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Exploration technology research using polar underwater

robots and environmental data acquisition
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SUMMARY

[. Title

Exploration  technology research using polar underwater robots and

environmental data acquisition
II. Object and necessity

The objective of this study is to be necessary to acquire the environment of the
exploration area to be used for the polar underwater robot and the existing
robot technology and necessary technologies in the design of the polar
unmanned underwater robot. Environmental data acquisition and analysis data
on the area to be used are reflected in the design of the unmanned underwater
robot for polar exploration, and the research on existing polar ice shelf and
subglacial lake exploration are necessary for the development and design of the
unmanned robot to secure the ICT source technology.

. Contents and Extents

O Acquisition and analysis of polar environment data considering polar
exploration environment

O Research on ice shelf and subglacial lake exploration technology using polar
underwater robots

IV. Result

O Environmental analysis for polar exploration areas
O Analysis of Ice shelf and subglacial lake exploration technology and case

using underwater robots
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WP29: 300m deep
WP56: 70m deep
WP72: 760m deep
WP.103: 2,000m deep

)

SEE

Location
Latitude Longitude
29 2021.08.11 | 18:00 - 1850 | 77°28.335'N 164°7.079 W
56 2021.08.15 | 01:22 - 02:25 | 74°38.178 N 174°54.980'E
72 2021.08.17 | 16:00 - 16:50 | 76°30.000'N 173°36.000E
103 2021.08.22 | 15:10 - 16:00 | 76°0.000'N 175°30.000W

¥ 1-1 "lojg 85 A 2 GPSFAE

Station Date Time(utc)
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300 km h-1

[

Beam width
of signal is 15°

Radio wavesat
60 MHz (VHF)
transmitted down
into ice sheet

Ice surface

5
N ¢
<

- Internal layers

Echo-free zone

Depth, or two-way travel time

lce surface

1% 2—1 airborne radio—echo sounding technique

(https://www.semanticscholar.org/paper/Physical %2C-chemical-and-biological-processes—in-Lake-Siegert-Ellis-Evans; c7b1dc97fc3a6a35b64d341c733e

e63ddc341428)

4 ¥y v
Moralnal T T
bank b Groundmg line
“ice;

fan Subglacial lake
lce ™. sediments i
* Sediments: 26 - <60 m

Silt-clay couplets (=150 ka - <34 Ma)
R dmps“_’"es Silt-clay couplets

Clay

Water  Basal ice

inflow™, y.
Pre-glacial
" sediments {} Dust
‘... Rain-out
NI 4 ¥ from underflow|
Groundwater “cBasal ice
debris limit

1% 2—2 Seismic survey technique
(https://www.sciencedirect.com/ science article/pii/S0012821X18305995)
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https://www.sciencedirect.com/science/article/pii/S0012821X18305995

WISSARD(Whillans Ice Stream Subglacial Access Research Drilling) 221
A 3] T§ALE SHA "ot Ellswortha4E 2007—2009d7bA] A3 A+
52 BALE B8 doxd ofg oF 3-3.3kmzoldd EASTHE Ao] HAHR
o Zol= °Fldkm, ¥ 2-3km, Aol 160mA L W 2012\ F=r
AT 4 BASY FEato] A5E o83 AFE AmshA ek

| & Subglacial Lakes |

a9 2-3 Yo EA5= WAS B¥
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SAATT Erbslr] wEd HU ¢ & 79 7wl &
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]

I Y
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ANTARCTICA

a8 2—4 G4 7 2 WA S Vostok

(https://www.nationalgeographic.com/science/article; 120208-russians-lake-vostok-antarctica-drilling - science)

Fekgel Wols WABAN A7 FowdeR 43 A9E wgon i
49l SHolA WAS BHL eGAYA Wt A2e BAbrlEel 875
Horh WA Ee PR 2L FAL &L BASE Jlant ded A%
of ot AMEA WY BHedLe AABoWNA ATARS AN nE

F 3 WA A

=
o] AFAFHPOE A
2019del 2,000me]’d =
9 398 Ax9e RgEsy 445 stela gk,

Addo=z nak 2013WRE IFAFUHS &85t Addoez RV}
o #Heol Y 3:(Whillans, Mercer)?] WA TEALE AlF38}A =},
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1 Fourth inventory of 381 lakes (Figure 4). 6th international meetin

1 Lake Whillans directly measured and sampled by clean methods
1 Evidence of living organisisms beneath West Antarctic Ice Sheet

1 7th international meeting

1 International Geophysical Year; 3rd International Polar Year

1 Ice surface ‘lake’ features used for navigation by Russian Pilats

Seismics studies undertaken at Vostok Station

1 First subglacial lake discovered near Sovetskaya Station

] SPRI-NSF-TUD airborne RES collaboration begins

Firstinventory of 17 subglacial lakes (Figure 1)
nd season of SPRI-NSF-TUD survey, Lake Vostok discovered

