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FORWARD-LOOKING STATEMENT 
This document includes certain “forward-looking statements” which are not comprised of historical facts. 
Forward-looking statements include estimates and statements that describe the Company’s future plans, 
objectives or goals, including words to the effect that the Company or management expects a stated condition 
or result to occur. Forward-looking statements may be identified by such terms as “believes”, “anticipates”, 
“expects”, “estimates”, “may”, “could”, “would”, “if”, “yet”, “potential”, “undetermined”, “objective”, or 
“plan”. Since forward-looking statements are based on assumptions and address future events and conditions, 
by their very nature they involve inherent risks and uncertainties. Although these statements are based on 
information currently available to the Company, the Company provides no assurance that actual results will 
meet management’s expectations. Risks, uncertainties and other factors involved with forward-looking 
information could cause actual events, results, performance, prospects and opportunities to differ materially 
from those expressed or implied by such forward-looking information. Forward looking information in this 
news release includes, but is not limited to, the Company’s objectives, goals or future plans, statements, 
exploration results, potential mineralization, the estimation of Mineral Resources, exploration and mine 
development plans, the timing of the commencement of operations and estimates of market conditions. 
Factors that could cause actual results to differ materially from such forward-looking information include, but 
are not limited to the failure to identify Mineral Resources, failure to convert estimated Mineral Resources to 
reserves, the inability to complete a feasibility study which recommends a production decision, the preliminary 
nature of metallurgical test results, delays in obtaining or failures to obtain required governmental, 
environmental or other project approvals, political risks, inability to fulfill the duty to accommodate First 
Nations and other indigenous peoples, uncertainties relating to the availability and costs of financing needed 
in the future, changes in equity markets, inflation, changes in exchange rates, fluctuations in commodity prices, 
delays in the development of projects, capital and operating costs varying significantly from estimates and the 
other risks involved in the mineral exploration and development industry, and those risks set out in the 
Company’s public documents filed on SEDAR. Although the Company believes that the assumptions and factors 
used in preparing the forward-looking information in this news release are reasonable, undue reliance should 
not be placed on such information, which only applies as of the date of this news release, and no assurance 
can be given that such events will occur in the disclosed time frames or at all. The Company disclaims any 
intention or obligation to update or revise any forward-looking information, whether as a result of new 
information, future events or otherwise, other than as required by law.  
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CAUTIONARY NOTE TO U.S. READERS REGARDING 
ESTIMATES OF MEASURED, INDICATED AND INFERRED 
RESOURCES 
This Technical Report uses the terms “Measured” and “Indicated” Mineral Resources and “Inferred” Mineral 
Resources. The Company advises U.S. investors that while these terms are recognized and required by 
Canadian securities administrators, they are not recognized by the SEC. 

The estimation of “Measured” and “Indicated” Mineral Resources involves greater uncertainty as to their 
existence and economic feasibility than the estimation of Proven and Probable reserves. The estimation of 
“Inferred” resources involves far greater uncertainty as to their existence and economic viability than the 
estimation of other categories of resources. It cannot be assumed that all or any part of a “Measured,” 
“Inferred” or “Indicated” Mineral Resource will ever be upgraded to a higher category. 

Under Canadian rules, estimates of “Inferred Mineral Resources” may not form the basis of feasibility studies, 
pre-feasibility studies or other economic studies, except in prescribed cases, such as in a preliminary economic 
assessment under certain circumstances. The SEC normally only permits issuers to report mineralization that 
does not constitute “reserves” as in-place tonnage and grade without reference to unit measures. Under U.S. 
standards, mineralization may not be classified as a “reserve” unless the determination has been made that 
the mineralization could be economically and legally produced or extracted at the time the reserve 
determination is made. U.S. investors are cautioned not to assume that any part or all of a “Measured,” 
“Indicated” or “Inferred” Mineral Resource exists or is economically or legally mineable. Information 
concerning descriptions of mineralization and resources contained herein may not be comparable to 
information made public by U.S. companies subject to the reporting and disclosure requirements of the SEC. 
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1. SUMMARY 
NioCorp Developments Ltd. (NioCorp or the Company) is a U.S.-based mineral development 
company focused on developing several critical minerals from the proposed Elk Creek, Nebraska 
Critical Minerals Mine. NioCorp plans to produce three commercial mineral products — niobium, 
scandium, and titanium - from a single ore body that is also enriched in all of the rare earth 
elements. All three of the Project’s proposed superalloy metals have been designed as “Critical 
Minerals” by the U.S. Government, as have the rare earth elements. NioCorp is a publicly traded 
company that is listed on both the Toronto Stock Exchange under the ticker symbol “NB” and on 
the U.S.-based OTCQX exchange under the symbol “NIOBF.”  Shares are also traded on the Frankfurt 
Exchange, under the ticker symbol “BR3.”   

This Feasibility-level Technical Report (Report) for the Elk Creek Project (Elk Creek or the Project) 
located in southeast Nebraska was prepared for NioCorp in accordance with Canadian National 
Instrument 43-101 (NI 43-101) by Dahrouge Geological Consulting Ltd. (Dahrouge), Understood 
Mineral Resources Ltd. (Understood), Optimize Group (Optimize), Cementation, Tetra Tech, SRK 
Consulting (SRK), Adrian Brown Consultants Inc. (ABC), Metallurgy Concept Solutions (MCS), 
Magemi Mining Inc. (Magemi), L3 Process Development (L3), BBE Consulting (BBE) and CDM Smith 
(CDM).  

1.1 Principal Outcomes 
The 2022 Technical Report is based on an assumption of processing 36,656 kilotonnes (kt) of ore 
over a 38-year life of mine (LOM) to produce 171,140 tonnes (t) of Nb in the form of ferroniobium, 
3,676 tonnes of Sc2O3 and 431,793 tonnes of TiO2. Rare earths have been added to the Mineral 
Resource, and the Indicated Resource contains 632.9 kt of Total Rare Earth Oxide (TREO). A 
breakdown by component is provided below:  

 26.9 kt of praseodymium 

 98.9 kt of neodymium 

 2.3 kt of terbium 

 9.1 kt of dysprosium 

 970.3 kt of niobium oxide 

 11,337 t of scandium oxide 

 4,221 kt of titanium oxide 

This has been estimated using a ≥ US$180/tonne NSR cut-off that was calculated using solely the 
contained niobium, scandium, and titanium in the Mineral Resource. 

Initial capital costs are estimated at US$ 1,141 million.  

Total capital cost, inclusive of sustaining, closure/reclamation, and contingency costs is US$ 1,606 
million.  

Total LOM operating costs are estimated to be US$ 7,182 million. Costs and product pricing are 
presented using a 2019 basis. 

On a pre-tax basis, the NPV (8% discount) is US$ 2,819 million, the IRR is 29.2%, and the assumed 
payback period is within 2.67 years.  

On a post-tax basis, the NPV (8% discount) is US$ 2,350 million, the IRR is 27.6%, and the assumed 
payback period is within 2.69 years. 
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1.2 Terms of Reference 
The Report was prepared to support disclosures in the NioCorp news release dated May 18, 2022, 
entitled “NioCorp’s Elk Creek Project Confirmed as the Second Largest Indicated-Or-Better Rare 
Earth Resource in the U.S.” 

The Report uses Canadian English and metric units unless otherwise indicated. Monetary units are 
in United States Dollars (US$). 

1.3 Property Description and Ownership 
The Elk Creek Project is a greenfield exploration project located in southeast Nebraska, USA. It is 
located approximately 75 km (47 miles) southeast of Lincoln, Nebraska (the state capital), and 110 
km (68 miles) south of Omaha, Nebraska. The mineralization is centred about 40°16'0.3.5" N 
latitude and 96°11'08.5" E longitude. The area is well developed with direct access to roads, rail, 
supply and distribution companies, and a local workforce including heavy equipment operators. 
Geologists can be sourced from local universities. An experienced mining-related workforce can be 
found in Weeping Water, Nebraska as well as Denver, Colorado (eight-hour drive west of the 
Project). The deposit is located within the U.S. Geological Survey (USGS) Tecumseh Quadrangle 
Nebraska SE (7.5 minute series) mapsheet in Sections 1-6, 9-11; Township 3N; Range 11 and 
Sections 19-23, 25-36; Township 4N, Range 11. 

The Property consists of one 91.5 ha (226 acre) parcel of land owned by NioCorp Developments Ltd. 
along with 8 option-to-purchase agreements covering approximately 565 hectares (ha). Option 
agreements are between NioCorp's subsidiary Elk Creek Resources Corp. (ECRC) and the individual 
landowners. The parcel owned by the Company contains the majority of the Mineral Resources and 
Mineral Reserves associated with the project. ECRC is a Nebraska-based wholly owned subsidiary 
of NioCorp. NioCorp retains 100% of the mineral rights to the Project and is the operator. The option 
agreements are in the form of pre-paid Exploration Lease Agreements (ELA), with an Option to 
Purchase (OTP) the mineral rights and/or the surface rights at any time during the term of the 
agreement. The individual landowners have title to the surface and subsurface rights, and the 
agreements are primarily concerned with only the mineral and surface interest of each property. 
The agreements convey to the Company adequate surface rights to access the land and to complete 
mineral exploration work. The option agreements that the Company currently holds combined with 
the land owned by the Company include all the Indicated and Inferred resources and Probable 
reserves described in this Technical Report. 

The options covering the Project are 100% owned by NioCorp and, apart from a 2% NSR royalty 
attached with the OTPs that include the mineral rights, have no other outstanding royalties, 
agreements or encumbrances. The 226 acre parcel of land owned by the Company is also subject 
to a 2% NSR royalty. 

1.4 Accessibility, Climate, Local Resources, Infrastructure and Physiography 
The Property is easily accessible year-round as it is situated approximately 75 km (47 mi) or 105 km 
(65 mi) by road southeast of Lincoln (State Capital), Nebraska and approximately 110 km (80 mi) or 
129 km (80 mi) by road south of Omaha, Nebraska. Access to the site can be completed via road or 
from one of the regional airports.  

Southeast Nebraska is situated in a Humid Continental Climate (Dfa) on the Köppen climate 
classification system. In eastern Nebraska, this climate is generally characterized by hot, humid 
summers and cold winters. Average winter temperatures vary between -10.4°C to 1.6°C. Average 
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summer temperatures vary between 18°C to 32°C. Exploration and mining related activities may be 
conducted all year round. 

1.5 History 
Exploration activities at the Project prior to NioCorp ownership were conducted by the following 
companies: University of Nebraska – Lincoln, Nebraska Conservation and Survey Division, United 
States Geological Survey (USGS), Cominco American Incorporated (Cominco American), 
Molybdenum Corporation of America, later Molycorp Inc. (Molycorp) and Quantum Rare Earth 
Developments Corp. (Quantum). These activities consisted of airborne magnetic and gravity 
surveys, geochemical sampling, Reverse Circulation (RC) drilling, core drilling and Mineral Resource 
Estimates.  

Since 2014, NioCorp has completed metallurgical testing, core drilling, mineral resource updates in 
2014, Mineral Resource update in 2015, two Preliminary Economic Assessments in 2015, and 
Feasibility Studies in 2017 and 2019. 

1.6 Geological Setting and Mineralization 
The Project includes the Elk Creek Carbonatite (the Carbonatite) that intruded older Precambrian 
granitic and low to medium grade metamorphic basement rocks. Both the Carbonatite and 
Precambrian rocks are interpreted to be unconformably overlain by approximately 200 meters (m) 
of Paleozoic marine sedimentary rocks of Pennsylvanian age. As a result of this thick cover, there is 
no surface outcrop within the Project area of the Carbonatite, which was identified and targeted 
through magnetic surveys and confirmed through subsequent drilling. The available magnetic data 
indicates dominant northeast, west-northwest striking lineaments, and secondary northwest and 
north-oriented features that mimic the position of regional faults parallel and/or perpendicular to 
the Nemaha Uplift. 

The Carbonatite hosts significant niobium (reported as Nb2O5), titanium (reported as TiO2) and 
scandium (reported as Sc) and is composed predominantly of dolomite, calcite and ankerite, with 
lesser chlorite, barite, phlogopite, pyrochlore, serpentine, fluorite, sulphides and quartz. Niobium 
is contained primarily within the mineral pyrochlore, and rare earth element (REE) mineralization is 
reported to occur as bastnäsite, parisite, synchysite and monazite.  

The Elk Creek Deposit (the Deposit), as defined in the Mineral Resource Estimate, consists of 
niobium, titanium, scandium and rare earth mineralization that is chiefly hosted within a magnetite 
(hematite) dolomite carbonatite.  

1.7 Drilling 
Drilling at the Project was conducted in four phases. The first was during the 1970s and 1980s by 
the Molybdenum Corporation of America (Molycorp), the second in 2011 by Quantum, the third in 
2014 by NioCorp, and the fourth, not sampled for resource estimation, but for hydrogeological and 
geotechnical studies, by Niocorp in 2015. To date, 143 diamond core holes have been completed 
for a total of 70,897 m over the entire geological complex. Of these, a total of 54 holes (37,747 m) 
have been completed to date in the deposit area of which 45 are used in the current Mineral 
Resource Estimate. 

An additional five drill holes, totalling 3,353.1 m, were completed in 2015. This drilling was for the 
purpose of hydrogeological and geotechnical studies. These holes were not used in the geological 
modelling for the updated resource estimate.  
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All drilling has been completed using a combination of Tricone, Reverse Circulation (RC) or Diamond 
Drilling (DD) in the upper portion of the hole within the Pennsylvanian sediments. All drilling within 
the underlying Carbonatite has been completed using DD methods. 

Before the core was split for sampling, depth markers were checked, the core was carefully 
reconstructed, washed, geotechnically and geologically logged for lithologies, alteration, structures, 
and mineralization, rock quality rating (RQD), photographed, and marked for sampling. A sampling 
of the holes for assay was guided by the observed geology. Logging and sampling information was 
entered into a database template on a computer which was integrated into the Project master 
digital database on a daily basis. The database is summarized in Microsoft Excel® .csv spreadsheets 
containing collar locations surveyed in UTM coordinates, downhole deviation surveys, assay 
intervals with elemental analyses, geologic intervals with rock types, alteration, and key structures. 
Further details are provided in Section 14. 

Core recovery at the Project has allowed for representative samples to be taken and accurate 
analyses to be performed. All NioCorp drill hole collars have been surveyed using a Sokkia GS2700 
IS GPS, which has 10 mm horizontal and 20 mm vertical accuracy. The trajectory of all drill holes 
was determined during drilling with either a Devico DeviFlex survey tool, which is a nonmagnetic, 
electronic, multi-shot tool or a Reflex Gyro survey tool. Data points were collected at either 3.05 m 
or 6.1 m intervals. The 2014/15 program also used an ATV acoustic Teleview (ATV) downhole 
equipment to collect various geological features.   

Dahrouge is not aware of any drilling, sampling, or recovery factors that could materially impact the 
accuracy and reliability of the results. In Dahrouge’s opinion, the drilling, core handling, logging, and 
sampling procedures meet or exceed industry standards and are adequate for the purpose of 
Mineral Resource Estimation. 

The quality assurance and quality control (QA/QC) program used at the Project included the 
insertion of standard reference materials (SRMs), blanks, and duplicates into the sample stream. 
Results from the QA/QC samples were continually tracked by NioCorp as certificates for each 
sample batch were received. If QA/QC samples of a sample batch passed within acceptable limits, 
the results of the sample batch were imported into the master database. 

Only the drill contractor and NioCorp geological staff were authorized to be at drill sites and in the 
core processing facility. After logging, sampling and shipment preparation, samples were 
transported directly from the Project site to a commercial carrier by NioCorp staff for delivery to 
the lab. 

Results of the QA/QC program were well documented by NioCorp. Dahrouge has relied on 
documentation provided by NioCorp in addition to an audit of the QA/QC data. Dahrouge considers 
the QA/QC protocols in place for the Project to be acceptable and in line with standard industry 
practice. Based on the data validation and the results of the standard, blank, and duplicate analyses, 
Dahrouge is of the opinion that the assay and bulk specific density databases are of sufficient quality 
for Mineral Resource Estimation at the Elk Creek Deposit. 

1.8 Data Verification 
Data verification steps included site visits and review of core handling, logging, sample preparation 
and analytical protocols, density measurement system, and storage procedures. These are 
presented in Sections 11 and 12. Dahrouge has reviewed the geological interpretation, drill hole 
collar locations, the data management system, and laboratory certificates for all drilling assays. 
Several re-sampling programs (2010, 2014, 2016 and 2021) have been conducted with the insertion 
of additional standard and certified reference material to evaluate the addition of TiO2, Sc, and REO 
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(rare earth oxides) to Mineral Resource Estimates. These are summarized in Section 11. A review of 
the database indicated no significant issues. Dahrouge has identified several further 
recommendations to NioCorp to ensure the continuation of a robust QA/QC program but notes no 
material concerns with the geological or analytical procedures used or the quality of the resulting 
data. Dahrouge considers the resource database reliable and appropriate to support the current 
Mineral Resource Estimate. 

1.9 Mineral Processing and Metallurgical Testing 

Mineral Processing 

The feasibility-level comminution test work was completed in two stages at SGS Canada Inc. (SGS) 
in Lakefield, Ontario as well as a pilot scale HPGR test at NRRI in Minnesota. 

The test work results indicate that the Project ore is categorized as soft to moderately hard in terms 
of ore hardness, and amenable to standard grinding as well as a high-pressure grinding roll (HPGR) 
operation. 

The pilot HPGR testing indicates that the ore is amenable to processing via the HPGR. Autogenous 
layer buildup and flake generation were both acceptable, and there was, on average, 40% < 1 mm 
product generated from the HPGR when in steady state. 

Hydrometallurgical Testing (Hydromet)  

Metallurgical test work was conducted at SGS, Hazen Research and Kingston Process Metallurgy 
(KPM) throughout 2014, 2015, 2016 and 2017 to properly design the required process units for the 
conversion of the ore into a niobium concentrate suitable for further treatment into ferroniobium 
(FeNb) as well as marketable products of titanium dioxide and scandium trioxide. Test work 
consisted of multiple bench and pilot scale hydrometallurgical test programs aimed at further 
refining the final flowsheet using different reagents and technologies. Pilot test programs showed 
that high recovery rates of the niobium, scandium and titanium could be achieved, and that 
recycling and regeneration of reagents was also possible; thus, minimizing fresh reagent input and 
waste generation. Recoveries of 85.8% Nb2O5 and 93.1% Sc2O3 have been demonstrated while 
achieving 40.3% recovery of TiO2. 

Pyrometallurgical Processing (Pyromet)  

Pyrometallurgical test work has been carried out at Kingston Process Metallurgy (KPM) in Kingston, 
Ontario, Canada. The testing performed has demonstrated that: 

 The aluminothermic reduction of Nb2O5  precipitate to produce FeNb alloy regardless of the 
high level of TiO2 in the precipitate; 

 96% niobium recovery from the hydromet precipitate; 

 Hematite powder (Fe2O3) can be used as the iron source for the aluminothermic reduction. 

1.10 Mineral Resource Estimation 
The 2022 Mineral Resource Estimate for the Elk Creek Deposit was completed by Matthew Batty, 
P.Geo of Understood Mineral Resources Ltd. The effective date of the enclosed mineral resource is 
December 8th, 2021, representing the date of when the last assay was received. 

Understood was supplied a drill hole database as individual spreadsheets. The database contains 
all 138 drill holes drilled on the property, including the 45 drill holes that define the Elk Creek 
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Deposit, which were used to inform the 2022 Mineral Resource Estimate. A further 5 holes drilled 
in 2015 for hydrogeological and geotechnical testing were not assayed and did not form part of the 
resource estimate. 

Three wireframes were created to domain the data for estimation: the magnetite carbonatite 
domain (“MCarb”), the domain southwest of the magnetite carbonatite domain (“SW”), and the 
domain northeast of the magnetite carbonatite (“NE”). The MCarb domain is of particular interest, 
as it hosts 71% of the reported Indicated Mineral Resources and 97% of the reported Reserves. 

Samples were composited to 1 m lengths within the domains and high-grade outlier assay values 
were capped. Omni-directional variograms were constructed on the composited dataset and were 
used to support search ranges for estimation.  

A block model was constructed to encompass the three domains using 5 m by 5 m by 5 m blocks. 
The variables of the blocks were populated using Ordinary Kriging (OK) as informed by the omni-
directional variograms. 

Understood validated the block model using swath plots, mean comparison, volumetric 
comparison, visual inspection, histogram comparison, bivariate plot comparisons, and correlation 
checks. Understood found grade continuity to be reasonable and confirmed that the block grades 
were reasonably consistent with local drill hole composite grades. 

The 2022 Elk Creek Mineral Resource Estimate contains Indicated and Inferred Mineral Resources. 
The classification was assigned to regions of the block model based on the Qualified Person’s 
confidence and professional judgement related to the geological understanding and continuity of 
mineralization in conjunction with data quality, spatial continuity, block model representativeness, 
and data density. On average, the Indicated Mineral Resources are informed with a drill hole spacing 
between 50-75 m and extend approximately 35-50 m laterally beyond the last drill intercept; the 
Inferred Mineral Resources capture the sparser drilled areas with an average drill hole spacing of 
75-125 m and extend approximately 50-75 m laterally beyond the last drill intercept. 

The 2022 Mineral Resource Estimate for the Elk Creek Deposit adheres to the Canadian Institute of 
Mining, Metallurgy and Petroleum (CIM) Definition Standards for Mineral Resources and Mineral 
Reserves (May 2014) and was reported at a US$ 180 diluted NSR breakeven cut-off grade. The Rare 
Earth Oxides were evaluated as a potential by-product to the mining of niobium, titanium, and 
scandium; thus, the reported REOs are coincident with above-cut-off diluted NSR values as derived 
from the Nb2O5, TiO2, and Sc estimates. Mineral Resources are not Mineral Reserves and do not 
have demonstrated economic viability. There is no certainty that all or any part of the Mineral 
Resource will be converted into a Mineral Reserve. 

Understood is not aware of any environmental, permitting, legal, title, taxation, socio-economic, 
marketing, political, or other relevant factors that could materially affect the Mineral Resource 
Estimate that is not discussed in this Technical Report.  

