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Presentation plan

1.The Nunavik airport adaptation project: goals
and timeline.

2.0Observed and predicted climate warming
3.Methodology.

A.The Tasiujaq example.
5. The Akulivik example
6.The snow factor

/.Key findings and strategy
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Les signes de dégradation du pergélisol sous les pistes
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Figure 2. Regionally-averaped seasonal air fermpenaiure anomalies for northern Ouébec and Labradoer fnorth of 55°N) from the CRLU
gricded levmpenaiure dataset. The snoothed line is the resoll of passmg @ 9-ferm binormial filler:

Recent climate trends



TABLE 1. Changes in active layver depth between the mid 1990s and 2007 and
temperature changes 4 and 7 m deep at selected sites and in different surficial
materials in Northern Québec

Site material AL93 ., | ALOT AT e
(Cable no)
Salluit Gneiss 279 374 1.0
[Sal-154)
Salluit Till 168 295 13
[5al-155)
Akulivik Till 138 222 -
[Aku-162)
Akulivik Sand/clay 135 143 0.9
(Aky-232) Warming over the whole
Cluagtag Sand/gravel 151 170 1.5 X
(Quag-156) territory.
Quagtag Gneiss 416 | 5197 17
(Quadg-158)
Puwirnitug Gneiss 339 469° 1.1
(Puw-303)
Aupaluk Sand/gravel 155 210 1.0
(Aupa-299)
Tasiujag Sand 113 207 -
(Tas-304) = Tasiujaq HT-180 (évolution de la couche active)
Tasiujaq Schist 509 | 552 i =
(Tas-roc) -:m .
Kangigsualujjuag Gneiss 607" 1100 12 = :: ' """\A
(Kan-231) % "0 T _
Kangigsualujjuag | Argile 252° | 337 0.05 S .. ——

(butte cotére) - e
Umiujag Basalt 1008" | 1556° 1.2* . N
[Urmi-rac) P

$§ 53882888888 REEEEEBERE
1- 1995 ; 2-2005, 3- 2004, 4- 1994, 5-2007, 6- 1997, * permafrost now . TEREGIS!
at-0.01°C

Smith et al.(2010) Permafrost and Periglacial Processes
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The Nunavik Project.
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Steps

1. Observing actual infrastructure problems.

. oI s

2. Characterizing permafrost conditions and
understanding permafrost- retaled processes
affecting runways and roads.

3. Assessing probable impacts of future climate
change.

4. Designing solutions with managers and
stakeholders.




Acquisition and integration of geoscientific data

* Observations and surveys by MTQ staff
* High resolution mapping of pre-construction surficial geology
e Drilling and driling logs
* Geophysical surveys (GPR, ER) and compilation
* Permafrost properties (lab analyses and tests)
e Plans « as built » and history of improvements
* Thermal analysis, modelling and climate change forecasting
* Establishing model geometry (domains and mesh)
e Calibration
e Validation
* Simulations
Data compilation in maps and sections, thermal situation and model outputs
Assessment of problem diagnostics

Interdisciplinary meetings scientists-managers: problem solving, including
economical strategy.




Observation data by MTQ staff

. Characteristics and location of snowbanks accumulation areas and water ponding areas
*  Water puddles (loction length, with, depth)
*  Snow (thicknesses along embankments)
*  Characteristics and location of defects
*  Cracks (location, length, width)
*  Depressions (length, width, depth)
e Settlements
* Annual settlement rates of strategically located plates

Date Bornes Elévation (m) Tassement (cm) Tassement total (cm) Remarques Relevé par :
2010-09-23 P-1 101,033 43 C.L.,Y.P. &RP.
2009-09-16 P-1 101,076 1 a N.B. & Y.P.
ks CETL L KANGIESUK 2008-09-08 P-1 101,066 ? B.B. & R.P.
] e e N 20070911 ! 101,083 B N.B.& AD.
— \ 2010-09-23 P-2 100,747 1,9 C.L,Y.P. &R.D.
~ \\ I__'Ll 3 2009-09-16 P-2 100,766 0,1 " N.B. & Y.P.
. L 2008-09-08 P2 100,767 Ok : B.B. & R.P.
2007-09-11 P-2 100,773 ‘ N.B. & A.D.
! [ 2010-09-23 P3 99,677 12 C.L.,Y.P. & R.D.
. 2009-09-16 P-3 99,689 0,2 o N.B. & Y.P.
@— e 2008-09-08 P-3 99,687 o ; B.B.& R.P.
2007-09-11 P-3 99,698 2 N.B. & A.P.
r— 2010-09-23 P-1 101,696 23,3 C.L.,Y.D. &RD.
2009-09-16 P-4 101,729 0,2 N.B. & Y.P.
e 20080908 P4 101,727 » 22 BB.&RD.
. 2007-09-11 P4 101,748 a N.B. & AP,
113 1-18 121 -
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Geoscience data

Climate and thermal
data

(thermistor cables, 10-20 years)

Geotechnical data
*Water contents
*Cryostructures
*Consolidation
*Creep potential
*Advective heat transfers

