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Nunavut Research Institute

License Holder Reporting requirements

For research undertaken in the 2024 calendar year (commencing January 01, 2024 and ending
December 31, 2024)

Project Title:

Talik Mapping and Groundwater-Surface Water Conceptual Models

Project Leader(s): Full name, affiliation, and contact information (address, phone number, email) of
each project leader (principle investigator and co-Pls)

Anne-Marie LeBlanc, Geological Survey of Canada, Natural Resources Canada, 601
Booth St., Ottawa, ON K1A OES8, 343-574-1414, anne-marie.leblanc@nrcan-rncan.gc.ca

Project Team: Full name, affiliation, and address (name of city/community and province/territory/state)
of each member of the project team

Benoit Faucher, Geological Survey of Canada, Natural Resources Canada, Ottawa, ON
Greg Oldenborger, Geological Survey of Canada, Natural Resources Canada, Ottawa, ON
Nicolas Benoit, Geological Survey of Canada, Natural Resources Canada, Quebec, QC
Etienne Girard, Geological Survey of Canada, Natural Resources Canada, Quebec, QC
Wendy Sladen, Geological Survey of Canada, Natural Resources Canada, Ottawa, ON
Caroline Duschene, Geological Survey of Canada, Natural Resources Canada, Ottawa, ON
Denis Lacelle, University of Ottawa, Ottawa, ON

Aby Voisard, University of Ottawa, Ottawa, ON (student)
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Abstract: A concise summary of what was done, found, and concluded to date, and how the
results/information will be used. This summary must be translated into the appropriate dialect of
Inuktut. Suggested length: 250-300 words. *This section will be published in the NRI’s annual
compendium of licensed research

Understanding the surface water and deep groundwater interaction is essential for responsible mine development,
safe operation and assessing environmental impact. In continuous permafrost regions, these interactions occur
primarily via open taliks (unfrozen ground penetrating permafrost) beneath large lakes that do not freeze to the bottom.
The research proposes to develop new methods to predict the presence of open taliks and movement of groundwater
between lakes and the deep groundwater system. In 2021, a team of scientists from the Geological Survey of Canada
(GSC) began to model the presence of these potential open taliks near Rankin Inlet and since 2023 conducted
fieldwork to refine models using a variety of methods and tools including remote sensing applications and field
validation, geophysical surveys, and water sampling from lakes and underground waters (Meliadine Mine). This
research is complemented by ground temperature monitoring and shallow permafrost drilling and sampling conducted
by the team near Rankin Inlet. All data are being combined to develop conceptual models of groundwater-surface
water connectivity and simulate in 2D/3D the coupled groundwater flow, heat, and mass transport processes in and
around open taliks under 1) natural settings and 2) the influence of underground mining operations and climate
change. So far, we have reported on open talik mapping methodologies produced at a regional scale, including the
mapping through satellite imagery of area of lakes that do not freeze to the bottom, geochemical signature of surface
waters as a proxy for talik detection, lake temperatures and water quality measurements, and geophysical
investigations to image unfrozen ground below lakes. The conceptual model of groundwater-surface water connectivity
in natural settings using Meliadine Mine as a case study will be released in 2025. Initial findings on the geochemical
signature of lakes indicate that lakes exhibit diverse water origins (fed by surface water, influenced by evaporation, fed
by groundwater or due to permafrost degradation, and mixed water source). Ongoing research aims to further
elucidate these water sources and explore potential connections with deep groundwater systems as well as to simulate
the groundwater flow under natural settings, mining operations, and climate change. Our research will produce new
knowledge that will aid the mining industry to face challenges related to the management of groundwater inflow into
the underground drifts of mining projects occurring in permafrost environments and will ultimately inform climate
change, environmental impact, and cumulative effects assessments.

Key messages: Concise, plain language summary of key take-away messages of work to date, findings
and conclusions. Preferably 3-5 points, in bullet form.

-Open talik mapping reveals that 2% (360 lakes) of the 17145 lakes and ponds near Rankin Inlet have potential open taliks beneath them.
-Satellite imagery (using radar waves) of lake ice regime can refine this estimate and help assess the presence of open talik over large
areas.

-Surveyed lakes only shows winter temperature stratification. In shallow (< 4m) and deep lakes (> 4m), the lake-bottom temperature is in
the range of 1 to 1.5C and 1.5 to 3.5C during the ice-on season, respectively, while the mean annual temperature at lake-bottom is ~5C in
the deepest surveyed lake (17 m); these temperatures influence the presence of taliks.

-The geochemical signature of lakes indicate that lakes exhibit diverse water origins (fed by surface water, influenced by evaporation, fed
by groundwater and/or permafrost degradation, and mixed water source), more research is needed to elucidate these water sources and
explore potential connections with deep groundwater systems.

-Results of geophysical investigations to detect unfrozen ground below large and deep lakes are not easily interpreted in terms of a simple
permafrost paradigm of frozen (high resistivity) and unfrozen (low resistivity) ground. Variable salinity (e.g., saline permafrost, saline or
fresh groundwater), bedrock type, and 3D effects may all contribute to this complexity; work in 2024 involved data collection for 2D/3D
contextual interpretation.
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Objectives: Project objectives, preferably in bullet form.