A variety of factors may affect the 2022 Elk Creek Mineral Resource Estimate, including but not 
limited to: changes to product pricing assumptions, re-interpretation of geology geometry and 
continuity of mineralization zones, mining and metallurgical recovery assumptions, and additional 
infill or step out drilling.  In Understood’s opinion, the estimation methodology is consistent with 
standard industry practice and the Indicated and Inferred Mineral Resource Estimates for Elk Creek 
are reasonable and acceptable. 
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Table 1-1: Elk Creek 2022 Mineral Resource Estimate (niobium, titanium, and scandium) 

 

Class NSR Cutoff Tonnage (Mt) Nb2O5 (%) Nb2O5 (kt) 

Indicated 180 188.8 

0.51 970.3 

TiO2 (%) TiO2 (kt) 

2.24 4,221 

Sc (ppm) Sc (t) 

60.06 11,337 

Inferred 180 108.3 

Nb2O5 (%) Nb2O5 (kt) 

0.39 426.6 

TiO2 (%) TiO2 (kt) 

1.92 2,082 

Sc (ppm) Sc (t) 

52.28 5,660.20 
 

Table 1-2: Elk Creek 2022 Mineral Resource Estimate (rare earth oxides) 

 

Class NSR  
Cutoff 

Tonnage 
(Mt) La2O3 (%) La2O3 (kt) Ce2O3 

(%) Ce2O3 (kt) Pr2O3 (%) Pr2O3 (kt) 

Indicated 180 188.8 

0.0773 145.8 0.1335 251.9 0.0143 26.9 

Nd2O3 
(%) 

Nd2O3 
(kt) 

Sm2O3 

(%) 
Sm2O3 

(kt) Eu2O3 (%) Eu2O3 (kt) 

0.0524 98.9 0.0129 24.3 0.0046 8.6 

Gd2O3 (%) Gd2O3 (kt) Tb2O3 
(%) Tb2O3 (kt) Dy2O3 

(%) 
Dy2O3 

(kt) 

0.011 20.8 0.0012 2.3 0.0048 9.1 

Ho2O3 (%) Ho2O3 (kt) Er2O3 (%) Er2O3 (kt) Tm2O3(%) Tm2O3 

(kt) 

0.0007 1.3 0.0015 2.9 0.0002 0.3 

Yb2O3 (%) Yb2O3 (kt) Lu2O3 (%) Lu2O3 (kt) Y2O3 (%) Y2O3 (kt) 

0.001 1.9 0.0001 0.3 0.0199 37.6 

 LREO (%)   LREO (kt)   
HREO(%)  

 HREO 
(kt)  

 TREO 
(%)  

 TREO 
(kt)  

0.2774 523.6 0.0579 109.3 0.3353 632.9 

Inferred 180 108.3 
0.0943 102.1 0.1576 170.6 0.0163 17.7 

Nd2O3 
(%) 

Nd2O3 
(kt) 

Sm2O3 

(%) 
Sm2O3 

(kt) Eu2O3 (%) Eu2O3 (kt) 
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0.0575 62.2 0.0116 12.6 0.0038 4.1 

Gd2O3 (%) Gd2O3 (kt) Tb2O3 
(%) Tb2O3 (kt) Dy2O3 

(%) 
Dy2O3 

(kt) 

0.009 9.8 0.001 1.1 0.0042 4.6 

Ho2O3 (%) Ho2O3 (kt) Er2O3 (%) Er2O3 (kt) Tm2O3(%) Tm2O3 

(kt) 

0.0006 0.7 0.0014 1.5 0.0002 0.2 

Yb2O3 (%) Yb2O3 (kt) Lu2O3 (%) Lu2O3 (kt) Y2O3 (%) Y2O3 (kt) 

0.001 1.1 0.0001 0.1 0.0182 19.7 

 LREO (%)   LREO (kt)   
HREO(%)  

 HREO 
(kt)  

 TREO 
(%)  

 TREO 
(kt)  

0.3257 352.6 0.0512 55.5 0.3769 408.1 

Notes: 

a. The reporting standard for the Mineral Resource Estimate uses the terminology, definitions and guidelines 
given in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and 
Mineral Reserves (May 2014) as required by NI 43-101. 

b. Mineral Resources are inclusive of Mineral Reserves. Mineral Resources that are not Mineral Reserves do not 
have demonstrated economic viability. 

c. The Mineral Resources are reported at a Diluted Net Smelter Return (NSR) Cut-off of US $180/tonne.  
d. The diluted NSR is defined as: 

 Diluted NSR (US $)= 
Revenue per block Nb2O5 (diluted) + Revenue per block ்௜ை2 (diluted) + Revenue per block Sc (diluted)

Diluted tonnes per block
 

 The diluted revenue from Nb2O5, TiO2, and Sc per block used the following factors: 
 Nb2O5 Revenue: a 94% grade recovery, a 0.696 factor to convert Nb2O5 to Nb, 82.36% 

assumption for plant recovery, and a US$ 39.60 kg selling price per kg of ferroniobium. 
 TiO2 Revenue: a 94% grade recovery, a 40.31% assumption for plant recovery, and an US$ 

0.88 kg selling price per kg of titanium oxide. 
 Sc Revenue: a 94% grade recovery, a 1.534 factor to convert Sc to Sc2O3, 93.14% assumption 

for plant recovery, and a US$ 3,675 kg is selling price per kg of scandium oxide. 
 The diluted tonnes are a 6% increase in the total tonnes of the block. 

e. Price assumptions for FeNb, Sc2O3, and TiO2 are based upon independent market analyses for each product. 
f. Numbers may not sum due to rounding. The rounding is not considered to be material.  
g. Rare Earth Oxides (REO) were evaluated as a potential by-product to the mining of niobium, titanium, and 

scandium; thus the estimated values of the REOs are reported using the previously determined diluted NSR as 
derived from the Nb2O5, TiO2, and Sc Mineral Resources. 

h. The stated Light Rare Earth Oxides (LREO) grade (%) is the summation of La2O3 (%), Ce2O3 (%), Pr2O3 (%), and 
Nd2O3 (%) estimates. 

i. The stated Heavy Rare Earth Oxides (HREO) grade (%) is the summation of Sm2O3 (%), Eu2O3 (%), Gd2O3 (%), 
Tb2O3 (%), Dy2O3 (%), Ho2O3 (%), Er2O3 (%), Tm2O3 (%), Yb2O3 (%), Lu2O3 (%), and Y2O3 (%) estimates. 

j. The stated Total Rare Earth Oxide (TREO) grade (%) is the summation of LREO (%) and HREO (%). 
k. Numbers may not sum due to rounding. The rounding is not considered to be material.  
l. The effective date of the Mineral Resource, including by-products, is December 8th, 2021 (date of last assay 

received). 
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1.11 Mineral Reserve Estimation 
The Project is currently in the exploration phase and has not been developed. Based on geotechnical 
information and mineralization geometry, an underground longhole stoping method (LHS) has been 
determined to be suitable for the deposit. Paste backfill will be used to allow for a high recovery of 
ore material. 

The stopes’ dimensions are 15 m wide, and stope length varies based on Nb2O5 mineralization grade 
to a maximum of 25 m per panel with a level spacing of 40 m. The variation on stope length allowed 
for optimization of the Nb2O5 grade with a minimal increase to operating costs. The level spacing of 
40 m was beneficial to operating and sustaining capital costs. Each block is mined with a bottom-
up sequence. A partial sill pillar level is designed to be left between these two mining fronts/blocks. 
The extraction of ore from the partial sill pillar level is expected to be 62.5% using production up-
holes through 25 m of the 40 m thick sill pillar and is accounted for within the reserves. This 
methodology will allow partial mining of ore on the sill pillar level, while at the same time allowing 
the development of the lower mining block and establishing an early start to the mining of the 
upper mining block. Using this approach minimizes the impact on initial capital investment. The 
backfill was designed to have an adequate strength to allow for mining adjacent to filled stopes, 
thus eliminating the need for rib pillars.  

There will be two shafts, which will minimize the amount of development through water-bearing 
horizons located in the first 200 m from surface. Both shafts will be excavated at the same time 
using conventional shaft sinking methods in conjunction with a freezing process through the first 
200 m from the surface. The production shaft will facilitate main access and egress, material 
hoisting, fresh air intake, and material logistics. The ventilation shaft will serve as the mine exhaust 
system as well as a second means of mechanical egress. Mined ore will be transported from the 
stopes to the main production shaft hoisting system by underground LHD’s, trucks, ore passes, 
crusher and conveyor circuit. 

A 3D mine design has been created representing the reserve areas. The underground mine design 
process results in mine plan resources of 36.656 Mt (diluted) with an average grade of 0.81% Nb2O5, 
2.92% TiO2, and 70.2 ppm Sc. This estimate is based on a mine design using elevated CoGs and 
applying the US$ 180/t NSR CoG to capture all potential mineral reserves within the design. These 
numbers include a 95% mining ore recovery to the designed wireframes in addition to applying 
approximately 6% unplanned dilution. 

Mineral Reserves were classified using the 2014 CIM Definition standards. Table 1-3 summarizes 
the underground Mineral Reserves. This Mineral Reserve Estimate is as of May 10, 2022. 
 

Table 1-3 Underground Mineral Reserves Estimate for Elk Creek, Effective Date May 10th, 2022 

Classifi-
cation 

Tonnage 

(x1000 t) 

Nb2O5 
Grade 

(%) 

Contained 
Nb2O5 

(t) 

Payable 
Nb 
(t) 

TiO2 

Grade 
(%) 

Contained 
TiO2 (t) 

Payable 
TiO2 (t) 

Sc 
Grade 
(ppm) 

Contained 
Sc (t) 

Payable 
Sc2O3 (t) 

Proven - - - - - - - - - - 

Probable 36,656 0.81 297,278 170,409 2.92 1,071,182 431,793 70.2 2,573 3,677 

Total 36,656 0.81 297,278 170,409 2,92 1,071,182 431,793 70,2 2,573 3,677 

Source: Optimize Group, 2022. All figures are rounded to reflect the relative accuracy of the estimates.  Totals may not sum 
due to rounding. 
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 The Mineral Reserve is based on the mine design, mine plan, and cash-flow model utilizing an average cut-off grade of 0.679% 
Nb2O5 with an NSR of US$ 180/mt. 

 The estimate of Mineral Reserves may be materially affected by metal prices, environmental, permitting, legal, title, taxation, socio-
political, marketing, infrastructure development, or other relevant issues. 

 The economic assumptions used to define Mineral Reserve cut-off grade are as follows: 
o Annual life of mine (LOM) production rate of ~7,450 tonnes of FeNb/annum during the years of full production. 
o Initial elevated five-year production rate ~ 7,500 tonnes of FeNb/annum when full production is reached. 
o Mining dilution of ~6% was applied to all stopes and development, based on 3% for the primary stopes, 9% for the secondary 

stopes, and 5% for ore development. 
o Mining recoveries of 95% were applied in longhole stopes and 62.5% in sill pillar stopes. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Price assumptions for FeNb, Sc2O3, and TiO2 are based upon independent market analyses for each product. 
 Price and cost assumptions are based on the pricing of products at the “mine-gate,” with no additional down-stream 

costs required. The assumed products are a ferroniobium product (metallic alloy shots consisting of 65%Nb and 35% 
Fe), a titanium dioxide product in powder form, and scandium trioxide in powder form. 

 The Mineral Reserve has an average LOM NSR of US$ 563.06/tonne. 
 Richard Jundis has provided detailed estimates of the expected costs based on the knowledge of the style of mining 

(underground) and potential processing methods (by 3rd party Qualified Persons). 
 Mineral reserve effective date May 10th, 2022.  The financial model was run post-February 2019, which reflects a 

total cost per tonne of US$ 196.72 versus US$ 189.91 (May 20, 2022 Mineral Reserve Details Table above).  This is 
not considered a material change. 

 Price variances for commodities are based on updated independent market studies versus earlier projected pricing.  
The updated independent market studies do not have a negative effect on the reserve. 

1.12 Mining Methods 

Geotechnical 

A geotechnical field characterization program has been undertaken to assess the expected rock 
quality. This program included logging core, laboratory strength testing, in situ stress 
measurements and oriented core logging of jointing. The results of this program have provided 
adequate quantity and quality data for the feasibility-level design of the underground workings. 

Parameter Value Unit 

Mining Cost 42.38 US$/t mined 

Processing  106.70 US$/t mined 

Water Management and Infrastructure  16.62 US$/t mined 

Tailings Management 2.01 US$/t mined 

Other Infrastructure 5.47 US$/t mined 

General and Administrative 8.91 US$/t mined 

Royalties/Annual Bond Premium 8.34 US$/t mined 

Other Costs  6.29 US$/t mined 

Total Cost 196.72 US$/t mined 

Nb2O5 to Niobium conversion 69.60 % 

Niobium Process Recovery 82.36 % 

Niobium Price 39.60 US$/kg 

TiO2 Process Recovery 40.31 % 

TiO2 Price 0.88 US$/kg 

Sc Process Recovery 93.14 % 

Sc to Sc2O3 conversion 153.40 % 

Sc Price 3,675.00 US$/kg 
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A geotechnical assessment of the orebody shape and ground conditions has determined that 
longhole open stoping mining is an appropriate mining method. Stopes have been sized to maintain 
stability once mucked empty. A primary/secondary extraction sequence with tight backfilling allows 
optimization of ore recovery while maintaining ground stability. Primary stopes will be backfilled 
with cemented paste backfill, while secondary stopes will be backfilled with low cement paste 
backfill and uncemented waste rock from underground development activities. 

The design has been laid out using empirical design methods based on similar case histories. The 
stability of the Feasibility Study mine design has been checked with 3D numerical stress-strain 
models of the working, which included consideration for mine-scale faulting. The modelling results 
confirm that stopes and access drifts are predicted to remain stable during active mining, including 
areas adjacent to paste backfilled primary stopes. The revised stope dimensions have been 
reverified using empirical design methods. The current design has not been reverified using 
numerical analyses, but this reverification is recommended as the mine design is advanced to the 
final design.  

Ground support requirements have been based on empirical ground support methods and have 
considered variable levels of required ground support.  

The location of underground infrastructure (i.e., shafts, ventilation raises, shops, etc.) have been 
situated to minimize the adverse impact of encountering geologic structures (i.e., weaker faults and 
shear zones). 

Mine Design 

Potential mining areas were identified using stope optimization within Datamine Minable Shape 
Optimizer software using a minimum mining stope width of 15 m, a stope height of 40 m, and a 
variable stope length perpendicular to strike to a maximum of 25 m. The variable stope length 
perpendicular to the strike allowed for optimization of the Nb2O5 grade. The stope optimizer output 
was reviewed on a level-by-level basis, and a 3D mine design was generated. Generally, stopes 
would be selected based on the minimum CoG or CoNSR. As the CoNSR value is much lower than 
the resulting average NSR stope value, the CoNSR was not the decisive factor in the stope 
optimization process. Rather than using a minimum CoG or CoNSR, the mine design targeted higher 
annual ferroniobium production during the first five years of ore delivery, which resulted in an 
average annual production rate of 7,500 tonnes per year over this period. The steady-state average 
annual ferroniobium production was 7,450 tonnes annually during the years of full production. This 
strategy results in a LOM NSR average value of US$ 563.06/t. There is a partial sill pillar separating 
the upper and lower blocks. A portion of the ore within the partial sill pillar level is planned to be 
extracted (62.5%) and is accounted for within the mineral reserves. There is additional 
mineralization potential below the lower mining block. The mining blocks identified provide an 
approximate 38-year LOM; therefore, the additional design below the lower mining block was not 
completed at this time. The design includes stopes, development accesses, and necessary 
infrastructure. 

Stope optimizer shapes were used as a basis for the design work. Each stope has a 4.3 m x 4.0 m 
access located at the bottom of the stope. Top accesses are designed to give access to stopes on 
the next level and to allow for backfilling. The stopes are drilled from the top and rings are blasted 
from the end of a stope toward the footwall access. The blasted material is remotely mucked from 
the stope access. A primary/secondary stoping sequence will be used. The stope accesses are 
connected to a level access located in waste or low-grade material. The level accesses connect to 
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the main ramp which is offset at least 75 m from the footwall of the stopes. Each level is connected 
to an intake and exhaust ventilation system. 

The designed vertical extent of the mine is 600 m with a bottom elevation of -535 m. The ventilation 
shaft is designed to a 530 m depth. The production shaft is designed to a 755 m depth. The 
production shaft and related crushing and conveying system is complemented with an ore pass and 
waste pass system that results in an overall material handling system that has suitable ore storage 
above and below the crusher station. 

The underground mine will be accessed through a 6.0 m diameter production shaft system that will 
be excavated using conventional shaft sinking methods in conjunction with a freezing process 
through the first 200 m from the surface down to the potential water-bearing contact between the 
Pennsylvanian sediments and carbonatite unit, (reference Figure 7-5). This method, unlike a 
raisebore method of excavation, allows control of potential water inflows.  Upon completion of the 
first 200 m section, the shaft sinking continues, with grouting of the permeable carbonatite to 
control inflow and allow the shaft liner to be placed, but freezing is no longer required to reach the 
bottom elevation.   

A 6.0 m diameter ventilation/exhaust shaft is excavated concurrently using the same method as the 
production shaft and is outfitted with an emergency mechanical egress system. In addition, the 
sinking of the ventilation shaft, which is not as deep as the production shaft, allows for an earlier 
start to key lateral development via the ventilation shaft. 

The production and development schedules were completed using Deswik scheduling software. A 
delay of 28 days was used prior to driving on paste backfill or mining adjacent to a paste backfilled 
stope. A production rate of 2,764 t/d was targeted with ramp-up to full production as quickly as 
possible. Production shaft and ventilation shaft sinking preparation begins eight months after the 
commencement of detailed engineering with actual sinking beginning five months later and 
subsequent lateral mine development beginning nine months later. Production stoping begins 22 
months after the start of lateral development, with a production ramp-up period through the next 
eleven months, after which the mine and plant are operating at full capacity. Figure 1-1 shows the 
mine production schedule coloured by year. 
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Source: Optimize Group, 2022 
 

Figure 1-1: Mine Production Schedule – Coloured by Year 

The mine utilizes drill jumbos for lateral development equipped with tophammer drills. Production 
stope drilling utilizes down-the-hole drills. Rock bolters are used for ground support, and probe 
holes will be used to support mine grouting where required. The mine will operate a fleet of 40-
tonne haul trucks being loaded by 6.2 m3 (14 t) LHDs. The ore is fed through grizzly feeders with 
rock breakers into an underground crusher and via a material handling system to the surface. The 
mine has full infrastructure underground including ventilation, pumping system, electrical 
substation and distribution system, warehousing, explosives storage, communications system, and 
maintenance garage. The mine will have a staff of approximately 216 people at the peak of 
production. 

  

Mine Design by Year 

 

Long Section View  

Looking NE 
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1.13 Recovery Methods 

Mineral Processing 

The Mineral Processing building will house all of its equipment within a single large building. This 
building will be an engineered steel structure with approximate dimensions of 61.9 m x 46.6 m (203 
ft x 153 ft) with a 31.7 m (104 ft) eave height. 

The primary driver of the comminution circuit design is the dry processing of ore. The process design 
relies upon two things: receiving a primary crusher product with a characteristic particle size of (P80) 
115 mm at the comminution circuit feed bin and producing feed material for the downstream 
hydrometallurgical processing at a characteristic particle size of (P80) 1.1 mm. 

The primary crusher product will be fed to the secondary cone crusher system, operating in closed 
circuit with a double deck screen. The screen undersize from the cone crusher system will be fed to 
an HPGR unit, operating in closed circuit with another double deck screen. The HPGR screen 
undersize is the comminution product that will report to the hydrometallurgical process. 

Hydrometallurgical Processing (Hydromet)  

The Hydromet Plant building is a very large multi-level engineered steel structure with dimensions 
approximately 167.6 m x 61 m (550 ft x 200 ft) with a 30.5 m (100 ft) eave height. The building will 
house the equipment on two levels for the 15 individual processes required to separate the three 
recoverable minerals. The purpose of the Hydromet Plant is to extract the pay metals while 
separating them from the impurities. The process involves a series of successive leach and 
purification steps. The Hydromet Plant is supported by a Hydrochloric Acid Regeneration (HCl) Plant 
and a Sulphuric Acid Plant. 

The Acid Regeneration (HCl) Plant is composed of a large open-air tank farm type equipment area 
with containment capability situated next to a single large building. The open air tank farm area will 
contain the reactors, agitated tanks, heat exchangers and absorber columns needed for the process. 

The Sulphuric Acid Plant serves as the environmental control device for scrubbing of SO2 gas 
produced by calciners in the Hydromet area. This SO2 gas will be scrubbed and regenerated to 
produce sulfuric acid which will be used in the Hydromet and other areas of the surface plant as a 
reagent. It is composed of a large open equipment area with dimensions approximately 82 m x 72.2 
m (269 ft x 237 ft). Within this general area is a containment area that contains the absorber and 
drying towers, acid coolers, acid dryers and pumps. The remaining open area will contain the heat 
exchangers, superheater, converter and blowers used for the regeneration of sulphuric acid. 

Pyrometallurgical Processing (Pyromet)  

The Pyromet Plant building will house most of its equipment within a single building. This building 
will be an engineered steel structure with dimensions approximately 45.7 m x 45.7 m (150 ft x 150 
ft) with a 22.9 m (75 ft) eave height. 

The purpose of the Pyromet Plant is to reduce the niobium pentoxide coming from the Hydromet 
feed by converting it into a saleable ferroniobium (FeNb) metal. Pyromet enhances the purification 
of the FeNb by eliminating the Ti co-precipitated with the Nb. 

The aluminothermic reduction has been selected as the technology to convert the 
hydrometallurgical Nb2O5 precipitate into a FeNb metal. Aluminum shots and iron oxide pellets will 
be introduced on a continuous basis along with the fluxing agents to initiate and complete the 
exothermic chemical reduction of the Nb2O5. This reduction is performed in a single electrical arc 
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furnace with a continuous feed of precipitate, additives and fluxes to produce a saleable a FeNb 
metal alloy. 

1.14 Project Infrastructure 
There are several local communities near the Project, including Elk Creek, Tecumseh, Pawnee City 
and Syracuse that are intended to provide local housing for the Project construction and operating 
staff. There are several other communities within driving distance, and the large cities of Lincoln 
and Omaha are within reasonable driving distance. Both cities have substantial regional airports. 

Presently, the site has no existing infrastructure except for access via the Nebraska State Highway 
50 and County Road 721. The Project will be accessed from County Road 721 through a guarded 
gate house into the Project property. 

The Project will incorporate surface and underground infrastructure, as well as surface tailings and 
salt storage facilities. The offsite infrastructure includes a new high voltage transmission line 
constructed by the local utility company and providing power to an on-site primary sub-station and 
45 km (28 mile) natural gas pipeline built by the owner of the interstate pipeline. 

On-site power will include a 44 kV transmission line between the primary substation and the mine 
substation, along with a 13.8 kV on-site power distribution network. Telecommunications service 
will be provided by the local telecom supplier with on-site telecommunications distribution 
consisting of a combination of hardwire and fiber optics systems. 

The on-site surface infrastructure will include: 

 an electrical substation and distribution system; 

 on-site telecommunications; 

 fuel storage and dispensing system for above ground vehicles; 

 fuel storage and dispensing system for diesel storage and pipeline transmission to 
underground mine fuel storage; 

 truck scale; 

 process water treatment center; 

 potable water/fire water system including tankage, distribution and hydrants; 

 sanitary wastewater collection system with lift stations discharging into above-grade tanks for 
transport/disposal to a local municipal wastewater plant; 

 natural gas distribution to site loads; and 

 access roads to the site with parking, fencing and security. 

Infrastructure building facilities will include the following: leased modular trailers for the 
administration building and security gate house, assay laboratory, combination warehouse and 
maintenance shop, modular warehouse/maintenance shop offices, process water treatment plant 
building, and the mine change building. 

The mining related facilities will include a lined mine waste rock and ore storage area, surface water 
control facilities, and the tailings and salt impoundments. The mine surface facilities include two 
headframes and their associated hoisthouses, mine substations, temporary power generation 
system, paste backfill plant, a multi-use facility comprised of a warehouse, maintenance shops, 
mine dry, and the administration building. The underground will be serviced by the production and 
ventilation shafts.  
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The underground facilities will include a shop, warehouse, fuel storage and filling area, offices, 
explosives storage areas, electrical distribution system, water pumping and discharge system, 
process water distribution, compressed air distribution, and the backfill distribution system. The 
underground material handling system includes a grizzly, feeder, crusher, storage bins, conveyors, 
and a skip loading system that loads skips in order to hoist the mined material to the surface facility. 

A temporary contractor constructed and operated Freeze Plant will be located adjacent to the 
headframes in order to service both shafts simultaneously.  The Freeze Plant will be operated during 
the early phases of shaft sinking and will draw power from the temporary power generation system 
until permanent site power is available.  The temporary plant will be removed from the site during 
the final stages of shaft sinking. 

1.14.1 Tailings 
The tailings produced by the process plant will consist of filtered water leach residue, calcined 
excess oxide, and pyromet slag. The four tailings storage facilities (TSF) will be constructed in 
succession to contain the tailings; the first three cells in the Plant Site area, and later in the mine 
life Area 7. The TSFs will be located in the Plant Area for the first 18 years of operation, and in Area 
7 from Year 19 through Year 38. The Plant Site TSFs will contain approximately 7.8 Mt of tailings. 
The Area 7 TSF will contain an additional approximately 6.7 Mt of tailings. The TSFs have been 
designed to incorporate two independent areas: a composite-lined tailings solids storage area; and 
an area with double lined containment including a leak collection and recovery system for 
management of stormwater runoff and drainage from the tailings solids. The TSFs will store 
predominantly dry (i.e., not in a traditional slurry consistency) tailings from the plant with 
embankment construction based on a "downstream" construction method. Facility closure is 
considered in the design. 

1.15 Markets and Contracts 
Market studies for niobium, titanium dioxide and scandium trioxide are an important part of the 
proposed Elk Creek Mine. These products, especially niobium and scandium trioxide (scandium), 
are thinly traded without an established publicly available price discovery mechanism. 

