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SUMMARY

[. Title

Development of technologies for geophysical survey and hot water drilling of the

sub-glacial lakes below Antarctic David glacier

[l. Purpose of R&D

O Acquirement of the most developed seismic survey system and data analytical
technology

O Development of the source technology of clean hot water drilling for Antarctic
sub-glacial lake

O Development of international cooperative program for Antarctic sub-glacial lake clean

hot water drilling at David glacier

[II. Contents and Extent of R&D

O Acquirement of the most developed seismic survey system and data analytical
technology

- Equipment of the 96 multi channels ice sheet seismic survey system

- Improvement of precision and accuracy of seismic survey data analysis

- Assignment of the optimum site for clean hot water drilling of the sub-glacial lake at

David glacier

O Development of the source technology of clean hot water drilling for Antarctic
sub-glacial lake

- Development of the mobile in situ clean laboratory and sterilization system for clean
hot water drilling

- Development of the multiple corer and piston corer for sampling of sub-glacial lake

sediment

O Development of international cooperative program for Antarctic sub-glacial lake clean
hot water drilling at David glacier

- Establishment of a comprehensive project implementation plan and Korea-UK subglacial
lake joint research agreement

- Initial environment estimation for the sub-glacial lake clean hot water drilling at David

glacier



V. R&D Results

O Acquirement of the capability for precision seismic survey for Antarctic sub-glacial lake

- Securing the 96 multi channels ice sheet seismic survey system and data analytical
technology

- Development of numerical modeling technology and workflow for seismic survey data
processing of sub-glacial lake

- Determination of geophysical characteristics and scale of the Cheongsuk sub-glacial lake

- Assignment of optimum site for clean hot water drilling of the Cheongsuk sub-glacial

lake based on data of satellite, weather, radar, and seismic survey

O Infrastructure development and securing core technologies for Antarctic sub-glacial lake
exploration

- Establishment of the mobile drilling equipment, including two mobile power generation
containers, one mobile clean laboratory, one mobile sterilization system, and one
mobile hose reel & winch system, one sampling winch, one UV unit for sterilization
of borehole passing equipment, one boiler & hot-water circulation system, and
securing integrated operational technologies

O Execution of initial environmental evaluation (IEE) and implementation planning for
subglacial lake Cheongsuk hot-water drilling
- Analysis of the biogeochemical initial characteristics of the sub-glacial lake area and
prediction of environmental impacts resulting from research activities and pollution
preservation strategies
- Renewal of the Letter of Understanding (LoU) for the Korea-UK subglacial lake joint
research partnership (‘25-29) and development of a detailed four-year execution

roadmap for the Cheongsuk hot-water drilling project

V. Application Plans of R&D Results

O Understanding of the geophysical characteristics of the sub-glacial lake at David glacier

O Assignment of optimum site for clean hot water drilling of sub-glacial lake at David
glacier

O Acquisition of source technology of clean hot water drilling for deep sub-glacial lakes

O Sampling of 2,000m deep sub-glacial lake water and sediment at David glacier
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| Geode Exploration Seismograph

Configurations: 8,12, 16, or 24 channels in weatherproof field-deployable
Geode module. Geode Is operated from either Windows XP/7/10-based
laptop or by Geometrics ruggedized StrataVisor NZ field computer/seismo-
graph. Basic operating software controls one Geode:. It can also be optionally
expanded to control multiple Geades, as well as do marine surveying,
continuous recerding, GPS synchronization, and seismic surveillance.

A/D Conversion: 24-bit result using Crystal Semiconductor sigma-delta
converters and Geometrics proprietary over sampling.

Dynamic Range: 144 dB (systermn), 110 dB (instantaneous, measured)
at 2ms, 24 dB.

Distortion: 0.0005% @ 2 ms, 1.75 to 208 Hz.

Bandwidth: 1.75 Hzto 20 kHz 0.6 and DC low frequency option available.
Common Mode Rejection: > 100 dB at <= 100 Hz, 36 dB.

Crosstalk: -125dBat 23.5 Hz, 24 dB, 2 ms.

Noise Floor: 0.20 v, RFl at 2 ms, 36 dB, 1.75 to 208 Hz
Stacking Trigger Accuracy: 1/32 of sample interval
Maximum Input Signal: 28V PP,0dB

Input Impedance: 20 kOhm, 002 pif.

Preamplifier Gains: Standard factory configuration is 24 and 36 dB
Optional configurations include 12 and 24 dB or O dB.

Anti-alias Filters: -3 dB at 83% of Nyquist frequency.
Acquisition and Display Filters:

= Low Cut: OUT, 10,15, 25, 35, 50, 70, 100, 140, 200, 280, 400 Hz,
24 or 48 dB/octave, Butterworth.

= Notch: 50,60, 150, 180 Hzand OUT, with the 50.dB rejection
bandwidth 2% of center frequency.

= High Cut: OUT, 32,64, 125,250, 500 o 1000 Hz, 24 or 48 dB/octave.

Sample Interval: 002,003125,00625,0.125,0.25,05, 1.0, 20, 40,
80,160 ms.

Correlation: Optional (with SGOS, standard with MGOS) high-speed
hardware correlator available in each Geode for fast cycle time with vibrators
and pseudo-random sources. Correlates 16K record, unlimited channels, in
under 1 second.

Record Length: 16,384 samples standard, 65,536 samples optional
Pre-trigger Data: Up to full record length.
Delay: Full record length to +100 sec.

Data Transmission: Uses Ethernet transmission standard over CAT-5
copper or multimode fiber-optic cable. Distance between boxes: CAT 5 cable
up to 0.25 kmy; fiber-optic cable up to 1.5 km.

EventTrigger: Based on seismic event; criteria set by user.

Continuous Recording (optional): Record GPS-synchronized,
gapless data in SEG-2 format.

Auxiliary Channels: All Geode channels can be programmed as
either AUX or DATA.

Roll-along: Built-in, no external roll box recuired.

Geophone Testing: Pulse test measures r
frequency, and damping

istance, sensitivity, natural

Instrument Tests: Optional analog testing available. Measure noise,
crosstalk, CMR, dynamic range, gain similarity and trigger accuracy.
Additional built-in oscillator required.

Data Formats: SEG-2 standard. SEG-D and SEG-Y available as options.

System Software: Basic operating software includes full compliment
of acquisition, display, plotting, filtering and storage features. Numerous
optional features available; see SCS data sheet

Bundled Applications Software: Seisimager/2D Lite refraction
analysis software from OYO.

Data Storage: Stores data locally in SEG-2 on laptop/PC media. Drivers
available for tape/disk storage in SEG-2/0/Y.

Plotters: Drives any Windows-compatible plotter or printer.

Triggering: Positive/negative TTL or contact closure, software adjust
able threshold. STA/LTA-like algorithm for triggering on seismic waveform.

Power: Requires 12V external battery. Uses 0.5 W/channel during
acquisition (0.25 ms sample rate). A single 12 Amp-hour battery is
sufficient for a typical day of data acquisition; standby mode reduces
power consumption by 70%.

Environmental: Operates from -50°C to +70°C (-58°F to +158°F)
Waterproof and submersible. Withstands a 1m drop onto concrete on 6
sides and 8 corners. Passes MIL810E/F vibration

Physical: L: 254 cm; W: 305 cm; H: 17.75 ey Weight: 36 kg (10x12¢7 in;
8 Ib). Uses waterproof Bendix 61-pin connector for geophone input.

Operating System: Windows XP/7/10.

Warranty: Three years standard, extended warranty available.

Optional Built-In Test Functions

Instrument: Geophone:
« Noise « Distortion « Natural Frequency
- DC Offset « Crossfeed + Resistance
+ Gain Accuracy « CMR » Damping
+Gain and Phase  + Bandwidth « Sensitivity
Similarity +Timing Accuracy
Spacifications subject to change without notice.  GeodeDS_v1 (0518)

GEOMETRICS

Innovation « Experience « Results

GEOMETRICS INC. 2190 Fortune Drive, San Jose, California 95131, USA

Tel: 408-954-0522 « Fax: 408-954-0902 « Email: sales@geometrics.com

GEOMETRICS EUROPE 20 Eden Way, Pages Industrial Park, Leighton Buzzard LU7 4TZ, UK
Tel: 44-1525-383438 - Fax: 44-1525-382200 - Email: chris@georentals.co.uk
GEOMETRICS CHINA Laurel Geophysical Instruments Limited

8F. Building 1, Damei Plaza, 7 Qingnian Road, Chaoyang District, Beijing, 100025 China

Tel: +86-10-85850099 - Fax: +86-10-85850991 - laurel @laurelgeophysics.com.cn

a9 16 AHFAM-A S
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GEOMETRICS

Simplify your search

R

Geode Repeater Module Specification Sheet

Repeater module, used to boost signal between Geodes separated by greater than 250 m, includes one
power cable.

The repeater module is nearly the same as an 8-ch Geode. It contains one &-ch acquisition board. Since
it is just a repeater, it does not have a Bendix connector. Exact same specs environmentally as a geode.

Power: Requires 12V external battery.

Environmental: Operates from -502C to +709C (-582F to +1582F). Waterproof and submersible.
Withstands a 1m drop onto concrete on 6 sides and 8 corners. Passes MIL810E/F vibration.

Physical: L: 25.4 cm; W; 30.5 cm; H: 17.75 cm; Weight: 3.6 kg (10x12x7 in; 8 |b).

19 17 REPEATER AF%A
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10._ SPECIFICATIONS

PHYSICAL.:
CARRYING CASE:

SIZE each unit:
WEIGHT each unit
POWER:
BATTERY LIFE:

TRANSMITTER:
KEYS:

LIGHTS:

AUTO OFF:

XMIT TIME:
TRIGGER INPUT:

OUTPUT TO RADIO:

SIGNAL:
START GEOPHONE:

RECEIVER:
KEYS:
LIGHTS:

AUTO OFF:
INPUT FROM RADIO:

TRIGGER QUTPUT:

DELAY:

19.75" x 15.50" x 7.50" H (501.65mm x 394.46mm x 189.48mm)
Foam lined, Waterproof to IP67/MIL-STD 810F-512.4

5.8L x 3.9W x 4.5H inches 14.7 x 9.9 x 11.4 cm with handles

3 pounds, 1.3 kg, with batteries

6 size “C” alkaline flashlight batteries, internal battery holder

up to 200 hours with alkaline ‘C’ cells, less with speaker on

XMT (transmit), TST (test), ON (power on), OFF (power off)

low battery (flashes), transmit, trigger sent, power on (flashes)

power turns off if no trigger has been sent for 40 to 50 minutes

auto mode: 20 seconds max, manual mode: 50 seconds max

PIN A trigger input, 470 ohm pullup resistor to +5V, falling edge signal
causes trigger

PIN B commen for pins A and C

PIN C ready input, 470 ohm pullup resistor to +5V, falling edge starts
auto transmit mode, latched

MATING CONNECTCOR: Cannon KPTOEB8-3P

PIN A signal output, AC coupled, 0-0.7 VAC adjustable

PIN B commen for pin A, AC coupled

PINS C and D, SPST NO relay contacts for push to talk switch function,
Isolated from other signals

MATING CONNECTOR: Cannon MS3116F8-4S

frequency shift keying (FSK), mark = 2750Hz, space = 2250Hz
Optional high sensitivity trigger input. Triggers on any positive or negative
change in voltage exceeding threshold voltage. Threshold adjustable
from 0.12 to 1.8 volts. Works with a geophone or trigger switch.

SPK (speaker), TST (test), ON (power on), OFF (power off)

low battery (flashes), receiving tone, trigger received, power on
(flashes)

power turns off if no trigger has been received for 40 to 50 minutes
PIN A speaker or headphone signal from radio, 0.05-2.0 VAC, AC
Coupled, adjustable

PIN B common for pin A, AC coupled

PIN C and D external speaker output, 8 ohms, 250mW, adjustable
MATING CONNECTOR: Cannon MS3116F8-4P

PIN A trigger output, open collector NPN, turns on for 50ms at trigger,
needs external pullup resistor in seismograph to maximum of +18 volts
current limited to100ma, has reverse polarity protection

PIN B common for pins A and C

PIN C ready output, open collector NPN, turns on whenever valid tone is
being received, follows RECYV light, needs external pullup resistor to
maximum of +18 volts, current limited 100ma, reverse polarity protected
MATING CONNECTOR: Cannon KPT06B8-3P

Total system delay of trigger 2.5 milliseconds.

Jitter (variation from trigger to trigger) less than 0.1 milliseconds.

I% 25 AbdA
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GISCO,

GISCO RADIO TRIGGER LINK
MODEL G-ST-10
OPERATION MANUAL

REWISED 142012

GISCO
6323 Cambridge St
Minneapolls, MN 55116 USA

1-B00-523-1526 952-929-3000  FAX-952-925-5453
email: service@giscogec.com  website: htm:mrmmw.gismgeu.mm

JHM 152012

13 26 RADIO TRIGGER A4
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Request

The use of Georods in the snow iz perfect.

However, even if only one of Georods four sensors fails, it may not be
usable or performance may be degraded.

To improve this [ suggest. Instead of using epoxy, it would be better to

configure hardware that can open and close.

Answer

I've talked with Sridhar some as well and we've come to the conclusion to
leave the Georod the same shape., but instead of epoxyving the gecphones
in, we'll put a lid on with screws so that the sensors can be changed

should one go bad. We're working on the CAD for that now and will update

vou soon!
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DESCRIPTION OF CHANGE ECONO CH

G BY | DATE

SENSING SYSTEMS ENGINEERING

PRODUCT / CUSTOMER
SPECIFICATION

FOR

GS-20DM 40Hz-270Q OMNITILT

P/N
98131
- °0YO GEOSPACE OYO GEOSPACE
Aoiston, Texns Houston, Texas U.S.A.
9
PROPRIETARY NOTICE DATE DWN.
TITLE
10/21/05
This document, whether patentable or non-patentable GS-20DM 40-270 OMNITILT
subject matter, embodies proprietary and confidential CHECKDY
information and is the exclusive property of OYO
GEOSPACE. It may not be reproduced, used or disclosed SHEET 1 OF 3
to others for any purpose except that for which it is
loaned, and it shall be returned on demand. All rights APP.BY SPECIFICATION # REV.
reserved.
S- 98131

I8 31 N2 AA AFA
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PRODUCT/CUSTOMER

SPECIFICATION
GEOPHONE MODEL: GS-20DM FREQUENCY: 40Hz  DC RESISTANCE: 270 Q
ORIENTATION: OMNITILT PART NUMBER:_98131
DESCRIPTION SPECIFICATION @ 25°C TOL:
NATURAL FREQUENCY 40 Hz 7.5%
TILT ANGLE, MEASURE FROM HORIZONTAL 490 °©
FREQUENCY SHIFT AT TILT ANGLE N.S.
NATURAL FREQUENCY WITH TILT 40 Hz 7.5%
CLEAN BAND PASS > 850 Hz
DC RESISTANCE @ 25°C (R¢) 270 Q 50%
INTRINSIC VOLTAGE SENSITIVITY (G) 0.384 V/in/sec, _0.151 V/em/sec 10%

NORMALIZED TRANSDUCTION CONSTANT
Coil Resistance (R;) _270 Q

OPEN CIRCUIT DAMPING (B,)
MOVING MASS (M)
COIL EXCURSION P-P

HARMONIC DISTORTION @ 40 Hz
WITH DRIVING VELOCITY OF

.7 in/sec (1.8 cm/sec) P-P

@ TILT £90°

DAMPING CONSTANT (B.Ry)
OPERATING AND STORAGE TEMPERATURE
MAXIMUM OPERATING TEMPERATURE
DIMENSIONS

WEIGHT

DIAMETER

HEIGHT (Less Stud)

0234 \JR, Viin/sec

A2 15 %
5.6 gr 5%
>.04in, >.10cm

<.50%
<.50%

81.2
- 45 to +100 °C
100 °C continuous duty

15 oz,_43 gr
0.875 in, 222 cm
_1.04 in, 2.64 cm

OYO GEOSPACE

SHEET 2 OF 3 S-98131

I8 32 AEA A&
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Bed elevation Ice thickness Bed Reflection Power

1435 -1,435
00m
1440- 1,440+ 10.05
200m
-1445-1 -1,445+
100m 10.029
1450+ 1,450+
om 10
1455+ -1,455-
“100m :
9975
-1460- 200m -1.460-
995
-1485- 300m 1,465
9.925
1470+ 400 1,470
500m 99
14754 -1,4754

655 660 665 670 675

1,930m
-1,920m
-1,910m

~1,870m

a9 38 #old A% 3D =X
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Unit Cell for Staggered-Grid Formulation

or,,
VT,
ATy,

oy,
¥
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{Test 2d HR >
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T

a9 42 AAA FEREY Y ALS

T2 EE
Model size 8 km (Width) X 3.3 km (Depth), 1.5 m grid
Layer thickness velocity
ice 2.3 km 3.84 km/sec
6.25 m
Layer 125 m
water 2% m 1.44 km/sec
50 m
basement 1.0 km 1.8-3.0 km/sec
Source Ricker wavelet zero-phase, 0.02km depth

Shot location

0.3 km, 3 km, 6 km

Receiver Surface, Full seismogram
Receiver interval 0.015 km
Modeling grid size 0.001 km

Recording time 4 sec

Sampling rate

0.0001 sec (10 kHz)
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Baserent : VP=2,817 m s=1, VS=1,530 mis-1, p=2,128 kam-3

Y 43 Test =d 2§

Distance (km)
000 050 1.00 150 200 250 300 350 400 500 550 600 650 7.00 750

8.00
+ 1
35
1

5
‘ £

s

T SIS - | SR ol 3
0

1

1km 2 km 3 km 4 km 5km 6 km Tkm 8 km
Numbier of channel
Q10

Depth (km)

0 200 210 220 230 240 2350

13 45 Test 24 shot location 0.3km, water thickness 6.25m shot gather
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Distance

1km 2 km 3 km 4km 5km 6 km Tkm 8 km
Number of ehannel
m;n 20 30 40 50 0 X 11 X 70 180 100 200 20 220 230 240 350 N i 2 80 30 400 410

Distance ; i ~ ) : ; )
1km 2km 3 km 4 km 5 km 6 km Tkm 8 km
Number of channel
a0 30 o S50 090 114 1 70 180 180 200 20 226 230 240 250 X ! 2 5030400 410

13 47 Test 24 shot location 0.3km, water thickness 25m shot gather

Distance

1km 2 km 3 km 4 km 5km 6 km Tkm 8 km
Number of ehannel
Wa.ﬂ & 40 50 0 0 1i.f | 70 180 100 200 20 220 230 240 30 N A 2 8030 400 410

1% 48 Test 24 shot location 0.3km, water thickness 50m shot gather
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1km 2 km 3 km 4km 5km 6 km Tkm 8 km
Number of ehannel
m;n 20 30 40 50 0 X 11 X 70 18 190 200 30 20 20 240 50 X i 2 80 30 400 410

19 49 Test 24 shot location 3km, water thickness 6.25m shot gather

Distance ; i ~ ) : ; )
1km 2km 3 km 4 km 5 km 6 km Tkm 8 km
Number of ehannel
a0 30 o S0 0o 114 1 ) 170180 160 300 M0 2o 0 20 350 3 s 2 1 0 30 WO &0 410

13 51 Test 24 shot location 3km, water thickness 25m shot gather
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1km 2 km 3 km 4km 5km 6 km Tkm 8 km
Number of channel
u.ul 0 X 11 . ) 70 180 100 200 200 220 230 240 250 i 2 50 30 400 410

19 52 Test 24 shot location 3km, water thickness 50m shot gather

Distance ; i ~ ) : ; )
1km 2km 3 km 4 km 5 km 6 km Tkm 8 km
Number of channel
a0 30 o S50 0 114 1 70 180 190 200 210 226 230 240 250 X ! 2 0 30 WO 400 410

19 53 Test 24 shot location 6km, water thickness 6.25m shot gather

1km 2 km 3 km 4 km 5km 6 km Tkm 8 km
Number of channel
u.oJ‘ 28 30 40 S0 0 . 14 | 70 180 100 200 20 20 230 240 30 N A 2 5030 400 410

13 54 Test 24 shot location 6km, water thickness 12.5m shot gather
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1km 2 km 3 km 4km 5km 6 km 7km 8 km
Number of channel
70 180 190 200 30 20 230 40 5

19 55 Test =4 shot location 6km, water thickness 25m shot gather

1km 2 km 3 km 4 km 5 km 6 km 7km 8 km
Number of ehannel
0 190 200 210 220 210 240 25

Model size 8 km (Width) X 3.3 km (Depth), 1.5 m grid
Layer thickness velocity
Layer ice 2.3 km 3.84 km/sec
water 0.05 km 1.47 km/sec
basement 1.0 km 1.8-3.0 km/sec
Source Ricker wavelet zero-phase, 0.02km depth
Shot interval 0.36 km
Receiver Surface, Full seismogram
Receiver interval 0.015 km
Modeling grid size 0.001 km
Recording time 4 sec
Sampling rate 0.0001 sec (10 kHz)
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Distance {km)
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100
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3
Water layer (0.05 km thickness) - VP=1,443 m s=1, VS=0ms=1, p=1,017 kgm~3
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i
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a9 57 A5 nd =y

z

Depth (km)

«

Distance (km)
0.00 050 100 150 200 250 300 400

350 4 500 550 6.00 B850 7.00 750 6.00 u
[l s 1
kAl & g i :
| fee : 3,843 m =1, VS=1,900 m s-1, p=912 kglm=3" "] ! \\ .
1.004 T
. A [ i
| = / : \\ ! { ‘/ .
i == - . - - -
< > —_— g
H 7 = \ - \\ k H
Water layer (0.05 km t/'iikness) k 1 5-1, V5=0ms-1, p=L,( 3 — S
| i} ¥

o
£
\

3 58 shot interval 0.36km, water thickness 50me] =48 1.25sec A3 & A3 ddx

istance .
% Tkm 2km km sk Skm km 7im 8km

18 59 Shot location 3km shot gather
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24 ALoF

Model size

8 km (Width) X 2.6 km (Depth), 1.5 m grid

Layer thickness velocity
crevasse 0.01 km 0.33 km/sec
Layer ice 2.3 km 3.8 km/sec
water 0.01 km 1.47 km/sec
basement 0.29 km 1.8-3.0 km/sec
Source Ricker wavelet zero-phase, 0.02km depth
Shot interval 0.36 km
Receiver Surface, Full seismogram
Receiver interval 0.015 km
Modeling grid size 0.001 km
Recording time 4 sec

Sampling rate

0.0001 sec (10 kHz)

Distance (km)
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19 60 Water thickness 10m, 100m Z¢] F#ulx 37 AAH 24
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238 61 100m & =g v}~ 37, water thickness
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NOJ NAME OF PART | MATERIAL(=2)|_WEIGHT| uaNTiTY] REMARK(HI D)
[EEE 2R
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JIN SUNG REFRIGERATOR IND €O, LTD.

