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ABSTRACT, SubmCl'sibk rem o tel y opr ra ted ,"e hi c les (RO\ 's ) a re \'a luable 
resea rch too ls fo r d a ta co ll ec ti on in da ngero us o r inaccess ib le cll\-iro nm e nt s assoc ia ted 
with g laciers termina tin g in th e sea , At tid e-wa ter ice c lifTs. ice berg ca h -ing mak es close 
approac hes fo r ex te nd ed tim e peri od s by ma ntled \"!:~ssel s dangero us _ RO\ 's ca n be 
operated Crom rci a ri\ 'e ly sa fe di sta n ces (hundred s o f m etres ); th ey can a lso d escend to 
co nsid era bh- g rea te r d epths (hulldred s ra th er th a n te ns of metres ) th a n scuba di\ 'ing 
pe rmits_ Th ey ca n prO\ide da ta o n g lac ier g rounding -lin e and sea-floo r morph olo,Q;Y 
a nd wa ter-co lumn ch a ra cteristi cs (e ,g _ sa linit \-. turbidit y, current \-e loc it y \. Th e\' a rc 
al so used fo r di\-ing under 1l 0Ll tin g g lac ier tong ues a nd ice shel\Ts \\-here no o th e r 
access is poss ible _ Th c \' ca n be fill ed \\-ith a \'i\l' ie t\· o f ocea nogra phi c se nso rs, im aging 
se nso rs, trac kin g d e \-ices a lld \\-a te r a nd sedim ent samplers. ma kin g th cm \"C' rsa til e 
resea rch inst rum ent s th a t ca ll suppl y qua lit Cl ti\T and qu a ntita ti\ "C da ta fo r p rocess 
studi es in logisti ca ll y dilli cult el1\-iro nl1l ents_ 

INTRODUCTION 

Th e in te rrace be twee n g lac iers a lid ice shee ts a nd th e 
m a rin e ell\'ironm ent includes g ro und ed ti de-wa te r g la 

cie rs toge th er \\-ith ll oa tin g ice shek es a nd glac icr to ng ues 

which a rc ch 'na mi call y a pa rt o f th e p a rent ice m ass . In 

som c cases, there fo re, th e iee ocea n interface is simpl y th e 
te rmin a l ice difTs o f tid e-\\-a te r g la c iers_ In o th ers, it 

inc ludes \-e rti ca l c lifE toget her \\-ith th e base of ll oa tin g ice 

sh e l\'('s a nd fas t-ll o\\-in g ou tl e t g lac ier tong ll es . Th c 

inte rface is an im portant loca ti o n f() r th c loss o f m ass 

fl'om th r g lac ier sys tem in th e fo rm o f icebr rgs, m e lt w a ter 
a nd sedim cl1ls_ Assoc ia ted \\-ith thi s tra nsfer of m ass arr a 

number of g laciologica l. oceanogra phi c a nd sedime nta r\' 

processes, togethe r \\-ith th e suit e o f sedim cnta ry [c) rms 
a nd fac ies tha t res ult. 

Direc t obse n 'at io ns o f th e ice ocea n interface. a nd or 
th e ice-proxim a l m a rin e a nd sedim e nta ry el1\-irOnm ellt , 

a rc import a nt in th e spec ifi ca ti o n o f th e morph o logy a nd 

d yn a mi cs of th e s\'s tem. SeHTa l m od e ls of th e ice ocea n 

inte rface a nd its oceanog rap hi c a nd sedimenta ry regime 
h a\'(' bee n p ro posed (e .g . Powell , 198 1. 1990), but 

d e ta il ed direct obse r\'a ti ons in m od e rn g lac ier-influ en ced 
\\'a te rs a re rela ti\ 'C ly fe\\' e _g . Oli\-c r a nd oth ers, 1978: 
Kl e p,,- ik a nd F oss um , 1980; SLoc kLOn , 1983 ). Thi s is 

beca use th e nat ure of th e inte rface imposes se\ -e re 
logisti c-al co nstraints on our a bilit y lo ma ke d e ta il ed 

o bsC'lya ti ons in loca ti ons p roxim a l to g lac ia l tid e-\\-a ter 
difE o r benea th floa ting ice sh eh -es . Tid c'\\-a tCl" g lac ier 

te rmInI at'(" usuall y in longitudin a l te nsion. ma n y tra llS-
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\ 'crse crn'asses a re prese nt as a res ult , and the caking 0 (' 

ice bc rgs occ urs fi-equentl y, prO\- iding a sig nifi calll haza rd 
(Fi g . 1) _ The und erside o f flo a ting ice sh c h-es , a nd the 

ocea n \\-a te rs and scdim e nts th a t li e b en eath th em, a re 

a lso in access ibl e. but h a \-e bee n instrum ented occas io n

a ll y b y drilling thro ug h th e ice shelf a bo \ 'C (e.g . Zo tiko \' 
and o th e rs. 1980; :\ie ho ll s and o th ers. 199 1) . 

\\ 'c h a\'c used rem o teh - operat ed \-e hiclcs (RO\' s) , 

ca rrying p ac kages of sc ie ntifi c ins trum cnts, as a mea ns o f 

examinin g tid e-\\-a tcr g la c ie r clills, a nd th e ocea nogra phi c 

a nd sedimenta ry elwiro l1ments proxim a l to th em , in 
so uth eas t Al aska, :\ nta rc Li ea and E as t Gree nl and. \\'e 

ha ve a lso d eployed ROVs benea th th e m a rg ins ofll oa tin g 

ice she h-es a nd reac hed th c groundin g lin e of fl oa ting 

glaci e r to ngues in Anta rcti ca. In thi s pa pe r \\ "C' desc ribe 
th e specifi cati ons of RO \ 's a nd assoc iated umbili ca ls used 

in th ese ill\ 'es ti ga ti on s, a nd consid e r th e ir meth ods o f 
de pl oym ent a nd opera ti o n a nd th e instrum ent packages 

ca rri ed a boa rd th ese \ -e hi cles. W e a lso g i\ "C exa mples o f 

im ages \\T ha \'c obta in ed of th e ice- ocea n interface and 
ice-prox im a l secliments fi'om RO\ 's , toge th er \\-ith reco rds 

o f sa linit\-, tcmpera tulT a nd wa ter-turbidity mcasure
m ents cl ose to tid e-wa ter g lac ier ma rg ll1 s . 

