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Milliardregning forpludrer
lufthavnskabale

Permafrostskader pa atlantlandingsbanen i Kangerlussuaq kan blive sa dyre at
rette op pa, at det giver bedre mening at udvide lufthavnene pa de populare
destinationer

< "Permafrost related failures on the
runway in Kangerlussuaq may be so |
expensive to repair, that it will make |
more sense to extend the runways at
the popular destlnatlons
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The landing strip in 1928
prepared by Hobbs.

Hobbs (1930): The North Pole of the Winds




New York Times, 1928

HASSELL AND CRAMER RESCUED IN GREENLAND;
FLIERS WANDERED TWO WEEKS OVER ICY WAS TES :
SM OKE SI GNALS SEEN, SAVED BY HOBBS EXPEDITION

80 60 40 30

: . '..- ¢. -::...; . m'- . "0

w0 UTR A "Nt o ER o
ot " el @@

-'70

SEEN.S oA
1 SUNDAY
AUSUST 19 \_Z

- Ju Ilagehaa o ":g

o Po Cape Cﬁfﬂ’/@’ : ﬂanon‘aﬁ - ederlksa'al

Joip " g

[AXY i (o
AT LR PR
Bk 3 .
It " e -‘ 3T
- - S

70 60

WHERE THE RESCUED FLIERS CAME DOWN.

Map Shows the Route Traveled by the Plane Greater Rockford Till Its Descent Two Weeks Ago Yesterday on

LIVED ON 8 OUNGES OF PENMICAN A DAY

Eskimos Gave Clue--Rescuers Sent Two
Boats After Castaways--Flashlight
Signaled ““Hassell Safe” to Camp. -

LANDED THE PLANE UNDAMAGED ON AUGUST 19

Driven Off Course by Storm and Running Out of
Gasoline, They Were Forced Down on Sukker-
toppen Ice Arm After Being Sighted:

By PROFESSDRW H. HOBBS, -
Leader of the University of Michigan Greenland Expedmon.

Copyright, 1928, by The New York Times Combany.

Wireless to TER NEW YoRX Tiumps, _

MOUNT EVANS, Greenland, Sept. 2.—Bert Hassell, pilot

of the plane Greater Rockford, and his co-pilot, Parker Cramer,

missing for two weeks after they had started on the second leg

of their flight from Rockford, IIL, for Stockholm, Sweden, are
in Camp Lloyd, safe andwe]l

They arrived in our motor boat at 9:15 P. M. (Greenland

n Time) after we had fo undthem on the south side of the fjord in
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Runway strengthening - 1953
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Boreholes &
Test pits
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A total of 147 boreholes, with 42 holes along runway

* 11 boreholes on marine terrace « 31 boreholes on river plateau

e OPMC median 0.7 m, max 1.4 m

e All but 7 bh penetrate OPMC layers
* OPMC fines = 61.8%+12.5% (n=63) e OPMC fines = 17.5%+9.0% (N=38)

e SM-SP fines = 4.7%=+3.5% (N=64)

« Encountered: IX, Il, IS, unfrozen  Encountered: Np and Nw
Conclusions: Conclusions:

e Ice rich and thaw sensitive « OPMC layers included in AL

» Protected by thick embankment « OPMC layers of limited thickness

» Frost susceptible material? * Ice poor sediments below
* Heat trapped under construction? Thaw settlement potential = LOW!
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Boreholes &

Test pits

e 1952 © 1969
® 1955 © 1977
e 1956 © 2005
® 1957 e 2008
© 1959 e 2011 |
o 1967 e 2016 |

KAN2016-02 FD-93 R-99
KAN2016-03
KAN2016-01

R-89

R-284 R-283 FD-92
R-183

R-285 ~R575

B i R-94 FD-91
KAN2005-04 X R-273
Ri2R% 38 R-276 /R -274A

A R=277,

N A 500 1000 1500 2000 ‘
R-279 1 R=281

R-282 .
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Fine grained, typically ice rich (where not saline)
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Clay particles sedimented in freshwater
Disperse structure...
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Clay particles sedimented in sea water
Flocculated structure...
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L>100 m
.i___gueda!en —
1< |Bakkalandet 1634
4 |Kokstad 1924
P __|Gretnes 1925
S |83 1928
7 |Ullensaker 1953
& |Selnes 1965
9 |Hekseberg 1967
10 |Othilienborg 1500 BP
11 Langarjan Prehistoric