Marketing studies and product price assumptions are based on research and forecasts for the 
following products:   

 Ferroniobium (FeNb): Roskill’s Global Industry, Markets and Outlook 2018 (Roskill, 2018) 

 Scandium Trioxide (Sc2O3): OnG Commodities LLC (OnG, 2017, 2019) - specializes in the 
scandium alloys and scandium markets. 

 Titanium Dioxide (TiO2):  USGS Commodity Market Summaries (Bedinger, 2019) and Adroit 
Market Research (Johnson, 2019).     

NioCorp is considering selling ferroniobium, scandium trioxide and titanium dioxide products from 
the Project through all avenues, which include entering into long-term offtake contracts and Letters 
of Intent with buyers.  

Niobium, titanium, and scandium comprise the mineral reserve supporting this Feasibility Study, as 
well as the mineral resource. However, the mineral resource also includes rare earth elements 
(REEs), which are not included in the mineral reserve for the Project. The rare earth elements 
(lanthanides plus yttrium), comprise a wide variety of markets, some more thinly traded and 
opaque than others. However, the "magnetic” rare earths (neodymium, praseodymium, terbium, 
and dysprosium) which are used to manufacture rare earth permanent magnets are more widely 
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traded and are the primary REEs of interest for the Project. The Company has utilised market studies 
and forecasts from Adamas Intelligence (Adamas Intelligence, 2019, 2020, and 2022) to support 
inclusion of the REEs into the mineral resource.  

At the time of this report, NioCorp had entered into three off-take agreements covering 75% of the 
ferroniobium and 10-15% of the scandium trioxide (minimum 12 t/y) production over the first 10 
operational years from the Project. 

No off-take agreements have been executed at the time of the report for the titanium dioxide 
product from the Project. It is assumed this product and all other material not covered by an off-
take agreement will be sold on a spot price, ex-mine gate basis.  

1.16 Environmental Studies, Permitting and Social or Community Impact 
NioCorp has developed information and conducted a number of environmental studies related to 
baseline characterization for the Project. These include: 

 Soils 

 Climate/Meteorology/Air Quality 

 Cultural and Archeological Resources 

 Vegetation 

 Wildlife 

 Threatened, Endangered, and Special Status Species 

 Land Use 

 Hydrogeology (Groundwater) 

 Hydrology (Surface Water) 

 Wetlands/Riparian Zones 

 Geochemistry 

The geochemistry and characterization/classification of the ore and waste materials (including the 
final process waste streams making up the bulk of the tailings mass and the crystallized RO water 
treatment salts), directly influences the management of these materials given the presence of 
naturally occurring radioactive materials (NORMs) (i.e., uranium and thorium) and the potential for 
limited reaction to contact with water. These materials currently classify as non-hazardous based 
on regulatory testing. Site-wide management of non-contact and contact stormwater will be 
essential to the Project compliance. Given the presence of low levels of NORMs and this potential 
reactivity, NioCorp will take the conservative approach of placing this material in a double-lined 
containment facility from which any surface water runoff or seepage can be controlled and 
managed. It is not anticipated that any of the mine development or waste rock would remain 
exposed on the surface post closure.  

Characterization of the various tailings materials has included both the Toxicity Characteristic 
Leaching Procedure (TCLP) and the Synthetic Precipitation Leach Procedure (SPLP), which are 
designed to determine the mobility of both organic and inorganic analytes present in the liquid, 
solid, and multiphasic wastes, and assist in the proper classification of waste materials. The most 
recent tailings material testing showed negligible mobility of regulated constituents (indicating a 
non¬hazardous classification), although the pH of the TCLP/SPLP extracts remained high. While the 
calcined tailings are likely to produce heat when exposed to atmospheric moisture and precipitation 
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(i.e., exothermic hydration), this reaction is not "violent" as defined under 40 CFR § 261.23(2) 
Characteristic of reactivity [for hazardous wastes] (adopted by the State of Nebraska under Title 
128 - Nebraska Hazardous Waste Regulations). Given the limited quantities of ore available for 
testing, further characterization of these materials is recommended in order to establish 
representativeness of the deposit as a whole with respect to waste classification. 

There are currently no known environmental issues that could materially impact NioCorp's ability 
to extract the Mineral Resources or Mineral Reserves at Elk Creek. However, there are several key 
permitting risks and uncertainties that could affect the Project financing and schedule. These are 
outlined below. 

Overburden developed during mine construction will be excavated, crushed and used as a 
construction material. Small quantities of waste rock will be temporarily stored on the surface (on 
a lined pad) prior to final disposal underground or within the lined tailings impoundment. The water 
leach residue tailings will be returned to the underground mine as backfill, along with a portion of 
the oxide tailings. The remaining oxide tailings and slag will be deposited within double-lined, 
surface storage facilities. 

During the life of the mine there will be an inflow into the mine of up to 63 L/s (1,000 US gpm), 
which will require removal to the surface via an in-mine pumping system. During operations, clean 
water produced from the RO water treatment system will be used in the process plant, and the 
reject concentrate will be evaporated and crystallized for disposal as solid waste material. 

Upon cessation of mining, the facilities will be closed in accordance with state requirements and 
best industry practice. Until such time that the final TSF closure cover can be constructed, and any 
residual water or seepage eliminated, the TSF contact water will require active management.  

Engagement of local, state, and federal regulators has commenced. Initiation of the formal 
operational permitting program for the Project is dependent upon the completion of the mine plan 
and surface facilities being developed as part of this technical document, as well as additional 
characterization of the waste materials and potential worker exposures under the jurisdiction of 
the Nebraska Department of Health and Human Services (DHHS) and U.S. Department of Labor — 
Mine Safety and Health Administration (MSHA), both of whom will have primary oversight of 
worker safety and monitoring programs with respect to the presence of NORMs in the ore and 
waste rock. A comprehensive table of requisite permits and authorizations is presented in Section 
20.3. 

Stakeholder engagement has been undertaken in parallel with field operations in Nebraska and has 
included town hall discussions and individual meetings. Some early communications have occurred 
between NioCorp and Johnson, Pawnee, Nemaha and Richardson County representatives (including 
the county commissioners) as well as the Southeast Nebraska Development District. 

Without specific hardrock mining regulations, there are limited obligatory requirements for 
reclamation and closure of mining properties in Nebraska. There are provisions, however, within 
the applicable regulatory framework that is likely to be applied to the Project during the permit and 
licensing processes, specifically those associated with the TSF and mineral processing facilities. This 
will include the provision of financial surety for proper closure and reclamation of the site. The 
estimated direct costs for closure and reclamation of the Project, plus financial assurance 
premiums, is US$ 50.2 million using a 2019 cost basis. 

Overall, the Project appears to be sufficiently advanced to initiate the submission of the remaining 
formal operational permit applications which will govern the construction, operation, and closure 
of the mine. 
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At the time of writing, NioCorp had obtained three permits necessary to allow for the construction 
of the project: (1) a construction air permit from the state of Nebraska; (2) a special use permit from 
Johnson County, Nebraska; and (3) authorization under Nationwide Permit 12 issued by the US 
Army Corps of Engineers. 

1.17 Capital Cost Estimate 
The estimate meets the classification standard for a Class 3 estimate as defined by AACE 
International and has an intended accuracy of ± 15%. The estimate is reported in Q1 2019 U.S. 
constant dollars. The primary purpose of this report is to address changes to the resource estimate 
to include contained rare earth elements (REE’s). A subsequent addition of the REEs to the mineral 
reserve and economics will require additional metallurgical work.  

Costs have for the most part been retained from the previous 2019 Feasibility Study. The capital 
cost estimate reflects a detailed bottom-up approach that is based on key engineering deliverables 
that define the project scope. This scope was described and quantified within material take-offs 
(MTO’s) in a series of line items. Capital costs are divided among the areas of underground mining, 
processing, infrastructure, water management, tailings management, mining indirects (indirect 
costs), mining and processing commissioning and contingency. Sustaining capital costs are related 
to underground mining fixed equipment and development, process plant, infrastructure 
maintenance, tailings management, mine closure and contingency. 

The mining, processing and infrastructure capital costs were developed based on a combination of 
vendor and contractor quotations, first principles buildup, allowances, and historical database 
costs. The estimates include labour, materials, equipment purchase and operation cost, rental 
equipment, supplies, freight, and energy. The costs developed include direct and indirect costs and 
included separate contingencies on both. Equipment purchase includes freight, an allowance for 
transporting underground, initial training and commissioning. The tailings and water management 
capital costs were based on contractor estimates for earthworks and liner installation. The 
estimates were developed from recent and relevant costs on other projects or developed from first 
principles.  

Table 1-4 shows the breakout in LOM initial and sustaining capital estimates, which total US$ 1,609 
million. An overall 9.79% contingency factor has been applied to the initial capital estimate, while a 
smaller 2.06% contingency was applied to the sustaining capital estimate. The pre-production 
period is defined from April 2022 to the end of construction in June 2025 plus a six-month ramp-up 
period through the end of December 2025. Commercial production is expected to be declared on 
January 1, 2026.  
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Table 1-4: Capital Costs Summary (US$ 000’s) 

Description Initial Sustaining Total 

Capitalized Preproduction Expenses $77,053   $77,053 

Site Preparation and Infrastructure $40,569 $15,007 $55,576 

Processing Plant $367,439 $96,448 $463,886 

Water Management & Treatment $73,756 $23,613 $97,369 

Mining Infrastructure $256,981 $198,482 $455,463 

Tailings Management $21,423 $78,855 $100,277 

Site Wide Indirects $7,368  $7,368 

Processing Indirects $96,028  $96,028 

Mining Indirects $41,130  $41,130 

Process Commissioning $13,350  $13,350 

Mining Commissioning $1,578  $1,578 

Owner's Costs $33,619  $33,619 

Mine Water Management Indirects $8,520  $8,520 

Closure and Reclamation  $44,267 $44,267 

Contingency $101,730 $9,385 $111,116 

Total Capital Costs $1,140,544 $466,058 $1,606,601 

Preproduction Revenue Credit ($256,910)   ($256,910) 

Net Project Total $883,634 $466,058 $1,349,692 

Source: NioCorp, 2022 

1.18 Operating Cost Estimate 
Operating cost estimates were developed to show monthly and annual costs for production. All unit 
costs are expressed as US$/tonne processed and are based on Q1 2019 US$. The primary purpose 
of this report is to address changes to the resource estimate to include contained rare earth 
elements (REE’s). A subsequent addition of the REEs to the mineral reserve and economics will 
require additional metallurgical work. Costs have for the most part been retained from the previous 
2019 Feasibility Study. 

Operating cost metrics in the technical economic model are reported on a LOM (life of mine) basis 
meaning that all of these unit rates are stated on a LOM basis where the costs are estimated from 
the beginning of construction to the end of mine life. LOM operating costs include the pre-
production and first/last years of production.  

The total LOM operating cost unit rate of US$ 195.94/t processed is summarized in Table 1-5. 
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Table 1-5: LOM Operating Cost Unit Rate Summary 

Description 
LOM 

US$/t ore 

Mining Cost 42.38 

Process Cost 106.70 

Water Management Cost 16.62 

Tailings Management Cost 2.01 

Other Infrastructure 5.47 

Site G&A Cost 8.20 

Other Expenses 6.22 

Subtotal 187.59 

Royalties/Annual Bond Premium 8.35 

Total LOM Operating Costs 195.94 
Source: NioCorp, 2022 

1.19 Economic Analysis 
The results of the economic analysis represent forward-looking information that is subject to a 
number of known and unknown risks, uncertainties and other factors that may cause actual results 
to differ materially from those presented here. Forward-looking statements in this Report include, 
but are not limited to, statements with respect to future niobium, scandium, titanium and rare 
earth prices, the estimation of Mineral Resources and Mineral Reserves, the estimated mine 
production and niobium, scandium, titanium, and rare earths recovered, the estimated capital and 
operating costs, and the estimated cash flows generated from the planned mine production. 

Actual results may be affected by: 

 Differences in estimated initial capital costs and development time from what has been 
assumed in this Technical Report. 

 Unexpected variations in the quantity of ore, grade or recovery rates, or presence of deleterious 
elements that would affect the process plant or waste disposal. 

 Unexpected geotechnical and hydrogeological conditions from what was assumed in the mine 
designs, including water management during construction, mine operations, and post mine 
closure. 

 Differences in the timing and amount of estimated future niobium, titanium dioxide and 
scandium trioxide production, costs of future niobium, titanium dioxide and scandium trioxide 
production, sustaining capital requirements, future operating costs, assumed currency 
exchange rate, requirements for additional capital, unexpected failure of plant, equipment or 
processes not operating as anticipated. 

 Changes in government regulation of mining operations, environment, and taxes. 

 Unexpected social risks, higher closure costs and unanticipated closure requirements, mineral 
title disputes or delays to obtaining surface access to the property. 
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The production schedules and financial analysis annualized cash flow tables are presented with 
conceptual years shown. Years shown in these tables are for illustrative purposes only. If additional 
mining, technical, and engineering studies are conducted, these may alter the Project assumptions 
as discussed in this Report and may result in changes to the calendar timelines presented and the 
information and statements contained in this Report. 

The technical, economic model metrics are prepared on an annual pre-tax and after-tax basis, the 
results of which are summarized in Table 1-6. Based on current assumptions and design listed in 
this report, the Project returns a pre-tax NPV 8% of US$ 2,819 million and an IRR of 29.2% along 
with an after-tax NPV 8% of US$ 2,350 million and IRR of 27.6%. 

 
Table 1-6: Project Metrics Summary (US$ 000’s) 

Description Value 

Gross Revenue US$ 21,899,726 

Operating Costs (US$ 6,754,878) 

Operating Margin (EBITDA) US$ 14,717,445 

Income Tax (US$ 2,319,660) 

Working Capital 0 

Operating Cash Flow US$ 12,471,258 

Initial Capital (US$ 1,140,544) 

Sustaining Capital (US$ 412,405) 

Reclamation/Salvage Capital (US$ 44,267) 

Total Capital (US$ 1,606,601) 

Pre-tax Free Cash Flow US$ 13,121,263 

Pre-tax NPV @ 8% US$ 2,819,000 

Pre-tax IRR 29.2% 

Pre-tax Undiscounted PB from Start of CP (Years) 2.67 

After-tax Free Cash Flow US$ 10,875,077 

After-tax NPV @ 8% US$ 2,350,000 

After-tax IRR 27.6% 

After-tax Undiscounted PB from Start of CP (Years) 2.69 
Source: NioCorp, 2022 
 

The cash flow model was tested for sensitivity to variances in milled tonnes, head grades (Nb, Sc, 
and Ti), process recoveries (Nb, Sc, Ti), metal prices, initial/sustaining capital expenditure and 
operating costs (mining, processing, water management, tailings management, site G&A and 
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royalties).  Figure 1-2 and Figure 1-3 illustrate the results of pre/post tax basis with respect to four 
of the operational parameters and product prices along with recovery and head grades. The 
anticipated project cash flow is sensitive to the price of scandium and niobium compared to capital 
and operating costs, which were both quite similar.  

 

 
Source: NioCorp, 2022 

Figure 1-2: Pre-Tax NPV 8% Sensitivity Graph 

 

 
Source: NioCorp, 2022 

Figure 1-3: After-Tax NPV 8% Sensitivity Graph 
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Sensitivity graphs in Figure 1-4 and Figure 1-5 demonstrate the Project IRR is sensitive to changes 
in Sc2O3 and Nb prices on both a pre-tax and after-tax basis, but capital costs clearly have a greater 
effect than operating costs. 

 
Source: NioCorp, 2022 

Figure 1-4: Pre-Tax IRR Sensitivity Graph 

 
Source: NioCorp, 2022 

Figure 1-5: After-Tax IRR Sensitivity Graph 
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Figure 1-6 and Figure 1-7 illustrate the results of pre/post tax basis with respect to head grades and 
process recoveries of the three products. Not surprisingly, the impact of a head grade reduction is 
exactly equivalent to a process recovery reduction for each of the products. 

   

 

 
Source: NioCorp, 2022 

Figure 1-6: Pre-Tax NPV 8% Sensitivity Graph (Grade & Recovery) 

 

 
Source: NioCorp, 2022 

Figure 1-7: After-Tax NPV 8% Sensitivity Graph (Grade & Recovery) 
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Sensitivity graphs in Figure 1-8 and Figure 1-9 demonstrate the Project IRR is sensitive to changes 
in Sc2O3 and Nb head grade and recovery on both a pre-tax and after-tax basis, but with limited to 
no impact from TiO2. 

 

 
Source: NioCorp, 2022 

Figure 1-8: Pre-Tax IRR Sensitivity Graph (Grade & Recovery) 

 

 

Source: NioCorp, 2022 

Figure 1-9: After-Tax IRR Sensitivity Graph (Grade & Recovery) 
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Discount rate sensitivity is always important in a project valuation, and with respect to this Project, there is a complex 
process plant flow sheet and market uncertainty to account for. NPV profile charts are presented in Figure 1-10 and               

Figure 1-11, which shows pre- and after-tax NPV results for 100 basis point increments between 0% 
and 20%. It should be noted that with current assumptions, the Project breaks even at a ~20% 
hurdle rate on an after-tax basis. 

 

 
Source: NioCorp, 2022 

Figure 1-10: Before-Tax NPV Profile 

 
Source: NioCorp, 2019              

Figure 1-11: After-Tax NPV Profile 
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1.20 Adjacent Properties 
There are no significant properties adjacent to the Elk Creek Project. 

1.21 Other Relevant Data and Information 

1.21.1 Project Implementation Plan 
A Project Implementation Plan (PIP) communicates the overall execution strategy for project 
construction. The project objective is to reach 100% of production capacity within a total budget of 
US$ 874 million (includes gross pre-production revenue credit). The Project timeline is based on 
First Metal 42 months after Authorization to Proceed, plus an additional four months of ramp-up 
to 100% of production capacity for a total project schedule lasting 45 months.  

The schedule highlights are as follows: 

 The total duration of the project is 45 months from Authorization to Proceed to the end of the 
ramp-up period. 

 A six-month ramp-up period (included in the overall schedule) is allotted to increase the site 
throughput to 100% of nameplate rating 

 The Project timeline is linked to both the mining-related activities and the surface operations 
in both sequencing and duration. The construction of the main surface plant buildings and 
supporting infrastructure is not on the critical path.  

 The critical path sequence of activities follows: 

o Completion of drilling, sampling and final hydrogeological investigation.  

o Engineering and procurement for shaft sinking and mining components.  

o Construction of temporary power plant for shaft sinking and construction activities.  

o Construction of the temporary Freeze Plant for shaft sinking activities.  

o Establishing commercial natural gas and electricity service to the Project site.  

o Construction of the Paste Backfill Plant.  

o Sinking both the production and ventilation shafts.  

o Underground mine infrastructure.  

o Completion of commissioning of the processing plant up to First Metal.  

o Ramp up of processing plant to full production capabilities.  

 

The PIP execution is based on the use of two main EPCM (Engineering, Procurement and 
Construction Management) contractors. One contractor with responsibilities for all mining-related 
work and a second contractor responsible for all other site-wide related work. Certain portions of 
the site-wide work will be performed with EPC sub-contracts awarded to companies that specialize 
in process and technology related packages, such as the Acid Plant. The approach is reflected in the 
capital cost estimate for the Project. 

Key early works for the Project include finalizing the contracting approach and contracting the key 
contractors; optimization metallurgical studies; completing key permitting activities for early works; 
conducting hydrogeological confirmation testing; conducting confirmatory geotechnical drilling for 
shafts; detailed engineering and procurement of long lead-time equipment for shaft, headframe, 
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and mine substation; detailed engineering and site preparation for early works activities; and 
finalizing contract and commencing construction on the third-party natural gas pipeline and electric 
power supply. 

The PIP further identifies and defines project and document control systems and responsibilities, 
engineering activities, supply chain and procurement activities, construction management activities 
and responsibilities, and the commissioning and operational readiness strategy. 

1.21.2 Opportunities and Risks 
The Project’s 2019 Opportunity and Risk Analysis was reviewed by NioCorp in conjunction with 
Optimize Group, Dahrouge, SRK, Tetra Tech, Adrian Brown, MCS, Cementation and L3, looking at 
both opportunities and risks that were identified during the 2017 and 2019 Feasibility Studies. 

1.21.2.1 Opportunities 
Opportunities recognized during the analysis included:  

Mine Operations 

 Optimizing the mine plan based upon market conditions.  At present, the production stopes 
are dictated by their niobium content. There are existing areas within the footwall zone that 
have high concentrations of scandium, but they have been dismissed as ore due to their lower 
content of niobium. If the scandium market demand remains intact and the processing plant 
can increase scandium throughput possibly through a separate circuit, then there would be 
additional ore within the existing vertical extent of the present mine design. 

o i.e. The current resource model has many resource blocks that have an NSR greater 
than $500/tonne that are currently not in the mine plan for they do not meet the 
niobium head grade requirements but do consist of high grade scandium. As such, if 
market conditions change, there is an opportunity for the operation to adjust to meet 
the market needs.  

o Similarly, inclusion of REEs in the resource and potential to add them to the mineral 
reserve will affect optimization of the mine plan with additional contibution to NSR in 
many resource blocks. 

 After completion of additional diamond drilling underground and development within the ore 
zone, there could be a reason to increase the width of the stopes from 15 m wide to 20 m 
wide, if geotechnical factors allow. This would decrease ore drive development by 25%, which 
is the predominant development activity. 

 There could be an opportunity to replace the mining contractor after approximately three 
years of steady-state production. After this period of time, the full requirements to obtain 
sustainable production levels would be understood, and the owner could replace the 
contractor with their own workforce. The resulting operating cost should decrease; this would 
be partially offset with the purchase and sustaining capital for mobile equipment. 

Ventilation 

 There is a potential to decrease ventilation requirements. With present-day equipment 
manufacturing capabilities, it may be unreasonable to expect a mining contractor to equip 
themselves with an electric powered mucking and hauling fleet. It is reasonable to transition 
the diesel-powered haulage fleet to electric power as the technology related to electrification 
of mining fleets is rapidly developing at the time of writing. The change over to an electric 
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powered fleet would decrease the demand for ventilation underground, however this would 
have to be confirmed through a review of all other ventilation related performance needs. Any 
savings related to a volume reduction would need to be evaluated against the higher haulage 
costs to cover the more expensive equipment. 

 
Mine Backfill 

 Additional paste backfill testing to evaluate lower cement content fly ash blends and early 
strength gain. 

 Potential to use mine waste rock as concrete aggregate. 
 Potential to convert Paste Backfill Plant into a combined paste backfill and concrete 

manufacture plant for site construction work. 

Resource/Reserve Expansion Potential 

 The current deposit is open in the hanging wall, footwall and at depth and along strike.  
Further drilling during the infill definition, drill programs can be used to determine if the ore 
body can be expanded.  

Cost Estimating 

 Use the Hydromet and Mineral Processing Plant buildings to facilitate on-site tank 
fabrication. 

 Consider surface-based stormwater drainage. 

EPCM Phase 

 Mineral Processing and Pyromet buildings: Stick-built vs prefabricated. 
 Hydromet building: Stick-built first storey and prefabricated second storey. 
 Quality: Specialized contractor for installation of the liner in tailings and active dewatering 

pond. 
 Environmental protection: Environmental barrier at ground level during construction. 

1.21.2.2 Risks  
The 2019 risk analysis defined 58 risks and their associated potential mitigation strategies (see 
Appendix D). 

 25 risks were considered with a pre-response consequence of moderate, major or severe and 
a likelihood of likely or almost certain.  

o If the action plan is initiated, the post-response consequence for these high-risk items 
reduces to 6 risks.  

 30 risks were considered with a pre-response consequence of minor or moderate and a 
likelihood of unlikely or possible. 

o If the action plan is initiated, the post-response consequence for these moderate risk 
items reduces to 14 risks.  

The major groups of risks identified, having an action planned assigned in Appendix D are the 
following:  
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Mine Operational Risks  

 Shaft Location - Drilling pilot holes for shaft locations to determine local geological, 
geotechnical and hydrological characteristics and conditions that would be encountered 
during shaft sinking.  