REMOTELY OPERATED VEHICLES (ROVs) 

ROV s p ecifications 

W e h ave used se\-e ra l types o f Ph a ntom RO\ ' (ma nuf-
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/)Oll'rI('s ll'eff alld POll'l'ff : / IIS/I"IIIII!'II/,I allrl me/hod" 

Fig, I, ( (( ) 7 Ill' /ide-Il'a/n ia rlif/ 0/ a /1'111/)(' 1'11/1' l'(/ffl~ J' glacier ill ,I()u/hl'll,l/ ,lla,lA-a, ( I! ) Ice-.l /al! (({hillg ('1'01/, 7 hI' 
iab!,I)!, i, abou/ -to III high alld lOO /11 alTO,l ,l, 

acturer Dccp Occan Ellgillcering dming opCI'ation;, 
arounci thc icc oC('<In intcrlill'C h g , 21, Thc RO\' is 
1Il0llllteci \\ itltin a ('I'<Ish /i ';L mc and is appro~ ill1 at(''' 

O,G') m higlt, I .. ) III long and 0,8.') nl 11 ick, " 'c ight is 
depencicn t Oil tilt' Jllodilications 1l1;lcle to inciil 'idu al 
RO\ 's and the inst rumcnt packages 1l1Oulltecl on thcm, 
"'c halT cicplo\'l'cI 1'<Irious RO\ 's IIcighing Iwtwcl'1l 
a l)out (iO and 100kg, lIith in strllllll'nt packagl's of' a 
Illrther 20 GO kg, 1: lotat ion can Iw aclcicd to tltc RO\ ' 
f'ralllc as rCCJuilTci to prol 'ic\e nl'utr;t\ bum'ancy in lI'ater, 
<lnd 1O balance <Ill)' aS~ ' lllmctr\' in the positioning of' 
sl' icntilic inst l'lllllCnts about thc /I 'a me, ReadjustnH' lll is 
tlll'll IlIacic ,1f'tCl' trial immcrsion, Tlt e nUIllI)cr and pOWl'!' 
of' the c'ountCl'-rotatillg, torquc-balanccci thrustcrs lI'hi r h 
propel Ihe RO\' arc clepenclcnt on illdil 'iclual RO\ ' 
clJnligllratiull. ,\ I\'pical con/iguration \\'lJltld Iw two 10 

/()ur 1()J'\\ard thru stCl's and tll'O ITnical transl't,\,se 
ITrl rans l thrus tns, I'ielcling SO 7.') kg of' I()lward thl'll st 

and 1,-) 20 k,g or lateral and I'cnical thrll sl. This con
ligll ralion lIou ld gin' a l11a~illlulll spl'C'd of'al)O ut I kllots, 
PUlIlT requirc'llll' lllS arc liS or 220 \ ' ,\C at 50 60 l-l z 
and (ik \ ', \, \I a~imulll opn;tting dCJlth is about :lOO Ill, 

The RO\' is co ntrolled by jm'slicK SI, whi ch adjusl 
thc iJalanlT bCtlll'l' l1 Il)rll'ard and ITrlran s lhrusters, 
Rcacl-out s ol'heaciing and civpth art' al 'ai lable to tlte pilol. 
in addition to I'idco ca III era output whcn I'isual conlact is 
lllilCll' 11 ith uncinwatl'J' ob jcl'ls , Trallspondn ranging 
sysle lllS nlal ' also bc w,ed as ,I nal 'igalion;t1 aid, Th l' /h 'ing 
of' an !zO\ ' requires considerahle npniencc, alld 
prol(-ssio llal RO\ ' pilol s li'olll cOlllpan ies "cn'icing Ihl' 

o/lshore oil and g-as inciuslries call I)e hired, if'lll'ccicd, Thc 
pilot and COlllro l ccnllT are Ilorlllalh' locatcd in Ihe 
p;tl'l'nt I'('ssrl in dl'\ ', hcall'd al'C'OJllIllOdali()n, \\'c halT 
a lso opera led RO\ 's rrolll sea-icc platil)rms u,ing IThicks 
wit h 11I'Clrau li c ,1J'JllS ror clcplol' l1lcnl. The c() lllrol lTnlrc 
/t)r sca-icc opcrations is homed ill a heated cahill or 
trailel'. 

Urnbilicals 

The umbilical COllll(.'Cling all RO\ ' to il s cOlllrol ITn liT 
has s('IT ral runl'lions: i Iflr pilotillg' sigllab alld the 
supph' or pO\lTr; ii l Ill!' lite tralls/(:r or c1ala li 'olll the 
RO\ ' to the COlllrol cClltrc ill real l illl e: allt! III as a 
Illcan s of'I'Chick rccoI'Cry, SOIllC RO\ 's C<lll 1>(' r;ldio
contro lled \I ithoul an ulllbilica l; hO\I,(,ITI'. durillg clin's in 
g lacilllarilll' cnl 'ironlllcnts Ihe RO\' n1<l1 IralTI lx-h ind 
In' \I 'a lls o r ot hcr large ohjects I\' hi c h call hlocK 
cOllllllunication signal s, The RO\' ca ll also hccolllc so 
positioned lital rccoITry hI' h<lul in g- o n till' ulllh ili cal is 
thc hes l sa li'l\' precaulion, Lenglh and intl'l'lIal cOllfig
uratioll orlhc ullliJilical arc' depelldent Oil th e opnatiollal 
and sc iclltili c requirelllellt s ill ;IIlY spl'l'ilic Sl lldl, (( 011'

CH'\'. the /i)lIol1 illg conliguration \\'ou ld he ll'pical or our 
RO\ ' inl'('st iga liolls ur ticlc-\\'atl'l' ice c li/l s. Ihl' Jllarg ill s of' 
ice sheh'l" allt! the i('e-Jlrn~iJll ; t1 marill(' l'III'ironnll'lll. 