*HI& LS
QAZHOIE LY EAHL R MIN 110u
L 0.8t Aluminum @I 5 ¢ BH .6t (F-308012 yellow color)
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=4 AW, A= AL xYAor B4 A

o ZHA FF oF 6=, Ao} 10E9] st=& HlZod AHA, 9 TtE
o Main skeleton frame, 4 Skis, Axles, Deck

o Main frame based on the cargo trailer skeleton structure

o Cargo trailer type ballrace axis in the front skis

o stress-proof rubber block on each skis

° 8 m X 3 m wide cargo deck with plywood on the metal frame
o Axle connected cia pivoting adaptors with oilon caps

o Side rails drilled to suit bolting walkways on

o Access stairway (No handrails) slide underneath walk

( STAMP JOB No. WHERE SPECIFIED | DO NOT SCALE - IF IN DOUBT ASK | JOB NUMBER- 7 QUANTITY- )
*Optional assembly view with trunnions on Ski and 124mm Spacer §\
8030 3000
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7000
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PRIVATE AND CONFIDENTIAL
NOT TO BE COPIED OR LOANED WITHOUT THE OWNER'S WRITTEN CONSENT
THIS DRAWING S RETURNABLE ON REQUEST, AND REMAINS THE PROPERTY OFRSUIITS CON

walkway concept design DRAWN: VDATEI ISCALE: DRAWING No.
D o-se—zo | 170 13/276196x
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D:\JOBS\ANTARCTIC GENERAL\2015\7MX3M CONTAINER D»‘CKJ

CREVISION

ELPHINSTONE ENCINEERING AUST. PIY. L7D.

x3 1T AN RRABIAENA GASRANUA T190 PHO3) 6267 3242 FAX(03) 6287 3673

a9 72 324 ey 58 wAd =9

_73_




I 74 A8AE I

a8 73 =4 f

% 76 =Ttol=4 AT

19 75 &ato) =4l Age A

=

—>

=

=

=

—

T

e

19 78 U4A I=dd-2

A A=HY-1

a3 77

EERV R

o154 HHA

O

AA

7] 918} 7000 x 3000 x 2900 7 E o]

5

3 SE

A

froat

X
o
Hlo

7] Al

’

Hjj %]

_74_



7000

3000

9 80 o4 FAR AF4L WA WHEE

2250 4750
s
o Fume Hood Table Clean Bench g
= 1200 X% 300 1800 X 800 1600 X 800 50
3]
o
=]
I i~
Door(500) e = | = D
[y} Air Shower
I~ 1000X% 1270
St Sink Table Table %
L 300 X 700 1300X 700  [FOOX 700 =2
e
6600 p
7000
dF 79 0|54 A 434 HH=E
7000
22580 4750
|
o =
1200 X 800 LED &
3 [ == 1 [ 3
o & =k =
S = = = 2 9
% = LED 5 | LED & | LEDS g Eﬁ
Q Air Shower Heps Box He D Box Hepg Box
i S
=
e |
6600 )
7000

_75_




7000

7000

9 82 o]F4 A 434 AV wEEx

2250 4750
111
S:lj Fifter Bpe—=semeser—H——( ) 8
Vs " 51 :];I epa Bo o
8 Yeya? ] = S
S {CTCH—1 = | = &
M [E] [E] E3 —
o g = :
I;}‘ Hepa Boy Hepa Boy Hepa Bo: o
g N
204 6600 p
7000
a9 81 o]54 A A¥4 v € HE FE=
7000
2250 4750
o Fume Hood Table Clean Bench g
) i 1200 X &00 1800 X 800 1600 X 300 3]
3 21&d
S g
= Door(900) sl g Q
Air Sh
~ 1000 % 1270
= abl Table 2
800 X% 700 00X 700 [FO0 X 700 M~
A
] 6600 ’

_76_




/000

2250 4750
) 8 3)
% Fe%;q F‘e%g ‘§i
) D
& of B
N B HEE B g N
oy (Y
oy
)
a9 83 o4 3R 44 =
- YR 2% fRA9 AAE, A7A] S aHe F7IRSA wjxe} sEE A
EA
SA: 2,200 CMH “;z‘él‘:‘" @ _ﬂ] 1
&
£ Y
of s o )J rmetes ‘a‘n‘
o ([ /e =t
oA “ﬁ! -t o | =
[ WY (E=as ] | B
or EA(CMH) -{ | EA(CMH) -1
yaya| - PAICMH) 2,200 i | PALCMH) -
‘qr’cu' “eou’ Clean Bench
% 84 0|54 A & 38
- AR R AR AEE 71 2 ARl AAH S Qs S0 A7) Bt o=

_77_




4494 %3 ¥
SIS - SIEHE HAMTE 2857 <EH?| : Keal/h>
e o s 29m  Ad 258 m L 147 m* A 38 m
HA=A d EL]
27| -55|°CDB *CWB %RH kg/kg -55 |°CDB -5503  |°CWB| 10%|%RH | 1E-06|  kg/kg
AU 20/°CDB *CWB 55|%RH 0.08kg/kg 20 [°CDB “CWB|  55|%RH | 008] kgrkg
AR A o R S 4
Bl BaE 204 N Y5 A= AT N
Ta=g | 2 (ol [12n [ 20 | 2 | V7 ol [ 124l | 241 | aA i deg | OTIF | HEER
N |[9A 9 03 00 0.0 00 00| 03 75 1.2 2506
E |EA 14 03 00 0.0 0.0 00| 03 75 1.1 375.1
w | HH 14 03 0.0 0.0 0.0 00| 03 75 1.1 375.1
H A& 15 02 0.0 0.0 0.0 00| 02 75 1.2 2646
H [HHE 15 0.2 0.0 0.0 0.0 00| 02 75 1.2 291.1
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 00| 00 0.0
0.0 0.0 0.0 00| 00 0.0
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 00 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 00| 00 0.0
0.0 0.0 0.0 0.0 0.0 0.0
a4 0 0 0 0 24 1556.5
2 |Heese A% | ACH volume AT HAQT|#IE S 2 HUQI|HE
0.29 38 -75 0.0 A==| ACH Volume AT |[H YR H
L2 2ol 2 5} 0.29 0 38 75 0.0
A% TR 3 FEEREE
Ol | E Keal/h. & 0.0 A= | ACH Volume | Aw |[HYFHEE
3 |71°1 w/m2 | 147 |m? 0.0 720 0 38 0.08 0.0
HE w/m2 | 147|m* 00 E A8
7| Kw 0.0 4 MU staA| eteg | SHLURS
A7 00 15565 1.1 17122
EENEER: o [ o [ o o 5 Q7|25
9Al, 1241, 20], 4A1F Z|O] ALHE L} 00 A | BE | AT-AW | Q7|RT
4 |Helee Ha [ ACH| volume | aw EREHEEE EEREEE 0 7 0.0
720 0 38 008 0.0 2o | 720 0 | 00799987 0.0
L2 2 2 25t Q7| 2ot A
A== LR 2ot 00
5 |2A 0 g 50 |Keal/h. B 00 6 | A Hah=m Y2l
7171 Kw o It
7| H 2= AW B gA2st
E AU ERS 00 12
= ARy
6 | FAUAEES SAUMERES [oEE(1~1.5) Z AR5
0.0 0.0 1.1 0 = 7|Ef Baare
Q7|28 * Ot E 1.1
Al 2 AT - AW 27| %3t * ThR| : <ACH :1/h><Volumem3> <AT C>
7 [BE | 029 0 75 0.0 * B ATE 10C2 HE
2E | 720 0 -008 00 *UHEo| S e MR EEE
Q7| 58l AU EE ot zoz Heold
00
XAl a4 & = #
sED == LHC{ETC:T - 0 m/h
s = 'iﬁ%iﬁ = 4DV
SAHLHE S

_78_




=51

>
n \(
i
ne

ry

o
ke

_ . = ANTE() AX T &G
= Eo T =
e el e (m) (ed/m 0. T) | ot . T/
EEE - 0.0500
Zojolt =2t 1.2 80 0.0000
2 et 110 0.03 3.6667
e M= hA R 10 0.03 1.3333
e AL 0.8 204 0.0000
PVC 5 0.163 0.0307
R EH - 0.1000
A A AX = & akol A IR = 5.1807
- dUFEK=1=+ZR= (0.1930 ME K= 0.1930
AURE 7= K=0.30 kd/m.h.C HAAURE K=0.20 kd/m.h.C
- . T HHETE()) dMT &gt
= Eo Eg | T =
e )E el (m) (ed/m 0. C) | (mth. T/l
Qe EH - 0.05 0.0500
Zo|ol|H =2t 1.2 80 0.0000
2l chA R 40 0.03 1.3333
1 OAL 0.8 204 0.0000
2| et 50 0.03 1.6667
PVC 5 0.163 0.0307
0.0000
0.0000
0.0000
LR EH - 0.1 0.1000
A ol EREEEEE sR=] . 3.1807
- AAFEK=1=<3R= 0.3144 MHEH K= 0.3144
HUARE Z[FK=0.30ki/m.h. T HAAFE K=0.32 kd/w.h.C
. . = ANTE(N) o™ T A F
=Hd 2o Ha T =
TER B el () (ed/m.h.T) | (m'.h.C/led)
Qe EH - 0.05 0.0500
Zo|oftf =2t 1.2 80 0.0000
et de b | 10 0.03 1.3333
et AL 0.8 204 0.0000
= an 0.03 3.0000
ghit 18 0.14 0.1286
PVC 5 0.163 0.0307
0.0000
0.0000
0.0000
0.0000
L Es - 0.1 0.1000
A A AX T Hstel A IR = 4.6426
- ABFEK=1+3R= 0.2154 ME K= 0.2154
AUFE 7|1F K=0.30 kd/m.h. T HAAUFE K=0.22 kd/m.h.C

_79_




O A% g WE g 7 8@ WA
- olE4 ARAPY WelA BANE A D B Bad Aule R 94X A
o) Qs

2,250 4,750
[ BVC FAN [ Fume Hood ( Table [~ Clean Bench
200MM 12004800 18004800 15004800
i =]
1] =
| \‘ = N
Fiter 8ox | =2 e
4D0*400*400(h) L o Yy N
o : BE| ||
2
o ;
EEE] 2 N
PuRChIng(400%600) ——
g P 8 g
S| 4 — @
m ~
) o e SEMED
; ‘ T40*800"1910(H)
|
o =l 4
7 + T ? &
8
\ \ \ 8
|— Air Shower L Sink L Table LTat:le 1
1000%1270 800*700 1300*700 700700
EEESS
6,600
7,000

I3 85 AF4A R A A=

OH 86 A A¥4A E A7 A

_80_



WAS HHE AE AxY R
9 WAL HHE AF A2Y AR FH P AR
G5 =AU HAE AF7] AL Ase] G A @S2 AF Bop F AR}

e S8l 712 NEE HHE AlFA 2" B4

e WEkE obE @de Sl add HA = AF

BAS7} @ 2~Eglol AAYold] 3 ARI UWITECH F& 7
o] AH, o] 2, 24l 3m Zolo 2" wd=E 74

| e 8l 2o ZA2d 7 &AF dnE Fdll 7F
0 2L WAZ fAAAA AlF7Is FAVE Fsd =S HIHATNT EYAd A v
ol s 5oz WEEo] o a&ZQ B4 EA4
AR A AF7IE Ol JAAE B3 =e AT ZHd FolBE B3 AFVE 2T
(skiddoo)ell A3t Hijx|
Hlad ddsl £33 Wet HAsdAr HAs g5 axr e Aoz ds5d
ANF71es A 5709 11kgel ™ FA F7} 7bs
BASE= =3 WE 3=} golUR AR g FYH AFVIE AESte "Wy #35
ANE 3

(a) tether

I\

i
hammer plate _‘$=—ey cllt
—— hammer rod

UL S weights

"l lugged weight with
tether attached

hammer plate =i
valve E! Evalve head
steel ring/spacer

___core barrel (with
core liner inside)

core catcher (cc)
cutter nose

1% 87 BAS/ UWITEC 19t EAE A|F7]

_81_




. Wzl A e deff AS W HHE AFE e add 5w A5
o My UWITEC tzAlF7]
- 2% 2T HAER HE JHE-wH 2US g53] f& ok A4 E A"
s AHA-EYA AF AATE e ZEdel A2 el &% UWITC AlF71= 450
Ao, B LA A HiA]
c2EdE 2 e AE T HolE: W "2A’] S A7 Thels Bdol=R AF
2 Abole] T ZEo ®AIFE o] A wWiFUFe] wEA EYA HA F=F T
- BEHe wol7] Sl 2EdE AT TEE S
cSjAe] & ASdE EHoR FF HEHE AE7I9 STIME ARt AlFE ofdt 3t

Aoz Austel /14 T30 WAS HAES SH0R 4EY 5

1% 88 Whillans& E|AE A3 &L=
UWITEC ©5A137]

o WISSARD I 2E A|F7]
- AP ZYo}l seta Rz thetw ZE Ao 7|xste] WEAN AFIZ HEE ¥3
ES AFs A8 A
- ZE oA AlzE 259X WA Jagels Wroz, X o AR

_82_




] LTE - x .t’n‘ . _l b im— A ok = =
gr L y ols 12°.8.5" =
control hydraulic

power, control roaeitatils F'z“‘:'“ core harrel
lifting a.nld hydraulic Iine%r_ dr

telemet osition o
assembly BTy power Eensm' maSI?i

unit unit

CzEQlEl s AR Tl WMYe 3m, AH AR AR AolRe] om Thd
3)

Co2Ed Fool 2UYW ABe og 2esl glow, BAZe FulE S F4

3 ]

- Aol o8 AHsA 1dE WAZ HAE Ho) 5 m Zolo FHo] wjdS ukg

Qo) AT Ar) YairET orE RS BAT 5 AS

o] 7l&2 TYH AxE FojE AL HE 7hed HHE Zolg iR 3x4

gy Jes ol &3 28T  Av HA ZHol Alele 1A WY

Ceb2 AEAE AAHE Aol WielA @AM fxe) AA R 4% H2E

FE& Ae)s Fo|A Aol WFolA 900 kgo A=F W=
i BT i '
JO——L - S— i I

-

FAZ B o A AF axs IS 7

AR ol ofs) %

Hze o] A actd AFTIE, v52 A9 F3hd

B Aoles ol Wilans AT W7 A ol =Est=s 7

1% 90 WISSARD &% Bt4 AF7]

_83_



ui
>
olj
2
A
) O{E
o,
N
B ol
it
4o
e
i)
2
il
>
P
N

3 %7
WA TE 2E AFE 9AE A%Y Z2n 2o AREgen, YR 5aE
3owMd A4 Beld BAHSE B oUB W ;o] AX tRo] sAHoR BH

core barrel —

core drive |
mechanism

e
R Shalliinm

" drive train

N
‘—lead screw

\ eore closure

mechanism L drive rod

O 91 922 HAZ BEF AFT

o Ellsworth A5 B4 AlF7]

T AR AF 2 2 FY AF9 5U 5 HUE AEsH A 27A
ZY3te T A AzE U RAEE AA, A 38 m 2ol HAE AF7}
7V

M) A2 2= 9 3A F2Eo] gl Ao AEFH|2CD 3H9-AH (i) Foi-uio
Bz s FUHY) F oY ojAEYE 1A

<29 A" £& HU9 CIE 43t 7 A Atele] Ada 5L AFsta A5
o A3 A ZUP L o

AN A Clek HUZF Aad# A /ol 9lo] HUZF 928 2E2 v W 7HA
A A
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colled umbilical cable
corer clutch (CC)

. connects HU 1o CI
locks piston rod \
(a) monitored by camera and

light source

hammer unit (HL)

2 % linear motors
23 kg hammer weight

core barrel

3 m long lined core barrel © control interface (CI)
hardened steel cutting head power converters
control electronics
comms modems
upward facing camera

piston rod and light source

ensures the integrity of the core
camera and light source to ensure
accurate positioning

a9 92 Ellsworth WA Z €3 A|F7]

o Ellsworth A5 58 AlF7]
CAEA AR U B Ao} AR FEAHL FmEy] s 428 RERZ FAHH

L AR FY AF7)

cm, 3.7 m Zole] Fol W@} 270 kgo] A= FAE W AFVE o] A
Folg 7l AAEC 9 Zo] AE)H = T

o 4 Aolel Wash Aol AP #PL ol T YL
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HA AES 5 Jor] A o FHoR HHE %3

BA A9k AR EFelA A7) AR6 o) 34

8 AF7lE diHoR AEY 4FEC BAW HATL FEaA EReAY &
ZeAU WMAAD + Adohe Bl £

T f T cutting head

tether connector weights 270 kg valve assembly lined core barrel core catcher

19 93 Ellsworth WAE 8 A|37)
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2-3. WA S dFAIF7] =4 35 AT
O BE3 AFEY 7] Az
- AE AF @FAT Al AFAZ 9 A7FE 2P0 Tad MYE FFY & 3
100 kW &27] Aoy 20 A% o=
- M 8=
o Thre] Aol 1Y ol AV @R AFAzo| AFIHAA ATE FA el

o Model : Caterpilar C7.1 100kW ‘3-8 generator

o CYCLE & CYLINDER : 4 STROKE 6 CYLINDERS IN LINE
o INTAKE SYSTEM : TURBOCHARGED AFTERCOOLED

o EXHAUST SYSTEM : FLEXIBLE FLANGE

o CONTROL SYSTEM : CAT ELECTRONIC GOVERNOR / EMCP 4.1 AUTO START / STOP

o COOLING SYSTEM : RADIATOR [/ JACKET WATER HEATER
o FUEL SYSTEM : FUEL INJECTOR , FUEL FILTER, FUEL LINE
o LUBE SYSTEM : LUBE OIL STARTING
o SYSTEM : DC 24V ELECTRIC STRATING MOTOR
o AC GENERATOR : AC 380/220V, 50HZ, 3P4W, PF 0.8 PMG
o INSULATION : NEMA “H“ CLASS, EFF,90% ©]’
o VIBRATION SYSTEM : LINEAR VIBRATION ISOLATOR
- v 29 R BE A

MGG ATAZ TEH L AU vAS AAR T 29 &
8 A

o FIIE @5 A4 .
R AE Y &

o WA A Aot A &8 mEW, FU|H B - &Y 2AKHES Foko AR &
€ Y] AR F Anle A &84 A

o HH7] YF AHoUE E2AE B Hde A& dSUE RN Z& F
oF obF g HIHLF) 7tE

o WA, M|, RRASH I T UFd AXH de 4T A & e I
W& Aol e olsFAe o3 E5F, oY, HES HAster] S AR
1y &g

o FS WF A AT ZF A, A Z&o] ThesteE Y 2 & oA

o

g/

=
=)

o
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CAT A = M HIBIN

Pamtol Power . =L T _
ol ol| o 9 B xod g Ji= of-d o2 S (HAESEONG POWER TECQ)
PROJECT : k2 QIEIC] 412 WX 7| 2% PR ST S4228-13(A0FS)
o 4EAWEY A REBS = & &
M #: 032-770-8515 POWER SYSTEM Ap2i5l FLIX|A}
NP HTUO NN S E2 AP : TEL(053)256-5634
99,500,000 : FAX(053)256-5636
ojefet Zto] A= i) H P : (010)3538-8072
HEHS E2000-04-5024 HEUIHWDATE) : 2020. 04. 24
NO) 4 @ ez | = & 3 o
1 CIss®I) A, CATERPILLAR C7.1 1000 42 GEMERATOR SET (%2t E)
|sr—:r| 1 | WA40,500,000 | # 40,500,000
2. EDG COMTAIMER : 150 20FT CONTAINER S7|7|= 40
SET| 1 |* 47,000,000 | # 47,000,000
SET 1 w 3,000,000 | W 3,000,000
= = A W 90,500,000
SILFFAM| 10% = 9,050,000
SUB TATAL = 99,550,000
R
2 A (VAT Z3) |w 99,500,000
e =4 2| SUiR] SA / QIEST /KIS / S7155540
£ 7| AL B
1. HE S=77 == 3020|L
FRT S A= 1802 Oy 22
I GERNEE A ¢ HUDI0N LEA OHAISHIES 10% AZTYEHYLICH
4 00 2 = H - =T LK AIZHE
5. SR EE I ¢ BAE MR 2474E
6. 47| 3U2 =7y TEYLCE

w L R

a9 95 Ay AZ ARA-AL
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— (8 F | 7

[no ¥ 9 collag| © 7 o
T CIBURILME:  CATERPILLAR C7.1 100KW S8 GENERATOR SET (#0271 E)
CATERPILLAR MODEL: C7.1
CYCLE & CYLINDER 4 STROKE 6 CYLINDERS IN LINE
INTAKE SYSTEM :  TURBOCHARGED AFTERCOOLED
EXHAUST SYSTEM : FLEXIBLE FLANGE
CONTROL SYSTEM : CAT ELECTRONIC GOVERNOR / EMCP 4.1 AUTO START / STOP
COOLING SYSTEM : RADIATOR / JACKET WATER HEATER
FUELSYSTEM -  FUEL INJECTOR, FUEL FILTER, FUEL LINE
LUBE SYSTEM - LUBE OIL
STARTING SYSTEM : DC 24V ELECTRIC STRATING MOTOR
AC GENERATOR  : AC 380/220V, 60HZ, 3P4W, PF 0.8 PMG
INSULATION  ©  NEMA "H" CLASS, EFF.90% 0|4
VIBRATION SYSTEM : LINEAR VIBRATION ISOLATOR
SPARE PARTS  :  FILTER (AIR, FUEL, OIL , WATER] 13] 22+
& A [seT | t | wa0,500,000 | w 40,500,000
2, EDG CONTAINER
50 20FT CONTAINER W/BASE, FOLKUFT HOLE
I [ e SET| 1 24,000,000 24,000,000
INSULATION(CONTAINER ISSIDE
2 [(MAN, 0K, SOT+GL, 0.5T PUNCHING PLATE) ET) o1 1,700,000 HAR/am
INLET MOVABLE PANEL W/SCREEN
3 |<ize -850 X 1000H A 900,000 i
OUTLET REMOVABLE PANEL W/SCREEN
a | SET| 1 1,000,000 1,000,000
5) |OUTLET CANVAS SeT| 1 1,000,000 1,000,000
§) |CABLE TRAY & WALK WAY s 1 1,600,000 1,600,000
INSULATION FOR EXH, GAS PIPING
7) {ONLY INTERNAL PARTS) it B LSamn 150000
EXHAUST GAS SILENCER, PIPING BSUPPORT
® [SizE : @400 X B50L SET| 1 4,200,000 N
EXFANION JOINT [SUSI04)
% |SI2E - 100A X 3001 il s i woamn
16)[MOUNTING (DG-SET J FIFING (FUEL.DRAIN EXH) s 1 1,700,000 1,700,000
1) |ELECTRIC FACILITY (CABLE, CONDUIT, &/W,WIRING) Us| 1 1,800,000 1,800,000
12)| DISTIBUSTION BOX (CARBON STEEL W/PAINT) oT| 4 750,000 3,000,000
13)|IGHTING (LED) ST 1 300,000 800,000
13) | PAINT o1 1 3,200,000 3,200,000
= w 47,000,000
3. PRE STARTING GEM-SET
MODEL :EXIL000DXS
ENGINE MODEL : GX620K1
El Al BiEAASE, OHVZEEIS /847 |2 6140C
% O F o: 3600RPM /2005
AC B B GOHZ/10KW
MEHISE): 265 /ADE: 48
BN WE 900X 520 X 555 116K
[=eT] 1 | w3.000000w 3,000,000

a9 96 A7) AF AHA
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A7 HAlo] AALFAF A" B4E T3 SAATARY W
Ao NFEA o HAstE dFA 2"l AEs FF A5 22O s Ba3% A SR
O Ad= SLCECs WA Z Al5=2} CHWD (clean hot water drill) A%l 2153
- H5Y WAE AF
o AA7FA] F=oll A 400719 WA ST LA H
o (AT AFE 2o sl AHA FFS H43t A SCAR (Scientific Committee on
Antarctic Research)9] COC (Code of Conduch)& F<=3h= o] $23
o Hzxo WAHIE AF7} Vostok SrolAl 218 = o hydrocarbon 7]18ES] Al S A] 2-H]
O = A% LHEAVE YT
o EAHOE HEA flo] FIdH WAZ AF+= WISSARD (Whillans Ice Stream
Subglacial Access Research Drilling, 2013, W3l574 800m, &Zo] 2m) ZZ A E}
SALSA (Subglacial Antarctic Lakes Scientific Access, 2018, ®W3}57 1092m, S %l°]
16m) Z2AET} U5
o Ellsworth &= (SLE) A|A = 20123 AlF7F A|RE QoY 7|4 EAZ Sud
o I % AKAR] EFAF AR HES AR 20199, = BASA XIsjE BEAMISH (Bed
Access, Monitoring, and Ice Sheet History, ¥W3sh+7 2154m) ZZAE7} FFA HA)7}
A DFAIF BAE AR TS He Al AHIE HolleS
o 2014d Hy A" (CECy o 93 SLEolA 20km =Xl #ixJollA Zlo] 2650me| WAZ
(SLCECe)& 24 a1, o]% CECse} BASS] &-5dT2 WA 5o Zlo7} ¢ 310m & Ao= 5%
o FHA o R AYPH AFES Fa)|, w3 ke WaFA, ALE (Antarctic Logistics and
F7HAQ @0 BALE WA S vt
b7 ol ARl $RAR HAE

=i
N
ofx
1o
N
)
o
fru
gt
oo
L
off
e
!

Expeditions) & &
o] gld A

ojf
tlo
A
-
9
v
oo
o
2
I-O‘l
>
T
i

(o]
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84°0'0

84°00
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13 98 SLCECs¢] 929 ERTF d3=
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o F=¢] BASe} Al¢] CECse HEUV4S 21

o o] ZEAEx BEAMISHOIA AH8¥ AulE SLCECsZ &713 /ide Ang F7ige
24 AEFHA AL AFE O FHow F

o o] ZRAE] YL 3 FHHE FuE FFA H2E AL AN F FFo
2 FEHa, 7€ 909 BEAMISH #ulst T3t & dellA #7142 H2ES
i HA3 gL AV

o Ao E

00m AlFE &Pt FuH Hl2ERET oyt A=shd 43 a4 g
o) 5

o BEAMISH ZZAEo|A 2AY FHopdS nlgto g SLCECs ZRAEAME = 3ol o
H3 ES FH3a A3 FHl 9& HE YoA e A& 4oz g

o AFE Ptz =Y HES} AY ¥ YL 23 ZWE HE F REZ UFo] &9
sHAl €

o B "HIEd & AlFo] AMEEE AHETE ojugt 525 HdFshy] 9% e A"

Z3bE(seed watenE W= AlEEHE E5TY 2899589}
A& F= vtge] 9FS aEste] WAS AlF Az dX Wekre A4

Hose reel winch 4x Circulation pumps

Pop-uptent | Filtration bank

Drill tower + aphex Hose | / 3x Cat pumps
Capstan winch \ ~ ‘ "' 3x Heaters
Drill hole \ \ P \ ’
e
(R )
o = 3x Generators

U ve
" &

Heat exchanger
bank

3 x storage =
) tank Filtration bank
Y
Drill Tent .
12mlong Airbeam
Prevailmg wind

direction PIant Tent
22m long Weatherhaven

3x Heaters —
+1 spare

Clean room

a9 99 SLCECs € AN F AX 9 B4=

- 9% AF AzE (CHWD) T3
o SLCECs®] EFAIF Alz=®Hle 7|Ed A3 BEAMISHS} SLEC] F3ste A
A% s Qo b AAHQ WalE 95 "9E Axd Zad e

7tEE AR A" AFE AR A2"le EYstal, JA AlF A=
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e A"l SH52 F e AAE BHE 9moEA 44 age] A=
il
=

o = AMEE =2 FEEHI A wiUET AAC o UHAM HE 2E9 =&
OA Zhdst=dl AFgstAY Arlse] A2oA FAHA == st A
o & Azl AHEEHE Ao BE AHlE e 8 2HJdY: 2de AR

Load Cells| Drill Tower
Encoder 'y

Hose Reel

P
— Y Manifold & & &
MaT;uld CATPumps x 3 ﬂ' — — —
PGl (T

Main Hole

> > ’
F&
4 > = uv
Lamps
= TL
' e
i H
. i ]
r—=

x

?
-1
m
X
2
=
g
3

@
®
@
x
=

|

Water Storage 1x 2

Filters & UVs x 2
P

Pumps x 2

—| ' 1y : |

T
s Hot Water === Cold Water SyTemperature %Flnw

e Warm Water  HR: Heat Recovery \‘5 Pressure é}Level

1% 100 SLCECs € AlF Al2H

- A% AF Azd CHWD)S 94 27
WE AZHE A PEF AT BAS} UVE AT 2T AN 74
s olBgAE Sdol g Y8l Hel BEol b thkd 279 HEFH AR

ANES

B o2 AAS= WHoE, B pore Z717F 20, 5, 1, 0.1 um <1 4742 ZHE
Eo] atE 2 AYdA AzEE gAY

o UV ZAA& 254nm 1= 200W e Az ZAztElo] nyES ddstay FriEoz
80W (185nm) UVAX & AA3te && f7|e4E 42HspA 7

o AR bHAAE AEo FEVE 9 ARyt =HA e 3F
o FZ4Ho2 R HF Ax"loz AR & = J=E HAG

o AA ANF Az"oA B Hi FEHE FHAY F UEE ES NS

A7F mpdE o] o] AAte s RUHY &

ttlo
td
T
An)
oy
9'1"

