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1.0 Introduction 

IOC is a leading North American producer of iron products. Mining operations are located in the province of 
Newfoundland and Labrador (Fig. 1). Five hydrogeologically complex orebodies are currently being mined, near 
to or below water table, to meet present production targets. Development of a sixth orebody, the Humphrey 
South Iron Ore Extension (HSE), is necessary to supply ore to meet future production targets. Initial groundwork 
(tree mulching, overburden removal) is tentatively scheduled to begin in Q2-Q3 2024 (pending government 
and business approvals) with first ore delivery occurring in 2025-2026. 

An environmental assessment (EA), registration #2114, was submitted by IOC to the Government of 
Newfoundland and Labrador in December 2020. Conditional approval was granted on May 27, 2021 (see 
Appendix A). Multiple conditions must be met before any development work can proceed. Hydrogeology and 
hydrology specific release conditions are summarized in Table 1. The first three conditions have been met. The 
fourth condition, the first part of which is an initial groundwater assessment report, has not yet been met. As 
such, the primary purpose of this document is to provide an initial assessment of the HSE groundwater 
conditions. 
 
     Table 1: Hydrogeology and hydrology related HSE EA release conditions. Paraphrased, full details in Appendix A. 

Condition IOC Department Status 

1. 

IOC must enter into a Memorandum of Agreement 
with NL Water Resources Management Division for 
the installation of a real-time water quality/quantity 
network for groundwater/surface water. 

Hydrogeology Complete 

2. 
A Water Resources Management Plan must be 
submitted to the NL Water Resources Management 
Division. 

Environment Complete 

3. 
A water quality and stage/flow monitoring plan must 
be developed in consultation with the NL Water 
Resources Management Division. 

Hydrogeology/Environment Complete 

4. 

A groundwater assessment, including a model of 
groundwater flow, must be completed for the 
proposed pit. An initial report with currently 
available data must be submitted and approved with 
follow up reports to be submitted annually until the 
groundwater assessment is complete. 

Hydrogeology In-Progress 
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2.0 Hydrogeologic / Hydrologic Setting 

IOC has been exploring/characterizing orebodies in Labrador West since the 1950s and mining those orebodies 
continuously since the 1960s. Experience gained through mining, particularly regarding mine dewatering 
impact on surrounding groundwater tables/waterbodies, is valuable as it applies to mining future orebodies 
(e.g., HSE). Drilling and modelling confirm that the HSE orebody shares fundamental characteristics with 
adjacent, historic and currently in-production, orebodies. The HSE orebody also has its own unique combination 
of those characteristics as described below. 

2.1 Hydrogeology 

Rock comprising the deposit occurs within the 2.17 Ga aged 
Sokoman Iron Formation (Wardle et al. 2002), which is part 
of the larger Labrador Trough (Conliffe 2019) (Fig. 1) and has 
been metamorphosed, folded, and faulted during two 
orogenies (van Gool et al. 2008). A detailed description of the 
deposit geology/stratigraphy is provided in Appendix B. The 
age and tectonic evolution of the deposit gives rise to a 
variety of complex hydrogeologic features. 

These features can be broadly divided into two 
hydrogeologic domains (Moran 2019). Domain One, 
representing most of the deposit, is comprised of unaltered 
crystalline metamorphic non-porous and minimally 
transmissive rock (Brown et al. 2019). Domain Two is limited 
in volume, but is critically important to hydrogeology, and 
comprised of limonitic alteration associated with shear zones 
(Piteau 1981) (Fig. 2). Hydraulic conductivity of the 
limonitically altered rock is several orders of magnitude 
greater than that of the unaltered parent rock (Gnansounou 
et al. 2015) (Table 2). Domain One rock commonly forms ‘no-
flow’ boundaries while Domain Two rock forms high volume 
and transmissive aquifers within Domain One (Moran 2020). 

Two large zones of limonite alteration (e.g., Domain Two), 
divisible into a northern and southern zone, are present 
within the HSE orebody (Fig. 2). They are separated by a fault 
and minimally transmissive Domaine One metamorphic iron 
formation. The initial proposed pit development will 
intersect both limonite zones. A primary concern identified 
through the EA is a potential hydraulic connection between 
White Lake and the proposed pit with advanced dewatering 
activity resulting in unintended drawdown of the lake. This 
is primarily a potential risk with the northern zone due to its 
scale and that it may extend under White Lake. This issue is 
further addressed in Sections 4 (Discussion) and 5 (Conclusions & Future Work). 

Table 2: Hydraulic conductivities for select Domain One 
and Two lithologies (Gnansounou et al. 2015).  