The di;lnH'llT orall RO\ "s /()(>lprint Oil the sca noor is 
cic pendl'nl oil IImhilical /rnglh, \I'aler depth and cur re llt 
cO ll d ili ollS Fi g, :-1, For l'~amplc, a () Hl m IImhilical 
\loulcl halT an opna lill g' ll)()lprilll or 1,00 ,)00111 dianll'tl'l' 
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a 

b 

Fig . 2. (a) COllfigured submersible RO f ' prior /0 launch, with side-scall sonar fish, CTD l17eter and ramera s.,Ystems 
1170lm/ed on ifs er/e1'nal fl·C/me. ( b) RO V dej)/o)I71'!e1z/ through sea ice ji'01l7 /he deck oJ CSS Hudson ill Kallgmllugssuaq 
Fjord, Eas/ Greenlalld. 
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In 100 m of w a tl'!" , The um bilica l IIT ig hs a bo ut 30 kg per 

100 m in a ir. It is usua lh n e utra lh' o r pos iti H 'I Y bU Ol'a nt 

in II'a te r. w hi c h h e lps aI"Cl id la ng les on th c sea fl oo r, 

es pec ia lh- aro und bo uld er fi e ld s which a rc rcl a ti l'c h ' 

co mm o n in ice-prox i ma I c nl 'i r o nm en ts, H OII 'CIT r . a 

b uol'<l nt umbili ca l may ta ng le o n und ersid e prol uber

a nccs o f sea ice . ice l)lTgs, ice sh e h Ts and fl oa ting g lac ie r 

lOng ues, a nd ca re is need cd during descrn ls a nd asce nlS, 

The wc ig ht a ncl di a mete r of th e umbili ca l. toge th er \I 'ilh 

lh c cur rent regim e d efin e th e a m o un t of clrag th a t 11'i11 bc 

ca used, ,\ s cIJ-ag o n lh c umbili ca l increases, th c RO\ ' 

o pera tin g foo tprint dr(Tcasrs as th e umbili ca l Ix'Co m es 

prog rcss i'T ly m o re eurn'd Fi g, 3 . \ n a ll eJ' n a li lT 

m c th od of RO\ ' d e pl o l'mcnt , cs pec ia lh' in s tro ng 

cu rren ts a nd /o r Il'he re the sea fl oo r is a prin ci p a l o bjcct 

o finteres l. is to d c pl Ol ' th e umbili ca l I'C rti ca ll y d Oll'nll' ard 

to th e sea fl oo r. a nd th en to (h ' lhc RO\ ' h o ri zo ntalh

o ut wa rd fro m thi s positi o n , 

The co nfi g urati o n of th e umbili ca l I'ari es Il' ith th c 

na ture of eac h o pna ti on . bu t un a rlll o u red umbili ca ls. 

whi ch arc m os t use ful Ic) r o pe ra ti o n fro m smaller I'('sse ls 

a nd ship 's laun c h es < 20 m lo n g ). a re t" pi ca lh- ck sig n cd 

Il' ith ,I b rea kin g s tra in o f a bo ut 8 l. Inside a I\'a t(' rti g ht 

shea tl l th e umbili cal has ca bles (o r powcr, co nt ro l o r th e 

RO\ ' thruste rs. a nd a ll\' lin ks be t \l'('c n in st rum c nts a ncl 

d a ta -loggin g fi1c iliti es o n th e pa re nt I'('sse l. Th c number o f 

cahl es . es pec ia ll y shi eld ed 1\I' is ted p a il'" w ill usu a ll y bc 

th e limiling lTile ri o n lil r th c number o r senso rs o p (Ta ting 

o n the RO\ ' a t o n e tim e li) r real-tim e di spl a l's of cl a ta, .\ 

I' id co o r ph otog ra phi c l'<l m e ra ,Ind assoc ia tcd 

co nl1lT li o n is suppli ed as sta nd a rd in mos t ulllbili ca ls. 

a nd co nnect io ns Ic)r m<lnipuiat o r a rm s a rc a lso comm o n, 

\\ ' hen " o fl~th c-s hcJ(" umbili cal , arc useci . th e simples t 

IBOm 

/) Oll 'dl',\ll'ell alld Powi'll: 1IIIIrullll'II/.1 Illld 1II1'1/toi/.1 

co n(i g urat io ll is to d ep lol' sc ientif ic in s lru me nt s \I 'hi c h log 

inte rnalh' 0 11 tl1(' RO \ ' and . thcrcic) I'l'. require no ,epa ra te 

ca ble \I ' i thin th e umbili ca l. 1- 10\ \ ' ('1'(' 1' , (c) r sc ic ntifi c 

o pera ti o ll s th ere a re considera b le ae!l'an tagcs in ha I' i n g 

rea l-tim e inform a tion n n th e \'a ri a ti o n or l' ll l' im nnH' llt a l 

p a r a l11 Cl (,),S su c h as \I ' ,ll er sa linit y, turbi d i tl' a n d 

tc mpera tu re, a nd rro m im aging SI 's tc m s suc iJ as s icl c 

sca n so n a r, Rca l-lim c di spl ays a ll o\l ' in s ta n t ('\ 'a lu a ti o ll of' 

cO llditi o ns ill process s tudi es a nd (~lC ili tate adju,tml' llt or 

fli g ht s tra tegics during a di n> , All ca bles fil l' rea l-t im e cl a t;1 

logg in g a t th e surface req uire appro pri a le tCJ'min at io n s 

a nd \I '<l tc rti ght sea ls fo r co nll ec ti u n to th e u mb ili ca l. allCl 

th c umbili ca l to halT bo th coax ia l a nd, increas in g ly. 