12 |Lund Prehistoric
13 |Sjtnesmarka Prehistoric
14 |Olderdalen Prehistoric
15 |Gullaug Prehistoric
16 |Heimstad Prehistoric
17 |Stavset Prehistoric
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Thakur (2012): NGM presentation




Conclusions

Complex and interesting geological setting
(most of the) Runway has very limited risk of thaw settlements

Thaw settlements in western-most section have little/no impact on
operational safety

Maintenance issues must be properly handled (crack sealing,
drainage etc)

Thaw settlements on southern aprons are severe, but likely limited
due to thickness of ice rich deposits
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Eristing Runway Parement
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Borehole name Borehole Tocation

KAN2005-02 Kangerlussuaq, Forplads Syd

22 SAND fine,clayey,water bearing

Borehole coordinates Drilling date
UTM Zone 22N / GR96 E N Elev. ? m.a.s. 2005-08-03
=1 . |8l |8 o Grain Size % w [% =
£ | & |£|2|2| Description B} [%] E
g1 2 |55 - & 38 2% & 8 ¢ |38
a1 5 AR . .. a
0 H 1 NPavement - f F°
1 2 | SAND,gravelly,stony well graded Z
14 3 L1
1 s | SAND, fine, sorted i
2 6 ] -2
7 | w.5cm humusrich SILT-layer i
3 130 SANDfine,sorted __ 3
. . 15| SAND finesilty,w. 5cm organic seam L .
. / / 13| SILT,layered,with organic content ~ L
1 —1100 *r
1/ /| |—]14| SILT, finesandy 1 F
_ 15 — L
T // —1 16 i
Fniii 1= 17| SAND,fine-medium,silty (brown.gry) P
1 : 18 -
i || ;g SAND,fine-medium,silty (brown.gry) C ,
1 21 N

SAND, medium-coarse,gravelly

SAND,;silty,clayey,w.single gravels

SAND, fine-medium,silty,clayey

SAND,medium-coarse,sorted

PO [T TN T TN TN T NN T N T S N

L _SILT finesandy,dry
SAND,medium sorted,dry




name rehole location
KAN2005-01 Kangerlussuaq, Olsens Trailer
T T Tty A
UTM Zone 22N / GR96 E 512949 N 7432082 Elev. ? m.a.s. 2005-07-29
_ z| |s Grain Size % o Temp[°C] | ¢ /¢, [kPa] Cl [ppt] - | S
£ | & |£|2|2| Description w %] £
g1 2 |3|Ele e 8 28 = 3 g8 o 28|88 88 § § |%
=] 3 HEAE I 1 1 |‘:> I | AT FRER ERRR N I | | | | =]
| T Bum . o -
0 CLAY, very silty, gravelly and stony Ma Pg - 0
CLAY, very silty e
'ﬁ -=:;;r H1
i‘_,,_ﬂ /s/
Thick ice lenses 2-4 cm *249% K r2
\ R-71
H /ri .“‘/-’ -3
L / / R-70
CLAY, very silty, with ice lenses /, /
SAND,; fine, silty Ma Pg ‘ 3 4
SAND, medium, coarse
-5
SAND, medium R-727_R-69
L6 ;
st 168 -
74 -7 ¥
82
8 -8
83
9 L9
"2129 :
Temperature [ C] R-66 s
530 -20 -10 0 10 20 A s T
i
g KAN2005-02
g
KAN2005-01 *
E e
=
—
Q
[
(=}
E o
250 0 250 500 750 1000 m
KAN2005-01
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Borehole name an;;\_n\p Toca n;:&
KAN2005-04 Kangerlussuaq, Fossilsletten
UTM Zone 22N /WGS84 E 509882 N 7431711 Elev. 18.5 m.as. 2005-08-09
=1 - |8 |2 Grain Size % W [%] Temp [°C] | ¢./c, [kPa] CI [ppt] =
= | & |5|2|2| Description o 2 o oo o =
a3 ° 2l el g ) o "= o o . e g =} =] S oSl v o w | B
s | 2 |E|E|E -8 8 22k & g - S 8 8¢ 2 = g 9 3T
a 5 HEIE Ll I | =)
01> 1 [CIAY, o d Wa P N d
|7 , silty, very dry a Pg \
7 /§ 2 | CLAY, silty, very dry * i
17 3 | CLAY, silty, slightly dry |
Yo ‘
Nz |
7 4| CLAY, silty, plastic s | *
s |
Z |
;/; 5 | CLAY, silty, plastic g ! T
1 /; 6 | CLAY, silty, plastic ! t A
24 f 7 7| CLAY, silty, plastic, blocky structure |
s .
Vs ! \
7 |
77 & | CLAY, silty, plastic i ' o
7
77
3 _//5 9| CLAY, silty, plastic t * 3
v |
Vi ) : l e
i 10| CLAY, silty, plastic ‘ ‘
1 11| CLAY, silty, plastic ? | |
ad ;; 12| CLAY, silty, plastic ‘ [ ’ 4
1 ?? . . - |
7 | |
T 13| CLAY, silty, plastic ? |
17 |
iy ‘
54/ CLAY, silty, plastic ‘ . 5
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Borehole name