 Resource/Reserve and Mine Design - Significant infill definition drilling is required during 
construction and operations phases to determine local geological, geotechnical and 
hydrological characteristics and conditions in conjunction.  

 Grade Control - A daily grade control monitoring program is required to maximize the value of 
ore mined and fed to the surface plant. The grade control process involves the predictive 
delineation of the tonnes and grade of ore that will be recovered by the mining team. The 
program will involve incorporating the results from the infill drilling program in conjunction 
with an underground chip sampling program to define the boundaries of mineable ore blocks 
and determine the daily/weekly feed grades to the plant.   

 Underground Ground Support/Hydrogeology – an ongoing probe hole drill program/grout 
program needs to be established to support mining activities and not create significant 
production delays. The need to develop and deploy a high-pressure grout injection system is 
required to protect the mine from excess inflow to safeguard the project from injury, property 
damage and loss of life or equipment. 

 An additional risk was identified subsequent to the 2019 formal risk assessment. In reviewing 
the 2015-2017 geotechnical drilling campaign, SRK noted both good and poor quality rock. 
There is thus a concern about the ramp-up rate given that regions of poor ground conditions 
might be encountered early in the development schedule. This could result in a risk that shaft 
sinking could be delaed due to the combination of ground conditions and seepage inflows 
(even though the ground should be frozen). There is also the risk that the first development 
rates could be slowed by the need to install more ground support than anticipated without 
having room for drill jumbos.  

Ventilation 

 Air Requirement - Further detailed review of the ventilation design and specifically the volume 
required, are needed to ensure all aspects of potential pollutants, radon daughters, and 
environmental conditions, and those relating to heat stress, are adequately addressed. 

 Following the QP review, it is recommended that a more indepth and broader review be 
undertaken on the ventilation design and its optimization specifically addressing: 

o Thermal conditions that could be encountered underground during the summer. 

o Any need to manage radiation exposure requiring consistent ventilation though open 
areas. 

o A more detailed study of clean engine technologies and battery electric equipment to 
control diesel particulate matter. 

o The load diversity during concurrent development and production stages. 

o The shift load diversity and the capacity for it to be managed through ventilation on 
demand. 

o Production shaft velocities and the influence of conveyances on airflows. 
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Hydrometallurgical Process Risks 

A summary of the recommended test work is presented below to reduce further the risks associated 
with the Hydromet process design. It is expected that the work would proceed in parallel with 
detailed engineering for the project and would take an estimated 4 months to complete. At the 
time of writing, a small-scale demonstration plant to complete the recommended test work and to 
also investigate the potential to recover rare earths into commercial-grade products is being 
constructed. This demonstration plant is scheduled to become operational in 2022. 

HCl Leach 

 Optimize leaching of iron (Fe) to correlate with optimum niobium (Nb) precipitation and Fe/Nb 
ratios– aiming for the highest recovery of Nb while preventing titanium (Ti) co-precipitation. 

 Validate the method used in the aging of the HCl Leach liquor prior to scandium (Sc) Solvent 
Extraction. 

Acid Bake – Water Leach 

 Perform vendor testing and optimization of Acid Bake operations and equipment. 

 Validate process control and equipment capabilities - optimizing mixing time, temperature, 
acid to residue ratio. 

 Optimize water to residue ratio in Water Leach. 

Iron Reduction 

 Verify reaction kinetics and the use of briquettes. 

Nb Precipitation 

 Optimize FeNb ratio. 

 Optimize precipitant (dilution water) acidity to maximize Nb precipitation and Ti selectivity. 

 Optimize Final Free Acid (FAT) to maximize selectivity against Ti. 

Ti Precipitation 

 Further test work required to maximize the removal of uranium and thorium from the titanium 
dioxide product to increase its value. 

Sc Precipitation 

 Optimize the H3PO4 addition. 

 Optimize the Fe addition. 

 Perform locked cycle tests on the calcium loop. 

Sc Refining 

 Optimize and further evaluate Zr/Nb removal using mixed organics – stripping acid. 

 Optimize conditions to minimize Sc losses. 

Sc oxalate Precipitation 

 Verify precipitation using solid oxalic acid – optimal amount for optimal recovery. 

 Optimize acidity, temperature, and g/l with solid oxalic acid. 

 Optimize the washing of Sc oxalate for calcining equipment integrity. 
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Acid Regeneration 

 Optimize the filtration – evaluate equipment and filtration media. 

Sulfate Calcining 

 Optimize residence time. 

 Vendor testing of different equipment and assembly. 

General 

 Equipment selection, material of construction and vendor guarantee testing. 

 Consider a fully integrated pilot testing to be operated on-site during construction of a full-size 
plant to make final adjustments and equipment selection. 

 Further, perform process engineering during the detailed design phase. 

 Perform process simulation of the yearly or monthly elemental feed composition using the 
METSIM model and the compositions from the mine plan. 

Scandium Market Risks and Sales Plan  

At the time of this report, NioCorp had entered into one offtake agreement covering scandium 
trioxide production from the Project.  

The scandium trioxide offtake agreement is structured similarly to the niobium contracts.  The 
agreement has a ten-year term and a minimum of 12 t/y.  At that rate, approximately 10-15% of 
the projected annual production is contracted. Further, the customer may elect to take more 
material in any given year above the prescribed minimum quantity.   

NioCorp is also working with other potential customers at the time of writing and discussions with 
these potential customers are proceeding under the provisions of Non-Disclosure Agreements 
(NDAs).  

The QP for Section 19, Market Studies, (D. Smith) recommends a full update to the 2017 market 
assessment report for scandium be completed by OnG (OnG 2017) as a next step in assessment of 
the market and its potential impacts to the Elk Creek Project. As the last forecasts of the market 
(OnG, 2019) are now three (3) years old, an update is prudent. Moreover, new entrants into the 
supply side of the scandium market since the last market update (OnG 2019), in addition to recent 
and major global events – most notably the Russian invasion of Ukraine and COVID pandemic – 
further support the need for a revised market assessment for what is a very opaque market. 

Rare Earth Market Risks 

At the time of this report, a steady increase in demand for magnetic REEs (Nd, Pr, Tb, and Dy) is 
forecast. NioCorp does not have any off-take agreements at present but is investigating potential 
customers. 

1.22 Interpretation and Conclusions  
Under the assumptions presented in this Technical Report, the Project shows positive economics. 
The QPs note the following interpretations and conclusions in their respective areas of expertise, 
based on the review of data available for this Technical Report. 
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1.22.1 Geology & Mineralization 
In Understood’s opinion, the geological setting, mineralization style, and structural and 
stratigraphic controls are sufficiently well understood to provide useful guides to exploration and 
Mineral Resource estimation. 

The Elk Creek Carbonatite intruded older Precambrian granitic and low to medium grade 
metamorphic basement rocks. Elevated niobium and titanium concentrations are directly related 
to magnetic mineralization in the Carbonatite, and anomalous scandium grades are spatially 
associated with the magnetic mineralization. The magnetic mineralization is observed to be 
continuous along a northwest to southeast trend with an average thickness of 200 metres. Rare 
earth concentrations are noted to increase from southwest to the northeast, across the trend of 
magnetic carbonatite domain. Three wireframes were constructed for the deposit to reflect the 
geologic and grade observations using the available drilling data. Block model estimation was 
completed in Vulcan using 5 m by 5 m by 5 m blocks that encompass the wireframes, as summarized 
in Section 14.   

Understood classified the Mineral Resource into Indicated and Inferred Resources categories based 
on geological and grade continuity as well as drill hole spacing. The Mineral Resource Estimate has 
been reported based on NSR cut-off grade to reflect processing methodology and assumed revenue 
streams from Nb2O5, TiO2, and Sc for the deposit. The updated Mineral Resource features the 
addition of REO to the estimate. Furthermore, the Mineral Resource also represents an increase in 
contained scandium and titanium metal and a decrease in contained niobium metal. Additional 
material exists in the geological model, which has not been classified as Indicated or Inferred 
resource.  

The deposit remains open along strike in both directions and at depth, and there exists significant 
resource expansion potential based both on these factors as well as areas of the block model that 
require improved definition through diamond drilling 

1.22.2 Exploration, Drilling and Analytical Data Collection in Support of Mineral Resource 
Estimation 

Exploration completed to date has resulted in the delineation of the Elk Creek Deposit and a number 
of exploration targets. 

Dahrouge is not aware of any drilling, sampling, or recovery factors that could materially impact the 
accuracy and reliability of the results. In Dahrouge’s opinion, the drilling, core handling, logging, and 
sampling procedures meet or exceed industry standards and are adequate for the purpose of 
Mineral Resource Estimation. 

The QA/QC protocols in place for the Project are considered acceptable and in line with standard 
industry practice. Based on the data validation and the results of the standard, blank, and duplicate 
analyses, Dahrouge is of the opinion that the assay and bulk density databases are of sufficient 
quality for Mineral Resource Estimation at the Elk Creek Deposit. 

No limitations were placed on Dahrouge’s data verification process. Dahrouge considers the 
resource database reliable and appropriate to support a Mineral Resource Estimate.  
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1.22.3 Processing and Metallurgical Testing 

Mineral Processing 

The Feasibility-level comminution test work was completed in two stages at SGS. The primary stage 
was conducted on six composite samples and 13 variability samples and included the determination 
of standard comminution parameters (SGS 2016a). The second stage of comminution test work was 
conducted on a single composite sample, using a LABWAL HPGR semi-pilot scale test work program 
(SGS 2016b). The test work results indicate that the Project ore is categorized as soft to moderately 
hard in terms of ore hardness, and amenable to standard grinding as well as an HPGR operation. A 
confirmatory pilot-scale locked cycle HPGR test was completed at a contract laboratory in 2021. 

Hydrometallurgical Plant 

Pilot test programs showed that high recovery rates of the niobium, scandium and titanium could 
be achieved, and that recycling and regeneration of reagents was also possible; minimizing fresh 
reagent input and waste generation. Recoveries of 85.8% Nb2O5 and 93.1% Sc2O3 have been 
demonstrated while achieving 40.3% recovery of TiO2. 

Further understanding of the process was achieved with respect to the kinetics of each unit 
operation.  The following are notable findings: 

 The temperature of the HCI Leach was adjusted to control leaching of the iron. The Fe to Nb 
ratio in the Leach residue has an impact on the precipitation of Nb and the co-precipitation of 
titanium. 

 Acid Bake total mixing and reaction time was reduced to 2.5 hours. 

 Iron Reduction step was optimized based on actual reduction of Fe3+, which resulted in an 
improved iron consumption. 

 Dilution ratio in the niobium Precipitation was reduced from 5:1 to 0.6:1, thus reducing 
reagent consumption and equipment size. This, however, comes at the expense of a slight 
reduction in Nb recovery and an increase in Ti co-precipitation. 

Secondary scandium recovery from the barren sulphate solution was developed. Selective 
precipitation of the scandium over impurities was achieved. Scandium precipitated in this 
section is combined and recovered in the Sc Solvent Extraction. 

 A scandium purification step was added that provided a 99.9% scandium product (as Sc2O3). 

 HCI Acid Regeneration development proved that recovery of chlorides in excess 99% is 
achievable. 

 Further test work and development provided the basis to greatly reduce the need for 
neutralizing reagents while increasing the recovery of sulphur; therefore, greatly reducing the 
need for sulphur import. 

 Mixed sulphur oxide gas is treated and cleaned prior to being sent to the Acid Plant, therefore, 
reducing the size and cost of the Acid Plant. 

Pyromet  

Lab testing has confirmed most of the anticipated findings from the mathematical model that was 
developed by applying thermodynamic principles: 
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 The aluminothermic reduction of niobium oxide precipitate and iron oxide has been 
demonstrated. Ferroniobium particles have been formed, and the chemical proportion of iron 
and niobium is just what was expected. 

 The change to produce a higher TiO2 content product from the Hydromet did not change what 
was anticipated: Ti content in the FeNb alloy did not increase, and the reduction of Nb2O5 did 
not seem to be affected by this higher amount of titanium oxide. 

 Different temperatures have been used in various tests which have provided good reference 
points on the slag behaviour. The Electric Arc Furnace (EAF) temperature during the operation 
is expected to correspond to a temperature between 1850°C and 1900°C. 

1.22.4 Mining & Mineral Reserve 

Geotechnical   

A geotechnical field characterization program has been undertaken to assess the expected rock 
quality. This program included logging core, laboratory strength testing, in-situ stress 
measurements and oriented core logging of jointing. The results of this program have provided 
adequate quantity and quality data for the feasibility-level design of the underground workings. 

A geotechnical assessment of the orebody shape and ground conditions has determined that long-
hole open stoping mining is an appropriate mining method. Stopes have been sized to maintain 
stability once mucked empty. A primary/secondary extraction sequence with tight backfilling allows 
optimization of ore recovery while maintaining ground stability. Primary stopes will be backfilled 
with cemented paste backfill, while secondary stopes will be backfilled with either light-cement 
paste backfill or uncemented waste rock from development. 

The design has been laid out using empirical design methods based on similar case histories. The 
stability of the mine design has been checked with 3D numerical stress-strain models of the 
working, which included consideration for mine-scale faulting. The modelling results confirm that 
stopes and access drifts are predicted to remain stable during active mining, including areas 
adjacent to paste backfilled primary stopes. The revised stope dimensions have been reverified 
using empirical design methods. The current design has not been reverified using numerical 
analyses, but this reverification is recommended as the mine design is advanced to the final design.  

Ground support requirements have been based on empirical ground support methods and have 
considered variable levels of required ground support.  

The location of underground infrastructure (i.e., shafts, ventilation raises, shops, etc.) have been 
situated to minimize the adverse impact of encountering geologic structures (i.e., weaker faults and 
shear zones). 

Mine Design  

Longhole stoping is seen as the appropriate mining method for the deposit geometry. The large 
stope sizes minimize the mining cost. The increased dilution due to large stopes sizes is not 
particularly material to the mine plan as dilution has some grade. 

An NSR approach was used focused on targeted amounts of Nb2O5 and takes into account revenue 
for three elements (Nb2O5, TiO2, and Sc) and generates three separate products (TiO2, FeNb, and 
Sc2O3). Stope optimization was completed to identify economic mining areas. The 3D mine design 
was completed on an elevated CoG, which achieved over three times the actual calculated cut-off. 
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Two mining blocks were designed, giving a 38-year LOM, although additional material, classified as 
indicated, exists below the mine plan presented here. 

The underground mine is accessed through a 6.0 m diameter production shaft system. A 6.0 m 
diameter ventilation/exhaust shaft serves as the mine exhaust, the second means of access, and 
second mechanical emergency egress. Both shafts are excavated using conventional shaft sinking 
methods in conjunction with freezing technology to an elevation 200 m below surface. 

Tonnage and grades presented in the reserve include dilution and recovery and are benchmarked 
to other similar operations. Productivities were generated from first principles with inputs from 
mining contractors, blasting suppliers, and equipment vendors where appropriate. The 
productivities were also benchmarked to similar operations. Equipment used in this study is 
standard equipment used worldwide with only standard package/automation features. 

A monthly/quarterly/yearly production schedule was generated using Deswik scheduling software. 
The steady-state mine production schedule of 2,764 t/d ore was based on the processing 
throughput. The mine design targeted higher annual ferroniobium production during the first five 
years of ore delivery, which resulted in an averaged annual production rate of 7,500 tonnes per 
year over this period. The steady-state average annual ferroniobium production was 7,450 tonnes 
annually during the years of full production. 

1.22.5 Recovery Methods 
Based upon the ore body samples retained, all bench testing performed, and process analyses 
completed to date, L3, MCS and Megami Mining are confident that the current design will yield the 
FeNb, TiO2 and Sc2O3 in the quantities expected. While this level of design is feasibility, it is expected 
that additional design effort during the detail phase will likely yield better results and further 
improve the efficiency and yields of the processes. 

1.22.6 Infrastructure 

Onsite and Offsite Infrastructure 

Based upon the most current operating and process design information and expectations, the on-
site and off-site infrastructure and services will meet each of the required needs of this entire 
facility. 

Infrastructure buildings, office space, locker facilities and showers were sized and designed based 
upon current workforce projections for the site, as well as a tentative work schedule of 12 hr shifts 
for shift personnel, and standard 8 hr shifts for non-shift staff. A change in the number of shifts 
and/or shift durations may have an impact on the requirements of these facilities. 

Likewise, both potable water and wastewater distribution systems were sized based upon the 
above shift criteria. Changes in the number of personnel, and/or changes in numbers of shifts and 
shift durations may have an impact on the potable and wastewater demands which must be 
addressed during the detail phase of this design. 

Off-site infrastructure in the form of natural gas and electrical power services provided by others 
are readily available, and well within the current demand requirements of the facility. Potable water 
sources yielding approximately 252 L/s (4,000 gpm) are available from the local municipality (City 
of Tecumseh), as well as from two private landowners. The public water source would require a 
service extension from the existing system, while the private sources would require pipelines from 
the respective owner’s wells. 
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Changes to the process during the detail phase, and in particular, changes to the Hydromet process 
could also have an impact on both potable and process water and an impact on the WWTP 
(Wastewater Treatment Plant). Additionally, changes to the process could have an impact on the 
quantities and type of reagents required, which could, in turn, change the size of storage tanks and 
facilities, as well as the types and materials of construction of these facilities (tanks, totes, bunkers, 
etc.). 

Foundation designs for large loads and structures, as well as roadway designs, were based upon the 
most current geotechnical report and best engineering practices for the local site conditions. 

The most current geotechnical report partially addressed the recommended designs for deep 
foundations or foundations for large loads; building columns, columns with bridge crane loads, large 
process equipment or structures. It will be important that the final geotechnical report address 
these types of loads and provide specific recommendations, but that the final geotechnical site 
evaluation includes test borings in the final locations of buildings, process equipment and major 
structures. Recommendations should further include expected settlements, as well as pavement 
designs with material and compaction recommendations. 

1.22.7 Tailings 
The tailings storage facilities (TSF) are designed for storage of dry tailings solids in lined facilities 
permitted under State of Nebraska Industrial Solid Waste regulations. Separate lined “leachate 
collection ponds” (LCPs) will be used for management of precipitation contacting the tailings solids. 
Based on the parameters and assumptions outlined in Section 18.11, the Plant Site and Area 7 TSFs 
have been designed with adequate containment and capacity to manage the planned filtered water 
leach residue, calcined excess oxide, and slag deposition for a 38-year LOM. 

1.22.8 Environmental, Permitting and Social or Community Impact 
NioCorp has developed information and conducted a number of environmental studies related to 
baseline characterization for the Project, the most important of which are the studies related to 
hydrogeology and geochemistry. The production rate and geochemistry of dewatering water will 
dictate what is critical to the onsite water balance and any additional management (active or 
passive) that may be required. 

The geochemistry and characterization/classification of the ore and waste materials (including the 
final process waste streams making up the bulk of the tailings mass and the crystallized RO water 
treatment salts), directly influences the management of these materials given the presence of 
naturally occurring radioactive materials (NORMs) (i.e., uranium and thorium) and the potential for 
limited reaction to contact with water. These materials currently classify as non-hazardous based 
on regulatory testing. Site-wide management of non-contact and contact stormwater will be 
essential to Project compliance. 

Engagement of local, state and federal regulators has commenced. Initiation of the formal 
permitting program for the Project is dependent upon the completion of the mine plan and surface 
facilities being developed as part of this technical document, as well as additional characterization 
of the waste materials and potential worker exposures under the jurisdiction of the Nebraska 
Department of Health and Human Services (DHHS) and U.S. Department of Labor — Mine Safety 
and Health Administration (MSHA), both of whom will have primary oversight of worker safety and 
monitoring programs with respect to the presence of NORMs in the ore and waste rock. 

Without specific hardrock mining regulations, there are limited obligatory requirements for 
reclamation and closure of mining properties in Nebraska. There are provisions, however, within 
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the applicable regulatory framework that is likely to be applied to the Project during the permit and 
licensing processes, specifically those associated with the TSF and mineral processing facilities. This 
will include the provision of financial surety for proper closure and reclamation of the site. The 
currently estimate cost for closure and reclamation of the Project is US$ 45 million. 

Overall, the Project appears to be sufficiently advanced to initiate the submission of formal 
operational permit applications which will govern the construction, operation, and closure of the 
mine in addition to the construction permits already obtained. However, given the complexity of 
the mine design, process operations, accelerated schedule currently envisioned by NioCorp, and 
the inexperience of the state regulators with this type of mining, one must recognize that risks 
remain within the permitting process that could slow Project development, even with the 
overwhelming support that the Project appears to have from the communities and stakeholders. 

1.22.9 Market Studies and Contracts 
Market studies for niobium, titanium dioxide and scandium trioxide are an important part of the 
proposed Elk Creek Mine. These products, especially niobium and scandium trioxide (scandium), 
are thinly traded without an established publicly available price discovery mechanism. 

Marketing studies and product price assumptions are based on research and forecasts for the 
following products:   

 Ferroniobium (FeNb): Roskill’s Global Industry, Markets and Outlook 2018 (Roskill, 2018) 

 Scandium Trioxide (Sc2O3): OnG Commodities LLC (OnG, 2017, 2019) - specializes in the 
scandium alloys and scandium markets. 

 Titanium Dioxide (TiO2):  USGS Commodity Market Summaries (Bedinger, 2019) and Adroit 
Market Research (Johnson, 2019).     

NioCorp is considering selling ferroniobium, scandium trioxide and titanium dioxide products from 
the Project through all avenues, which include entering into long-term offtake contracts and Letters 
of Intent with buyers.  

Niobium, titanium, and scandium comprises the mineral reserve supporting this Feasibility Study, 
as well as the mineral resource. However, the mineral resource also includes rare earth elements 
(REEs), which are not included in the mineral reserve for the Project. The rare earth elements 
(lanthanides plus yttrium), comprise a wide variety of markets, some more thinly traded and 
opaque than others. However, the magnet feed rare earths (neodymium, praseodymium, terbium, 
and dysprosium) are more widely traded and are the primary REEs of interest for the Project. The 
Company has utilised market studies and forecasts from Adamas Intelligence (Adamas Intelligence, 
2019, 2020, and 2022) to support inclusion of the REEs into the mineral resource.  

At the time of this report, NioCorp had entered into three off-take agreements covering 75% of the 
ferroniobium and 10-15% of the scandium trioxide (minimum 12 t/y) production over the first 10 
operational years from the Project.  

No off-take agreements have been executed at the time of the report for the titanium dioxide 
product from the Project. It is assumed this product and all other material not covered by an off-
take agreement will be sold on a spot price, ex-mine gate basis.   

1.22.10 Capital and Operating Costs 
The estimate meets the classification standard for a Class 3 estimate as defined by AACE 
international and has an intended accuracy of ± 15%. The estimate is reported in Q1 2019 U.S. 
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constant dollars. The primary purpose of this report is to address changes to the resource estimate 
to include contained rare earth elements (REE’s). A subsequent addition of the REEs to the mineral 
reserve and economics will require additional metallurgical work. Costs have for the most part been 
retained from the previous 2019 Feasibility Study. 

Total LOM capital costs, including initial, sustaining and reclamation costs, are US$ 1,609 million. 
The initial capital estimate of US$ 1,141 million can be partially offset by a Gross  
Pre-production Revenue Credit of US$ 257 million (generated by pre-production product sales) to 
net to a cost of US$ 874 million. 

The operating cost estimates were developed to show annual costs for production. Unit costs are 
expressed as US$ 195.94/tonne processed. LOM operating costs are estimated to be 1,553 million. 
The operating cost varies by year, by mine location and production. The annual operating cost varies 
by year but averages approximately US$ 44 million per year over the LOM. The mining operating 
cost is based on a Q1 2019 cost basis.  

1.22.11 Economic Analysis 
This Technical Report is based on an assumption of processing 36,656 kt over a  
38-year life of mine (LOM) to produce 171,140 tonnes of Nb in the form of ferroniobium, 3,676 
tonnes of Sc2O3 and 431,793 tonnes of TiO2.  

On a pre-tax basis, the NPV (8% discount) is US$ 2,819 million, the IRR is 29.2%, and the assumed 
payback period is within 2.67 years.  

On a post-tax basis, the NPV (8% discount) is US$ 2,350 million, the IRR is 27.6%, and the assumed 
payback period is within 2.69 years. 