fibr e-o pti c ca bl es a l 'a ilablc (c) r RO\ '-to-surfill'l' cl ata 

tr a nsfer, 

ROV DEPLOYMENT AND NA VIGA TION 

PlatfonDs for deploYIDent 

Th e usua l pl a tfcJrl11S fil l' RO\ ' elcplo\ 'lll c nt a d jacent to tid e

\I ',Il lT g lac iers a re full : equ ipped resea rc h ships, th e ir 

laun c hcs. o r. \I'here sa ((- tl ' consici n<l ti o ns permit. a sta ble 

\I 'int cr [ 1st-i ce COHT, Opera tions li 'o l1l a la rge re;,ea rc h ship 

a re s trai g htf clI'I\'a rcl , Elcn ri ca l su ppli es (i) )' th e RO\ ', tl lC 

contro l a nd n<l\' iga li o ll co nsoles, ami di g it a l da ta-l oggin g 

fac iliti es a rc ,l\'ail a blc, Cra ll cs ICl r RO \ ' de plo: ment a nd 

\I' in c h es (c) r umhili c;d h a ndling a rc prese nt Fig, 21) , .\n 

indoo r cO llt ro l room ('<Ill a lso bc sct up eas ih , 

. \ number o f' o ur o pl'l'a ti ol1S halT hecn rmm , m ,dl 

la un c h es 8 20 m lo ng, In th is case, e icn ricli p()\\'(' r 

,\ C is p rodu ccd (i 'om pl·tro l gcne ra to rs nlOuntccl on th e 

5l 

Om 

Fig , 3, Se/ll'llIali!' diagralll o/I/I!' dl'/I/r!)'1I11'111 o/a ,ll/lima,libll' RO f ji'O/l/ (/ /){)I'ml ,IIII'j(IU' CI'{!ji clo,lI' 10 lilll--ll'oll' l if'<' clilli , 

. \ '011' l/tol l/te Il'IIgI/t o/I/te ulllbilical cOlll/raill,1 Ill!' arm Ih(/I ({Ill 11(' n{/lIIilled /!J' 1111' NO 1', I II Ihe {,Will/ill'. 1(>011'/' de/ilh il 
/5011/ alld Ihe s/t aded al'l'({ I'I'/Jrfj I'll 1,1 Ihe ' ji)()I/Jrill/" Oil Ihe ,1{'{/./lo{)1 IV/lldl ({Ill he 1' lll/l/illl'rI ~)' Ihe NO I ' w/tile Ihl' /)(11'1'111 

1'1',1'.11'1 i,l ,l/aliollal')', 
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] 01111/(1/ 0./ (: /(Ici%g)' 

\"('ssc l. \\'e h (\\'(' f()Unci a 3 .5 k\\' ge nerato r , g l\ 'lng a II O( 

220 \' A(: su pp ly a t :")0 H z, to be su itabl f' . altho ugh 
a t te nti o n must be pa ici to th e stabi lit y of the pO\I'C r 

so u rce . 0 n s uc h sma ll \TsselS. co\"(' rcci a nd h ca teci spact' 

fo r conso les is a lso at a minimulll , a ncl d e pl oym e nt a nci 
I'CCO\T ry or a n RO\ ' IITig hing aboLl t 100 kg is di nicLlI t. 

Sul1icient o p e n d ec k space a lso needs to be <\ \ 'a il a bl e re) r 

ha ndlin g umbili ca ls u p to 6C}O III lo ng . On sea ice, 
umbili ca l h a n cl li ng is sim p le: it ca n be strung o ut across 

th e sea ice in lo ng loops. I-I o \I,(, \Tr. hea \'y equipment is 

need ed to m a ke a n access ho le through th e sea ice a nd to 

d epl oy t he RO\ ·. This ty p e or opera ti o n has been 
success rul in .\ nt a rc ti ca. b u t it hea teci co ntro l centre is 

esse nti al. C o nsid era ble ca re must also be taken II'ith 

\,",n enig ht sea ls o n th e RO \ ' beca use. \I' he n th e \ 'f' hide is 
re t ri e\TcI, sea \I',ller ca n fi 'ecze it t lo\\' a ir te lll pe ra tu res, 

causing sea ls to be broke n . U nless chec ked a nd resea led , 
th e RO \ ' m ay be nooded b\· sea \I'a ter o n th e n ext di\T. 
\\'ashin g th e RO\ ' \\' ith (iTs h ml ter a nd kee ping it in a 

h eat ed sp ace be t\\' ee n di\TS is bes t fo r s u ccess f'ul 

o perat io n . 

Navigation s y stelDs 

RO \ ' n<l\' ig ati o n ill\ 'oh-es tll'O pro blems: ( i ) th e a bsolut c 

locati o n o r th e pa rt' nt pl a Ll()\"m , usuall y a ship o r ship 's 
la un c h. in \I·hi c h th e RO \ ' co ntrol co nso les a re se t LI P: 

and ii th e loca ti on or th e RO\ ' relat i\ 'e to th e pa rent 

platfo rm. Th e fo rmn is o rten tri\ 'ia l, in th a t dilTc rcnti a l 

g loba l pos iti o nin g S\ 'Sll' Ill S (GPS ) and a gy ro compass to 

prOl'ide ship heading \I·ill n Ol"l1 la ll y be pa rt o r th (' ro utin e 

d a ta acquired by a resea rc h \TSse l. For la unc h o r sma ll
boat o pe rati o ns o r on sea ice, a po rta ble GPS sys tem a nd 
gy ro co m p ass ca n 1)(' u,ed . 