>
1t
P
%0,
I
o
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low pressure
pump

o pump control
UV sterilisatio

panel
tubes
uv
control box
Y 101 A5 HE A2
- A AlF Al2~" (CHWD)Y &~ "Ht
o A%l AHgHE 320 AES Ss) AT UV 2, F opHes Fug
c BaE AFFOE B0l A, 2@® B9 uYRAE Fi mdol AHED w9
o dol = ENEE AAH

o B2} Flol =g E A A W EHo| Bay
o o] W AL spored FAsh elelolel WY wHlolE V1E $A ol P
&
: W tol FrE ¥US WPz B A3 & AHE dste 7
A
o A AEHE Ve Fedzel o) S22 Bdo] ZHsdta WAl Holy
o ol UV Eito] AH ARgANA &S FA FEF UVEAL =38A ZAE vt
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QUARTZ TUBE

WRAPPED N ALUMINISED JACKET

CURRENT FLANGE
FOR STANDARD

(a)

40X LIQUID COOLING OUTLET
STANDARD 10MM PUSH TO FIT

100 X LED, REFLECTOR,
AND PCB ASSEMBLIES

40X LIQUID COOLING INLET
STANDARD 10MM PUSH TO FIT

a9 102 A FZ9)

DN300 PN10 CONNECTION

3-2. YAE AY SHEAL A8 zA
O MAE AEF T 24 5 WUAS A9 yHABEANE 54 4 2 DB +5
- WASE AF AY 84 A5 2 34 dHoly 3
o WAHT AF ZAME 918 Ho| A FRoA WA, diy] 9 34 dlolH &3
TR $BANE H2E D

Site Type Depth / Time Coordinate Altitude(m) Volume

D2 setl-1 Snow 0-5cm S 75°42 587" E 155°47.050' 1938 12L

D2 setl-2 Snow 5-3cm S 75242 587" E 155°47.050' 1938 12L

D2 setl-3 Snow 30-60cm S 75°42. 587" E 155°47.050' 1938 12L

D2 set2-1 Snow 0-5cm S 75°42 543" E 155°42.484' 1941 12L

D2 set2-2 Snow 5-3cm S 75042 543" E 155°42.484' 1941 12L

D2 set2-3 Snow 30-60cm S 75°42 543" E 155°42.484' 1941 12L

D2 set3-1 Snow 0-5cm S 75°42.605' E 155°47.355%' 1945 12L

D2 set3-2 Snow 5-3cm S 75°42.605' E 155°47.355' 1945 12L

D2 set3-3 Snow 30-60cm S 75°42.605' E 155°47.355' 1945 12L
D2 Air lday S 75°42 523" E 155°42.436' 1942 48.000L (2000L/hr)
D2 Air lday S 75°42.523' E 155°42.436' 1942 48,000L (2000L/hr)
D2 Air lday S 75°42 523" E 155°42.436' 1942 48.000L (2000L/hr)
D2 Air lday S 75°42.523' E 155°42.436' 1942 48,000L (2000L/hr)

WA ARE ATAGNA ) AW AT 4 AT 34 Qo= U AuE A
AL, 24 Aol 1204 £31%
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site 2

ST (0~5cm)
S2 (5~30cm)
site 1 site 3
S1 (0~5cm) $3 (30~60cm) S1 (0~5cm)
$2 (5~30cm) $2 (5~30cm)
$3 (30~60cm) $3 (30~60cm)

19 103 3EA s AF 2=

AR sl a5 24A17HEQF F 48,000Le] Y& stube] FEC xF e WAL E 49
T ERF N 23 Y 35

d

a7 105 7N E 23 B2 2 &7 HolE 3 AA
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o 73] AHlol= HOBO 274 A#AE A AAste] A% Im =oldlA ti7l2%x, o
7l §%, 3%, PARS ti7] 23 7t ¢ A 1%

rlot

o 37 dHlolg EA A, FF FHr|L 93 1bE, HA]e F3) 285, HUEE 80%,
HAAEE 65%, AohF=F 650 W/m?, HAF=F 50 W/m2, Hth PAR 1400 umol/m?/s, & A

PAR 180 umol/m?/s& 7] &3+

— ]:H 7]% = oC
— dHEE%
=== PAR umol/m?/s -
— B A Wim?

a9 106 38 = +3 292 #4HlH

. WHARS B8 542 sesy] S8 pH, A7AER (EC) 9 ole AzntEe

o BAAN WAHAEE H pH 568, B HAVHFEE 20.8 uS/cmE YEIW o pHE

5
Zolo wet Frteta M| Zold wet FAste AEFES 1Y

pH EC (uS/cm) A= *FH 2ol
6.2 50 B 0-5cm

6 .

i ] 5-30cm
58 [ 30-60cm
56 30
54 20
= I
I 10

5

48 0
D2-1 D2-2 D2-3 D2-1 D2-2 D2-3

o ole ABVEDNY BHAS R B3 YEAR} MY S ol FEE B

%3 Chloride, Nitratee= Z oo wzg} o] 9] T/} Yolx &= AEdS HY
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o

mg/L Chloride mg/L Bromide mg/L Nitrite
05 0.06 0.04

04 0.05 b
- 0.04
0.03 0.02
0.2
W 0.01
0.1 0.l :
0
Do-1 D22 D2-3 D2-1 D2-2 D2-3 D2-1 D22 D2-3

0 0

mg/L Nitrate mg/L Sulfate

0.25 0.12

02 o Az ®3 2ol

0.15 008 M 0-5cm
ot I 000 I [ 5-30cm
0.04 ] 30-60cm
0.05 I i
0 0
D2-1 D2-2 D2-3 D2-1 D2-2 D2-3

a8 108 olLazvlEIY Y B4 Al

W Ame] 4ELA 54 B4
WH ARE A 74 Zold 4rle] AEMel kol 5 flaek 3L) 7)) A
Fe wol ¥, o 1964 47HE sl F 9] 47E WHE A5 o TN 2
AEE 27)°) WEIE DNA F&0) 8%

DNA %% ¥, WS g olgsief 5=
>

TP ot A260/280 grol B2 Ae B W F=

i, mlm
=)
<
o
>
b
N
M
rlo
Y
i
2
o
it
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Sample pack 1
Filter 5] 73] €]
Site Type nagful [|A260/A280| ngful |A260/A280| ng/ul |A260,"A280
D2-1-51] Snow 45.3 1.43 36.0 1.43
D2-1-52| Snow 80.8 1.39 65.2 1.38
D2-1-53 | Snow 10.9 1.4 955 1.34
D2-2-51| Snow 8.8 142 34.6 1.45
D2-2-52 | Snow 4.4 15 208 1.44 LB
D2-2-53| Snow 21.8 1.42 23.7 1.40
D2-3-51| Snow 5.1 1.76 27.1 1.41
D2-3-52| Snow 2.1 1.52 24 1.68
D2-3-53| Snow 2.0 2.51 41.6 1.38
Sample pack 2
Filter (1) (2 )
Site Type ngful |AZ60/A280| ngful |A260/A280| ng/ul ]A2EOIA2BD
D2-1-51] Snow 4.9 1.48 9.1 1.43
D2-1-52| Snow 2.6 1.34 19.1 1.44
D2-1-53| Snow 4.8 1.62 9.0 1.46
D2-2-51| Snow 9.5 1.38 46.9 1.42
D2-2-52 | Snow 8.1 1.39 12.1 1.43 =k
D2-2-53| Snow 3.2 2.1 25.9 1.39
D2-3-51] Snow 3.3 1.92 15.7 1.48
D2-3-52| Snow 2.9 1.56 444 1.40
D2-3-53| Snow 4.3 1.52 46.6 1:43
Sample pack 3
Filter @ 2 ©)
Site Type ng/ul |A260/A280] ng/ul |A260/A280| ng/ul |A260/A280
D2-1-51| Snow 4.1 1.55 299 1.44
D2-1-52| Snow 6.2 142 56.8 1.40
D2-1-53| Snow 3.0 1.37 34.5 1.45
D2-2-51] Snow 3.8 2.12 34.5 1.43
D2-2-52| Snow 3.3 142 54.7 1.39 o
D2-2-583| Snow 24 1.51 37.3 1.41
D2-3-51] Snow 1.3 1.72 40.8 1.43
D2-3-52| Snow 43 1.14 44.3 1.43
D2-3-53| Snow 2.1 1.74 48.6 1.41
Sample dayl
Filter @ &)
D2 Air ng/ul |A260/A280] ng/ul | A260/A280
3.4 1.47 23
Sample day?
Filter (€3] [€)]
D2 Air ng/ul |A260/A280| ng/ul |A260;’A280
2.1 1.42 =
Sample day3 X
Filter D @
D2 Air ng/ul |A260/A280] ng/ul |A260/A280
6.0 1.55 =21
Sample dayd
Filter @ 2
D2 A ng/ul | A260/A4280] ng/ul IAEGO{’PQSO
2.9 1.24 L=
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o HAE #3 BEAS dd tEH GUIAE A4S st dF WA As oig o
HEAE 95
o 3} 4= (family leveDolA, ¥ Al& E5 Bacteroidetes?} Firmicutes #ol 438+

Prevotellaceae, Streptococcaceae, Veillonellaceae 7} %33t Ao 2 YERE

100%

80%

60%

40%

20%

0%

/| Neisseriaceae
Rhodobacteraceae

:C.. =Prevote lTannerellac.ene = Saprospiraceae ICyclobnctenacene
m Caulobacteraceae ® Micavibrionaceae L ] L[ ] L ]
18 109 A A5 Y 1A3E #3
o WA B A Ee wjekd mAYE (Sphingomonas)S Pacbio @714 E EAHE ARE}
o HA FHdA BAe AN
o A EAAF, 3/M contig AEE 538 7 contige 3952, 171, 1257H¢] CDS
(G d & IGst= A7 EA = A S A5
o 7l FRAR EEE GUIAEE 7Ed 4Ed A MEH und A, RS
2 3 FAHANA AES= RS FHAE] B2 Ao 8933

\,..m

s 'I __\-

u:
r

< Genome annotation >

#of #of Hof Stress # of predicted
fc‘"‘"g inthe edicted  predicted predicted response genes CDS
o Cps rRNA tRNA m—— -
Oxidative stress resistance 34
Contigl 3,952 6 51 Osmo regulation 15
Cold & heat shock 9
Contig2 171 0 0 Abiotic defense 84
mechanisms
Contig3 125 0 0 Metabolic Versatility 268

(oligotrophic environment)

< Gene prediction >

< Gene annotation >

a9 110 /34 B4 2%
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One Shot Many Shots - Multi Fold
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Input Data (SEGY)
Input Geometry
Filtering (LC)
Time Function Gain
Auto-Gain Control
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‘The estimated thickness of the ice-sheet is about 2,280 meters.
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£ CLEAN ROOM PARTICLE CHECK POINT
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1) PARTICLE TEST
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1) PARTICLE TEST
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2) NOISE TEST

CLEAN ROOM

28 7|F(dB): < 65

Cols2 HA APA H=E AHAA-3 5
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3) LIGHTING LEVEL TEST

CLEAN ROOM
ZE 7|F(LUX) : 5002

*(HE AR)

<olEd A AL HzE 2d3A-4 5
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i WA HM &

\\
CALIBRATION CERTIFICATE ila\E_/m g
DT
"/,/////:\\\\\\
XA S (Certificate No) : 201127AE66 ZIIE BHAA| SEFEEHRIRE 72 T
@ 2| ¥ 5(Control No) : EEO5-C69647 Tel:031-379-5114, Fax:031=379-5115
1. 2F 2[ X} ( Client )
7|41[=E'§(Name) — (F )éplalﬂ [ —
2 (Address) H SEA| & II0MZR 96 (FHHE | CHEE| 3 -EF28%} 135 131135) —
2. & & 7| ( calibration Subject )
7| 7| ¥ ( Description ) : PARTICLE COUNTER
KM=tz Al 2 & Al ( Manufacture & Model Name ) : HACH /  METONES3400
m “7|7|¥‘ij_ (H Fna”J ‘Number 1507525023 “ T ‘ il iy I | e
il .\LLT_JF*OEX} (Da Tf Of“bﬁ tion ) ‘\ 12020. 12 \0\7H I I ‘ il ‘ |
4, WEEH ( Enwr‘onméqt ‘Condmong) | \ | [l “ ;i 1l | i‘ | \\ | |
i 5: (Tem perature) :(20.0 % 0. )‘C | | &5 (Humidity) | ‘ . (1“50 +2)% RH% L
AR ‘I‘iocatlon ) i pnks E—é’g‘(iﬂe |'Labl) ! O 0|“ 7“ Mob\l Lab [ o1 Z W X (On Site Oailibratio‘n)‘ |
(T4 7| BHMA| SEFECH2Z 72)
5. EHEZS| &ZM (Traceability )
w2 A~3M ME (Calibration method and /or brief description ) :
A7) 7171 YR AT o] WA B XM (SICT-CP=10615)0l| w2t 2SR F=7| 2o 2 2E] -
=T 2340l e ofef o] EFEFUE of250] IHEUS.
Wl ALEE EEZEH| HAM| (List of used standards/specifications ) = = E
71719 AR A 717|185 | Avl@Edmdn | mEviE
Description and Model Serial Number The due date of next Cal. Calil Lab.
PARTICLE COUNTER CALIBRATION SYSTEM |LIGHTHOUSE / NONE |151199001 NCR ~
FLOW METER TSI/ 4043G 40431422017 2021.01.21 | ma7Ia9(F) |
PARTICLE COUNTER P.M.S,/,LASAIR3 110 . o 2021. 04. 22 (F)ollo] = AlE] |
(I IRAR RTICLE size stanDARDS! ] HERMO SCIENTIFIC/ 0.8 um \‘ngww Il i \“ [[jm ‘ ‘2022 09. 13 WETAs]
‘ ‘F’AHgICLE SizE STANDARDS I H‘ ‘ H \EﬁMO SCIiEN'ﬁIFIC/‘ 5um\ 19311 ﬁ‘ \ il i 12022. 09} 16 ” | METAS \
i e

& EmPSE 7551" ( Calibration Results )-

< (Refer attached file) =
(Refer attached file) = ==

7. 58 %9—:!'5 ( Measurement Uncertainty )

sl X (Approved by)

2l (Title) 7| &= ARKE) A’\JN'M" J
1 k Il |

‘3‘*@ X} (Measurements performed by)

& el 42tX (Tel No.) : 031-5183-4207 ‘," |
(Affirmation) . LA =
(LT I  (ettie) ol <l | M\ im ‘g i SiHete) | “”‘T’Fﬁﬁ I M L
[ UL | I |
2| g‘} A1-_ ‘ﬂ p|m?_|xi§ﬁﬂl Imernauor{a[ Laboratory Accredltatlo‘ cwper‘z‘l‘tion) lo”"‘— Lﬂ’f—j j oél\u Wa\ Recognmo angemer t) 0|I1 ‘ ‘
\} Hﬂéé ol = 7| (KOLAS) 2 25 ww* =ote| mﬁr gy } L J U i
H b‘ The ‘gbo‘ﬁ callbratlon cerﬂlfrcate is 1he ‘Fcre |ledT ‘llﬁr‘at‘lo‘n |‘t7m\s by K?r‘t‘ea I‘.‘Lab ‘f‘ﬁi ory ‘Ac sreditation Scheme whi Uﬁlgneﬁ‘ ‘ | { | i I
' the LA I I Ml il I [ il (LS
20204 12¢ 08°I
A O (X hva
s2e1%7|T ol WHI|=HE i ZOo|A
Accredited by KOLAS, Republic of Korea Institute-of Calibration & Technology Co., Ltd. | T
90l MEAE ST7le] HUNSEO| BHE 0XE 2L(ATEE SE 5)0] BHE WA} WA B FFOIE 25

(Note) If any significant instability or other adverse factor(
— —after calibration, it is- Ilkely to affect the validity-of

écallbrahon — —
SIGT —QP=15-01K(Rev.0) —— #I¥= el I = : 54D5- 72B8=EF69-2F10-9509-39BB-7407-C3E4-

<ol A A4l H=E AHA-5 D
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w ™ A
CALIBRATION RESULTS

"% At 2020. 12. 07

AT A 201127AE66 —— s
2 & METONE3400° B A7 | WE AR 2021, 12, 07
1. 37|17 (Flow Rate)
# 9l iy, = =y | sugaus 1
| |
Range ‘ Me‘asured\value | [, Measurement Un ‘certainty I : I
Ii Il il il 1
I 111 [l ] { I I |
‘ 28.30 L/min L . 2 e o3Umin |
2. AlF=&E (Counting Efficiency) =
AX= 7| 7 & @ 23t EREET
Particle Size Reference Value Measured value Measurement Uncertainty
0.3 um 50 % 55.3 % 55%
>
Al " 0.5 pm I “\}\1% { ‘n Jj li ;H\S\JL T }\‘ it 5p% T
1 m 7 T i I I i |
AT 4. = AT e
T | I I ‘ | | I 14| i Il | I
| I Il ‘ | I il ‘ | ‘ i | il ‘ ‘
Wy * “ “;HHH‘ i | [ | Il
3. g8 HA (Zero Countlng
) o (124 103 SHAl 24 %) ! : -
% SHE 3T (Measurement Uncertainty) o E 7 = = fj; =
ME|$Z 2F05% 4 =2 (The reported expanded uncertainty is based -on a standard unceﬂamty multipl «ed
by a coverage factor 4 =2, prowdmg “level of confidence of approx1mately 95 %.) ——
=.
I [
(i |

3 KOLAS 3¢l | 2
= SICT-QP-15-02K(Rev.0) Lz ol A 'O 5
Institute of Calibration & Technology Co..Ltd.
A6 >

<ols2 BA A3A H=E
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AX A = A HF O A AF P A=Ee A s 712 AH-E L
BASOM 73 ¥l BEAMISH Z2AHEES 7|¥to 2 SLCECs ZRAE & Hebel I

o AZ=Hl2 A éEﬂ AR AR oF UVE AR B AR 2 744
AFgA = 2o AHREEY] fll =50 E&ed de T 2719 dEEFR mEES &=
Aoz AAsE oz FE pore =7]7F 20, 5, 1, 0.1 um ¢! 4709 TES Eo
A2 AU oatE s gAY

UV #AA+& 254nm 1725 200W A @7}

(185nm) UVAAE At & F7I9aE AHSAIR
ZUgE SAHAH A5 AFE Y3 BF AXE FY Azdoz Asta o Fx| o
HHAA7E A=E o] A7t B o3yt HA B dRe ZUHFSY S

ol i ANzHlom He & F IS AAT

A ANF A" =9 Hi dHE FHD ¢ AT 4 AH Y dAET wide =&
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four stage = low pressure
pump

pump control
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tubes
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Main Incoming Power Box
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Twin Bulb Main Lighting
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to achieve U rating <0.2 with 10mm lining both Corrugated Container Wall Extemal Colour Blue
sides
1
r 1 < Antarctic Container Filtration System
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System
Control
Panels
1x Pump
2xUV See PNID (page 4)
for ful layout
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PROCESS TECHNOLOGIES

REF: EPT/CT/25052021/001

18 June 2021

Mr Mincheol Kim
Senior Research Scientist

Korea Polar Research Institute (KOPRI)
26, Songdomirae-Ro

Yeonsu-Gu

Incheon 460-840

South Korea

RE: Containerised Parallel 4-Stage Filtration System

Following our recent discussion regarding building and suppling a containerized filtration
system for use during your upcoming Antarctica research expedition, please find below our
detailed quotation for consideration.

Design and build of Filtration System

Ellig Process Technologies Limited propose a 4 Stage Filtration system housed within a 20-
foot shipping container, suitably insulated with Main Electrical Distribution Board. The
filtration system will provide 4 levels of filtration, starting at 20 micron down to 0.1 micron.
Duplication of the system will allow parallel or Duty/Standby operation depending on
requirements.

Included in this quotation is video training, operation guide and delivery to South Korea
(seaport)

ELLIG PROCESS TECHNOLOGIES

Unit 4, Gilchrist Thomas Industrial Estate. Blaenavon. Torfaen. NP4 9RL
Tel: +44(0)1495 215909 Fax: +44(0)845 838 7882 Email:sales@ellig-filtration.com
www.ellig-technologies.com

/
PROCESS TECHNOLOGIES

Scope of Supply
« 20-Foot Shipping Container
o Insulation and Lining
o Electrical Distribution Board
o Lighting
o Filtration System x2
o Vertical Multistage Pump
o 40ff 316 Stainless Steel Filter Housings with Tri clamp Connections.
o Full set of Filter Cartridges
© Ozone Ultraviolet Reactor
o Microbial Ultraviolet Reactor
o 316 Stainless Steel Pipework with Tri clamp connections
o 2set of spare filters and bulbs
*  Supporting Documentation
o Layout Drawings
o Process & Identification Drawings
o Full Operation Guide
© Operation Video Guide
« Delivery
o CNFto seaport in South Korea

Total Project Cost

One Hundred Thousand Great British Pounds

Availability Current timeframe for manufacture and delivery is 8-12 weeks

from receipt of official purchase order

This quotation is valid until 31* December 2021

If you have any questions on the contents of this quotation, or require any additi
assistance, please do not hesitate to contact us.

d Regards
Craig Thomas
Managing Director.

ELLIG PROCESS TECHNOLOGIES

Unit 4, Gilchrist Thomas Industrial Estate. Blaenavon. Torfaen. NP4 9RL
Tel: +44(0)1495 215 909 Fax: +44(0)845 838 7882 Email:sales@ellig-filtration.com
www.ellig-technologies.com
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R5E AF7] T4 L MEMA ALY

1. 45 833z

{1) Single Gravity Corer
Single Gravity Corer®?] T4L <19 5-1>, <& 5-1>3 o] e,

&

(D]

<18 5-1> Single Gravity Corer 24| &

<E 5-1> Single Gravity Corer H3 T

il 23 A4 1!
1 go)oy 22 SUS316
2 AR A4 SUS316
- ¥ Ag4 7=
3 A% SUs316 :;g: i:“" g;{kg
- 3~Te% T : kg
4 Hoj #ir] SUS316
5 s HH Titanitum
6 el dlg Titanium - 97 ¢1016
7 ol AA Titanitum
8 o] #H Titanitm

20
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(2} Multi Gravity Corer

Multi Gravity Corers] F4& <29 5-2>, <E 5-2>5 2| Lhehligick.

— @

<28 5-2> Multi Gravity Corer 24 £

<FE5-2> Multi Gravity Corer HE T

Wz EE Lk Bl

1 stejo] mé SUS316
- Oxigen Sensor

” AN _ ) ;I;‘u’;‘rl;ﬁnlt:orSensor
- Depth Sensor

3 AX Axv SUS3l6

4 o] uir) SUS316

7 Cnal- b | SUS3ls

] E#A SUS3l6

7 A& SUS3l6 - FA 25kg

8 o] &FL-A SUS316

9 o] oy PC(Polycarhonate) - 93 950

10 ey A SUS316

11 B2 i SUS3l6

21
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D2 Clean Hot Water Drill (CHWD) cost estimates

Supplier Item No. Hem Cost D2 D2 Total D2 inc. 20% VAT
£ 1,459,700.00 £ 1,751,640.00