1.23 Recommendations 
No additional work is identified other than that included in the workplan provided for the detailed 
engineering phase of design, and the Total Installed Cost (TIC) estimate included within the 
Feasibility Study capital estimate. The following are some of the key early work recommendations 
included in the next steps of the Project Execution. 

1.23.1 Geology and Resources 
Understood recommends that: 

 A drill hole spacing study be completed on the deposit to better inform drill hole spacing for mineral 
resource classification. After completion of the drill hole study, definition drilling should be planned 
and executed accordingly. Metreage and allocation of drilling resources will depend on the outcome 
of the study.  

 Life of mine infrastructure, such as the production shaft, refuge stations, and ventilation shafts, be 
further investigated to characterize the local structural, geological, geotechnical, and 
hydrogeological/hydrological conditions. A scoping level study that includes input from a 
geotechnical engineer and a structural geologist should be completed to inform the underground 
investigations. 
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1.23.2 Process 

Mineral Processing 

Further pilot testing should be conducted prior to the detailed engineering stage. The results from 
further pilot testing will be used to confirm unit energy consumption, optimize the HPGR operating 
variables, and to confirm the size of HPGR required. 

Hydrometallurgical Processing 

Adequate test work was conducted to support a feasibility-level design for the Hydromet Plant, and 
all sections of the process have been successfully tested at the pilot scale required for a Feasibility 
Study. However, optimization was not achieved in all areas, and certain areas would benefit from 
further “post-Feasibility Study” test work, preferably before or during the early portion of the 
detailed engineering activities. Further testing would also be beneficial for vendor guarantees. At 
the time of writing, a small-scale demonstration plant is under construction by L3 Process 
Development that will address these recommendations. 

Pyrometallurgical Processing 

The following items should be addressed during the detailed design stage: 

 Perform optimization testing for the processes in the Hydromet Plant to enhance the 
separation concentration ratio of Nb2O5/TiO2. 

 Perform larger scale testing to demonstrate the on-going success of the Nb2O5 reduction with 
a lower Nb2O5/TiO2 ratio of 0.48. 

 Perform larger scale reduction test work to clearly demonstrate the efficiency of the EAF and 
its benefits on the separation of FeNb alloy from the slag. 

 Develop the proper composition for the fluxes in order to ensure a long service life of the 
refractory and not compromise the availability of the Pyromet Plant. 

1.23.3 Geotechnical 
To advance to the final mine design, additional characterization data will be required to reduce 
geotechnical uncertainty. SRK recommends the following characterization activities: 

 Drill holes at the final shaft and ventilation raise location to confirm ground conditions for the 
shaft ground support. 

 Drill an additional 4 to 6 geotechnical drill holes in the footwall infrastructure and planned 
stope mining areas to verify the range of expected ground conditions. The program should 
include collecting: 

o RMR/Q data; 

o structural orientation data; 

o updating the structural model and geotechnical models; and 

o updating mine design parameters. 

Additional geotechnical drill holes are required to characterize ground conditions for the final 
alignment of the ramps and footwall drives. It is recommended these holes be drilled from 
underground after the shaft is constructed and the initial access drives are mined. 
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SRK recommends that the numerical analyses be re-assessed as the project design stage is 
advanced. The design stope dimensions and mining sequence have been changed since the initial 
analyses were conducted, but the results are generally considered applicable to the current 
Feasibility Study design because the hydraulic radius and net extraction ratios are quite similar. 

1.23.4 Mining & Mineral Reserve 
No additional work or costs have been identified or recommended beyond the work outlined in the 
2022 Feasibility Study. 

1.23.5 Recovery Methods 

Hydromet Plant 

Any additional work required is included in the detailed engineering scope of work and included in 
the feasibility cost. 

Pyromet Plant 

Even though the testing has shown good results and is aligned in accordance with the mathematic 
model developed using thermodynamic calculations, a few minor issues remain to be addressed: 

 Optimize the capacity of the Hydromet to increase the proportion of Nb2O5  in the precipitate. 
A target ratio of Nb2O5 / TiO2 of 1 would be suitable. 

 Perform large scale testing with an EAF to ensure good separation of slag/metal liquid and 
ensure the homogeneity of the ferroniobium alloy. 

 Develop a flux that will enhance the fluidity of the slag at 1850°C and 1900°C. 

 Select a material for the refractory that will resist the aluminothermic conditions in the 
Electrical Furnace. 

1.23.6 Infrastructure 
Due to the Project schedule of 45 months, the long lead time for the natural gas pipeline to the site 
(18 months) and power transmission on site (24 months) it is paramount that adequate in-depth 
planning and scheduling of the site infrastructure take place soon after the Authorization to Proceed 
is received. Site infrastructure, primarily power transmission and natural gas distribution, have a 
direct impact on project rental costs. 

Temporary power distribution is required throughout the site for the start of major construction 
activities when permanent power systems would normally be available, namely for shaft freezing, 
the start of shaft sinking operations, and erection of equipment and structures. Additionally, 
without a natural gas distribution system, fuel for power generation systems will need to be 
replenished by a local supplier until the permanent system is available for use. At present, this 
accounts for nearly one half of the entire project construction schedule. 

Appropriate planning with local utilities with the goal of reducing procurement time and total lead 
time prior to site power and natural gas distribution is paramount to this project.   

Additionally, at the forefront of detailed engineering, a review and rationalization of all duplicate 
use facilities should be performed between the mining and mill operations.  Potential synergies may 
exist, thus reducing the cost for construction and operation. 
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1.23.7 Environmental, Permitting and Social or Community Impact 
With respect to environmental, permitting and social/community issues for the Project, SRK 
provides the following recommendations to NioCorp: 

 Remain engaged and transparent with Bold Nebraska and other stakeholders/non-
governmental organizations throughout the permitting process and provide them with an 
opportunity to participate in any public meetings or town hall discussions. This tends to garner 
less opposition when it comes time for formal public comments on permit applications. 

 Complete more detailed hydrogeological investigations of the orebody to more accurately and 
precisely define the quantity and long-term quality of dewatering water expectations, and 
assess the feasibility of RO water treatment brine reinjection. 

 Continue characterization work on the mine waste rock, process tailings, and RO water 
treatment crystallized salt materials in order to define the extent and partitioning of 
radionuclides more precisely. Assess the potential effects of the exothermic reactions from 
the hydration of the calcined tailings materials on the overall TSF facility, worker safety, and 
surrounding environment, including the potential for rad-containing, fugitive dust generation. 
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2. INTRODUCTION 

2.1 Terms of Reference and Purpose of the Technical Report 
This Technical Report was prepared as a feasibility-level Canadian National Instrument 43-101 (“NI 
43-101”) Technical Report (“Technical Report”) for NioCorp Developments Ltd. “(NioCorp” or “the 
Company”) by the firms listed in Section 1 on the Elk Creek Project (“Elk Creek” or “the Project”) 
located in southeast Nebraska.  

The quality of information, conclusions, and estimates contained herein are consistent with the 
level of effort involved, based on i) information available at the time of preparation, ii) data supplied 
by outside sources, and iii) the assumptions, conditions, and qualifications outlined in this Technical 
Report.  

This Technical Report is intended for use by NioCorp subject to the terms and conditions of its 
contracts with the Consultants and relevant securities legislation. The contracts with the 
Consultants permit NioCorp to file this Technical Report as a Technical Report with Canadian 
securities regulatory authorities pursuant to NI 43-101, Standards of Disclosure for Mineral Projects. 
Except for the purposes legislated under provincial securities law, any other uses of this Technical 
Report by any third party is at that party's sole risk. The responsibility for this disclosure remains 
with NioCorp. The user of this document should ensure that this is the most recent Technical Report 
for the property as it is not valid if a new Technical Report has been issued. 

This Technical Report provides Mineral Resource and Mineral Reserve Estimates, and a classification 
of resources and reserves prepared in accordance with the Canadian Institute of Mining, Metallurgy 
and Petroleum Definition Standards for Mineral Resources and Mineral Reserves: Definitions and 
Guidelines, May 10, 2014 (CIM, 2014).  

2.2 Qualifications of Consultants 
The Consultants preparing this Technical Report are specialists in the fields of geology, exploration, 
Mineral Resource and Mineral Reserve estimation and classification, underground mining, mining 
backfill, geotechnical, environmental, permitting, metallurgical testing, mineral processing, 
processing design, pipeline design, capital and operating cost estimation, and mineral economics. 

None of the Consultants or any associates employed in the preparation of this Technical Report has 
any beneficial interest in NioCorp. The Consultants are not insiders, associates, or affiliates of 
NioCorp. The results of this Technical Report are not dependent upon any prior agreements 
concerning the conclusions to be reached, nor are there any undisclosed understandings concerning 
any future business dealings between NioCorp and the Consultants. The Consultants are being paid 
a fee for their work in accordance with reasonable professional consulting practices. 

The following individuals, by virtue of their education, experience and professional association, are 
considered Qualified Persons (QP) as defined in the NI 43-101 standard, for this Technical Report, 
and are members in good standing of relevant professional institutions. QP Certificates of Authors 
are provided in Appendix A. The QP's are responsible for specific sections as follows: 

 Matthew Batty, P.Geo, Owner, Understood Mineral Resources Ltd. is the QP responsible for the 
Mineral Resource Estimate Sections 1.10, 1.22.1, 1.23.1, 12.2, 14, and 25.2 summarized within 
this Technical Report. 

 Everett Bird, P.E., Engineering Manager, Cementation is the QP responsible for the Mine 
Infrastructure Sections 16.9.1-4 and 16.9.13 and the related portion of Sections 1, 2, 3, 21, 24, 
25 and 26 summarized within this Technical Report. 
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 Alex Broili, P.E.,Area Manager, Cementation is the QP responsible for the Mine Infrastructure 
Sections 16.9.5, 16.9.6, 16.9.7, 16.9.8, 16.9.15, 16.9.16, 16.9.17, 18.6.1, and the related portion 
of Sections 1, 2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 

 Adrian Brown, P.E., President, Adrian Brown Consultants, Inc. is the QP responsible for the 
Hydrogeology parameters in section 16.3 and the related portion of Sections 1, 2, 3, 21, 24, 25 
and 26 summarized within this Technical Report. 

 Georgi Doundarov, M.Sc., P. Eng., PMP, CCP, CEO, Magemi Mining Inc. is the QP responsible for 
the Surface Crushing, Ore Storage and Mineral Processing Plant Sections in 13.1, 17.1.1, 17.2.1, 
17.3.1, 17.4.1, 17.6.2,  and the related portion of Sections 1, 2, 3, 21, 24, 25 and 26 summarized 
within this Technical Report. 

 John Gorham, P.Geol., Senior Geologist, Dahrouge Geological Consulting Ltd. is the QP 
responsible for the Property, Climate, History, Mineralization, Deposit Types, Exploration, 
Drilling, Sample Preparation, Data Verification, Capital and Operating Costs, Economic Analysis, 
Adjacent Properties  Sections 1.1-1.8, 1.17-1.22, 1.22.2, 1.22.10-11, 1.23, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12.1, 12.3, 12.4, 16.1, 21, 22, 23, 24, 25.1, 25.3, 25.10, 25.11, 26.1.1, 26.1.9 and the 
related portion of Sections 25 and 26 summarized within this Technical Report. 

 Matt Hales, P.E., Electrical Engineering Lead, Cementation is the QP responsible for the Mine 
Infrastructure and Services, Electrical Distribution Sections 16.9.9-11, 16.9.14, 18.2.3, 18.2.4 
and the related portion of Sections 1, 2, 3, 21, 24, 25 and 26 summarized within this Technical 
Report. 

 Sylvain Harton, P.Eng., President, Metallurgy Concept Solutions is the QP responsible for the 
Pyrometallurgical Plant Sections 13.3, 17.1.3, 17.2.3, 17.3.3, 17.4.3, 17.5.3, 17.6.4 and the 
related portion of Sections 1, 2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 

 Richard Jundis, P. Eng, Director of Mining, Optimize Group is the QP responsible for the Mineral 
Reserve Estimate and Mining Methods Sections 1.11, 1.12, 1.22.4, 1.23.4, 15, 16.4-16.6, 25.5, 
26.1.4 and the related portion of Sections 2, 3, 21, 24, 25 and 26 summarized within this 
Technical Report. 

 Mahmood Khwaja, P.E., National Discipline Leader Tunnels & Underground Engineering, CDM 
Smith is the QP responsible for the Freeze Plant Section 18.14 and the related portion of 
Sections 1, 2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 

 Eric Larochelle, B.Eng., Co-Owner, L3 Process Development is the QP responsible for the Mineral 
Processing and Metallurgical Testing Sections 1.9, 1.13, 1.22.3, 1.22.5, 1.23.2, 1.23.5, 13.2, 
17.1.2, 17.1.4, 17.2.2, 17.2.4, 17.3.2, 17.3.4, 17.4.2, 17.4.4, 17.5.2, 17.5.4, 17.7.2, 17.7.3, 25.4, 
25.6, 26.1.2 and 26.1.5 and the related portion of Sections 2, 3, 21, 24, 25 and 26 summarized 
within this Technical Report. 

 Martin Lepage, P.Eng, Ing. Lead Technical Engineer – Hoisting, Cementation is the QP 
responsible for the Hoisting Plants Section 16.9.12 and the related portion of Sections 1, 2, 3, 
21, 24, 25 and 26 summarized within this Technical Report. 

 Wynand Marx, Chief Executive Officer, BBE Consulting is the QP responsible for the Ventilation 
Sections 16.7, 16.8, 16.9 and the related portion of Sections 1, 2, 3, 21, 24, 25 and 26 
summarized within this Technical Report. 

 Ian McKenzie, C.P.Eng, Vice President, Optimize Group is the QP responsible for the Paste 
Backfill Plant Sections 18.13 and the related portion of Sections 1, 2, 3, 21, 24, 25 and 26 
summarized within this Technical Report. 

 Joshua Sames, P.E., Principal Consultant, SRK Consulting (U.S.), Inc. is the QP responsible for the 
Earthworks and Tailings Management Sections 1.14.1, 1.22.7, 18.8, 18.9.1, 18.10-12, 25.7.1 and 
the related portion of Sections 2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 
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 Darren Smith, M.Sc., P.Geo, Senior Geologist, Dahrouge Geological Consulting Ltd. is the QP 
responsible for the Market Studies and Contracts Sections 1.15, 1.22.9, 19, 25.9 and the related 
portion of Sections 2, 3, 24, 25 and 26 summarized within this Technical Report. 

 John Tinucci, PhD, P.E., ISRM, Principal Geotechnical Mining Engineer, SRK Consulting (U.S.), Inc. 
is the QP responsible for the Geotechnical Sections 1.23.3, 16.2, 26.1.3 and the related portion 
of Sections 2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 

 Mark Willow, M.Sc., NV-CEM, SME-RM, Principal Environmental Consultant, SRK Consulting 
(U.S.), Inc. is the QP responsible for the Environmental, Permitting and Social Impact Sections 
1.16, 1.22.8, 1.23.7, 20, 25.8, 26.1.7 and the related portion of Sections 2, 3, 21, 24, 25 and 26 
summarized within this Technical Report. 

 David Winters, S.E., P.E., MBA, Senior Principal Engineer, Tetra Tech is the QP responsible for 
the Infrastructure Sections 1.14, 1.22.6, 1.23.6, 17.5.1, 17.6.1, 17.6.3, 17.7, 17.7.1, 18.1, 18.2, 
18.2.1, 18.2.2, 18.3-18.5, 18.6, 18.6.2, 18.7, 18.9, 25.7, 26.1.6 and the related portion of 
Sections  2, 3, 21, 24, 25 and 26 summarized within this Technical Report. 

2.3 Details of Inspection 
A summary of site visit inspections by the Consultants is provided in Table 2-1. 
Table 2-1: Site Visit Participants 

Personnel Company Expertise Date(s) of Visit Details of Inspection 

Matt Batty 
Understood 
Mineral 
resources 

QP Geology Resources April 27, 2022 

Review of drill core, review, 
verification of the geological 

setting / environment, 
logging, sampling, analytical,
QA/QC, site facilities, drill 
collar locations  

Trevor Mills Dahrouge Elk Creek geology 
expert 

April 27, 2022 

Review of drill core, review, 
verification of the geological 
setting / environment, 
logging, sampling, analytical, 
QA/QC, site facilities, drill 
collar locations 

Bladen Allen Optimize Group Reserves/Mining April 27, 2022 

Review of drill core, review, 
verification of the geological 
setting / environment, 
logging, sampling, analytical, 
QA/QC, site facilities, drill 
collar locations 

Eric Larochelle SMH  Hydrometallurgy and 
Process Engineering 

October 22, 2014  Visited the greenfield site 

Mark Willow SRK Environmental and 
Permitting 

June 1 - 3, 2015 
Site visit and meeting with 
Nebraska permitting 
officials. 

Guy Cinq-Mars Tetra Tech Mech Design Nov 21,22, 2016 Visited the greenfield site 
and surrounding region. 

Sylvain Turcotte Tetra Tech Mech Design Nov 21, 22, 2016 Visited the greenfield site 
and surrounding region. 
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Pierre Mathieu Tetra Tech Project Management Nov 21, 22, 2016 Visited the greenfield site 
and surrounding region. 

John Gorham Dahrouge Geology Site visits 2010 (2)  

Visited the greenfield site, 
reviewed drill core, local 
ground conditions, local 
geology, geotechnical, 
surrounding region. 

2.4 Effective Dates 
The overall effective date of the Technical Report is June 28th, 2022. 

2.5 Sources of Information 
The sources of information utilized in the preparation of the Technical Report were provided by 
Scott Honan, M.Sc., SME-RM, Chief Operating Officer of NioCorp and President, Elk Creek Resources 
Corporation, under the direction of Mark Smith, PE., CEO and Executive Chairman of NioCorp. 

This Technical Report has been prepared in accordance with NI 43-101, Form 43-101F1 and 
Companion Policy 43-101CP. 

Historical work conducted in the region has been compiled by NioCorp.  

2.6 Acknowledgements  
Dahrouge and NioCorp would like to thank and acknowledge the following people who have 
contributed to the preparation of this Technical Report and the underlying studies under the 
supervision of the Qualified Persons, including Mr. Mark Smith, President, CEO and Executive 
Chairman, Mr. Scott Honan COO, Kelton Smith Director of Engineering, and Neal Shah, CFO of 
NioCorp. 

2.7 Units of Measure 
Unless otherwise noted, the following measurement units, formats and systems are used 
throughout this Technical Report. 

 Measurement Units: all references to measurement units use the System International (SI, or 
metric) for measurement. The primary linear distance unit, unless otherwise noted, are metres 
(m). 

 General Orientation: all references to orientation and coordinates in this report are presented 
as UTM.  

 Currencies outlined in the Technical Report are stated in U.S.  dollars (US$) unless otherwise 
noted. 

The symbols and abbreviations used in this Technical Report are outlined in Section 28.4. 
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3. RELIANCE ON OTHER EXPERTS 
The Consultants’ opinions contained herein are based on information provided to the Consultants 
by NioCorp throughout the course of the investigations. Dahrouge has relied upon the work of other 
consultants in Project areas in support of this Technical Report. 

In each case, the Qualified Person hereby disclaims responsibility for such information to the extent 
of his/her reliance on such reports, opinions, or statements. This reliance applies to the information 
provided by NioCorp for Section 4.2 to Section 4.4 and Section 22. 

The Consultants used their experience to determine if the information from previous reports was 
suitable for inclusion in this technical report and adjusted information that required amending. This 
report includes technical information, which required subsequent calculations to derive subtotals, 
totals and weighted averages. Such calculations inherently involve a degree of rounding and 
consequently introduce a margin of error. Where these occur, the Consultants do not consider them 
to be material. 

These items have not been independently reviewed by Dahrouge and Dahrouge did not seek an 
independent legal opinion of these items. 

NioCorp relied on the following experts to complete sections of this Technical Report.  

Scandium Marketing and Pricing 

NioCorp relied on Dr. Andrew Matheson of OnG Commodities LLC (OnG) for input on scandium 
marketing and pricing. Dr. Matheson has extensive experience and expertise in the development 
and implementation of market assessments across a range of materials and industries over the 
course of 20+ years. He provides independent, expert judgment of the outlook for scandium 
markets and products. 

The report referenced is titled “Scandium: A Market Assessment” by OnG Commodities LLC dated 
April 2017 updated by OnG in 2019. 

Dr. Matheson's expertise includes: 

 Education: a Ph.D. from Cambridge University in theoretical physics, and an MBA from 
Harvard Business School. 

 Consulting: management consulting for The Boston Consulting Group, and ten years as an 
independent consultant providing strategic, operating and market development advice to 
companies in the US and Asia, in industries including oil and gas, mining and metals 
processing, electronic materials, automotive materials. He has also served over the past 
five years as a contractor with Roskill Inc, a widely recognized and respected consulting firm 
in the field of minor metals. 

 Electronics: Dr. Matheson served as general manager of a division of Cabot Corporation 
manufacturing consumable materials for the semiconductor industry, and also as COO of a 
UK-based company developing and licensing audio technology to the consumer electronics 
industry. 

 Mining: at Cabot Corporation. Dr. Matheson served for several years in roles overseeing the 
company's global mineral development efforts in tantalum, as well as Cabot's procurement 
efforts in tantalum. Thus, he has extensive experience working with smaller-scale and junior 
miners both as a customer and in a development role. As far back as 1998, he was 
investigating scandium recovery from tailings in the United States. 

 Specialty Metals: Dr. Matheson is the founder and CEO of a company developing technology 
to produce metal powders that can provide benefits in aerospace and automotive markets. 
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While the materials Dr. Matheson's company is developing are not direct substitutes for 
competitors to scandium alloys, they are directed to the same major markets (aerospace 
and automotive). Commercial qualification and adoption paths are common to new 
materials in these industries, and Dr. Matheson's experience is directly applicable to 
scandium. 

Mine Engineering 

Mr. Richard Jundis, P. Eng. and QP relied on the following experts to complete his sections of this 
Technical Report. Mr. Jundis has reviewed the data supplied by other experts and in his professional 
judgement, has taken appropriate steps to ensure that the work, information, and advice from the 
noted experts below are sound for the purpose of this Technical Report. 

Mineral Reserve Estimation 

• Gavin Clow, P.Eng has over 10 years of experience in underground mining environments.  
He has contributed to the review of the current mineral reserves estimation of the report. 

• Brett Stewart has been a design technician working in Mining Design for 16 years.  He has 
a solid understanding of mining methods and is an expert in several software suites 
including 3D Mine Planning and Design, Datamine Block Model Import and Evaluation, 
Mine 2-4D EPS, and AutoCAD as well as the Microsoft Office Programs. Brett brings 
practical design experience allowing for the establishment of a workable mine design for 
the lifecycle of the ore body from feasibility through, operation and closure. 

Mining Methods 

• Gavin Clow, P.Eng. has over 10 years of experience in underground mining environments.  
He has a firm understanding of mining methods, design and mining-related development 
and construction. He has contributed to the updating of the current mining methods 
sections of this report. 

• Brett Stewart has been a design technician working in Mining Design for 16 years.  He has 
a solid understanding of mining methods and is an expert in several software suites 
including 3D Mine Planning and Design, Datamine Block Model Import and Evaluation, 
Mine 2-4D EPS, and AutoCAD as well as the Microsoft Office Programs. Brett brings 
practical design experience allowing for the establishment of a workable mine design for 
the lifecycle of the ore body from feasibility through, operation and closure. 

Nordmin Engineering is acknowledged as the lead firm responsible for the previous technical report 
in 2019.  In particular, Chris Dougherty, P.Eng. (Nordmin, Principal, Consulting Specialist and Civil 
Engineer), Gregory Menard, P.Eng. (Nordmin, Senior Mechanical Engineer) and Glen Kuntz, P. Geo. 
(Nordmin, Consulting Specialist Geology/Mining) are recognized for their extensive and valuable 
contributions. 

SRK 

SRK and Mr. Joshua Sames, PE. and QP relied on the following experts to complete his sections of 
this Technical Report. Mr. Sames has reviewed the data supplied by other experts and in his 
professional judgement, has taken appropriate steps to ensure that the work, information, and 
advice from the noted experts below are sound for the purpose of this Technical Report. 