The main goal is to improve knowledge of permafrost and groundwater interaction occurring in
sublacustrine taliks in continuous permafrost by:

1) Validating and refining methods of mapping open talik occurrence via integration of thermal
modeling, machine learning, remote sensing, and ground geophysics.

2) Refine analysis of hydro(geo)chemical data for open talik detection and characterisation of flow
origin.

3) Modelling the dynamics and origin of water flow in open taliks and fractured rock, via development of
conceptual models of coupled cryo-hydrogeological systems a) in natural settings (before mining
operation) and b) under the influence of underground mining operations and climate change.

Annual activities: A description of activities and methods carried out during the current reporting
period. This section should answer the questions: What? Where? When? Who? How? Include dates
team members conducted research at remote field sites or collected data (including interviews) in
communities; append a map with locations and/or coordinates of remote field sites, if applicable.

Almost two weeks of fieldwork occurred from April 18th to 30th, 2024. Dr. Anne-Marie LeBlanc, Dr. Greg Oldenborger, Dr.
Benoit Faucher, and permafrost field expert Wendy Sladen and Caroline Duchesne operated from the community of Rankin
Inlet. A wildlife monitor, George Ipkanerk from Rankin Inlet, supported this field campaign. Snowmobiles were rented locally
from George Ipkanerk, Albert Netser, and Jame Sandy. Geophysical equipment was carried using a sled and surveys
conducted by foot. Due to extreme cold temperature, water sampling was done inside a shelter set up by our wildlife monitor.
Study sites included First and Second Landing Lakes and Little Meliadine Lake.

Activities included 1) geophysical surveys on lake ice, to help clarify if the ground below lakes was frozen or not (i.e., if taliks
were present). This year, instead of doing several investigations at greater depth, on many lakes, we concentrated our effort
on a small number of spatial surveys with higher resolution but less depth of investigation. Two types of survey were used.
Identical to last year, the first one consisted of a loop of wires and a receiver, both installed on the lake ice’s surface. In the
second one, the instrument is encapsulated in a long cylinder and moved on top of lake ice. Both devices use electromagnetic
sensing technology to image the ground below the lake, 2) Collect water samples for chemical analyses and physicochemical
measurements (i.e., temperature, pH, specific conductivity) at different depths in a subset of lakes that were sampled in
September 2023 to have a better idea of potential mixing of groundwater input in lake bottom in winter compared to summer,
and 3) Validate remote sensing imagery and derived product on lake ice thickness. Lake ice cover was drilled, using an ice
auger, at several locations within lakes and for different lakes. The objective was to select areas where ice cover touches the
lake bottom (called Bottom Fast-Ice or BFI) and areas of Floating Ice (Fl). Areas of BFI is then used to estimate terrace width
of lakes at a regional scale, a parameter needed in the mapping of open taliks.

Then, two additional weeks of fieldwork took place from September 2 to September 14, 2024 (in parallel to "Western Hudson
Bay geoscience for infrastructure project’). The team (LeBlanc, Faucher, Girard, Phillips, Lauzon) operated from the
community of Rankin Inlet. A wildlife monitor, Thomas Angoshadluk from Rankin Inlet, supported this field campaign. Travel
on the land was done by trucks and ATV (side by side).

Activities included: 1) Retrieve two small autonomous osmo samplers (pumping system) that were installed at the bottom of
First Landing Lake to collect water samples over the past year. One device was found (the one installed at 17 m depth), but
unfortunately, it was impossible to retrieve the device in shallow water (7 m); the rope attaching the device to shoreline might
have been cut during fishing activities or by lake ice, and 2) Collect underground water at the Meliadine Mine, in collaboration
with the mine staff.
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Results and Achievements: Findings and results to date of the above activities, highlighting any key research
achievements (see guide below for formatting tips regarding tables and figures).

-Open talik mapping reveals that 2% (360 lakes) of the 17145 lakes and ponds near Rankin Inlet have potential
open taliks beneath them (LeBlanc et al. 2021, 2022).

-Satellite imagery (using radar waves) of lake ice regime can refine this estimate and help assess the presence
of open talik over large areas (Sladen et al 2024a, 2024b).

-Based on available data (literature) on surface water chemical composition for the Region, we demonstrate that
significant differences exist between the chemical composition of open taliks lakes and those with no

taliks; although those differences are likely not entirely due to surface-groundwater interactions (Faucher et al.
2022); therefore, in years 2023 and 2024, lake-bottom chemistry samples were taken to refine this findings.
-Surveyed lakes only shows winter temperature stratification. In shallow (< 4m) and deep lakes (> 4m), the
lake-bottom temperature is in the range of 1 to 1.5C and 1.5 to 3.5C during the ice-on season, respectively,
while the mean annual temperature at lake-bottom is ~5C in the deepest surveyed lake (17 m); these
temperatures influence the presence of taliks (Faucher et al. 2024, LeBlanc et al. 2024).