Ob ta in in g th e .r . ,IJ an d z coo rci in<l tf's o r th e RO \ ' 
rcla ti \T to th e pa ren t platfa nll usua ll y requires th e use o r 
a hi g h-prec isio n ra ng ing system . \\ 'c h a \ '(' used the 

Si m rad HPR 300 P a nd th e ORE Trac kpo int I 1 po rta ble 
IlI"droaco usti c pos itioning re re rence sys te m s (c) r RO \ ' 

na\·iga ti on . Th e caleu lat io n of posil io n is b ased on ra nge 
a nd bea ring m eas u re m c n ls \I' hi c h y ie ld til e thrce 

dim ensio n a l loca tion o r a n RO \ '- mounted tra nspondr r 

relal i\ 'e to th e sys tem's tra nsdu ce r interrogato r o pera ling 

a t 20 25 kHz, recei\w a t 26- 32 kH z . \I 'hi e h is mount ed 

in a Ill oo n poo l or ri gged OI 'e r th e pa rent \"('sse l' s sid e. Th e 
H PR 300P systc ll1 has a n acc urarl' be tte r th a n 2°;', or 

sla nt ra nge . assum ing th a t th ere is no sig nifi cant error 
rrom ray-bend ing. Wh cre th e II'a ter co lumn is stro ng ly 

d r nsit y-s tra tili ed as in th e md tll"<Lll' r-in d u ced \T rti ca l 
s tra tifi ca ti o n orten fou nd prox ima l to tid e-\ \'atcr g laciers) 

this ass llmpti o n may no t h o ld . an d as Cl c h ec k \IT hil\ 'e 

ro utin e ly reco rd cd II'a tf' r d e pth ind ep r ncl e mh', using 

o th er instr u m e nts mou nt ed o n the RO \ ' . Th e out pu t 

fi 'o m th ese sys tems ca n be d ispl a\"Cd a nd logged o n a sma ll 
co m p u te r , a nd plot tcd in rea l tim e as rcC]uired. 

ROV-MOUNTED SENSORS FOR INVESTIGAT
ING ICE, OCEAN AND SEDIMENTS 

A first- o rd e r cOllSt ra int 0 11 th c sc icnti(i c equ ipm en t to be 

d cpl o>'ed o n a basic RO \ ' is its size a nd \\'c ig ht. Th e 

equipm e n t m ust he ca p a bl e o r br ing m o unt ed on th e 
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RO \ ' rrame, a nd p refe ra b h' in sid e th e fra m c f'or 

pro tect ion aga ins t collision . T he Ph a n to lll is rela ti \TI)' 
lI'e ll su it ed to th c a ttachme nt o r sc icntifi c equipm e nt 
b ecause or its o p c n fi 'a me ( Fig . :2a ) . \\'e igh t co nsid e ra ti o ns 

arc import an t to th c speed a nd m a noc ulTab ilit \ · o f' th e 
RO \ ' . a nd a lso to d e plO\' ment a n cl recOl'ery fro m sm a ll er 

la un ches where lif'ting gea r, suc h a, II-inches, m ay 1)(' 
un a\·a il a b lc . Th e pOIIT r d raw or each scie ntifi c inst r u

m e nt . a nd thc typ e ordata logging (in terna l to the se nso r 

o r via ca b le to a re m o te unit ). a re f'urth er co nsid e ra ti o ns, 

which a rc d ep end e nt in pa rt 0 11 th e umbili cal confi g ura 

ti o n . a ncl may con stra in th e combin a ti on o f' sc nso rs th at 
ca ll be dep loyed 0 11 a ny single sorti e . 

f or th e il1\ 'es ti ga ti o n or g lacier ice. a nd th e m a rin e 
w a ters a nd sea -O oor sedinw nt s loca ted prox im a l to a nd 

benea th tid e-wa te r g lac iers a nd ice sheh-cs, a numhe r o r 

ty pes or instrum e nt a rc a ppro pri a te ro r d eplo \'m e nt 0 11 

RO \ ·~. T hese ca n be di \·id ed i n to : i I im aging sys te m s to 

\ ·ie ll· ice a nd th e sea fl oor le .g. bla ck-and- w hite a nd 
co lo ur \· ideo ca meras , still cam e ras, side-sca n so na r, 

forwa rd-loo kin g so na r : ii m a llip u lato rs fa r di rcct 
sampling of' m ,1I'inc wa tns a nd sea- fl oo r sedim c nt s; ( iii ) 

se nso rs ro r m eas urin g wa te r-column pro pe rti cs (e .g . 

sa lini r\', tcm p e ra ture. sed ime nt conce lltra tio n , di sso h Td 

oxygen conte nt , c urrent w loc iti es ); a nd i\ ) geo ph ysica l 
equipm ent (o r suh-bo t to m pro filin g . 

O f th e im ag ing sys tems. the \- id eo ca mera s) a llo\I' th e 

pil o t a rea l-tim e displ ay fonl'a rd o f th e RO \ ' in clea r 
\\·atn. Th e im ages a rc usu a ll y n.-cord ed o n \'CR 

co ntinuo usly. J t is a lso poss ible, ir contras t is s u lTic ielll. 

to d ig it a ll y re prod uce st ill im ages from a " fi 'ozen" 
\ 'id eota pe rra m e . Fo r keep ing reco rd s or loca ti o ns a nd 

C\T n ts lIT use o ne stlT(,O challnel o n the \ 'id co tape to 
recorcl a dig it a l ti me-code a nd th e ot her chan nel (o r a udi o 

d escri p ti o n or im ages a nd a n y o ther d a ta or no te . \\'c 
cO lllmonh- use a colou r an d a lo w- lig ht blac k- ancl-II'IIi te 
\ ' ideo came ra . Th e la tt er is most userul \I·here th e re is hi g h 

turbidit y in th e \I'a ter column , as occ urs in tempe rat e 

g lac ier en\'iro nm e nts \\'ith la rge st ream di sc ha rges . Sti ll 

photogra phs ca ll bc ta ken using und en l'a ter cameras 
(s te reo ca m e ras a re also a \'a il a bk ) a nd synchro nised fl as h 

u ni ts. Beca use a p e rture a nd foc us need to bf' pre-se t 
h efore d i\·ing . it is userul ini tia ll y to use po la ro icl s lid e film 

th a t ca n he p rocessed imm edi a tel y in th e fi e ld. so se tt ings 

ca n be adjusted . Once [~l\'o ura ble se ttings fo r a di\T site 
a rc rou nd , th e n reg ul a r. bu lk s lid e fil m or p rill t film ca n 

1)(' lIsed in th e ca m era. 

