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HOLE or TOWER SITE

" Moves every hole

/DRILL CAMP

Fixed during season

-
i

Va erwinka | UW Physical Sciences Lab | 12 Sept 2013
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Deep Drilling Illustration

DY

T

Tower :\: | . i N2
o : ' 'HIF-JT ;\::

Drill Drill Return Drill Supply

90 Hp 37 kW Cable Reel Hose Reel Hose Reel
. Return Pump 8000 pound Load 1.5 miles of Hose
at top of hole Weight 100,000 pounds

| Carried mostly by cable

- Drill Head with
Weight Stack

| and Nozzle
200 GPM through 0.72 inch diameter hole -> 107 MPH water jet

” ‘
- / Jeff Cherwinka | UW Physical Sciences Lab | 12 Sept 2013
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a locomotive at full power, or...
's racing at full speed
- ; shut out of a %” nozzle!
Mlleage 1400 gallons of fuel per mile
Each hole requires 3 Herc flights
We have drilled 86 holes, and have melted

enough ice for 794 million cocktails!

SPECS
How Did It Do?
5 MW (4.7 MW thermal, 300 kW elec)
200 GPM, 88°C, 1000 psi
1.4 million |b
2.1 m/min max drill speed

$60cm x 2500m hole
— 31 hrdrill

— 48 hr turnover

— 4500 gal fuel

24/7 operation, total crew of 30

2004-2005: 1 (and a half) holes

2009-2010: 20 holes SRR Ovye CoRe S o
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Next step: movable drill for distances > 500 m

- ARA37 = 37 “Stations” planned, 3 completec
6 holes/station
222 holes 2 km distance between stations

Hot water to make dry holes
Drill/pump-out simultaneously

> Terry Benson - : : 3-sled train configuration, 34klb (15t) dry weight
Physical Sciences Laboratory _ 300kW thermal power, requires 30kW electrical
2 _Unive'rsity_ofWismnsin— Madison 12gpm (45 lpm), 85°C, 1000psi (7Mpa)
" 4" 2 ¢7in (18cm) x 200m DRY hole in 7hr drilling
7 7“' International Workshop on lce Dnltmg Technology’: 10-12hr hole turnover
K7 ~_ Madison, Wisconsin =~ - . td
. .Septembers 13, 2013 EER Crew of 5/shift
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ARA Drill Train

Power Distribution

Backup Generator ] Water Storage Tank ] Snow Melter ]

Hose Reel ]

Glycol Drum J

Power Unit
(High Pressure Pump)

| ANS Fuel Tank
[ 6x Water Heaters
[ Drill Control Center

2x 50kW Onan Generators

+ * Redundant e
* Supplied by Support Contractor ..

g . “w
Terry Benson | Physical Sciences Lab | UW - Madison 6 |
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'Deep dr|||

— Move

— Firndrill

— Pickle .
Not @ South Pole Station, but not “remote”

— Sleep at South Pole Station

— Eat at ARA site

Checklists, safety meetings, and drill strategy tools (charts, etc.) commonpla

Target Ops for future ARA drilling (80 holes/season)
— 2 shifts + 1 skeleton shift
— No pickling
— Parallel firn drilling

"" 12 2013 J | Physical Sc ciences Lab | '| ".nr r\.-']-n iso
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What about very large, deep arrays
with dense instrumentation ?
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on same string:

- optical modules (?)
- radio antennas
between 200-400m depth

~=» acoustic antennas .

A between 200-(400-1000m) deptt

rely strongly on correlated hits
from all technologies per event

AX AY #of holes
500 500 1600
333 3600 ® .

333
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immersion heater
example sketches
for ice application

- instrumented area 100 -10000 km?2
- string distance 300 - 1500 m

- string depth 200 - 1200 m
- hole diameter 4 - 8 inch

1 =-X00-x000 strin L SO g
: % }

-in about 5 years
(with only a 3-6 month
per year available)

robotic drilling +
deployment scheme
needed

with =~ 10 platforms =» 300 holes/season
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| -'06/12/)014 J¢ ' - ' ‘ ENA2014_-AnnapoIis‘\ " . : 10
’ 4 / ) \ - ‘ : : \. 1 g -

/)

- a M. |



Solution proposed and tested 50 years ago:

The Philberth Probe

Jarl Josat

Luftlandepunkt STATION
; CENTRALE
3000 - Milcent;

Céte Ouest

:W //// /// mCacilla

2000 i m\ﬂ /,,}7;//// // // Nunatak

TODOE;;IEEGG- .{ch%:‘:%/ g ,{/2—/ ,/zf/:/-/- _2/2_/_,_ M Cate Est
52° W - 48° aw 40° - ag® az° '218"

(=]

—1000

Deployment of two autonomous thermal
probes to a depth of 220 m and 1000 m by
Karl Philberth and his team

Time: Summer 1968

Location: Jarl Josef glacier, Greenland

Firn temperature -28.5 °C

A Height: 2850 m
// : ;: e Ice thlckness "’2500m »
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Probe size: original Philberth
D=11 cm,
L=280cm,

HEATED

wire length = 3000 m mescvoin ——

Probe speed:
v = 50 m/day

Power used:
P=4 kW

Inclination: S EB= i e
vertical - | L
b : : ‘1
v ran | el TN
/ Depth measurement: W il I
e by coil inductance L)) o, I|H|||
| S R )
~_ Temperature measurement:

/ '_ _T= -29.0°Cat 220 m s [ |

© T=-29.3°C at 600m !! L1 N
S T=-30.0 °C at 1000m ; e st e &
% AR '
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wno  [wnen [whers [what | maxaepn

l"v

Philbert 1968

c

O Aamot 1971

®

.2  Hansen 1973

o

% Hansen 1979-1993

= Hansen, Kelty 1993-1994
AWI 1995
NASA 2001

c

0

® Dachwald 2010-2012

= (lceMole)

o

@ Dachwald 2012-2015

§ (Enceladus)

&  Stone 2010-20xx
(Valkyrie)

/ -
Fn:st Phllbe-r’th’ robe has sh

Greenland
Antarctica
Antarctica
Lab tests

Greenland
Antarctica

Lab tests
(outdoor?)

Alps

Alps,
Antarctica

Lab tests

thermal probe
thermal probe
thermal probe
thermal probes
thermal probe
thermal probe

thermal probe +
water jet

thermal probe
(curvd pass)

thermal probe
(curved pass)

water jet
(laser powered)

220 m -1000 m

~100 m

112 m
lab tests
7m-135m

5m
(plan: 300 m ??)

5m

>20m?

best performance for deep dnllmg unt|I today
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A Thermal Probe for Melting Deep Holes
in Antarctic Ice

Conceptual Design Report

A, Donatl, T. Kargl, H. Lidecks!, R, Nahnhauer!, F. Tonisch!, T. Ullmann?

'Deutsches Elekmronen-Synchrotron
2Ferchau Engineering GmbH

ABSTRACT
After a review of the development of autonomous melting probes in the past, we discuss the

requirements for a probe to be used at the South Pole to melt down to a depth of 25300 m within
reasonable cost and time,

all references missed in the talk can
be found here

Try to desigh and
build a “Philberth”
probe for drilling
application with up
to date mechanical
and electronic

Second step:

think about possible payload
installation

=>» for prototype testing :
=>» for real detector installation
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Mechanical
design

heated
3) Coil chamber for 3000 m
e ﬁmmey-
heated by segmented heater
r mats at wall (controllable)

<€ 2) Sensor and electronic
3 7 container,
pressure resistant
i i '
| 3\1 1) Head with heaters,

single heater controllable
160 - ‘

Y X * | - N ' : A
} A - . _ - . .
’ \ ‘ \ ) v, 3 - . . L o
: B4 %2014 Annapolls -\; v i 1 % 15
' 5 . - Nt N .

