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metre .........................................................................................................................................  m 
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pounds per square inch .............................................................................................................  psi 

revolutions per minute ...............................................................................................................  rpm 
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square foot ................................................................................................................................  ft2 
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1.0 SUMMARY 

Fission Uranium Corporation (TSE:FCU) commissioned Tetra Tech Canada Inc. (Tetra Tech) to complete this 

Feasibility Study (FS) with the assistance of specialist consultants for the PLS Project (the Project), located in 

northern Saskatchewan, following the NI 43-101 Standards of Disclosure for Mineral Projects. FCU is a Canada-

based resource company specializing in the strategic exploration and development of the PLS Property (the 

Property). The consultants commissioned to complete the FS are presented in Table 1-1. 

Table 1-1: List of FS Consultants 

Consultant FS Components 

Tetra Tech Canada Inc. 

Overall project management, mineral processing and metallurgical testing, recovery methods, 
project infrastructure (overall site layout, ancillary infrastructure, and buildings including site 
roads), marketing studies, summary of initial and sustaining capital and operating cost 
estimates, economic analysis, project execution plan and overall FS Technical Report 
compilation 

SLR Consulting 
(Canada) Ltd. (SLR) 

Project description and location, accessibility, history, geological setting, deposit types, 
exploration, drilling, data verification, mineral resource estimate, adjacent properties 

BGC Engineering Inc. 
(BGC) 

Waste Rock Stockpile slope design, underground and surface infrastructure geotechnical 
assessment, hydrogeology 

Mining Plus Canada 
Consulting Ltd. (Mining 
Plus) 

Mineral reserve estimate, waste rock management, mining methods, mining initial, and 
sustaining capital and operating cost estimates  

Clifton Engineering 
Group Ltd. (Clifton) 

Tailings management facility (TMF), environmental, permitting, and socio-economics 

Unless otherwise noted, all currencies are expressed in Canadian dollars (C$ or $) in this Technical Report. 

1.1 Project Description and Location 

1.1.1 Location 

The PLS Property is located in northern Saskatchewan, approximately 550 km north-northwest of Prince Albert by 

air and 157 km north of La Loche by road, as illustrated in Figure 1-1. The geographic coordinates for the 

approximate centre of the PLS Property are 57Á37ô N latitude and 109Á22ô W longitude which corresponds to the 

Universal Transverse Mercator (UTM) geographic coordinates of 600,000mE, 6,387,500mN (NAD83 UTM Zone 

12N). The approximate centre of the Triple R deposit is located at UTM coordinates 598,000mE, 6,390,000mN 

(NAD83 UTM Zone 12N). Elevation on the Property varies between 499 masl and 604 masl. 
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Source: SLR, 2022 

Figure 1-1: Property Loca tion  

1.1.2 Land Tenure 

The PLS Property consists of 17 contiguous mineral claims covering an area of 31,039 ha located on the southwest 

margin of the Athabasca Basin. The Triple R deposit is located on claim S-111376. The mineral claims constituting 

the PLS Property were ground staked and are therefore designated as non-conforming legacy claims. As of the 

effective date of this Technical Report, all 17 mineral claims comprising the PLS Property are in good standing and 

registered in the name of FCU. 

1.2 Accessibility, Climate, Local Resources, Infrastructure, and 
Physiography 

The PLS Property is accessible via the all-weather gravel Highway 955 (Cluff Lake Mine Road) that originates at 

La Loche, heads northwards and enters the PLS Property at the 144 km marker. Highway 955 bisects the PLS 

Property in a north-south direction. Numerous access roads branch off Highway 955, allowing access to the east 

and west halves of the PLS Property. 
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The PLS Property is located within the Mid-Boreal Upland Ecoregion of the Boreal Shield Ecozone (Marshall and 

Schutt 1999). The summers are short and cool, and the winters are long and cold. The ground is snow-covered for 

six to eight months of the year. The ecoregion is classified as having a sub-humid high boreal ecoclimate. The 

mean temperature recorded at the Cluff Lake Station is about -20.4°C in January and 16.9°C in July. The average 

annual precipitation is approximately 451 mm at the Cluff Lake Station. 

Various services are available at La Loche, including fuel, and emergency medical services. A greater range of 

services is available in Prince Albert and Saskatoon. Fixed-wing aircraft are available for charter at Fort McMurray 

in Alberta and Buffalo Narrows, La Loche, and La Ronge in Saskatchewan. Helicopters are available for charter at 

Fort McMurray and La Ronge. 

Except for the all-weather gravel Highway 955, which traverses the PLS Property, there is no permanent 

infrastructure on the PLS Property. 

The topography of northern Saskatchewan is characterized by low hills, ridges, drumlins, and eskers, with lakes 

and muskeg common in the low-lying areas. Outcrop of the underlying Athabasca sandstone and basement rocks 

is rare. Numerous lakes and ponds generally show a north-easterly elongation imparted by the most recent 

glaciation. Elevation on the property varies between 499 masl and 604 masl. 

1.3 Geology and Mineralization 

The most significant uranium metallogenic district in Canada is the Athabasca Basin, which covers over 85,000 km2 

in northern Saskatchewan and northeastern Alberta. The east-west elongate Athabasca Basin lies astride two 

subdivisions of the Western Churchill Province, the Rae Subprovince (Craton) to the west and the Hearne 

Subprovince (Craton) to the east. These are separated by the northeast-trending Snowbird Tectonic Zone, also 

known as the Virgin River Shear Zone or Black Lake Shear Zone, south and north of the Athabasca Basin, 

respectively. 

The PLS Property is located within the Clearwater and Taltson Domains of the Rae Subprovince near the 

southwestern edge of the Athabasca Basin. The western portion of the PLS Property overlies the Clearwater 

Domain, and the eastern portion overlies the Taltson Domain. The PLS Property lies within the northeastern limits 

of the Cretaceous Mannville Group (Mannville Group), which covers a large portion of western Saskatchewan. The 

Lexicon of Canadian Geologic Units (the Lexicon) describes the Mannville Group as interbedded marine and non-

marine sands, shales, and calcareous sediments. 

As of the effective date of this Technical Report, appreciable high-grade mineralization is known to occur at the PLS 

Property in five zones, which collectively constitute the Triple R deposit. From west to east, these zones are: 1) 

R1515W, 2) R840W, 3) R00E, 4) R780E, and 5) R1620E, the most significant of which is the R780E zone. The 

R780E zone was discovered during the winter 2013 drill program with drill hole PLS13-038. Drill hole PLS13-038 

intersected a 34.0 m wide zone of very strong uranium mineralization, beginning at 87.0 m, averaging 4.9% U3O8. 

Uranium mineralization at the PLS Property is hosted primarily within metamorphosed basement lithologies and, to 

a much lesser extent, within overlying Meadow Lake Formation sedimentary rocks. 

1.4 Drilling 

To date, FCU and its predecessors have completed a total of 844 drill holes, totalling 227,775 m across the PLS 

Property. Drilling includes exploration, geotechnical, metallurgical, water wells, and hydrogeology drill holes. 
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From November 2011 to September 2015, 142,832 m of drilling was completed in 454 diamond drill holes on the 

PLS Property. During the winter 2015 drill program, an initial Inferred Mineral Resource estimate for the Triple R 

deposit was published. Following the spring 2015 drill program, Roscoe Postle Associates Inc. (RPA) completed a 

preliminary economic assessment (PEA) on the Triple R deposit. 

From January 2016 to December 2018, FCU continued to conduct both delineation and step-out drilling programs 

along the strike of the Triple R deposit by completing 52,983 m of drilling in 169 holes. Drill holes were primarily 

designed to both infill in support of an Indicated Mineral Resource classification in the R780E high grade (HG) and 

R780E Main Zone (MZ) domain and materially expand the footprint of Inferred mineralization in the R00E and 

R780E areas. Step-out regional drilling during this time was also successful in identifying two significant new areas 

of mineralization (R1515W and R1620E) and expanding mineralization at R840W. The goal of the summer 2018 

program, which consisted of nine holes totalling 2,928 m drilled, was to drill key areas of the R780E HG zone that 

were classified in 2015 as ñInferredò and upgrade them to ñIndicatedò. To that extent, the nine drill holes intersected 

the width and strength of mineralization where expected and allowed for upgrading the classification in these areas. 

Following the summer 2018 drill program, RPA, along with Clifton and Wood PLC (Wood), completed a pre-

feasibility study (PFS) on the PLS property based on a total of 197,651 m of drilling in 636 drill holes. 

Since September 19, 2019, FCU has completed an additional 181 drill holes totalling 27,392 m over the PLS 

Property, primarily focused on the R780E and R840W deposits. 

The core from the first drilling programs was stored at the Big Bear Lodge on Grygar Lake, but since August 2013, 

all the core has been stored at a purpose-built storage facility located west of Patterson Lake. 

1.5 Mineral Processing and Metallurgical Testing 

A series of bench scale and bulk tests were conducted at SGS Canada Inc. ï Mineral Services (SGS) Lakefield to 

support the feasibility level design of the process plant. 

Á High uranium extractions were achieved in a 12-hour leach, averaging 98.4% for all the tests, regardless of 
composite type, leach solid density, feed grind size, head grade, oxidant type, oxidation potential and free acid 
levels. The bulk leach test generated a pregnant leach solution for testing downstream processes. 

Á The counter current decantation (CCD) simulation showed that a six-stage thickener circuit would operate with 
a 99.5% wash efficiency based on a 3:1 pregnant leach solution to leach feed ratio. 

Á A five-day continuous solvent extraction (SX) mini pilot test showed 99.9% uranium recovery using four 
extraction stages and, on average, 99.4% stripping efficiency using five striping stages. 

Á Gypsum precipitation tests were completed for removing sulphates from the pregnant strip liquor before 
yellowcake precipitation. A two-stage washing of the gypsum cake could decrease the final washed gypsum 
cake grade to roughly 0.025% U3O8, representing greater than 95% uranium re-dissolution. 

Á Yellowcake precipitation using hydrogen peroxide and magnesia for pH control produced products averaging 
80% U3O8, within refinery specifications.  

Á The uranium grade in the calcined yellowcake product was 95% U3O8 at a temperature of 450°C. 

Á Effluent treatment tests yielded a treated effluent meeting Canadian Metal and Diamond Mining Effluent 
Regulations (MDMER) guidelines. 
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Category Tonnes (000 t) Grade (% U3O8) Contained Metal (Mlb U3O8) 

R840W Zone 322 1.04 7.4 

Total Probable 3,007 1.41 93.7 

Notes: 

1.  CIM Definition Standards (2014) were followed for the classification of Mineral Reserves. 

2.  The Mineral Reserves are reported with an effective date of January 17, 2023. 

3.  Mineral Reserves were estimated using a long-term metal price of US$65 per lb of U3O8 and a US$/C$ exchange rate of 0.75 (C$1.00 = 

US$0.75) 

4.  Underground Mineral Reserves were estimated by creating stope shapes using Datamineôs Mineable Shape Optimizer (MSO). The MSO 

outputs were evaluated in the context of the mine design, and then a 0.25% U3O8 cut-off was applied. For longhole stoping, a minimum 

mining width of 4 m (including hanging wall and footwall dilution) and stope height of 20 m was used. Following MSO, the mineable shapes 

were further subdivided in Deswik to produce a maximum width of 12 m (including hanging wall and footwall dilution). Drift and fill mining is 

designed at 5 m wide by 5 m high for development shapes located in the crown pillar areas of the orebodies. 

5.  Mining recovery of 95% was applied to all stopes, while all development mining assumes 100% extraction. 

6.  The density varies based on block model values. An estimated waste density of 2.42 t/m3 was used for areas outside the block model 

boundary. 

7.  By-product credits were not included in the estimation of Mineral Reserves as the mill is not designed to recover gold (Au). 

8.  Numbers may not add due to rounding. 

1.8 Mining Methods 

The FS is based on accessing the deposit using a decline developed from a position southwest of the deposits in 

close proximity to the processing plant and waste stockpile areas. The area of the decline is temporarily dewatered 

while the development progresses through the overburden. The decline excavation is planned to use a tunnel shield 

method utilizing a hydrostatic segmental concrete liner for ground support. In addition to the decline, two vertical 

shafts are excavated sequentially to provide a dedicated ventilation system for the mine (one fresh air intake shaft 

[FAS] and one exhaust air shaft [EAS]). After the decline extends through the overburden and transition bedrock 

zone, more typical hard rock development can commence. Mining uses the Longhole Stoping method in a 

longitudinal retreat orientation with cemented rock fill as the backfill. 

A partial recovery of the mineralized material approaching the contact between the overburden and bedrock is 

achieved by utilizing artificial ground freezing to achieve a bulk freeze. The ground is frozen by way of drilling holes 

into the overburden and shallow bedrock using underground drilling collared from a dedicated freeze drift below the 

crown area. Upon completion of the ground freezing holes and installation of freeze pipes, a refrigeration plant 

pumps a chilled brine solution through the pipes to create a frozen cap to provide increased ground stability and 

reduced groundwater inflow. Once frozen, a low disturbance drift and fill (D/F) mining method with cemented 

hydraulic fill (CHF) is utilized to extract the mineralized material. Roadheader tunneling equipment will be used in 

the crown pillar areas to remove the need for explosives. A portion of the Mineral Resources approaching the 

overburden contact will be sterilized due to geotechnical constraints; however, this sterilized material could be 

further evaluated for eventual extraction in future analysis. 

1.9 Recovery Methods 

Tetra Tech completed the design for the process plant and related infrastructure facilities for this FS using proven 

uranium extraction technology, processes and equipment and has drawn on its knowledge of other Athabasca 

uranium plants, including Rabbit Lake, Key Lake, and McClean Lake. The processing plant has been designed to 

process ore at a nominal throughput of 1,000 t/d to produce market-grade uranium concentrate. The average life of 

mine (LOM) mill feed grade will be 1.41% U3O8, and the anticipated overall U3O8 recovery will be 97.0%.  
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A conventional grinding and leaching circuit will be used for the uranium extraction process. The ore will be trucked 

from the mine to the run of mine (ROM) pad and ground in a single-stage semi-autogenous (SSAG) grinding circuit 

to 80% passing 150 µm. The ground ore will be leached using sulphuric acid and hydrogen peroxide at 50°C. The 

leached slurry will be fed to a CCD circuit followed by a clarification stage to produce the pregnant leach solution. 

An SX circuit will purify and concentrate uranium in the solution for yellowcake precipitation. The precipitated 

yellowcake will be calcined at 450°C as U3O8 before packaging in drums. 

Tailings will be neutralized and deposited in the TMF. Effluent and contact water will be treated, monitored, and 

sampled before being discharged. 

1.10 Project Infrastructure 

The Project will require the development of several infrastructure items. The locations of Project facilities and other 

infrastructure items were determined with considerations in local topography, environment, and capital and 

operating costs. FS project infrastructure will include: 

Á Fresh and exhaust air ventilation shafts, a decline for ore transport from underground to the surface, a freeze 
plant, dewatering wells, a backfill plant and an intermediate settling/polishing pond 

Á Process facilities including ore stockpile, process plant with SX circuit, acid plant, effluent treatment facility, 
surface run-off and monitoring ponds, and assay laboratory 

Á A TMF to safely manage the tailings and water associated with mill feed processing, tailings transport and 
disposition, and water reclamation from the TMF. 

