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Abstract  

Thispaperdescribeslogisticsconcerninga37．6－mdeepicecoredrillingoperationconductedintheaccumula－  
tionareaofSanRafaelGlacierintheNorthernPatagoniaIcefieldinNovember1985．Forsolvingtransportation  
problemsofadrillingsystemandotherequlpmentS，thetotalweightofthedrillingsystemwasreducedto37kg  
includingtheweightoffuel；theequipmentexceptfragi1eoneswasairdroppedtogetherwithlight－Weightwooden  
sledgesforthetransportationofequlpmentSOVerthesnowfield．Allofthemservedsuccessfullywithoutany  
serioustroubles．Drillingwasconductedina3－mdeeptrenchcoveredwithasimpleroof．Eighty・fourcoreswith  
鋸巨mmindiameterwererecoveredinagoodqtlalitywithinatotalof23workinghours．Recoveryrateofcore  
WaSaimostlOO％．  

driusystemarepresentedinTablel．Thedrillcan  
beknocked downintotwo parts，a COre barrelcon－  
nectedtoajacketpackedina FRP仙barTelcontainer  
andadrivingunitwithareducer．Inadditiontothe  
COringpart，thedrillsystemhasanelectricgenerator  
and a＄teelcable，a pOWer Cable，tOOIs，and others．  
Eventheheaviestbarrelpartincludingbarrelcontain－  
erweighsonly13kgingrossweightandisl．8mlong．  
Thebarrelcontainer（4．9kg）wasusedasasupport  
tower oftbedrillslユSpe王1ded witb a35仙mlongsteel  
Cable（diameter＝3m‡n），Ånarlti－tOrquemeCIlanism  
attached to tbe driving unit vas composed ofねur  
guide finswithfourside－CutterS．Pullingandlowe－  
ring ofthe drillwas made by manpowerwithout a  
winchasillustratedinFig．1．ThelighトWeightgene・  
ratorweighing7．Okgwasalsonewlydesigned，direct・  
1yconnectingasmallgasolineengine（HitachiCG26E）  
toaDC・generatOr，100v／3000r．p．m．Thetotalfuel  
COnSumption for coring was only about 2．51iters  
becauset‡legerleratOrⅥFaSrlユnOnlydt汀ingthetimeof  
COrirlgWithoutidling．   

IcecorlngWaSCOndtlCtedmainlybytbreeperso11S  
inatren（：hof3－mdeepり4．5m王ong，andtbeopeni喝  
widthO．8mandtheinteriorふidthl．8masi11ustrated  
inFig．l．Thetrenchwascoveredwithasimpleroof   

1．lntroduction  

Ithasbeenrecognizedthatglacierdrillingisone  
Ofthepowerfulmeansinglacierstudy．Forinvesti－  
gating glaciological characteristics of the Northern 
PatagoniaIcefieldbymeansofcores，thefirstdriIling  
WaSCarriedouttothedepthof37．6mintheaccumula－  
tion area of San RafaelGlacierin November1985．  
ThedrillingsitewasselectedatCamp4（1296ma．s．  
l．）markedbyDSiIIMap2（foldedin）onarelatively  
幻at snow field，located at about25kmin straight  
distancefromtheglacierterminus．  
Thisrepor・t WilldescribehowtosoIvelogistical  

problemsandhowtoconductdri11ingoperationsfor  
COnVenience of future research workin this region．  
Theresultsofcoreanalysesar・erepOrtedbyYamada  
（1987）inthisissue．  

2．Dr‖ingoperation  

An electro－meChanicaldri】ifor shallov drillillg，  
ILTS－10OS，WaS Originally designed by Y．StlZtlki  
（SuzukiandShimbori，1984）andmadebyInstituteof  
IJOWTemperatureScience（ILTS）．Thebasicdataof  
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Tabiel．Specifications of tbe dril王  

