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Introduction 
 
The Inuvik to Tuktoyaktuk Highway (ITH) traverses the Anderson Plain and Tuktoyaktuk 
Coastlands between Inuvik and Tuktoyaktuk (Figure 1). Construction began in the winter of 
2014 following long-term environmental, socio-economic, and engineering studies by the 
Government of Northwest Territories (GNWT; Department of Infrastructure [GNWT – INF] 
2017, previously known as the Department of Transportation) and other agencies. Since 
2013, ground temperature cables (GTCs) have been installed along the ITH corridor, prior to 
and following highway construction, primarily in geotechnical boreholes drilled for the 
purpose of terrain stability analysis. Data collection was initially led by GNWT – INF and now 
involves additional collaborators including the Northwest Territories Geological Survey 
(NTGS), Geological Survey of Canada (GSC), Aurora Research Institute (ARI), and Wilfrid 
Laurier University (WLU). The objective of this report is to synthesize metadata and initial 
data associated with ground temperature monitoring activities. Geotechnical data and 
additional contextual information for monitoring sites are provided by Ensom et al. (2020a). 
The principal investigators include the NTGS, Dr. Peter Morse of the (GSC), and GNWT – INF. 
Data usage should be determined through consultation with these parties. 
 
 
Physical setting 
 
The western portions of the Anderson Plain and Tuktoyaktuk Coastlands physiographic 
regions of the western Canadian Arctic (Figure 1) overlie continuous ice-rich permafrost to the 
east of the Mackenzie Delta (Burn and Kokelj 2009). Permafrost thickness is approximately 
100 m near Inuvik and over 500 m near Tuktoyaktuk (Mackay 1967; Judge et al. 1979). A 
mosaic of rolling Pleistocene morainal, glaciofluvial, lacustrine, and deltaic deposits 
characterise the western Tuktoyaktuk Coastlands (Mackay 1963; Aylsworth et al. 2000). 
Vegetation transitions northward from irregular patches of open woodland in the area of 
Sitidgi Lake to low-shrub tundra, and again to herb and prostrate shrub tundra along the coast 
(Mackay 1963; Kokelj et al. 2017). 
 
Regional climate is bounded by conditions at Inuvik and Tuktoyaktuk, where the 1981 to 
2010 mean annual air temperatures were -8.2 °C and -10.1 °C (Environment and Climate 
Change Canada (ECCC) 2018). Winters are long and cold, summers are short and cool, and 
precipitation diminishes from inland locations towards the coast. The mean annual air 
temperature has been increasing for over four decades at a rate of approximately 0.77 °C per 
decade (Burn and Kokelj 2009). Climate normal precipitation for 1981 to 2010 was 240.6 mm 
at Inuvik and 160.7 mm at Tuktoyaktuk, and annual snowfall for this period was 158.6 cm and 
103.1 cm (ECCC 2018). Most of the annual precipitation occurs as snow. 
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Figure 1. Ground temperature monitoring sites established since 2013 along or near the Inuvik to Tuktoyaktuk 
Highway, Northwest Territories. Datum is North American Datum (NAD) 83. Projections are Universal Transverse 
Mercator (UTM) Zone 8 North for the main frame and Canada Albers Equal Area Conic for the inset map. 
Tuktoyaktuk Coastlands and Anderson Plain extents correspond with those by Rampton (1988). Lake polygons are 
from Canvec (Natural Resources Canada 2017). Treeline is from Mackay (1963, Figure 70). Mean annual ground 
temperatures (°C) are shown.  
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Ground temperature monitoring programs 
 
Ground temperature monitoring along the ITH corridor is a collaboration among 
government, academic, and community partners.  
 