Á On site connective access roads among site infrastructure and Highway 955 with site access controls 

Á Ancillary facilities, including: 

- Truck shop, machine shop and warehouse 

- Power plant and distribution system 

- Liquefied natural gas (LNG) storage and laydown area 

- Waste rock management facility (WRMF) 

- Accommodation and administration offices 

- Communications infrastructure 

- Fuel storage and fuel farm 

1.10.1 Tailings Management Facility 

The design scenario for the TMF is a subaqueous deposition of thickened slurry tailings into a lined pervious 

surround pit. Tailings will be transported to the TMF in a pipeline as a thickened slurry. Spill prevention and control 

measures for the slurry pipeline will be incorporated to provide protection against leaks and spills along the tailings 

pipeline corridor. The tailings will be sub-aqueously deposited using a relocatable barge in a manner that facilitates 

even distribution of tailings and prevents particle segregation to produce a uniform, low permeability consolidated 

tailings mass. A water cover consisting of a clarified tailings solution will be maintained to support barge deposition 

of tailings while preventing freezing of the tailings and providing a barrier to low energy radiation, dust and radon 
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release. Excess water will be returned to the process plant for treatment and release into the environment. The 

TMF can also act as emergency storage for site water if there is a large storm event that overwhelms the site 

storage (e.g. a probable maximum precipitation [PMP] event). Excess water would be returned to the process plant 

for treatment over time and released into the environment. 

After processing and the generation of precipitates, a total of 1,120 t of tailings solids will be produced daily. 

Provision has also been made for additional capacity by assuming that a 25% increase in daily tailings production 

will occur over the scheduled 10-year mine life. The tailings slurry, as deposited in the pit, will have a bulk density 

of approximately 40% solids by mass and will rapidly settle to a bulk density of approximately 50%. Sizing of the 

TMF was based on this rate of settlement plus ongoing consolidation of the tailings, the inclusion of a 3.0 m thick 

water cover, and provision for 2.0 m of freeboard in the final year of operation. The total storage available in the 

TMF is approximately 8,200,000 m3. 

The geotechnical design of the TMF will be in accordance with the Canadian Dam Association (CDA) guidelines 

and the technical bulletin on the application of the guidelines to mining dams (CDA 2014). The engineered double 

barrier system is essential for the successful operation of the TMF. The engineered double barrier on the TMF floor 

will consist of a thick soil-bentonite liner (SBL) overlain by a geomembrane. The SBL has been designed with a low 

hydraulic conductivity to provide a second barrier to seepage loss from the TMF. In addition, the ion exchange 

capacity of the soil-bentonite barrier will further attenuate releases of metals and radionuclides that may pass 

through the geomembrane liner. 

The barrier system for the berm slopes will consist of a double geomembrane liner without an SBL underlay. The 

second membrane will maintain secure containment on the slopes where the applied head will be small due to the 

overlying free-draining filter that will conduct the tailings solution to the underdrain. 

1.11 Environmental Studies and Permitting 

The extensive baseline work has described the typical northern Saskatchewan terrain of the Athabasca Basin 

region. It has not identified anything that should significantly delay a project if proper planning and mitigations are 

incorporated into the Project design. Such mitigations would include but are not limited to, habitat compensation for 

any fish habitat disturbed by the Project, possibly terrestrial habitat compensation for woodland caribou habitat, and 

sufficient consultation with local First Nations and communities. The primary environmental goal will be the 

protection of Patterson Lake and the downstream water quality in the Clearwater River system, as this will likely be 

the focus of any concerns under the underground mining-only scenario.  

Overall, the Project appears to be following applicable regulations governing exploration, drilling and land use, and 

FCU staff and contractors are aware of their duties to environmental and radiation protection. Early in the exploration 

program, there were some issues related to the excess clearing of trails and access to water bodies, but FCU has 

worked to repair those areas and reclaim them. The operations are neat and orderly, and the level of clearing and 

disturbance is commensurate with similar projects in northern Saskatchewan. The Project is visited frequently by 

Saskatchewan Conservation Officers to ensure compliance. 

At a high level, the preliminary environmental risk assessment (PERA) was done to look at potential interactions of 

the project with the environment. Under the underground mining-only scenario, the main area of concern is the 

development and operation of the TMF and the protection of surface and groundwater quality. The mitigations 

proposed for the TMF appear protective of the environment in the long-term, post-decommissioning. The TMF will 

use the proven sub-aqueous deposition and pervious surround methodologies, and modelling results continue to 

show that the TMF, as proposed, will be protective of the environment in the long term. The TMF design is optimized 

for the existing geological and hydrogeological conditions and avoids widespread dewatering during operation. The 
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potential impacts on Patterson Lake will be much less in the underground mining scenario and are largely related 

to protecting the water quality. This will need to be demonstrated in the Environmental Impact Assessment (EIA) 

and subsequent licensing. 

Most of the remaining environmental risks are similar to those at existing uranium operations, which, in the modern 

era, have been demonstrated to have minimal impact on the local and regional environments with proper mitigation. 

Regardless, for all aspects of the Project, a detailed ERA will be required to ensure that nothing is missed and that 

all reasonable mitigations are included in the EIA and the Project design. 

The ongoing baseline from 2013 to 2020 was adequate to include in an EIA; however, in 2021, FCU was informed 

by the Saskatchewan Ministry of Environment (ENV) Environmental Assessment and Stewardship Branch (EASB) 

that older data may not be sufficient for the EIA. FCU commissioned CanNorth to complete an updated baseline 

program to refresh the data and provide continuity with the data that has been collected since 2013. This updated 

baseline work also addressed any gaps in previous data collection, including areas now identified as part of the 

project footprint that had previously not been included. A refreshed heritage resources study was also part of the 

2022 program. Moving forward, FCU will need to do some level of on-going monitoring to maintain the baseline 

database throughout the construction and operation periods. 

The level of environmental review was commensurate with an FS and was not an exhaustive examination of all 

documentation nor a compliance audit, although it did include updating the PFS modelling for potential impacts 

from the TMF. The interpretation relies on the authorôs more than 40 years of experience with Saskatchewan 

uranium projects and familiarity with mining and the federal and provincial requirements that accrue to such projects. 

The Project is at a stage where, with proper planning, areas of concern can be addressed in a timely fashion within 

an orderly project approvals process. 

Some of the items required to support an EIA, particularly consultation, need to be undertaken in a manner that 

does not materially affect Project timing. This will require ongoing consultation with the Canadian Nuclear Safety 

Commission (CNSC) and the Saskatchewan Government to ascertain the level of First Nations, Métis, and 

stakeholder consultation they expect as well as their expectations in other areas. With the signing of agreements 

related to engagement and information sharing during the EIA period with the main Indigenous rights holders, FCU 

has continued to leverage its good relations with these groups in a respectful manner. These agreements establish 

the basis for FCU's ongoing relationship with these groups and set the stage for any accommodation agreements.  

FCUôs level of governance continues to be adequate for the level of work on-site and the EIA regulatory period, but 

it will require significant improvement to support the policy-driven management systems required to support a 

uranium project and the CNSCôs safety and control requirements. FCU will be working on this next step in 2023. 

The feasibility level engineering done to support this FS will be sufficient to support the EIA process with minor 

amounts of additional detail, as necessary. While it is not sufficient to support most of the licensing requirements 

for construction and operations, that additional work will be started in 2023, the FS work provides evidence that the 

Project can be constructed in a manner that protects the environment and public health and safety. 

1.12 Capital and Operating Costs 

1.12.1 Capital Cost Estimate 

The total estimated initial and sustaining capital cost for the design, construction, installation, and commissioning 

of the Project is $1,539 million. This includes all direct costs, indirect costs, ownerôs costs, and contingency. The 

capital cost estimate is consistent with an Association for the Advancement of Cost Engineering (AACE) Class 3 

estimate with the expected accuracy of ±15%. A summary breakdown of the capital cost is provided in Table 1-4. 



 
FEASIBILITY STUDY, NI 43-101 TECHNICAL REPORT, FOR PLS PROPERTY 

 

 

1-10 

 

Table 1-4: Capital Cost Summary 

Capital Cost Area Value ($ millions) 

Mining 176 

Processing  141 

Infrastructure 159 

TMF 235 

Direct Costs 711 

Indirect Costs  198 

Ownerôs Costs 109 

Contingency  137 

Total Initial Capital Cost 1,155 

Total Sustaining Capital Cost 384 

Total Capital Cost 1,539 

1.12.2 Operating Cost Estimate 

The Project operating cost estimate consists of mining, processing, and general and administration (G&A) costs, 

are summarized in Table 1-5. The average operating cost is estimated at $393/t ore processed, or $13.02/lb U3O8 

produced. 

Table 1-5: Average LOM Operating Cost Summary 

Description LOM Cost ($ millions) Unit Cost ($/t processed) Unit Cost ($/lb U3O8) 

Mining 458.8 152.55 5.05 

Processing 489.6 162.78 5.39 

G&A 234.9 78.12 2.59 

Total LOM Capital Cost 1,183.3 393.45 13.02 

 

1.13 Economic Analysis  

The Project has been evaluated using a constant U3O8 market price of US$65/lb U3O8, reflecting the recent upturn 

in the spot price. The LOM base case Project net cash flow before and after tax is presented in Table 1-6. Applying 

an annual discount rate of 8%, the Project base case post-tax cash flow evaluates to a net present value (NPV) of 

$1,204 million and an internal rate of return (IRR) of 27%. The post-tax payback period is 2.6 years when discounted 

at 8% per year. 
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Table 1-6: Summary of Economic Analysis Results 

Parameter Unit Pre-Tax Post-Tax 

Undiscounted Net Cash Clow (NCF) $ billion 4.508 2.787 

NPV @ 8% discount $ billion 2.095 1.204 

IRR % 35.5% 27.2% 

Payback Period year 2.3 2.6 

1.14 Conclusions and Recommendations 

The PLS Project is considered to be technically and economically viable based on the FS parameters and results. 

It is recommended that FCU advance the PLS Project by completing the front-end engineering and design (FEED), 

the Project permitting process, detailed engineering, planning and scheduling, and source financing.  Summary of 

estimated cost to complete is presented in Table 26-1.
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2.0 INTRODUCTION 

FCU commissioned Tetra Tech to complete the FS with the assistance of specialist consultants for the PLS Project, 

in accordance with the NI 43-101 Standards of Disclosure for Mineral Projects. FCU is a Canada-based resource 

company specialising in the strategic exploration and development of the PLS Property. 

The PLS Property is currently 100% owned by FCU. Description and location of the PLS Property is presented in 

Section 4 of this Technical Report, which also includes an updated Mineral Resource estimate and Mineral Reserve 

estimate of the Property. The Qualified Persons (QPs) that authored this Technical Report are independent of FCU 

and the Property. 

The list of consultants responsible for each report section is presented in Table 2-1. 

Table 2-1: FS Technical Report Sections, Consultants, and QPs 

No. Section Company  QP 

1.0 Summary Tetra Tech Sign-off by Section 

2.0 Introduction Tetra Tech Hassan Ghaffari, P.Eng. 

3.0 Reliance on Other Experts Tetra Tech Hassan Ghaffari, P.Eng. 

4.0 Property Description and Location SLR Consulting Mark Mathisen, C.P.G. 

5.0 
Accessibility, Climate, Local Resources, 
Infrastructure, and Physiography 

SLR Consulting Mark Mathisen, C.P.G. 

6.0 History SLR Consulting Mark Mathisen, C.P.G. 

7.0 Geological Setting and Mineralization SLR Consulting Mark Mathisen, C.P.G. 

8.0 Deposit Types SLR Consulting Mark Mathisen, C.P.G. 

9.0 Exploration SLR Consulting Mark Mathisen, C.P.G. 

10.0 Drilling SLR Consulting Mark Mathisen, C.P.G. 

11.0 Sample Preparation, Analyses, and Security SLR Consulting Mark Mathisen, C.P.G. 

12.0 Data Verification SLR Consulting Mark Mathisen, C.P.G. 

13.0 Mineral Processing and Metallurgical Testing Tetra Tech Jianhui (John) Huang, P.Eng. 

14.0 Mineral Resource Estimates SLR Consulting Mark Mathisen, C.P.G. 

15.0 Mineral Reserve Estimates Mining Plus Maurice Mostert, P.Eng. 

16.0 Mining Methods Mining Plus Maurice Mostert, P.Eng. 

    Geotechnical BGC Catherine Schmid, P.Eng. 

    Hydrogeology BGC Randi Thompson, P.Eng. 

17.0 Recovery Methods Tetra Tech Patrick Donlon, FSAIMM, FAusIMM 

18.0 Project Infrastructure Tetra Tech Hassan Ghaffari, P.Eng. 

   table continuesé 
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No. Section Company  QP 

    Tailings Management Facility Clifton Wayne Clifton, P.Eng. 

19.0 Market Studies and Contracts Tetra Tech Hassan Ghaffari, P.Eng. 

20.0 
Environmental Studies, Permitting, and Social 
or Community Impact 

Clifton Mark Wittrup, P.Eng., P.Geo 

21.0 Capital Costs and Operating Costs Tetra Tech 
Hassan Ghaffari, P.Eng., 

Jianhui (John) Huang, P.Eng. 

    Capital Costs and Operating Costs (Mining) Mining Plus Maurice Mostert, P.Eng. 

22.0 Economic Analysis Tetra Tech Hassan Ghaffari, P.Eng. 

23.0 Adjacent Properties SLR Consulting Mark Mathisen, C.P.G. 

24.0 Other Relevant Data and Information Tetra Tech Hassan Ghaffari, P.Eng. 

25.0 Interpretation and Conclusions Tetra Tech Sign-off by Section 

26.0 Recommendations Tetra Tech Sign-off by Section 

27.0 References Tetra Tech Sign-off by Section 

28.0 Certificates of Qualified Persons Tetra Tech Sign-off by Section 

 

Mineral Resource Estimate Update 

The Mineral Resource estimate is current as of the effective date of this Technical Report and is presented in 

Section 14 of the Report. 

Mineral Reserve Estimate Update 

The Mineral Resource estimate is current as of the effective date of this Technical Report and is presented in 

Section 15 of the Report. 

FS News Release 

The results of the FS were disclosed in FCUôs press release dated January 17, 2023. This Technical Report is filed 

in support of the disclosure of the FS results. 

2.1 Sources of Information 

The key information sources for this Technical Report were: 

Á Documents referenced in Section 3 (Reliance on Other Experts) of this Technical Report 

Á Documents referenced in Section 27 (References) of this Technical Report  

Á Additional information provided by FCU personnel where required 
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2.2 Effective Dates 

This Technical Report has the following effective dates: 

Á Mineral Resource estimate: May 17, 2022 

Á Mineral Reserve estimate: January 17, 2023 

Á The overall effective date of this Technical Report is January 17, 2023 

2.3 Qualified Persons 

The name of the QPs of this Technical Report and their QP certificates are included in Section 28. 

2.4 Personal Inspections 

The following QPs conducted a site visit of the Property: 

Á Jianhui (John) Huang (Ph.D., P.Eng.) of Tetra Tech conducted a personal inspection of the Property on October 
13 and 14, 2021. 