TypeこiLTSml00S type  
Basic diameモers  

Core diameter  80mm  
tl111ぐdiこ＝1ビ【t、1■  1い1’111111  

Ho王8er hner Diametel 82Ⅰ罰m  
Otlter Diameter  105mm  

JacketInner Diameter  9さ．4mm  
Oute】▲Diameter  l（）1、6mm  

Sarrel王mner Diameteァ  85mm  
Outer DialⅥeteゞ  87汀主m  

Barrel  
Nt王mber of pawIs  3  

Number of bites  3  

Bit proとrusion  l．O mm  
Sもandard r．p．m ユ60  

Calcuまateddriiiingspeed  48cm／mまれ  
Number of a喝erS  3  

Slope ofa喝erS  35d曙ree  
Lemがh  734 mm 

l）l■1＼◆i叩 し†11】l  

王nput  

Reducer Type  
Ratio  

Oljtpuも  
▼We妻g抽  

Le喝th   

Overa11weigbt  
Barreまconもairler  
Ba汀ei十Jacket  
いl■i＼■itlゞ＝＝i【  

GerleratOr  

100Vx5▲2ADC（maximtlm）  
3sモage p】ametary  
5×5×5：1  
300／150V／r．pJn  
5．O kg  
l11ぐ‖l  

4、9kg  
ド．＝叫  
5－O kg  
7，O kg  

0軌er弼ulpmenモねrdrili主釣g  9．Okg  

Tota王weight  34．Okg  

ト   ー…、一－－」090  435－……・十・390－－rl  
Roof of  

Dlastlc－COated sheet  Snow blocks  

S【10W  
354 cm 

⊥  
しabo「ato「y  

仁一295「；  

Fig．1．Tremchu＄ed払rdriliin払  

と011Sisting of bamboo frames and a plastic≠COated  
Shビぐttし一PrOtビLlt【ht）dri11i叩Sitefronlinrlビmt111t＼＼で；1th・  
ercond主tionsint‡lisregion．Åsnowcavewhichwas  
excavatedadjacenttothetrenchwasusedasaiabora…  
toryforcoreanalysisandchemicalsampiing．  
Thedriiisystemiscapab貰eofrecoveringacore80  

mmilldiameterandboringabblelO7mmindiameもer  
att壬1eSpeedof48（：mPerminute，arldtbeaveragecore  
p主監elenがhwasabouと400mmⅥrhenusinga734≠mm  
long corLt b；llTぐ1．1nこIddition tolhe111aiIldrilliTlg．  
anotberdrillingwasmadefromsl汀ねceto汰edeptbof  
about8mfortakil博打eshcoresnearsurねceiayers－  
Operationalpr（）greSSin cori喝is shoⅥrnin Fig．2．  

Theattai‡1edmaximlユmdeptbof37．6mimthepresenも  
driili咽WaS due to tbelogisticaliimitaもion of our  
transportationcapability．Tbeoperationstartedo王1  
22 November 1985 after one-week preparation for 
iogisticsetting；atOtalof朗coreswererぬ0Veredin  
agoodquaiitywitilOutSerioustr（）ublesⅥ7itわin23totai  
working hoursby26November．Recovery rate of  
core was aimostl（）0％．An en－glacialunc（〉n茄ned  
aquiferwasfoundatadep払between25mand27m・  
Belowtはsdeptbtbeboreholewasfiままedwithwater．   
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COnductedin cooperationwith a ground party for  
ensuringsecurity and quick collectionofequipment  
江atteredo11thes110Wfield，OtberⅥ7isetbeywouldl）e  
COVered and hidden by newly fallen snow．It was  
planned that a4－man grOund party awaited good  
WeatherforairdroppingduringoneweekatCamp2，  
Which was the supplylimitwithin ourlogisticalcaq  
pability．Weather conditions are essentiallyimpor・  
tanttoairdropplng．Fortunateユy，tWOairdrop（〉perむ  
tions were conducted11nder favorable conditions of  
relativelyfinevisibility，Withneitherprecipitationnor  
strongwind．TheairplanewasdepartedfromCoihaq  
lque Airport and stopped at Lagoon San Rafael  
AirportnearourBaseHousewherea11cargoeswere  
loaded．Tbe airplane flew over20km to Camp2  
within15－2Ominutes；therelativelyshortflighttime  
minimizedariskcausedbyanabruptweatherchange．  
Theairplanewascapableofcarryingabout140kgof  
CargOeaChflight，Thefirst operationconsisting of  
tbree幻igbtswascompletedwit‡lint‡汀eeholirSO1125  
0ctober，fol10Wed by a one幻ight operation orl16  
November1985．Atotalof470Nkgcargoes，including  
170kgoftheeqllipmentfordri11ing operation，food，  
camping equipment，pOles and decomposed sledges，  
wereairdropped．AteachtrialofroundTflightsover  
atargetmarked olュtbesnov surねce，汰ree or fol汀  
boxesⅥ7eredroppedfrom50mabovethesnowsur－  
face．Since communication failed between the air－  
plane and the ground party，boxes were scattered  
alongtheflightcourseintheextentof200minwidth  
andl．5－2kminlength．The snow cover absorbed  
landi‡lgS壬10Ckofboxesfairlywell，buとa壬Ialfamolユnt  
ofkerosene waslostbecausesomebottieswerebro－  
ken．Ahalf ofthe plastic cartonboxes（60×45×30  
cmor30×45×30cm）hadcracksblltthecontentsdid  
notburstoutfromthemexcepttwoheavyfoodboxes，  
The skis as wellas wooden and metalpoles wer  
Sとickedintosnowwi払outaT王ydamage．Conseqtlerlもー  
1y，almostalltheairdroppedequlpmentWaSSuCCeSS－  
fullyrecoveredatCamp2．  
Damageshouldbereducedfromourexperienceif  