Lithology Hydraulic 
Conductivity (m/sec) 

Geometric 
Mean(m/sec) 

D1 Quartz-Carb (n=8) 5 X 10-11 to 9 X 10-7 4 X 10-9  

D1 Quartzite (n=6) 2 X 10-10 to 2 X 10-7 4 X 10-9 

D1 HMO (n=5) 4 X 10-11 to 3 X 10-4 7 X 10-9 

D2 Limonite (n=4) 3 X 10-8 to 2 X 10-5 6 X 10-7 

Figure 1 Geographic map of Labrador. Labrador Trough 
superimposed for context. Star indicates the location of 
the mine. Modified after Rivers et al. (1978). 



3 

 

 

 

Figure 2: Aerial photo (2023) showing the location of the initial pit relative to White Lake, major aquifers (brown – 
Domain Two), active wells, and currently installed groundwater monitoring equipment. Note, assume unaltered 
metamorphic rock (Domain One) outside Domain Two. 
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2.2 Hydrology 

Geographically, the Humphrey South Extension is located at a topographic high point which acts as a regional 
water divide (Fig. 3).  

Water falling on the east side of the ridge reports to White Lake (continuing to Luce Lake and Big Wabush Lake 
along which NL Water Resources and IOC operate several flow/quality monitoring stations). White Lake is one 
of the largest waterbodies on IOC’s mining lease, measuring approximately 1.7 km x 4.0 km. Maximum depth 
is 42 meters and lake volume is 13,365,051 m3 (SEM 2019). Most of the lake bottom is classified as fine-grained 
substrate with lesser amounts of medium and coarse substrate around the shoreline (Fig. 4). There is a single 
outlet at its north end that connects to a diversion channel flowing into the Luce Lake drainage system. There 
are no perennial tributaries flowing into White Lake but there is one intermittent channel flowing in from First 
Pond during high flow conditions. White Lake is likely predominantly fed from groundwater from the 
surrounding watershed. 

Water falling on the west side of the ridge reports to Carol Lake outflow (aka “Unnamed Tributary Above 
Fraggle Rock Lake”) (continuing to Walsh River and ultimately Big Wabush Lake). Carol Lake outflow forms the 
headwaters to the Walsh River Cabin Homeowners Area. NL Water Resources has identified the following 
potential hydrology risks 1) reduced surface water flow to Walsh River headwaters, and 2) mine impacted water 
reporting to Walsh River headwaters. Condition 1 in Table 1 directly addresses this concern. A detailed 
explanation of how this concern is being addressed can be found in Section 3.2 (Hydrology Monitoring). 

 
3.0 Current Water Monitoring Network 

For well over a decade, IOC Mine Technical Services and Environmental Departments have been installing 
equipment, across the Mine Site, to collect groundwater and surface water data and monitor trends. The first 
groundwater monitoring installations were constructed in HSE during 2020 and began recording data in 2021.  

3.1 Hydrogeology 

At present the groundwater monitoring network consists of 13 piezometer stations, constructed between 2020 
and 2023, spread across the entirety of the HSE deposit (Fig. 2). Data collection is ongoing. More piezometers 
are scheduled for installation in the future. Seven of these stations were completed as 2” open standpipe style 
piezometers meaning that in addition to recording groundwater levels they can be sampled for water 
chemistry/quality. The remaining six piezometers are grouted multi-sensor Vibrating Wire Piezometer (VWP) 
installations. Multiple sensors placed in different lithologic horizons/structures help to determine groundwater 
relationships across the deposit profile. Unfortunately, due to their grouted nature, water samples cannot be 
obtained from these installations. In total, to date, nearly 2,000 meters of drilling has been completed and 21 
sensors deployed. Sensors are programmed to record hourly groundwater level data. Data is currently manually 
downloaded several times a year and stored in IOC’s NavStar/GeoExplorer telemetry (cloud based) database. 
A summary of installations can be found in Table 3 (Appendix 3). Full telemetry (i.e., live data) will be 
implemented during the initial stages of development during which electrical and communication 
infrastructure will be installed. 
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Figure 3: Aerial photo (2023) showing the location of the initial pit relative to White Lake. Topography in fine white lines. 
Regional water divide in bold white. Sub-catchments in dashed pink. 
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Figure 4: Modified aerial photo showing lake sediment composition of White Lake. 
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3.1 Hydrogeology 

At present the surface water monitoring network consists of a real time streamflow and quality station located 
on “Unnamed Tributary Above Fraggle Rock Lake” (see Appendix D). This station became operational in 
November 2023. It is currently recording baseline stream water levels. Newfoundland and Labrador Water 
Resources will deploy water quality instruments/sensors to this station during spring 2024. The purpose of the 
station is to collect baseline pre-mining surface flow and quality information prior to any development/mining 
activity taking place in this area. The station will remain operational throughout development/mining and the 
data recorded will be compared to the baseline data to determine operational impacts on the surface water 
environment. The real time water flow data and instrumentation is managed by NL Water Resources. 