-The geochemical signature of lakes (combining surface and lake-bottom) indicate that lakes exhibit diverse
water origins (fed by surface water, influenced by evaporation, fed by groundwater and/or permafrost
degradation, and mixed water source), more research is needed to elucidate these water sources and explore
potential connections with deep groundwater systems (Faucher et al. 2023).

-Results of geophysical investigations to detect unfrozen ground below large and deep lakes are not easily
interpreted in terms of a simple permafrost paradigm of frozen (high resistivity) and unfrozen (low resistivity)
ground. Variable salinity (e.g., saline permafrost, saline or fresh groundwater), bedrock type, and 3D effects
may all contribute to this complexity (Oldenborger 2024); work in 2024 involved data collection for 2D/3D
contextual interpretation.

Challenges/Obstacles: In this section, please comment on any challenges/obstacles (if any) that you
experienced during this project year. If there were any actions to mitigate or resolve these challenges,
please list them here. Were any concerns raised regarding the conduct of research team members or the
impacts of the project?

Following in-person visit in early March 2023, the Kangiglinig Hunters and Trappers
Organization (KHTO) board responsible for wildlife and advising on activities around Rankin
Inlet requested that any Geological Survey of Canada (GSC) fieldwork-based research must
not take place in the region. In particularly, concerns were raised by the KHTO about projects
using helicopters during caribou season and consultation fatigue due to lack of time and
board members to review proposals. Since our project is entirely done by snowmobiles, ATV,
and trucks within the municipality boundary, we received the support from the Rankin Inlet
Hamlet (council) (and Kivalliq Inuit Association) to continue our research. This situation
created some challenges in finding the support to hire a wildlife monitor, which was provided,
in April 2024, by the Kivalliq Wildlife Board (KWB). However, for the fieldwork of September
2024, both KHTO and KWB provided their support in finding and hiring the wildlife monitor.
Some lessons learned during this project year should allow us to adapt and approach
consultation/engagement differently.
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Expected Project Completion Date: Provide month and year of expected completion date of the project.

The current phase (funding) of this project ends in December 2026, However, potential activities such as water monitoring may continue in the future. |

Project website (if applicable): If your project has a presence on the internet, including a website and/or
social media page, please provide the link and/or account handle.

Citations: Please append a complete reference list if citations are used anywhere in the document.

POLICY RELEVANCE

Does this research support policy development or decision-making in Nunavut? If yes, please describe.

Yes, decision-making in Nunavut.

The modeling results supported by the hydrogeochemical and geophysical datasets will produce
new knowledge that will aid the mining industry to face challenges related to the management of
groundwater inflow into the underground drifts of mining projects occurring in permafrost
environments. These inflows can also be potentially highly saline and challenging/expensive to
manage (e.g., the case at Meliadine Mine with deep groundwater salinity being twice that of sea
water). We propose an improved groundwater flow model considering permafrost processes
and fractured bedrock representation. To our knowledge, no mining projects consider all
coupled relevant processes (density-dependent groundwater flow; mass and heat transport with
freeze/thaw and latent heat) including complex bedrock structures in the groundwater modelling.
Associated findings will ultimately inform climate change, environmental impact, and cumulative
effects assessments. For instance, hydrogeochemical results on salinity, age and recharge of
the groundwater will provide new baseline data for environmental impact assessments (EIAs) of
projects in similar context. We also proposed a collaboration with the Meliadine Mine via a
formal agreement and joint publications that would ensure the direct involvement of
stakeholders in knowledge generation and make our results relevant to decision-makers on
mining operations and water management strategies.
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RESEARCH OUTCOMES: BENEFITS

Community engagement: Briefly list and describe any community consultation, engagement,
collaboration and outreach activities that you have undertaken for the project; describe the role(s) that
community members and/or specific organizations have played in research co-design and activities.

LeBlanc and Oldenborger have conducted outreach and engagement (e.g., community workshop and
mapping exercise, open-house, radio show and school visits) in Rankin Inlet in winter 2016 in collaboration
with the GN' Climate Change Secretary. Research priorities have emerged from the workshop and mapping
exercise. In August 2018, a tour took place in Rankin Inlet where G. Oldenborger presented our permafrost
activities to our senior management; participants from the 2016 workshop were also invited over an informal
dinner (Elders Cabin) to discuss the approach we took in conducting this community workshop, and how
local and traditional knowledge may shape new geoscience activities.

LeBlanc, in collaboration with the GEM-GeoNorth Engagement Office, also conducted engagement (KIA,
HTO, Hamlet, GN Park) in Rankin Inlet in March 2023 and 2024. As a result, our field campaigns were made
possible thanks to the support of Kangiglinig HTO, Kivalliq Wildlife Board, lgalugaarjuup Nunanga Territorial
Park, KIA, and the Hamlet and the invaluable guidance and assistance provided by our wildlife monitors.

Further engagement activities are planned in Rankin Inlet in February or March 2025.

Several discussions occurred with the KIA. In May 2023, a task shared agreement (TSA) was signed
between NRCan and KIA.

Youth engagement: Briefly list and describe any outreach, school or classroom activities that you have
undertaken for the project; describe the role(s) that youth have played in your research activities.