J Third season of SPRI-NSF-TUD survey, Lake Ellsworth discovered
1 FourtH season of SPRI-NSF-TUD survey

Neil McIntyre analyses SPRI data for subglacial lakes as part of PhD studies

Four segsons of Soviet airborne geophysical survey discover 16 subglacial lakes

Surface exprassion of subglacial lakes identified with ERS-1 radar altimetry

1st Internatiohal meeting, Cambridge UK

Lake Vostok revealed as one of the world’s largest freshwater bodies

Second inventory lists 77 subglacial lakes (Figure 2)

Italian RES in thi region of Dome C indentify 14 new lakes; 2nd & 3rd International meetings
SCAR form Subglagial Antarctic Lake Environments (SALE) ‘group of specialists’

4th International meeting

SOAR aerogeophysical survey of Lake Vostok

SCAR SALE becomes a foymal research programme

Third inventory of 145 lakes (Figure 3)
Subglacial lake discharges and | discovered; 5th International meeting
Large lakes indentified at 90E and Sovets
Four Recovery lakes postulated

Evidence of 130 'active’ lakes revealed by laser altimetry

Lake Vostok accessed, Lake Ellsworth mission halted

Tally of Antarctic subglacial lakes = 402

50 100 150 200 250 300 350 400

29 2-5 WAE B 715, e gele dud waE WAE 4SS ou .

(http://sp.lyellcollection.org)
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Name Lake Depth(m) Ice Thickness
Lake Vostok 510 3,800
Lake Ellsworth 150 3,150
Lake Whillans 2 800
Lake Mercer 15 1,092
Lake CECs - 2,650

ABAA BAelE Adow 9%, nF, BY, FAAEF FRE FADT
Sk WASEAE AYAoR Fasan glvh Folut 71%d 4w
N oAb GAQE HEN Ge FHoR AFE RolX %= 71&AAL o

aL ek

22 =4 W& - A A U

d5ol vgE vy FEYshA dojE2 Adist I dolged e (lce
Shelf)2}  WaEshy, deRxHOZFE FHVE ol EAsts WAZE
(Subglacial Lake) W& A5-= A& AFstd o] 7|$2dsiA o= I
TR0 AT didelt.

East Mtar::hl:
F‘Iatcau B
- Ma —
- loa Elraam T ——
o e — " grﬂ.u . .-'"'-\-__\__ fl
- -"-. T ——— T .”El"ﬂ,g g —= Bl X
\ Whulrans. \ —
WAIS |\ lce Stream ' '\ . Ross
Divide \ -~ A lce Shelf

grounding zana

19 2—6 Ross Ice Shelf®} Subglacial Lake(Lake Whillans/Lake Mercer)

(https://salsa—antarctica.org)

_15_



Al

o
1l

4r
W

FARE 4R @2 A Fol2k A F57hA]

-
T

S YAz

G

o) __
X

X Eo AL

A4r

D

8-

3}

3 Ao 7)F

=
=

HAbE WEoR2RE oY 7HA 7F

;O.ﬁ
mO

—_—

file)
il

Hr

)
ok

SOl Ao

oA WA

—_
fife)

o
ol
B

ol

o

o)

R

o

)

KE

NI
0|

)
i

ToR
i

!
;O._
mo
|y
To

mo

ok

+
ofp

el

k]

&h=tl

1

2

=
=8=4

-
R

t}.[10]

R

,16,



_ TE N
% ] m.ﬁ Wa 3 oL 0] 3 <
: ; : = g TR
. - \ - W E il SIS
E = SN u i &) o L T
; i TR ® T o
i et = - ol 5
_.. .__,_...._ __._ e o OT AT :i :i m
Wi A == © of ' of &
| e 4 . RAOT 5T
Il g ¥2 B W =% W 5
i A T E
| 's ,EE OT ﬂW < io
_._ -] ‘u| 1_ LIL
oy on = 0o o ME _l/o
- . W S o X pp T8N T o
E S 4 B! il T
Al ] w o _zT B H _r7 o o
o M NN 5 < T 7% R
o oF o o No et oE JI ﬂE N
T o ! h T 0
3 AR ETT | 2 M maww
- do X o o} i G T ool T odo Fr
o % o B w3 do oy o
<~ <X 18 ol o ! g q < iy 53
& X i GINE _ T - < o| =
mlo = i ERONS .y = Mo X oz
W = T o RT o o < 3 %nuﬂ_]ﬂr G+ iy
: @R oy Moy
— N
5 >, — TS ~
Z S % 2 ooy 2 e — )
= - &0 = T H T ™
c E = ! ™ = o — —
o £ 2 = - = o mhy o © Lw‘_
= = o " o
S mm © 5 mm7wuu o#motalo%
z - 5 & N o ™ g ~A
- = E TEhaw Ty Trey
2 g ® =" E = Xa=
—~ ey k) — | —
T oF < B ° Bk m o