\\ 'here co ndit io ns or h ig h tu r bidit y o r ra pid a tte nu 
a ti o n or li g ht all'a) from th e RO \ ' occur, \ ' isu a l im ages 

fro m th e \ 'id eo ca meras do no t a llo \I' lo ng-range \·ic wing. 

T o compensa te , it is poss ibl e to use a fo rwa rd-l ooking 
so na r. \I·ith rea l-time sca nning im age di sp layed in th e 

cont ro l centre. Th e d isplay ca n a lso be reco rd ed o n a 

\ 'CR if' required . \\' it" such im ages o ne ca n dc termine 
exact d ista nces rro m ice f~lces o r g rounclin g lin es \I·hen 

th ey a rr beyoncl \ 'ie\\, ing ra ngc. L a rge bould e rs o r ba n ks 
o n th e sea fl oo r ca n ;J lso be detec ted a nd a \'o ickd \I·hile 
fl ying th e RO \ ' in "bli nd " cond iti o ns of hig h \I'ar('\"

co lumn turbidi ty . Side-sca ll so n a rs ca n bc used to map 
th e sea noo r , but ea rl' must b e ta ken to ny th e R O \ ' a t 

consta n t he ig ht abOl'C th l' sea fl oo r a nd a t a consta nt 

speed . Pitch a nd ya\\' or th e RO \ ' ca n a lso be pro ble ms. 

\\ ' e !HilT ex pe ri c ncecl pro blems \\'i th sid e-sca n sig na l 
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int C' ri c' rcnce' fi 'o m th e RO \ ' thrus ters; sh ield ed t\\ is ted 

pa i r ca l)ies should h e Ll scd to e nsure good a n a log uc 

records, 
\f a nipul alO r arm , arc a\ 'a il a b lc cO IllIl1 (')'c ia lh ' fi ll ' 

samplill g \l a t(')' and bOll OIll sedim e llt. ,\ , Illa ll bu c kc t 

dred g e h as I)('en c us tom -m ad e fil l' sa mplin g b o ttom 
sedim e llt: it can co llect sa mples o f' a bo ut j G C lll :; in 

\ 'o lulll e , \I 'hi ch r e ta in prim a n setiilll c ntan' stru ctures, Si x 

sa mples ca n I)e co llc c tn l O il o n c di\T uSin g thi s 

in s trument. 
" 'a te r- co lumn pro pe rti es a rc cr iti ca l fo r proces, 

s tucii es, a nd m os t t ), pes of" se nso rs used fo r sla ll ci ,l rd 

ocea nogra phi c SU\,\T)'S ca ll 1)(' co nfi g urcd into th e R O \' 
,,'s te m, Ca ut io n is n eed ed to e nsu re minimum cii s tur

ban ce fi 'o m thruste rs , Pe rh a ps th e m os t d illi cu lt m eas ure

m e n ts a re' of" c u r re nt \'(' Ioc it >" Th e RO \ ' Illu s t h e 

sta t io na ry a nd its or ient a tio n m us t he' kn o\l'll in o rder 

to o htaill a prec ise c UITc nt- \T loc it\ \ "('n o r, It i, poss ible to 

process th e m agn c ti c-co lllpass sig n a l f'ro m th e RO \ ' \\ 'i th 

e lenrom ag ncti c-c urre nt m t'ltT \'o ltagTs to produ ce a rea l-

f) 01l'dl', lil 'l'll allrl l'oll'ell: 111,1 I rII 1111'11 !.I allrlllll'lho(/:' 

tim e cu r rc llt \Tloe it\ , a n d dircct io ll read -o ut in th c contro l 

centrc , T o in crease th e numbcr o !" sc nso rs th a t ca n be usecl 

simultan eo uslY \I ith a finit c numbe r o f' ca llies in th e 

umbi li ca l. it is a lso poss ihle to " d a isy-c h a in " d ata streams 

up the ulllb ilical ;llIci th e n se para te th e lll a t th e S Urf ~I CC , 

EXAMPLES OF ROV OBSERVATIONS OF ICE, 
OCEAN AND SEDIMENTS 

Sc\Tra I im ages d ig i t izcci fi 'o \ll b lac k- a nci- \l 'hit e \' idt'o 

ta pt's a cquireci !"mlll R O \ ' o pera ti o n s in lh e c()o l

tempera te g lac im a rin e se ttin g o f' so uth eas t ,\ Ias ka a r e 

sho \\'n in Fi g- ure ~, Th e first im age is of' sea -fl o o r 

sedim e nts at th e' ,grou nding line \I' he re th e g lar in is in 

conta c t \\ ith th e to p o f' a m o ra in a l ba nk Fig, fa , :\"o t(' 

tlIa t lh e' g lac ie r is O\"(, lT ici i ng lh c secl i m e n t, sin cc ci as ts 

ra n be see n undn th e g la c in throu g h t l1(' ice, ,\ sccond 

im age ill u s trat es l h l' s ubm a r ine ice - c l iff fact' w it h 

cii spnsed cn,!!; lac ia l c1 c ll ri s a nd gas hu iJiJ lt's Fi g , fb ), 

F ig , ./-. I lIIagl',1 0/ Ihl' p,roulldillg- lilll' I'll l'irOll1ll I'll I 0/ liill' - Il 'a In glacil'!' Il'/'lIIilli ill , f/ lllka , o/ilaillNI IlIillg /)(111,1(' '/;-a III 1'1 0/ 
S- I"j I S l'idl'O la/Il' ,1 rl'Corrlerll~J' a ,lIIliIIll'I,libll' RO I ', (a) (;/0,11'- 11/) 0/ 111 1' i~rolllldillg till I' ( 0, 6 1,0 III ill Il'IIglII 1111 Ihl' illl({.!!,!') 