Aformation integration

Heat transfer models

* Meshing
 Simulations

*Calibration
*Validation

Risk assessment

I * (dellneatmg sensitive sectors)

P Pl

Reconstructed (NARR)
and observed climate
data (ENV.CANADA,
MTQ, CEN)

Climate projections
(CRCM
2runs:
AEV (optimistic scenario)
AHA (pessimistic)

Choice of corrective
measures and design of
an adaptation strategy
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Taslujag
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Taslujag

Exagération verticall
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Elévation (m)
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TAS_F1_3

Type d'essai Ess

Contrainte (kPa) 100
Hauteur (mm) 102,
Diamétre (mm) 65,9
Volume (cm?) 338,

Indice des vides (e,) 0,51
Taux de consolidation 10,74
Teneur en eau

| u dégel

200
100,2

65,0
3325
0,483
12,4%

Chainage (m)

-6200 6100 6000

TAS_F3_321_333

Type d'essai Essai de consolidation au dégel
Contrainte (kPa) 100 150 200
Hauteur (mm) 93,0 91,7 90,4
Diamétre (mm) 65,0 65,0 65,0
Volume (cm?) 308,6 304,3 300,0
Indice des vides (e;) 0,603 0,581 0,558
Taux de consolidation 11,9% 13,2% 14,4%
Teneur en eau 25,5%
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Tasiujag

Drainage plan




Taslujag
Expected settlement

-
-

1. Center of runway:
* Increase of active layer depth by 10 cm from 2005 to 2009
* Measured settlement of 0.4 cm from 2005 to 2009 (P-1)
* Corresponds with a consolidation ratio of = 4% (Alluvium =>sand)
e Current active layer depth (2010): 3.63 m (HT-181)
* Predicted increased of thaw depth to 2050 (AEV et AHA): = 0.50 — 0.60 m
 Thaw will penetrate into the ice-lens rich diamicton (intertidal sediments)
under the pessimistic scenario (AHA)
* Given a measured consolidation ratio between 10 and 15 %, 5 to 10 cm
settlements are likely to occur.
2. Runway sides:
* Current active layer depth : ??? But estimated to be 6-7 m from data at
similar sites.
* 8.8 cm settlement from 2005 to 2009 (P-3)
* Given the 10-15 % consolidation ratio, this corresponds to between 0.88 et
1.32 m of active layer deepening (permafrost thaw).
* More consolidation tests being done
e Salinity to be included in the next model runs.




Tasiujag

Short term (1-2 years) Medium term (2-5 years) Longterm

Keep recharging Reduce snow accumulations along Reduce embankment slopes
embankments (snow fence;

Extract/produce required gravel. removal strategy)

Pit available Continue monitoring of
Modify terrain drainage to deformations and temperatures.

Make a wind-snow study and prevent ponding along the

asses possible installation of a runway and water seepage

snow fence underneath (exploit the pre-

construction microtopography)
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Akulivilk
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HT-183y AKU-F1

Exagération verticale: 4:1
Echelle horizontale: 1:3000

“:?lalnlql (m) cmm:;!n(m] 00
- s
AKU_F4
90 - - .' 'if. +
AKU_F1_431 442 |
Type d'essai consolidation au dégel sur till
Contrainte (kPa) 100 150 200
Hauteur (mm) 86,9 84,8 8ASENTT A | | L[] L
Diamétre (mm) 65,0 65,0 65,0 B g o i
Volume (cm?) 288,4 281,4 280,4 = AKU_F4_90-100cm._
----- AKU_F4_1B0O-18EBcm
Indice des vides (e;) 0,313 0,281 0,277 AKU_F4_188-200cm
AKU_F4_211-221cm
Taux de consolidation 5,3% 7,5% 7,9% |7 AKU_FA_240:250um
AKU_F4_260-268cm
Teneur en eau 11,5% e AKU—F4-280-200¢m
';' i --——-AKU_F4_304-310cm

—— AKU_F4_450-465cm
————— AKU_F4 486-497cm
i AKU_F4_503 510cm

=== AKU_F4_510:519cm
———AKUFA-646:649cm

----- AKU_FA_747-760cm
| AKU F4_795.805cm

1 10 100
Diamétre des particules (mmy)
Sables Gramers o)
A grans fins (Gilts, argiles) ———
Fas | Mayens Groasin Bins | Gronaws
[ ) 4,01 It 5]
—==— = = |




Profondeur (m)

AKULIVIK
{Profil thermique pour F4 au 12 octobre 2008)

Température ()

Akulivilk

AKULIVIK
(Profil thermique pour F2 au 28 octobre 2008)

Température ['€)
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Akulivilk
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Exaggération verticale: 4:1
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Key facts

Currently, runways are mostly affected along their sides due to snow and
water accumulations along enbankments.

Some settlements in the central part of runways are due to limited water
flow and seepage channels.

With climate warming, the deepening of the active layer under the runways
will generate differential settlements over time, requiring maintenance.

Controling snow accumulations along runways and preventing water
infiltration are prioritary in current interventions.