Project Infrastructure 
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• Clara Balasko, PE., is a registered professional engineer with 15 years of experience. She 
specializes in tailings storage facility design including slurry, paste and dry stack tailings 
disposal and has worked on numerous projects in the Americas, Australia and Asia. Clara 
brought experience in tailings storage facility design, development of design criteria, site 
selection, development of tailings storage facility stage capacity curves and water balance 
models, design of embankments, environmental containment, dry tailings stacking plan, 
and closure design for tailings storage facilities. Clara was a significant contributor to site 
characterization and tailings management system design but has since left SRK. 

• Dave Bentel, Pr. Eng, has more than 41 years of experience in the provision of engineering 
and environmental permitting services for mining facilities, including process fluid and 
stormwater management, tailings disposal, tailings recovery and re-treatment, heap 
leach, and open pit and waste rock disposal facilities. Dave has vast experience with 
establishing practical solutions towards mine design and closure and was involved 
throughout the design process.  

Salt Management Cells 

• Breese Burnley, PE., has more than 26 years of experience in engineering design, 
permitting and closure of facilities for mine water management, tailings disposal, heap 
leaching, and waste rock disposal. Breese brings experience with establishing a practical 
and innovative design for mine waste storage facilities thorough feasibility, operation and 
closure.  He has also served as a practice leader with SRK Consulting over the last 6 years 
and is a recognized professional in his field.  

 

SRK and Mr. Mark Willow, MSc, CEM, SME-RM and QP relied on the following experts to complete 
his sections of this Technical Report. Mr. Willow has reviewed the data supplied by other experts 
and in his professional judgement, has taken appropriate steps to ensure that the work, 
information, and advice from the noted experts below are sound for the purpose of this Technical 
Report. 

Environmental 

• Filiz Toprak, MSc, is an SRK mining consultant with over 15 years of experience. She uses 
her training and background in mining engineering in projects focused on mine 
reclamation and closure cost estimation. She currently focuses on different types of 
closure cost estimates to address requirements based on financial assurance, financial 
reporting, and project planning. Ms. Toprak prepared the closure cost estimate for the Elk 
Creek Project.  

Metallurgy Concept Solutions 

Metallurgy Concept Solutions and Mr. Sylvain Harton, Qualified Person, relied on the following 
experts to complete his Sections of this Technical Report. Mr. Harton has reviewed the data 
supplied by other experts and in his professional judgement, has taken appropriate steps to ensure 
that the work, information, and advice from the noted experts below are sound for the purpose of 
this Technical Report. 

• Kingston Process Metallurgy (KPM) – the laboratory that performed the niobium oxide 
aluminothermic testing. 
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L3 Process Development 

L3 Process Development and Mr. Eric Larochelle, Qualified Person, relied on the following experts 
to complete his Sections of this Technical Report. Mr. Larochelle has reviewed the data supplied by 
other experts and in his professional judgement, has taken appropriate steps to ensure that the 
work, information, and advice from the noted experts below are sound for the purpose of this 
Technical Report. 

Hydrochloric Acid Regeneration  

• Mr. K. Michael (Mike) Sessions, PE, Chief Process Engineer, a chemical engineer (M.S., 
Tennessee Technological University, 1985) with 31 years of experience in process design, 
process simulation, process scale-up, plant operations, troubleshooting and management, 
of a variety of chemical processes including pharmaceuticals, foods, commodity and 
specialty chemicals, as well as in the specification and commissioning of a wide variety of 
process control instrumentation. 

Sulphuric Acid Plant 

• Mr. Douglas K. Louie, PE, Owner of DKL Engineering, an engineer with over 30 years of 
experience in process design, process simulation, process scale-up, plant evaluation, and 
troubleshooting in the sulphuric acid industry. 

 
The Conservation and Survey Division (CSD) of the University of Nebraska Lincoln’s School of Natural 
Resources is a unique, multi-disciplinary research, service and data-resource organization that 
originated in 1893. It is Nebraska’s geological survey. CSD's mission is to investigate and record 
information about Nebraska's geologic history, its rock and mineral resources, the quantity and 
quality of its water resources, land cover and other aspects of its geography, as well as the nature, 
distribution and uses of its soils. CSD was actively involved in the discovery of the Elk Creek 
Carbonatite more than five decades ago. CSD continues to curate samples and data from the 
deposit, among its many other collections, for the benefit of stakeholders and in the public interest. 
CSD has been an invaluable source of data and expertise for minerals development and other Earth-
science issues in Nebraska since its founding. CSD’s assistance and historic drill core repository were 
essential to establishing a mineral resource and a mineral reserve for the Elk Creek Project. 
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4. PROPERTY DESCRIPTION AND LOCATION 

4.1 Property Location 
The Project is located in southeast Nebraska, USA. The Property is situated, as shown in Figure 4-1, 
and is located as follows: 

 Within United States Geological Survey (USGS) Tecumseh Quadrangle Nebraska SE (7.5-minute 
series) mapsheet in Sections 1-6, 9-11. Township 3N. Range 11 and Sections 19-23, 25-36. 
Township 4N, Range 11. 

 At approximately 40°16' north and 96°11' west in the State of Nebraska, in the central USA. 

 On the border of Johnson and Pawnee counties. 

 Approximately 75 km southeast of Lincoln, Nebraska, the state capital of Nebraska. 

 Approximately 110 km south of Omaha, Nebraska. 

 Approximately 183 km northwest of Kansas City, Kansas and Missouri. 

 Approximately 5 km southwest of the town of Elk Creek, Nebraska. the closest municipality to 
the Deposit. 

 Approximately 11 km south of Tecumseh, Nebraska 

 Approximately 53 km west of the state border with Missouri. 

 Approximately 55 km southwest of the state border with Iowa. 

 Approximately 29 km north of the state border with Kansas. 

 Approximately 53 km west of the Missouri River, which forms the state border with Missouri 
and Iowa.  

 Approximately 5 km southeast of the Nemaha River, a tributary of the Missouri River. 
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Source: Nordmin, 2019 

Figure 4-1: Project Location Map 

4.2 Property Description and Land Tenure  
The Project is a niobium, scandium, titanium and rare earth-bearing carbonatite deposit located in 
Johnson County, southeast Nebraska.  

The Property consists of one 91.5 ha (226 acre) parcel of land owned by the Company along with 8 
option-to purchase agreements covering approximately 565 ha. Option agreements are between 
NioCorp's subsidiary Elk Creek Resources Corp. (ECRC) and the individual landowners (see Figure 
4-2 ). The parcel owned by the Company contains the majority of the Mineral Resources and Mineral 
Reserves associated with the project. ECRC is a Nebraska- based wholly owned subsidiary of 
NioCorp. NioCorp retains 100% of the mineral rights to the Project and is the operator. The option 
agreements are in the form of pre-paid Exploration Lease Agreements (ELA), with an Option to 
Purchase (OTP) the mineral rights and/or the surface rights at any time during the term of the 
agreement. The individual landowners have title to the surface and subsurface rights, and the 
agreements are primarily concerned with only the mineral and surface interest of each property. 
The agreements convey to the Company adequate surface rights to access the land and to complete 
mineral exploration work. The option agreements that the Company currently holds include all the 
Indicated and Inferred resources and Probable reserves described in this Technical Report. Active 
lease agreements are listed in Table 4-1. 



86 

 
 
NI 43-101 Technical Report Feasibility Study – Elk Creek Project   
NioCorp Developments Ltd.   

 
Source: Niocorp, 2022   *Infilled blue polygons are indicating option agreements for minerals only. For the 32.37 hectare 
parcel north of Beethe008, NioCorp has an option to purchase the surface rights, and negotiations to secure the mineral 
rights are underway. 

Figure 4-2: Land Tenure Map* 

Table 4-1: Active Lease Agreements Covering the Project 

Agreement Identifier Hectares Acres Agreement Expiry 

Beethe007 66.27 163.75 20-Jan-26 

    

Heidemann005 79.55 196.57 16-Mar-25 

    

Nielsen001 100.91 249.32 25-Jun-25 

Nielsen002 11.91 29.43 14-Jun-25 

    

Woltemath80S 32.37 80.00 4-Dec-24 

    

Woltemath002 152.49 376.81 4-Dec-24 

Woltemath003J 89.03 220.00 25-Mar-25 

    

Shuey001 32.37 80.00 27-May-40 
Source: NioCorp, 2022 
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The current (2022) Mineral Resource and the Mineral Reserve is wholly contained within parcels 
Woltemath003J and ECRC shown as ECRC block on Figure 4-2.  

4.2.1 Nature and Extent of Issuer’s Interest 
As part of the exploration option agreements where required, the Company has also secured 
surface rights, which allow for access to the land for drilling activities and associated mineral 
exploration and project development work. 

The agreements that involve mineral rights include a 2% Net Smelter Return (NSR) royalty attached 
with the OTP. The agreements grant the operator an exclusive right to explore and evaluate the 
property with an OTP the mineral rights, the surface rights or a combination of the mineral and 
surface rights at any time during the term. 

4.3 Royalties, Agreements and Encumbrances 
The leases covering the Project are 100% owned by NioCorp and, apart from a 2% NSR royalty 
attached with the OTPs that include the mineral rights, have no other outstanding royalties, 
agreements, or encumbrances (see Figure 4-3). 

 
Source: NioCorp, 2022 

Figure 4-3: Net Smelter Return (NSR) Map 

4.3.1 Required Permits and Status 
The exploration work conducted to date on the Project has been completed under Exploration 
Permit NE0211001 issued by the State of Nebraska, Department of Environmental Quality. The 
permit provides the Company with the right to have ten open boreholes active at the Project at any 
given time. In addition to the exploration permit, the Company acquired an exemption letter from 
the Department of Health and Human Services for the use of a handheld held Niton X-Ray 
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Florescence Analyzer (Niton), used in 2014 on drill core for preliminary analysis onsite. The 
Company has received an Air Permit from the state which will allow it to begin construction. 

The proposed Project will be held to permitting requirements that are determined to be necessary 
by Johnson and Pawnee Counties, the State of Nebraska and local agencies within the state, and 
the U.S. Army Corps of Engineers (USACE). 

4.4 Other Significant Factors and Risks 
There are no known other significant factors or risks which could have a material impact on the 
ability to affect access, titles, or the right to perform exploration work on the property. 
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5. ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY  

5.1 Accessibility and Transportation to the Property 
The Property is easily accessible year-round as it is situated approximately 75 km southeast of 
Lincoln (State Capital), Nebraska and approximately 110 km south of Omaha, Nebraska. Access to 
the site can be achieved via road or from one of the regional airports. There are several regular 
flights to both Lincoln and Omaha; however, the Project is most easily accessible from Lincoln (see 
Figure 5-1). 

 
Source: Nordmin, 2019 

Figure 5-1: Project Location Showing Main Access Routes 

From Lincoln Municipal Airport, the Property is accessed via paved roads on the main network and 
a secondary network of gravel roads by following: 

 Interstate Highway 80 south for approximately 3.5 km to the Beatrice exit; 

 then join Highway 77 south for approximately 41 km; 

 then join Highway 41 east for approximately 47 km; and, 

 then join Highway 50 south for approximately 16 km through Tecumseh to the approximate 
center of the Elk Creek Deposit. 
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The drive from the Lincoln Municipal Airport to the property is typically 1 hour and 15 minutes, and 
from Omaha's Eppley Airport the drive is approximately 1 hour and 45 minutes. 

Technical and trades personnel can be sourced from local colleges and universities. An 
underground-experienced mining-related workforce can be found around Weeping Water, 
Nebraska as well as in neighbouring states such as Salt Lake City, Utah, South Dakota and Denver, 
Colorado (eight hours drive west of the Project). 

5.2 Climate and Length of Operating Season 
Southeast Nebraska is situated in a Humid Continental Climate (Dfa) on the Köppen climate 
classification system. In eastern Nebraska, this climate is generally characterized by hot, humid 
summers and cold winters. Average winter temperatures vary between -10.4°C to 1.6°C. Average 
summer temperatures vary between 18°C to 32°C. Exploration and mining related activities may be 
conducted all year round. 

Average monthly precipitation (rain and snowfall) varies between 22 and 127 mm. Average yearly 
precipitation is between 800 and 850 mm with an average yearly snowfall of approximately 72 cm 
(see Table 5-1). Nebraska is located within an area known for tornados which run through the 
central U.S. where thunderstorms are common in the spring and summer months. Tornadoes 
primarily occur during the spring and summer and may occur into the autumn months. 
 

Table 5-1: Summary of the Project Precipitation Data (4) (5) 

Station 

Mean Monthly 
Precipitation 

Mean Monthly 
Pan Evaporation 

Mean Monthly  
Lake Evaporation (5)  

Annual 
Evapotranspiration 

Tecumseh 
Station (1) 

(mm) 

Sabetha Lake 
Station (2)  

(mm) 

Sabetha Lake 
Station (2)  

(mm) 

Rainwater Basin 
Station (3)  

January 21  - 30 

February 28 - - 32 

March 49 - - 66 

April 72 131 98 84 

May 111 167 126 98 

June 117 186 139 98 

July 99 210 158 102 

August 97 190 142 87 

September 89 138 103 86 

October 58 103 77 81 

November 39 57 43 58 

December 26 - - 29 

Annual 805 1,182 887 851 

7 Year Wet-Cycle Total 6,662  

7 Year Dry-Cycle Total 4,318  
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(1) Tecumseh station data (WRCC, DRI) is considered the most representative based on elevation and proximity to the 
Project site. 

(2) Data from Southwest Climate and Environmental Information Collaborative (WRCC, DRI); Sabetha Lake station data is 
considered the most representative based on elevation and proximity to the Project site. 

(3) RAWS Network (DRI), ASCE Standardized Reference ET Calculations. 
(4) 5-year average from 2009 through 2013. 
(5) Based on Lake Evaporation as 75% of Pan Evaporation. 

5.3 Sufficiency of Surface Rights 
The Company has negotiated surface rights as needed as part of the OTPs. There is enough suitable 
land area available within the Company’s land package for mine waste disposal, for future tailings 
disposal, a processing plant, and related infrastructure. 

5.4 Physiography  
The local topography of eastern Nebraska is relatively low-relief with shallow rolling hills intersected 
by shallow river valleys. Elevation varies from about 325 to 390 metres above sea level (masl). 
Bedrock outcrop exposure is nonexistent in the Project area. 

Much of the Project area is used for cultivation of corn and soybeans, along with use as grazing 
land. Native vegetation typical of eastern Nebraska is upland tall-grass, prairie, and upland 
deciduous forests. 
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6. HISTORY 
The following section provides a summary of the history of the Project, and Dahrouge has relied 
upon information provided in the 2017 NI 43-101 Technical Report produced by SRK Consulting, 
entitled "Revised NI-43-101 Technical Report Feasibility Study Elk Creek Niobium Project Nebraska", 
with an Effective Date of June 30, 2017, and in the 2019 NI-43-101 Technical Report produced by 
Nordmin Engineering Ltd., entitled “NI 43-101 Technical Report Feasibility Study, Elk Creek 
Superalloy Materials Project, Nebraska. 

6.1 Ownership History 
The USGS completed the initial regional geological work. The details of the initial ownership of the 
complete Project area are not clear, but it is reported that land packages were initially controlled 
by Cominco American Inc. (Cominco American) and Molycorp Inc. (Molycorp) during the early 
1970s. 

The majority of the historical exploration over the Project area was completed by Molycorp before 
1984 (ECRC). On May 4, 2010, Quantum Rare Earth Developments Corp. (Quantum) announced the 
acquisition of the mineral rights to the Project. On March 3, 2013, Quantum announced an official 
name change from Quantum Rare Earth Developments Corp. to NioCorp Developments Ltd. 
(NioCorp). NioCorp's focus is to develop the Project. 

6.2 Exploration History 

6.2.1 USGS, 1964 
Between November 1963 and January 1964, the USGS flew three airborne magnetic surveys 
southeast Nebraska. A total of 6,590 line-km was flown (836, 209, and 5,544 line-miles, respectively) 
along an east-west direction at a flight line spacing of 3.2 km (2 miles) and an altitude of 305 m 
above ground (USGS website: OFR 99-0557). Figure 6-1 shows the area covered by the airborne 
surveys. 

 
Source: Tetra Tech, 2012 – Modified from USGS, 1964 

Figure 6-1: 1964 USGS Aeromagnetic Survey Area Showing Surveys 526A, 526B and 530 Respectively 
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This wide spacing of the flight lines illustrates only regional features and does not locate local 
anomalies (i.e., Elk Creek Nb-REE anomaly). Details of the aeromagnetic survey may be found in 
USGS Publication 73-297, which was unavailable at the time of writing. Results of the aeromagnetic 
survey are shown in Figure 6-2. 

 
Source: Tetra Tech, 2012 

Figure 6-2: 1964 USGS Aeromagnetic Results (Merged 526A, 526B, and 530 Surveys) 

6.2.2 Discovery, 1970-1971 
Further investigation of the Project was not completed until 1970 when the Elk Creek gravity 
anomaly was initially identified during a reconnaissance gravity geophysical survey of southeast 
Nebraska by the Conservation and Survey Division (CSD) of the University of Nebraska-Lincoln 
(UNL). During the same period the UNL geology department (operating independently), was 
mapping the magnetic expression of the Nemaha Arch and the Humboldt Fault. 
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A comparison of the two geophysical survey results showed a positive anomaly that was coincident 
with a positive gravity anomaly over the area now defined as the Elk Creek gravity anomaly 
(Anzman, 1976). The geophysical gravity survey outlined a near-circular anomaly, along with a 
concurrent magnetic anomaly, approximately 7 km in diameter. Analysis of the geophysical data 
provided a model of a cylindrical mass of indefinite length with a radius of 1,676 m (5,500 ft) 
(Carlson et al., 2005). Figure 6-3 and Figure 6-4 illustrate the results of the two surveys. 

In 1971, the Nebraska Geological Survey (NGS) commissioned a test drill hole 2-B-71 to determine 
the source of the near circular gravity anomaly. With some support from the United States Bureau 
of Mines (USBM), the test hole was deepened. The test hole 2-B-71, later renamed NN-1 by 
Molycorp, encountered 191 m (628 ft) of marine sediments, followed by a carbonate-rich rock 
(carbonatite) to the end of the hole at 290 m (952 ft) (Brookins et al., 1975) in what is now referred 
to as the Elk Creek Carbonatite. 

 

 
Source: Tetra Tech, 2012 

Figure 6-3: Comparison of the 1970 Magnetic and Gravity Geophysical Surveys 
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Source: Tetra Tech, 2012 

Figure 6-4: Cross-section A-A' of the 1970 Gravity and Magnetic Geophysical Surveys 

6.2.3 Cominco American, 1974 
The earliest known reference to Cominco American operating within the Elk Creek gravity anomaly 
area is from 1974. It is unclear precisely when Cominco American first acquired the mineral rights 
in the Elk Creek anomaly area. It is believed that between 1971 and 1973 both Cominco American 
and Molycorp held mineral rights over selected portions of the Elk Creek gravity anomaly. 

In 1974, Cominco American completed five drill holes (CA-1 to CA-5) within the Elk Creek gravity 
anomaly. Details of the Cominco American drill holes and exploration activities within the property 
were not available. The information on drilling activities stated here was taken from the Molycorp 
database. Dahrouge has not reviewed or included any information from Cominco American as part 
of the current study. 

6.2.4 Molycorp, 1973-1986 
The earliest known reference to Molycorp operating within the Elk Creek gravity anomaly area is 
from 1973. It is unclear precisely when Molycorp first acquired the mineral rights in the Elk Creek 
anomaly area. Molycorp completed a number of phases of exploration on the Project during this 
period including more detailed geophysical surveys, regional drilling (mineralization limits) and 
focused drilling on the Project area. The exploration program focused on understanding the 
potential for rare earth elements of economic significance at the Project, with results showing a 
niobium anomaly at Elk Creek. 

Between 1986 and 2011, no further exploration was recorded on the property. 
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6.2.5 Geophysical Surveys 
In 1973, a detailed aeromagnetic survey was flown by Olympus Aerial Surveys Inc. (Olympic Aerial 
Surveys), of Salt Lake City, Utah, USA, for Molycorp, with the aim of locating drill sites. Flight-lines 
within the Elk Creek anomaly area were spaced at 200 m, and outside the anomaly at 400 m. A total 
of 50,764 ha was covered by 2,090 line-km (Anzman, 1976). The altitude of the survey was not 
stated in Anzman 1976. 

In 1980, an extensive regional geophysical program was made in southeastern Nebraska including 
the Elk Creek anomaly. The program consisted of 6,437 line-km of aeromagnetics and 
approximately 4,000 gravity station readings. The aeromagnetic survey was contracted by Olympus 
Aerial Surveys. 

The gravity geophysical survey was conducted by the CSD-UNL, which undertook approximately a 
quarter of the station readings, and by Molycorp's in-house Geophysical Services Group, which 
undertook the remaining three-quarters of the gravity station readings. 

6.2.6 Drilling 
Between 1973 and 1974, Molycorp completed six drill holes: EC-1 to EC-4, targeting the Elk Creek 
anomaly and two other holes outside the Elk Creek anomaly area (Anzman, 1976). Drill holes were 
typically carried out by RC drilling through the overlying sedimentary rocks and diamond drilling 
through the Ordovician-Cambrian basement rocks. 

Molycorp continued their drill program from 1977 and, in May 1978, Molycorp made its discovery 
of the current Project with drill hole EC-11. EC-11 is located on Section 33, Township 4N, and Range 
11. The carbonatite hosting the Project was intersected at a vertical depth of 203.61 m (668 ft). 

Molycorp continued its drilling program through to 1984, which mainly centred on the Project 
within a radius of roughly 2 km. By 1984, Molycorp had completed 57 drill holes within the Elk Creek 
gravity anomaly area, which included 25 drill holes over the Project area. 

From 1984 to 1986, drilling was focused on the Elk Creek gravity anomaly area. The anomaly area 
is roughly 7 km in diameter and drilling was conducted on a grid pattern of approximately 610 m by 
610 m (roughly 2,000 ft by 2,000 ft.) with some closely-spaced drill holes in selected areas. 

By 1986, a total of 106 drill holes were completed for a total of approximately 46,797 m (153,532 
ft). The deepest hole reached a depth of 1,038 m (3,406 ft) and bottomed in carbonatite. 

6.2.7 Molycorp Data Verification, 1973-1986 
Verification work on the historical database has been completed by Dahrouge Geological Consulting 
Ltd (Dahrouge), who were contracted by Quantum to compile and verify the historical database 
between 2010 and 2011. Work included data capture from historical drilling logs, verification 
drilling and re-analysis of historical samples. 

The following excerpt was taken from the Technical Report on the Elk Creek Property, 2010 
(McCallum and Cathro, 2010). 

"In some of the analytical log sheets available to the Authors, it appears that Molycorp analyzed 
niobium through their exploration division laboratory at Louviers, Colorado. They also analyzed the 
same interval at another, unspecified, commercial laboratory.  It is unclear to the Authors what 
material the duplicate analyses were derived from (coarse reject duplicate, pulp duplicate, or % 
core duplicate).  
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Molycorp utilized the commercial laboratory, Skyline Labs Inc., of Wheat Ridge, Colorado between 
1980 and 1986, with analysis by ICP spectrographic methods and unknown preparation methods. 
According to analytical reports and certificates available at UNL, values of lanthanum, cerium, 
neodymium, barium, sodium, thorium, lead, thorium, uranium, potassium, titanium, zinc, 
vanadium, niobium, phosphorous, beryllium, zircon, strontium, lithium, yttrium, silver, chromium, 
copper, iron, manganese, nickel and cobalt were tested. The intervals tested are comprised of 
commonly 100 ft intervals, presumably composited from the pulverized material of the 10 ft 
intervals. 