1('herl' lI/IIraillal hallk ,llrlillll'lIl i,1 pilerl agaill,'1 l/il' iCl' face , '(he grolllldillg lilll' i,1 lI/{frkl'rI I!J' (IITOII'I , '/ /11' iCl' /.1 allll 

ol'l'rrirlillg l/il' 10/) o/Ihe IllIirl/lllal hallk al/(l il/., ,'II/j/cil'lll(1' rlmr l/ial m'l'rridm ,1I'I1i1ll1'll1 (I){III()III 1"I~!',hl ) ((Ill /il ' ,11'1'iI Ihrough 

il , ( h ) (;/0,11'- 11/) 0/1111' irtjill'l' aliol'l' l/il' grollllrlillg lilll' , () hjl'l'/' art' I'IIglacial dl'hri,1 /)(frlic/I' ,I 11/) III '}O 30111111 arrO,I,\. (I') 

C/iaol ir ,Ierlillll'll I Oil 1111' IlIom illal h(lIIkji-olll il '/i1'l"1' hI/ill riI'l".l 11/) 10 0.3 III a (J"II,I,I , al/(l 0/ allg III a r - ll/-rl/ullrll'rI,11I1 /)(" a rl' ,l/acl.-l'rI 

al Ihl' IlIIgII' 11/ re/iIIlt' , T /il' l'it'll' i,1 III0killg o/itiqlll'/l' aloll,!!. l/il' 1IIIIIkji-IIIl i. 'n il' ,1/1I/iI' , lil'll illlI.\lmft'rI al l/il' 111/) rig/il (('line 

Ihl' black (/lWI /.1 Il'aft'r, il Ihl' rl'al./(lI'ello/)e o/I/il' /Jallk, (rI ) ( ;ra/,I'I ill l/ie an'a illllllediall'/r I}(~ rollrl 1/11' 1II0raillal blllll.

,,/i!lil 'illg bOlllder,1 (Iu OI'I' r / III aao,lI) 1//(/1 ha/'I' rolled dOll'lI Ihl' /ia llkji-ol/I , ami ol/in cla,I!.1 l/ial all' jilllll i(('ling m/iillg , 

'I /il' backgrol/I/d 1/i011'1 a ,llIIool/ia ,llIrjilCI' 1I/)rl',ll'lIlillg glacilllarilll' 1II1Ir!, 
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]ollrt/al (Il (;Iaciology 

The (i'o lll of th e mo ra in a l b a nk has stee p slo pes a t th e 

a ngle o r re pose or th e o pe n-rra me\l"o rk g ravel. Bo uld ers 
ha lT ro lled d Oll"ll rrom th e b a nk to become iso la ted bloc ks 

in pro-ba nk muds IFig . 4c a nd d ). It is a lso poss ible to 

o b ta in im ages or sedim e nt in th e \I"all s of turbidity

curre nt c h a nn els to o bse n T th e intern a l n a ture of sea
{l oo r sedim e nt. These d a ta a ll o \l" the spatial pa ttern o f 

d ebri s within ice, a nd th e sp a ti a l pa ttern s o r ice-proxima l 

sedim e nt a ti o n th a t res ult I'ro m th e rel ease of thi s 
sedim ent , to be obserlTd a nd modell ed in m o re deta il 

th a n has b ee n possible pre \"io usly. 
.\ second set or images, ta ken I'rom a n ROY d eployed in 

i\nta rc ti c \I'a ters. shows th e subm a rine environment close 
to th e g ro unding line o f a sm a ll noa ting ice ton g ue (fi g. 5) . 

These a rc a mong th e firs t im ages obtained from such a n 
e!l\·ironm e nt. The noa ting to ngue or ~[ackay Glacier is 

a bo ut .j. km lo ng. Access to th e und erside of th e LOn gue was 

{i'om th e sid e, where ice thi c kn ess is a bout 220 m. U sing th e 
RO\ ', wc fo und th a t \I a te r d epth a t th e g rounding line 

ra ngeel (i-o m 90 to 130 m. D e bri s can be seen \\'ithin th e 

basa l ice (Fig . 5a a nd b . This is a n obse lTatio n o f some 

signifi ca nce, confirming th a t sedime nt ca n be present a t th e 
base or ice shel\' ('s close LO th e grounding line , This 

e ng lacia l d ebris m ay th en contribute to th e sedim elll load 

o r cak ed ice be rgs, o r be me lt ed o ut a t th e ice-shell' base 

bclo re caking takes pl ace (cL DrewrI' a nd Coope r , 198 1; 

DO\I'cl es lI'e ll and "'turra\', 1990 ) . Gl acimarine cliamicLOn 
(sa nd )', pebbl y mud or het e rogeno us gra in-size ) is also 
d eposit ed by rocHall a nd g rain{il ll from the rain-o ut 0 [' 

g lacia l debris a s it is melted Ollt rrom the und e rsid e of th e 

"'lacby Gla c ie r to ng ue. This di a mi cton imm edi a tely 

dra pes l1uted subg lac ia l till th a t has been e"posed by 
retreat or th e g rounding line (Fig . 5c ). There is a lso a 

di\'('I'se epiraun a elose to th e g ro unding line (Fi g . 5d ) . 
In addition to im ages o f th e ice ocea n- sediment 

interrace, a \ 'a ri e ty or quantita ti ve oceanog ra phic d ata 
can be acq uircd fro m th e SlI i te of instrum ents a \ 'ailabl e to 
be ca rri ed a boa rd ROVs. 1\n exa mple or qu a ntitative 

