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Recent peArmafrOSt landslide, In the central Mackenzie Valley Foothills
Credit:AlexandreChiasson (June 2021)




INTRODUCTION I~ Y | B b A

A What is excess ice?
A Why is it important?
A What is the problem this study wants to addr@ss




OBJECTIVE

OBJECTIVE

A Use highresolution Industrial computed tomography (CT)
scanningo imagearangeof permafrostcores

A Useimageanalysisand estimatethe pore ice and excessce
contentsnondestructively

A Presenta systematicquantitative comparisonbetween the
laboratorymeasured(destructivemethod) and the CTimage
analysis

A Presenta comparisonbetween the CFderived composition
of permafrost cores and a recent new non-destructive
method (MSCL)




METHODS

Non -destructive method Nikon XT H 225 ST

A Superior xray penetration (22%v peak voltage)

A Better resolution (10 cm core ~60 um pixel size)

A Does not require a dedicated room to operate

A Cheaper to maintain and onerate
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H Dry iceI

Glass vial - water

Cuboid

Micro-lenticular organic sandy silts
with large ice layer Cubes used for CT scans

ROIs for CT image processing

BH18211 Cubes used for the cuboid method S




METHODS

Destructive method
Cuboid MethodVIC, GMC, EIC, EMC,)

VIC: Volumetric Ice Content

EIC: Excess Ice Content

GMC: Gravimetric moisture content
EMC: Excess moisture content

": Bulk density

"5 Density of sediments




METHODS

BH20B337
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Ice-poor inorganic
sandy silts.

Micro-lenticular organic
sandy silts with large ice
layer

Material
DH13589

Icerich peat

BH12F138

Sharp transition betweer
ice-rich sandy silty peat
and inorganic icgpoor
silts

Ice rich diamict




RESULTS
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RESULTS

Image segmentation results
a) Before b) After ¢) Histogram

lce-poor silt core
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RESULTS

Diamicton core

Ice-rich silt core

Transition core

Image segmentation results
a) Before b) After ¢) Histogram
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Image segmentation results of the

diamict core

Air Sediment -poor ice Sediment-rich ice Ice-rich sediment

| Ice-poor sediment |

Increasing densitylrd
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RESULTS

Ice-rich silt core

Density (g/cm?) Excess ice Content (%) Organic Content (%)
1.2 16 20 20 40 60 80 100 0 2|0 4|0 6|0 8|0 100
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RESULTS

Diamicton core

Density (g/cm?) Excess ice Content (%) Organic Content (%)
12 16 20 20 40 60 80 100 0 20 40 60 80 100
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— GEOTEK mss== Cuboid Volumetric ice Content (%) === Cuboid
_cr e Geotek  wmmmmmCuboid-VIC
VIC: Volumetric Ice Content —CT-VIC  wemmm CT-Cubes
— CT-EIC Cuboid-EIC

EIC: Excess Ice Content
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RESULTS
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RESULTS

CT Resolution 6 65 um (core) vs 25 um (cube) o

Volumetric ice conten py
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CONCLUSION NEXT STEPS

Conclusion | , | Next Steps
A Application of high-resolutionCT ] 'ﬁ A Extracta correlation between VIC,EICGMC
A Srong agreementbetween NDand D methods 7 A Applyit to the availablepermafrostdatabase

A A sensitivity analysisof resolution

Sediment type
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RESULTS

Thank you

Prof. Duane Froese
JoelPumple MSc.
Jordan Harvey, MSc.