 
Northwest Territories Department of Infrastructure 
 
Ground temperature monitoring was initiated by GNWT – INF at 34 sites along the proposed 
ITH route in 2013 (Kiggiak-EBA 2013a, 2013b). These included 28 stream crossing (or creek) 
sites with ground temperature measurement depths of up to 20 m (Figure 2), and six 
additional alignment sites approximately 10 m deep. Typical GTCs at stream crossing sites 
have 15 thermistors at intervals of 0.5 m, 1 m, 2 m, or 3 m, while those at alignment sites have 
seven thermistors at intervals of 0.5 m, 1 m, 2 m, or 2.5 m. The GTCs in boreholes at stream 
crossing and alignment sites were read manually several times per year until 2016. Additional 
GTCs were installed at 14 sites along the ITH embankment in March 2017 to permit 
monitoring of the embankment thermal regime (Kiggiak-EBA 2017a). These GTCs were 
installed with five to eight of the 13 thermistors positioned horizontally in the embankment 
between the highway centreline and shoulder (Figure 3). The remaining thermistors are in a 
vertical borehole passing through the base of the embankment into several metres of natural 
soil. To characterise substrate and measure ground temperatures beneath Gunghi Creek, 
approximately 10 km south of Tuktoyaktuk, two additional boreholes were drilled and 
instrumented with three thermistors, each in February of 2017 (Kiggiak-EBA 2017b). These 
are also labelled as creek type monitoring sites in Figure 1 and are the most northerly sites. 
Stream crossing and alignment site establishment and GTC installation was completed under 
Kiggiak-EBA project W14103137 (Kiggiak-EBA 2013a, 2013b). The embankment and Gunghi 
Creek sites were established under Kiggiak-EBA project YARC03097 (Kiggiak-EBA 2017a, 
2017b).  
 
Adfreeze piling installation for the piers and abutments of the eight bridges along the ITH 
began in the winter of 2014. Approximately 30 additional GTCs were installed against bridge 
pilings (piers or abutments) to monitor temperature from the ground surface to piling bases 
(Figure 4). At several sites GTCs were moved from nearby stream crossing locations to 
abutment or pier sites, however in most cases the stream channel bank sites remained and 
new instrumentation was installed with pier and/or abutment pilings. 
 
Monitoring activities and manually-read ground temperature data from the alignment, stream 
crossing, and bridge piling GTCs were presented by Kiggiak-EBA (2014) and further analysed 
by MacDonald (2016). Many of the stream crossing and bridge piling GTCs, two of the 
alignment GTCs, and all of the embankment GTCs were connected to data loggers in 2017. 
Technical specifications for thermistors and data loggers are available inMacDonald (2016) 
and Kiggiak-EBA (2014). Information on resistance to temperature conversion for the YSI 
Model 44007 thermistor used in GTCs at alignment, stream crossing, and embankment sites is 
provided in Appendix A, as are thermistor-specific calibration values for the alignment and 
bridge abutment sites. 
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Figure 2. Ground temperature monitoring site Cr30a-2, 24 April 2018, with view to southeast. Hans Creek is in the 
background, with normal flow from left to right. 
 

Sentinel Permafrost Monitoring Program 
 
In February and March of 2017 an additional 16 boreholes were drilled and instrumented 
under the supervision of the NTGS and GSC, in collaboration with GNWT – INF and university 
partners, at natural sites offset from the ITH (Figure 5). These Sentinel sites were established 
to characterise the ground thermal regime and substrate characteristics associated with 
hilltop, riparian, and peatland terrain, and to serve as controls for the ongoing evaluation of 
ITH embankment, sub-embankment, and bridge piling thermal regimes. This program 
included GTC installation in aggregate borrow pits I401A, 312, and 177. Table 1 lists the 
Sentinel sites and presents the two associated naming conventions to facilitate the 
interpretation of this report and associated metadata and data records. Sentinel boreholes 
were cased with PVC pipe and backfilled with coarse sand immediately following drilling, and 
most casings were filled with silicone oil and instrumented with GTCs and data loggers in the 
summer of 2017. Most Sentinel sites include a deep GTC in the cased borehole, and a shallow 
GTC. Deep GTC thermistor depths are 1 m, 2 m, 4 m, 7 m, and 10 m at hilltop and instrumented 
riparian sites; 1 m, 2 m, 4 m, 8 m, 16 m, and 20 m at HUS_H and TVC_H; 1 m, 2 m, 4 m, 7 m, 10 
m, and 13.5 m at Tuk_H; and 1 m, 2 m, 4 m, 7 m, and 10 m at INU_H. Thermistor depths on the 
shallow GTCs are 0.2 m, 0.5 m, 1.0 m, and 1.5 m. 
 