4.0 Discussion 

Development of the Humphrey South Ore Extension is necessary to meet future IOC ore feed requirements. 
Before mining can begin IOC must demonstrate an understanding of the deposit hydrogeology to 
Newfoundland and Labrador Water Resources. Ultimately, the goal is to identify potential risks to the 
surrounding groundwater and surface water environment and mitigate/offset those risks before they 
materialize via mining activity. 

IOC has been exploring, characterizing, and mining orebodies in Labrador for 70 years. Investigations (e.g., 
diamond drilling, geologic modelling) of the HSE orebody have been ongoing for over a decade. Deposit 
geology, structural trends, alteration patterns, geotechnical characteristics, as well as general hydrogeology 
and hydrology trends have been defined. Recharge occurs through a combination of precipitation infiltration 
and via leakage from lakes, streams, and bogs in topographically higher areas. Groundwater flow is generally 
from areas of topographical highs towards lower lying lakes (FloSolutions, 2022). FloSolutions (2022) also noted 
that flow is likely to be typically north-south along the orientation of preferential pathways (faults, shear zones, 
weathered zones). Fractures that crosscut these features likely also results in some east-west groundwater flow 
(although likely smaller). These pathways also provide interconnection from higher to lower elevation water 
bodies.  

It has been determined, through the aforementioned investigations, that the HSE orebody shares fundamental 
characteristics with adjacent, historic and currently in production, orebodies. By combining experience gained 
mining those adjacent orebodies, together with HSE specific characterisation and geologic model, the HSE 
deposit is conceptually understood (Fig 5). Hydrogeologically, like other deposits on IOC’s mining lease, the HSE 
orebody is a dual porosity system divisible into two domains - each with very different hydrogeological 
characteristics. Domain One, consisting of unaltered metamorphic rock, makes up most of the deposit. This 
rock is non-porous (e.g., fracture flow) and minimally transmissive. This rock type often acts as a “no-flow 
boundary”. Domain Two, consist of weathered (altered) rock associated with shear zones, and makes up a 
comparatively smaller portion of the deposit. This rock type often acts as a high volume, porous and 
transmissive, aquifer system. The HSE orebody is predominantly metamorphic crystalline Domain One rock 
surrounding and encompassing distinct northern and southern Domain Two limonitic aquifers (Fig 2). The 
northern aquifer is the larger of the two and appears to extend under the adjacent White Lake. 

The initial pit will intersect both aquifers and it is expected that advanced dewatering (e.g., deep wells) will be 
required to support mining activity. Construction of the first dewatering well is anticipated to take place in 2025 
or 2026. Partially dewatering the orebody, in advance of mining activity (a common IOC and industry wide 



8 

 

 

practice), is beneficial to the environment as it reduces the potential for large volumes of groundwater to be 
contaminated by surface mining activity (e.g., suspended sediment, unionized ammonia). While implementing 
advanced dewatering in HSE should effectively manage groundwater levels, there is potential for an associated 
unintended negative environmental outcome in the form of drawing down the level of water in White Lake. 
IOC continues working toward quantifying this risk (a list of remaining work is provided in Section 5 and Table 
4). To date, thirteen groundwater piezometer stations, containing twenty-one sensors, have been installed 
across the deposit. The piezometers are constructed in both Domain One and Two aquifers.  

Comprehensive groundwater trend analysis is currently ongoing to determine the flow regimes in the White 
Lake area. As monitoring location coverage is expanded and water level loggers record data for longer durations 
of time, in depth hydrogeological trends and analyses will be completed. At this time, regional trends can be 
used in conjunction with current monitoring locations to provide preliminary information about the White Lake 
area. Preliminary cross sections created by interpolating groundwater levels, recorded at piezometer stations 
in the third quarter of 2023, display consistent trends of groundwater elevation decreasing from north to south. 
Water levels range from 40 to 70 meters below ground surface. Multiyear piezometer data exhibits rhythmic 
seasonal trends, commonly seen across site outside mining areas, with water levels decreasing through winter 
reaching their lowest point in late April and quickly reaching their highest-level during spring freshet in May 
and remaining high through summer. Monitoring locations drilled into or near limonitically altered geologic 
units generally show the highest water levels (Fig 6). East-west cross sections also display a common trend of 
groundwater elevation generally increasing moving eastward with proximity to White Lake (Fig 7). Diamond 
drillhole VWP installations WL-23-181 and WL-23-182 were notably drilled in boggy areas. As the geologic 
model is updated after the 2023 geological drilling program is complete and monitoring equipment records 
data for longer durations of time, more comprehensive conclusions can be drawn in this area. 