In the "Niobium Analytical Standardization" report, dated June 1983, by Sisneros and Yernberg, it 
was noted that the routine XRF analysis performed by Molycorp's exploration division laboratory at 
Louviers generated niobium values that were higher than other analytical techniques. This 
difference in niobium values was concluded not to be a product of preparation techniques, but a 
result of the standardization errors in the XRF analytical technique. A set of fifteen composites was 
prepared from Elk Creek drill core samples and analyzed with varying methods including XRF, ICP 
emission spectrometry and DC plasma emission spectrometry at ten laboratories. It was concluded 
that the difference was caused by high barium and iron within the matrix of the sample, with the 
largest deviations found in the coarse-grained material. The deviation of Molycorp's routine 
analytical method compared to the recommended value ranges from 20% to just below 50% (except 
for one sample deviating 1%). The recommended value was based on a statistical analysis of the 
round-robin results. 

The correction for the effect of barium and iron on the given Louviers niobium value was calibrated 
with the XRF instrument at Molycorp's Louviers, Colorado exploration laboratory, and many of the 
previously analyzed samples were re-tested with the new calibration. The samples that have 
received the Ba+Fe correction have been noted on the historic Molycorp analytical logs; however, 
in the later series of holes, it is not identified on the assay log. It is expected that all holes drilled 
after 1983 were analyzed with the newer calibration." 

6.3 Historical Resource Estimates 

6.3.1 Molycorp Internal Estimates 
During the review of historical documentation and the previous NI 43-101 Technical Report, it has 
been noted that Molycorp produced an internal estimate of the tonnage and grade within the 
Project. This estimate is not considered to be compliant with CIM terms and conditions, nor was it 
documented to a NI 43-101 standard. The estimate is based on assay analysis conducted by 
Molycorp at its laboratory at Louviers, Colorado, USA, and other analytical work at several 
commercial laboratories.  

On February 5, 1986, in an internal Molycorp memo (Cook and Shearer, 1986) from the two 
principal project geologists (Cook and Shearer) states: 

"Niobium Resource Lands (Elk Creek Section 33) 

These lands include the Section 33 niobium resource and adjacent untested lands. The resource 
contains 39.4 million tons of 0.82% Nb2O5 and is open to the north, west and at depth.” 

Tetra Tech commented in their April 2012 NI 43-101 Technical Report that the memo is the only 
evidence of an historic resource conducted on the property. There are no documents available to 
explain or support how this resource was estimated. Tetra Tech concluded during its investigation 
that it was apparent that the historic resource may have been estimated by a polygonal method. 
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6.3.2 Tetra Tech Wardrop Estimate (April 2012) 
In April 2012, Tetra Tech produced a NI 43-101 Technical Report for the Project based on the results 
of verification work completed by Quantum through Dahrouge. The Tetra Tech Mineral Resource 
Estimate for the Project was prepared in accordance with CIM Best Practices and disclosed in 
accordance with NI 43-101, with an Effective Date of March 21, 2012. 

The Mineral Resource was estimated by the OK interpolation method using capped grade values. 
The Mineral Resource for the Project was classified as having Indicated and Inferred resources 
based on drill hole spacing, drill hole location and sample data population. 

The Mineral Resource Estimate for the deposit, at 0.4 Nb2O5% cut-off grade (CoG), reported an 
Indicated resource of 19.3 Mt at 0.67 Nb2O5%; and an Inferred resource of 83.3 Mt at 0.63 Nb2O55%. 

Table 6-1 and Table 6-2 present the Tetra Tech Indicated and Inferred resource estimates for the 
Project at various Nb2O5% cut-offs between 0.35 and 0.70 Nb2O5%. 

Tetra Tech concluded that the Project warranted further investigation and development. 
 

Table 6-1: Tetra Tech 2012 Indicated Mineral Resource Grade Tonnage Sensitivity for the Project. 

Cut-off Nb2O5  
(%) 

Density 
g/cm3 

Tonnes 
(000's) 

Nb2O5 
 (%) 

Contained Metal 
(000's kg) 

0.70 2.96 7,226 0.86 61,940 
0.65 2.96 9,113 0.82 74,653 
0.60 2.96 11,373 0.78 88,770 
0.55 2.96 13,441 0.75 100,722 
0.50 2.96 15,844 0.71 113,271 
0.45 2.96 17,940 0.69 123,279 
0.40 2.96 19,319 0.67 129,182 
0.35 2.96 19,632 0.66 130,376 

Grey highlight is the cut-off used for quoting the Mineral Resource. 
Source Tetra Tech, 2012 
 

Table 6-2: Tetra Tech 2012 Inferred Mineral Resource Grade Tonnage Sensitivity for the Project*. 

Cut-off Nb2O5 
(%) 

Density 
g/cm3 

Tonnes 
(000's) 

Nb2O5 
(%) 

Contained Metal 
(000's kg) 

0.70 2.96 20,984 0.8 167,447 
0.65 2.96 32,115 0.76 242,535 
0.60 2.96 44,596 0.72 320,521 
0.55 2.96 58,803 0.68 402,231 
0.50 2.96 71,333 0.66 468,026 
0.45 2.96 80,297 0.64 510,904 
0.40 2.96 83,288 0.63 523,844 
0.35 2.96 83,744 0.63 525,591 

Source Tetra Tech, 2012 
*Grey highlight is the cut-off used for quoting the Mineral Resource. 

6.3.3 SRK Estimates (September 2014 – August 2015) 
In September 2014, SRK produced a NI 43-101 Technical Report for the Project based on the 
historical drill hole information and the results from Phase I of the 2014 NioCorp drilling program. 
The Mineral Resource Estimate for the Project was prepared in accordance with CIM Best Practices 
and disclosed in accordance with NI 43-101, with an Effective Date of September 9, 2014. 
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The Mineral Resource was estimated by the OK interpolation method using capped grade values. 
The Mineral Resource for the Project was classified as having Indicated and Inferred resources 
based on drill hole spacing, drill hole location and sample data population. 

The Mineral Resource Estimate for the deposit, at 0.3 Nb2O5% CoG, reported an Indicated resource 
of 28.2 Mt at 0.63 Nb2O5%; and an Inferred resource of 132.8 Mt at 0.55 Nb2O5%. 

Table 6-3 provides the Indicated and Inferred resource estimates for the Project, and Table 6-4 
shows the grade-tonnage sensitivity at various Nb2O5% cut-offs between 0.35 and 0.70 Nb2O5%. 

SRK concluded that the Project warranted further infill drilling to increase the current level of 
confidence, and commencement of other technical disciplines investigations such as geotechnical 
and hydrogeological studies to improve the investigation and development of the project. 
 

Table 6-3: SRK Historical Mineral Resource Statement for the Project, Effective September 9, 2014 

Classification 
Cut-off 

(Nb2O5%) 
Tonnage 
(000's t) 

Grade 
(Nb2O5%) 

Contained Nb2O5 
(000's kg) 

Indicated  0.30 28,200 0.63 177,000 
Inferred  0.30 132,800 0.55 733,700 

(1) Mineral resources are not Mineral Reserves and do not have demonstrated economic viability. All figures are rounded 
to reflect the relative accuracy of the estimate and have been used to derive subtotals, totals and weighted averages. 
Such calculations inherently involve a degree of rounding and consequently introduce a margin of error. Where these 
occur, SRK does not consider them to be material. All composites have been capped where appropriate. The 
Concession is wholly owned by, and exploration is operated by NioCorp Developments Ltd. 

(2) The reporting standard adopted for the reporting of the MRE uses the terminology, definitions and guidelines given 
in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and Mineral 
Reserves (May 10, 2014) as required by NI 43-101. 

(3) SRK assumed the Project was amenable to a variety of underground mining methods. In the absence of definitive 
pricing for Nb and established rates of metallurgical recovery, SRK reported the Mineral Resource at a cut-off of 0.3% 
Nb2O5. The Company's previous Mineral Resource, dated April 2012, was calculated at a cut-off of 0.4% Nb2O5. 

(4) SRK completed a site inspection to the deposit by Mr. Martin Pittuck, MSc, C.Eng., MIMMM, an appropriate 
"independent qualified person" as this term is defined in NI 43-101. 

 

Table 6-4: Grade Tonnage Showing Sensitivity of the Project Mineral Resource (September 2014) to CoG 

Classification Cut-off (Nb2O5%) Tonnage (000's t) Grade (Nb2O5%) Contained Nb2O5 
(000's kg) 

  0.60 15,800 0.78 123,700 
  0.55 17,400 0.76 132,800 
  0.50 19,100 0.74 141,800 

Indicated  0.45 20,700 0.72 149,600 
  0.40 22,600 0.70 157,400 
  0.35 25,300 0.66 167,500 
  0.30 28,200 0.63 177,200 
  0.60 51,900 0.78 404,900 
  0.55 57,300 0.76 435,800 
  0.50 63,700 0.74 469,600 

Inferred  0.45 71,700 0.71 507,700 
  0.40 87,000 0.66 573,300 
  0.35 111,100 0.60 662,700 
  0.30 132,800 0.55 733,700 
Source SRK, 2014a 
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In February 2015, an initial estimate of the Nb2O5 Mineral Resource was completed by SRK 
Consulting on the Elk Creek Deposit (see Table 6-5).  
 

Table 6-5: SRK Historical Mineral Resource Statement - Effective Date February 20, 2015 

Classification Cut-off 
(Nb2O5%) 

Tonnage 
(000’s) 

Grade 
(Nb2O5%) 

Contained Nb2O5 
(000's kg) 

Indicated  0.3 81,200 0.71 578,200 
Inferred  0.3 99,800 0.56 557,500 

(1) Mineral resources are not Mineral Reserves and do not have demonstrated economic viability. All figures are rounded 
to reflect the relative accuracy of the estimate and have been used to derive sub-totals, totals and weighted averages. 
Such calculations inherently involve a degree of rounding and consequently introduce a margin of error. Where these 
occur, SRK does not consider them to be material. All composites have been capped where appropriate. The 
Concession is wholly owned by, and exploration is operated by NioCorp Developments Ltd. 

(2) The reporting standard adopted for the reporting of the MRE uses the terminology, definitions and guidelines given 
in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and Mineral 
Reserves (May 10, 2014) as required by NI 43-101. 

(3) SRK assumed the Elk Creek Deposit to be amenable to a variety of underground mining methods. Using results from 
initial metallurgical test work, suitable underground mining and processing costs, and forecast niobium price SRK 
reported the Mineral Resource at a cut-off of 0.3% Nb2O5. 

(4) SRK completed a site inspection to the deposit by Mr. Martin Pittuck, MSc, C.Eng, MIMMM, an appropriate 
"independent qualified person" as this term is defined in National Instrument 43-101. 
 

The February 20, 2015 estimate was based on the certified assays for Nb2O5 only, with the estimate 
subsequently updated on receipt of the TiO2 and Sc ppm assays to produce a Mineral Resource 
Estimate for the deposit that was disclosed February 23, 2015, with an effective date of April 28, 
2015.  

The estimated cost information presented here is used as a guide to assist in the preparation of a 
Mineral Resource Estimate and to select an appropriate resource reporting CoG. The calculated 
Nb2O5 CoG is based on a fixed relationship between Nb2O5 and TiO2 of 3.5 TiO2:1 Nb2O5. Similarly, a 
Nb2O5 and Sc fixed relationship of and 9 Sc: 1 Nb2O5 was used for the CoG calculation. 

The Mineral Resource was filtered to show all blocks above the mining cut-off to ensure estimates 
form suitable mining targets. Any isolated blocks of material reporting above cut-off can be 
removed as they will unlikely warrant the cost of development. No such cases existed at the Project, 
and all material within the geological wireframes above a cut-off of 0.3 Nb2O5 % was considered to 
have reasonable prospects of being mined via underground methods. 
 

Table 6-6 was determined using the economic parameters as defined in the 2015 PEA. The Mineral 
Resource was disclosed on February 23, 2015. 
 

Table 6-6: SRK Mineral Resource Estimate for the Project, Effective Date April 28, 2015 

Classification Cut-off 

(Nb2O5%) 

Tonnage 

(000’s T) 

Grade 

(Nb2O5%) 

Contained 

Nb2O5 

(000’s kg) 

Grade 

(TiO2%) 

Contained 

TiO2 

(000’s kg) 

Grade 

(Sc g/t) 

Contained 

Sc 

(000’s kg) 

Indicated  0.3 80,500 0.71 572,000 2.68 2,160,000 72 5,800 

Inferred  0.3 99,600 0.56 558,000 2.31 2,300,000 63 6,300 
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(1) Mineral resources are not Mineral Reserves and do not have demonstrated economic viability. All figures are rounded 
to reflect the relative accuracy of the estimate and have been used to derive sub-totals, totals and weighted averages. 
Such calculations inherently involve a degree of rounding and consequently introduce a margin of error. Where these 
occur, SRK does not consider them to be material. All composites have been capped where appropriate. The 
Concession is wholly owned by, and exploration is operated by NioCorp Developments Ltd. 

(2) The reporting standard adopted for the reporting of the MRE uses the terminology, definitions and guidelines given 
in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and Mineral 
Reserves (May 10, 2014) as required by NI 43-101. 

(3) SRK assumed the Project was amenable to a variety of underground mining methods. Using results from initial 
metallurgical test work, suitable underground mining and processing costs, and forecast niobium price SRK has 
reported the Mineral Resource at a cut-off of 0.3% Nb2O5  

(4) SRK completed a site inspection of the deposit by Mr. Martin Pittuck, MSc, C.Eng., MIMMM, an appropriate 
"independent qualified person" as this term is defined in NI 43-101. 

6.3.4 SRK Estimates (May 15, 2017) 
In May 2017, SRK Consulting completed an updated Mineral Resource Estimate and updated 
Feasibility Report.  

The Mineral Resources utilized the entire assay information from the historical drilling, the NioCorp 
2014 drilling program and the 2016 re-assay program. The grade estimation (Nb2O5%, TiO2%, Sc 
ppm) utilized an Ordinary Kriging (OK) algorithm supported by 5 m sample composites for all the 
mineralized units, with Inverse Distance Weighting (IDW) to a power of 2, and the nearest 
neighbour estimate completed as cross-checks. The updated Mineral Resource was based on an 
additional 203 pulp samples, 374 pulverized pulps, and 90 chip samples re-assayed from historical 
holes, which had not previously been assayed for TiO2% or Sc (ppm). The Mineral Resource also 
accounted for an estimate of the density values, as a relationship was identified by SRK for higher 
density values at higher Nb2O5, TiO2 and Fe2O3 grades.  

The Mineral Resource Estimate in Table 6-7 was determined using a net smelter return cut-off value 
based on economic parameters defined as part of the current study. This was considered the latest 
estimate for the Project at the time, and for any future studies.  

A summary of the sensitivity of the tonnage and grade to CoG is shown in Table 6-8. 
 

Table 6-7: SRK Mineral Resource Statement for Elk Creek, Effective Date May 15, 2017 

Classification 
Cut-off  

NSR 
(US$/t) 

Tonnage 
(000’s t) 

Grade 
Nb2O5 

(%) 

Contained 
Nb2O5 (t) 

Grade 
TiO2 (%) 

Contained 
TiO2 (t) 

Grade 
Sc 

(g/t) 

Contained  
Sc (t) 

Indicated  180 90,900 0.66 598,400 2.59 2,353,300 70 6,300 
Inferred  180 133,600 0.48 643,800 2.23 2,985,300 59 7,800 

(1) Mineral resources are reported inclusive of the Mineral Reserve. Mineral resources are not Mineral Reserves and do 
not have demonstrated economic viability. All figures are rounded to reflect the relative accuracy of the estimate 
and have been used to derive sub-totals, totals and weighted averages. Such calculations inherently involve a degree 
of rounding and consequently introduce a margin of error. Where these occur, SRK does not consider them to be 
material. All composites have been capped where appropriate. Historical samples have been validated via re-assay 
programs, and all drilling completed by NioCorp has been subjected to QA/QC. All composites have been capped 
where appropriate, and estimates completed using Ordinary Kriging. The Concession is wholly owned by, and 
exploration is operated by NioCorp Developments Ltd. 

(2) The reporting standard adopted for the reporting of the MRE uses the terminology, definitions and guidelines given 
in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and Mineral 
Reserves (May 10, 2014) as required by NI 43-101.  

(3) The Project is amenable to underground longhole open stoping mining methods. Using results from metallurgical 
test work, suitable underground mining and processing costs, and forecast product pricing SRK has reported the 
Mineral Resource at an NSR cut-off of US$ 180/t. 

(4) NSR uses the following factors: 
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 Nb2O5: 0.699 is a conversion from Nb2O5 to Nb, 1,000 is kg conversion, 85.8% is the hydromet plant recovery, 
0.96 is the pyromet plant recovery, 100% payability, assuming a US$ 38.5 kg selling price. 

 TiO2: 1,000 is kg conversion, 40.3% is metallurgical recovery, assuming 100% payability, assuming a US$ 0.88/kg 
is selling price. 

 Sc: 93.1% is met recovery, 100% payability, US$ 3,500 kg is selling price per kg of scandium oxide, with a 
conversion of 0.652 is the amount of Sc in Sc2O3 

 Price assumptions for FeNb, Sc2O3, and TiO2 are based upon independent market analyses for each product. 
(5) SRK completed a site inspection of the deposit by Mr. Martin Pittuck, MSc, C.Eng., MIMMM, an appropriate 

“independent qualified person” as this term is defined in NI 43-101. 
 

The Mineral Resource presented was reported following CIM guidelines. Inferred Mineral 
Resources were not included in the mine plan for this study. Mineral Resources that are not Mineral 
Reserves do not have demonstrated economic viability.  

The study included price and market assumptions concerning an expanded demand in the scandium 
market. There is no certainty that the prices used will be realized. 

There was no material change to the block estimates in this 2017 update as no additional drilling 
had been completed. The only two differences between the 2015 and 2017 models were: 

 The addition of TiO2 and Sc assays which were previously absent; and 
 Change in the reporting criteria from using a 0.3% Nb2O5 CoG to an NSR basis. 

Overall, the result was an increase in the tonnage in both the Indicated and the Inferred categories 
from 2015 to 2017, as more marginal material is considered economical. The Indicated portion of 
the Mineral Resource increased by 13% in terms of tonnage, while the Inferred increased by 34%. 
In terms of the contained Nb2O5 metal, the 2017 model represented an increase of 5% in the 
Indicated and 15% in the Inferred respectively, while the TiO2 and Sc increased approximately 9% 
in the Indicated, and 29% and 24% in the Inferred respectively. 
Table 6-8: Grade Tonnage Showing Sensitivity of the Mineral Resource to CoG 

Classification 
Cut-off 

NSR 
(US$/t) 

Tonnage 
(000’s t) 

Grade 
(Nb2O5%) 

Contained 
Nb2O5 

(t) 

Grade 
(TiO2%) 

Contained 
TiO2 
(t) 

Grade 
(Sc g/t) 

Contained 
Sc 
(t) 

Indicated  

0 91,899 0.65 600,000 2.58 2,366,900 69.13 6,400 
50 91,899 0.65 600,000 2.58 2,366,900 69.13 6,400 

100 91,778 0.65 599,900 2.58 2,366,100 69.20 6,400 
150 91,583 0.65 599,700 2.58 2,364,100 69.31 6,300 
180 90,938 0.66 598,700 2.59 2,354,300 69.62 6,300 
200 90,247 0.66 597,600 2.60 2,343,200 69.92 6,300 
250 88,467 0.67 594,100 2.61 2,311,900 70.61 6,200 
275 87,172 0.68 591,100 2.63 2,290,300 71.05 6,200 
300 85,153 0.69 585,800 2.65 2,254,200 71.67 6,100 
350 79,782 0.71 568,000 2.70 2,150,300 73.19 5,800 

Inferred  

0 345,322 0.19 652,500 0.87 3,017,700 22.79 7,900 
50 136,311 0.48 650,400 2.21 3,017,700 57.73 7,900 

100 136,275 0.48 650,300 2.21 3,017,300 57.74 7,900 
150 135,174 0.48 647,100 2.22 3,004,500 58.13 7,900 
180 133,550 0.48 643,500 2.23 2,984,200 58.55 7,800 
200 131,414 0.49 638,600 2.25 2,958,500 59.07 7,800 
250 124,544 0.50 621,700 2.30 2,862,000 60.48 7,500 
275 119,198 0.51 607,300 2.33 2,776,100 61.43 7,300 
300 111,489 0.53 585,600 2.37 2,640,500 62.64 7,000 
350 89,420 0.58 516,000 2.49 2,223,900 65.79 5,900 
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Source: SRK, 2016 

6.4 Nordmin Estimates (April, 2019) 
In April 2019, Nordmin Engineering Ltd. completed an updated Mineral Resource Estimate and 
updated Feasibility Report. The deposit mineralization was modelled in three domains and defined 
as high grade Nb2O5/TiO2, high grade Sc, and low grade Nb2O5/TiO2, and Sc. A 3D block model was 
constructed to estimate Nb, Ti, and Sc along with auxiliary minerals that affect mineral processing. 

The updated Mineral Resource was based on the drillhole database constructed by Dahrouge from 
Molycorp data as well as raw data captured by Dahrouge during the 2011 and 2014 drilling 
campaigns. Nordmin determined the data to be of good quality.   

The cut-off grade used for the 2019 Mineral Resource Estimate is an NSR of US$ 180 /tonne based 
on NioCorp’s estimated break-even OPEX mining cost of US$ 180 per tonne. A series of upfront test 
modelling was completed to define an estimation methodology to meet the following criteria: 
 

 Representative of the deposit geology and structural model. 
 Accounts for the variability of grade and orientations and the continuity of mineralization.  
 Controls the smoothing (grade spreading) of grades and influence of outliers between high 

grade and low grade areas within the deposit. 
 Accounts for the majority of mineralization on the property. 
 Robust and repeatable within the mineral domains. 

Multiple test scenarios were evaluated in order to determine the optimum processes and 
parameters to use to achieve the stated criteria.  Each scenario was based on nearest neighbour 
(NN), Inverse Distance Squared (ID2), and Ordinary Kriging (OK) interpolation methods. 
Independent variography was performed on the composite data for each zone (high grade 
Nb2O5/TiO2, high grade Sc, and low grade Nb2O5, TiO2, and Sc). 

The Mineral Resource Estimate in Table 6-9 was determined using a net smelter return cut-off value 
described above. A summary of the sensitivity of the tonnage and grade to CoG is shown in Table 6-10. 
 

Table 6-9: Elk Creek Deposit 2019 Mineral Resource Estimate 

Classification Cut-off 
NSR 
(DIL) 

Tonnage  Nb2O5  

Grade  
Contained 

Nb2O5 
TiO2 Contained 

TiO2 
Sc 

Grade 
(ppm) 

Contained 
Sc 

(US$/t) (t) (%) (t) Grade (t) (t) 

        (%)     

Indicated 180 183,185,498 0.54 981,092 2.15 3,940,419 57.65 10,562 

Inferred 180 103,992,535 0.48 498,864 1.81 1,886,181 47.38 4,928 
Source: Nordmin, 2019. All figures are rounded to reflect the relative accuracy of the estimates.  Totals may not sum due 
to rounding. 
 
 Mineral Resources are reported inclusive of the Mineral Reserve. Mineral Resources are not Mineral Reserves and 

do not have demonstrated economic viability. All figures are rounded to reflect the relative accuracy of the 
estimate and have been used to derive sub-totals, totals and weighted averages. Such calculations inherently 
involve a degree of rounding and consequently introduce a margin of error. Where these occur, Nordmin does not 
consider them to be material.  

 The reporting standard adopted for the reporting of the MRE uses the terminology, definitions and guidelines given 
in the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Standards on Mineral Resources and Mineral 
Reserves (May 10, 2014) as required by NI 43-101. 
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 CIM definition standards for Mineral Resources and Mineral Reserves (May 2014) defines a Mineral Resource as: 
o "(A) concentration or occurrence of diamonds, natural solid inorganic material, or natural solid fossilized 

organic material including base and precious metals, coal, and industrial minerals in or on the Earth's crust 
in such form and quantity and of such a grade or quality that it has reasonable prospects for economic 
extraction. The location, quantity, grade, geological characteristics, and continuity of a Mineral Resource 
are known, estimated or interpreted from specific geological evidence and knowledge". 

 Historical samples have been validated via re-assay programs, and all drilling completed by NioCorp has been 
subjected to QA/QC. All composites have been capped and then composited where appropriate, and estimates 
completed used ordinary kriging. The concession is wholly owned by, and exploration is operated by NioCorp 
Developments Ltd. 