Shallow thermistor cables are Hobo TMC6-HD, connected to Hobo U12-008 data loggers. This 
thermistor-logger combination has a measurement range of -40 °C to 50 °C, an accuracy of 
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±0.21 °C from 0 °C to 50 °C, an accuracy ranging from ±0.2 °C at 0 °C to ±0.6 °C at -20 °C, and a 
resolution of 0.03 °C at 25 °C (Onset Computer Corp., United States of America). Deep GTCs 
and thermistors are manufactured by GeoPrecision GmbH (Ettlingen, Germany), with an 
accuracy of ±0.1 °C between -20 °C and 25 °C, and a resolution of 0.001 °C (Geoprecision 
GmbH 2019). Both of these thermistor-logger combinations are factory calibrated. 
 

Table 1. Permafrost Sentinel Program site identifiers. 
Name Abbreviated Name Alphanumeric ID 
Inuvik Peatland INU_P NTGS 1 
Inuvik Hilltop INU_H NTGS 2 
Inuvik Riparian INU_R NTGS 3 
Trail Valley Peatland TVC_P NTGS 4 
Trail Valley Hilltop TVC_H NTGS 5 
Trail Valley Riparian TVC_R NTGS 6 
Husky Hilltop HUS_H NTGS 7 
Husky Peatland HUS_P NTGS 8 
Husky Riparian HUS_R NTGS 9 
Tuktoyaktuk Hilltop TUK_H NTGS 10 
Pit 177 Pit Floor 177_Pit NTGS 11 
Pit 177 Margin 177_Margin1 NTGS 12 
Pit 312 Pit Floor 312_Pit NTGS 13 
Pit I401 Pit Floor I401A_Pit NTGS 15 
Pit I401A Hill I401A_Upper NTGS 16 
Husky Slump HUS_Slump NTGS 17 

1 Due to an update in the site plan, some records and the drill log for the Pit 177 
Margin site include the abbreviated name as “177_Pond”. 
 
 

 
Figure 3. Cross section of Inuvik to Tuktoyaktuk Highway embankment ground temperature cable (reproduced 
from Kiggiak-EBA 2017a). 
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Figure 4. Bridge 3 north abutment piling ground temperature cable cover indicated by yellow oval, 20 August 2018. 
View is looking to the east.  
 

Stream channel thermal regime 
 
Eighteen shallow GTCs were installed in July and August of 2017 as part of Ph.D. research 
activities by Tim Ensom (Wilfrid Laurier University) beneath small stream channels or in 
riparian margins. These shallow GTCs are intended to monitor the timing and extent of 
active layer freezeback in winter beneath the small streams. Three of the shallow GTCs 
have been positioned beneath ITH bridges to supplement records from the GNWT – INF 
GTCs on pilings and abutments for the analysis of thermal conditions present during 
recurrent stream icing formation. The PVC casings for the stream channel monitoring sites 
were inserted in holes drilled by water jet to maximum depths of approximately 3 m below 
stream beds. Casings were filled with silicone oil, and instrumented primarily with the 
same Hobo thermistor cables and loggers used for previous installations. At two sites, 
instead of Hobo instrumentation, GTCs manufactured by M-Squared Instruments 
(Cochrane, Alberta) containing YSI model 44033 thermistors were connected to RBR 
(Ottawa, Ontario) model XR-420-T8 data loggers. This thermistor-logger combination 
provides an accuracy of 0.1 °C and resolution of 0.001 °C.  
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Figure 5. Permafrost Sentinel site INU_H (NTGS 2) following ground temperature cable installation on 27 July 2017. 
 