Hydrologically, the HSE deposit sits on a regional east-west water divide. Most of the initial phase of mining 
falls to the east within the White Lake watershed along which flow/quality monitoring stations exist. This 
watershed is contained within IOCs mining lease and does not impact a public, non-mining, area. A smaller 
percentage of the initial development phase falls to the west within the Carol Lake discharge watershed. This 
watershed forms the headwaters to the Walsh River cabin area – a public area. While most of the surface 
catchment impacted by mining drains away from public areas, there is a remote risk that waste dumps and 
overburden stockpiles placed within the Carol Lake discharge watershed may be a source of sediment. 
Dedicated dump surface water catchment sumps, to prevent mine impacted water from discharging to the 
environment, are part of HSE development strategy – in addition to the already installed monitoring station 
along the Carol Lake discharge (e.g., Walsh River Cabin area headwaters). 
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Figure 5: Advanced Dewatering workflow at IOC. 



 

 

 

 

Figure 6: North-south orientation cross sections displaying the White Lake area geology and water levels recorded at monitoring locations in the third quarter of 2023. 
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Figure 7: West-east orientation cross sections displaying the White Lake area geology and water levels recorded at monitoring locations in the third quarter of 2023. 



 

 

 

5.0 Conclusions And Future Work 

Future diamond and pilot well drilling programs will be used to expand water monitoring capacity in White 
Lake. VWP installations targeted at geologic contacts and structural areas of interest will be used to determine 
water rock interactions to better understand flow regimes. Additionally, monitoring location distribution will 
be expanded to achieve adequate coverage of the area to determine how White Lake interacts with the ore 
body. Future geological diamond drilling programs will be used to update the geologic model which will aid in 
the hydrogeologic interpretation of the area. Both grouted and open hole installations will be used to allow for 
water quality sampling. Surface water monitoring will continue to take place by NL Water Resources to provide 
an understanding of hydrology in the area. This information will contribute to the understanding of mining 
impacts on the surface water environment. This water monitoring station will help to quantify the surface water 
discharge in the area. Insights into topographical influences on surface water movement will also be achieved.  

IOC is undertaking current work to create surface water models of the area using Leapfrog software. These 
water surfaces will further contribute to the understanding of the White Lake area by combining hydrogeologic, 
geologic, and structural models. The confidence of these models will increase with each iteration and future 
drilling will target areas of sparse coverage to further add confidence to the model. Consultants will be 
contracted in 2024 to create a hydrogeological conceptual model. These models have been developed in the 
past for other areas of the mine site, but without an emphasis on the White Lake area. Current monitoring 
locations installed in 2022 will have recorded sufficient information by the time of the model creation to give 
insight into seasonal trends on groundwater levels. This preliminary model will be revisited in future years as 
data for multiple yearly cycles is collected to add confidence to the model. 

Pilot well drilling in 2024 will include three targets in White Lake (Figure 8). Rising head, falling head, and airlift 
tests will be conducted at these locations to determine hydraulic conductivity (k-values) further characterising 
the aquifers. Downhole camera surveys will also be used to examine the subsurface geology of the area. Pilot 
Hole 1 and 2 are targeting fractures and strongly weathered rock identified in the 2012 geologic drilling 
program. Testing done at these locations will contribute to a more comprehensive understanding of the 
hydrogeologically connected and fractured zone in this area. Pilot hole 3 will be targeting alteration identifying 
in MW 134. As all three of these pilot wells will be intercepting the primary aquifers within this orebody, testing 
will add to the hydrogeologic understanding of the area. After testing is complete, all three pilot wells will be 
instrumented_and_converted_to_monitoring_wells. 
 
Table 4: Summary of future HSE investigations 

Future Work IOC Department Status 

1 Confirm extent of limonite zones via diamond drilling.  Hydrogeology/Geology Ongoing 

2 Identify future dewatering well targets via pilot well drilling.   Hydrogeology/Mine Projects Ongoing 

3 Establish White Lake baseline flow/water. Environment/Hydrogeology Ongoing 

4 Determine White Lake bottom sediment thickness profile. Environment/Hydrogeology Ongoing 

5 Complete HSE hydrogeology models Hydrogeology Ongoing 
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Figure 8: Aerial photo (2023) showing the location of the initial pit relative to White Lake, major aquifers (brown), active 
wells, and currently installed groundwater monitoring equipment. Note, assume unaltered metamorphic rock (Domain 
One) outside Domain Two. 
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Appendix A 

(Registration # 2114 Environmental 
Assessment Release Conditions) 

 

 

 

 

 

 

 



16 

 

 

 



17 

 

 

 



18 

 

 

 



19 

 

 

 



20 

 

 

 



21 

 

 

 



22 

 

 

 

 

 

 

Appendix B 

(Regional And Deposit Geology) 
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Appendix C 

(Groundwater Monitoring Platform) 
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Appendix D 

(Updated Surface Water Monitoring 
Agreement) 
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