Á Mark B. Mathisen (C.P.G.) of SLR conducted the most recent personal inspection of the Property from August 
6 to 8, 2018. 

Á Mark Wittrup (P.Eng., P.Geo.) of Clifton conducted the most recent personal inspection of the Property on June 
13 and June 14, 2019. 

Á Maurice Mostert (P.Eng., FSAIMM.) of Mining Plus conducted a personal inspection of the Property on October 
13 and 14, 2021. 

Á Catherine Schmid (P.Eng.) of BGC conducted the most recent personal inspection of the Property from June 
16 to June 21, 2021. 
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3.0 RELIANCE ON OTHER EXPERTS 

This Technical Report has been prepared by Tetra Tech, SLR, Clifton, Mining Plus and BGC for FCU. The 

information, conclusions, opinions, and estimates contained herein are based on: 

Á Information available to Tetra Tech, SLR, Clifton, Mining Plus, and BGC at the time of preparation of this 
Technical Report. 

Á Assumptions, conditions, and qualifications as set forth in this Technical Report. 

For the purpose of this Technical Report, the authors have relied on ownership information provided by FCU. The 

authors have not researched property title or mineral rights for the PLS Property and express no opinion as to the 

ownership status of the PLS Property. SLR did review the status of the mineral claims on the web site of the 

Saskatchewan Ministry of Economy (http://economy.gov.sk.ca/mining). The information for the mineral claims 

constituting the PLS Property is as noted in Section 4 of this Technical Report as of May 17, 2022, the date of SLRôs 

review. 

Tetra Tech has relied on SLR for guidance on market studies. 

Tetra Tech has relied on FCU and their tax advisors for guidance on applicable taxes, royalties, and other 

government levies or interests, applicable to revenue or income from the Project. 

Except for the purposes legislated under provincial securities laws, any use of this Technical Report by any third 

party is at that partyôs sole risk. 
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4.0 PROPERTY DESCRIPTION AND LOCATION 

The PLS Property, which includes the Triple R deposit discovered in 2012, is located in northern Saskatchewan, 

approximately 550 km north-northwest of the city of Prince Albert by air and 157 km north of the community of La 

Loche by road, as illustrated in Figure 4-1. The PLS Property is accessible by vehicle along all-weather gravel 

Highway 955, which bisects the PLS Property in a north-south direction and continues north through the area to the 

past producing Cluff Lake uranium mine. 

The geographic coordinates for the approximate centre of the PLS Property are 57Á37ô N latitude and 109Á22ô W 

longitude which corresponds to the UTM geographic coordinates of 600,000mE, 6,387,500mN (NAD83 UTM Zone 

12N). The PLS Property is located within 1:50,000 scale NTS map sheets 74F/11 (Forrest Lake) and 74F/12 

(Wenger Lake). It is irregularly shaped and extends for approximately 29 km in the east-west direction and for 

approximately 19 km in the north-south direction. The approximate centre of the Triple R deposit is located at UTM 

coordinates 598,000mE, 6,390,000mN (NAD83 UTM Zone 12N). 

4.1 Mineral Rights 

In Canada, natural resources fall under provincial jurisdiction. In the province of Saskatchewan, the management 

of Mineral Resources and the granting of exploration and mining rights for mineral substances and their use are 

regulated by the Crown Minerals Act and The Mineral Tenure Registry Regulations, 2012, that are administered by 

the Saskatchewan Ministry of the Economy. Mineral rights are owned by the Crown and are distinct from surface 

rights. 

As of December 6, 2012, mineral dispositions are defined as electronic mineral claims parcels within the Mineral 

Administration Registry System (MARS) using a Geographical Information System (GIS). MARS is a web-based 

electronic tenure system for issuing and administrating mineral permits, claims, and leases. Mineral claims are now 

acquired by electronic map staking and administration of the dispositions is also web based. 

In order to maintain mineral claims in good standing in the province of Saskatchewan, the claim holder must 

undertake prescribed minimum exploration work on a yearly basis. The current requirements are $15/ha per year 

for claims that have existed for 10 years or less and $25/ha per year for claims that have existed in excess of 10 

years. 

Mineral claims in good standing may be converted to mineral lease(s) upon application. Mineral leases allow for 

mineral extraction, have 10-year terms, and are renewable. A lease proffers the holder with the exclusive right to 

explore for, mine, work, recover, procure, remove, carry away, and dispose of any Crown minerals within the lease 

lands which are nonetheless owned by the Province. 

Surface rights are a distinct and separate right from subsurface or mineral rights. To obtain surface rights in support 

of mining operations, negotiation with the landowner may be required in the case of private property. In the case of 

Crown lands, a surface permit must be obtained. 

Surface facilities and mine workings constructed in support of mineral extractions require a surface lease from the 

province of Saskatchewan. A surface lease carries a maximum term of 33 years, and may be extended as 

necessary to allow the lessee to develop and operate the mine and plant, and thereafter to carry out the reclamation 

of the lands involved. 
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4.2 Land Tenure 

The PLS Property consists of 17 contiguous mineral claims covering an area of 31,039 ha located on the southwest 

margin of the Athabasca Basin, as illustrated in Figure 4-2. The Triple R deposit is located on claim S-111376. 

Table 4-1 lists the relevant tenure information for the PLS Property. 

Table 4-1: Land Tenure 

Claim Effective Date Anniversary Date Good Standing Date Area (ha) Status 

S-110707 28-Mar-07 27-Mar-19 25-Jun-39 812 Active 

S-110955 31-May-07 30-May-19 28-Aug-39 1,327 Active 

S-111375 13-Jun-08 12-Jun-19 10-Sep-39 2,493 Active 

S-111376 13-Jun-08 12-Jun-19 10-Sep-39 3,310 Active 

S-111377 13-Jun-08 12-Jun-19 10-Sep-39 1,645 Active 

S-111783 30-Apr-10 29-Apr-19 28-Jul-39 1,004 Active 

S-112217 13-Dec-11 12-Dec-19 12-Mar-39 1,202 Active 

S-112218 13-Dec-11 12-Dec-19 12-Mar-39 1,299 Active 

S-112219 13-Dec-11 12-Dec-19 12-Mar-39 987 Active 

S-112220 13-Dec-11 12-Dec-19 12-Mar-39 1,218 Active 

S-112221 13-Dec-11 12-Dec-19 12-Mar-39 2,621 Active 

S-112222 13-Dec-11 12-Dec-19 12-Mar-39 846 Active 

S-112282 22-Jun-11 21-Jun-19 19-Sep-39 3,789 Active 

S-112283 22-Jun-11 21-Jun-19 19-Sep-39 1,003 Active 

S-112284 22-Jun-11 21-Jun-19 19-Sep-39 2,021 Active 

S-112285 22-Jun-11 21-Jun-19 19-Sep-39 5,404 Active 

S-112370 23-Nov-11 22-Nov-19 20-Feb-39 58 Active 

The mineral claims constituting the PLS Property were ground staked and are therefore designated as non-

conforming legacy claims. As of December 6, 2012, the PLS Property and component claim locations were defined 

as electronic mineral claim parcels within the MARS. As of December 31, 2022, assessment credits totaling 

C$13,342,750.00 will be available for claim renewal. Required expenditures totaling C$775,975.00 will be required 

to renew the property claims upon their respective annual anniversary dates. In the absence of sufficient 

assessment credits, there is a provision in Saskatchewan to keep the claims in good standing by making a 

deficiency payment or a deficiency deposit. 

As of the effective date of this Technical Report, all 17 mineral claims comprising the PLS Property are in good 

standing and registered in the name of Fission Uranium. The Project is located on Provincial Crown land; surface 

rights are obtained after successful ministerial decision, after an environmental decision, and following successful 
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negotiation of a mineral surface lease agreement. FCU currently has a surface lease agreement that covers the 

core storage, core handling, Hub Camp, and laydown areas. 

4.3 Royalties and Other Encumbrances 

SLR is not aware of any royalties due, back-in rights, or other encumbrances to the Project including current and 

future permitting requirements and associated timelines, permit conditions, and violations and fines. 

4.4 Permitting 

SLR is not aware of any environmental liabilities associated with the PLS Property. 

SLR understands that FCU has all the required permits to conduct the proposed work on the PLS Property. SLR is 

not aware of any other significant factors and risks that may affect access, title, or the right or ability to perform the 

proposed work program on the PLS Property. 
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Source: SLR, 2022 

Figure 4-1: Property Location   



 
FEASIBILITY STUDY, NI 43-101 TECHNICAL REPORT, FOR PLS PROPERTY 

 

4-5 

 

 

Source: FCU, 2022 

Figure 4-2: Land Tenure  
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5.0 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCRE, 
AND PHYSIOGRAPHY 

5.1 Accessibility 

The PLS Property is located approximately 550 km north-northwest of the city of Prince Albert, Saskatchewan. 

Prince Albert is serviced by multiple flights daily from Saskatoon. The PLS Property can be reached by driving 

northward along paved Highway 155 for a distance of approximately 300 km to the community of La Loche. At La 

Loche, the all-weather gravel Highway 955 (Cluff Lake Mine Road) heads northwards and enters the PLS Property 

at the 144 km marker. Highway 955 bisects the PLS Property in a north-south direction. Numerous access roads 

branch off from Highway 955 allowing access to the east and west halves of the PLS Property. 

5.2 Climate 

The PLS Property is located within the Mid-Boreal Upland Ecoregion of the Boreal Shield Ecozone (Marshall and 

Schutt 1999). The summers are short and cool, and the winters are long and cold. The ground is snow covered for 

six to eight months of the year. The ecoregion is classified as having a sub-humid high boreal ecoclimate. Table 

5-1 illustrates the climatic data for the two most proximal Environment Canada weather stations. 

Table 5-1: Climatic Data ï Cluff Lake, Fort Chipewayan, and Fort MacKay 

 Cluff Lake (SK) 

58Á22ôN 109Á31ôW 

Fort Chipewayan (AB) 

58Á46ôN 111Á07ôW 

Fort MacKay (AB) 

56Á58ôN 111Á27ôW 

Mean January temperature -20.4°C -21.9°C -21.0°C 

Mean July temperature 16.9°C 17.0°C 17.0°C 

Extreme maximum temperature 36.0°C 34.7°C 37.0°C 

Extreme minimum temperature -49.0°C -50.0°C -50.6°C 

Annual precipitation 451.0 mm 365.7 mm 414.0 mm 

Annual rainfall 319.3 mm 250.4 mm 302.3 mm 

Annual snowfall 162.8 cm 116.9 cm 133.8 cm 

 

Despite the winter conditions, drilling and geophysical surveys can be performed year-round. Surface geochemical 

surveys are generally restricted to the snow-free months. 

5.3 Local Resources 

Various services are available at La Loche including fuel, and emergency medical services. A greater range of 

services is available in Prince Albert and Saskatoon. Fixed wing aircrafts are available for charter at Fort McMurray 

in Alberta and Buffalo Narrows, La Loche, and La Ronge in Saskatchewan. Helicopters are available for charter at 

Fort McMurray and La Ronge.  
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5.4 Infrastructure 

With the exception of the all-weather gravel Highway 955, which traverses the PLS Property, there is no permanent 

infrastructure on the PLS Property. 

5.5 Physiography 

The topography of northern Saskatchewan is characterized by low hills, ridges, drumlins, and eskers, with lakes 

and muskeg common in the low-lying areas. Outcrop of the underlying Athabasca sandstone and basement rocks 

is rare. Numerous lakes and ponds generally show a north-easterly elongation imparted by the most recent 

glaciation. Elevation on the property varies between 499 masl and 604 masl. 

Loamy, grey soils produce taller trees than in the Canadian Shield. Aspen, white spruce, jack pine, black spruce, 

and tamarack are common. 

Wildlife consists of moose, woodland caribou, mule deer, white-tailed deer, elk, black bear, timber wolf, and beaver. 

Birds include white-throated sparrow, American redstart, bufflehead, ovenbird, and hermit thrush. Fish include 

northern pike, pickerel, whitefish, lake trout, rainbow trout, and perch. 

The PLS Property is at the advanced feasibility and mine planning stage. The SLR QP is of the opinion that, to the 

extent relevant to the mineral project, there is a sufficiency of surface rights and water. 
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6.0 HISTORY 

6.1 Prior Ownership 

Claims comprising the PLS Property were ground staked from February 2007 to December 2011. Claim S-110707 

was originally staked on behalf of ESO Uranium Corp. (ESO). Claim S-110955 was originally staked on behalf of 

Strathmore Minerals Corp. (Strathmore) and transferred to Fission Energy Corp. (Fission Energy) in its plan of 

arrangement. In January 2008, Fission Energy and ESO entered into a 50/50 joint venture and contributed the 

claims existing at that time. As part of the agreement, Fission Energy contributed mineral claims S-110954 and S-

110955 while ESO contributed S-110707 and S-110723. Mineral claims S-110954 and S-110723 were eventually 

allowed to lapse. Subsequently, additional claims were staked for the benefit of the joint venture, including S-111376 

which is now known to host the Triple R deposit. 

On March 7, 2013, Fission Energy announced that it had entered into an agreement (the Agreement) with Denison 

Mines Corp. (Denison) whereby Denison agreed to acquire all the issued and outstanding shares of Fission Energy. 

Under this Agreement, Fission Energy spun out certain assets, including its 50% interest in the PLS Property, into 

a newly formed, publicly traded company, FCU, by way of a court-approved plan of arrangement.  

Pursuant to the Agreement, Denison acquired a portfolio of uranium exploration projects including Fission Energyôs 

60% interest in the Waterbury Lake uranium project, as well as Fission Energyôs exploration interests in all other 

properties in the eastern part of the Athabasca Basin, its interests in two joint ventures in Namibia, plus its assets 

in Quebec and Nunavut. FCUôs assets consisted of the remaining assets of Fission Energy including the 50% 

interest in the PLS Property. 

6.2 Exploration and Development History 

The following description of historic exploration work conducted on the PLS Property and its immediate vicinity is 

taken from Armitage (2013). 

The PLS Property was geologically mapped as part of a larger area by W.F. Fahrig for the Geological Survey of 

Canada (GSC) in 1961 (Hill 1977). Another geological mapping project completed in 1961 by L.P. Tremblay of the 

GSC covered the PLS Property and Firebag River area at a scale of four miles to the inch (Hill 1977). 

In 1969, photogeologic mapping and airborne radiometric and magnetic surveys were completed on the PLS 

Property for Wainoco Oil and Chemicals Ltd. The surveys did not detect any notable structures or anomalies 

(Atamanik, Downes and van Tongeren 1983). 

CanOxy completed extensive exploration on and around the PLS Property from 1977 to 1981. Exploration 

comprised an airborne Questor INPUT electromagnetic (EM) survey; horizontal loop EM (HLEM) and magnetic 

geophysical surveys; geological, geochemical, alphameter (radon), and radiometric surveys; and diamond drilling. 