Any youth outreach were done for this project specifically. However, outreach in the past
were conducted about permafrost in general. For instance, in collaboration with the GN'
Climate Change Secretary (CCS), we conducted youth engagement events on February
1-3, 2016. These events included drop-in outreach sessions for elementary and high
school students of all ages, and also in-class activities for the Grade 5/6 students at
Simon Alaittug School. The drop-in outreach sessions included a presentation on climate
change and permafrost, and a climate change art exhibit featuring the students’ original
art. Students had a chance to interact with the CCS in an informal session and discuss
how climate change is impacting their community and what they can do to adapt. In-class
activities involved a short presentation on climate change and permafrost followed by a
hands-on activity in which students built model houses on thawing blocks of "permafrost”
to investigate how the houses responded to changing ground. Both teachers and
students were enthusiastic about the activity and it generated discussion on methods of
keeping houses stable over thawing permafrost.
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Training and Employment:
How many Nunavummiut received training from team members? Please describe training and/or

compensation provided.

How many team members received training from Nunavummiut? Please describe training received

and/or what knowledge sharing and/or skills exchange took place.

How many Nunavummiut received employment? Please describe employment type and length, role(s)

and responsibilities, and compensation provided.

Between 2021 and 2024, we have work with 4 different wildlife monitors in 5 occasions.
Each of them have worked for about 10-14 days (duration of fieldwork). They provided
guidance to travel on the land and a secure environment for work, as well as assisting in
day-to-day tasks. Contracts was awarded to HTO and/or KWB (350$ per day + 350% per

day for equipment (ATV, snowmobile, etc.))

How many Nunavummiut received honoraria as research participants? Please describe method of
participation (interview, observation, sample, survey, etc.), including compensation provided.
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Please explain how the project directly benefited Nunavut organizations and/or businesses (e.g.,
through contract services, local purchases, equipment donations, etc.)

ATVs and snowmobiles were rent from community members (in addition to the ones
owned by wildlife monitors). Purchases for missing tools (often needed to maintain or
install our monitoring stations) and field gears are done at local stores. Accommodation,
vehicle rental, and grocery are all provided by local business.

OPTIONAL: Nunavut Team Members, hires, and/or trainees (excluding research participants e.g.,
interviewees)

The NRI is creating an inventory of Nunavummiut who are skilled and/or interested in research. The
information provided below will not be shared publicly but will support long-term capacity sharing by
connecting local and visiting researchers with research talent in each community.

Name Expertise/skills Training/interest areas | Contact Info Community
Roger Pilakapsi wildlife monitor Rankin Inlet

Thomas Angoshadluk wildlife monitor Rankin Inlet
George Ipkanerk wildlife monitor Rankin Inlet

Academic Mobility

If you are affiliated with an academic institution, please answer the following question: For which Level
of Project(s) will the data be used? (Check all that may apply)

E Research

@ Post-Doctoral Research

PhD Thesis

Masters (Major Research Paper)
Masters (Thesis)

Graduate Course Project
Staff/Administration Research

EEEEEN

Undergraduate Honours Thesis

Other
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BUDGET

Please complete the table below to detail your projected and actual research expenditures during the
reporting period.

Category Planned/Approved | Actual
Expenditure Expenditure
Travel and Accommodation 48300 47500
Equipment, Materials and Supplies 14200 75500
Salaries/Wages for Nunavut residents 25000 22100
Salaries/Wages for non-Nunavut resident researchers 70000 0
Professional Fees and services in Nunavut 25250 25250
Professional Fees and Services outside of Nunavut 37250 36900
TOTAL EXPENDITURES 220000 206250

List the total $ amount of funding from each funding source for your full research program, including in-
kind support

220 000$ - Geological Survey of Canada, GEM-GeoNorth and Natural Hazard and
Climate Change Geoscience Programs
University of Ottawa (in-kind support in lab analysis)

RESEARCH OUTPUTS / REPORTING TOOLS

What research outputs were generated? Please list below and append copies of each. Specify which
outputs (if any) may be made public on the NRI research licensing database.

Since 2016, many research outputs on permafrost data, knowledge, maps, and models,
were generated including:

-GSC Open Files reports (peer-reviewed) (3)

-Conference proceedings (6); including peer-reviewed papers, abstracts, presentation,
and posters.

Details are provided in the tables below and in the appended reference list.
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Have peer-reviewed manuscripts been published as a result of your project? If Yes,

complete the following table:

Full citation Publicly accessible/ Link (if available) and
free to access (Y/N) DOI (if available)

If No, do you intend to submit a manuscript (or manuscripts) for peer reviewed publication?

Other peer-reviewed papers and reports are publicly accessible. See the appended
reference list for DOI or website.
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Were non-peer reviewed materials produced to either communicate or synthesize results to the public?
Examples of these materials include (but are not limited to): websites, reports, brochures, podcasts,
webinars, presentations, non-peer reviewed publications, etc.

If Yes, complete the following table:

Title Description of Link (if available) DOI (if available)
Materials

Did your project develop a communications plan? Please describe communications/reporting tools used, and
list the target audience for each and/or who requested which.