KAN2009-08

Barehale Tocaton

Kangerlussuagq, River Bank

Borenole cooranates

Driling date

UTM Zone 22N / WGS84 E 517560 N 7433759 Elev. 34.3 m.a.s. 2009-08-15
— . | B s o Grain Size % w [%wt Ice [%ovol] c,/c,, [kPa] 5 =
£ 1 & |£|2|2| Description - (owt] - " Cl [ppt] £
I3 2 |2|E|g - 8 8 2% & 2 g & 8 RSP & 28 [ - ~ o
o 3 HEE | | N a
0 : s -0
SAND, fine, wel sorted ViPg
1 -1
STONES, gravelly, sandy Sm Pg I
-2
" [ CLAY, silty Ma Pg - L
s -
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2 . . . -3
@ S o
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5C i . -
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Active Layer Thickness [m]

Thaw depth [m]
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Table 10.2 Comparison of airstrip lengths and materials in the BBDS region.

Canadian side of the BBDS region' West Greenland®

Airport Material Length (m) Airport Material Length (m)

Iqaluit Asphalt 2,623 Thule Asphalt 3,000
Resolute Gravel 1,982 Kangerlussuaq Asphalt 2,815
Alert’ Gravel 1,676 Narsarsuaq Concrete 1,830
Mary River” Gravel 1,463 Nuuk Asphalt 950
Pond Inlet Gravel 1,221 Qaanaaq Gravel

Cape Dorset Gravel 1,216 Qaarsut Gravel

Arctic Bay Gravel 1,199 Tulissat Asphalt

Qikiqtarjuaq Gravel 1,159 Aasiaat Asphalt

Clyde River Gravel 1,067 Maniitsoq Asphalt

Pangnirtung Gravel 890 Paamiut Asphalt

Grise Fiord Gravel 606 Sisimiut Asphalt

Kimmirut Gravel 579 Upernavik Asphalt

ISource: NAV Canada (2008)

* Source: Transportkommissionen (2011)

" Canadian Forces Station

" Private airport operated by Baffinland Iron Mines Corporation

Nanortalik: “'t




Colorscale

0.00-0.05m
0.05-0.10m
0.10-0.15m
0.15-0.20m
0.20-0.25m
0.25-0.30m
0.30-035m
0.35-0.40m
0.40-0.45m
0.45-0.50m
Data sets

O USAF 1973 settlements
[ Asiaq 2011 settlements
@® Boreholes 2016
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Crossection at 8400’ (2560 m)
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Deviation from nominal 1.5% slope [m]
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Kangerlussuaqg Airport (350 MHz)
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