In 1977, CanOxy discovered a very strong six station alphameter (radon) anomaly with dimensions of 1.2 km by 

1.7 km on what is now claim S-111375. This anomaly coincides with high uranium in soil values and anomalous 

scintillometer (radiometric) values. It was suggested that this alphameter anomaly was responding to radioactive 

exotic boulders within the till of the Cree Lake Moraine, however, no follow-up work was carried out (Hill 1977). 
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CanOxyôs 1977 ground EM survey delineated the Patterson Lake Conductor Corridor that traverses the centre of 

Patterson Lake on claim S-111376 and extends onto claim S-111375. Several disrupted conductors and inferred 

cross cutting features were identified as priority 1, 2, and 3 drill targets on claim S-111376. 

CanOxy drill hole CLU-12-79 was positioned based on an airborne EM conductor, which was later refined by ground 

EM surveys. This drill hole is located on the northernmost conductor of the Patterson Lake conductor corridor and 

is on the west shore of Patterson Lake within claim S-111376. Drill hole CLU-12-79 was highlighted by a 6.1 m wide 

sulphide-graphite ñconductorò that contained anomalous uranium, copper, and nickel concentrations. Strong 

hematite and chlorite alteration were observed in the regolith and fresh basement rock, and two spikes in 

radioactivity occurred in the fresh basement lithologies (Robertson 1979). 

6.3 Previous Resource Estimates 

An initial Mineral Resource estimate was reported for the Triple R deposit in an NI 43-101 Technical Report by RPA 

dated February 12, 2015 (RPA 2015a). An updated Mineral Resource estimate for the Triple R deposit was 

prepared by RPA on September 14, 2015 (RPA 2015b). A further updated Mineral Resource estimate for the Triple 

R was prepared by RPA, Wood, and Clifton on May 30, 2019 (RPA 2019a), and again on September 19, 2019 

(RPA 2019b). RPA is now part of SLR. 

All previous Mineral Resource estimates are superseded by the updated Mineral Resource estimate in Section 14 

of this Technical Report. 

6.4 Past Production 

There has been no production from the PLS Property up to the effective date of this Technical Report. 
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7.0 GEOLOGICAL SETTING AND MINERALIZATION 

7.1 Regional Geology 

The most significant uranium metallogenic district in Canada is the Athabasca Basin, which covers over 85,000 km2 

in northern Saskatchewan and northeastern Alberta, as illustrated in Figure 7-1. The Athabasca Basin is oval 

shaped at surface with approximate dimensions of 450 km by 200 km and reaches a maximum thickness of 

approximately 1,500 m near the centre. The basin itself is a relatively undeformed and unmetamorphosed sequence 

of Paleoproterozoic to Mesoproterozoic clastic rocks known as the Athabasca Group, lying unconformably on the 

deformed and metamorphosed rocks of the Western Churchill Province of the Canadian Shield. 

The east-west elongate Athabasca Basin lies astride two subdivisions of the Western Churchill Province, the Rae 

Subprovince (Craton) to the west, and the Hearne Subprovince (Craton) to the east. These are separated by the 

northeast trending Snowbird Tectonic Zone also known as the Virgin River Shear Zone or Black Lake Shear Zone, 

south and north of the Athabasca Basin, respectively. The PLS Property is located within the Clearwater and Taltson 

Domains of the Rae Subprovince near the southwestern edge of the Athabasca Basin. The western portion of the 

PLS Property overlies the Clearwater Domain and the eastern portion of the PLS Property overlies the Taltson 

Domain. 
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Source: after GSC ï Mineral Deposits of Canada, Unconformity Associated Uranium Deposits 

Figure 7-1: Regional Geology  
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7.2 Local Geology 

The following description of the local geology is revised after Armitage (2013). 

The PLS Property lies within the northeastern limits of the Cretaceous Mannville Group (Mannville Group), which 

covers a large portion of western Saskatchewan, as illustrated in Figure 7-2, Figure 7-3, and Figure 7-4. The Lexicon 

of Canadian Geologic Units (the Lexicon) describes the Mannville Group as interbedded marine and non-marine 

sands, shales, and calcareous sediments. 

Regionally discontinuous Devonian age Elk Point Group exists beneath the Cretaceous sediments. The Lexicon 

describes the Elk Point Group as being comprised of nine distinct lithologies consisting primarily of carbonates, 

evaporites, and clastic rocks.  

To date, no Athabasca Group sediments have been intersected on the PLS Property.  

Basement rocks of the PLS Property consist of the Clearwater and Taltson Domains. Although not well defined due 

to limited exposure and mapping, the Clearwater Domain is recognized to consist of gneissic granitoids, anorthosite, 

monzodiorite, and granites (Card et al. 2014). The Paleoproterozoic Taltson Domain rocks are comprised of 

granulite facies orthogneisses derived predominantly from diorite, quartz diorite, and quartz monzodiorite, with 

subordinate tonalite, granodiorite, and granite (Card et al. 2014). Mafic to ultramafic rocks commonly intrude the 

orthogneisses.  

7.3 Property Geology 

The following description of the property geology is taken from Mineral Services Canada Inc. (2014a) with revisions 

after 2018 drilling. 

7.3.1 Quaternary Geology 

The PLS Property is covered by a thick layer of sandy to gravelly Quaternary glacial material. The Quaternary 

material ranges in thickness from less than 10 m in the southeast portion of the PLS Property to greater than 100 m 

directly west of Patterson Lake. No outcrop has been discovered on the PLS Property to date. Eskers, drumlins, 

and other glacial features show a general north-easterly trend imparted by the most recent glaciation. A roughly 

north-south orientation is present in the glacial features in the vicinity of the radioactive boulder field west of 

Patterson Lake, which is interpreted to reflect a glacial outwash plain. Occasional drill holes west of Patterson Lake 

also intersect apparently thick intervals of glacial diamictite. The diamictite is comprised of dark grey to black silty 

matrix material with subangular pebble to gravel sized Athabasca sandstone and basement clasts throughout.  

7.3.2 Mannville Group  

Intermittently on the PLS Property, particularly to the west of Patterson Lake, intervals of dark grey, Cretaceous 

Mannville Group mudstone have been intersected, interpreted to be the Cantuar Formation. The thickness of the 

Cantuar Formation appears highly variable, which is likely a result of being washed away during drilling, however, 

it has been intersected in lengths in excess of 20 m (e.g., PLS12-017). Thin seams of coal are occasionally present 

within the mudstone.  
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7.3.3 Elk Point Group 

The lowest formation of the Elk Point Group, the Meadow Lake Formation, occurs as a thin intermittent lens on the 

PLS Property. The greatest proportion of Meadow Lake Formation cored to date occurs in holes drilled to intersect 

the R00E and R780E mineralized zones. The Meadow Lake Formation is generally medium grained, brownish in 

colour when fresh, and contains numerous poorly sorted subangular basement and Athabasca sandstone clasts. 

The matrix around mineral and lithic clasts is well developed and made up of carbonate (MSC 2012). Typical 

thicknesses of Meadow Lake Formation range widely, from tens of cm to over 10 m. The Meadow Lake Formation 

is interpreted to be the remaining infill of a basement low over mineralization and has been found to taper off rapidly 

away from the mineralized zone.  

Alteration within the Meadow Lake Formation, when present, is dominated by pervasive chlorite and illite, which 

turns the sediments whitish green to dark green. Pervasive pink-red hematite alteration also commonly occurs in 

more competent intervals. 

Due to the limited amount of drilling in the Meadow Lake Formation, no significant structures have been noted within 

this area of the PLS Property to date. 

7.3.4 Basement Rocks 

The PLS Property covers two geological domains; the western portion covers the Clearwater Domain while the 

eastern portion covers the Taltson Domain. To date, drilling at the PLS Property has been focused on the basement 

rocks of the Taltson Domain. In the vicinity of PLS mineralization (i.e., along the PLG-3B EM conductor), the 

basement rocks are comprised of a northeast trending belt of variably altered and sheared pyroxene bearing 

orthogneisses bounded to the northwest and southeast by an apparently thick package of quartz-feldspar-biotite-

garnet gneiss (QFBG-GN). The pyroxene bearing orthogneisses and QFBG-GN are intruded by numerous sheared, 

fine-grained granite lenses.  

The pyroxene bearing orthogneiss comprises the core of a northeast trending belt of alteration and structural 

disruption along the PLG-3B EM conductor and dips steeply to the southeast. The orthogneisses are intensely 

sheared, faulted, and altered into an intercalated sequence of fine-grained ribbony graphite-sulphide gneiss and 

medium grained garnet porphyroblast gneiss with subordinate garnetite, graphitic mylonite, and cataclasite. The 

sheared graphitic rocks are collectively termed the Main Shear Zone (MSZ).  

The MSZ is constrained to the north and south by QFBG-GN. The QFBG-GN is comprised of approximately 60% 

quartz and plagioclase, 20% biotite, 15% garnet, and trace pyrite, sillimanite, and graphite. 

Lenses of dark green to black, sheared, fine grained granitoid intrude the QFBG-GN and MSZ along the extent of 

the PLG-3B drilled to date. The sheared granitoids are interpreted to be roughly concordant with the regional 

geology (i.e., steeply dipping to the southeast) except in the eastern R780E where a thick lens is interpreted to dip 

shallowly to the east.  

Away from mineralization, the basement rocks immediately in the PLS area are either paleoweathered, weakly 

altered, or fresh. The paleoweathered rock displays the typical downward gradational profile of a thin bleached and 

strongly kaolinite altered zone to a hematite dominated and then into a chlorite dominated zone. The 

paleoweathering profile can extend several m into the basement rock and completely alters the primary mineralogy 

to secondary clay minerals and quartz. Away from paleoweathered areas, later-stage hydrothermal alteration is 

common throughout the basement. In particular, a broad zone of alteration occurs around mineralization where 

fresh basement is rarely encountered. Dark green chlorite alteration of garnet, biotite, and Al-silicates along with 

fracture infill to disseminated graphite and whitish green clay alteration of feldspar is the most abundant type of 
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basement alteration. Patchy pink to red hematite occurs in the basement lithologies and is often associated with 

elevated radioactivity. Similarly, patchy, blebby limonite alteration almost entirely occurs with moderate to strong 

intervals of radioactivity. Along the MSZ and hanging wall QFBG-GN contact, a broad zone of silicification almost 

completely overprints the QFBG-GN. This silicified unit was initially considered as quartzitic gneiss, but later was 

reinterpreted as a silicified version of the southern QFBG-GN based on textural observations and the gradational 

nature of the contact between the southern QFBG-GN and silicified zone.  

On a regional scale, the paleotopography in the vicinity of the PLG-3B EM conductor is flat lying. The mineralized 

zones occur in slight basement topographic lows and are separated by relative highs. In the vicinity of the 

mineralized zones, the basement surface shows many small-scale offsets, which are interpreted to be caused by a 

series of stacked reverse faults. Based on processed oriented core data and closely spaced grid drilling, the 

dominant structural trends along the PLG-3B EM conductor appear to be steeply southeast dipping reverse faults 

and dextral strike-slip movement. Significant northeast and northwest trending faults interpreted from DC resistivity 

surveys crosscut the PLG-3B conductor and appear to be associated with broad, strong zones of uranium 

mineralization. These faults are yet to be positively identified in drill core as they are roughly parallel to the dominant 

drilling direction. Around zones of intense uranium mineralization microbreccia, dravite filled breccia, and graphitic 

cataclasite and mylonite occur; however, the intense alteration associated with uranium mineralization often makes 

these features difficult to identify. 
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Source: FCU, 2022 

Figure 7-2: Local Geol ogy  
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Source: FCU, 2022 

Figur e 7-3: Property Geology  
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Figure  7-4: Idealized Cross Section  
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7.4 Mineralization 

As of the effective date of this Technical Report, appreciable high-grade mineralization is known to occur on the 

PLS Property in five zones, which collectively make up the Triple R deposit. From west to east, these zones are: 1) 

R1515W, 2) R840W, 3) R00E, 4) R780E, and 5) R1620E, the most significant of which is the R780E zone, as 

depicted in Figure 7-5. Uranium mineralization discovered on the PLS Property to date is hosted primarily in 

basement lithologies with subordinate amounts intersected in the overlying Devonian sedimentary rocks. 

Mineralized zones occur within or near to the MSZ over a 3.17 km strike length along the PLG-3B EM conductor. 

The R1620E zone is currently defined by 23 drill holes and is located on the PLG-3C EM conductor, which is 

considered to be the eastern extension of the MSZ based on geology.  

No significant uranium mineralization has been intersected in exploration drilling away from the PLG-3B and 3C 

conductors. 

Parts of the following description of the mineralization on the PLS Property are taken from Mineral Services Canada 

Inc. (2014a) and revised after drilling to the end of 2018. 

Uranium mineralization at the PLS Property is hosted primarily within metamorphosed basement lithologies and, to 

a much lesser extent, within overlying Meadow Lake Formation sedimentary rocks. 

Mineralization within the Meadow Lake Formation sedimentary rocks typically occurs as fine-grained 

disseminations, sooty blebs, and rarely semi-massive uranium mineralization. Uranium concentrations within the 

Meadow Lake Formation are generally low to moderate, however, grades greater than 1.00% by weight (wt%) U3O8 

have been intersected. When mineralized, the Meadow Lake Formation is typically strongly clay and chlorite altered, 

though locally can be pervasively hematite stained a deep red. Relative to basement hosted mineralization, only a 

very small amount of mineralized Meadow Lake Formation has been intersected on the PLS Property to date. 

Basement hosted mineralization at the PLS Property occurs in a wide variety of styles, the most common of which 

appears to be fine-grained disseminated and fracture filling uranium minerals strongly associated with 

hydrocarbon/carbonaceous matter within the MSZ. Uranium minerals, where visible, appear to be concordant with 

the regional foliation and dominant structural trends identified through oriented core and fence drilling (i.e., steeply 

dipping to the southeast). Typically, mineralization within the MSZ is associated with pervasive, strong, grey-green 

chlorite and clay alteration. The dominant clay species identified through portable infrared mineral analyzer (PIMA) 

analysis are kaolinite and magnesium-chlorite interpreted to be sudoite. The pervasive clay and chlorite alteration 

eliminate the primary mineralogy of the host rock with only a weakly defined remnant texture remaining. Locally, 

intense rusty limonite-hematite alteration in the orthogneisses strongly correlates with high grade uranium 

mineralization and a ñrottenò, wormy texture.  

Less common styles of uranium mineralization within the MSZ, which are often associated with very high grade 

uranium, include: semi-massive and hydrocarbon rich, intensely clay altered (kaolinite) with uranium-hydrocarbon 

buttons, and massive metallic mineralization. These zones of very high grade mineralization generally occur along 

the contact of the MSZ and intensely silicified QFBG-GN and comprise a high grade mineralized spine. This spine 

may represent a zone of intense structural disruption which has been completely overprinted by alteration and 

mineralization, however, drill holes that undercut the strongly mineralized spine have failed to show signs of 

significant structural damage. Particularly well mineralized drill holes are often associated with thin swarms of 

dravite-filled breccia. 

Uranium mineralization within the north and south QFBG-GN which bound the MSZ generally occurs as fine grained 

disseminations and is almost always associated with pervasive whitish-green clay and chlorite alteration with local 
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pervasive hematite. The mineralized zones within the QFBG-GN are interpreted to be stacked structures parallel to 

the MSZ strike and dip along the PLG-3B conductor. 