TBC Generator ~50 KW at 2000 m elev 3£ 1800000 1 £ 5400000 £ 54,800.00
TBC Power conditioner?? 1 £ 1000000 1 £ 10,00000 £ 12,000.00
TBC Generators ~7 kW at 2000 m elev 7 £ 700000 1 £ 1400000 £ 16,800.00
TBC Generators ~2 KW at 2000 m elev 2 4 150000 1 £ 300000 £ 3,600.00
TBC Fower cables and connectors 30 £ 50000 1 £ 1500000 £ 18,000.00
£ = P
Weatherhaven Drill tower tent 1 £ 2500000 1 £ 2500000 £ 30,000.00
Weatherhaven Drill tent 1 £ 2500000 1 £ 2500000 £ 30,000.00
TBC Flooring mating 10 £ 50000 1 £ 500000 £ 6,000.00
Weatherhaven Workshop tent (insulated and floor) 1 £ 2500000 1 £ 2500000 £ 30,000.00
Webasto Webasto Air Top Evo 5500 heater and ducting kit for tents 2 £ 500000 1 £ 1000000 £ 12,000.00
Structure-Flex Ltd  |Watertanks 20,000 litres 3 £ 600000 1 £ 1800000 £ 21,600.00
Polyformes Insulation 3 £ 50000 1 £ 150000 £ 1,800.00
TBC Snow melt tank 1 £ 600000 1 £ 600000 £ 7,200.00
£ -t -
Derwent Low pressure pump and suction hoses 3 £ 250000 1 £ 7.50000 £ 9,000.00
Derwent Filtration and UV 2 £ 4500000 1 £ 9200000 £  110,400.00
Derwent Filter set 3 f 800000 1 £ 2400000 £ 28,800.00
Derwent Framework, piping, monitoring, control 1£ 1500000 1 £ 1500000 £ 18,000.00
Exchange and Nuway |Heater and burmer units Estimate 200 KW at 2000 m elevatior 6 £ 800000 1 £ 4800000 £ 57,600.00
Able Engineering Heat recovery Unit 6 £ 250000 1 £ 1500000 £ 18,000.00
TBC Heat recovery pump and hoses 2 £ 250000 1T £ 500000 £ 6,000.00
TBC Low pressure circulation pump for main heaters 3£ 200000 1 £ 600000 £ 7,200.00
Able Manifolds 2 £ 150000 1 £ 300000 £ 3,600.00
Able Engineering Exhaust chimney 5§ 180000 1 £ 900000 £ 10,800.00
TBC Plate heat exchanger 1.25 MW 1 £ 2500000 1 £ 2500000 £ 30,000.00
Cat Pumps (UK) Ltd  [Pump & 22 KW? Moter Assembly 1531 & Accessories 3 £ 2000000 1 £ 6000000 £ 72,000.00
Kutting UK Ltd 134" D 2000 psi WP 1A20 Hose with Hytrel sheath 2400 m 2 £ 7100000 1 £ 14200000 £ 17040000
Kutting UK Ltd 1.1/4"/DN32 High Pressure hose (surface) 2 £ 500000 1 £ 1000000 £ 12,000.00
Cambs. Hydraulics  |Surface hoses and connectors 20 £ 60000 1 £ 1200000 £ 14,400.00
TBC Hose clearing system compressor 1£ 320000 1 £ 320000 £ 3,840.00
Able Engineering Hose reel, level wind, motor, gear box, rotary coupling 1£ 7100000 1 £ 71,00000 £ £5,200.00
Able Engineering Winch modifications and tests 1£ 1500000 1 £ 1500000 £ 18,000.00
Able Engineering Capstan drive, motor, gearbox, tower 1 £ 4300000 1 £ 43,00000 £ 51,600.00
Able Engineering High tower 1 £ 3300000 1 £ 3300000 £ 39,600.00
Able Engineeri Sensors, ors, alarms, e-stop: 5 £ 250000 1 £ 1250000 £ 15,000.00
Able Engineering sensor manifold 1 £ 250000 1 £ 250000 £ 3,000.00
TBC Well head 1 £ 400000 1 £ 400000 £ 4,800.00
TBC Hole UV collar and probe 1 £ 2800000 1 £ 2800000 £ 33,600.00
TBC Drill hose cleaning and UV 1£ 1000000 1 £ 10,00000 £ 12,000.00
Rank Brothers Drill Nozzle and reamers 2 £ 600000 1 £ 1200000 £ 14,400.00
Able Engineering [Weight stack 2 £ 300000 1 £ 600000 £ 7,200.00
Spraying systems Nozzle tips 8 £ 25000 1 £ 200000 f 2,400.00
Various Down hole instrumentation? 1 £ 4000000 1 £ 40,00000 £ 48,000.00
Redlion, Omega Surface Instrumentation sensors and display (and control?. 12 £ 250000 1 £ 30,00000 £ 36,000.00
Toughbook Drill laptop 2 £ 300000 1 £ 500000 £ 7,200.00
Software Software 2 £ 300000 1 £ 600000 £ 7,200.00
<N UMBILICAL WINCH** ~ Vehical deployment and recovery
Kutting UK Ltd Unmbilical hoses 200 m 3£ 1030000 1 £ 3090000 £ 37,080.00
Courtland Unmbilical 300 m power cable with strain member 3£ 1000000 1 £ 3000000 £ 36,000.00
Underwater power conneciors (pair, 34 220000 1 £ 680000 £ 7,920.00
TBC Unmbilical water level sensor, cable, and UW connector 5 £ 250000 1 £ 1250000 £ 15,000.00
Caprari Borehole Pumps 3£ 500000 1 £ 1500000 £ 18,000.00
Able Engineering Pump spray blocks 3£ 200000 1 £ 600000 £ 7,200.00
Flow meters for in and out 6 £ 250000 1 £ 1500000 £ 18,000.00
Able Engineering Surface cresents 3£ 200000 1 £ 600000 £ 7,200.00
Able Engineering Bore hole pump instrumented manifold 2 £ 500000 1 £ 1800000 £ 21,600.00
Able Engineering Hose and cable reeling stand and motor 1 £ 1000000 1 £ 10,00000 £ 12,000.00
Gates Hose crimping machine 1L 300000 1 £ 300000 £ 3,600.00
Various ltools 1£ 1000000 1 £ 16,00000 £ 12,000.00
General Site testing and equipment Fire 10£ 2500000 1 £ 2500000 £ 30,000.00
General Delivery and transportation costs 1 £ 2000000 1 £  20,00000 £ 24,000.00
General Small equipment cases, electical, mechanical, hydraulic consumable: 1 £12000000 1 £ 12000000 £  144,000.00
General Major and extensive drill spares 1 £ 9000000 1 £ 90,00000 £  108,000.00
Logistics Equipment Pallets 86 for polysled and straps 10 £ 85000 1 £ 850000 £ 10,200.00
Logistics Polysled 728 and fittings 2 £ 1200000 1 £ 2400000 £ 28,800.00
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sample ID Type Coordinate Altitude (m) |nanodrop (ng/ul)| qubit (ng/ul) | A260/A280

D2_1-1 Snow | S75°42.587' E 155°47.050' 1938 0.5 <0.01 224
D2_1-1 Snow | §75°42.587' E 155°47.050' 1938 3.9 <0.01 1.48
D2_1-1 Snow | S 75°42.587' E 155°47.050' 1938 0.8 <0.01 1.97
D2 1-2 Snow | S 75°42.587' E 155°47.050' 1938 3.8 <0.01 1.51
D2_1-2 Snow | S 75°42.587' E 155°47.050' 1938 29 <0.01 1.46
D2 1-2 Snow | §75°42.587' E 155°47.050' 1938 33 <0.01 1.58
D2 _1-3 Snow | S 75°42.587' E 155°47.050' 1938 1.6 <0.01 2.07
D2 1-3 Snow | S 75°42.587' E 155°47.050' 1938 0.8 <0.01 2.54
D2 1-3 Snow | S 75°42.587' E 155°47.050' 1938 1.5 <0.01 1.85
D2_2-1 Snow | S75°42.543' E 155°42.484' 1941 0.5 <0.01 1.8
D2_2-1 Snow | S75°42.543' E 155°42.484' 1941 1.1 <0.01 211
D2_2-1 Snow | S 75°42.543' E 155°42.484' 1941 27 <0.01 1.66
D2_2-2 Snow | S75°42.543'E 155°42.484' 1941 1.8 <0.01 1.61
D2 2-2 Snow | S75°42.543' E 155°42.484' 1941 0.9 <0.01 232
D2_2-2 Snow | S75°42.543' E 155°42.484' 1941 36 <0.01 1.55
D2 2-3 Snow | S75°42.543' E 155°42.484' 1941 5 <0.01 1.56
D2 2-3 Snow | S75°42.543' E 155°42.484' 1941 3.1 <0.01 1.54
D2_2-3 Snow | S75°42.543'E 155°42.484' 1941 35 <0.01 1.48
D2 _3-1 Snow | S 75°42.605' E 155°47.355' 1945 1.7 <0.01 1.59
D2_3-1 Snow | S 75°42.605' E 155°47.355' 1945 1.3 <0.01 1.68
D2_3-1 Snow | S 75°42.605' E 155°47.355' 1945 4 <0.01 1.5
D2_3-2 Snow | S 75°42.605' E 155°47.355' 1945 1 <0.01 278
D2 3-2 Snow | S75°42.605'E 155°47.355' 1945 2.1 <0.01 1.36
D2 3-2 Snow | S 75°42.605' E 155°47.355' 1945 3.6 <0.01 1.6
D2_3-3 Snow | S 75°42.605' E 155°47.355' 1945 0.3 <0.01 16
D2_3-3 Snow | S 75°42.605' E 155°47.355' 1945 23 <0.01 1.73
D2 _3-3 Snow | S 75°42.605' E 155°47.355' 1945 3 <0.01 1.84
D2-A1 Air S 75°42.543' E 155°42.484' 1941 1.2 <0.01 212
D2-A2 Air S 75°42.543' E 155°42.484' 1941 1.3 <0.01 1.82
D2-A3 Air S 75°42.543' E 155°42.484' 1941 1.3 <0.01 1.99
D2-A4 Air S 75°42.543' E 155°42.484' 1941 0.9 <0.01 2.88
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sample ID|  pH EC Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate Lithium

D2 11 522 39.21 0.003274878 | 0.462940991 na. na. 0.205821314 na. 0.10915103 na.

D2 11 5.61 37.68 |0.004504957 | 0.467396199 na. 0.001957465 | 0.197356426 na. 0.116185643 n.a.

D2 11 55 41.35 na. 0.463065047 na. na. 0.203901499 na. 0.107349853 na.

D2 _1-2 541 2212 10.004437829 |0.119290806 | 0.005297446 | 0.000728022 | 0.041118841 na. 0.066159809 n.a.

D2 _1-2 5.61 30.21 na. 0.174296317 na. 0.010512416 | 0.042305396 na. 0.067888365 n.a.

D2 _1-2 5.57 28.39 0.004037628 | 0.12139363 |0.005400527 | 0.000790851 | 0.043543016 na. 0.073073 n.a.

D2 _1-3 5.81 21.49 na. 0.057033861 | 0.008721657 na. 0.021064745 na. 0.077110003 n.a.

D2_1-3 5.62 24.51 na. 0.058729095 | 0.009538265 na. 0.020004308 na. 0.081345786 n.a.

D2_1-3 5.57 18.98 na. 0.060974103 | 0.009050187 | 0.008342793 | 0.021391803 na. 0.077524966 n.a.

D2 _2-1 562 26.14 na. 0.250090673 na. 0.001859901 | 0.089221445 na. 0.073013 na.

D2_2-1 55 28.32 |0.003138292 |0.247538527 na. na. 0.08995269 na. 0.077109486 n.a.

D2_2-1 5.85 28.98 |0.002695055 | 0.245778387 na. na. 0.08845904 na. 0.075940058 na.

D2_2-2 573 18.3 |0.003533429 | 0.100046857 | 0.004099606 na. 0.07872478 na. 0.089254908 na.

D2_2-2 544 21.32 | 0.003989634 | 0.150531024 na. 0.005867414 | 0.078096018 na. 0.084406585 na.

D2 _2-2 5.61 17.44 10.003445833 | 0.098780139 | 0.004232059 na. 0.082416313 na. 0.08916187 n.a

D2 _2-3 5.85 18.85 |0.003846225 | 0.105768997 | 0.005902547 | 0.001234233 | 0.031922234 na. 0.060588121 | 0.000150656
D2 _2-3 574 19.36 | 0.003537815 | 0.106653853 | 0.005876335 | 7.14136E-05 | 0.031249872 na. 0.061755223 n.a.

D2 2-3 549 17.21 n.a. 0.10479003 |0.006530978 n.a. 0.033345686 n.a. 0.063723307 n.a.

D2 3-1 5.84 19.87 n.a. 0.176104752 | 0.00630623 |0.010208211 | 0.086002646 n.a. 0.101719433 n.a.

D2 _3-1 5.65 22.35 n.a. 0.22655905 n.a. 0.004111736 | 0.091715901 n.a. 0.09619195 n.a.

D2 31 5.81 2532 |0.002106834 |0.175398685 | 0.006373508 | 0.000350299 | 0.086411258 n.a. 0.093690679 n.a.

D2 3-2 597 12.51 n.a. 0.115838123 | 0.007286138 | 0.020680702 | 0.053592391 n.a. 0.051976555 n.a.

D2 _3-2 5.82 15.32 | 0.00277342 |0.114901835 | 0.008002106 | 0.002867726 | 0.053446926 n.a. 0.057674342 n.a.

D2 _3-2 5.77 10.89 na. 0.114960042 | 0.007656859 na. 0.059937187 n.a. 0.059455937 n.a.

D2 _3-3 5.7 9.38 na. 0.133602401 na. na. 0.037794656 n.a. 0.064139514 n.a.

D2_3-3 545 15.65 |0.002309416 | 0.082484435 | 0.004840007 | 0.008191585 | 0.044088227 n.a. 0.056584185 n.a.

D2 _3-3 5.63 10.06 0.003141589 | 0.13508236 na. 0.009824731] 0.039505855 n.a. 0.059687184 n.a.

AN R Agtets &4 da-1 >

sample ID Sodium Ammonium | Potassium | Magnesium Calcium IC(mg/L) TC(mg/L) TN(mg/L) DOC(mg/L)
D2_1-1 |0.139093284 | 0.055171427 | 0.085728836 | 0.015292377 n.a. 2.600673113 | 3.764130645 | 0.12910949 | 1.163457531
D2_1-1 | 0.144825956 | 0.056462135 | 0.010523336 | 0.015435436 n.a. 2.749345152 | 3.725562828 | 0.130580346 | 0.976217676
D2_1-1 |0.141656529 | 0.05557005 | 0.010054595 | 0.015361441 n.a. 2.665587723 | 3.708839723 | 0.131400882 | 1.043252
D2_1-2 |0.051304166 | 0.042432809 | 0.005093938 | 0.00527513 n.a. 0.538223055 | 2.561624761 | 0.10629612 | 2.023401706
D2_1-2 |0.052180492 | 0.04285363 | 0.005121713 | 0.005260554 n.a. 0.522723131 | 2.557549906 | 0.105375907 | 2.034826775
D2_1-2 |0.052462231 | 0.043012342 | 0.005304041 | 0.005341612 n.a. 0.521948134 | 2.524527382 | 0.108579726 | 2.002579247
D2_1-3 |0.028062139 | 0.048105668 | 0.006377159 | 0.001965214 n.a. 0.643321799 | 2.38884842 | 0.098871329 | 1.745526622
D2_1-3 | 0.030930369 | 0.048605341 | 0.006338338 | 0.002028962 n.a. 0.664119459 | 2.359389836 | 0.095291233 | 1.695270377
D2_1-3 |0.031945671 | 0.048880441 | 0.00654917 | 0.002137598 n.a. 0.653766897 | 2.39484232 | 0.097950465 | 1.741075423
D2_2-1 |0.091720733 | 0.028175631 | 0.008554194 | 0.009913677 n.a. 1.736066491 | 2.966131994 | 0.106773407 | 1.230065503
D2 2-1 |0.088675647 | 0.02892149 | 0.008368564 | 0.009847253 n.a. 1.825364565 | 2.898329898 | 0.10342727 | 1.072965332
D2_2-1 |0.090735374 | 0.028440504 | 0.008385615 | 0.009954649 n.a. 1.755325726 | 2.873282624 | 0.105567015 | 1.117956898
D2 _2-2 |0.058417849 | 0.034605797 | 0.010891101 | 0.004989556 n.a. 0.278391108 | 2.097066379 | 0.089565891 | 1.81867527
D2 _2-2 |0.061959106 | 0.034923398 | 0.010758511 | 0.005067119 n.a. 0.296586169 | 2.100318786 | 0.088665132 | 1.803732616
D2_2-2 |0.057241664 | 0.035001357 | 0.010580537 | 0.005078308 n.a. 0.301189878 | 2.068916234 | 0.087419644 | 1.767726356
D2 2-3 |0.051770609 | 0.043254853 | 0.004512703 | 0.005142608 n.a. 1.378110767 | 1.999568933 | 0.09969509 | 0.621458165
D2_2-3 |0.052809129 | 0.043258674 | 0.006004868 | 0.005177162 n.a. 1.455945837 | 1.900825354 | 0.096084621 | 0.444879517
D2 _2-3 |0.052927278 | 0.043323675 | 0.005793908 | 0.005194442 n.a. 1.454985767 | 1.88570976 | 0.101261315 | 0.430723993
D2_3-1 |0.080011185 | 0.040747008 | 0.013360343 | 0.010770305 n.a. 0.29878392 | 2.088256218 | 0.114818022 | 1.789472298
D2_3-1 |0.079539611 | 0.042025189 | 0.01312532 | 0.010851291 n.a. 0.367492541 | 2.078922682 | 0.113925112 | 1.711430141
D2 _3-1 |0.079848932 | 0.041704306 | 0.012669381 | 0.010742281 n.a. 0.31530175 | 2.024117753 | 0.114149848 | 1.708816003
D2_3-2 | 0.05165549 | 0.041941374 | 0.007537163 | 0.005370715 n.a. 0.446206711 | 2.628355183 | 0.0987817 |2.182148472
D2 _3-2 |0.051396004 | 0.042942026 | 0.006001873 | 0.005582874 n.a. 0.399568132 | 2.575394531 | 0.10141809 | 2.175826399
D2_3-2 |0.053779663 | 0.043022584 | 0.006076628 | 0.005534957 n.a. 0.381361504 | 2.59140734 | 0.101681535 | 2.210045836
D2_3-3 |0.032923557 | 0.040237559 | 0.009042118 | 0.003715011 n.a. 0.261167685 | 1.499844677 | 0.107490867 | 1.238676992
D2_3-3 |0.032809034 | 0.040818927 | 0.009645023 | 0.003692692 na. 0.302415992 | 1.477551358 | 0.105848501 | 1.175135366
D2_3-3 |0.037139947 | 0.040469818 | 0.009001277 | 0.003687123 n.a. 0.285250403 | 1.485800758 | 0.1058464 | 1.200550355

CBABAE A5hshz 24 A2 >
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 Sample Type Depth  Richness  Observed ASV  Shannon  Simpson
D2-2-1 2 snow 0-5cm 9.075 36 3.321 0.9759
D2-3-1 1 snow 0-5cm 4.928 19 2.803 0.9576
D2-3-1 2 snow 0-5cm 9.821 41 3.605 0.9878
D2-1-2 3 snow 5-30cm 6.005 22 2.65 0.9366
D2-3-2 1 SNoOw 5-30cm 1.337 5 1.437 0.7878
D2-3-2 3 Snow 5-30cm 6.114 23 2.835 0.9511
D2-2-3 2 Snow 30-60cm 5.269 20 2.752 0.9521
D2-2-3 3 SNOW 30-60cm 3.17 12 2.401 0.9321
D2-A2 Air 2.847 10 1.916 0.8567
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D2-2-12 D2-3-11

u Acidisoma
Aquabacterium

u Bryobacter

u Candidatus Solibacter

# Corynebacterium
Desulfosporosinus

® Granulicella

= Lawsonella

= Paracoccus
Rhodococcus

m Staphylococcus

ENA

A

D2312 D2123 D2321 D2323 D2232 D2233 D2-A2

= Actinobacteriota = Armatimonadota Bdellovibrionota ~m Campilobacterota

= Cyanobacteria = Dei ta = Firmi = Myxococcota

= Planctomycetota = Proteobacteria = Verrucomicrobiota

134 Phylum &4 ¢ mAE &3 +4

D2-312 D2123 D2321 D2323 D2232 D2233 D2-A2

® Acidothermus = Acinetobacter

® Aquisphaera = Bacillus

u Campylobacter ® Candidatus Koribacter
B Chroococcidiopsis SAG 2023 u Chthoniobacter
= Cupriavidus " Cutibacterium
= Enterococcus = Gemmata
uKD3-10 u Klebsiella

m Methylobacterium-Methylorubrum = Occallatibacter
~ Pseudomonas Ralstonia

= Roseiarcus = Serratia

m Streptococcus m Truepera

135 Genus F=FANA 9 vAE 3 T4
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Steam Sterilization.

ELLIX pleated cartridge filters to be in-situation low pressure steam sterilised (134°C, 30 minute
cycles) for a recommended maximum accumulated exposure of 10 hours must have a stainless
steel insert included in the open end cap adapter. Stainless steel inserts are not necessary on
double open ended (DOE) cartridges, i.e. The ones with ‘AA” in the suffix code.

Stainless steel insert are only standard for pharmaceutical grade cartridges (EUFE-S and EPES-S).
For other filters, they have to be ordered as an option for F open end adapters (226).

Hot Water Sanitization.

Open inlet, outlet and drain valves from the housing. Allow pre-filtered hot water to re-circulate
for 30minutes in the system. Hot water temperature should not exceed 82°C, and differential
pressure should not exceed Spsid. Open all system outlet valves to sanitize the system.
Chemical Sanitization.

Allow the sanitization agent to re-circulate in the system, choose the appropriate agent among
the following guidelines.

Recommended for EPSP | EGFPZ | EUFE-H| EUFE EAPS | ENYP66
Sanitization EAPP EPES
Bleach (up to 0.5% for OK OK OK OK OK OK
3% free Cl, 15-30min
Hydrogen 3% for OK NOT OK OK OK NOT
Peroxide 15-30min REC. REC.
(Hzoz)
Isopropyl Alco- | 70% IPA OK OK OK OK OK OK
hol for 15-
30min
Formaldehyde |0.5-1% for OK OK OK OK OK OK
15-30min
Renalin 1% for OK OK OK OK OK NOT
(Peracitic acid |15-30min REC.
and H>0,,
Ozone UP to Up to 9000pp- | At Least Up to NOT
2.2ppm/ | 3ppm/ m/hrs 50ppm/ | 2.8ppm/ REC.
hrs hrs hrs hrs

Ellig Filtration Technologies Limited, Unit 4, Gilchrist Thomas Industrial Estate. Blaenavon. Torfaen. NP4 9RL.
Tel: +44 (0) 1495 215 909 Fax: +44 (0) 845 838 7882
Web: ellig-filtration.com
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ELLVEX

FILTRATION TECHNOLOGIES

Ellig Filtration Technologies , Uit 4 Gilchtist Thomag [ndustrial Estate, Blasnavon, Tarfaen. NP4 3RL United Kingdom
Tel - 014595 216909, Fax- 0645 638 7882, sales@ellig-filtration. com, www ellig-filtration com

Name: Ellix Cartridge Filter Quality Assurance Certificate
Pore size: 0.1 Micron

Catalogue number: EPES-010-10-FHE

Lot number: ABCD1234

Materials of construction

Shell: Polypropylene

Filter media: Polyethersulfone hydrophilic membrane

Suppert material: Polypropylene

Inside core & end cap: Polypropylene

Sealing technclogy: Thermal bonding

150 9001 Quality Standard

This product was manufactured in a facility whose Quality Management System is approved by an accredited
registering body to the appropriate IS0 3001-2000 Quality Systems Standard. Each membrane filter element was
manufactured in a class 10000 clean room which environment is controlled.

Test before packaging

We hereby certify the quality of each filter cartridge:-

Item Specification Result

Compression resistance test No leakage at 0.70Mpa within 2 Passed
min (100% test)

Appearance Within the limits of our standards Passed

(Shape, crack, scratch, etc.) [100% inspection)

Dimensions Within the limits of our standards Passed
(sampling inspection)

Integrity test The bubble point measured Passed

(with alcohol) 20.08Mpa in alcohol

Bacterial endotoxins

When challenged the cartridge agueous extraction contained less than 0.25EU/ml, this met with adeguate safety
margin under the current USP requirements as determined using the limulus amebocyte lysate {LAL) test.
Component materials toxicity

Components material were tested and meet the criteria for USP class VI biological for plastics.

USP oxidizable substances

Effluent was negative after a water flush of 2000 m| per autaclaved 20" cartridge.

Gravimetric extractable's

The extractable level was equal to or less than 20 mg per 10" cartridge after 24 hours in ASTM type 1 reagent-
grade water at controlled room temperature.

Thermal and hydraulic stress

Samples were steamed in place at 121°C and maintained integrity after forward stress to 50psig and reverse
stress to 30psig.

In addition to the above tests, this product also met all other manufacturing standards required.

Dated: 01/01/2022
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Systems

Communications
Power conversion
HD video
Ranging sonar
Tether connection

Instrumentation
pH, Pressure, [O,], Eh
Ranging sonar

HD video / //

Gas tight water bottles
8 x 100 ml x 3 carousels
0.2 um filters and pumps
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M=2l X M= ER AR = H|

1 D2 snow 8 B3 AlFE ZEX| 2E &4 242- M1

2 D2 snow 8 BiX= Al E2X] 213 EH EM8- M2

3 D2 snow 8 XMz Al E2X] 22 E4 2M848- M3

4 D2 snow 8 HME Al E2X] 23 E4 248- M4

5 D2 snow 8 HXE AlF ZE2X] 2E E4 248- M5

6 D2 snow 8 HXN=E AlF E2X] 213 E4 24 8- M6

7 D2 snow 8 BIME Al BE2X 2E EHDd 2482 M7

8 D2 snow 8 BiMs Al E27] 213 E4 EM8- M8

9 D2 snow 8 SIS AlFE ZEX 2E 54 288 X11

10 D2 snow 4 HREE EGEEH EH2-1-1

11 D2 snow 4 HREE EEGEH 2H2-2-1

12 D2 snow 4 dTEE SEgEY 248 8-31

13 D2 snow 4 HTEs BEEE 24 8-4-1

14 D2 snow 4 ATEs SEST EMHE2-5-1

15 D2 snow 4 GREE SEGEH EH 2122

16 D2 snow 4 dTEE 2SI 4 8-2-2

17 D2 snow 4 CREE SHEFHF EH2-32

18 D2 snow 4 d1EsE 2EFde 24 8-4-2

19 D2 snow 4 GREE EFH EHR.5-2
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Na. samplelD pH | EC Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate

1 MO1-1 6.04 | 5303 n.a. 024405559 n.a. n.a. 0.102743543 na. 0.042625519
2 M01-2 381 | 40682 n.d. 0233427183 n.a. n.a. 0.105963891 na. 0.044301126
3 M01-3 362 | 5221 n.a. 0.194175168 na. 0.023642924 | 0.105282259 na. 0.042123466
4 M02-1 5.86 | 4208 n.a. 0.209749867 n.a. n.a. 0.062084008 na. 0.037469576
5 M0o2-2 5.85 | 3.845 n.a. 0210391966 n.a. n.a. 0.060762736 na. 0.039707086
6 M02-3 573 4012 n.a. 0.210520902 n.a. n.a. 0.057384446 na. 0.038010561
7 M03-1 597 | 3.023 n.a. 0.226532757 na. na. 0.052109135 na. 0.030393464
8 M03-2 561 | 3.065 n.a. 0.222832449 n.a, n.a. 0.048755971 na. 0.030008774
9 M03-3 5.85 | 4213 n.a. 0.226085625 n.a n.a. 0.046285741 na. 0030462811
10 M04-1 574 | 5325 n.a. 0.296271602 n.a. n.a. 0.073070909 na. 0.029486285
11 M04-2 549 | 5641 n.a. 0.295505033 na. n.a. 0.0761338%6 n.a. 0032161646
12 M04-3 5.84 | 4652 na. 0.280863635 na na 0.072358694 na, 0.035626009
13 M05-1 2.65 | 3.847 n.a. 0211756122 n.a. n.a. 0176240951 na. 0.033592301
14 M05-2 381 | 4125 n.a. 0251614914 n.a. n.a. 0.172815759 na. 0.032453729
13 M05-3 5.97 | 4687 n.a. 0251415932 na. na. 0.165423909 na. 0.038932367
16 MOg-1 5.82 | 5.002 n.a. 0.326855931 n.a. n.a. 0.041118841 na. 0051976555
17 M0g-2 577 | 5641 n.a. 032740947 n.a. n.a. 0.04230539% na. 0057674342
18 MOB-3 57 | 4845 n.a. 0.319395637 n.a. n.a. 0.043543016 na. 0.059455937
19 M07-1 5.86 | 5.555 n.a. 0.2453816 na. na. 0.073048408 na. 0.043567475
20 M07-2 522 | 5678 | 0001288674 | 0.23866899 n.a, n.a. 0.075711359 na. 0.043076089
21 M07-3 561 | 5967 | 0.001199091 | 0.238974754 n.a n.a. 0.068394086 na. 0.046066545
22 MO8-1 589 | 3.078 n.a. 0.215754446 n.a. n.a. 0.072701455 na. 0.038374635
23 M08-2 5.57 | 3.659 n.a. 0.177820255 na. 0.025168775 | 0.073058158 n.a. 0.03694442
24 MO08-3 5.85 | 4068 na. 0.218885808 na na 0.079928539 na, 0.033149006
25 X11-1-1 299 | 5928 n.a. 021251926 n.a. n.a. 0.087189146 na. 0033196343
26 X11-1-2 574 | 6.238 n.a. 0.206792926 n.a. n.a. 0.076077985 na. 0.029210714
27 X11-1-3 565 | 5684 n.a. 0210205709 na. na. 0.07579539 na. 0.027555082
28 X11-2-1 6.05 | 3.745 n.a. 0.224836862 n.a. n.a. 0.126081846 na. 0.042245955
29 X11-2-2 5.82 | 3.658 n.a. 0227885319 n.a n.a. 0.125034419 na. 0.045924195
30 X11-2-3 57 | 4254 n.a. 0.225012102 n.a. n.a. 0.119665642 na. 0.039824826
31 X11-3-1 613 | 2.258 n.a. 0.211829766 na. na. 0.05023543 na. 0.030035345
32 X11-3-2 562 | 2685 n.a. 0.206549347 n.a n.a. 0.048355957 na. 0.030412836
33 X11-3-3 562 | 3.658 n.a. 0.163863234 n.a 0.030650275 | 0.057496233 na. 0.030004892
34 | 2l Fape =11 | 583 | 6.841 n.a, 0466987961 n.a. 0.027911403 | 0.138742145 na. 0451217927
35 2l Attt =912 | 587 | 1089 n.a. 0486031033 na. n.a. 0.147248108 n.a. 0448850617
36 2 Pttt =913 | 562 | 9.38 n.a. 0413194696 | 0.03560064 n.a. 0.133750641 na. 0448982113
37 2lg FrEte T2 | 605 | 7952 n.a. 0481536061 n.a. n.a. 0.164626339 | 0.13016268 | 0.263966451
38 2l Fiater =22 | 588 | 121 n.a. 0480608868 n.a. n.a. 0.160888902 | 0.121449283 | 0.260111187
39 2% FIEtE FH2-3 | 539 | 1257 n.a. 0479265463 n.a. 0.026815704 | 0.162922944 | 0.139464251 | 0.253379286
40 S Frate FH1 | 541 | 1582 na. 1.320306618 n.a. n.a. 0.758381321 na. 1.424740385
41 Y Frate F91-2 | 566 | 1889 n.a. 1320084474 n.a na. 075878152 na. 1.428750889
42 W FIEHE FE-3 | 514 | 2329 n.a. 1.317102003 n.a. 0.024801577 | 0.750420389 | 0.078815469 | 1.4231378%4
43 SH Fetet F81 | 599 | 1746 n.a. 1.171049555 | 0.036876595 | 0.024490381 | 1.12736956 | 0.157658962 | 1.200196356
44 | 2HE FlapEt =#2-2 | 625 | 2143 n.a, 1211200672 n.a. 0.026172391 | 1.124328713 | 0.157277211 | 1193209341
45 UH At =923 | 601 | 1052 n.a. 1172154865 | 0.036431758 n.a. 1116221874 | 0.158679808 | 1194761705
46 TAT T 562 | 1898 n.a, 1.355142661 n.a. n.a 0.174296317 | 0.138093284 | 1.692053222
47 TR FHI1-2 5.97 | 183 na. 1.356655852 na. na 0.150531024 | 0.141656529 | 1.572181034
48 FRT FHI1-3 581 | 17.21 n.a. 1.35238526 n.a. 0.020004308 | 0.106653853 | 016195132 | 1478358268
49 TR FTH21 261 | 10.89 n.a. 1.726269151 n.a. n.a. 0.22653905 na. 1.367991738
30 FRT FH22 6.05 | 1565 n.a. 1.767436488 n.a. n.a. 0.115838123 na. 1.048285648
51 FRT FH23 562 | 10.06 n.a. 1.767378653 | 0.033352452 na. 0.114960042 na. 1133434771
52 | MRIE BT FRI1-1 | 5.62 | 38.21 n.a, 1.206286972 n.a, n.a, 1.745526622 na. 2359389836
53 | ARRIE i1 F81-2 | 557 | 22.12 n.a. 1.27814782 n.a 0.0312490872 | 1.695270377 na. 239484232
54 | AFRIE i+ F81-3 | 55 | 3021 n.a. 133406322 n.a. n.a. 1.741075423| 0159304087 [ 2966131994
55 | AFRIE i+ F82-1 | 573 | 2832 n.a. 1.558812128 | 0.03762213 n.a. 1.230065503| 0.176192403 | 2.898329898
56 | MFRIE i+ =922 | 561 | 1885 n.a, 1658520599 n.a, n.a. 1.072965332| 0.170925368 | 2.873282624
57 | AFRIE i+ =923 | 5.84 | 2235 n.a. 1.668387343 n.a, n.a. 1117956898 | 0.169611338 | 2.097066379
58 | &¢¥i7E T8 Fe1-1 | 5811784 n.a. 1.736066491 | 0.203801499 n.a. 1.81867527 na. 1.726269151
59 | &7 = F#1-2 | 582 | 1889 n.a. 1.825364565 n.a. 0.039505855 | 1.803732616 na. 1.767436488
60 | 479 B8 FH1-3 | 545 | 1912 n.a. 1.755325726 n.a. n.a. 1.767726356 na. 1.767378653
61 | &HFH EE FH2-1 | 563 | 2113 n.a. 1.378110767 n.a. n.a. 1.789472298 | 0.181582974 | 1.558812128
62 | AHTH EE FHMo2 | 561 | 1898 n.a. 1455945837| 0.053446926 | 0.037794656 [ 1.711430141 | 0.164651331 | 1.658520599
63 | AHTY B F#a-3 | 574 | 2898 n.a. 1454985767 na. na. 1.708816003 | 016195132 | 1.668387343
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No. samplelD Lithium Sodium Ammonium | Potassium | Magnesium | Calcium
1 MO1-1 n.a. 0.184951583 | 0.018360328 | 0.069957751 | 0.003004395 n.a.
2 MO1-2 n.a. 0.186055614 | 0.018691308 | 0.070488606 | 0.003175531 n.a.
3 MO1-3 na. 0.181582974 | 0.018998672 | 0.069713049 | 0.003070696 n.a.
4 M02-1 n.a. 0.102544424 | 0.02173405 | 0.068322419 | 0.003113697 n.a.
5 MO2-2 n.a. 0.102193767 | 0.020985845 | 0.068591558 | 0.003021591 n.a.
6 M02-3 n.a. 0.100401345 | 0.021057539 | 0.069478726 | 0.003085514 n.a.
7 MO3-1 n.a. 0.164542592 | 0.021994461 | 0.067912852 | 0.001523405 n.a.
8 MO03-2 n.a. 0.164651331 | 0.021923441 | 0.068460656 | 0.001442293 n.a.
9 MO3-3 n.a. 0167279868 | 0.02217692 | 0.06821602 | 0.000874265 | 0.013716
10 MO04-1 n.a. 0120022579 | 0.023152999 | 0.070488606 | 0.003647452 n.a.
11 M04-2 n.a. 0.117449177 | 0023265258 | 0.069713049 | 0.003716033 n.a.
12 M04-3 na. 0.118413965 | 0.023287412 | 0.069478726 | 0.003856486 na.
13 MO5-1 n.a. 0.118508073 | 0.023067363 | 0.068460656 | 0.001836932 n.a.
14 M05-2 n.a. 0.123863865 | 0.023233914 | 0.077037599 | 0.001834487 n.a.
15 MO5-3 n.a. 0.124421623 | 0.023314238 | 0.078231525 | 0.001825959 n.a.
16 MO6-1 n.a. 0.139093284 | 0.018262278 | 0.071859901 | 0.00527513 n.a.
17 MO6-2 n.a. 0.144825956 | 0.018280522 | 0.072877599 | 0.005260554 n.a.
18 MO06-3 n.a. 0.141656529 | 0.019160674 | 0.071294557 | 0.005341612 n.a.
19 MO7-1 n.a. 0.162696038 | 0.024446973 | 0.084970279 | 0.00530003 n.a.
20 MO7-2 n.a. 016195132 | 0.024661123 | 0.08544926 | 0.005243212 n.a.
21 MO7-3 n.a. 0.159304087 | 0.024465285 | 0.084764095 | 0.005066918 n.a.
22 MO08-1 n.a. 0126957304 | 0.024074382 | 0.077037599 | 0.001708426 n.a.
23 MO8-2 n.a. 0.126185409 | 0.023717383 | 0.077623526 | 0.001499156 n.a.
24 MO08-3 n.a. 0.126447645 | 0.023738232 | 0.078231525 | 0.001287419 n.a.
25 X11-1-1 n.a. 0.181040203 | 0.026507442 | 0.072790491 | 0.002115312 n.a.
26 X11-1-2 n.a. 0176192403 | 0.026532407 | 0.071859901 | 0.002029518 n.a.
27 X11-1-3 n.a. 0.186826889 | 0.025977037 | 0.071294557 | 0.001850453 n.a.
28 X11-2-1 n.a. 0.172642753 | 0.017789803 | 0.072110756 | 0.002469291 | 0.026441
29 X11-2-2 n.a. 0.170925368 | 0.017860028 | 0.073395206 | 0.002303793 n.a.
30 X11-2-3 n.a. 0169611338 | 0.018055731 | 0.072877599 | 0.002275402 n.a.
31 X11-3-1 n.a. 0.23887349 | 0.012009203 | 0.061459748 | 0.003457171 n.a.
32 X11-3-2 n.a. 0237298751 | 0.012954677 | 0.061303445 | 0.003162158 n.a.
33 X11-3-3 n.a. 0.242251233 | 0.012047633 | 0.061841373 | 0.003227364 n.a.
34 22 Ftetel FE1 n.a. 0405361183 | 0.007081074 | 0.124777155 | 0.031263884 | 0.112244
35 22 Frefer F81-2 n.a. 0404280669 | 0.006655551 | 0.127899553 | 0.031622368 | 0.119052
36 219 Frefer F81-3 n.a. 0401050266 | 0.007489758 | 0.125615667 | 0.031339572 | 0.091285
37 2l FretEl F8a 0.000377956 | 0.278051417 | 0.028701895 | 0417193852 | 0.091288323 | 0.409156
38 2|l Fietet =#2-2 | 0.000380012 | 0.279761355 | 0.030210476 | 0.417073023 | 0.091600295 | 0.434366
39 2|2 Fietet £#2-3 | 0.000374492 | 0.279056526 | 0.029357965 | 0417287178 | 0.091019783 | 0.395434
40 | & FIEHEF =81 na. 1.200409162 | 0.032754895 | 0.304819044 | 0.088487724 | 0.162748
41 2HH Frefer FE1-2 n.a. 1.202765629 | 0.032808689 | 0.305075133 | 0.087976314 | 0.12175
42 2 Freter FE1-3 n.a. 1.19656846 | 0.032939691 | 0.304525292 | 0.088083846 | 0.145896
43 2 Fete FEa 0000150717 | 1.27532883 | 0.115223856 | 0.704703939 | 0.116905473 | 0.661753
44 2 FrEfer FE2-2 0.00014694 | 1.273278356 | 0.115812767 | 0.703387344 | 0.116831111 | 0.627073
45 2 Fhetet =¥2-3 | 0.000153547 | 1.271502322 | 0.115823886 | 0.704168244 | 0.116651557 | 0.622371
46 FRT FHI n.a. 0.780061798 | 0.052155336 | 0.538223055 | 0.080455893| 0.361906
47 FET FHE1-2 n.a. 0.539858577 | 0.023152999 | 0.522723131 0.081764782| 0.411957
48 |5 FH1-3 n.a. 0454705547 | 0.023265258 | 0.521948134 | 0.081262223| 0.366324
49 FRT FH2 0.001024902 | 0.621458165 | 0.023287412 | 0.643321799 | 0.07521631 | 0.345619
50 FRT FH2-2 n.a. 0444879517 | 0.03572548 | 0.664119459 | 0.075877581 | 0.332953
51 TR FH2-3 0.000176054 | 0430723993 | 0.035927394 | 0.653766897 | 0.072782664 | 0.340738
52 *F-.—J% =7t =811 n.a. 1.558812128| 0.198959425 | 1.558812128 | 0.542358543 | 1.745527
53 | AFYE Hil==7 F=%1-2 | 0.000185243 | 1.658520599| 0.197508217 | 1.658520599 | 0.521751789 | 1.69527
54 )\F-p—_l% =7 F=81-3 n.a. 1.668387343| 0.199347661 | 1.668387343 | 0.504252761 | 1.741075
55 | AFRIE Bi==7 =%#2-1 | 0.000252435 | 2.600673113| 0.176240951 | 1.736066491 | 0.250090673 | 1.230066
56 | AFRIE Hi==7 F=H#2-2 | 0.00042592 2.749345152| 0172815759 | 1.825364565 | 0.247538527 | 1.072965
57 | AFYE Hi==7 =%2-3 | 0.000410761 2.665587723| 0.165423909 | 1.755325726 | 0.245778387 | 1.117957
58 | AHFAY EE TR n.a. 0.080011185 | 0.037220846 | 0.7611629 | 0.081674199 | 0.574671
59 | AHFY EH FH1-2 n.a. 0.079539611 | 0.023067363 | 0.76253173 | 0.07971568 | 0.594092
60 | AHTY EH FH1-3 n.a. 0.079848932 | 0.023233914 | 0.768853656 | 0.079148989 | 0.574463
61 | AHAY 2 FH#H2-1 | 0001031478 0.05165549| 0.023314238 | 0.877925183 | 0.07872478 |0.538223
62 | AHFY EE FH2-2 n.a. 0.051396004| 0.03425807 | 070014648 | 0.078096018 | 0.522723
63 | ~¥FY EE F#2-3 | 0.000150656 | 0.053779663 00344173 | 0606589444 | 0.082416313 | 0.521948
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AR WAE RRASAF 7% A
21 A% WAE FALFAF Azw A
O 2,000mu AF52~ Azt
- AR WS oF 2,200-2350m, 4l Hoh 80m FEOE lgEE @ D2 WA
ARASAFE AT AFEAR AR A7) Ao AFH nestel FF 3000mF W
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1% 185 ARHAET 4

GAFAY NFE

A &8 q9

- 329 T2 Y 24
Product Content Remark
Hose 1 1/4” 1D 2,000 psi WP hose
Liner material Nylon 11
Sheath material Hytrel
Outside diameter 42.0 mm nominal
o FojT HAkstFA oehE o 35t "Wt A Aol i e dRE AT
W4 1.257¢ YdE11l &4 48
o BT 1stde shFol Ui A= FEE AT HIAEH AJA ol HoluRE A
F 2 otgu| = FAHKevlar) B o= A&
o 9y Z: A FEYd AHgEHE 11 HE AE Wellhead UV unite] 1&%F U
of tigk WA FHRE 95te] Hytrel®6356 A2 FE3AoH, o] 249 FAHL
a2l AAUY Fekage F3k $Eolm, AeolMe fdAe] $58ta 53iA|
g o) FA o3 o] A
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Product Content Remark
Nominal Bore 32 mm
Working Pressure 138 bar
Burst Pressure 552 bar
Outside Diameter 42 mm
Bend radius 400 mm
Volumetric Expansion @ ,
Working Pressure 12 % Estimated data
Weight in Air Empty 73 Kg/100m
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D2 AWS (2018-01 to 2022-04)
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- BT BA B4 AT S D2 WAE AGeMe] A% BF AYE myo
2 AT AGe oW WF7)LL Pk AT oJHoR F o=A ¥, BFAHoR
Be A3 B30 b A9YL FAY

- 98 AFadA HHeI Y BT FRDIA swe) 22y dze, FRAIA
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a9 193 d<A5 3D A3

2 YAT Ao A G 7)ol o7 S HAslskr] s &Y FARF
(FrD7F B 18k 2 AGEE, By, dudy] 5 AFFo elyAE HAEst
I Es ARG E RYH&ed ZES SUE OF0E Uy FUE HE HjX
g A2-EHERY, AEZ4, umbilical 32 ¥ %83, Wellhead UV unit, 235 » Z
U, MEH E 59 ZAL LEGAo B AFKMEY D5 AF HE 8)A]
Axo] wix BFS AAEE FASokstE AF HE 9 O FH AY, dFEAFE T
A4E e o ASEHE 2W w9 AAEE FRE=T e Fa3 844
D2 WA T Agel AWS Az £

', AAAEEE 5 7] IR 953 5HE HHCIYE A= 3

AR WAE ARARAF AzE B A BF A

WAs sy e AAANE GE, JA5) AFF R 34 54 ZUHE 5
FysH] A AEH 2 A=

g BAS FE3}o| Ad= Rutford Ice Stream oz > 2,000m Zol¢ EHAE MZdy S
B3l Gk 02 E5 AL FAHANAE IAHAHQ] &80 HFH A HEY E&

AA A=
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- 38 45 AHAS Yl 6.9mm ZEHFA, ¥4 10cm, ¥ 3,000m Zole] Aol &
&l 7bestH &9 80melde] 2 £5E AWt 2F o7 A%
- SHAHAR I FFYES WEY] Ad T firn drillol = o] 8317] 98] 350m Aol
6.53mm coaxial cable= 44 7}53F slip ring type F7F ¥k
MEF AR a7 AMY
o g3} 30T FAMA A5
o 6.9mm ZHET 3,500m F& 75 (H4A FE ¥4 10cm)
o ¢F 350m9| 6.53mm F= AolE & 7Fe(FH4& FE ¥ 13cm)
o T AolEL 53 HY FFHol eI EE H4 P66 53 AYEI U= 2719
=2 €8-5&FH 4 800V 2 6A A9, Focal 180/29 Electric/Optical)
o AlB E %3
o Hol AlxolAe 1AH > 6 kN
o A # 34 &% > 80 m/min
o H4 Aol £% 0.25 m/min
o H oRRITie £ Ao 7lFS FE AV =EolB
o ) 80 kWe| 34 A8 A%

o AFHIE A E& 25 2 Aofsty] st 44 Ao 71%5(~10m)

o d AH ZUHZ 7|F [BleEIdE 1k, & 'BH % 0.1m/min), Z ol = 0.01m)]

o ZEEH 9} RS232 B4E 53 HY 1"%?3‘}, &5 gl do] 7%

o FFoAe A& &F 9 WMiAE A% FFF < 1,000kg

o it FAFUV D A, FsEL SIAFH S diFd WTAE FRE 93 Al
316 A&

w A PAE AT YL g 5F AR A

o A A" Ha P56 T B w3 AA

o 7] ®E 7]&%: Standby heating, Temperature protection, forced cooling, Encoder
feedback

o TE ZIEE: Frequency converter 11/12.6kW, 50/60Hz, Emergency stop & reset,
Auto/Manual level wind swift, Left/Right level wind swift, 3-position switch, Frequency
converter fault indicator, potentionmeter for speed

AEY A9 774

o AZ](WxDxH) : ¢F 1,057 x 1,466 x 1,380 mm

o =¥ AA . oF @ 480/ @ 850(Core/Flange), mm

o & Zo] : ¢F 610mm

o =8 AolE &% ¢ °F 2,100 ~ 2,860 m
o FA : < 1,000 kg

o A7) 2 =9 . AW 9 kW

o 7] =E A9 : 34 x 440 VAC, 60 Hz
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Before removing the R23 mean

40

100 f 207

) @ o
S s0; =

ok ' 20

0 L
-40
-50 -60

210 3.0
Na (dB/km/one-way)
a9 201 A0 BAMAIS (1R23) Ao =

10

rR

Na:7.5 dB/km
Arrhenius-Temperature model

After removing the R23 mean

T T T T T T

2 YA R239)

15 20 25 30 35
Na (dB/km/one-way)

HnE¥ A A2

10

23 (dB) result according to Na

Na:15.1 dB/km - this study
Mean of Antarctic (From Matsuoka et al., 2012)

1‘dgrom Matsuoka et al., 2012)

40
o -1440 ] -
=
>(; -1450 t Z
o =4 tk 0
(0]
B -1460
I
[e]
20

& 1470

1480 -40

650 660 670 680

Subgﬁ%gl lake (From Matsuoka et al., 2012)

Polarstereo X [km]

16.7 dB/km

— 1440
£ 20
2,
> 1450
]
) 0
[]
B -1460
©
° 20
& 1470

-1480 -40

650 660 670
Polarstereo X [km]

1430 Na:30 dB/km 0
§-144o 20
X,
> 1450
o
) 0
(9]

B -1460
ks
[¢)
20
& 1470 \
-1480 -40
650 660 670

Polarstereo X [km]

a9Y 202 748 Naoll ©& W3 3%

-1430

1440

-1450

-1460

Polarstereo Y [km]

-1470

-1480
6

-1430

-1440

-1450

-1460

Polarstereo Y [km]

-1470

-1480
650

-1430

-1440

-1450

-1460

Polarstereo Y [km]

-1470

-1480
650

50 660

Na:10 dB/km

670
Polarstereo X [km]

Na:20 dB/km

680

660 670
Polarstereo X [km]

Na:35 dB/km

680

660 670
Polarstereo X [km]

680

40

-40

40

20

-20

-40

40

20

-20

& Lindzey et al. (2020)

-1430 40
€-1440 5
=
> 1450
o
) 0
[0)
® -1460
K 1)

[e)
20
& 1470
-1480 40
650 660 670 680
Polarstereo X [km]

4430 Na:25 dB/km 40
— -1440
3 20
=,
> 1450
[o]
o 0
[0
® -1460
©
o 20
B 1470

-1480 -40

650 660 670 680

Polarstereo X [km]

REAL A= Hla

- 211




dZ (m)

a b
(%] .
3
& A
(%]
= B n
0 N
2 5
~
w
o
<
4
(%]
o
B =]
2
wv
3
2lo 5  10km
156.00°E 155.50°E '  155.70°F 155.60°E
T W S
Displacement in the LOS direction
a9 203 Sentinel-1 914 A& E2FE SLC &4 <l
4.00 — T T - T
A B SLC-A B Between . p A'| |———2019-Oct-21
i U 2020-Jan-20
3.00 | ! ——————2020-Apr-20
E . AAAAAAA -2020-Jul-19
2.00 i 2020-Oct-18
: 2021-Jan-17
1.00 : ————2021-Jul-18
--------- 2021-Oct-17
—2022-Jan-1
0.00 2022-Jan-15
--------- 2022-Apr-16
Distance (km) ——2022-Jul-16

1% 204 ICESat-2 914 AE=EF-¥ 2019-2022d ¢ SLC 9 $7F &<

- 212 -




-1435 1435 -1435
-1440 - -1440 -1440 -
T 1445 i ‘ T 1445 T -1445 d ’?
= =2 =2 N
> > >
s -1450 B s -1450 s -1450 £
@ -1455 w @ -1455 7 -1455 AN
o © © N
< -1460 * ‘\ e -1460 < -1460 ‘. ‘3‘
-1465 KX -1465 -1465 -
-1470 -1470 -1470
650 660 670 680 650 660 670 680 650 660 670 680
Polarstereo X [km] Polarstereo X [km] Polarstereo X [km]
a9 205 SLC 99 4
<- > < o
Zbed 350 m & rR23 0dB & ¢ <0.78
Na:7.5 dB/km Na:15.1 dB/km - this study
Arrhenius-Temperature model Mean of Antarctic (From Matsuoka et al., 20
1430 (From Matsuoka et al., 2012) 1430 Na:10 dB/km 1430 & Lindzey et al. (2020)
E -1440 L E -1440 - g -1440 -
= < > ? > 4
o o o)
D 1450 D 1450 O 1450
[0 [0 [}
2 w [z a, [z W
© . \q © i \ © . \
Do. -1460 ¥ gcj -1460 i". & -1460 . ‘__
T T T
20.9 km? 22.9 km? 24.7 km?
-1470 -1470 -1470
650 660 670 680 650 660 670 680 650 660 670 680
Polarstereo X [km] Polarstereo X [km] Polarstereo X [km]
Na:16.7 dB/km
S_Lﬁ%l(?ual lake (From Matsuoka et al., 2012)_1430 Na:20 dB/km 1430 Na:25 dB/km
E -1440 & E -1440 - g -1440 2
> ? > 4 > 2
(o] o o
O 1450 D 1450 O 1450
(0] . Q - [0] -
2 W 7 W @ w
3 hY 3 hY 3 hY
© -1460 - ¥ © -1460 oo B © -1460 coe W
25.0 km? 25.2 km? 25.2 km?
-1470 -1470 -1470
650 660 670 680 650 660 670 680 650 660 670 680
Polarstereo X [km] Polarstereo X [km] Polarstereo X [km]
1430 Na:30 dB/km 1430 Na:35 dB/km
25 =T
E 1440 = E 1440 - —
5 a £ e g 24
> q E‘? A > ‘ Ef A =<
(o] o ©
g -1450 g -1450 0 23
-— = Bl 4 @©
o W ® W -
© © S 22
& -1460 . ‘:\ & -1460 E ‘_.\" a
A b 21
25.2 km? 24.5 km?
-1470 -1470
650 660 670 680 650 660 670 680 10 20 30 40

ZBed

No. points:4480

Polarstereo X [km]

IRy, & ¢

Zp &R & g
No. points:2388

Polarstereo X [km]

Na (dB/km/one-way)

a9 206 W3 UF #oly 74 upE SLC EH3F vl

- 213 -
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Watertight zipper
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GRANDE (ONE SECTION)

Measurements
Length: Width: Height:
Dimensions
6.0 meter 10.0 meter 4.65 meter
Weight Approx. 280 kg

Packing volume

1,26 m’

Structure

Dimensions in diameter of air beams:

Main structure: @150 mm
High Pressure Inflatable
Air Beams Longitude: @76 mm
Working  pressure: 6-8 bar
Material

Tent Fabric

Waterproof and flame retardant polyester fabric with
double-sided PVC coating.

