towing  sledges,  therefore it was  loaded on  a  sledge,  saving  13oo l of  fuel (see photograph

 in Fig. 3).

Fig. 3, Vehiclas oti  the traverse:
      20' ISO  tank  c'ontainer

      sledkles.

              
･1･

              tt             t ttttt
            ttt../
      ･,･ ..1,1･1･1,/1            t tt tt        /t tttt tt /
       tt
          

'' '..'ta,..･/.

Kdssbohrer Pistenbtitly with  ('abin and  erane  respectively.  Tlie

and  the Pistenbitt4' with  crane  are  transported on  Otaco t.ipe

               4. Base: Environmental  issues and  specifications

    Environmental protection issues have been considered  in a  comprehensive  env]ron-

mental  impact evaluation  (CEE) (http:Llwww.awi-bremerhaven,de!AWI/Presse/Docs/
EpicaUVSe.pdD, according  to the Protocol of  Environmental Protection to the Antayctic

Treaty. The  CEE  was  forwarded to the parties ot' the Antarctic Treaty and  thc Committee

ol+ Environmental Protection (CEP}. It was  discussed during the special  Antarctic Treuty

Consultative Meeting (ATCM)  at The  Hague  in 2000. Finally the German Umweltbun-
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Fig. 4. Constniction oj' the ceiitral base httilding's .f)ame.

 desamt (Federa] Environmental OMce) announced  the activity  as  approved  on  October 6th,
2000.

     The  plan to start deep drilling 
'En

 the 2oo1/2oo2 season  gaN'e a short  time  fl-ame for

 
base

 construction.  This implied a station  1ttyout with  a  high leyel ofprefabricatjon,  short

 mounting  times  and  low transport  masses  so  that  the base could  be erected  during two
 summer  seasons,  Seven container  units  frorn the former German  summer  base Filehner

 
were  salvaged  from a drifting iceberg in the Weddell Sea in FebruaTty' 1999, refurbished  and
reused.

    
The  central  base is arranged  "ith  e[even  20' ISO  containers  (l2 m!  each)  on  ajackable

steel platform, 32m  by 8m  in size. The  steel frame stunds  2m  above  the surface,
suppoTted

 by sixteen  pMars. Figure 4 illustrates the construction,  A  2 m  deep trench  has
been excavated  wherein  the pillars are  placed on  timber  footers ofdiflerent  size. The  

size
vartes  wrth  the load on  each  pillar and  aims  for a uniform  ground  pressure of  350 g cm'2,
which  is only  a Iittle more  than  two  times  the pressure created  by a  75 kg load on  the  area
ofa  pair ofshoes  size  10. Thc base"s 73 t total weight  is resting  on  ground  plates of20.76
m2

 
total

 area.  The  platform may  easily  be jacked up  by winches  according  to the
accumulated  snow  eHects  on  the base.

    
To

 minimize  the accumulated  snow  drjft the central  building is aligned  with  its long

IZice perpendicular to the main  wind  direction (065' true North). The  other  camp
installations

 are  lined up  perpendicular to the main  wind  direction and  keep suMcient

clearance        of  some  tens of  meters  (see Fig.5}. The  external  living quarters and  the fuel
container  for the generator are  on  movable  sledges.  They  w'i11 be removed  from the central
camp  area  during winter  time. The drill and  scjence  trench are  be]ow' the surface due to
the temperature requirements  and  will  not  create  additional  snew  accumulation,  The
traverse parking arett is leeward ofthe  main  base platform and  a crean  snow  area  is reserNJed
on  the windward  side to collect  snow  for the snow  melter.  All cargo  containers  are

parked 150m  leeward ofthe  platform and  the winter  depot.

    The  base is designed to house 20 persons. The  assigned  functions for each  container

are  given in Fig. 6. The  two  sections  built in 1999/2000 are  the radio  oMce,  mess  room
with  kitchen as  well  as the sanitaty  and  sleeping  section.  During the 2000/2001 season,

the base xN'as completed  with  a  generator, a  snow  melter,  a  store  and  a  workshop,  The
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generator has 100 kVA  output  at the altitude  of  the base. It consists  of  a  single  Deutz
diesel engine  and  a Stamfbrd generator. The  t'uel consurr]ption  is estimated  to be between
25e and  300 f d i,

 when  the base is in fu11 operation.  The fuel is pumped  firom a l5 m]
tank  container  beside the platform into the tank inside the generator container  through  a

permanently installed hose, An  external  90 kVA  spare  generator is available  for times  of'

maintenance  ttnd  standstM  ofthe  main  generator, The  ISO  container  modules  are  heated
electrically,

    A  workshop  and  a store  serve  as  locations for repair  works  and  fbr holding spare  parts
and  material  in stock,  respectively,

    The  snoxN' melter  with  a  volume  of  : .5 mi  is fi11ed by a crane  and  runs  on  the waste

heat of  the main  generator, but additionally  an  oil heater is installed in case  the spare

generator has to supply  the base. Laundry  machine  and  dryer are  inside the snow  melting

container.  The kitchen with  its dishwasher and  the sanitary  container  with  shower,  toilets

and  washbowls  are  connected  to the sno",  melter  with  an  electric  heat traced wuter  pipe.
Wastev,'ater is discharged into the firn below the platform according  to the CEE,

    The messroom  is a double unit  with  24 m]  sized  for 20 people with  direct access  to the

kitchen,

    Two  of  the containers  on  the platform serve  as sleeping  rooms,  each  with  four beds.