,17,

H7 =t

°©

&2

X=

FH =



QA F2 ol glo) SRRIE BAL ARH HA WO AFE solofs
7) wEe] AzE AA R MA A ;elsofok & AgEo] Atk AFFAA
ARG Fo BE £walr) ofgy] W AR £ % B& LA ¥
o ol AeEi o Aol May] Ei Al GEoZ old WA o
A Gol e WA e ARG we Ageelol sl AFsaA ek &
o Hgel o4 RES MERFS Teiste] UA7} Hojokaith AFol A
= oBEe YRS FASelol 7] Hiel teA AHE Fa AdS A1)
A AsE Be AT £ UES ok g So] Hojsks =Y Haol wpp
o UVARS AFEES o g3t A% AHW & U= A2UL 23 9
ofo} st}

23 3] AR WHE .- HA BA J]E AT

20124 HAlok7k Vostok £+ WAL A& Ao AAAA FE %7t
A et WAE GAE FAsa vk 94 AE st Po] AL AY F

9 7lEs HAgstal Utk 9= 201249 Ellsworthe4E A&o= =
20133 Whillanse 5 A|Zo 2 Al&EH o7 A ~®S s)Astar gt}

e F ol 47 AFAA WAS WA 29e nesa vk 3 AA @

ARl Whillans3<++=  WISSARD(Whillans Ice Stream Subglacial Access
Research Drilling) ZTEIagoz $3d¥rt. Whillansa5E dS5F47F oF

_18_



800m, 3540l omAERE FedHd &3lA g oy A3 ZH(MSLED)S &
slo] AA THUFE ¢ o 2
ol A& BALZ 7

- — --..
Hubglagial 5,
Lk Wi s

)

— ; hilkinz
R Ice Srrim
s 0|

gL = -
ey
e =

Ico Skalf

1% 2-8 Whillans&5 93|

(https://royalsocietypublishing.org/doi/10.1098 rsta.2014.0305)

AFANFAN2ATHL HE 2L ROk JHE v Eeo] ¢BS FF 2L AB
&3] Qlo] UVAT badA dEE &8 MRS =& o3 e 727 9
dxo] 9ltt. Whillans®F A= AlFte]l AlZAH7MA] 211714 9AE B39
A7} oA
Hiasbar Filtration
unit “xvﬂl
|
30em v
Borehole treatment system
test setup
(350gal) _Lﬂ 2 umfilter J
[ i
lce A Portl Port2
800 m A
- v ? D.lﬂn‘l .
B y, paep
i \
b % Porta Pori3

a9 2-9 WISSARDZZ A E| AMEH AFA|FA|AE FAAE

(https://www.researchgate.net/figure/Map-showing -the-location-of-Subglacial-Lake-Whillans -green-star-5-SLW-84237-8-S_fig1_259437028)
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https://royalsocietypublishing.org/doi/10.1098/rsta.2014.0305
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E 400 - L ] + 2
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Z 500 _
= = | "
600 | 4 ol
i (4) 1
700 = 3) L.(ﬁ) 4 =
800 - -
I G (M (8 (10) i

90{'} L i 1 L L 1 L L L 1 L 1 L i I L i

0 30 60 90 120 150 180
time (h)

29 2-10 @AM AlZkel ohe A5 1Y

=5

n=rel  F o A AFAQ EAREE MerceraF R 2018—-2019 0

SALSA(Subglacial Antarctic Lakes Scientific Access) L2 A EE T3] P53

t}. Mercera e AlFE 93 dSF47F 1,092mol 4 Zol+= 16mAE

dH A ATt WISSARDEZZ A E] H|&f Wd3te] Az A]2~" Moz HT} ge

ATE ?{]ﬂ"“} E“}C’ﬂ‘:]r 57’5‘] WA STHALS Sl Add 55 525 SCINI
s & gt £ A& e SCINIZEd tidh W&

= A —’F%‘i% 48 Ho]%"'ﬂo] A BEAL Abel Aol A AR staiat gkt

=

— Ice surface=0m

Y& drill site o Hydrostatic water
- water route ™ level =101 m
groundlng line ——— Rodriguez Well connection
=175 m
Ross
Ice Shelf °
8
s
=]
I
(U}
) b
) " -
Ice velocity (m a) height anomaly (m) Mercer Subglacial
o — e — o e = — Lake = 1087-1102 m
0 250 500 5 O 5 10 15 20

a9 2—-11 Mercera g Y A|[9]
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a9 2-12 WASHFAA Z2F9 onXE[9]

(Scientific access into Mercer Subglacial Lake: scientific objectives, drilling operations and initial observations)
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