Results of the detailed mineralogical work at the PLS Property indicate that the dominant uranium mineral present 

is uraninite, with subordinate amounts of coffinite, possible brannerite and U-Pb oxide/oxyhydroxide. Uranium 

minerals occur mainly as anhedral grains and polycrystalline aggregates with irregular terminations; irregularly 

developed veinlets, locally showing extremely complex intergrowths with silicates; micrometric inclusions and 

dendritic intergrowths with silicates; and very fine-grained dissemination intercalated with clays. In the samples 

studied, uranium minerals also occur as fine-grained inclusions in carbonaceous matter (hydrocarbon). 

7.4.1 R00E Zone 

The R00E mineralized zone was the first mineralized zone discovered on the PLS Property and was intersected 

during the fall 2012 drill program. The sixth drill hole of the campaign, PLS12-022, was a vertical hole drilled from 

the western shore of Patterson Lake testing for the up-dip extension of the strong alteration and weak mineralization 

intersected in PLS12-016 (0.07% U3O8 over 1.0 m). PLS12-022 intersected a total of 12.5 m of uranium 

mineralization beginning at the top of bedrock (55.3 m) including a main zone averaging 1.1% U3O8 over 8.5 m from 

70.5 m to 79.0 m. 

The R00E zone is currently defined by 23 drill holes intersecting uranium mineralization over a combined grid east-

west strike length of 120 m and a maximum grid north-south width of 50 m. Uranium mineralization at R00E trends 

north-easterly, in line with the MSZ. 

At R00E, uranium mineralization is generally found within several m of the top of bedrock which occurs at a depth 

of 50 m to 60 m vertically from surface. Several holes (e.g., PLS13-037, PLS13-039) drilled along the southern 

edge of the mineralization have intersected the down dip uraniferous root over 100 m below the top of bedrock. 

Uranium mineralization at R00E is hosted within the MSZ, northern QFBG-GN, and Meadow Lake Formation 

sediments. No uranium mineralization has been intersected to date in the silicified hanging wall or in the southern 

QFBG-GN. 

As the R00E zone had been interpreted to be roughly flat lying at the top of bedrock, vertical holes have dominantly 

been utilized to delineate mineralization. Vertical holes intersect the mineralized zone roughly perpendicular and 

therefore provide an approximate true thickness. Table 7-1 lists a selection of significant mineralized drill hole 

intersections at the R00E zone. 

Drilling since the effective date of the previous Mineral Resource estimate did not affect the interpretation of the 

R00E zone; therefore, the resource model in that area has not changed. 
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Table 7-1: R00E Zone Significant Intersections 

Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8 * m) 

PLS13-059 20.50 8.36 171.38 

PLS13-043 22.00 4.80 105.60 

PLS13-079 17.50 5.98 104.65 

PLS13-041 25.00 3.02 75.50 

PLS13-052 16.49 3.89 64.15 

PLS13-027 38.00 1.05 39.90 

PLS13-049 17.00 2.10 35.70 

Notes: 

1. Average grades are based on uncut chemical assay values 

2. GT ï grade by thickness 

7.4.2 R780E Zone 

The R780E zone was discovered during the winter 2013 drill program with drill hole PLS13-038. PLS13-038 

targeted an intense radon-in-water anomaly occurring along the PLG-3B conductor, approximately 390 m east of 

the PLS discovery hole. Drill hole PLS13-038 intersected a 34.0 m wide zone of very strong uranium mineralization, 

beginning at 87.0 m, averaging 4.9% U3O8. 

The R780E zone is currently defined by 281 drill holes over a grid east-west strike length of 960 m and a maximum 

grid north-south width of 101 m. Similar to R00E, R780E mineralization trends approximately northeast, in line with 

the MSZ. Representative sections and plans from the R780E zone are provided in Section 14, Mineral Resources. 

As with the R00E zone, R780E uranium mineralization has varying thickness, from tens of cm along the flanks to 

very wide intervals within the MSZ, as seen in PLS14-248 which intersected a lens of high grade uranium 

mineralization over 15 m in true thickness. In section view, R780E mineralization generally occurs as sub-vertically 

and southeast dipping zones, concordant with the regional dip. A very high grade spine of uranium mineralization 

occurs within the main zone and has been traced as a series of lenses across almost the entire strike length of the 

R780E zone. The high grade spine occurs adjacent to the contact between the MSZ and silicified QFBG-GN. 

At the western R780E zone, uranium mineralization extends to near the top of bedrock. Moving eastward, the top 

of mineralization appears to be plunging at approximately -7° to the east. In general, the western R780E 

mineralization morphology is similar to the R00E, spatially restricted to the northern QFBG-GN, MSZ, and Meadow 

Lake Formation sediments. Moving eastward through the R780E zone, mineralization has been intersected within 

the MSZ, northern QFBG-GN, and Meadow Lake Formation sediments and, unlike the R00E zone, strong 

mineralization has been cored in the silicified QFBG-GN and southern QFBG-GN.  

Initial drilling at the R780E zone consisted of only vertical holes for three main reasons: testing for subhorizontal 

mineralization similar to the R00E zone, limitations with the reverse circulation (RC) drill rig used to pre-case holes, 

and summer barge drilling where angled holes were not technically achievable. From drill hole PLS14-192, which 

was drilled during the winter 2014 campaign, onwards, the majority of drill holes at R780E were angle holes, mostly 

drilled south to north in order to best intersect the steeply south dipping mineralized lenses. The Mineral Resource 
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estimate for the R780E zone has been updated with results of the winter 2021 drill program. Table 7-2 lists a 

selection of significant drill hole intersections at the R780E zone. 

Table 7-2: R780E Zone Significant Intersections 

Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8 * m) 

PLS14-248 31.50 28.05 883.58 

PLS13-075 60.49 20.26 1225.53 

PLS14-129 21.00 28.05 589.05 

PLS18-588 26.00 22.62 588.12 

PLS14-201 13.05 26.47 345.43 

PLS13-051 27.50 27.28 750.20 

PLS14-215 30.99 11.49 356.08 

PLS14-187 41.50 10.10 419.15 

PLS13-053 27.45 22.60 620.37 

PLS14-209 42.50 21.97 933.73 

PLS13-080 18.48 19.01 351.30 

PLS14-290 38.50 32.52 1252.02 

PLS18-584 37.90 11.43 433.20 

Note: 

1. Average grades are based on uncut chemical assay values 

2. GT ï grade by thickness 

7.4.3 R1620E Zone 

The R1620E mineralized zone was discovered during the winter 2014 drill program with hole PLS14-196 which was 

testing a moderate radon-in-water anomaly along the PLG-3C EM conductor, interpreted to be the extension of the 

PLG-3B EM conductor. PLS14-196 intersected 28.5 m of uranium mineralization beginning at a depth of 100.0 m 

down hole, which averaged 0.17% U3O8. 

The R1620E zone is currently defined by 23 drill holes. Uranium mineralization at the R1620E occurs in what is 

interpreted to be the eastern extension of the MSZ and appears to be associated with the MSZ ï silicified QFBG-

GN contact. Table 7-3 lists a selection of significant drill hole intersections at the R1620E zone. The R1620E zone 

was last drilled during the winter 2017 program; additional drilling is recommended. 
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Table 7-3: R1620E Zone Significant Intersections 

Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8*m) 

PLS16-500 14.00 9.53 133.42 

PLS16-460 27.50 3.79 104.23 

PLS16-485 10.00 9.75 97.50 

PLS16-498 25.50 3.74 95.37 

PLS16-464 23.14 6.59 152.49 

PLS16-496 15.40 6.45 99.33 

PLS16-489 12.00 2.30 27.60 

PLS17-518 16.48 1.09 17.96 

PLS17-531 9.49 0.74 7.02 

PLS16-487 18.50 0.46 8.51 

PLS14-196 28.50 0.17 4.85 

Notes:  

1. Average grades are based on uncut chemical assay values 

2. GT ï grade by thickness 

7.4.4 R840W Zone 

The R840W (formerly known as R600W) mineralized zone, located 840 m west of R00E, was discovered during 

the summer 2013 exploration drill program. PLS13-116 was an angle hole drilled to the north, targeting a radon-in-

soil anomaly along the western end of the PLG-3B conductor. The drill hole intersected a thin zone of anomalous 

radioactivity hosted in the northern QFBG-GN. Follow-up drilling during the 2015 winter program intersected high 

grade uranium mineralization in drill hole PLS15-352 returning 31.5 m averaging 11.09 wt% U3O8.  

The R840W zone is currently defined by 91 drill holes with a total grid east-west strike length of 425 m. Similar to 

the R00E and R780E zones, mineralization trends north-easterly in line with the MSZ. Table 7-4 lists a selection of 

significant drill hole intersections at the R840W zone. Additional drilling is recommended. Drill holes intersecting the 

near vertical mineralized zones at shallow angles or nearly parallel the mineralization do not reflect the true 

thickness of the fractures which range from 10 m to 20 m wide. 
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Table 7-4: R840W Zone Significant Intersections 

Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8 * m) 

PLS15-439 20.41 15.96 325.74 

PLS15-343 26.50 15.30 405.45 

PLS16-504 10.50 12.25 128.63 

PLS17-517 51.00 1.89 96.39 

PLS16-512 54.00 1.39 75.06 

PLS17-515 23.00 2.64 60.72 

PLS21-613 26.50 3.56 94.34 

PLS21-624 46.00 8.01 368.46 

Notes:  

1. Average grades are based on uncut chemical assay values 

2. GT ï grade by thickness 

7.4.5 R1515W Zone 

The R1515W mineralized zone was discovered during the winter 2017 drill program with hole PLS17-539 located 

500 m west of R840W. The R1515W zone is currently defined by 25 drill holes with the best mineralized intersection 

returned in PLS17-564 which cored 14.5 m of uranium mineralization averaging 3.39 wt% U3O8. Uranium 

mineralization at the R1515W occurs in the MSZ and appears to be associated with the MSZ ï silicified QFBG-GN 

contact. Table 7-5 lists a selection of significant drill hole intersections at the R1515W zone. The R1515W zone 

was last drilled during the winter 2018 program; additional drilling is recommended. 

Table 7-5: R1515W Zone Significant Intersections 

Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8 * m) 

PLS17-557 42.95 1.17 50.25 

PLS17-553 28.99 1.72 49.86 

PLS17-566 49.08 2.06 101.10 

PLS18-571 27.98 2.96 82.82 

PLS18-572 22.49 1.66 37.33 

PLS18-574 17.17 2.72 46.70 

PLS18-569 30.47 3.59 109.39 

PLS17-561 15.00 1.74 26.10 

PLS17-562 27.65 1.90 52.54 

PLS17-560 45.99 0.64 29.43 

table continuesé 
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Drill Hole 
Interval Length 

(m) 

Average Grade1 

(%U3O8) 

GT2 

(%U3O8 * m) 

PLS17-563 29.52 1.40 41.33 

PLS18-577 15.50 0.73 11.32 

PLS18-578A 24.98 0.26 6.49 

PLS18-570 35.00 0.71 24.85 

PLS17-539 14.53 0.39 5.67 

Notes:  

1. Average grades are based on uncut chemical assay values 

2. GT ï grade by thickness 
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8.0 DEPOSIT TYPES 

The Triple R deposit is considered to be an example of a basement hosted vein-type or fracture-filled uranium 

deposit. 

At numerous locations in Saskatchewan as well as some in Alberta, uranium deposits have been discovered at, 

above, and below the Athabasca Group unconformity. Mineralization can occur hundreds of m into the basement 

or can be perched up to 100 m above in the sandstone. At Triple R, relatively minor amounts of uranium have been 

identified in the overlying Devonian sediments and mineralization has been discovered in the basement at depths 

ranging from immediately at or just below the unconformity to 400 m below it. Typically, uranium is present as 

uraninite/pitchblende which occurs as veins and semi-massive to massive replacement bodies. In most cases, 

mineralization is also spatially associated with steeply dipping, graphitic basement structures that have penetrated 

into the sandstones and offset the unconformity during successive reactivation events. Such structures are thought 

to represent both important fluid pathways as well as chemical/structural traps for mineralization through geologic 

time as reactivation events have likely introduced further uranium into mineralized zones and provided a means for 

remobilization. 

Unconformity-associated uranium deposits are pods, veins, and semi-massive replacements consisting of mainly 

uraninite, close to basal unconformities, in particular those between Proterozoic conglomeratic sandstone basins 

and metamorphosed basement rocks. Prospective basins in Canada are filled by thin, relatively flat-lying, and 

apparently un-metamorphosed but pervasively altered, Proterozoic (~1.8 Ga to <1.55 Ga), mainly fluvial, redbed 

quartzose conglomerate, sandstone, and mudstone. The basement gneiss was intensely weathered and deeply 

eroded with variably preserved thicknesses of reddened, clay-altered, hematitic regolith grading down through a 

green chloritic zone into fresh rock. The basement rocks typically comprise highly metamorphosed interleaved 

Archean to Paleoproterozoic granitoid and supracrustal gneiss including graphitic metapelite that hosts many of the 

uranium deposits. The bulk of the U-Pb isochron ages on uraninite are in the range of 1,600 Ma to 1,350 Ma. Mines 

comprise various proportions of two styles of mineralization. Monometallic, generally basement-hosted uraninite 

fills veins, breccia fillings, and replacements in fault zones. Polymetallic, commonly subhorizontal, semi-massive 

replacement uraninite forms lenses just above or straddling the unconformity, with variable amounts of uranium, 

nickel, cobalt, and arsenic, and traces of gold, platinum-group elements, copper, rare-earth elements, and iron. 

Fundamental aspects of the Athabasca unconformity-type uranium deposit model are reactivated basement faults 

and two distinct hydrothermal fluids. Typically rooted in basement graphitic gneiss, brittle reactivated faults are 

manifest upward with brittle expression through the overlying sandstones and provide plumbing for the requisite 

mineralizing system. One of the necessary fluids is reducing, originates in the basement, and is channelled along 

basement faults. 

Two end-members of the deposit model have been defined (Quirt 2003). A sandstone-hosted egress-type (e.g., 

Midwest A) involved the mixing of oxidized, sandstone brine with relatively reduced fluids issuing from the basement 

into the sandstone. Basement-hosted, ingress-type (e.g., Triple R, Rabbit Lake) deposits formed by fluid-rock 

reactions between oxidizing sandstone brine entering basement fault zones and the wall rock. Both types of 

mineralization and associated host rock alteration occurred at sites of basement-sandstone fluid interaction where 

a spatially stable redox gradient/front was present. Although either type of deposit can be high grade, with a few 

percent to 20% U3O8, they are not physically large. In plan view, the deposits can be 100 m to 150 m long and a 

few m to 30 m wide and/or thick. Egress-type deposits tend to be polymetallic (U-Ni-Co-Cu-As) and typically follow 

the trace of the underlying graphitic gneisses and associated faults, along the unconformity. Ingress-type, 

essentially monomineralic uranium deposits, can have more irregular geometry. 
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Unconformity-type uranium deposits are surrounded by extensive alteration envelopes. In the basement, they are 

relatively narrow but become broader where they extend upwards into the Athabasca Group for tens to even 100 m 

or more above the unconformity. Hydrothermal alteration is variously marked by chloritization, tourmalinization (high 

boron, dravite), hematization (several episodes), illitization, silicification/de-silicification, and dolomitization (Hoeve 

1984). 

