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Permafrost presents challenges to
pipeline construction and operation

Clearing of vegetation and surface disturbance
leads to changes in ground thermal regime

Thermal effects of pipe

Changes in ground thermal regime can result in
ground and pipe movements

— thaw settlement, frost heave, slope instability

— differential movements due to variable soil and
ground ice conditions along route

Climate change presents an additional challenge




e Terrain conditions vary along route

 Require adequate information on terrain
conditions along route (regional scale data)

— surficial materials
— ground thermal conditions
— ground ice conditions
e Consideration of how conditions may
change over time

— In response to construction and operation of
pipeline

— In response to changing climate



Lessons learned from existing projects
can inform design of new projects

Norman Wells Pipeline

* 869 km pipeline route crosses discontinuous permafrost
zone of Mackenzie valley and Alberta Plateau

« Small diameter (328mm) ambient temperature pipeline
e Operation began in 1985
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MAJOR SOIL GROUPS ALONG THE PIPELINE

ity

Y

Thaw sens

o e

100

80

(%) 1ua2lad

20 A

600-650 750-800

450-500

-350

300

200

150-

50

0-

Kilometrepost (km)

Legend

Low Sensitivity
[ Moderate Sensitivity

B Hioh sensitivity

O Silt/Clay

O Sand

E Organics ONo Data

W Bedrock OGravel

aTill

//

Peat Thickness

[ peat Thickness

0.8

0.6

(w) ssauxaIy L

150-200 300-350 450-500 600-650 750-800

0-50

Kilometrepost (km)




Norman Wells Pipeline
Permafrost and Terrain
Research and Monitoring

« Collaborative effort between government and Enbridge to
develop and implement monitoring program to:
— assess impact prediction

— Improve impact evaluation and mitigation on NW
pipeline and future projects

o Establishment of 23 instrumented sites provided unique
opportunity to:
— examine thermal and terrain conditions

— Investigate long-term change in permafrost conditions
at undisturbed sites

— Investigate impact of disturbance on permafrost terrain



Instrumented Sites
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Thaw Depth (m)

t
[y

w
Ground surface position (m)

-e-Thaw Depth

KP 0.2, June 1984

| =Groudsutace ~~~ ONROWTZ |
' 19')85' 15')87' 15'389' 15'391' 1693' 1;395' 12'397' 15')99' 2(')01' 260?; 2(')05' 2607
1005 Thaw settlement across ROW KP 783
Right-of-Way
100.0+
E
E 995+
I
>
o
LL
99.0 +
98.5 f f f f f f f f f f f

T T T T T

24 20 -16 -12 -8 -4 0 4 8 12 16 20
Distance from Pipe (m)

——Aug 25/84 = Aug 4/92 —4—Sep 26/01 —e—Sep 23/06 |

24

Surface
Settlement




July 1988

Effect of right-of-
way preparation

e transition from fen to
peat plateau

e permafrost 5-6 m thick

e approx. 25 km
downstream of pump
station

— warm pipe temperature

e blading and levelling of
surface

Sept. 2007
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rends in Air Temperature Mackenzie Valley

Mean Annual Air Temperature and 5 year Running Means
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Trends in Ground Temperature Mackenzie Valley
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Effect of re-vegetation
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| essons Learned

e results from monitoring and modelling studies
Indicate important impact of terrain disturbance
— outweigh climate effects during first 10-15 years of
pipeline operation
e climate warming effects become more important
over time

e Important to consider combined effects of
environmental disturbance and climate change
INn engineering design
— Important for infrastructure expected to operate for

more than 2 decades and where impacts of
permafrost thawing of concern



. essons Learned

Effective monitoring programs are essential
— assessment of environmental impacts

— monitor infrastructure performance

— assessment of climate change impacts

Collaboration increased data sharing and public
availablility of information

Results can be used to improve design of future
projects

Monitoring programs can contribute to regional
networks to improve baseline information



Enhanced monitoring networks and
updated baseline ground thermal
Information for Mackenzie Corridor

Late Summer 2008-09 Ground Temperatures 5-8m depth
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