Weight 700 - 780 g/m?*
Tear strength 300 N
Tensile strength 3000 N/5 cm
B-s2/3, d0
Cl2

Flame retardancy

GOST Approved

Water Resistance

>10 000 mm

Light fastness

=7

Temperature resistance

-45° C to +70° C

Performance

Wind load

Up to 120 km/h (Anchored)

Snow load

50 kg/m®
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Main structure

-150 mm/ diameter self-standing high pressure inflatable air beams.

The arches are interconnected and have a single inflation point
with no need for constant air supply, air source is disconnected
when the system is inflated.

Longitude
structure

-78 mm/ diameter high pressure tubes. Integrated in the main
structure and the tubes are interconnected.

Single filling
points for main
structure and
longitude tubes

-The GRANDE tents is equipped with single inflation points for the
main structure and the longitude tubes on the outside of each
gable wall, bottom/corner, for easy access regardless of which
way the tent is deployed.

Air valves

-Opening/closing valves between each air arc in the main
structure, possibility to separate the air to create individual
chambers. The entire system is not affected in the event of a
damage.

Floor straps

-Flexible straps in the floor section for extra stability.
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Technical:

Quality: TECHMAFLEX FR (T047)
Weight: 170 GR/M?
Composition: 45% PE - 55 % PU

Waterproofness: | > 3000 mm

Fire Standard: EN 14116

Cleaning:

w7 22X O ® 2=

Opening/closing system
for lighting and cable
distribution

a9 220 W, 2, 9 2418 R Sold 3 R A H (& 7))

6.

19 221 =¥ "JE T4

2. (option)
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AC/Heatin AC/Heating openings to allow connection of air condition/ heater
1. openin Sg units and cable openings - two of each side of the section.
pening Size/ opening: @ 450 mm
Door on removable end-wall with bidirectional zippers, can be
2 Door/opening | Tolled up. o . . .
’ Option-Door on the side with connection for interconnection to smaller
tent units.
4 windows - Two on each side.
3. Windows Three layer windows: Mosquito net, transparent PVC &
PVC-Curtain Size/ window: 118 x 64 cm
Gate on removable end-wall, equipped with zippers for opening
4. Gate and closing. .
Size/ gate: 450 x 380 cm (Length x Height)
5 Removable Removable End-Wall quipped with watertight zipper connection,
) End-Wall mounted manually.
6 Inte%?égg soft The GRANDE Tent can be equipped with integrated PVC
: (option) Non-Slip floor as an option.

- =49 "HE 377
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- A7 Ae THAoR HEZ A} Weatherhaven AL S4 ZE|Y] ofx] BIEES A
T AFAZE ZWE HER HAA & 2F A2

- F8 87 AY

o WHEZQL MR, dar, AMA AA]de] did A SRE ffs) A Ao ZHd
A&

o ZHE Y AHE FAE e Ax"om AL A7 dA §old FH

© BAIVFE HAazletr] ) AA, A Al BA T’ Fibe Hag

o @A EHEE F83ts HERE U3 FH

o NEE4 22 mis, 44 UatE 25 kg/m2, A €= W9 -55° C ~ +55° C

o ZHE "HE f Zvle} = HE f FH Abo]o] AlojE Bl T2AFe AN FHE
A% o] XE, A5y Bde ] BAE g oujrrks wiEs A Ae WIE3T
A A

o THE TWHIAE s FFANA FE ZE&ste FAH(EGRDY HZo] Thest=
£ H4 3.66m UHS] HA = To] 2

C-shaped ventilation
openings with insect mesh

C-shaped personnel door
with Velcro flaps

\_Ful height zippered and
pulley-operated door system

Roof mounted exhaust
vents with collars

Side wall exhaust
vents with collars

Snow valance
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% 224 EWE HE FAS

A7]: # 6.09m X Zo] 21.95m X Fo| 3.6m
a7k WA AAE A AT Aol=e] w7 127) WA
AF, g FUE AW EFYT, AL FYE C° Y A FYT, w2Y w1 B

A
do
o
o

€ AxsA ngs AT = 900mm4 o W s
%

old ©F ZH Y ZE, ASTM A513), % FA <F 1,135kg

WEEA FEE 9% HY = 7=

2173 250mm 7 w7 (HE AW 23 671

27 300mm = 87| (L9 AW 3 671

FEATY &A1 ATE AT F AH, & EF FE2AFA 2O 899 “C” ¥ A
¥ ool By 27), “C” ¥ "HIAR ElQle A EYUE

54 H7AE A4 1.8m x Zo] 1.5m A7 AW 7R 49 Zy Y HIAE
T4

510g PVC =¥ B (F= a9 34 -55 C)

NFPA 701 ¥ 2 43 39 A 5=

A = Ad Aol tha Ag W 5100 2 5134(A BF 19D ==

500psi 48 WA
@3t 20C ol A 25,0008 9] H3 W4 BHI~E 5 (Vamp flex BS 3424)
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a9 225 Monmuth Scientific A} CleanTent Model 1700

- Y HEs= fFurb st @F AATE &l w7 FYd 299l Monmuth
= E

Welld= 24
=

koxt

=

Scientific AF9] CleanTent Model 170022 XA 3s}H 11, o} 3
3 2] F2) =] &

WE B3 F g 448 B 299 4ol Bisas] wEe) 2d
Zeeg Al F70 A A A e AU AP BE

- F8 8T Y

AR WA 24 aBeE AE

- gol s Fuge

=
o AA =H AAVE oHE AHE Aty FH =HE AR 28T

External Dimensions 6100mm (w) x 3650mm (d) x 2150mm (h)

Gowning Area Dimensions 1200mm (w) x 3650mm (d) x 2150mm (h)

Working Area Dimensions 4900mm (w) x 3650mm (d) x 2150mm (h)

Air Cleanliness ISO Class 5 Environment

2 x Air Box - 600mm x 1200mm
Centrifugal Fan - 230vac 50hz
Open Aluminium FFU Mounting Frame

Fan Filter Unit (FFU)

Main Filter 2 x Ul5 ULPA Filter

Pre-Filter 2 x G4 Filter

Control System Variable Speed Controller

Construction

Ceiling Fixing Clips and Bungee Cord
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A5 NFAZ FZ24 SO 20ft B3 AH oL 7] &ALd
GENERAL SPECIFICATION
UN T11 PORTABLE TANK CONTAINER
April, 2024
Recipient KOPRI | serial No. | TBD |
1. General Parameters
1.1 Type of product : 20ft ISO tank (1CC) — T11 IMDG (Full frame type)
1.2 Nominal capacity . 24,000 Liters (£1%)
1.3 Tare weight . 3,750 kgs (£3%)
1.4 Max. gross wight : 36,000 kgs
1.5 Pressure & Temperature range
MAWP . 4 bar
Hydrostatic test pressure -6 bar
Design temperature range :-40°C to +130°C
1.6 Dimensions . 6,058mm x 2,438mm x 2,591 mm (L x W x H)
1.7 Design code 1180 1496, IMDG, ADR, RID, ASME VIII DIV.1, UN T11
1.8 Approvals . CS8C, UIC, TIR
2. Tank Detail
2.1 Shell
Material : SANS 50028-7 : 1.4402/1.4404, equiv. to 316L
Surface treatments  : Cold rolled 2B
2.2 Ends
Material - SANS 50028-7 : 1.4402/1.4404, equiv. to 316L
Surface treatments . Hot or Cold rolled and polished
2.3 stiffening ring . Not fitted.
2.4 Baffle . Three V-shape bended baffles, 3.0mm thick stainless
steel(Grade 316L) are welded inside the tank.
2.5 Radiography . As per code requirements.
2.6 Steam heating . 8 longitudinal runs steam heating system on barrel.
1” BSP inlet, 1” BSP outlet both with captive caps and
cable.
2.7 Insulation
Shell - Rockwool (50kg/m?3) 50mm thick on aluminium foil.
Ends . Glasswool (16kg/m?) thickness to suit aluminium foil.
2.8 Cladding
Shell :1.8mm GRP White (RAL 9010) with lapped joints.

1/3
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SVAN""

T11 TANK with baffles

3.

Ends
Frame Detail

3.1 Type
3.2 Material
3.3 Corner casting
3.4 Toprails
3.5 Protection

Top

Bottom
3.6 Ladder

3.7 Walkway
3.8 Earthing connection
3.9 Painting

First layer

Second layer

Final layer

Total
Color

Components
4.1 Manhole

4.2 Cleaning hatch

4.3 Safety relief valve

4.4 Airinlet ass'y

45 Top discharge
4.6 Bottom discharge

4.7 Remote control

. 2.0mm thick GRP one piece end (RAL 9010).

. Full frame beam design 1ISO 1496/3 (1CC).
. SPA-H or equivalent.

1 1SO 1161 8-off in total.

. Integral in frame design.

. 4-off per tank, 1 per corner on top rail and header
: Raised bottom rail, lowered front and rear sill.
: 300mm wide stainless steel 304 ladder fitted to the rear

end right hand side.

. 2-off full length longitudinal and 4-off transverse 475mm

wide aluminum type (Double “B” type).

. 1-off Stainless steel lug fitted to rear end bottom of

frame.

: Carbon steel shotblasted to SA 2% profile.

Epoxy zinc rich primer 30 microns

Epoxy primer 40 microns

Acrylic 50 microns
120 microns

 Blue (RAL 5002)

. 1-off dia. 500mm, 8 point brass alloy wing nuts and TIR-

locking. Composite seal with PTFE outer encapsulating
EPDM inner.

. 2-off dia. 300mm, 4point brass alloy wing nuts and TIR-

locking. Composite seal with PTFE outer encapsulating
EPDM inner.

: 1-off 3” flanged pressure relief valve with flameproof

gauze.

. 1-off 1.5” ball valve terminating with 1.5” BSP

connection and cap.

. 1-off 3” stainless steel tank pad fitted with a blind flange.
. 1-0ff 3” 45° Footvalve and 3” clamped butterfly valve

terminating with a 3” BSP spigot with cap and chain.

. A plastic coated stainless steel cable is fitted to the

2/3
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4.8 Fusible Link
4.9 Spillbox

4.10 Bottom valve cabinet

411 Thermometer
4.12 Document holder

5. Marking
5.1 Decals
5.2 Data plate

5.3 Calibration plate

entire length of the right hand side of the tank.

. Not fitted.
: 3-off 2.0mm stainless steel 304 boxes fitted.

Stainless steel lids fitted.

: One stainless steel 304 1.5 mm thick cabinet is fitted.

Stainless lid and bottom plate fitted.

. Not fitted.
. 1-off clear plastic document holder is fitted to the rear

right hand side beam.

: One set per tank as per code requirements.
: One set of stainless steel data plates are provided

stating the requirements as per the code.

. Calibration plate marked in cm/litres is fitted on the front

spillbox side wall adjacent to the manhole.

*Attachment : General Arrangement dwg.

Date

Approved by

3/3
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THE

- Pump body, impeller, intermediate stages, casing cover and shaft(part in contact with
§ the liquid) in AISI 304

- Mechanical seal in Carbon/Ceramic/EPDM

- Bracket in EN AB-AISi11Cu2(Fe) (Die cast Aluminium)
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Parameter Specification Note
Type Oil fired vertical water heater
BTU’ S > 1,200,000 BTU” s
Minimum 100 PSI inlet pressure required for 10 GPM Flow
Pressure
Rate
Fuel . .
. 10 Gallons per Hour of Fuel Oil (Kerosene, Diesel #1)
Consumption
On/Off Switch with Flow Switch and Adjustable Temperature
Controls
Control
Dimensions 36” L x 30" W x 64” H
Weight < 1,100 Lbs
Wheels Stationary
Hour Meter
Optional 220V 50 Hertz Voltage

27 Gallon Fuel Tank

\ ‘;

1% 233 Alkota Model 1060 £j#(x), €n &7 il HiZ1E I+FA(F, )
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SPECIFICATIONS U.S. Measure Metric Measure
Flow 25 gpm 94.6 lpm
Pump Pressure Range 100-2000 psi 6.9-138 bar
Pump RPM* 870 rpm 870 rpm

Inlet Pressure Range Flooded to 70 psi Flooded to 4.8 bar
Max. Liquid Temp. (NBR) 160° F ZTHE
Alternative seals available for higher temperatures up to 200° F

Bore 1.260" 32mm
Stroke 1.890" 48 mm
Crankcase Capacity 4.2 qts 4]

Inlet Ports (2) 12" NPT(F) 12" NPT (F)
Flush Ports (2) "C" a" NPT (F) V4" NPT (F)
Discharge Ports (2) 1" NPT (F) 1" NPT (F)
Shaft Diameter 1.378" 35 mm
Pulley Mounting Either Side Either Side
Weight 139 lbs 63 kg
Dimensions 2433 x 18.11 x9.72" 618 x 460 x 247 mm

*Pump minimum is 100 RPM.

< Flushed Stainless Steel 3521CHS 7|& AFeF >
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Power cable - 4G10 HO7RN-F

Kevlar strength member - 10mm OD

Hot down-flow hose - 3/4" thermoplastic

Pressure sensor cable - 7.6mm OD
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caprari]

TECHNICAL
DATA SHEET

CEETET ()

Customer: Ahreuk Ref.: New Contact for Artic Project
ltem 1 | Quantity \ 1 Required flow 3 \ Required head \ =
Type SUBMERSIBLE ELECTRIC PUMP Model E6XDB25/40+MAC612A-8V

OPERATING LIMITS

CONSTRUCTION CHARACTERISTICS

Pumped liquid Water Delivery diameter G21/2 | -
Max temp. of pumped liquid (*) 30 °C Maximum overall diameter 145 [ mm
Maximum density 1 ka/dm? Type of Impeller Radial
Maximum viscosity 1 mm?/s Number of stages 40
Maximum solid content 300 g/m3 Motor seal Mechanical
Maximum submersion 150 m Type of installation Vertical
Maximum number of startsfhr 20 Moment of inertia 0.00772 Kgm?
Maximum operating time with port 3 : WEIGHTS
closed and pump submersed min
Pump weight 14 Ka
Minimum immersion depth 362.5 mm Weight of submersible motor 477 Kg
Weight of electric pump 61.7 Kg
OPERATING Ohbsert ELECTRIC MOTOR | HT |
CHARACTERISTICS 2 | CHARACTERISTICS e
Service flow rate - - Brand Caprari
Service head - - Model MAC612/3A-8
Qmin [ Qmax 36 | 94 m?h Nominal power 9.2 kW
H (Q=0) | Hmax (Qmin) 4349 | 4077 m Rated frequency 50 Hz
Power consumption at duty point - - Rated voltage 400 )
Maximum power consumption 9 kw Nominal speed 2900 1/min
Pump efficiency | Overall efficiency - | - - Rated current 20.7 A
Max. pump efficiency (B.E.P.) 68 - No. Poles 2
NPSH required - - Type of motor 3~
Rotation speed ~ 2900 1/min Efficiency 4/4 - 3/4 81-783%
Sense of rotation (**) Anticlockwise Power factor 4/4 - 3/4 0.79-0.724
Tolerance according to standard 1SO 9906:2012 3B Insulation class n.d.
MEI M.E.1.=0.40 Is/in—Ts/Tn 42-09
Impeller diameter - Type of starting D
. Operating Stand-by Protection class P68
Mamberof pumies installed 1 0 Number of motor output cables 3
Service Factor 1
Certified motor for use with drinking water
PUMP MATERIALS "8 | MOTOR MATERIALS [ HT |
Impeller Technopolymer Shaft Stainless steel
Intermediate bearing Stainless steel Sand guard Rubber
Shaft bearing bush Rubber Rotor Electrical steel
Diffuser Technopolymer Stator Electrical steel
Valve casing Stainless steel Stator shell Stainless steel
Conical valve Stainless steel Winding PVC insulated copper
Strainer Stainless steel Lower bracket Castiron
Shaft Stainless steel Mechanical seal Silicon carbide/silicon carbide
Coupling Stainless steel Bearing Graphite
Defender® . Thrust-bearing Brass/Synthetic compound
Cooling jacket Stainless steel Thrust-bearing foot slip Castiron
Suction support Stainless steel Diaphragm Rubber
Shaft sleeve Allumina Diaphragm cover Technopolymer
Cable guard Stainless steel Upper bracket Castiron
Screw Stainless steel Bolts Stainless steel
Bolts 5a6703d7-6565-4f8e-9b6f-
(*) Speed of the water outside the jacket of the motor v=0.5 m/s
Notes: (**) View from delivery port
In case of VSD operation, refer to Use and Maintenance |nstructions of the electric pump.
Pos. Date
OFFER No. 24-111BD-2078 11 12/08/2024
CAPRARI S p A reserves the right to make changes to imprave its products at any time and withaut any notice. Indicative performances and dimensions, - Copyright @ 2016-2023 Capran 5.p A, - Al Rights Reserved

< Caprari AFe] E6XDB25/40 <+%-H
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MHLIELZ] THo|Z(316} 155 =] 3 254,200 2,033,600 0 0 254,200 2,033,600
WLIEL 2] Thol=(316) 45 =) 1 584,000 584,000 0 0 584,000 584,000
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WLIER2| | FAHEEA 4541.55 A 4 36,400 145,600 0 0 36400 145,600
MLE 2| = 42 1.55%158 2t 16) 24,500 392,000 0 0 24,500 392,000
Yz 25 2 20 4,360 348,800 0 o 4,360 348,800
2B = ey 23 A 80 920 73,600 0 ] 920 73,600
AHIZEL =~ ZRY M16#65 SET 26 3,540 304,440 o ] 3,540 304,440
LHQIA A0 BHAMYFA Sox{H 16 10,870 173,820 o o 10,870 173,920
2H|2I2| AZ 7HA| 20kg/ar 5/0, 50A |7H 16| 43,050 638,800 0 0 43,050 688,800
BB E2 R+ 2H H 1.55 A 3 480,000 3,840,000 0 0 480,000 3,840,000
gz el 2 o ] 210465 | 4,630,230 210,465 4,630,230
=223 2l 18 o ] 194048 | 3,492,864 194048 3,492,864
Ed=gHZ ol 43 [ o 273303 | 13,118,544 273,303 13,118,544
ERLLRE 2l 48 0 o 296382 | 14226816 296,392 14,226,316
Rl ol 12 ] o 251185 | 3,014,340 251,195 3,014,340
Eyels el 34 0 ] 197,450 6,713,200 197,450 6,713,300
=EQS 2l 34 0 [ 157,068 | 5,340,312 157,068 5,340,312
Z1AgHE o 14 o o 213,337 2,986,718 213,337 2,986,718

< Ao 116,006,220 53,523,124 169,529,344

< BYgERA 2T B B RUEY Az" 75 AF-20
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1.DRILL SYSTEM PANEL

NO DESCRIPTION TYPE UNIT| QTY |UNITPRICE] AMOUNT
1 [maIN pANEL o 1 3,500,000 3,500,000
2 |LOCAL PANEL o 1 1,680,000 1,680,000
3 |V-METER MIXAW -V-FN EA 1 53,352 53,352
4 [A-METER MXAW-A-FN EA [ 53,352 320,112
5 |RPM METER MP5Y-44 EA 6 96,408 578,448
6 |TOUCH SCREEN TOP-PCVIEW1510 EA 1 3,666,000 3,666,000
7 |cagyols TOPRD1510% EA 1 742,500 742,500
3 |ZEMEBDY TOPR10D EA 1 1,215,000 1,215,000
3 [SD CARD 16GB EA 3 19,500 58,500
10 |INVERTER FR-D740-5.5K EA 8 568,100 4,544,800
11 |INVERTER FR-D74D-2.2K EA 4 365,300 1,461,200
12 |PBL KGX-CMV21 (%) EA 2 4,784 9,568
13 |rB KGF-CM1(Z) EA 2 3,003 5,006
14 |BUZZER KGB-CV2B EA 2 8,489 16,378
15 |d|-&-Ex| KGE-CARTR{25mm) EA 3 3,705 11,115
16 [H-4Hx| B=Ftd) EMS-25{25mm) EA 3 4,550 13,650
17 |use PGRT DAHU-USB-0D5M-001 = 2 34,450 68,900
18 [¢tHEHE EA 2 492,805 987,610
19 [¢lHEE M2 7| RS-485HE EA 2 41,600 83,200
20 [COOLING FAN 150mm{110V) E 4 32,786 131,144
21 [mAIN NFB ABS203¢/ EA 1 167,446 167,446
22 [=%e NFB ABS103¢/ EA 3 70,369 211,107
23 |H= NFB ABS33 EA 8 35,230 281,840
24 |2 H nFB ABS33 EA 4 35,230 140,820
25 [sHl NFB ABS33 EA 3 35,230 105,630
26 [COVER ABS203¢c/H = 7| H} EA i 1,560 1,560
27 |cover ABS103¢/8 % 7| H} EA 3 936 2,808
28 [cover ABS33c/H ST EA 15 936 14,040
29 [220v CONTROL NFB ABS32¢ EA i 21,528 21,528
30 [220v CONTROL NFB BKB3H-2P/10A EA 1 8,177 8,177
31 |2z0v cONTROL NFB BKBE3H-1P/10A EA 1 4,641 4,641
32 [220v CONTROL NFB BKEIH-1P/6A EA 8 3,978 31,824
33 [2z0v CONTROL NFB BKEIH-1P/4A EA 2 5,863 1,726
34 [220v CONTROL NFB BKB3H-1P/2A EA 3 5,863 17,58%
35 [MAIN MC MC-130/110V EA 1 134,043 134,043
36 [B=wMmc MC-32/220V EA 8 30,940 247,520
37 (=28 mc MC-18/220V EA 3 15,808 47,424
38 [POWER SUPPLY(DC24V) SDR480-24 EA 1 199,550 199,550
3g [ToucH NFB GCP-32AN/SA FA 2 27,365 54,730
40 |CONTROL MC MC-3/110V EA 1 11,167 11,167
41 |AUX RY UA-4 EA 1 5,135 5,135
42 | TR(=4) 2KVA EA 1 279,500 279,500
43 |Ebxicy 15/35A/60A/100A/200A 4 1 77,740 77,740
44 |DUCT/CHANNEL 30/40/60/80X60/80 A 1 102,900 102,900
45 |Hau) Al 1 150,136 150,126
46 |HAdLof3 X AC) 4 1 24,700 24,700
47 |op2™ 5T 4 1 43,550 43,550
48 |TERMINAL/S = R 4 1 103,994 103,994
g5 B si#o] = A 1 17,680 17,680
g6 |PHeE smm/gmm 4 1 54,805 54,805
51 [NOISE FILTER 10A EA 1 10,400 10,400
52 [RELAY BOARD(OMRON) G6D-F4B EA 16 40,560 548,960
53 [pLCCPU FX5U B4MR/ES-A EA 1 667,800 667,800
54 [pLC CPU FX5U 32MR/ES-A EA 2 483,000 966,000
e = FX5-4AD-PT-ADP EA 4 254,800 1,019,200
56 [An FX5-4AD-ADP EA [ 214,500 1,287,000
57 |as0 FX5-4DA-ADP EA 2 231,000 462,000
58 |BdEle FX5U-485-8D EA 1 32,340 32,340
53 [847l= FXSU-ENET/IP EA 1 382,200 382,200
50 (24712 FX5-16EYR/ES EA 1 130,200 130,200
61 [CONVERTER POT/4~20mA = 6 65,000 390,000
62 |23 TD -760mmHg-+2kg EA 6 299,000 1,794,000
63 [SIGN LIGHT EA 1 156,000 156,000
64 [DooR s KHI016HR EA 2 5,447 10,834
65 |LED EES EA 2 45,500 91,000
66 [NAME PLATE A 1 114,400 114,400
67 &AL 4 1 2,250,297 2,250,297
68 [A=E=g M/D 15 300,000 4,500,000
69 [ZU A2H M/D 4 500,000 2,000,000
70 [ZxtEE Rolg A 1 3,863,624 3,863,624

A 42,499,868

(RYgETA 2 FE 2 wUEY A28 75 A3 )
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NO DESCRIPTION TYPE UNIT] @'TY [ UNIT PRICE AMOUNT
1 DRILL SYSTEM PANEL 4 1 42,499,868] 42,499,868
(415V 50Hz)
NEYH 5.5KWX3EA
2)HTHE 5.5KWXSEA(0l|H| 4EAZEH
3)BE{ T 2.2KWX4EA(C[H| 2EAZEEH
~Ee| 4E 0j=g
2 T2y 4 1 24,500,000 24,500,000
*PLC/HMI
3 T\ S AR 4 1 17,516,730 17,516,730
4 MONITORING SYSTEM 4 1 0 0
A AR o ChEF ZRMHA Xt O FH| Ado] 3|1MUF AY Its
AT H=*
i A 84,516,598
< RYY&eFA~E B3 2 mUEY AzEl 73 AH-4 >
37| S AR
NO DESCRIPTION TYPE UNIT| Q'TY UNIT PRICE| AMOUNT
1 [PLUGS IP67 63A 4P 400V EA 2 140,250 280,500
2 |pLUGS IP54 32A 4P 400V EA 2 26,400 52,800
3 [PLUGS IP54 32A 4P 400V EA 1 18,150 18,150
4 [PANEL SOCKETS IP67 63A 4P 400V EA 2 99,000 198,000
5 |PANEL SOCKETS IP54 32A 4P 400V EA 2 33,000 66,000
6 |PANEL SOCKETS IP54 32A 4P 400V EA 1 21,450 21,450
7 |CONNECTORS IP67 63A 4P 400V EA 8 148,500 1,188,000
8 |CONNECTORS IP54 32A 4P 400V EA 4 30,750 123,000
9 |pLUGS IP67 63A 4P 400V EA 8 140,250 1,122,000
10 [pLUGS IP54 32A 4P 400V EA 4 26,400 105,600
11 [pPLUGS IP44 16A 4P 230V EA 10 28,050 280,500
12 |CONNECTORS IP44 16A 4P 230V EA 10 33,000 330,000
13 [B=#Hols 4 1 3,375,000 3,375,000
14 |2H# 0|5 & 1 2,925,000 2,925,000
15 |=&7 0|5 & 1 1,080,000 1,080,000
16 [=HXEA 4 1 558,300 558,300
17 ["71SAF QA M/D 14 300,000 4,200,000
18 [SIHYHIROIE 4 1 1,592,430 1,592,430
g A 17,516,730
RAH&ESAN2E T 2 BUEHY A2 75 445 >
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WAE AF
31 A FF AT WAE AFAT Z2ay AR
0 WAZ AF B -9 AT FH FEA(Lol) A4
- 2AATAKOPR)-F= G2 ZAUBAS) T WAE A7 Z2ad Bd LoU ARG
A, HY BAANE FNE JPIFAE, AF YAS FEA P4 YAE A3 AT
Wee L3
JOBR\ O Raricsarvey sct Kmewin inte e G, i et