Figure 8-1 illustrates various models for unconformity-type uranium deposits of the Athabasca Basin. 

 

Figure 8-1: Illustratio ns of Vario us Models for Unconformity Type Deposits of the A thabasca Basin   
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9.0 EXPLORATION 

With the exception of drilling, exploration work performed on the PLS Property by Fission Energy, ESO, and their 

successor companies since 2007 is summarized in this section. Work completed on the PLS Property and its 

immediate vicinity by other parties prior to 2007 is summarized in Section 6 of this Technical Report. Drilling 

completed on the PLS Property since 2011 is summarized in Section 10 of this Technical Report. 

9.1 Radon and Ground Radiometric Surveys 

9.1.1 2008 Radon and Radiometric Surveys 

From early to mid-October 2008, a preliminary electret ion chamber (EIC) radon detection survey consisting of 280 

sample locations on the northernmost portion of the PLS Property was completed by RadonEx Ltd. (RadonEx). A 

radiometric gamma survey was done concurrently with the radon survey. Sample locations were spaced 200 m 

apart along four east-west running lines. Locations were 100 m apart along Highway 955 and both branching four-

wheel drive roads. Up to five tightly spaced sample locations were completed for each CanOxy alphameter anomaly 

on the PLS Property. Step out and confirmation sample locations were completed as time allowed. Radon sampling 

was not conducted during or within 24 hours of a precipitation event. 

Radon and radiometric values were generally low across the PLS Property (Armitage 2013). 

9.1.2 2011 Radon and Radiometric Surveys 

Throughout June 2011, a radon survey consisting of 462 sample locations on two grids was completed. A 

radiometric total count gamma-ray survey was carried out concurrently with the radon survey. Sample locations 

were spaced at 100 m intervals along north-south oriented lines, which were spaced 200 m apart. Grids 1 and 2 

are located west and east of Highway 955, respectively. Radon sampling was not conducted during or within 

24 hours of a precipitation event. 

Radon values show strong anomalies related to the historical CanOxy alphameter anomalies and the 2009 airborne 

radioactive hotspots on Grid 1. Strong radon anomalies are associated with historical CanOxy EM conductors on 

Grid 2. 

Three sample locations of interest are located in the northwest corner of Grid 1, away from the bulk of coincident 

radon and radiometric anomalies found in the south half of Grid 1.  

The southeast corner of Grid 2 shows radon and radiometric anomalies south of the EM conductors. There are five 

radiometrically anomalous sample locations (PR11-404 to 408) in a column with only one of these locations (PR11-

407) having strongly anomalous radon values. East of this anomalous radiometric column, sample location PR11-

420 shows anomalous radon (1.65 pCi/m2/sec) with a low radiometric value (50 cps) (Ainsworth 2011b). 

9.1.3 2013 Radon and Ground Radiometric Surveys 

During January and February 2013, RadonEx conducted an EIC radon in lake water (radon-in-water) and radon in 

lake sediment (radon-in-sediment) survey on the PLS Property (Charlton, Owen, and Charlton 2013a). Time-domain 

EM (TDEM) and versatile time-domain (VTEM) conductors with coincident resistivity lows located along strike of 

the discovery hole PLS12-022 were targeted. Station spacing was 20 m on 60 m north-south oriented lines within 



 
FEASIBILITY STUDY, NI 43-101 TECHNICAL REPORT, FOR PLS PROPERTY 

 

9-2 

 

four main areas across Patterson Lake. A total of 186 radon-in-water and 167 radon-in-sediment samples were 

collected. 

In Areas 1 and 2, the western side of the survey, an east-west to east-northeastïwest-southwest (ENE-WSW) trend 

appears in both sets of data. In Areas 3 and 4, the eastern side of the survey, the correlation between sediment 

and water results is less evident, and results in these areas were generally lower than in the western section of the 

lake.  

During April 2013, RadonEx conducted additional EIC radon-in-water and radon-in-sediment surveying on 

Patterson Lake (Charlton, Owen, and Charlton 2013b). Station spacing was generally 20 m and line spacing was 

generally 60 m. This survey was intended to infill areas from a previous radon-in-water and sediment survey, and 

to extend the coverage. A total of 151 sediment samples and 220 water samples were collected in and around the 

R780E zone. 

Most of the sediments collected were fine sand with small pebbles and small amounts of organic matter. Two areas 

were characterized by sediments with high iron content and pebbles with iron nodules, namely, the southwest 

portion of the survey area, where the highest concentration of anomalous radon readings is located, and the 

northeast portion of the survey area, where a few moderately anomalous readings were collected during the 

February 2013 radon survey. Iron enrichment in the northeast portion of the survey area is much less prominent 

than in the southwest portion of the grid. 

A clear ENE-WSW trend in the radon-in-water results is coincident with the strong VTEM conductor and with the 

Triple R deposit. The trend also appears in the radon-in-sediment results to a lesser degree.  

During August 2013, an EIC radon detection survey consisting of 434 sample locations was completed by RadonEx. 

A radiometric gamma survey was performed concurrently with the radon survey. Samples were located at 10 m 

intervals. Survey lines were from 100 m to 450 m in length and spaced from 10 m to 40 m. 

The survey area extended approximately 700 m westward from discovery diamond drill hole PLS12-022 on the 

west shore of Patterson Lake and was conducted to locate any additional mineralization down-ice and westward of 

the known mineralized zone. 

Results suggested generally moderate variations in radon flux measurements across the survey area. 

Measurements appeared to increase towards the north end of the two north-reaching extension lines. 

9.1.4 2014 Radon Surveys 

From January to March 2014, RadonEx conducted additional EIC radon-in-water and radon-in-sediment surveying 

on the PLS Property (Charlton, Owen, and Charlton 2014). The surveys covered four separate areas: three on 

Patterson Lake and one on nearby Forrest Lake. In total, the surveys consisted of 2,610 radon-in-water sample 

stations and 266 radon-in-sediment sample stations. Station spacing was generally 20 m and line spacing was 

generally 60 m, with some line spacing at 30 m. The survey was intended to locate radon anomalous zones and 

trends along previously located geophysical conductor corridors interpreted from TDEM and VTEM surveys. 

At Area A, covering the area of the mineralized zone and the primary conductive corridor, a series of discontinuous 

radon trends is evident, and 11 radon-in-water anomalies and trends were chosen for potential drill testing. The top 

ten Area A radon-in-water results compare well with the R780E Zone radon-in-water results from 2013. A discordant 

set of radon anomalies is suggestive of east-southeast striking cross-faulting. 
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At Area B, in the northeastern section of Patterson Lake, two parallel radon trends are recognized, of which the 

north one is very strong and appears to correspond to a conductor axis. Radon trends are suggestive of north 

trending cross-faulting through the grid area. 

The Area C radon coverage in the southwest part of Patterson Lake reveals two anomalous parallel radon trends, 

which partially correlate to conductors. Area C radon-in-water results compare very favourably with the 2013 R780E 

results. A north-trending fault is interpreted to displace and reorient the radon trends. 

Area D is a large irregular grid covering northern parts of Forrest Lake. Water depths are much greater here, 

particularly in the D-2 area (>70 m), where the bottom is covered with a thick layer of organics. Radon signatures 

are masked and muted in this part of the lake and no radon targets are identified at D-2.  

In the D-1 area to the northeast, where the lake is shallower, five very high radon-in-water anomalies were found, 

including some of the highest radon-in-water results yet recorded on the PLS Property. 

During August 2014, Remote Exploration Services (Pty) Ltd. (RES) conducted a RadonXÊ radon cup survey over 

the R600W Zone (now part of R840W) at the PLS Property (RES 2014a). In total, 580 cups were deployed in a grid 

with 20 m line spacing and 10 m cup spacing along line. The total area of the grid was 0.11 km2. The survey was 

conducted in order to compare and confirm results from the 2013 RadonXÊ radon cup surveying over the same 

grid area. 

The survey results confirmed zones of anomalous and highly anomalous radon flux values (RnV) that, in general, 

are centred on or slightly to the north of the main ENE-WSW trending EM conductor that is associated with the 

mineralization. The orientation of this EM conductor parallels the interpreted strike of major fault structures in the 

area. Faults are known conduits for radon gas emanating from uraniferous mineralized bodies. 

The western zone of anomalous RnV correlates with a delineated mineralized zone defined from drilling. 

Additionally, there is a northwest trend of slightly anomalous to anomalous RnV that intersects the north-northeast 

trend and could represent subordinate structures in this direction. 

During October 2014, RES conducted a radon cup survey over three separate areas east of Forrest Lake, 

approximately 10 km southeast of the Triple R deposit (RES 2014b). In total, 867 cups were deployed. The grids 

consisted of 30 m line spacing and 20 m cup spacing along each line. The total area of the three grids encompassed 

0.481 km2.  

The three grids targeted high priority conductors identified by airborne VTEM surveying and/or ground TDEM 

surveying, namely the PLV-68A conductor (Grid S1), the PLV-63D conductor (Grid S3), and the PLV-63C conductor 

(Grid S4). Areas and trends of anomalous radon flux measurements were observed on each of the three grids. 

A helium-hydrogen-neon soil gas survey consisting of 110 stations was conducted by Petro-Find Geochem Ltd. in 

October 2014. The survey provided coverage along trend to the east and over top of the R600W zone, and was 

also designed to duplicate previous radon-in-soil measurement locations. Helium anomalies coincided with the 

R600W zone mineralization and with at least one prominent radon gas anomaly to the north.  

9.2 Airborne Surveys 

9.2.1 2007 MEGATEM Magnetic and Electromagnetic Survey 

During November 2007, prior to the execution of the PLS joint venture between Fission Energy and ESO, Fission 

Energy and ESO completed a fixed wing combined electromagnetic (MEGATEM) and magnetic airborne survey 
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over their respective mineral claims: S-110954 and S-110955 (Fission Energy) and S-110707 and S-110723 (ESO). 

The results of the survey were of very low resolution (Armitage 2013).  

9.2.2 2009 Airborne Magnetic and Radiometric Survey 

In mid-October 2009, Special Projects Inc. (SPI) completed a combined fixed wing light detection and ranging 

(LiDAR), radiometric, and high resolution airborne magnetic geophysical survey over the northern portion of the 

PLS Property totalling approximately 3,342 line-km. Flight lines were oriented at 135° and were spaced at 50 m 

intervals. The aeromagnetic survey successfully delineated different basement lithologies. A structural interpretation 

was completed which identified the traces of surface and basement faults, shear zones, and areas of structural 

complexity (McElroy and Jeffrey 2010). The airborne radiometric spectrometer survey outlined a number of 

uraniferous hot-spots within a 3.9 km long by 1.4 km wide area, which was subsequently found to be the result of 

a radioactive boulder field that contained boulders composed of massive or semi-massive uranium oxide minerals. 

This radioactive area extended south of claim S-111375, which led to the staking of claim S-111783 in April 2010. 

9.2.3 2012 Geotech Magnetic and Electromagnetic Survey 

In mid-February 2012, Geotech Ltd. completed a detailed, combined helicopter-borne versatile time-domain 

electromagnetic (VTEMplus) survey with Z and X component measurements and a horizontal magnetic gradiometer 

survey over the entirety of the PLS Property. Flight lines totalling 1,711.3 line-km and oriented at 135° were flown 

at 200 m line spacing.  

The survey was instrumental in defining conductive packages over the PLS Property. Figure 9-1 illustrates the 

results of the survey. 

 

Figure 9-1: 2012 VTEM Interp retation   
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9.2.4 2012 Airborne Radiometrics and Magnetic Survey 

From mid- to late September 2012, SPI completed a combined fixed wing LiDAR, radiometric, and magnetic survey 

over the southern portion of the PLS Property totalling 5,611.5 line-km, of which 5,147.3 line-km were flown within 

the PLS Property boundary. The flight lines were oriented at 126° and were spaced at 50 m intervals.  

The data was merged with the previous 2009 SPI high resolution survey to create a seamless magnetic grid over 

the PLS Property area. 

From the analysis of the field data, it was apparent that the geological setting of the PLS Property area is 

complicated and that there are numerous lineaments related to contacts and structures between basement units. 

The PLS Property area has several predominant trends. The survey area is divided into three magnetic zones: a 

central zone (A) of relatively low magnetism characterized as predominantly northeast magnetic trends (conforming 

to the general domain orientation of the Athabasca Basin), a western zone (B) of relatively high magnetism with 

predominant northwest magnetic trends, and an eastern zone (C) of low magnetism with predominant north-

northeast trends (Bingham 2012).  

Figure 9-2 illustrates the results of the merged, processed magnetic data and the three magnetic zones as 

interpreted by Bingham (2012). 

In April 2014, SPI was commissioned to survey two blocks over the Triple R deposit and over part of the Forrest 

Lake conductor trend. The blocks were flown with orthogonal line directions and 50 m line spacing. The purpose of 

the survey was to provide a more detailed magnetic grid for better definition of structures, lithology, and magnetite 

depletion. Total survey coverage was 2,136 line-km. 

During October 2014, Eagle Mapping Ltd. was contracted to obtain high resolution airborne LiDAR survey data 

from a 154 km2 area encompassing the known mineralization. 
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Figure 9-2: Interpreted Major Structures and Tilt Derivative Magnetics  

9.2.5 2016 HELISAM Airborne Survey 

Discovery Intôl Geophysics Inc. (Discovery) in partnership with Gap Geophysics Australia Pty Limited (GAP) was 

commissioned by FCU to conduct geophysical surveys using GAPôs proprietary sub-audio magnetics (SAM) 

technique utilizing a helicopter receiver platform (HeliSAM) and a ground receiver platform (GroundSAM). The 

surveys took place between February 26 and March 18, 2016 (Discovery and GAP 2016). 

The purpose of the survey was designed to assess the impact of the use of a high power geophysical source in 

increasing the geophysical signal and thus increase the signal to noise ratio of the response for MMC surveying. 

Additionally, it aimed to assess the high-resolution advantages of using the SAM total field B-field sensor with low 

base frequency excitation for resistivity surveying (equivalent MMR or MMC) in the Athabasca basin and evaluate 

the performance of the HeliSAM system as an alternative to more expensive ground DC resistivity surveys for the 

detailed resolution of low-resistivity alteration zones associated with uranium mineralization. 

The initial scope specified that GAP was to utilize its SAM technology to survey one large grid laid out along the 

Patterson Lake conductive corridor. Two additional survey grids were later added to the scope, with smaller dipole 

separation and alternate dipole placement to focus current flow. 

The total coverage collected via HeliSAM equates to 393.4 line-km, while the GroundSAM method totalled 

45.1 line-km. Approximately 2.0 km of overlapping lines were collected between the E_ext grid HeliSAM and 

GroundSAM portions to tie the grid together. 

The deliverables for the project were as follows: 

Á Located total field electromagnetic (TFEM) data extracted from transmitter off-time. 
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Á Magnetometric Conductivity (MMC) data extracted from transmitter on-time. 

Á Located Total Magnetic Intensity data. 

9.3 Trenching and Boulder Surveys 

Several trenching and boulder surveys have been carried out on the PLS Property since 2011. Results are compiled 

in Figure 9-3. 