oceanogra phi c data obta ined u sing a n ROV is g i\'en in 

Fig ure 6 . Th e ROV obta ined th ese d a ta \\'ithin 50 m of 

Fig . 5, Images oJ Ihe groulldillg-lille envirollmenl al Mackcl)' Glarier. a jloa ling glacier 101lgll e oJ an oullel glacier oJ Ihe 
Hasl "lll larclic ice sheet, acqlliredji-om RO V- mollllled cameras. (a) l"erlical ice Jace above Ihe groundillg lille showing 
basal debris-rich ice wilh sedimenl oJ a helerogelleolls . dial1l irlic graill si;:,e and illdillir/ual clasls tens oJ (1/1 across . Layers 
are sllbllOri:::,olllal and sllbj){trallel1('illz Ihe gLacier bed. ( b) The grolllldi llg line, marked b)' arrows, showing basal debris
rich Iqym dijJfJillg dOW II 10 IIIe ber/ (i .e. 10 Ihe Ir:ji) . (;Lasts in l/ie ice are lens oJ cm arross. (c) Flll led subglacial liLL wilh 
marille diamirloll (somelimes kllou.' 1I as walerlaill lill) drajJing ils slI lJace . The flllle is aboul 0.5 /11 IlIj;II. (d) Diverse 
ejJijrl/(//a jJmelll cLose 10 Ihe grollllding lill e, fJri lllari£)1 011 ha I'd groulI(!J . 
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F/~!.; . 6. O ccallogm/)llir dala {ollrc/I'd ill .Frilll 0/ a .111/011 

sl/bglacial .11{(,(1I11 pllrla/FIIIII RO 1'- lIIollllll'fl 1'lllIi/illlml al 

abolll j()lII ji-Olll a lir/e- it'aler ia clifl ill . I/(II/.-({ . 
Parallleler.l 1,'ere mea,I III'('(1 11,lillg (;7 /) alld ojJliml ba{/;

,I{{/I/eral/(i' ill.llrtlllll'lll.1 UII 1111' RO I '. H at!,-- .Ical/nall((' ( If ) 

i.1 a IIINI.IIII·(, 11/ {rlalh 't' .llls/mlr/l'd I ('(!ill/I'll I (1I1I(l'lllmlillll.1 

ill lite lcall'!' {Ollllllll . II 'al l'l' r/1'lIIi!r ( f) ) i.1 a jill/rlioll 0/ 
,Ialilli~r ( S) allr/ Iml/)l'lflllm' ( 7 ) . I I -aiel' r/c/)11t al Ihe 

/iOilll II/.Ialll/)/illg i.1 Oll~), 1711/ b('(all,l!' a ilium iI/('; ball/.- lta,1 

bllill 11/) 10 Ihlll lac! agoiml lit!' irej{l((' ji-olll 1111' d(,I'/)(' r 

b(l.Iillj7oll{ . 

the Illollth ora su bglacial s trcallll'hannl'i entering Illarine 

\I'<ltns at the g roundin g lin e o r an .\I askan g·lacie r. The 

reco rd shCl\\'''' ch;lIlges in \latn telllperatulT, sa linit) . 

dcnsity ;Ind back-scatter refati n' tllrbidit) I as till' RO \ ' 

din's dOIl·n . :\ote the relati\'(," 10\1' sa linit ). LClllpnaturc 
and densit y in th e nw!t\\'atc,\,-dcrin,d 1I',1[('J'S hct \\ '('e n 0 

and 7 III ( Fi g. 6 ,. T he st ron g tClllpcratlllT and sa linit\ 

g radi e nt at a d e p th or about 7 9 III is kncl\\ n as th e 

P\TIIOc linc . There is a lso ,I spikc o f' incrcased \I,lll'\' 

turbidity abOlT th c Jl) L'llOclinc. Tit e hi g h bal' k-sc,lttCT 

and \I',ltn s; tiinit\· and d e nsit\ in titc Icm es t part of" the 

\I'a tcr co l ulll n proha 1)1 \. rcpresen tat u r lJid i t y CUITcnt c lose 

to th e sca floor. Thesc dctailed dat a on tite sa linit\· and 

tcmpnatu re st ructure or th e water co lull1n hCIll'ath ice 

she ln's and at tick-\l',IlCT g lac ier ice el ilE , ca n bl' uscd to 

const r aIn and calibrate pll\'sical Illodel s of occan 

circ u i<lI io n a nd m ix ing' In thesc c n\ 'i ronIllClllS te.g . 

.J os lwrgcr and \I 'l\'lin. 19HI 

CONCLUDING REMARKS 

Suhl1lcrs ihk rCl11ote l)' operated \Thicks R O \ 's l arc 

\'alua hie resca rch tool s fi)r ([; It <l colkction in dangero us 

or i n'lc c('ss i IJIe cll\' i !'Onll1ents associ,ltcd \\'i t h g la ciers 

term inating in thc sea c .g. at ca k in g t idc-\l'a tl'\' ice 

cliflS a nd ben ca th Iloating ice tong ues and sh cl\'('s . 

R O \ 's c,ln bc opl'l'atcci fi 'om rciatin'h- sak ciist<llllTS 

hundred s or metrcs : t h ('\ ' ca n a lso d esce nci to considcr-

D Ol!'r/eslCell ({lid P Olt 'ell : 11/.1'/1'111111'111.1' ({lid /IIelhods 

abh- grea te r depths hundred s rather than te ns of'Il1Ct l'cS i 

than sc uba c1 i\ ' ing permits . T h ey ca n prO\' id e data on 

g la c ier g rounding-l inc a nd sea- Il oo r m o rpho logy a nd 

water-co lumn c ha racteri s ti cs (c.g. sa li nit y . Lu r b idi ty, 

cu rrent \,(,Iocity ). 

R O \ 's can be fillCd w ith a \·<1\'1rt\· of oceanographic 

se nsors. i mag i n g sc nso rs, t rac k ing c1n·ices. a nd \\'a ter and 

sedim cnt sa mplers. making thclll l'x trcmc ly \T rsa tilc 

rescarch in s trum e nts Cor oht'lining qua li t<lt in' and 

qu a ntit a til'l' d a ta for in\Ts Li ga Ling g la c ia l sed imenta r y 

processes and ice a nd sca -Il on r Il1nrph olog \ ' in logist ica ll y 

ciiflicu lt el1\· ironm cnt s. 
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