Letter of Understanding
between
Korea Polar Research Institute (KOPRI)
and the
British Antarctic Survey (BAS)

Cooperative Research on Clean-Access Hot Water Drilling

(CHWD) & Subglacial Lake Research in Antarctica

“Parties”,

Since the signing of the of C

on 3, 2008, both
Parties have endeavoured to enhance mutual collaboration through the exchange
of scientists, operational stafT, and provision of logistic support for collaborative

scientific activities,

Acknowledging that KOPRI has identified several subglacial lakes in the David
Glacier region of Victoria Land, Antarctica, through satellite and geophysical
surveys, and plans o survey subglacial lakes in the Antarctic Plalcau, providing
new opportunities to expand joint research activities,

Noting that BAS is currently developing a Clean-Access Hot Water Drilling
System (CHWD) for use in West Antarctica, while KOPRT is also developing its
own CHWD system with technical guidance from BAS engineers. KOPRI
intends to deploy this system for joint rescarch with BAS on subglacial lakes in

Victoria T.and and the Antarctic Plateau in the coming years;

Have come to the following understanding:

1. Joint Research Program
KOPRI and BAS will cooperate on a research program focused on the
clean-aceess hol water drilling (CIIWD) and the seientific exploration of
subglacial lakes in inland Antarctica.
+ The collaboration will involve multi-disciplinary studies in glaciology,
hydrology, geology of Subglacial Lake Cheongsuk (also known as D2)

in the David Glacicr region of Vicloria Land, as well as subglacial lakes

CHAZ AT BE F-
WAS NFE A% 23 BFIFRAA 2
2719739 %% 7} 2HDraft [EE) 24

3]

T 463+ ATCM g ojel A F=r9) Qilin WA S A F7E 22227 9 FH7HCEE)7}
ofd =7SFFFH/HEE) ez A ede W2HF HAHIE dFAFY Ae=
[EEE2 29$& W5t 243

[EE 2¢tolle WAZ AIFFEA g dold/eds g4 B 73R, £#5 A=
of A 54 B, 7 AHEE, AFHANA ddEHs #4ed 2], 249
EUEE 2 o Az AF 55 X3 [EEx A SAAT L AEFE FHoln F$
F& AV AFEE 202600 @GR AEsH S FEe A% T edS BS
A A= F=x]
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=) rﬂ 4> rxﬂ oz, 1T

WAE el

A5 ATEY GA AR BH JE nEs

45t AR B4 /& 158}

AR BEH YAS TEAN 59

45k AR, dold AR ¥ FARAY ANE wPOoE D2YAEA It 33U 3
FEAN

W WA $Ae4 S 99 71E Cellbased HEAT vl H2s} 73

05 m AA 2718 /e SHEAs £4 DL BEI SLC TR

Y £ w9 Assl @Y AR VLS 5T AR B4 5

ol

O WAE x93, A ALHH AA

@)

dojel A3 3D 9= &

(2019-2022) Sentinel-1 & ICESat-2 914 AEZHE RS AL ALHHA 55 59
7 &<l
(2021-2024) SLC-A° 4 SLC-BE #H# SLC-CE &9 o]so& <l SLC-A, SLC-B 9
2, SLC-C 9 571 &<
(2011-2025) CryoSat-2 & ICESat-2 ¢4 #HZHo=2 -3
A Wt kW AE #F FW WHYE 53 Fu] Wz} gl
4 #S AAA 201G RH 20218704 D2 WA 5o W
Hom, 20219 o] F UK %5\.—% AR, FA By E 7A F
D2 WA & FWA(SLD2-A, B, C AA) 235 km*> ==
E]-/H;i]. ‘H)H 7]1:]]— QX—]Z"; ‘H/}ﬂl ] [q.E /*/\] 9_]: 10 m o;ﬂ)\]- cq]}g- x—].{'\_ 0.235 km3

D2 WAz W W9 F74S Ao 15 molw, 849 dHzA gd SLD29|
Ae o 10 melBg, wef D2 WAEY] Eo] f& AR tREe] 4o f=2
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4.00 . T

B Al ——2019-Oct-21
_________ 2020-Jan-20
———— 2020-Apr-20
,,,,,,, -2020-Jul-19
2020-Oct-18
2021-Jan-17
——2021-Jul-18
_________ 2021-Oct-17
—— 2022-Jan-15
......... 2022-Apr-16
—— 2022-Jul-16

SLC-A B Between

Distance (km)

19 240 ICESat-2 148 AE=7¥ 2019-2022d &<+ SLC 9 F7F &<l

57A B B A
SLD2-C i

1
E
- Jul 18, 2021
S 0.5 Jan 15, 2022
o Jul 16, 2022
2 0 — Jan 14, 2023
L<||J> — Jul 14, 2023
Z 05 — Jan 12, 2024
% Yy Conventional — 12’ e
r L } D2 region

(Smith et al., 2009)

_15 1 Il li 1 L 1 1 l:. 1 1
0 5 10 15 .20 25 30 3 40 45 50

Distance (km)

19 241 2021-2024d &<+ SLD2 (SLO9 9 #Z4 <

David_s1

cumulative dh [m]
= evolving outlines (0.28 m) tine:

= off-lake evolving outlines active area [km?]
«weeeevolving outlines union
stationary outline - evolving outlines

-+ evolving outlines union ary o
stationary outline —— bias (evolving - stationary)

within evaluation line (7x)
stationary region

evolving union region
144 s
1.50
200
12
125
104
150
1.00
Py
"""""" 0.75
6
050
2
2 025
u u L J 0 0.00
2012 2014 2016 2018 2020 2022 2024 .
year 2012 2014 2016 2018 2020 2022 2024 2012 2014 2016 2018 2020 2022 2024 2012 2014 2016 2018 2020 2022 2024
year year year

%Y 242 D2 Y3 2 Y H WAS o4 F3 ¥} (Southoff et al. 2025 in Review)
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0.0 Model 1 Model 2
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- Wellhead UV A|2Hl9 HH F&A4 HF
A 3 AA1#ER] ALS GlobalAtell Al B FE4
A A ‘ﬂo]?ﬂi AF g AR 3% 2d@4mm AFY =¥ 32 Im/min £52 3H,
7mm A 52 AolE % ZZJ} §0m/minl 2 IS BAEIY, g 7oA 3-og
reduction (99.9% AHE) ©]/4e] HHHE Hols A ARE H2EF
1%} =7 Al (Escherichia col)), 1% ¥4 Al (Staphylococcus aureus)™ A+ & F
spergillus brasiliensis)< W73 2.2 UV unit®] BZd 3t F A A A v AE v A
—% 23 #H HF F UV 275nm 227 =5 &, WAER HiAd =ste] 27]
1 vl Z4E CFUZR 289 574
HAE Ax, vAE i 5L H1 3.03 log CFU/ecm*(E. coli 99.91% AHE), 3.37 log
CFU/cm*(S. aureus, 99.96% AH'8), 1.13 log CFU/cm*(A. brasiliensis, 92.59% AF8)Z e}
o Al7e] A F F BT 99% AHE 7]Ed dEste 3-log FES T W4, 2
72 l-log Fol 23, AT, dld HREoA = dutzel 3 %l 40
dol H4 113 mJ/em?e] UV A o] ZAHJ oW, i EA7F dWbd o2 %L UV A
P Hole HE mEaford E=3 AA d5 UE WY $FdAE =73
o MAE FER EASEE, o3 A= WAT AF AA °ﬂ/\1 NFEs 53
2 99 Hyol| S&3 &HE AFstEet #d

1 Z(dosimetry test) 3

) PN mlﬂ N

Escherichia coli

Ain mean Ain % mean
Standard 3 3
Mean s i log1o cfu/cm log1o cfu/cm
Mean LOG Deviation
cfu/surface | cfu/cm? cfu/em? fu/cm? LOG £LOG between between
u/em cfu/ecm P oS ] 10 baseline and | baseline and
test I test |
Bosit 7.10E+03 | 2.77E+03 3.44
ositive
Control L__4.00E+03 | 1.56£+03 | 2.54E+03 3.19 3.38
8.40E+03 | 3.28E+03 3:52
3.00E+01 1.17E+01 1.07
P1 0.00E+00 | 0.00E+00 | 3.91E+00 0.00 0.36
0.00E+00 | 0.00E+00 0.00
4.00E+01 1.56E+01 1.19
P2 1.00E+01 | 3.91E+00 | 6.51E+00 0.59 0.60
0.00E+00 | 0.00E+00 0.00
Staphylococcus aureus
" o
standard Ainmeanlogio | Ain% mean
Mean Fe cfu/cm? logio cfu/cm?
Mean LOG Deviation
cfu/surface | cfu/ecm? 3 LOG between between
cfu/ecm? cfu/cm of LOG1o . .
cfu/cm? 2
cfu/cm
test
. 1.68E+06 | 6.56E+05 5.82
ositive
Control L__1-72E+06 | 6.72E+05 | 7.40E+05 5.83 5.86
2.28E+06 | 8.91E+05 5.95
6.60E+02 | 2.58E+02 2.41
P1 5.80E+02 | 2.27E+02 | 3.36E+02 2.36 2.50
1.34E+03 | 5.23E+02 2.72
1.14E+03 | 4.45E+02 2.65
P2 2.42E+03 | 9.45E+02 | 4.97E+02 2.98 2.54
2.60E+02 | 1.02E+02 2.01
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2-2
O

Aspergillus Brasilliensis

Ad Ain % mean
M Standard | | - Te/anz logio cfu/cm?
p Mean LOG ean Deviation ©g1o clu/cm between
u/surface cfu/cm? fu/cm? cfu/em? LOG of LOG between Blinicand
€ cfu/em? fu/. "’ | baseline and baseli
u/cm test samples s::fp:::
bt 9.40E+04 |  3.67E+04 4.56
Czi?rvj 8.40E+04 |  3.28E+04 | 3.36E+04 4.52 4.53
8.00E+04 |  3.13E+04 4.49
7.60E+03 | 2.97E+03 3.47
P1 3.00E+03 1.17E+03 | 2.86E+03 3.07 3.40 92.59%
1.14E+04 |  4.45E+03 3.65
6.80E+03 |  2.66E+03 3.42
P2 7.80E+03 3.05E+03 | 2.97E+03 3.48 3.47
8.20E+03 |  3.20E+03 3.51
< Wellhead UV unite] B+ F&E4 HS Z2HE2E A, Pl: Z5Y, P2: 3F) >
AR PAS AFRE 75
AT ANFPZ A 9
WAL AFAE &P & A A" “Id5Us d7A" 7534 714 84 A
42 9% PATA ATAYY Fo AU, Flehi F)o AT A (F R/
o de)e FEVEES B3l Y 5] gEel WE BAE £4F 25EE )
e AFAZ &9 T3 B7HsTQ324AE 7E, WSFEAE 24123 FRI17]A
=)
D2 MAS NFALE REY HE §FUS 233le] ZAE dE, A3 dE, 29 "E
T VIsE FHHLE FAY gASE, 26BHE ddde EFIE HER HAT
weatherhaven AL S4 Z#|¢) ofx] HEES FHIV|A FHANA B|2E LA 3
SHE HEE Uid 2de, dudr], A&t g 5 i 4k =
HEVL vfjx]=2 F 488m x Zo] 14.63m x =°| 2.82m Z7|9 #LEFY HE=Z ®F, W
g s, AL A, BEAE 7wl deH, A 53 SA(FE ~ 40mfs, &%
~ = 30C)l g W43 kel dSsE AF
1 HERZ A4 wx] d FHAHNE &3 A HA HZE I
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Base frame

X connector

Spacer

T connector

End cover
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Matn cover

13 250 Weatherhaven S4 =g ] ¢}x dE HX FAHE gY2E
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[:]

All hooks to
face out

e —— e —f

- TAE Y

- Single Stub Side Pieces : 127§

- Side Blank Inserts : 27}

- Left Comer : 27l

- Right Corner : 27}

- Dbl. Male End Make Up (48") : 27}
- Sgt. Male End Make Up (48") : 27}
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- RE TAES uEA 9ol £AYE U
- AdE o] Zso] A 4FS). 4 EE T A
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Hi Keith,

How are you nowadays? Things have been quite turbulent here in Korea, as we await our Constitutional Court's decision on the presidential impeachment tomorrow.
Here is an update on our CHWD project and tentative timetable for the field campaign at the D2 site.

AtKOPRI, our current project phase concludes at the end of this year, and we are now going an rocess to determine research projects for the next six years (2026-2031).
We have submitted a preliminary proposal for the next phase of the CHWD project to KOPRI's internal decision-making committee, with the final budget decision expected around June-July.
Below is a summary of the CHWD system progress and the proposed field schedule.

CHWD system development progress

Completed:

-Metal-free portable clean laboratory with fume hood, clean bench, , autoclave, water system, etc.
-100kw generators x2 (containerized)

-Dual-mode drill water filtration & UV system (containerized)

-Hose reel (containerized)

-Capstan tower (containerized)

To be completed by end of 2025:
-CAT high-pressure pumps x3

-Alkota water heaters (351kw each) x5, heat recovery, system with low-pi pumps, heat manifolds, control panels, pipework, etc
-MacArtney sampling winch (CORMAC Q5), spooler, and 3,500m zylon tether

-Wellhead UV unit with cooler, housing, iris, etc.

-Water tanks x3 (30,000L each)

-Submersible pumps x2

-Data logging, display, alarm for the CHWD system (except for drilling part)

-Borehole measurement system with diameter, xyz positioning, temperature, salinity, camera, etc.

Planned for 2026:

-Drill hose cleaning unit and air jet system

-Drill nozzles x2

-Airbeam drill tent, Weatherhaven plant tent, clean room tent
-Umbilicals x3

-Water and sediment samplers

-BigRAID wireline auger (optional, by BAS)

Proposed field schedule:

-2026/27 season: Assembly and field testing of CHWD units at Browning Pass (~10km northeast of Jangbogo Station)

Note: This testing phase is to ensure system integration and performance when all units are combined. So it may not make any water cavity as the ice thickness at Browning Pass is less than 100m)
-27/28 season: Seismic survey and CHWD at the D2 site

Given the timeline and development status above, | would greatly appreciate your feedback on a potential collaborative drilling effort between BAS and KOPRI at the D2 site during the 2027/28 season.
As you might expect, honestly our CHWD system almost followed the design and approach of your SLCEC CHWD system, so your input and feedback is strongly needed.

I'd also be happy to discuss this in more detail during your visit to KOPRI in Ma!
If a joint online meeting would be necessary for discussing the drilling plan or scientific collaboration (i.e., science consortium between UK and Korea), | would be glad to arrange it.

Kind regards,

Mincheol

Keith Makinson - BAS <kmak®@bas.ac.uk> & v
04-12 () 1258
Hi Mincheol,

Apologies for the delay. We have been heavily focused on Greenland logistics planning, costing up and optimising every litre of fuel and kilo of equipment to see if our
Petermann Glacier 2026 fieldwork is feasible within our relatively tiny budget. Our plan-A logistics were much higher than we were led to believe in the haste of the rapid
proposal call. By moving money around, the work looks possible but with very scaled back ambitions. We must order our fuel in the next two weeks!

Your list of achievements and plans look good, and you are clearly making great progress with the CHWD project. It will be very interesting to discuss the details and exchange
ideas.

From our earlier discussions about BAS-KOPRI collaboration, including with our science director, there remains genuine interest at BAS. The key thing will be to determine the
collaborative research areas and identifying the research questions that can be addressed, which will be needed for funding proposals to NERC. From your drilling timeline and

NERC funding timelines, now is the time to start more formally building our scientific collaboration.

Have you developed a detailed science programme or is this part of the evaluation process to determine research projects for the next six years (2026-2031)?
Can or would you want BAS scientists to contribute to this process?

Also, are the geophysical results from the lake region and their interpretation available? Previously, you mentioned these were being worked on ready for publication.

The next stage would be to establish a BAS-KOPRI group (or UK and Korea consortium depending on funding rules) to further develop a collaborative framework that will enable
funding proposals.

I’m happy to discuss this further when I’'m at KOPRI (May 14" - 21%!) or before, to get things started.

Best regards
Keith
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155730 i 1557001 s i 15500

Mean surface elevation change rate (m/year)
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Keith Makinson - BAS <kmak@bas.ac.uk> 9
0412 (%), @H 1258

Hi Mincheol,
Apologies for the delay. We have been heavily focused on Greenland logistics planning, costing up and optimising every litre of fuel and kilo of equipment to see if our
Petermann Glacier 2026 fieldwork is feasible within our relatively tiny budget. Our plan-A logistics were much higher than we were led to believe in the haste of the rapid

proposal call. By moving money around, the work looks possible but with very scaled back ambitions. We must order our fuel in the next two weeks!

Your list of achievements and plans look good, and you are clearly making great progress with the CHWD project. It will be very interesting to discuss the details and exchange
ideas.

From our earlier discussions about BAS-KOPRI including with our science director, there remains genuine interest at BAS. The key thing will be to determine the
collaborative research areas and identifying the research questions that can be addressed, which will be needed for funding proposals to NERC. From your drilling timeline and
NERC funding timelines, now is the time to start more formally building our scientific collaboration.

Have you developed a detailed science programme or is this part of the evaluation process to determine research projects for the next six years (2026-2031)?
Can or would you want BAS scientists to contribute to this process?

Also, are the geophysical results from the lake region and their interpretation available? Previously, you mentioned these were being worked on ready for publication.

The next stage would be to establish a BAS-KOPRI group (or UK and Korea consortium depending on funding rules) to further develop a collaborative framework that will enable
funding proposals.

I'm happy to discuss this further when I'm at KOPRI (May 14t - 215) or before, to get things started.

Best regards
Keith
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Qo= AT D(stable lakes)@t EHET T (active lakes)2 TEELCE HEH S4E
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]

Young et al., 2011)2} Operation IceBridge 2| ATM EH|E E8% =X 0l DA BZH(Fricker et al.,
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{1}

2014; Kurtz et al., 2016)0] ALt OB ZALE S it HAMHO| nk HHAL & HEEE

L£H5t0 2Mg 4 QCH(Christianson et al., 2012; Diezetal., 2019; Rivera et al,, 2015; Ross & Siegert, 2020;
Siegert et al., 2004; Siegert & Kwok, 2000, Siegert & Ridley, 1998).
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a5 St 2 0= Al Stdottt olEfet HuhE
HES7| (o 1CESat1 &2 R CryoSat-1 &2 2t 22 @4 OIO|E 7t 28 E|UChFricker et al., 2007,
Fricker & Scambos, 2009; Smith et al., 2009).

HoH = WSk David Glacier)= & 5= Bl4f(East Antarctic Tee Sheet)@ 2f 4%= HiESH=E &
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=0l= 02| FHE2| 7|X|Mario Zuccelli Station; O|Er2|Of, HtZ|ZPQF HEL Z|X|(Jang Bogo
Station; h=, &F 7|X)7F AXI&] UACHAE 1 FE).

goHl = 3L X HoA= oM o] Ed HMZ(subglacial lakes)7t &QIE| {2 Lk Smith et al,
2009), £2 HT(Lindzey et al, 2020)0fl M= MCHEQI 7|H HEALF H==(basal reflection coefficient) S
7|gte 2 kol DI(SLD1)2 D2(Subglacial Lake Cheongsuk, 0|8t SLOE "&HE" $4+2 226X
5 AEE 22 FYthead)t 2 7|F YA A5 LIELIX| BE WE}

x =

MW=L SLC A[HolA = FRQlet Yot otR o0 LHrH
H

nlo

>.

4t 2 BrAl(isotropically specular reflection) CH4Al, H| S HE BrAl(anisotropically
=

specular reflection) 7t BHEE|QIOD, HIAL Z E(specularity)= &5 eSS et

A LHEFREEL

ICESat 2l0IH 1 =2 Ol0|E(2003-2009; Smith et al, 2009; Wright & Siegert, 2012)0 [F2H, SL.C
AGoM =0 50| HIEL|D Y= AR RHFEIAOLE CryoSat-2 H|OIE(2010-2016; Siegfried &
Fricker, 2018)= EH 1=2| Hslrt 0|0[Sta =4 FMAHOAM 24 X017t YES EOFH, 31T
XHo| AR 4 XE"o| otd JHsHS AIAFSFCHE 1). I2{Lt Lindzey et al. (2020)2] H|O|E 0f
[2#, SLDI, SLC, 2|1 "gt 5hE 4=E(subglacial water channels) Ot &8 Hb(wet bedrock)2|
BhAb A= AX YHdry bedrock)ELCH 15dB O &9, BHAb ZmE= 02 & &atetch =0k
ICESat-2  HIO|E{(2019-2022)0flA41 sLCc Ao ®H 1&E° Jolbjst F77t &AL

o

DDInSAR(double-differential interferometric synthetic aperture radar) Cl|O|E{(2017-2022)& Sdll £33
I& KHO|Zt &Hel = AT

18
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J0E =750, HE F2 70| @2 W29 208 9 ICEIa HOlHE =E# Us
i

=
1 AEdE) OojE=22 3L 2t €2 HE maF sjdsts O #A7F R Dhetd &

ks

B3 HE TAS TEU E

1]

HE MO DDInSAR 7|28 T 2 AH(EE) Ho|H} EesC

P

ojo B 630 ME ICESat 305 DEM(2003-2009; Smith et &1, 2009, Wright & Siegert, 20122}
2016417 H= 0 ATO +=WE PR ®AhLindzey et al, 202000 CIE O A= 2H 310 3
HF-E2lgE Edz o &45 oSHAR SHECE @ SEHFAKOPRDRE AR OfE
g2 AFUTI = 201349 B3 HE AT ¢ 2F IPR BM4E 3 sLc 2| F=s
FAELECH E3 KOPRI X|F-22] 22 2010400 Y0212 3 08

=0 5L RFYel E £, gS=E 4, d2(d X 8
H

J8 90DINSARO| ¥ Z7} B=E HojHE Yat XG W 67 YHE = A=(2015-

20179
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3.1.1. Hio/H|E Y52t HMBSLO)

HIOlH = Y5t (David Glacier)= 2= HEEB[OFHEO|A JHE WEX SsEE Y3 F st 1
HAZ 213,500km?0f| HOICE Dome C 2t Talos Dome Ol A ZRBH0 EAB|(Ross Sea)2 EH7HH, 2
Drygalski 8l 3{(Drygalski Glacier Tongue)E &“dotChRignot et al, 2019). O Hst= 7tutz
ET8t grounding zone & KLIEM ZAG| 7FLHE|H, Drygalski AIZFHON ZBEMNK =5 £27t
HZE 263m A 714m 2 B7FChFrezzott et al., 1998, 2000)(1 & 2a). 1979 HEE 2008 H7X]
HoHl= Wate] By #H HE 282 @7 75 £ 04 Gt 2 LERCOD, HE W Heze
1979-1989 H0l= H7+ 9.5 Gt
2017 Holl= &7k 92+ ChRignot et al, 2019). O|= CIO|H = W&t7t A& o=z

=

0 FEEIAR
10 HoOfch 5H S 4n lon, 0|2 QI sfi+H A50| 2dlstn AS S AIARSICE

_
o
o0
A
)
S
=3
=3

rh

o= 92t 102 Gt, 199902010 &= HZF 9.7 Gt, 2009

2ld Bxg S8 ool = st X|FojA oA 7ol Y Wotk 5tE @ 4D1-D6)7t
2t 4 E| Q1 Ch(Smith et al, 2009; Wright & Siegert, 2012). &3} 8t 4= D1 2 7tH R0 X3t
2lonf, sLc ot D3-D5 = SEo| T Ds = A4F5H fX|etct sLcet D3-DsE MY
HESZE S8 D1 & 71K 2282 B2 LESHTHBrocgetal, 2013)( & 2b).

BEDMAP2 EE2HME(Fretwell et al, 2013)0 Z®E X F=2| HIO/EE HOHE WSt X9H
HEolAM TPR OIO[E HHE|X|o MEet ZH0| QU3 S HOFEL U2tA O X|ge| W} otf

=z 2E0| Y3t SEO OX= Jgs O # osts| A8 F2HE el §AZE BRsth 1 2).

TE- (Bl

20162017 @ H= Ol 5 Al S¢ &3 PR M7 HOolH = "skDVG) RFo| 21,562km?0

Z2H $H™EQen, o7[0ls SLD1 @ SLCD2; Lindzey et al, 202007t ZEFEL|ACH T IPR
ClO|E 9t DDInSAR CIO|E+= Hoh-2fEt AAOM =2 HtAL =, H2 X|g ue FHetol 5H
1L Botg HO|l= XA st ot o SHIIE AUSY| s 240

SLD1 1t SLC BUIM SLDI(ER| 75.27028°, & 1572572202 7t A & 7|X|IBS)0H A
M TPk QRO UCHAE 1. 34 sLpl 212 gE EHOE of A siAE £)7t
0 S2 F20| oYL HED JXoN £ HHE I o ot s sLe(HS
7538873°, Sd 1554067292, HAMZSE 267km O EHX UCk oo oet st=
FAATAKOPRDE 2017 HEE 2021 W7HA| HED 7|X M sLc 2 O|0X= S& =7
HES HCH O HEE= TZ FYIIHC EHAE XY £ U= ZHY HEI A€
AT A B HHOl 242 Ttash FMOL mEtA SLe & A H20| 7tssty X TEE| ZAL

dE MFH, 88 S+ AlF & Ode AFE +ES| 0 7HY HUSIL

=

SLC £ FHO| 10km O[3 H|DH TS @42 T

g

R EHALS B2 AlZF U0 #&8S = QA

SLC O Wi HMH b= 9F 1875m O/, €8 FH= < 2km O|ChFretwell et al, 2013; Morlighem
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et al, 2020). ¥, FLC 2| BRE HPHZ| Y Fld 5= ST Y 2@ DE HBS

E 3 W ChEmith et al, 2009; 2021; Wright & Siegert, 201 (1 2 2 E7H Ch2bE Eay

[ Lk outlines from CESat | e GEONAFRD
[Srmith 2k al | 20089) — (PR 201617
=% Glacksl fow vecuors = [PR 2015719
Glacizl flow speed Subglaal water flu
T omiy ar¥s
BB My . 0999 m¥s

156.0 155.6

SYE TR PR BA ™ H=2 WA

312 B2 IPREM

01848 B 08 AE ST sLocHR 753887, SF 155406720 BHE: 20km)Ol CHE
HEHY 23 gAMb Rtk o A= F oLiikm 2 HoH +=F HIE
J2lE ZHHE ixlkm 2 EESIRCKIE zg. H2lFHel HE nes
7eim WM, Mo soom 2 SR E|NC P2lE sLc RYE EREHo2 2457 2| Sentinel-l

DDIn3 AR(2017-2022), ICESat-2(2019-2022), KOMPSAT-5 SAR(2021, 2023) OI0|EHE S& & ELt

o =Ats A2FH F e gEHLU S0

HEE UTIG Helicopter Rada(HERA)(Lindzey et al,

2020; Peters o al, 2007) AlAEE AESEHChE | 2E H2/ZHE 08z IR il 5§22

Hoo?l Hege MY9E dEh E=aE o4 el B2 Z3E HRE HSTo SEus
2

1
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60MHz O T Fg AMZSIRAL 2E7|9 AE 4F EO/= Renishaw ILM-1200-HR 0|
He|Uoh 21 E 2e0lME dlolH =T Alx~=o o aME

HHE HN35tn QUCHCui etal, 2018; Lindzey et al., 2020; Peters et al., 2007).