Northern Transportation Adaptation Initiative Icings Research 
Program 
 
In 2018 a program to investigate icings along the ITH and northern Dempster Highway was 
initiated through a collaboration between the NTGS and Government of Yukon under the 
Transport Canada Northern Transportation Adaptation Initiative (NTAI). Monitoring sites 
established in the summer and autumn of 2018 included 10 GTCs, 3 of which were located 
at icing-prone sites. Instrumentation is similar to that used at deep Sentinel sites. Connon et al. 
(2019) describe initial field activities and site instrumentation. 
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Ground temperature record and analysis 
 
An analysis of manually-read ground temperatures from the GNWT – INF stream channel 
and alignment sites was completed by Stuart MacDonald (MacDonald 2016). This analysis 
involved fitting a sine curve to the time series of up to seven temperature measurements 
from each individual thermistor. The temperature amplitude at each depth was used to 
derive a temperature envelope for each instrumented site, and a mean annual ground 
temperature (MAGT) associated with the depth of apparent zero annual amplitude. The 
MAGT values presented in Figure 1 for the stream crossing, alignment, bridge piling, and 
Sentinel sites are for the period of August 2017 to July 2019 and represent depths of 
approximately 10 m. These data are recorded at a twelve hour interval, except for the 
Sentinel sites where the interval is two hours. The MAGT values for the embankment sites 
are primarily based on data logged for the period of April 2017 to March 2019 at twelve 
hour intervals.  
 
Monitoring and maintenance of the sites is ongoing and coordinated amongst the authors 
and other collaborators. Maintenance is generally conducted in autumn. Data collection 
occurs annually for most Sentinel, NTAI, and thesis sites (T. Ensom), and up to three times 
per year for GNWT – INF sites.  
 

 

Ground temperature data compilation and 
supplementary data 
 
Data and metadata are presented in Ensom et al. (2020b) and Rudy et al. (2020a; b) 
according to the Guide to Producing a Ground Temperature Report (Northwest Territories 
Permafrost Database Technical Working Group 2019).  
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Disclaimer  
 
This document has been created through the joint contribution of the Northwest 
Territories Geological Survey (NTGS), Government of Northwest Territories (GNWT) and a 
third party contributor. It is provided for informational purposes only. It does not contain 
any warranties, representations, or quality commitments, whether expressed or implicit, 
nor does it contain any guarantees regarding the correctness, integrity, and quality of the 
information. The NTGS has exercised all reasonable care in the compilation, interpretation, 
and production of this document and the information has been obtained from sources that 
the NTGS believes to be reliable. However, it is not possible to ensure complete accuracy, 
and all persons who rely on the information contained herein do so at their own risk. The 
NTGS, the GNWT nor the third party contributor accept liability for any errors, omissions, 
or inaccuracies that may be included in, or derived from, this document. In no event will 
the NTGS, the GNWT, the third party contributor nor any of their respective successors, 
assigns, agents or employees be held liable in any way for damages suffered, direct or 
indirect, as a result of any action or inaction taken in reliance on information provided 
herein.  
 
 
Terms of use  
 
All rights in this publication are reserved. Use of any data, graphs, tables, maps or other 
products obtained through this publication, whether direct or indirect, must be fully 
acknowledged and/or cited. This includes, but is not limited to, all published, electronic or 
printed documents such as articles, publications, internal reports, external reports, 
research papers, memorandums, news reports, radio or print. 
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Appendix A: Alignment and bridge thermistor resistance 
conversion and calibration information 
 

Please see attached .xlsx files. These are the available excel workbooks for two ITH 
Alignment thermistor cables and two thermistors cables attached to abutments on one of 
the bridges (Bridge 18). The first excel worksheet presents the Steinhart-Hart equation and 
the values of parameters therein that relate resistance and temperature for YSI thermistor 
type 4407. This is the type of bead used in the thermistors cables manufactured by Tetra 
Tech and installed in most of the GNWT Department of Infrastructure ground temperature 
monitoring sites along the ITH  
 
The second excel worksheet is a table, which is an alternative to the Steinhart-Hart 
equation for deriving temperatures from resistance measurements. The third excel 
worksheet presents manual temperature measurements made at each site prior to 
automatic data logging in 2017. The fourth excel worksheet presents ground temperature 
profiles based on the measurements in the previous excel worksheet, and the fifth excel 
worksheet shows the calibration temperatures of each thermistor bead. 
 
Files included: 
 

• Temperature Profile-AH109.6-C 
• Temperature Profile-AH112.2-C 
• Temperature Profile-Bridge 18 North Abutment-BR18-N 
• Temperature Profile-Bridge 18 South Abutment-BR18-S 
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