the contents of the box arelight enoughin weight  
COmparing witb t‡1e Strenがb of the box and are  
packed with enoughspace．Ligbt weigbt andloose  
packingcandecreasetheaccelerationofthecontents  
atthemomentoflanding，eVenWithoutshockabsorb・  
ingmaterialsinthebox．Infact，afairlyheavyfood  
boxover20kgandthebottlesfullyfilledwithkeroT  
se‡le Werenearbreaki11g．Ligbtboxeswitbe王10tlgb  
SpaCeinside and balf－茄11ed kerosene bottlesⅥrere   

23  24  25  2‘  Mov．2之  
198S  

Fig，2．Operationalprogressi王ICOring．   

Sincethedrillwasnotwaterproof，mu（：htimehadto  
be spent for drawing up waterfrom the bore hole・  
Thiswasthemaintroubleduringthedrilling，because  
weather conditions were unusually favorable during  
tbeoperatiorl．TIlepreSenとdri11proveditscapability  
inspiteofminorshortcomings・  

3．Transportation  

Tbemanpowertransportatio！10fdrillingsyste王n  
andothereql長pmenttotbedrillingsiteari父SprOb－  
1ems．Atotalweight ofthedrillingsystem andac－  
companying research andlogisticalequipments for  
thedrillingoperationwasestimatedasapproximately  
300kgbecatlSefivepersonsmustspendatdrillingsite  
d－ユrirlg15days for driiling arld core analysis・To  
solvethelogisticalproblems，atfirst，alight－Weight  
drilling system was newly designed，Only37kgin  
grossweightwithfuel；SeCOndly，airdropwasplanned  
fordirectsupplyofequipmentnearCamp2（1000ma．  
s．1．）inthesnowfield；finally，threesimplewooden  
sledges可柁repreparedfortIletranSpOrtationofequip－  
mentsdepositedatCamp2todrillingsiteatCamp4・  
Camp2wasestablishedonthefootofanunatak  

whichservedasagoodtargetforairdropping．The  
vastsnowfieldextendsfromCamp2tothecenterof  
theNortbernPatagoniaIcefield，graduallyincreasi三唱  
thealtitudewhereitiseasytousemanhaulingsledges．  

Fragile equipmentsincluding the drilland  
resear・Chinstrumentshadtobecarried bymen from  
BaseHousenearglacierterminustoCamp2－   

．17．J．▲1／JIメナ吋（小・川／ん川  
AnairdropoperationwithaCessnaairplanewas  
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intact．  