O 30f LIEHE ZHAME BEH D152 s)= 1,820m Ol A 1,940m ALO|o| 2tatst HAAE wASHD,
ne= ofph WEto 2 FA HORRICH HHH X|HE D7 bed)( 1B 3b)= -510m OlA 350m Of
a2

= 2 BgE UELUY, ol 24 ¥@ds £8t= o 2R7| AEs =gstn Atk

H 1. 3Z IPR(HERA A|AH)2| OfI|¥H4=(Lindzey et al., 2020; Peters et al., 2007).

IPR 2% =d

Ao AAH e 8 kw

=&M7| A HES FLb4(PRF) 6,250 Hz
HEY ANEERIED) B s
MzZE &g 50 MHz
Egjojx ol 3,200 samples
AN #st7| sias 14 bits
W dlz M= 32 times

QE] Lt ST 60 MHz
o= 15 MHz
HI AlS [E= 52.5 to 67.5 MHz
74 2x End-Fed Dipole
0|5 - L2 5.8 dBi, one-way

22
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1.550m

a § Surface elevation famsl) b Bed elevation (amsl) [~ Hydraufic Head [m)
e = -
o 1,500 m

1,453,000

Polar stareographiz southing (m)

1,465,000

055,000 B75,000

655,000

Bog delavation [am.sl.}
Toez,,, <350 m; @81 > 3L0 48, and @ 2 0.75
1 : T

-1.435 000

-1,445,000

Folar starsographis sauthing {m)

655,000 665,000 ' &75,000 555,000 65000 475,000 BEG, 000 BEE000 B7G000
Patar stereagraphic easing [m)

T8 115 MY R E

O] X E&= 20134 11 Hof +EE 2 PREOIES HEe2 Hig T
EHE+= EF3C 3031, wossd/d= 3T =238 EEAHE ASSiEL, o hAEe2
DDl AR HY DfEE LterUfo, ®zbd Ob2FE 2 [cEsatol M BHSE sic @98 L e ChEmit
etal, 2009y (2) EHIEFE: EFIE = 25m 7HH 2 50822 F4519 Uk m) FPIERE:
Az = 200m 7HHe SOdeE FHEY S @ FHted A= FME Do M2
Ue YU E Hage DEIAE RY HEHI AE uetdick jEHE B oo s
S0m THHE EREe2 FHEY oM, HHE sde OO (@) =ETH@): HEHZ ¢
075s'snfdez FHE0 el HHE 2 O|Ch () HEHEQ REbehAlZ EZaBRI: =101

rla
10

e

ZHHE 248 O|Ch ¢p g PEXE: = DEZF 350m O[F0|1, BRI 2F -310dE O|40|H, £ 2h

07s° Ol=el XE& UEFHCE BlE2 S D25 25m 7HH sDWez J459 RUCH

23
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s e BRI BHAR DjOjE = Y3t 3tR TRE A8%= O A =2 JHKE KA, o=

o A3 S8 YEL RACkBrisbourne et al., 2023; Horgan et al., 2012, 2013; Woodward et al, 2010).
Et HOolEH= 4 OHOA = ZZ0|E 0|2 HRINA oteh itel 725 It g

F
= AeH, 20 =ZotE EHFOILL to] EXfet= A9 4d

2 o= QUCH(Peters et al., 2007).
ot rotol FE|X S Het stRol XFEfld Sdg wetg £ o 53, B
EAE "IN =9 0|9t =4 HIE EXME0 E4E FHHCE HIY 4= ATHWoodward et al.,

T JPHtA0 M ERARE TS OIOIH B8 2Zez2 Qe T HiHo|
20 2021 9 12 o= MEXES 8 H ZH(eight-foldy EHETE EHARZE
b A2A2 PETN O ALBELIQIon, oA Y 2sS JCHERt7] 2t
Z 2 &(hydrothermal drilling)s S8 2 25-30m ZO|0f 1,600g 2| PETN(400g 7HEZ|X| 4 7]H2

POl & 144 749 A ZRIEHOE)E MASIACL =4 XY Aot n=(350m Of3h,
=

Ch 215 By

El

e

RH0759), JEID B} ZE(31dB)E JIECE HolelYich oladt Hilg S s+

o
>+
o

2
i

S Al U E7AEQ e BAL TR R0l =HEQICY 4
Of FS BT BAZL B0 A & 9l- HUN g

150km OILIOIAl AZo] Aol BAER otd,

“7islof Slof WD Mol 8E THsHe gt

. S BB XN BLo| WY L

= ofEle Zon, Huz HtgE
Hol A8E HIHZIE

.
|
L

2 ot & ofdRlel #E ks

ms
°
Tt

Ho| 2AY 2Y U4 s

L ]

ne
ojo
I=

o 25m HOlof IR B HHM fHol SHO| & 7hs

A8 5 OlME 2021 E HE AIE S Wt SR =0 Os) e Ehdu BAlel XIS
HOFEL ZE UA NFO| Kol mAlE0f o, ERET EAR 2tPle] ME EAN HE2S
stolg = QUoh 8 6 2 21X BAF 2tRI0M 30 BREE 40 HRY LAEX|2] A BIOIH
[2 oiolg 4 FOIM, Zf ZAM F5 Al7E 12

e

e Z| = Mo =4 g gAL
o=, Ol E5-2 BAES olDjetth s A7 13 =

ok
2t
HT)-!

SHARZL BHEERIO T, Ol B 7| Kl(water basement)Z Qlof Zalioh BHALR A& 5= QUCH
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d2 7 0ME 21X @F 21YY EHA

2|
o= HENE RO ApME] AR £ Aok Bt fiojlH 24 Zah % 23km FHQ
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12
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~J]
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o
[
fuul
THo
°©
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rn
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ok
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=
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a7 1251 X HollA EFE B EA ¥ RE52021 9 12 H)
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3.1.4. ICESat-2 2} DDInSAR

O|O|X& olgs 7y

LSt PPt
Rignot et al, 2014; Seo et al, 2019). 8L} HIgt s& #o7t UHESHK| %2 42
H| 22t &(incoherence)0| LIEFE = RUCh Ol= F&E BEH 1& HolEO = S5 && HIE Q1%

SARIL; Oj 2 W2 HelE of|etc.

rho

IEE QM= SERFZESA)0| Y= Sentinel-1 C-H1E SAR(EA Fi 5405GHz)2

£ MO InSAR OIO|HE T45t1, DDInSAR 242 %=

ool W2 2017 H 2 & 3 2ot 3 & 16 Lol SR en, F A OlojE ¥2 2022 &1 &

1390 28 180 ESERUCE F CIOIE 2% Sentinel-12| ot H M SSE|OH, 36 U2

[7t ZHH 22 DInSAR O|0|X|& ML ZE SAR O|O|X|&= Interferometric Wide(TW.) swath
nez &AL on, 250km O Z)

>
rﬁ

V.V, VH HZ Sl HEM oom o 57 M E=E HFetCt

e&2 #2 DDmSAR fld2 sLC AGy 28 £ X Fg Heldtn 7o L4 R
20 2P HIUREE 8a, H2M S Hstel £L7F BIFYEHCR FUEAL
kol = #He7t G435 e o LEHHT SLC X|HYAME= DDInSAR 7Hd THEO| B3
HWE|Z LIERtoD], O|= F DInSAR 5 7|7t S W8} &8 =40 &Y Ao|of olgf #H

1 Holyl YWME 7ts4dS AARSICE DDInSAR O[D|X[O|A] 2HEE 7Y TjEHO| HSE 52

-

=
S0| 9| HatE AH0[0f ol LM =X] Aoty fldl, 2010 H 4 EEH 2022 9 7 EK|
ICESat-2 ef0|X DEAHZ 7|2 sLc B HEO A|AE #H ng 2430 24 2yt
Ao E 20190 H 4 FEE 2021 H 10 7K X SHoZ 45819l 1 0|22 YESH

FAEAL L5 KNG a3t Bgs 2RACH

|

2017 Eat 2022 He| A}0|E LIEtL= DDInSAR Ol0|X|= & DInSAR #ZF 7|7t 50to| +%|
He| HetE 20FECH 2R A2 DDISAR $&42 ™ML SLC X[Y(AE 8a, TEtA
ohztghat 22 X|9ojMe H|aHgol LEERRDE sLe & Sifete et @0 = o

= =
AP HIATE EXSOHE 8b, H2M SHatE) 2017 WEE 2022 WK BlAS S 2 &7 A2

golotRint Eot DDmSAR &4 Zdu "ot sEc2 Qe My mudoz
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Lt 7Hd TES Zghel H2ES DDInSAR QA2 2017 WOlA 2002 E AFO| SLC 9| 49|
Holg0| HEWSS LEHHCHYESH fade dFet BH 1= HSHE o|0jsich. sLCc AR

A HolM= ott olatel fE Bel 7 miEo| BELQCOLAE g4, B st H) 2018/19 IPR
.SLC |90l A DDInSAR 7HY
Q

=]
=
Ol & DInSAR & /|7t &2 Y3 S8 =40 E54

:|:|:I
rn
o
ne
ro
o2t
i)
Hu
-
m
A
|0
2

Aolof <lF M n= Hopst WM E Vs S LEHHEHEY s8¢

DDInSAR O[O|X|OjA] &= 7HY m{Eo| Wet 3t8 =40 9| WHalg XKoo ol
=X EHolsts] I8, 2019 H 4 EEEH 2022 W 7 7K ICESat-2 HOIK LEHZ 7| SH
SLC &Eh HEHe AAE BH 1-5 EASRATHAE 8c). ICESat-2 HIO|E & 2010 @ 7 &
Dol & 22 Q8] Mel=ct J8 8ol A-A ZE2MYS 2t S 8H 1EEs
oAl Alztol R0 et A5otoH (R 3.69m), Ol= DDInSAR O[O/ X|0f Al =&
ggofl =FECAE 8c). 22 HAF0AM FHot sLcA B XYe2 FFE HUO0| ICESat-2
ZAMT AR F2H0A B 0E F77F BHEEQJUCHOR ge, DFEHA AXh

FE|

[
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7560

156.00 155.50
T = e
Dispracement i the LOS ditection

A B! SLE-A B Between | g’ A 2019-0ct-21

i : m"ﬂ A | -2020-Jan-20
3.00 ¢ : m fiah ¥ 1 2020-apr-20

] PSR A R 2020-Jul-19
2020-0Oct-18
2021-Jan-17
2021-Jul-18
2021-0ct-17
2022-Jan-15
-------- 2022-Apr-16
2022-Jul-16

Distance {km)

T8 16 DDInSAR H[o/E o/0|F]

(2017 2 23 @ 92022 W1 E-2 2 BSE Fentinel-l AR 7HE| 0% BAE D50
HHE DDIn3AR ZHEE. OFEhH CHAREE H4 SHE@Les Dk Wk 7hE DiEE LHEE,
Wb CHZEE ICESat DEH BISSmith et o, 20008 7822 3LC K9E LpEPHCE
Hed o it Ee HZaEE UERACE A-A'E ICESat2 Bl BESH@EY Fool|d, B-B'E

DDInsaR ORE4) Ch2p= o|ch

(hpzozt | o1 E2 2 9 oz023 d 3 Fo 0 KOMPSAT-S FHEolM ST ozar 0[0|F|
Y = 0|0F] SEHe R 0HE s SRS HE HESE BADHHEY BHEs
=
=2

Sgf dbeo] 2 LHE dE Wy

LLERED, THEE EPaG 4306 WEse4dddn Bilez ma|=lch
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= Co|E(Smith

(02019 @ 4 FEH 20223 7 #A| ICESat-2 /IS o
OF ofH, Tt MIH= o= QL Pl

etal, 2021). X =2 2019 4 4 & [O|HE 7|&E

Rode LiErUCt

4

o

32 240 F2® Y

Tl

L

Am

IPR, EHET} EfAL 9|4 OOIHE TEYHCE 240t Zuf sLc o BE Wt 5H n-es of
1,875m £ UERRICE sLc& HA 31kmz EF 10km 0[S Z0| 50-80m, Y2 FH= &
=FEEICE Eo M "HEe o4 X2 QY EHE0| ENE 540 52 e

=

20229 108 E1 2

AL AL
24 =4

rlo

33 7|1%
331 X5 7|4 BZAAWS)

2019 & 11 & 24 & 02:00(UTC), SLC TR0 A& 7l 2ZFaAwW)7t ZX| = UCH 2019 E
11 226 2022 & 4 7K Aws M +=EE HolHE AlFE =2 X Yol MEHAEC 7|8 =H&
oeshs O uAtE2 28 ECh Aws o AlZhe CIojEE= 1 AlRt 7t3ez 3 +Fen,
Olzlg %92 S8 dARIeEZ H&ELL MSE HOH= o= =X HOolH MEEKPDCO
o2 HMEELC dMEeE XHOAM 2 4m =O0[0M 2D, AN F=®RH), ZIYLE),

BEWS), EZ¥WD)S FdEC

b

o 9 MY &£55 Vaisala HMP155 H& ZE2EEE A3 SHEE O, 7|YE Vaisala PTB110
Sl E£aF 282 RMYOUNG 05108-45 MAME ABSI ZHECH MA
oM golgl = ot RE MAE Aws g% A

2
ohR |- 2F Z e1FE EAQLL 4o°c OlFte] ok VM M= BFE FI

+£(0.226 - 0.0028 < reading)°C
(at -80° to +20°C)

Vaisala HMP155 4m

+£(1.2 + 0.012 x reading) % RH

(at -40° to -20°C)

RH
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P Vaisala PTB110 0.3 hPa 4m
W.S. 0.3m/s

R.M. YOUNG 05108-45 4m
W.D. £39
Transmission | Iridium 9602 18 byte/hr (Trans.) 4m

O 17 BMZ(SLO)o HX|E AWS

332 A7 25 ol A &

SLe A9el Z|2g -11°c oA -s6°c Atolo|d, ER Z|2E2 -31°c O|th HI 722
UutM o2 HE| EYAIZE ZIF 13.00 HA 16:00(UTC 00:00-03:00) ALO|O] Ml XK 7|22
02:00 OlA 05:00(UTC 14:00-17:00) AfOjof =rASIRICE B= 7|7F2 ae{gh 2019 HEH
2022 HHA|Q] HEL 7|2 FO0|= O Aol HMAIEIQUCE 20 &= 46%0XM 90% ARO|Z,
H2olrh H3 o512 g2 §)sd &t &x= E3

HIHOl AT stel B2HQl I BES
AT B B0l Y O &2 FBE Ko

333 7|

7|

rQ

A nFgez Qg 2022 9 1 8 o YK = HIOIHTF 7|Z &R BT 7|YAHE BHet =

i

20029 1& 10YEE 48 287K FHE 7| W= 751.0hPa0l Al 787.0hPa ALO| 2D, BT

7|42 763.6hPa 2 7|2 QUL
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334 245 Y 2%

42 A0 303ms O OEXCD, HWZ £ 123ms E UEEHCE Ao S£2 HA
EfLAIZE 7|1FE 19:00(UTC 04:00-06:00)0] st SH2 AR Mt Helg 2Ho|0, J=
AE@4 o ol B3 0510 €3 #ELD O 52 ZEE UEHO Ege d@F dam
HEAwwWHEC 2 JX|EACH HT H=o| AMF ZEX = BES 030 Az=0|M dyg
= e Qe FEes X e fXE HFEAUCE

335 M4k

SLC KoM ML of Ayt SZEALCL Aws Eplel =3 HAIE 7|E2E, 2010 4
12 EEE 2021 9 12 7K 2 W S 05 O/E2] £0| &0l HoZ ZFEYUCE Mt AHZE

HEH2 O g25m 2 FHELCH

=1 =
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a7 20SLCX|9e X|EH = M

1]
mjo

MFE BE(2021E 12 F)

AEH & ME0AM SHE Cl°, NOs-, S0«2°, Na', NH4*, K*, Mg?' SE= ZtZ} 163.86-327.41 ng
g Y(HT =2353ngg D), 41.12-176 24ng g (BT =8185ng g 1), 27.56-59.46ng g (BT =38.0ngg D),
100.40-242.25 ng g YEHR = 15581 ng g'b), 12.01-26.53 ng ¢ HHF = 21.08 ng g1, 61.30-85.45 ng
g (BT =7205ngg ™), 087-534ngg (BT =297nggt), 13.72-26.44ng g }(HT =2008ngg HE

LHEH CH(Figure 3).
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I 3 UNE sIC HmOM AlFE HEUsEN Al FR
Run or Length Diameter Weight |Density
Date |[Site| Bag Top |Bottom (cm) (cm) (9) (g/cm”3) notes
19/11/23| D2 | Bag1 0 55 55 52 9.14 1388 0.407|B5, B28-28.5
B16, B37-
Bag 2 55 110 | 55 51 9.27 1304 0.379|37.5
B9-10.2,
Bag3 | 110 | 158 | 48 49 9.03 1272 0.406|B34.5
Bag4 | 188 | 213 | 55 55 921 1664 0.454|B22-23.5
Bag5 | 213 | 263 | 50 50 9.2 1350 0.406|B13-13~15.5
Bag6 | 263 | 318 | 55 55 9.21 1508 0.412|B26.7-27
Bag7 | 318 | 373 | 55 55 9.29 1674 0.449|B42-42.3
Bag8 | 373 | 428 | 55 55 9.33 1708 0.454|B41-42
Bag9 | 428 | 483 | 55 55 9.31 1796 0.48(B25.8-26
Bag 10 | 483 | 538 | 55 54 9.31 1814 0.494|B6-7
B8.5-10,
Bag 11 | 538 | 593 | 55 55 941 1814 0.474|B33.5
Bag 12 | 593 | 648 | 55 54 9.24 1804 0.498(B13-13.5
Bag 13 | 648 | 702.5 |54.5 54 9.37 1868 0.502|B19-20.5
Bag 14 |702.5| 757.5 | 55 55 9.27 1792 0.483|B22.5-24
Bag 15 |757.5| 783.5 | 26 26 9.41 910 0.504|B26
37
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of2ff =OlM LIEILLES ®HE WA AR F Z0l= 783 em E, ZO[0]
L7 Z7E F=ME LHEILID, 2=9| HelE 0407 ~ 0504 em3 Ol B gt2 045 em O|CH

WotAojel EeEs ZHolof mEt Hlud MdEdoz FUSHA|CL 2 26 ~ 3 m HOIOAM

gt MUtEMoZ
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o, ST AagL a2|n HoigtE ofej et

. Zl23, Z|tigh
(ppb) F- MSA Cl SO | NOs- Na* K+ Mg?* | Ca**
Mean 042 2241 | 12872 @ 8198 10964 52.11

195 1011 1051
Median 037 | 1652 10567 @ 63.87 10038

3748 | 112 8.81 3.68
Max 305 76.00 | 146646 | 34235 233.59 89035

2949 7924 8287
Min 0.23 4.66 25.21 25.18 | 4885 9.27

0.96 3.52 1.89
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35 X2H £ 42+

B S(nowpac)Z EIE|0L BHO|, 27, Ho|2AS =yt Cret O
ettt ol GFEE HI UWES Ot XdYolsM =Y o)l
ZAMSIRON (Michaud et al, 2014; Malard et al, 2019; Parro et al,

Al

Pole)M e 716X O/d8=

2Ly ol X|FojMel OdE "o

A

2 39

o,

23 T2 XXX 2 21Egct

Hm U AE XY FH0IME 800 BHIES AZ0lL 520| Y
20L BEO HH AS(HEHMEE 60em ZOX FHE HO|HS=R
=45 Auf, Ald Jhsot O4=20| HdE 2K RRALH

HeE U O¥e ENE 20 MEEHoE ZARL M WY oF
Hi ¥ H|S|EH (culture-independent) 22 HHSIO AFE WA,

based surveys)= £ | ACtH

Hd A= 201920 AIED 202122 AIE 52 & Ko 2H XHFE

=T (snow microbiomes)
2025), X0
T&Oo| EXjgo| slE HE QChMadigan et al,

DNA 7|4t

(=)
TIHHE 185 RNA 8K 52 MY E4(amplicon sequencing)™& Aot

2= E(South

2017 Extremophiles).

FH M= ZrE= XX cells/ml OO,

H (culture-dependent) X

=4 (DNA-

Qot HMA 165 rRNA

=1} Z 37 2| PCR
ZE T 16S RNA O A4 Mot SH0IE|QIoLt 135 rRNA SAXAME SZ24E0| HEL R
AT

g XE2 F5 H2 MEZbiomass= ZHXZER, J|ES| 2RPHEDHE  HH(conventional
molecular methods)C 2= 2 OMEZ ZAESH| o2 = RULCKREFR). =Eot, 7 E 7]
2t{t(aeolian transport) = S8 2/F0AM FRE OM 0| YAHez EXY 7tsd= UCL

Hie “tsdt dds &

=}

0.01x) H TSA(1x, 0.01x) BHX|Of YESHA 15°C O A HYYSHSICH

2157 s, 2 X|go| 250ml MM BFF(snowmelt water)& R2A(1x,

1 2t & 389 M0| 22 Z/2CH Peribacillus frigoritolerans 2 T (Ant192, Ant232)+= EHATH
Ef Ab(seismic survey) X9 12 EEH B E(traverse route) O A X{F E MHSZOM £2| = UCE EBH

Hx

Kocuria marina 1 #FD)= A X9 HLASHA 22[&|ALCt

=48 C§ET(negative controls)lt AR 2P 7ts540| QUes Al 2H
“kitomes”)2 MAHE =, HES HH 2|0 Z(genera)= HEE EY WU S
marine aerosols)fl A FeElfiet e 2 LiEtG ol MMdF Zo|o MIE O =

AO|(significant variationy= EHAHE|X| 2 QUACH
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36 Q7 &F U 0|F

x

nE

(]
H

IPR(Airborne Ice Penetrating Radar) Bt Ab= 2016/17 AIE &2 HE|EHE 0|85t =&

WX=m1 M D2 28 XY =go fojHls Hsl Yoy

i

ZASEILCE

E5H & KXo XA el BfAKground-based seismic survey) H HEMH AT MZ E(surface

snowpack sampling) Z{T| 10| 2019/20 A|EL} 2021/22 AIEO Fl 2| RULCH

B

A

flet OFel WI(field camp)= OI”E AlFE XFAM & 10km dF(upstream)d

Hny
= [
IR o, glE Sga A5k e HE 470 2X|&SAC
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- 9 943 27
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BAR 717 S HElEHE o 267km EHOIH YEAWSHZ[K|(Jang Bogo Statiom)A ALK
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i
Ju
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g320 Ez X990 = SHED L Y(Antarctic Specially Protected Areas, ASPAs), H=
£ &#H22| L H(Antarctic Specially Managed Areas, ASMAs), 12|11 2374t & 7| E 2(Heritage Sites

and Monuments, HSMs)0| =ZZHE Cf

OIEE AlZ= XFH A EHHT BfAL XY, EYEH 0|5 & E(tractor traverse routes) THO|= X FE

Ho X 90| EX&HA| =Ct

[ -

45

- 376 -



4. HAE A8

41 7 ¥ %

HolH = ot X|He| Mz MEfA, s, ugtd Hep Yol & =2 S FSl(thermal

conditions and dynamics of the ice sheet)0l CHEF H7t= O{HY| O|&let AEfo[Ct
CASCA ZEME = 0|9t TS0 Q3 uwotd FHZ HIdste A2 SHE o0, Fo
AT dute ChEa 2k

e 2km O|¢S =HE <

= ot ExME= HM= MEfAolM DIEE 4=
life)Q| gh7d S FSA 7

H

(microbial
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= el 2| fyoM ML),

42. x|

AWK MES dEwars)el D22 Y E(grounding zone) PAZ0| fIX[et Whillans =2t
Mercer 20 A YAz E[EF & 545 AR HFH7I d3H2E O|RRLE (Christner et al, 2014;

=
Priscu et al, 2021). AL, SEH= YAEALS) Of2fo| W= = Of& EFHAOl oty Z2AM

1 = fs
HE2o| o|Roi 8l HE iTt.
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z
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FTYHCZ NSt ed BAL 2EXZ HHE[UCL

1) ST HE ZAb 7|E0 S IPR(ice penetrating radar) R EHEL} EhAKseismic survey)
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9. %0f U 7|5 Hel

ME Minstry of Environment

NEIR National Institute of Environmental Research

KOPRI KOrea Polar Research Institute

MOFA Minitry of Foreign Affairs

CHWD  Clean Hot Water Drilling

EAIS East Antarctic Ice Sheet

CASCA Clean Access to Subglacial lake Cheongsuk in Antarctica
SLC Subglacial Lake Cheongsuk

JBS Jang Bogo Station

IPR Ice Penetrating Radar
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