Within the last two years, our communications plan included:

-Letter (one pager) to describe the proposed work (what, where, how) - sent to local and indigenous organizations several months
in advance (for Rankin Inker: Rankin Inlet HTO, Hamlet, KIA Lands, Kivallig Wildlife Board, and Nunavut Tungaavik Inc. );

-Prior to fieldwork: In-person presentations (including translation in Inuktitut) and/or discussions (what was done in the previous
year, what is proposed to do in the following year) with local and indigenous organizations, and additional informal communication
(e.g., at grocery stores);

-Informal meetings during fieldwork with local and indigenous organizations, government of Nunavut (EDT and Park) and local
office of federal departments interested in our fieldwork (e.g. CIRNAC);

-Field reports (including translation in Inuktitut) describing work done (what, where, how, who) sent to HTO, Hamlet, KIA;
-Close-out (in-person) meetings at the end of the projects.

How were Nunavummiut credited and/or acknowledged in all project outputs, such as co-authorship,
participant biographies, article acknowledgements, etc.

All Nunavummiut who work and supported our research have been acknowledged in all
project outputs (in the acknowledgements section of publications).

DATA AND INTELLECTUAL PROPERTY

Did you enter into a research agreement, data-sharing agreement and/or intellectual property rights
agreement with a community and/or designated Inuit organization (DIO)? If yes, please explain.

Do intellectual property rights apply to your research? If yes, please explain.

We currently have one Task shared agreement with the KIA. Objective is to share data between organizations to further individual operational goals, foster collaboration, and answer questions regarding permafrost conditions and effects on infrastructure in the context of ¢
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Who owns the data? Has the raw data been shared with the appropriate community and/or DIO? If yes,
how? How is data security and storage handled by community-based co-owners?

Background IP is owned by respective creator and any arising IP will be vested in its
creator. IP created by Crown employees is owned by the Crown. Crown copyright
protected material consisting of unpublished data (but published results) can be provided
and have been shared with KIA (data are stored in their internal database).

Where is the data stored and will the data be destroyed within a set timeframe?

Data are stored in corporate database (with the respective owners) and there is no plan
to destroyed them within a set timeframe.

Is the data trackable and/or available in a public data repository? If yes, please provide the appropriate
information and/or link to ensure the findability and accessibility of the data.

NRCan results are publicly available, in accordance with the Government of Canada’s
Open Data policy (https://open.canada.ca). In particularly, all our geochemistry (raw) data
could be accessible to public (upon request) once peer-reviewed publications are
completed.

Please append a copy of your data management plan.
CLIMATE CHANGE

Is your research about climate change (causes, impacts, mitigation, adaptation, etc.)? If yes, explain.

Yes, permafrost is a climatic phenomenon. Our research focus on the understanding of
the current state of permafrost (including unfrozen ground, called taliks) and its
interaction with groundwater flow and potential impacts of its thaw on the groundwater
systems. We provide data and geoscience knowledge needed for decision-making and
adaptation strategies.
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PHOTOGRAPHS

If possible, please provide high-resolution photos of licensed research activities that NRI may use in
communication materials, organizational reporting, and other promotional purposes. The photographer
and all recognizable people in each photo must sign the attached Photo and Video Release form. Please
also complete the table below for each photo provided and submit to NRI along with all required NRI
photo release forms. The photographer/owner will be credited in all uses of the photograph(s).

File Name | Location Description Subjects Photographer/Owner | Date

Would you like your project to be considered for a research profile and promotion by the NRI? Yes

FORMATTING TIPS

Main text:
Please supply report in a standard manuscript format (Microsoft Word format is required).

Tables:

Any number of tables can appear in one file (as long as they are clearly marked). Tables prepared
using simple table formats as provided in word processing programs such as WordPerfect are
preferred. Each table should be numbered according to its appearance in the text (e.g., Table 1,
Table 2) and each should have a brief descriptive heading.

Figures:

Each figure or graphic element should be submitted as a separate file. Black & white and colour
graphics are both acceptable. We can accommodate most standard graphic file formats,
however, please indicate in which format the graphic was prepared.

References:
Please use the APA or MLA Citation Style while referencing throughout the report.

Size:

The size of the electronic document must not exceed 4MB (if larger than 4MB, please send
attachments separately and number the emails).
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	undefined_2: -Open talik mapping reveals that 2% (360 lakes) of the 17145 lakes and ponds near Rankin Inlet have potential open taliks beneath them. 
-Satellite imagery (using radar waves) of lake ice regime can refine this estimate and help assess the presence of open talik over large areas.
-Surveyed lakes only shows winter temperature stratification. In shallow (< 4m) and deep lakes (> 4m), the lake-bottom temperature is in the range of 1 to 1.5C and 1.5 to 3.5C during the ice-on season, respectively, while the mean annual temperature at lake-bottom is ~5C in the deepest surveyed lake (17 m); these temperatures influence the presence of taliks.
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	undefined_3: The main goal is to improve knowledge of permafrost and groundwater interaction occurring in sublacustrine taliks in continuous permafrost by:
1) Validating and refining methods of mapping open talik occurrence via integration of thermal modeling, machine learning, remote sensing, and ground geophysics.
2) Refine analysis of hydro(geo)chemical data for open talik detection and characterisation of flow origin. 
3) Modelling the dynamics and origin of water flow in open taliks and fractured rock, via development of conceptual models of coupled cryo-hydrogeological systems a) in natural settings (before mining operation) and b) under the influence of underground mining operations and climate change. 