 The project is amenable to underground longhole open stoping mining methods. Using results from metallurgical 
test work, suitable underground mining, and processing costs, and forecast product pricing Nordmin has reported 
the Mineral Resource at an NSR cut-off of US$ 180/tonne. 

 Economic Assumptions Used to Define Mineral Resource Cut-Off Value: 
 

 

Diluted NSR (US$) =  
Revenue per block Nb2O5 (diluted) + Revenue per block TiO2 (diluted) + Revenue per block Sc (diluted) 
                                                                    Diluted tonnes per block 
 

 Price assumptions for FeNb, Sc2O3, and TiO2 
are based upon independent market 
analyses for each product. 

 Price and cost assumptions are based on the 
pricing of products at the "mine-gate," with 
no additional down-stream costs required. 
The assumed products are a ferroniobium 
product (in metal form, approximately 65% 
Nb and 35% Fe), a titanium dioxide product 
in powder form, and scandium trioxide in 
powder form. 

 The "reasonable prospects for economic 
extraction" requirement generally implies 
that the quantity and grade estimates meet 
certain economic thresholds and that the 
Mineral Resources are reported at an appropriate CoG, considering extraction scenarios and processing recoveries. 
Based on this requirement, Nordmin considers that major portions of the project are amenable for underground 
extraction with a processing method to recover FeNb (as the saleable product of Nb2O5), TiO2, and Sc2O3 products. 

 The result of positive indications from the Company's metallurgical testing and development program, titanium 
(TiO2) and scandium (Sc) were added to the Mineral Resource Statement in February 2015. Both metals can be 
recovered with simple additions to the existing process flowsheet and will possibly provide additional revenue 
streams that may complement the planned production of ferroniobium. 

 Nordmin has provided reasonable estimates of the expected costs based on the knowledge of the style of mining 
(underground) and potential processing methods. 

 Nordmin completed a site inspection of the deposit by Glen Kuntz, BSc, P.Geo., Consulting Specialist - 
Geology/Mining, an appropriate "independent qualified person" as this term is defined in NI 43-101. 

 
 

 

 

 

 

 

 

 

Parameter Value Unit 
Mining Cost 50.00 US$/t mined 
Processing  125.00 US$/t mined 
General and Administrative  5.00 US$/t mined 
Total Cost 180.00 US$/t mined 
Nb2O5 to Niobium conversion 69.60 % 
Niobium Process Recovery 82.36 % 
Niobium Price 39.60 US$/kg 
TiO2 Process Recovery 40.31 % 
TiO2 Price 0.88 US$/kg 
Sc Process Recovery 93.14 % 
Sc to Sc2O3 conversion 153.40 % 
Sc Price 3,675.00 US$/kg 
Calculated CoG NSR diluted 6 % 180.00 US$/t 
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Table 6-10: In-Situ Grade/Tonnage by NSR Cut-Off 

Classification NSR 
Cut-off Tonnage 

Nb2O5 Contained TiO2 Contained 
Sc 

Grade 
Contained 

Grade 
(%) 

Nb2O5 (t) Grade 
(%) 

TiO2 (t) (ppm) Sc (t) 

Indicated 

0 203,983,106 0.54 1,101,509 2.15 4,385,637 56.46 11,517 

100 199,056,651 0.54 1,074,906 2.19 4,359,341 57.77 11,500 

180 185,547,825 0.57 1,057,623 2.28 4,230,490 60.84 11,289 

200 181,158,985 0.57 1,032,606 2.3 4,166,657 61.75 11,187 

300 154,831,966 0.61 944,475 2.42 3,746,934 66.75 10,335 

400 118,785,620 0.67 795,864 2.53 3,005,276 72.67 8,632 

500 72,537,632 0.76 551,286 2.71 1,965,770 79.64 5,777 

600 30,364,982 0.91 276,321 3.01 913,986 87.38 2,653 

700 8,697,715 1.04 90,456 3.35 291,373 97.42 847 

800 1,720,152 1.12 19,266 3.54 60,893 109.79 189 

900 148,806 1.21 1,801 3.84 5,714 121.48 18 

Inferred 

0 154,955,659 0.45 697,300 1.65 2,556,768 36.21 5,611 

100 133,603,630 0.48 641,297 1.78 2,378,145 41.79 5,583 

180 107,252,537 0.51 546,988 1.91 2,048,523 49.43 5,301 

200 101,383,875 0.51 517,058 1.94 1,966,847 51.18 5,189 

300 73,389,799 0.56 410,983 2.08 1,526,508 59.34 4,355 

400 45,853,910 0.63 288,880 2.21 1,013,371 67.68 3,103 

500 20,844,827 0.73 152,167 2.44 508,614 76.04 1,585 

600 5,442,409 0.87 47,349 2.77 150,755 85.87 467 

700 1,079,948 1.02 11,015 3.09 33,370 97.11 105 

800 162,504 1.17 1,901 3.52 5,720 104.77 17 

900 348 1.35 5 3.24 11 114.86 0 

Source: Nordmin, 2019.  All figures are rounded to reflect the relative accuracy of the estimates.  Totals may not sum due 
to rounding. 

 

6.5 Historic Production 
There has been no historical production from the Mineral Resource at the Project. 
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7. GEOLOGICAL SETTING AND MINERALIZATION 

7.1 Regional Geology 
The Nebraska Precambrian basement is comprised mainly of granite, diorite, basalt, anorthosite, 
gneiss, schist and clastic sediments. A series of island arcs sutured onto the Archean continent 
created the basic framework of the area. This suture left a north-trending intervening boundary 
zone ancestral to the Nemaha Uplift, providing a pre-existing tectonic framework which controlled 
the trend of the later Midcontinent Rift System (1.0 to 1.2 Ga) (Carlson & Treves, 2005). The Elk 
Creek Carbonatite is located at the northeast extremity of the Nemaha Uplift. 

The Midcontinent Rift System, or Keweenawan Rift, comprises mafic igneous rocks and forms a belt 
over 2,000 km long and 55 km wide that is exposed at the surface in the Lake Superior Region and 
extends southwards through the states of Michigan, Wisconsin, Minnesota, Iowa, Nebraska and 
into Kansas (Carlson, 1992). Both basalt and associated red clastic sedimentary rocks are found in 
the Precambrian basement of southeastern Nebraska. These rocks are very similar to those found 
in the Lake Superior region and are thus considered to be a product of the Keweenawan rifting 
(Burchett and Reed, 1967; Treves et al., 1983). Figure 7-1 illustrates the major rock types of the 
Midcontinental Rift system. 

 

 
Source: Modified from Palacas et al., 1990 

Figure 7-1: Regional Geology Map 
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The Nemaha Uplift (300 Ma) extends southward as a narrow belt from around Omaha, Nebraska 
across Kansas to around Oklahoma City, along the midcontinent rift system (King, 1969) (see Figure 
7-1). Along the northern and eastern margins are complex fault zones and steeply dipping units. 
Regional north-northeast to northeast striking faults are locally transected by northwest trending 
ones, including the Central Plains mega-shear (Central Missouri Fault) to the north and the 
Oklahoma mega shear to the south (McBee, 2003). The Elk Creek Carbonatite body intruded near 
to the axis of the Nemaha uplift and has similar age dates to a cluster of carbonatites north of Lake 
Superior that are in the range of 560 to 580 Ma. (Woolley, 1989; Erdosh, 1979). Temporally, the 
carbonatite occurs near the boundary between the Penokean Orogen (approximately 1,840 Ma) 
and the Dawes terrane (1,780 Ma) of the Central Plains Orogen (Carlson and Treves, 2005). 

Figure 7-2 shows a merged airborne magnetic anomaly map of Nebraska, Kansas, and Oklahoma 
states (USGS, 2004) showing the Midcontinent Rift and Nemaha Uplift systems. 

 

 
Source: Modified from USGS 2004, showing the Midcontinental Rift and Nemaha Uplift. 

Figure 7-2: Merged Aeromagnetic Anomaly Map of Nebraska, Kansas and Oklahoma States 
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Regional geophysical data and drilling have confirmed the presence of kimberlitic intrusive bodies 
in northern Kansas to the southwest of the Elk Creek Carbonatite. These kimberlites were emplaced 
along the rift system during the Cretaceous time (Berendsen and Weis, 2001). 

The approximately 200 m of Paleozoic rocks overlying the carbonatite region are dominantly 
essentially flat-lying Pennsylvanian marine strata consisting of carbonates, sandstones and shales. 
The eastern portion of Nebraska was glaciated several times throughout the early Pleistocene 
(Wayne, 1981), resulting in the deposition of up to 50 m of unconsolidated till. 

7.2 Property Geology 
The property includes the carbonatite that has intruded older Precambrian granitic and low- to 
medium-grade metamorphic basement rocks. The carbonatite and Precambrian rocks are 
unconformably overlain by approximately 200 m of Paleozoic marine sedimentary rocks of 
Pennsylvanian age (ca. 299 to 318 Ma). 

As a result of this thick cover, there is no surface outcrop within the Project area of the carbonatite, 
which was identified and targeted through magnetic surveys and confirmed through subsequent 
drilling. The available magnetic data indicates dominant northeast, west-northwest striking 
lineaments and secondary northwest and north-oriented features that mimic the position of 
regional faults parallel and/or perpendicular to the Nemaha Uplift. 

7.3 Elk Creek Carbonatite 
The Elk Creek Carbonatite is an elliptical magmatic body with a northwest-trending long axis 
perpendicular to the strike of the 1.1 Ga Midcontinent Rift System, near the northern part of the 
Nemaha uplift (Burchett, 1982; Carlson, 1992). The definitive confirmation of carbonatite was 
completed using Rare Earth Element (REE), P2O5 and Sr87/Sr86 isotope analysis (Brookins et al., 1975). 
The carbonatite has also been compared to the Iron Hill carbonatite stock in Gunnison County, 
Colorado, based on similar mineralogy (Xu, 1996). 

The carbonatite consists predominantly of dolomite, calcite and ankerite, with lesser chlorite, 
barite, phlogopite, pyrochlore, serpentine, fluorite, sulphides and quartz (Xu, 1996). The 
stratigraphic reconstruction based on drill core observation in the area suggests that the 
carbonatite is unconformably overlain by approximately 200 m of essentially flat-lying Palaeozoic 
marine sedimentary rocks, including carbonates, sandstones, and shales of Pennsylvanian age (ca. 
299 to 318 Ma). 

Current studies suggest that the carbonatite was emplaced ca. 500 Ma (Xu, 1996) in response to 
stress along the Nemaha Uplift boundary predating deposition of the Pennsylvanian sedimentary 
sequence (ca. 299 to 318 Ma). Observations on drill core from the Project site show that the contact 
between the carbonatite body and the Pennsylvanian sediments is a sheared, but oxidized contact 
suggesting that the carbonatite is intrusive in the Pennsylvanian sequence (see Figure 7-3 and Figure 
7-4). Furthermore, both rock types appear to have been affected by at least one main brittle-ductile 
deformation event resulting in the formation of fault structures. Microstructures including sub-
vertical and sub-horizontal tension veins, together with related sheared veins and fault planes 
displaying sub-vertical and sub-horizontal slickensides along drill cores are indications for the 
presence of extensional and oblique to strike-slip faults (see Figure 7-3 and Figure 7-4). These faults 
may correspond to the magnetic lineaments present in the area. Investigations aiming to define the 
location, as well as the orientation and kinematics of these structures are discussed in more detail 
in Section 7.6. 
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Microstructures presented in Figure 7-3 suggest the presence of extensional and strike-slip to 
oblique faults in the area as follows: (A) Spaced foliation and breccia in the contact zone between 
the carbonatite and the Pennsylvanian sequence; Subvertical (B) and subhorizontal (C) tension veins 
and associated sheared veins in the carbonatite; Fault planes showing subvertical (D) and oblique 
(E) slickensides in the carbonatite. Note that observations were made on cores from subvertical 
holes (about 70° plunge). 

 

 
Source: SRK, 2014a 

Figure 7-3: Core Photographs Showing Microstructures 

Figure 7-4 presents microstructures along a composite subvertical drill core, suggesting that the 
carbonatite is intrusive within the Pennsylvanian rock sequence. 
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Source: SRK, 2014a.  Illustration not to scale. 

Figure 7-4: Schematic of Drill Hole Showing the Typical Transition from Pennsylvanian Sediments to 
Carbonatite Units 

Figure 7-5 and Figure 7-6 outline specific intervals within drill hole NEC14-022. These intervals 
include the contact between the Pennsylvanian sequence and the corresponding next 
approximately 5 m of carbonatite below the contact with the sediments.  NEC14-022 is located on 
the southeastern extent of the mineralized carbonatite and within approximately 250m of the 
proposed production and ventilation shaft locations. The faulted and/or fractured mudstone 
contact is approximately 2 m in thickness and is bound by massive limestone and barite dolomite 
carbonatite units. The contact has had little to no water movement along or near the contact for 
the mudstone is relatively fresh and not weathered or significantly stained due to water flow.    
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Source: Nordmin, 2019 

Figure 7-5: Drill Hole NEC14-022, ~ 2m Interval of the Mudstone Contact Between the Pennsylvanian 
Sediments and the Carbonatite Units 

 

Source: Nordmin, 2019 

Figure 7-6: Drill Hole NEC14-022, Relatively Massive Dolomitic Carbonatite ~ 3m Below the Contact with 
the Pennsylvanian Sediments in Figure 7-5 
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7.3.1 Age Dating 
An original hypothesis suggested that the Elk Creek Carbonatite was of Keweenawan age (Treves et 
al., 1983) or ca. 1,100 Ma. In 1985, Paterman, of the USGS Isotope Laboratory, provided a K-Ar age 
of 544 (±7) Ma (Cambrian) from biotite within the carbonatite. Two more K-Ar dates were provided 
by Georgia State University (M. Ghazi (date unknown)) which also provided dates from biotite 
samples. The ages of 464 (±5) Ma and 484 (±5) Ma, respectively, are Ordovician and thus much 
younger than the Midcontinent Rift System. While these radiometric dates provide a generalized 
time range for the carbonatite intrusion, additional age dating is required to establish a more 
precise date. 

7.4 Carbonatite Lithological Unit 
The lithological units present in the carbonatite complex were defined by Molycorp during their 
drill programs and simplified by Dahrouge for interpretation purposes during each stage of the 
Project (2011 and 2014). The units in Table 7-1 (youngest at the top) represent the data captured 
during the 2011 field program. The information was compiled from the drill logs and the 
corresponding geology reports for each drill hole. 
 

Table 7-1: Project Rock Types as Defined by Molycorp and Dahrouge (2011) 

Name (Molycorp)    Code Name (Dahrouge)                 Code 

Overlying Lithologies 

Quaternary sediments  Qt Overburden Ovb 

Pennsylvanian Sediments  Pu Pennsylvanian Sediments sed 
  Elk Creek Complex 

Younger Mafic Rock  ym   mafBc 

Barite Beforsite III  
Barite Beforsite II 

 bb III 

 bb II 

Barite Dolomite Carbonatite dolCarb 

Beforsite Breccia  bbx Dolomite Carbonatite Breccia dolCarbBc 

Barite Beforsite I  bb I Barite Dolomite Carbonatite dolCarb 

Apatite Beforsite II  
Apatite Beforsite I 

 ab II   
 ab I 

Apatite Dolomite Carbonatite Breccia dolCarb 

Older Mafic Rock  om Mafic dyke, vein or fragment maf 

Magnetite Beforsite  mb Magnetite Dolomite Carbonatite mdolCarb 

Syenite II  
Syenite I 

 sy II  
 sy I 

Syenite sy 

  Host Rocks 

Granite/Gneiss  pCgg Granite/Gneiss gn 

Amphibole Biotite — 
Gneiss  pCbg Amphibole Biotite — Gneiss gn 

A study of six Molycorp drill holes by Xu (1996) identified two main phases within the area, a 
carbonate phase, and a silicate phase. The study was based on drill holes 2-B-71 (also known as 
"NN-1"), EC-40, EC-42, EC-50, EC-70, and EC- 82. 
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The carbonatite phase was classified into two main units (defined by texture, massive or brecciated) 
and several sub-units (defined by mineralogy as presented below). 

Massive Carbonatite 

 Dolomite carbonatite 

 Apatite bearing dolomite carbonatite and pyrochlore-bearing carbonatite 

 Apatite dolomite carbonatite 

 Hematite dolomite carbonatite  

 Magnetite dolomite carbonatite 

Brecciated Carbonatite 

The silicate phase was also classified into several units as follows: 

 Altered basalt 

 Altered lamprophyre 

 Altered syenite 

In the 2014 drilling, the Dahrouge geologists split the dolCarb units down into a number of key units 
using the information of the different phases of carbonatite. The main carbonatite lithologies used 
are: 

 Dolomite Carbonatite — dolCarb 

 Dolomite Carbonatite Breccia — dolCarbBc 

 Hematite dolomite Carbonatite — hemdolCarb 

 Magnetite dolomite Carbonatite — mdolCarb 

 Magnetite dolomite Carbonatite Breccia — mdolCarbBc 

Dahrouge considers the more detailed split of the carbonatite units to be relevant to determining 
the distribution of different grade populations as supported by statistics (discussed in Section 14.3). 
The most significant difference is the change in the logging codes between dolCarb and mdolCarb, 
in terms of the major rock types. 

7.5 Marine Sedimentary Rocks 
The state-wide Nebraska test hole database contains information for about 5,500 test holes drilled 
since 1930 by the CSD (Conservation and Survey Division of the University of Nebraska-Lincoln 
(UNL), School of Natural resources (SNR), (UNL-CSD/SNR), and cooperating agencies. Test hole 
location data, as well as lithological descriptions, stratigraphic interpretations, and geophysical log 
records, are included in the database. In addition, UNL-CSD/SNR maintains an extensive collection 
of geologic samples obtained from the drilling process (UNL-CSD/SNR website). 

The overlying sedimentary units on the Project are of Pennsylvanian age. The CSD's 1971 test hole 
2-B-71, also labelled NN-1 by Molycorp, intersected several formations of overlying Pennsylvanian 
strata (see Table 7-2). 
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Table 7-2: Stratigraphy Overlying the Elk Creek Carbonatite 

System Series Group Formation Member 
Depth 
From 
(ft) 

Depth  
To (ft) 

Quaternary - - - - 0.00 43.90 

Pennsylvanian Virgilian Wabaunsee Zeandale Wamego 43.90 82.50 

Pennsylvanian Virgilian Wabaunsee Emporta Elmont 82.50 95.00 

Pennsylvanian Virgilian Wabaunsee Auburn - 95.00 113.50 

Pennsylvanian Virgilian Wabaunsee Bern Wakarusa 113.50 138.60 

Pennsylvanian Virgilian Wabaunsee Scranton - 138.60 238.80 

Pennsylvanian Virgilian Wabaunsee Howard - 238.80 243.10 

Pennsylvanian Virgilian Wabaunsee Severy - 243.10 265.50 

Pennsylvanian Virgilian Shawnee Topeka Coal Creek 265.50 292.00 

Pennsylvanian Virgilian Shawnee Calhoun - 292.00 292.80 

Pennsylvanian Virgilian Shawnee Deer Creek Ervine Creek 292.80 331.00 

Pennsylvanian Virgilian Shawnee Tecumseh - 331.00 341.50 

Pennsylvanian Virgilian Shawnee Lecompton Avoca 341.50 369.00 

Pennsylvanian Virgilian Shawnee Kanawaka - 369.00 370.00 

Pennsylvanian Virgilian Shawnee Oread Kereford 370.00 422.30 

Pennsylvanian Virgilian Douglas - - 422.30 478.40 

Pennsylvanian Missourian Lansing Stanton South Bend 478.40 494.70 

Pennsylvania Missourian Lansing Stanton Rock Lake 494.70 500.00 

Pennsylvanian Missourian Lansing Stanton Stoner 500.00 515.10 

Pennsylvanian Missourian Lansing Vilas - 515.10 516.40 

Pennsylvanian Missourian Lansing Plattsburgh - 516.40 523.40 

Pennsylvanian Missourian Kansas City Bonner Springs - 523.40 526.50 

Pennsylvanian Missourian Kansas City Wyandotte Farley 526.50 565.00 

Pennsylvanian Missourian Kansas City Lane - 565.00 567.40 

Pennsylvanian Missourian Kansas City Iola - 567.40 590.00 
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Pennsylvanian Missourian Kansas City Chanute - 590.00 594.40 

Pennsylvanian Missourian Kansas City Drum - 594.40 602.50 

Pennsylvanian Missourian Kansas City - - 602.50 628.30 

Cambrian Undifferentiated - Elk Creek 
Carbonatite 

- 628.30 952.00 

Test Hole 2-B-71 or NN-1 
Source: McCallum and Cathro, 2010 
 

There are active limestone quarries, and underground mines within approximately 70 km of the 
project site that create road materials, lime, back fill, and construction materials. These quarries 
are actively mining approximately 2.2 million tons/year from within the Pennsylvanian limestone 
units. The Pennsylvanian limestone unit is the same as is currently located above the carbonatite 
unit at the project site.   

7.6 Structural Geology 
Based on data provided to carry out the structural study, the Project contains five main sets of 
brittle faults variably cutting through the Pennsylvanian rocks and the carbonatite boundary which 
appears to be tectonic. The orientations of the faults were determined by comparing Acoustic 
Televiewer (ATV) logs with specific customized structural core logging data, and by undertaking a 
preliminary interpretation of the provided geophysics images. 

This data has been used to model the fault pattern in 3D for use in further resource estimation and 
geotechnical studies. The overall fault model included approximately 28 structures with the vicinity 
of the Project with varying levels of confidence. Based on a review within the mineralization, at 
least three key northeast-trending faults have been identified and used during the geological 
modeling process. 

The joints and veins define orientation sets comparable to the fault trends. Hematite veins, which 
may be up to a metre thick, represent the weakest fault- and joint-infilling material which may be 
problematic for mining and should, therefore, be given more attention during any future 
geotechnical studies. 

7.7 Mineralization 
The property hosts niobium, titanium, and scandium mineralization as well as REE and barium 
mineralization that occur within the Elk Creek Carbonatite.  

The current extent of modelled mineralization is 750 m along strike, 500 m wide, and 750 m in dip 
extent below the unconformity. Figure 7-5 demonstrates that the mineralization is open in all 
directions. For this Technical Report, niobium, titanium and scandium are considered the main 
elements of interest, with niobium and REE mineralization contributing to the resource estimate, 
discussed below. 
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Source: Nordmin, 2019 

Figure 7-5: Plan View of the Location of the Mineralized Carbonatite (Mcarb) 

The initial Molycorp drill hole database contained a separate geological report summarizing rock 
types, assay results and associated petrographic descriptions identifying niobium and/or REE 
minerals. Niobium was reported to be hosted in pyrochlore, and REE mineralization was reported 
to occur as bastnäsite, parisite, synchysite and monazite. In the 2014 NI 43-101, Technical Report 
SRK highlighted that the level of detail shown in the geological reports had not been transferred to 
the 2014 SRK resource model. Since 2014, the database has been improved by geologists familiar 
with the current logging codes, conducting a review of the historical logs, reports, and available drill 
core to provide an updated geological database. 

7.7.1 Niobium and Titanium Mineralization 
The deposit contains significant concentrations of niobium. Based on the metallurgical test work 
completed to date at a number of laboratories using QEMSCAN® analysis, the niobium 
mineralization is known to be fine-grained, and that 77% of the niobium occurs in the mineral 
pyrochlore, while the balance occurs in an iron-titanium-niobium oxide mineral of varying 
composition. Distribution and statistical review of Nb2O5 within the mineralized carbonatite, are 
shown in Figure 7-6 and discussed in Section 14.  

Figure 7-7 demonstrates that there is a fairly high correlation between increasing Nb2O5 grade and 
Fe2O3 and TiO2 grades. 
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Source: Nordmin, 2019 

Figure 7-6: Basic Statistics of Nb2O5 Mineralization 

 

 
Source: Nordmin, 2019 

Figure 7-7: Correlation Statistics of Nb2O5 and TiO2 and Fe2O3 

7.7.2 Scandium Mineralization  
Within the Elk Creek Carbonatite, a host of other elements exist with varying degrees of 
concentration. The Company has completed both whole rock analysis and multi-element analysis 
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