    Additional living quarters on  sledges  are  placed beside the platform fbr the summer

time  and  supplied  with  electric  power,

    Parking aircraft  and  traverse vehicles  can  atso  be supplied  "iith  power  by s"'itchboxes
50 m  northwest  and  1oo m  southwest  ofthe  base, All supply  cables  outside  the platform
are  dug into the sno"i  at Ieast 1m  deep.

    The  radio  room  is linked "'ith  the trench  by a gla$sfiber cable  fbr establishing  a  local
area  network.  The central  network  and  data server  wil]  be placed in the  radio  oMce  and

FZg. Z 77ie cenrral  hase bitilding at  the end  qf  rhe  1999it2000 season,
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backed by a  2 kW  uninterruptible  power  supply  (UPS), which  lasts for 30 min  with  fu11
load. The server  will  be linked to the  outside  world  by an  lnmarsat B device providing
a high speed  data line with  64 kbit sii bandwidth. The  lnmarsat B device provides two

phone and  one  fax lines (9,6 kbits i
 bandwidth  per line), and  a telex line is available  as

well. The system  is backed up  by HF  radio, lnmarsat C  (telex) and  Inmarsat M  (phone).
Figure 7 documents the status  of  the base in February 2001.

5. Aircraft support  and  emergency

   The  three wintering  bases Neumayer  (Germany), SANAE  JV (South Africa} and

Halley (United Kingdom)  are  within  8oo km  from Kohnen  base and  thus  within  the range

ofsmall  aircraft like the German  Polar aircraft  (Dornier 228) or  Twin Otters, A  suitable

air strip  for small  aircraft  is maintained  allowing  supplies  and  personnel exchange  for the
base. These aircraft  would  also  be used  in case  of  a medical  emergency,

Acknowledgments

   This paper is a  contribution  to the 
'`European

 Project for Ice Coring in Antarctica"

(EPICA), ajoint  ESF  (European Science Foundation)/EC  scientific  programme,  funded
by the European Comtnission and  by national  contributions  from Belgium, Denmark,
France, Germany, Italy, the Netherlands, Norway.  Sweden, Switzerland and  the United
Kingdom,

   We  greatfully acknowledge  the work  of  the technical staff  during two  long and  cold

field seasons.

References

Dahl-Jensen, D.. Gundestrup. N.S,. Keller, K.. Johnsen. S.. Cogineni. S.P., Allen, C.T.. Chuah. T.S.,

      Mi[ler, fl,, Kip(siuhL. S. ancl  Waddington,  E,D, (i997): A  search  in north  Greenland fbr a

      new  ice-:ore drill site. J. Glacio]. 43, 3oo 3e6.

Dome-F  Deep  Coring Group  (1998): Deep  ice-core drilling at  Dome  Fuji and  glaciological studies  in

      east  Dronning "vlaud Land, Antarctica. Ann. GLacioL., 27. 333-337.
Grip  Member$  (1993}: Climate instabjlity during the last interglacial period recorded  in the GRIP  ice
      core.  Nature. 364. 2･ 03 -207.

Grootes, P.M., Stuiver, M.. White, W.C.. johnson, S.J. and  Jouze]. J, (1993): Comparison  of  oxygen

      isotepe reco[ds  from  GISP2  and  GRIP  Greenland  ice cores,  Nature, 366, 552- 554,

Holmlund.  P,, Gjerde. K.. Gundestrup, N,, Hansson, M,, Isaksson, E.. Kar16fl L., Nyman,  M.. Pettersson.

      R., Pinglot, F.. Reijmer, C.H., Stenberg, M., Thomassen, M,, Van de Wal. R,. Van der Veen.

      C., Wilhelms, F. and  Winther, J.-G. (2orX)): Spatial gradients in snow  taycring and  ten  metre

      temperatures  at two  EPICA-DML  pre site  survey  dTill sites, Ann.  G]aciol,, 30, l3 19,

Isaksson, E., Van  den Broeke, M.R., Winther, J.-G., Karl6C  L,, Pinglot. J=E  and  Gundestrup. N.