9.3.1 June 2011 Boulder Prospecting 

In June 2011, 89 radioactive hotspots from the 2009 airborne radiometric survey were investigated on the ground. 

The radioactive hotspots were spread out over an area of approximately 3.9 km long by up to 1.4 km wide that 

trended north-northeast to south-southwest. 

Eight soil samples were also taken (PS11-01 to PS11-08), with only one of these samples having off-scale 

radioactivity. 

Based on this small sample set, the strong pathfinder elements for the high grade uranium oxide include Au, B, Co, 

Cr, Cu, Li, Mo, Pb, Sb, Sr, Th, W, Zr, and most rare earth elements (REE). Nickel was not found to be a strong 

pathfinder element (Ainsworth 2011b). 

9.3.2 October 2011 Trenching and Boulder Prospecting 

From mid- to late October 2011, a program consisting of trenching and boulder prospecting was completed on 

mineral claims S-111375, S-111376, and S-111783. 

A total of 18 trenches were excavated to assess the uraniferous boulder field that had been discovered in June 

2011. The uraniferous boulders lie between two major terminal moraines of the Cree Lake Moraine. The trenches 

were located on three lines traversing the terrain in the up-ice direction. These trenches covered the region from 

the westernmost moraine to the northeast where surficial material bearing uraniferous boulders is overlain by non-

radioactive overburden. The trenches were located on the ground using a handheld Garmin GPS unit. 

A total of 25 soil samples and 21 boulder samples were recovered from the trenches. 

The magnetic susceptibility of the materials was measured in trenches using an Exploranium KT-9 Kappameter. In 

general, the magnetic susceptibility of the surficial materials is much lower, less than 0.5 x 10-3 SI units, than in 

rock. 
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Figure 9-3: Lo cation of Mineraliz ed Boulders  

An Exploranium GR-110 scintillometer was used to measure radioactivity. If a strongly radioactive area was found 

near the profile, the profile readings were located away from that area or otherwise recorded in the notes. In general, 

the radioactivity reflected the stratigraphy more strongly than the magnetic susceptibility, however, this may be a 

result of the values occurring over a wider range. 

A total of 25 soil samples were recovered from trenches PT11-01 to PT11-16. Maximum radiometric values of the 

in-situ soil samples ranged from 80 cps to 2,418 cps. Uranium-in-soil values ranged from below detection limits 

(less than 2 ppm U) to 336 ppm. All samples identified as non-radioactive assayed below detection limits, and all 

soils identified as radioactive assayed above detection limits, indicating a correlation between radioactivity and 

uranium values.  

Eight boulders were found in trench PT11-08, three were found in trench PT11-06, two were found in each of 

trenches PT11-03, PT11-05, PT11-10, and PT11-11, and one was found in each of trenches PT11-12 and PT11-

14. A total of 21 uraniferous boulders were recovered from the trenches (Ainsworth and Thomas 2012). 

In mid- to late October 2011, the boulder survey consisted of prospecting with an Exploranium GR-110 handheld 

scintillometer while trenches were being excavated or backfilled, and while traversing between trenches. The survey 

resulted in the discovery of many uraniferous boulders. Where radiometric readings were elevated, hand-dug test 

pits were excavated until a uranium mineralized boulder was found or no obvious radioactive source was located. 

Forty-nine of the boulder samples (PB11-67 to PB11-115) were recovered within claims S-111375 and S-111783. 

All 49 uranium oxide mineralized boulders were found within the limits of the June 2011 boulder field over an area 

of approximately 4.9 km long by up to 0.9 km wide. These were composed of massive or semi-massive uranium 

oxide minerals or were basement rocks that contained blebs and/or finely disseminated uranium oxide minerals. 

The boulder samples ranged from gravel sized up to 25 cm x 30 cm x 40 cm. Radioactivity of these boulders ranged 
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from 701 cps to greater than 9,999 cps (off-scale), and assays ranged from 0.07% U3O8 to 31.4% U3O8 (Ainsworth 

and Thomas 2012). 

9.3.3 October 2012 Boulder Prospecting 

From early to mid-October 2012, radioactive hotspots in two separate areas identified by the September 2012 SPI 

airborne survey were investigated on the ground. 

Boulder surveying in the Patterson Lake area recovered 40 radioactive boulders of which 17 had off-scale 

radioactivity (greater than 9,999 cps). Thirty-six of these 40 boulder samples were composed of massive or semi-

massive uranium oxide minerals or were basement rocks that contained visible blebs and/or finely disseminated 

uranium oxide minerals. The boulder samples ranged from gravel sized to 30 cm in the longest dimension and 

assayed from 9 ppm U to 40.0% U3O8. These additional boulder samples increased the size of the Patterson Lake 

boulder field to approximately 7.35 km long by up to 1.0 km wide. 

The strong pathfinder elements for the high grade uranium oxide are consistent with previous surveys, namely: Au, 

B, Co, Cr, Cu, Li, Mo, Pb, Sb, Sr, Th, W, Zr, and most REE. 

Boulder prospecting in the Forrest Lake area recovered eight radioactive boulders with radioactivity ranging from 

139 cps to 1,060 cps. No visible uranium mineralization was observed in any of the basement boulders that 

comprised lithologies of quartz-feldspar gneiss, schist, and quartz-feldspar-mafic granite and pegmatite. These 

boulders ranged from cobble sized to over 80 cm in the longest dimension. The boulders assayed from 6 ppm U to 

84 ppm U (Ainsworth 2012b). 

9.4 Ground Geophysical Surveys 

9.4.1 2008 Self-Potential Survey 

In early October 2008, a preliminary self-potential (SP) survey consisting of three lines totalling 8.7 km was 

completed. SP stations were spaced at 20 m intervals along the lines. Negative values represent most SP 

anomalies. Lithologic conditions targeted in this survey were clay altered zones, which were conductive and 

exhibited a negative SP anomaly. 

The SP survey values ranged from -339 mV to +124 mV. Four anomalies were delineated (Ainsworth and Beckett 

2008).  

9.4.2 2011 and 2012 DC Resistivity, HLEM, and SQUID-EM Surveys 

Geophysics carried out during November and December 2011 and February through April 2012 consisted of DC 

resistivity, MaxMin HLEM, and very small moving loop Super-conducting Quantum Interference Device (SQUID)-

EM surveys. The ground geophysics was carried out on the PLS main grid area as a follow-up over a radioactive 

uraniferous boulder field located 5 km to the southwest that had been discovered in June 2011. A total of 30.58 km 

of MaxMin HLEM, 83.60 km of resistivity, and 14.40 km of SQUID-EM surveys were completed. 

The DC resistivity was successful in defining a number of potential targets based on conductivity, changes in the 

width of conductive packages, and more subtle features indicating possible cross structures. The resistivity and 

HLEM were initially used for drill targeting with a limited amount of ground SQUID-EM used to follow up some VTEM 

targets (Bingham 2012). 
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9.4.3 2012 and 2013 Resistivity and SQUID-EM Surveys 

Geophysics carried out during 2012 and 2013 consisted of DC resistivity and SQUID-EM surveys on the PLS west 

grid area, and SQUID-EM surveys and small moving loop Transient EM survey coverage on the PLS main grid 

area. A total of 24.6 line-km of resistivity and 30.9 line km of EM surveys was completed. 

The extended resistivity data of both the PLS main grid and PLS west grid appeared to be more effective in mapping 

the expected conductive Cretaceous sediments in this area.  

Three conductors were outlined with the ground SQUID-EM survey on the PLS west grid. The south conductor is 

the most prospective due to strike length, conductivity, and an association with an enhanced basement resistivity 

low in the vicinity of the conductor on lines 2400E and 2600E. Line 2400E shows a marked increase in amplitude 

and conductivity. The west end of the central conductor may have a structural association. The north conductor is 

of low priority mostly due to its apparent shallow dip. 

On the PLS main grid, the SQUID-EM surveys infilled and located the south (mineralized), central, and north 

conductors along the main conductor trends. The amplitude of the south (mineralized) ñBò conductor is very weak 

and flat lying on lines 7200E and 7400E. The south (mineralized) ñBò conductor is interpreted as much deeper and 

weaker on the east extent (Lines 7000, 7200, and 7400) (Bingham 2013). 

9.4.4 2013 and 2014 Resistivity and SQUID-EM Surveys 

Geophysics carried out during late 2013 and early 2014 consisted of DC resistivity and very small moving loop 

SQUID-EM surveys conducted by Discovery. During the periods July to August 2013 and September to October 

2013, pole-dipole resistivity surveys were completed over the Verm and Far East Grids. During December 2013, 

pole-dipole resistivity surveys were carried out over the Area B and Forrest Lake grids. During December 2013 to 

February 2014, Discovery carried out HT SQUID small moving loop TDEM surveys over the Area B, Far East, 

Forrest Lake, and Verm grids. A total of 93.9 km of pole-dipole DC resistivity and 43.7 km of small moving loop EM 

surveys were conducted. 

The 2013-2014 geophysical surveys were successful in defining priority ground targets based on a combination of 

resistivity and EM surveys over priority areas based on previous VTEM surveys. Follow-up drilling was conducted 

on the identified targets in 2015 but no significant mineralization was encountered. 

9.4.5 2014 and 2015 Lake Bottom Spectrometer Survey 

A proprietary lake bottom spectrometer survey system developed by SPI was operated during April to May 2014 at 

Area A, covering the area of known mineralization and the primary conductive corridor, and at Area B in the 

northeastern section of Patterson Lake. The system consisted of a 150 in three sodium-iodide crystal with digitizing 

electronics for remote data acquisition and control, housed in a temperature controlled casing. The survey was 

carried out from lake ice utilizing snowmobile/sled and a Novatel L1-L2 Glonass GPS. A total of 1,185 

measurements were collected at 20 m stations along 50 m spaced lines that were designed to run parallel to the 

EM conductor trend in the target areas. 

Analysis of the results indicate that the system detected uranium mineralization at 585E and 1080E, and elsewhere 

anomalous uranium values generally coincided with RadonEx EIC radon-in-water values. 

During the same timeframe as the lake bottom spectrometer survey, SPI utilized a proprietary four channel ground 

penetrating radar (GPR) system towed behind a tracked vehicle to complete approximately 180,000 water depth 
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measurements in the central and northeast areas of Patterson Lake. The water depths matched up well with depths 

from diamond drilling and earlier radon-in-water surveys 

9.4.6 2016 Moving Loop TEM Survey 

A small moving loop TEM profiling survey was conducted between May 2 and May 25, 2016, by Discovery, utilizing 

a Geonics 3D-3 coil sensor (Geonics 3D-3) with a 250 m transmitter-receiver offset measured between the receiver 

and the centre of the transmitter loop (Discovery 2016). 

Data was collected along a total of 26.25 km on 21 grid lines, 19 of which lines covered an area west of the 840W 

Zone out to 2600W, and two of the lines tested the mineralized conductor trend on the east side of Patterson Lake. 

The survey was successful in extending the mineralized conductor trend past the 840W Zone out to the radioactive 

boulder field and outlined a 200 m long conductivity óbright spotô centred at 1550W. The Geonics 3D-3 sensor coil 

allowed the detection of weaker conductive anomalies than a SQUID type sensor, which had been used in previous 

surveys along the mineralized trend. 

9.4.7 2016 Acoustic Profiles (Marine) Survey 

SPI was contracted to perform a multi-channel marine acoustic survey to provide a detail subsurface image over 

the mineralized zones beneath Patterson Lake. There were two objectives:  

Á Geotechnical ï lithology prediction of the overburden to ensure the overall stability of the proposed slurry wall 
and open pit  

Á Exploration ï a better understanding of the geology of the deposit and surrounding area to evaluate the potential 
for further exploration (SPI, 2016a and 2016b). 

To achieve this objective, a marine-type seismic system was used with a 24-channel streamer and a bubble gun 

source. A 50 m by 50 m orthogonal grid was followed using a shot interval of 1 m, a recording length of 0.5 s to 

1.0 s, depending on water depth, a sample rate of 0.25 ms, and a boat speed of 0.75 m/s. 

Between August 31 and September 16, 2016, 88 acoustic profiles covering 127.4 km were acquired. Four hydro-

geotechnical wells were used to provide information on the sediments above the basement rock and to correlate 

with reflectors in the acoustic profiles, while resource drilling was used to correlate basement reflectors. 

Interpretation by SPI showed basement faults in east-west and north-south directions, with low vertical 

displacement. The conclusion reached by SPI was that the entire area appears to be a sinistral east-west strike-

slip zone noting indirect evidence of horizontal movement in three areas. 

Glacial till was interpreted to consist of a series of ridges oriented in two main directions: an earlier almost east-

west and later one north-south orientation. The north-south trending ridges are on top of the east-west ridges. East-

west ridges are present in the eastern part of the survey. Smaller ones are 50 m to 60 m wide and 10 m to 20 m 

high. A better developed east-west ridge (100 m to 120 m wide and 20 m to 30 m high) can be observed on top of 

the uranium deposit for a significant length in its western part. An interesting aspect of these ridges is that some of 

them are on top of a basement fault. 

Above the glacial till is outwash sand over the whole area. Towards the centre south of the survey and moving to 

the centre of the lake there are very recent lake sediments. 
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The survey revealed overburden formations and their thicknesses in the proposed pit area as well as through the 

entire survey area, and a structural model of the basement lithologies is available to guide future exploration. 

9.4.8 2017 Moving Loop TEM Survey 

A small moving loop TEM profiling survey was conducted between January 7 to February 2, 2017, by Discovery, 

utilizing a Geonics 3D-3 with a 250 m transmitter-receiver offset measured between the receiver and the centre of 

the transmitter loop. Both the transmit loop and receiver were moved in 25 m increments (Discovery 2017). 

Data was collected along a total of 24.35 km 11 grid lines. These lines were intended to test various airborne EM 

conductors within the Property, with a single line established over the strongest part of the airborne conductor, in 

preparation to select exploration drill targets. A number of profiles were done to determine if weak VTEM P-type 

responses were sub-vertical basement conductors. Basement conductors were successfully located for the P, Q, 

R, and S trends. However, the VTEM P-type targets were generally not basement conductors on the Carter Trend 

(north) and west of the Boulder field. A weak conductor was located south of the boulder field on Line 250W. 

9.4.9 2017 Acoustic Profile (Land) Survey 

SPI was contracted to perform a test multi-channel acoustic survey on widely spaced lines between the R00E Zone 

and Highway 955 to the west (SPI 2017). The objective of this test was to obtain the parameters necessary to carry 

out a future production acoustic survey on land to extend the acoustic coverage from the R780E Zone westward. 

Several acoustic signal sources were tested to determine if the layers in the sediments could be resolved and the 

top of the basement rocks mapped, as was achieved with the Marine Acoustic System over the R780E Zone. With 

a successful test, it would then be possible to obtain acoustic data on land from R00E to the mineralized boulder 

field to aid exploration and to map the stratigraphy of the sediments for geotechnical applications. 

Between May 20 and June 1, 2017, a total of 4.158 km of data was collected along five lines of various orientations, 

with shot intervals of 2.5 m, a receiver interval of 5 m, and a vibrator source emitted at 30 Hz to 290 Hz with 

recovered frequencies at 200 Hz. 