	communities append a map with locations andor coordinates of remote field sites if applicable: Almost two weeks of fieldwork occurred from April 18th to 30th, 2024. Dr. Anne-Marie LeBlanc, Dr. Greg Oldenborger, Dr. Benoit Faucher, and permafrost field expert Wendy Sladen and Caroline Duchesne operated from the community of Rankin Inlet. A wildlife monitor, George Ipkanerk from Rankin Inlet, supported this field campaign. Snowmobiles were rented locally from George Ipkanerk, Albert Netser, and Jame Sandy.  Geophysical equipment was carried using a sled and surveys conducted by foot. Due to extreme cold temperature, water sampling was done inside a shelter set up by our wildlife monitor. Study sites included First and Second Landing Lakes and Little Meliadine Lake. 

Activities included 1) geophysical surveys on lake ice, to help clarify if the ground below lakes was frozen or not (i.e., if taliks were present). This year, instead of doing several investigations at greater depth, on many lakes, we concentrated our effort on a small number of spatial surveys with higher resolution but less depth of investigation. Two types of survey were used. Identical to last year, the first one consisted of a loop of wires and a receiver, both installed on the lake ice’s surface. In the second one, the instrument is encapsulated in a long cylinder and moved on top of lake ice. Both devices use electromagnetic sensing technology to image the ground below the lake, 2) Collect water samples for chemical analyses and physicochemical measurements (i.e., temperature, pH, specific conductivity) at different depths in a subset of lakes that were sampled in September 2023 to have a better idea of potential mixing of groundwater input in lake bottom in winter compared to summer, and 3) Validate remote sensing imagery and derived product on lake ice thickness. Lake ice cover was drilled, using an ice auger, at several locations within lakes and for different lakes. The objective was to select areas where ice cover touches the lake bottom (called Bottom Fast-Ice or BFI) and areas of Floating Ice (FI). Areas of BFI is then used to estimate terrace   width of lakes at a regional scale, a parameter needed in the mapping of open taliks. 

Then, two additional weeks of fieldwork took place from September 2 to September 14, 2024 (in parallel to "Western Hudson Bay geoscience for infrastructure project'). The team (LeBlanc, Faucher, Girard, Phillips, Lauzon) operated from the community of Rankin Inlet. A wildlife monitor, Thomas Angoshadluk from Rankin Inlet, supported this field campaign. Travel on the land was done by trucks and ATV (side by side). 

Activities included: 1) Retrieve two small autonomous osmo samplers (pumping system) that were installed at the bottom of First Landing Lake to collect water samples over the past year. One device was found (the one installed at 17 m depth), but unfortunately, it was impossible to retrieve the device in shallow water (7 m); the rope attaching the device to shoreline might have been cut during fishing activities or by lake ice, and 2) Collect underground water at the Meliadine Mine, in collaboration with the mine staff. 