      (1999): Accumulation and  proxy-temperature variabMty  in Dronning Maud  Land, Antarctica,
      determined frem shaLLow  firn cores. Ann, Glacio[.. 29. 17-22.
Karl6C  L., Winther, J.-G,, lsaksson, E.. Kohler, J., Pinglot, J.F,. Wilhetms, F., Hanssen,  M., Holmlund.

      P., Nyman,  V.. Pettersson. R.. Stenberg, M., Thomassen, M.P.A.. Van der Veen, C, and  Van

      de Wal, R.S.W. (2ooO)i A  150()years record  ot' accumulation  at Amundsenisen  Western

      Dronning Maud  Land, Antarctica. derived from electrical  and  radioactlve  measurements  on  a



National Institute of Polar Research

NII-Electronic Library Service

NationalInstitute  ofPolarResearch

312 C. DrUcker  et  aL

       120m  ice core,  J. Geophys. Res.. 105, 12471-12483.
Oerter, ]{.. Grafl W., Wilhelms, F., Minikin. A, Hnd  Miller, H. (]999): Accumulatiun studies  on

       Amundsenisen, Dronning Maud  Land, by means  oflrjtium,  DEP  and  stab]e  isolope measure-

       ments:  first results  froni the 1995f'96 and  1996,t97 field seasons.  Ann.  Glaciel., 29. [-9.

Oerter, H,, Withelms. F,. Jung-Rozhenh'a'usler, F., Gdktas. F.. Mitler, H.. Grafi W.  and  Sommer,  S.

       (2ooO): Accumu]ation  rates  in Dronning  Maud  Land. Antarctica, as  revealed  by dieiectric-

       profiling measurements  at shullow  firn cores.  Ann.  G]aciolr 30. 27-34.
Reijmer. C.H. (200[]/ Antarctic Meteorology. A study  with  Antarctic Weather Stations. PbD  thesjs.

       University ot' Utrecht. [58,

Richardson. C. and  Holmlund.  P. C]999}: Spatial variability  in shallow  snow  layer depths in central

       Dronning Maud  Land, Eust Antarctica, Ann. G]aciol.. 29. 10 16.
Sommer, S., Appenzeller, C, Rbth]isberger, R.. Hutter]i. M.A., Stautfer, B., Wagenbach, D., Oerter, H.,

       Wilhelrns, F., Milter. H. und  Mulvaney, R, (20e(}a}: Glacio-chemical srudy  spanning  the past
       2kyr  on  three  ice cures  from  Dronning  Maud  Land, Antarctica 1. Annually  resoLved

       accumulation  rates.  J. Geophys. Res" 105. 29411-2942].

Summer. S.. Wagenbuch, D.. Mulvaney. R, und  Fischcr, H, C2000b)i Glacio-chemical study  spanning

       the past ]kyr  on  three ice cores  from Dronning  Maud  Land. Antarctica 2. Seusena[ly

       resolved  chemical  records.  J. (]eophys, Res,, 105, 2･9423-29433.

Steinhage. D. (2001): Contributions or  geophysicti1 measurcments  in Dronning  Maud  Land, Antarctica,

       locating an  optirnal  dri]I site  for u  deep  ice core  dril]ing, Bcr, Polar-"LaeeFcsforsch.. 384 (in
       German).
Steinhage. D,. Nixdorfl U. Meyer. t'. and  Mi[[er, H. (1999): New  maps  ofthe  iee thickness  subglacial

       topography  in Dronning  Maud  Land. Antarctica, determined by  means  ofairberne  radio  echo

       sounding.  Ann.  Glaciol,, 29. 267 272,

Stenberg, Mr  Hansson.  M.. Holmlund.  P. and  KarlUt; L. (1999)/ Var{abilityin sno",  ]ayering and  snow

       chemistry  in the yicinity  oftwo  drill sites  in XVestern Dronning Maud  Land, Antarctica. Ann.
       GlttcjoL.. 29. 33-37.
Tabacco,  [,E.. Passerini. A.. Corbelli. F. and  Gormun,  M.  (199g): Detcrminution ofthe  surftice  and  bed

       topegruph.v at Dome  C. East Antareticu, J, Glaclot.. 44. 18)'--i91,
Van den Breeke, M.R,, Winthen J.-G., [saksson, E.. Ping[ot, J.-F,. KarltitL L.. Eiken. T, and  Conruds.

       L. (1999): Climute vuriables  aLong  a  traverse line in DFonning  Maud  Land, East Antarctlcu.

       J. G]aciol,, 45, 295-302.

Wessel. P. and  Smith, W.H.F.  {1998): New.  itnpros,ed version  efGeneric  Mapping  Too]s re[eased.  EOS;
       Trans.. 79 (47>, 579.

              (Receiyed F'ebrua4}' fZ 2001; Revised manttscript  aecepted  August  ra 2001)