The land acoustic survey was able to map only the top of mudstone and the basement horizons due to lower 

resolution of the land acoustics (wide line spacings) compared to the previous marine acoustic survey. Also, where 

the overburden was thicker early refraction and noise at near offsets made the imaging of the mudstone problematic. 

9.4.10 2018 Vertical Seismic Profiling Survey 

SPI was commissioned to undertake vertical seismic profiling (VSP) measurements in lake drilled holes for the PFS 

part of the winter 2018 drilling campaign (SPI 2018). VSP surveying involves recording the responses of geophones 

in a borehole or well for sources at the earth's surface. The objective of the VSP survey was direct óSô and óPô 

velocity measurements and reflection information. The óSô velocities were required to determine liquefaction 

potential of the overburden, and the óPô velocities were needed to calibrate the velocity model used for depth 

conversion of the marine 2D acoustic profiling dataset. 

The VSP survey was carried out from February 16 to 20, 2018, on 11 drill holes. A marine source (bubble gun) was 

used for the first four holes, an impact source (propane gun) was used for the single land hole, and a P and S 

impact source was used for the final six holes. 

The quality of the data is controlled by the coupling between the casing and the geological formations. All holes 

surveyed were not cemented, therefore the coupling was not good. Moving the source away from the hole (typically 
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20 m) improved the quality of the data, however, no reflection data could be acquired. Also, improvements in data 

quality were noticed when the mud used was thicker than usual. 

The óPô velocities were reliable with mitigation of the tube-wave and casing arrivals by operating the source with 

offset. óSô velocity data was acceptable with improvements noticed in holes where coupling to formation was good 

through actual contact or addition of heavy drilling fluid (mud). 

9.4.11 2019 Vertical Seismic Profiling Survey 

SPI was commissioned to undertake VSP, density, and gamma ray measurements in lake drilled holes for the PFS 

part of the winter 2019 drilling campaign (SPI 2019). VSP surveying involves recording the responses of geophones 

in a borehole or well for sources at the earth's surface. 

The VSP survey was carried out from February 16 to March 13, 2019, on 11 drill holes. 

The quality of the data is controlled by the coupling between the casing and the geological formations. All drill-holes 

surveyed were not cemented with the exception of the last drill-hole RD-35, therefore the coupling was not good. 

Based on the results of the 2018 survey to mitigate this phenomenon the distance between source and surveyed 

hole (offset) was increased to 20 m. Despite the 20 m offset, some drill-holes surveyed had casing arrivals (tube 

waves that travel along steel casing). Even with increased offset, no useful reflection data was recorded. 

The óPô velocities were reliable with mitigation of the tube-wave and casing arrivals. óSô velocity data was acceptable. 

Density data resolution was very good and repeatable (down-hole and up-hole runs).
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10.0 DRILLING 

After initial targeting using geophysical surveys, diamond drilling on the PLS Property is the principal method of 

exploration and delineation of uranium mineralization. Drilling can generally be conducted year-round on the PLS 

Property. 

To date, FCU and its predecessors have completed a total of 844 drill holes totalling 227,775 m across the PLS 

Property, as provided in Table 10-1. Drilling includes exploration, geotechnical, metallurgical, water wells, and 

hydrogeology drill holes. 

Nine holes that were drilled prior to 2011 are considered historical and have minimal information available, and 

were thus excluded from the resource evaluation. In addition to the historical holes, 105 holes (totalling 11,913 m) 

used for geotechnical assessment and hydrogeologic characterization were also excluded from the Mineral 

Resource estimate, however, the three pit wall geotechnical holes drilled in 2019 were included in the Mineral 

Resource estimate.  

Table 10-1 lists the holes by drilling program and hole purpose. Figure 10-1 illustrates the collar locations of the drill 

holes.  

Since the September 19, 2019, Mineral Resource estimate, FCU has completed an additional 181 drill holes totalling 

27,392 m over the PLS Property, as listed in Table 10-2, primarily focused at the R780E and R840W deposits. 

Drilling has been exclusively diamond core drilling (DD) and includes both infill exploration and geotechnical drill 

programs. The geotechnical drilling has included water level monitoring wells, pump test wells, surface foundations 

and underground rock mechanics condemnation drilling for proposed facilities (decline and ventilation shafts), and 

geotechnical characterization for the proposed TMF. Some geotechnical drilling included sonic drilling for 

overburden coring, or for drill holes that do not extend into the bedrock. Sonic drilling has also been used for the 

drilling of pumping wells. 

Sample acquisition, preparation, security, and analysis were essentially the same for all drill programs and are 

described in Section 11. 
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Table 10-1: Drilling Programs 

Year 
Drilling 

Program 
Hole Purpose Drill Type 

Number 

of Holes 

Total Drill 

Depth (m) 

1978 H1978 Historic NA; minimal info available 2 240 

1979 H1979 Historic NA; minimal info available 5 549 

1980 H1980 Historic NA; minimal info available 2 217 

2011 2011W Exploration DD 7 838 

2012 

2012W Exploration DD 16 2,175 

2012S Exploration 
DD 9 1,659 

Dual Rotary 12 1,548 

2013 
2013W Exploration DD 46 9,942 

2013S Exploration DD 53 15,564 

2014 
2014W Exploration DD 92 34,252 

2014S Exploration DD 82 28,329 

2015 

2015W Exploration DD 88 28,297 

2015S Exploration 
DD 61 21,776 

RC 1 262 

2016 

2016W Exploration 
DD 38 11,679 

RC 5 1,308 

2016S 

Exploration 
DD 30 10,044 

RC 4 1,077 

Geotech - Ring Dyke DD 4 290 

Water Well DD 9 542 

2017 

2017W Exploration DD 57 17,605 

2017S 

Exploration DD 8 2,626 

Metallurgical DD 3 811 

Geotech - Pit Wall DD 4 614 

Water Well DD 1 305 

2018 

2018W 

Exploration DD 15 4,906 

Geotech - Pit Wall Sonic/DD 3 703 

Geotech - Ring Dyke Sonic/DD 16 1,028 

2018S 
Exploration DD 9 2,928 

TMF Sonic/DD 5 628 

table continuesé 
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Year 
Drilling 

Program 
Hole Purpose Drill Type 

Number 

of Holes 

Total Drill 

Depth (m) 

2019 2019W 

Geotech - Pit Wall Sonic/DD 3 1,034 

Geotech - Ring Dyke Sonic/DD 16 1,056 

Monitoring Well DD 2 366 

Pumping Test DD 2 280 

TMF Sonic/DD 10 1,125 

2021 

2021W Exploration DD 21 7,147 

2021S 

Exploration DD 25 6,124 

Metallurgical DD 4 722 

Monitoring Well DD 3 140 

Pumping Well Sonic/DD 2 217 

TMF Sonic/DD 21 1,153 

Camp Sonic/DD 1 31 

Decline Sonic/DD 25 2,707 

Process Plant Facility Sonic/DD 3 124 

Geotech Sonic/DD 3 774 

Ventilation Shaft Sonic/DD 4 423 

Waste Rock Sonic/DD 6 567 

2022 2022W 
Ventilation Shaft SONIC/DD 1 202 

Crown Pillar SONIC/DD 5 843 

Grand Total -- -- -- 844 227,775 

Notes: 

1. ñWò refers to Winter, and ñSò refers to Summer (i.e., 2018S refers to the 2018 Summer drill program) 

2. ñDDò refers to diamond drill. 
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Table 10-2: Drilling Programs Completed Since October 2018 

Year 
Drilling 

Program 
Hole Purpose Drill Type Number of Holes 

Total Drill 

Depth (m) 

2018 
2018W 

Geotech - Pit Wall DD 3 703 

Geotech - Ring Dyke DD 16 1,028 

2018S TMF DD 5 628 

2018 Total    24 2,359 

2019 2019W 

Geotech - Pit Wall DD 3 1,034 

Geotech - Ring Dyke DD 16 1,056 

Monitoring Well DD 2 366 

Pumping Test DD 2 280 

TMF DD 10 1,125 

2019 Total -- -- -- 33 3,861 

2021 

2021W Exploration DD 21 7,147 

2021S 

Exploration DD 25 6,124 

Metallurgical DD 4 722 

Monitoring Well DD 3 140 

Pumping Well DD 2 217 

TMF DD 21 1,153 

Camp DD 1 31 

Decline DD 25 2,707 

Maintenance Facility DD 3 124 

Geotech DD 3 774 

Ventilation Shaft DD 4 423 

Waste Rock DD 6 567 

2021 Total -- -- -- 118 20,128 

2022 2022W 
Ventilation Shaft SONIC/DD 1 202 

Crown Pillar SONIC/DD 5 843 

2022 Total -- -- -- 6 1,044 

Grand Total -- -- -- 181 27,392 
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Figure 10-1: Drill Hole Location Plan  
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10.1 Diamond Drilling 

From November 2011 to September 2015, 142,832 m of drilling was completed in 454 diamond drill holes on the 

PLS Property. During the winter 2015 drill program, an initial Inferred Mineral Resource estimate for the Triple R 

deposit was published (RPA 2015a). Following the spring 2015 drill program, RPA completed a PEA on the Triple 

R deposit (RPA 2015b). 

From January 2016 to December 2018, FCU continued to conduct both delineation and step out drilling programs 

along strike of the Triple R deposit by completing 52,983 m of drilling in 169 holes. Drill holes were primarily 

designed to both infill in support of an Indicated Mineral Resource classification in the R780E high grade (HG) and 

R780E MZ domain and materially expand the footprint of Inferred mineralization in the R00E and R780E areas. 

Step out regional drilling during this time was also successful in identifying two significant new areas of 

mineralization (R1515W and R1620E) and expanding mineralization at R840W. The goal of the summer 2018 

program, which consisted of nine holes totalling 2,928 m drilled, was to drill key areas of the R780E HG zone that 

were classified in 2015 as ñInferredò and upgrade them to ñIndicatedò. To that extent, the nine drill holes intersected 

width and strength of mineralization where expected and allowed for upgrading the classification in these areas. 

Following the summer 2018 drill program, RPA along with Clifton and Wood completed a PFS on the PLS property 

(RPA, Wood, and Clifton 2019) based on a total of 197,651 m of drilling in 636 drill holes. 

As part of advanced stage studies for the Triple R deposit, FCU resumed infill drilling programs at R780E and 

R840W with the intention of upgrading certain high priority areas from Inferred Mineral Resources to Indicated 

Mineral Resources. Of the 175 drill holes completed since the 2019 estimate, 46 infill exploration and 3 geotechnical 

drill holes, totalling 14,304 m, targeted the HG and main low grade (LG) domains in the R780E and R840W zones 

(24 drill holes totalling 8,180 m and 25 drill holes totalling 6,124 m, respectively) with the objective to upgrade 

Inferred Mineral Resources to the Indicated classification, and improve the geotechnical understanding of the zones. 

The drilling programs are listed in Table 10-3 and illustrated in Figure 10-2, Figure 10-3, and Figure 10-4. 

Table 10-3: Drilling Programs Completed to Update the R780E (September 2021) and R840W 

(April 2022) Mineral Resource Estimates Since 2019 

Year Zone 
Drilling 

Program 
Hole Purpose Drill Type 

Number of 

Holes 

Total Drill 

Depth 

(m) 

2019 R780E 2019W 
Exploration / Geotech 

- Pit Wall 
DD 3 1,034 

2019 Total 3 1,034 

2021 
R780E 2021W Exploration DD 21 7,147 

R840W 2021S Exploration DD 25 6,124 

2021 Total 46 13,271 

Grand Total 49 14,305 

The initial drill program in 2011 was contracted to Aggressive Drilling Ltd. from Saskatoon, Saskatchewan, which 

used a skid-mounted Boart Longyear LF-70 drill. From February 2012 to April 2013, the drilling was contracted to 

Hardrock Diamond Drilling Ltd. from Penticton, British Columbia, which used Atlas Copco CS-10 and CS-1000 skid-

mounted drills. From July 2013 onwards, drilling was carried out by Bryson Drilling Ltd. from Archerwill, 

Saskatchewan, using Zinex Mining Corp. A5 diamond drills. 
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Unless the hole was pre-cased using an RC drill, the usual procedure was to drill through the overburden with NW 

(88.9 mm diameter) equipment and ream HWT (114.3 mm) casing until refusal or bedrock was reached. If the HWT 

rods became stuck, casing was completed using NW equipment until competent bedrock was reached at which 

time coring with NQ (69.9 mm) commenced. A select number of drill holes were directionally drilled by International 

Directional Services (IDS) in order to facilitate accurate drill targeting during infill drilling. 

A Boart Longyear LS 600 track mounted sonic drill was used to case diamond drill holes starting with the winter 

2021 drill program; the sonic would advance 6ò sonic casing to bedrock, and then install HW diamond drill casing 

through the sonic casing, before retrieving their sonic casing and moving on to the next location. The advantage of 

utilizing a sonic drill for casing is the speed of casing as well as increased hole straightness required for accurate 

targeting of tight infill drillholes.   

10.2 Dual Rotary Drilling 

From October to November 2012, twelve 4.5 in (11.43 cm) diameter dual rotary drill holes totalling 1,548 m were 

completed by J.R. Drilling Ltd. of Cranbrook, British Columbia, using a Foremost DR-12 drill. These drill holes were 

not used in the resource evaluation but designed to penetrate the glacial sediments overlying bedrock so that the 

specific (and more radioactive) till sheet hosting uranium mineralized boulders could be traced back to bedrock 

source by gamma probing the overburden. Additionally, some rotary drill hole collars were planned to also test 

bedrock VTEM and TDEM conductors by drilling approximately 20 m into solid bedrock. The overburden and 

basement material were collected on site in sampling buckets at 1 m intervals. Each bucket was measured using 

an Exploranium GR-110G total count gamma-ray scintillometer, and a 1 kg to 3 kg sub-sample was removed for 

logging using a scoop from a 5-gal bucket. 

Each drill hole was logged using a Mount Sopris 2PGA-1000 gamma probe. Additionally, holes PLSDR12-001 and 

PLS12-009 through PLSDR12-012 were surveyed using a custom downhole spectrometer probe, built, and 

operated by SPI. A Trimble GeoXH handheld GPS instrument and a Trimble 5800 base station for differential 

corrections were utilized to locate all dual rotary drill hole locations. 

According to Ainsworth (2012b), accurate and precise sample collection for geochemical analysis was challenging 

due to several factors. Sample volume returned through the cyclone was at times overwhelming and was further 

complicated by the large influx of groundwater. The drilling itself introduced sample bias especially in terms of size 

fraction and relative abundance. It was found that fine materials were prone to be either washed or blown away. 

Since the maximum size of returned samples was approximately 2 cm to 3 cm, it can be presumed that material 

larger than small pebbles was either pushed out of the way or crushed by the advancing drill bit and casing.  

The current working depth of each rotary hole was determined by marking the casing every m. The inaccuracies of 

this method were confirmed by comparing the determined final depth to the gamma probe wire line measured final 

depth; discrepancies of several m were common. 

Caving of material around the casing and subsequent transport to surface introduced sample contamination, 

especially in thick sand units beneath the water table.  
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Figure 10-2: R780E and R840E Drill Hole Location Map  

 

Figure 10-3: R780E Exploration Infill Drill Hol e Location Map Completed 2019 ï2021  
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