	undefined_4: -Open talik mapping reveals that 2% (360 lakes) of the 17145 lakes and ponds near Rankin Inlet have potential open taliks beneath them (LeBlanc et al. 2021, 2022).
-Satellite imagery (using radar waves) of lake ice regime can refine this estimate and help assess the presence of open talik over large areas (Sladen et al 2024a, 2024b).
-Based on available data (literature) on surface water chemical composition for the Region, we demonstrate that
significant differences exist between the chemical composition of open taliks lakes and those with no
taliks; although those differences are likely not entirely due to surface-groundwater interactions (Faucher et al. 2022); therefore, in years 2023 and 2024, lake-bottom chemistry samples were taken to refine this findings.
-Surveyed lakes only shows winter temperature stratification. In shallow (< 4m) and deep lakes (> 4m), the lake-bottom temperature is in the range of 1 to 1.5C and 1.5 to 3.5C during the ice-on season, respectively, while the mean annual temperature at lake-bottom is ~5C in the deepest surveyed lake (17 m); these temperatures influence the presence of taliks (Faucher et al. 2024, LeBlanc et al. 2024).
-The geochemical signature of lakes (combining surface and lake-bottom) indicate that lakes exhibit diverse water origins (fed by surface water, influenced by evaporation, fed by groundwater and/or permafrost degradation, and mixed water source), more research is needed to elucidate these water sources and explore potential connections with deep groundwater systems (Faucher et al. 2023).
-Results of geophysical investigations to detect unfrozen ground below large and deep lakes are not easily interpreted in terms of a simple permafrost paradigm of frozen (high resistivity) and unfrozen (low resistivity) ground. Variable salinity (e.g., saline permafrost, saline or fresh groundwater), bedrock type, and 3D effects may all contribute to this complexity (Oldenborger 2024); work in 2024 involved data collection for 2D/3D contextual interpretation. 
	undefined_5: Following in-person visit in early March 2023, the Kangiqliniq Hunters and Trappers Organization (KHTO) board responsible for wildlife and advising on activities around Rankin Inlet requested that any Geological Survey of Canada (GSC) fieldwork-based research must not take place in the region. In particularly, concerns were raised by the KHTO about projects using helicopters during caribou season and consultation fatigue due to lack of time and board members to review proposals. Since our project is entirely done by snowmobiles, ATV, and trucks within the municipality boundary, we received the support from the Rankin Inlet Hamlet (council) (and Kivalliq Inuit Association) to continue our research. This situation created some challenges in finding the support to hire a wildlife monitor, which was provided, in April 2024, by the Kivalliq Wildlife Board (KWB). However, for the fieldwork of September 2024, both KHTO and KWB provided their support in finding and hiring the wildlife monitor. Some lessons learned during this project year should allow us to adapt and approach consultation/engagement differently. 
	Expected Project Completion Date Provide month and year of expected completion date of the project: The current phase (funding) of this project ends in December 2026, However, potential activities such as water monitoring may continue in the future.
	social media page please provide the link andor account handle: 
	undefined_6: Yes, decision-making in Nunavut.
The modeling results supported by the hydrogeochemical and geophysical datasets will produce new knowledge that will aid the mining industry to face challenges related to the management of groundwater inflow into the underground drifts of mining projects occurring in permafrost environments. These inflows can also be potentially highly saline and challenging/expensive to manage (e.g., the case at Meliadine Mine with deep groundwater salinity being twice that of sea water). We propose an improved groundwater flow model considering permafrost processes and fractured bedrock representation. To our knowledge, no mining projects consider all coupled relevant processes (density-dependent groundwater flow; mass and heat transport with freeze/thaw and latent heat) including complex bedrock structures in the groundwater modelling. Associated findings will ultimately inform climate change, environmental impact, and cumulative effects assessments. For instance, hydrogeochemical results on salinity, age and recharge of the groundwater will provide new baseline data for environmental impact assessments (EIAs) of projects in similar context. We also proposed a collaboration with the Meliadine Mine via a formal agreement and joint publications that would ensure the direct involvement of stakeholders in knowledge generation and make our results relevant to decision-makers on mining operations and water management strategies.
	community members andor specific organizations have played in research codesign and activities: LeBlanc and Oldenborger have conducted outreach and engagement (e.g., community workshop and mapping exercise, open-house, radio show and school visits) in Rankin Inlet in winter 2016 in collaboration with the GN' Climate Change Secretary. Research priorities have emerged from the workshop and mapping exercise. In August 2018, a tour took place in Rankin Inlet where G. Oldenborger presented our permafrost activities to our senior management; participants from the 2016 workshop were also invited over an informal dinner (Elders Cabin) to discuss the approach we took in conducting this community workshop, and how local and traditional knowledge may shape new geoscience activities.

LeBlanc, in collaboration with the GEM-GeoNorth Engagement Office, also conducted engagement (KIA, HTO, Hamlet, GN Park) in Rankin Inlet in March 2023 and 2024. As a result, our field campaigns were made possible thanks to the support of Kangiqliniq HTO, Kivalliq Wildlife Board, Iqalugaarjuup Nunanga Territorial Park, KIA, and the Hamlet and the invaluable guidance and assistance provided by our wildlife monitors. 

Further engagement activities are planned in Rankin Inlet in February or March 2025.