‘ . : X -t
- - -




Mechanic details Deployment

startup phase:

Coil winding:

litting jack with
_~ tension sensor

Power }

WINDING COILS BY THE ORTHOCYCLIC METHOD
col l-wire | lf
[ N~ |
——— |
Ffv .y ORTHO~ i “ -
l cYCLIC f
PART { i '\
‘ e |
CROSSOVER — |
REA » \
L \ ) ‘a
ORTHO- \ FIRN I w
e \ I
- ooy WL
e - o
- o U ——
w2 |
ot » Figure 1, The orthocyclic method uses
':, y r windings which are normal tothe coilaxis
’ instead of helical. Each turn has a dis-
y "’- o crele lateral deflection called a crossover ’
ji B conhectar -
o g.i‘m starting 0: m? Suci‘;ﬂn‘i‘:ﬁ:z’m Figure 2. The deflection of each iurn and the | AT _
eimssoimsl re in opp: ine 10 the dL beginning of the crossover line at the flange are H H ” I . -
on aftem:t u:'g 33:;;‘5 according ™ clearly visible. By careful control of the winding :
rectlon of the “; hg p "’g’;‘“'- ’ P;f " process, the perfect regularity of the orthocyclic
crossovers Ina lay e:fora?a a6 called(he winding patfern is preserved throughout the whole AR i *
crossover line. : " .
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Power requirements for melting

14,00 | h——--‘—-‘-wvm-_-. -

10,00 1,40 With v = Z m/s
P,.="~5kW
,_‘4 6,00 1,00 Ptot = 7 kW

LA gow with
2,00 & ~ o e
e 15% contingency

gl P kW
S oSS > g 5J . - . ' \
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Electric power

assume surface generator
with 10 - 15 kW power I I .

_ lchot *P IC,cold * P
transformed to 2500 V DC Ruire = =4 — * (1 @dThor) + == — (1 + adTecora)

z
load of probe: 500 Q +%‘i*p * (1 + adT,o1)
oc

resistance of cable is depth dependent

cable cross section:

9,55 o

9,50

945

Peff, kW

. | | -

: : ] | \ ;
o 915 | ~—
»
- . .

3 / L—— 1.08 mm —bI 9,10 N
._ y " 7 1.68 mm 0 500 1000 1500 2000 2500 3000 '-.,
. "
»

ST fe—————— 2.00 mm —————> Depth, m

: .'1" 7 g - oy, | riF \ a8 \ ™ ¥ . S DT - )
G a7ty D IR [ & Sttt NN AR S ST
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Steering and data acquisition

representative points (Hz) (Bytes / reading
= Bearing measured by inclinometer  S"rface

m Voltage on cable (top end) 10 4
> Cable payo ~ Current into cable (top end) 10 4

determination Probe
=» Acoustic positioning system Voltage on cable (bottom end) 10 4
Current out of cable (bottom end) 10 4
- / Voltages and currents at various points 1 80
" Heater element steering i 20 test points to be defined, 4 bytes / pt.
o ' Temperature at various points 1 40
= water temperature 80 °C — 90 °C 10 test points to be defined, 4 bytes / pt.
=» probe vertical ),- 'y, . \. “. Unspooled cable length 0.1 4
=> foresee emergency procedure | | [Inclinometer s £
S f & o g ‘ . _Acoustic positioning 0.01 6152
: ’ oresee In-icere-s al’t A :
/ . ‘o . Total data rate over cable: : 263 bytes /'sec.
’// o Ve ' : ‘ | ] ' LA | "
’ . , 4 J : 4 - ] N \ % . - "
" A : : 4/} 1 1 : 5NN l b
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Cost estimate

Surface equipment Probe equipment

Generator 5000.- Cable 6000.-
Transformer 3000.- Mechanics 1000.-
Rectifier 1000.- Heating system 3000.-

PC + electronics 2000.- Electronics 2000.-
R Mechanics 1000.- ... Sensors 3000.- g
Total 12000.- Total 15000.-

’

- _.._,. ' Drilling fuel *) | Amount for 2500 m / |

‘ Kerosene 3250 1850.- 2200.-
¢ /: *) cost w /out transport, Q'G%Igal, 0.73€/$

s 5

//- / Important only 2- 3 persons necessary for probe deployment N
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Possible first application(s)

Devices located in
sensor c,ha’r’nber:

- radio sender

- loudspeaker

- light source |
- radio antenna

- microphone

- photomultiplier
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=> It is possible to build an autonomous melting probe with modern

technologies at reasonable cost
It has to be evaluated if there is interest by other groups to start
such a project as a common effort

The next step could be the construction and test of a corresponding

prototype following the Philberth concept

In parallel alternative designs should be developed

(water jet, heated wire from surface, ....)

First applications could be the study of ice properties and the
deployment of calibration sources at any wanted location
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