ヱヱSお尋如  
The widely dispersed boxes were colle（：ted by  

threewoodensledgeswhichwerealsoairdroppedand  
assembledwithinonehourandahalfafterrecovery．  
Thewoodensledgecostsverylittlebecauseusedskis  
are sllbstitl】te for runnersarldit weigbs oniyl（）kg．  
Onepersonca‡lbaIldletbesledgeweigbingfrom60to  
70kgatthespeedoflto3kmperhourdependingon  
snow conditions．Aline drawing of the sledgeis  
illustratedin Fig．3．The sledge disjointed several  
times，butit waseasily repairedwith cord within  
few hours．The sledges were used withol丑Serious  
troublesforaround15daysandc（）VeratOtaldista†lCe  
OfoverlOOkmduring3months－StayOnthesnowfield  
inthecenteroftheNortherTIPatagoniaIcefield．  
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Fig．3．Alinedrawingofsledge．   

孟readeactlmulaci6ndelGlaciarSanRaねel＿ EIsitio  
elegido（DS）seubic6en eicampo de hielo relativa－  
menteplano，aunaalturadel．296m．s．n．m．，aunOS  
25kmenlinearectadelfrentedelglaciar．  
ElproblemaloがStico m孟s grave residi6en el  

transporte de material，de un totalde300kg．Se  
emp王e6un sistema de perforaciるnlivia‡10deltipo  
electro・meC孟nico，COnunpeSObrutototaides6lo37kg  
incluyendo combustible．Bajo condiciones de vト  
Sibilidad relativamente clara sin precipitaci6n y con  
fuertesvientosseefectu6doslanzamientosdecarga  
（sin elemenとos打畠giles）desde u11a aViolleta mOnO－  
motorCessnasot）reelcaInpOdehieloacotal，080m  
CerCadelCampamento2（VerMapa2anexoenesta  
publicaci6n），lugarqueconstituy6ell‡mitesuperiorde  
provisi6nde materialesdentro de nuestra capacidad  
log盲Stica＿ Debido ala buenacapacidad para absor－  
bergolpesdelacubiertaくまenieve（2mdeespesor），los  
materialeslarlZados‡10Sufrieronninき縛nda員o serio．  
Seus6trestrineossimplesdemadera des6lolO kg  
C／u para trasladarlos materiales desde el  
CampamentO2hasta DS．Esto se realiz6sinproH  
blemasmayoresdurantelostresmeses dela opera－  
ci恥SieTldo f孟cilmenとe transportados6070kg de  
Carga pOr una SOla perso王1a ya Sea emp房ando o  
tirandodeltrineoconunavelocidadentrel－3kmpor  
hora．EnlaFig．1semuestraeldise汽Odeltrineopara  
OperaCionesfuturas．  

La operaci6n de perforaci6n se realiz6b畠sica≠  
merlteCOr主treSOperaく】oresdentrodelユnCamparnerltO  
establecido en un pozo de 3 m de prorundidad con 
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Resumen   

Logistica deIa operaci6n de perforaci6n efectuada  
eneLcampodehie［0，HieLoPatag6nico Norte（HPN）  

Enestepapersedescrit〉elalog‡sticadeiaperfo－  
raci6ndesarTOliadaafinesdeNoviembrede1985enel  
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Obtuvountotalde錮testigoshastaunaprofund主dad  
de37，6mdt汀a‡ltelユntOtalde23borasdetrabajo．E王  
血icoproblemasesusciはdebidoaまapreseTICiadeun  
acu富ぬroenglacialentrelos25ylos27汀Ideprofun－  
didadL Elagua uenabala perforaci6n y se debi6  
emplearmuchotiemp（）eneVaCliarladebidoaqlleia  
m孟qu主nadeper女）raCi蝕noerade＝jpoim蒼杷rmeabie．   

tecbosimple（verFig．2）．Debido alrigurosoc！主ma，  
dichocampamentofuedise魚andoparaoperarineluso  
durantelascondicionesmeteoro16gicasm畠sadversas．  
TalcomosepresentaenlaTablal，nueStrOSistema  
de perforaci6npod夏alograr una perforaci6n delO7  
mmyextracci8ndeuntestigode80mmdedほmetro  
COnunaVelocidadde48cmporminuto，Elprogreso  
OperaCionalde壬sondajesemuestraen王a Fig．3．Se  