Several discussions occurred with the KIA. In May 2023, a task shared agreement (TSA) was signed between NRCan and KIA.
	undertaken for the project describe the roles that youth have played in your research activities: Any youth outreach were done for this project specifically. However, outreach in the past were conducted about permafrost in general. For instance, in collaboration with the GN' Climate Change Secretary (CCS), we conducted youth engagement events on February 1–3, 2016. These events included drop-in outreach sessions for elementary and high school students of all ages, and also in-class activities for the Grade 5/6 students at Simon Alaittuq School. The drop-in outreach sessions included a presentation on climate change and permafrost, and a climate change art exhibit featuring the students’ original art. Students had a chance to interact with the CCS in an informal session and discuss how climate change is impacting their community and what they can do to adapt. In-class activities involved a short presentation on climate change and permafrost followed by a hands-on activity in which students built model houses on thawing blocks of "permafrost" to investigate how the houses responded to changing ground. Both teachers and students were enthusiastic about the activity and it generated discussion on methods of keeping houses stable over thawing permafrost.
	compensation provided: 
	andor what knowledge sharing andor skills exchange took place: 
	and responsibilities and compensation provided: Between 2021 and 2024, we have work with 4 different wildlife monitors in 5 occasions. Each of them have worked for about 10-14 days (duration of fieldwork). They provided guidance to travel on the land and a secure environment for work, as well as assisting in day-to-day tasks. Contracts was awarded to HTO and/or KWB (350$ per day + 350$ per day for equipment (ATV, snowmobile, etc.))
	participation interview observation sample survey etc including compensation provided: 
	through contract services local purchases equipment donations etc: ATVs and snowmobiles were rent from community members (in addition to the ones owned by wildlife monitors). Purchases for missing tools (often needed to maintain or install our monitoring stations) and field gears are done at local stores. Accommodation, vehicle rental, and grocery are all provided by local business. 
	NameRow1: Roger Pilakapsi 
	ExpertiseskillsRow1: wildlife monitor
	Traininginterest areasRow1: 
	Contact InfoRow1: 
	CommunityRow1: Rankin Inlet
	NameRow2: Thomas Angoshadluk 
	ExpertiseskillsRow2: wildlife monitor
	Traininginterest areasRow2: 
	Contact InfoRow2: 
	CommunityRow2: Rankin Inlet
	NameRow3: George Ipkanerk
	ExpertiseskillsRow3: wildlife monitor
	Traininginterest areasRow3: 
	Contact InfoRow3: 
	CommunityRow3: Rankin Inlet
	NameRow4: 
	ExpertiseskillsRow4: 
	Traininginterest areasRow4: 
	Contact InfoRow4: 
	CommunityRow4: 
	Other: 
	Category: 
	PlannedApproved ExpenditureTravel and Accommodation: 48300
	Actual ExpenditureTravel and Accommodation: 47500
	PlannedApproved ExpenditureEquipment Materials and Supplies: 14200
	Actual ExpenditureEquipment Materials and Supplies: 75500
	PlannedApproved ExpenditureSalariesWages for Nunavut residents: 25000
	Actual ExpenditureSalariesWages for Nunavut residents: 22100
	PlannedApproved ExpenditureSalariesWages for nonNunavut resident researchers: 70000
	Actual ExpenditureSalariesWages for nonNunavut resident researchers: 0
	PlannedApproved ExpenditureProfessional Fees and services in Nunavut: 25250
	Actual ExpenditureProfessional Fees and services in Nunavut: 25250
	PlannedApproved ExpenditureProfessional Fees and Services outside of Nunavut: 37250
	Actual ExpenditureProfessional Fees and Services outside of Nunavut: 36900
	PlannedApproved ExpenditureTOTAL EXPENDITURES: 220000
	Actual ExpenditureTOTAL EXPENDITURES: 206250
	kind support: 220 000$ - Geological Survey of Canada, GEM-GeoNorth and Natural Hazard and Climate Change Geoscience Programs
University of Ottawa (in-kind support in lab analysis)
	outputs if any may be made public on the NRI research licensing database: Since 2016, many research outputs on permafrost data, knowledge, maps, and models, were generated including:
-GSC Open Files reports (peer-reviewed) (3)
-Conference proceedings (6); including peer-reviewed papers, abstracts, presentation, and posters.
Details are provided in the tables below and in the appended reference list.
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	Publicly accessible free to access YNRow3: 
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	Publicly accessible free to access YNRow4: 
	Link if available and DOI if availableRow4: 
	Y: Other peer-reviewed papers and reports are publicly accessible. See the appended reference list for DOI or website.
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	Link if availableRow1: 
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	TitleRow4: 
	Description of MaterialsRow4: 
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	DOI if availableRow4: 
	list the target audience for each andor who requested which: Within the last two years, our communications plan included:
-Letter (one pager) to describe the proposed work (what, where, how) - sent to local and indigenous organizations several months in advance (for Rankin Inker: Rankin Inlet HTO, Hamlet, KIA Lands, Kivalliq Wildlife Board, and Nunavut Tungaavik Inc. );
-Prior to fieldwork: In-person presentations (including translation in Inuktitut) and/or discussions (what was done in the previous year, what is proposed to do in the following year) with local and indigenous organizations, and additional informal communication (e.g., at grocery stores);
-Informal meetings during fieldwork with local and indigenous organizations, government of Nunavut (EDT and Park) and local office of federal departments interested in our fieldwork (e.g. CIRNAC);
-Field reports (including translation in Inuktitut) describing work done (what, where, how, who) sent to HTO, Hamlet, KIA;
-Close-out (in-person) meetings at the end of the projects.
	participant biographies article acknowledgements etc: All Nunavummiut who work and supported our research have been acknowledged in all project outputs (in the acknowledgements section of publications). 
	undefined_7: We currently have one Task shared agreement with the KIA. Objective is to share data between organizations to further individual operational goals, foster collaboration, and answer questions regarding permafrost conditions and effects on infrastructure in the context of a changing climate. 
	how How is data security and storage handled by communitybased coowners: Background IP is owned by respective creator and any arising IP will be vested in its creator. IP created by Crown employees is owned by the Crown. Crown copyright protected material consisting of unpublished data (but published results) can be provided and have been shared with KIA (data are stored in their internal database).
	Where is the data stored and will the data be destroyed within a set timeframe: Data are stored in corporate database (with the respective owners) and there is no plan to destroyed them within a set timeframe. 
	information andor link to ensure the findability and accessibility of the data: NRCan results are publicly available, in accordance with the Government of Canada’s Open Data policy (https://open.canada.ca). In particularly, all our geochemistry (raw) data could be accessible to public (upon request) once peer-reviewed publications are completed.
	Is your research about climate change causes impacts mitigation adaptation etc If yes explain: Yes, permafrost is a climatic phenomenon. Our research focus on the understanding of the current state of permafrost (including unfrozen ground, called taliks) and its interaction with groundwater flow and potential impacts of its thaw on the groundwater systems. We provide data and geoscience knowledge needed for decision-making and adaptation strategies. 
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