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SUMMARY
The NioBay niobium resource contains small concentrations of uranium and thorium and their radioactive
decay chains. Concerns about potential radiation exposures to workers and to members of the public
during mining and mineral processing at the proposed NioBay Project and on mine closure have been
raised. The objective of this document is to provide a qualitative discussion of the potential radioactive
hazards and to place them in context.
While analytical data is limited that would precisely outline the uranium and thorium content of the NioBay
ore, preliminary analyses indicates that the uranium content is slightly above average soil and rock content.
The thorium content is indicated to be comparable or lower than natural background and much lower than
other niobium resources.
Arcadis has reviewed the available NioBay resource data and has concluded, assuming the application of
safe and regulation-compliant working conditions, that none of the mining, processing and waste disposal
aspects of the project would present a significant level of radiation exposure risk to either workers or
members of the public. Local water, air and biological resources will not be negatively impacted by the low
levels of radioactivity in the NioBay resource.
A possible exception could be that the exposure of workers to radon underground could potentially result
in elevated radiation doses in the event there was insufficient ventilation. This is applicable to all types of
underground mines – gold, diamonds, base metals. However, standard conventional ventilation practices
to control exposures to non-radioactive materials would be sufficient to control radon exposures.
Occupational monitoring can be used to confirm the expected low levels.
Environmental exposures to radon will not be an issue. Even at high grade uranium mines with uranium
concentrations in ores with 100 to 10,000 times higher uranium concentrations than expected at the Project,
off-site exposures to radon approach background levels.
The main radiological issues associated with the niobium mining industry occur after mining. The low levels
of radioactivity in the ores is concentrated with the niobium in the final mineral concentrate. This
concentrate will be processed at an off-site pyro-metallurgical facility (not part of the present Project), where
the radionuclides are concentrated further in a metallurgical slag. This slag is typically very inert (does not
break down and is resistant to leaching) and is safely disposed at Canadian and other ferro-niobium
production facilities.
Based on available resource information and assumptions based on Arcadis’ extensive experience, no
adverse impacts, caused by the low-level resource radioactivity, on radiation exposure to people or on local
area air and water quality as a result of the proposed mining Project are anticipated.
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1

INTRODUCTION

NioBay proposes to develop a moderate scale mining Project that will include mining and mineral
processing at a site in the Cochrane, Ontario district. The Project will focus on the production of a niobium
mineral concentrate that will be shipped off the mine site for further processing by a customer. Niobium is
a metallic element that provides special enhancement of the quality of specific, high performance steels.
The NioBay niobium resource has been known for many decades and has been subject to extensive
exploration, including a small test mine as well as extensive metallurgical testing. The current economics
of niobium suggest that the NioBay resource can now be economically developed in an environmentally
and socially responsible way.
Niobium (Nb) concentrations are typically measured as a pentoxide Nb2O5. As is common for all niobium
resources, the principal mineral is pyrochlore, which has a complex formula - (Na,Ca)2Nb2O6(OH,F).
Pyrochlore is typically found in host rocks at low concentrations – niobium resources of interest typically
have less than 2% pyrochlore. The pyrochlore minerals also typically contain small concentrations of
thorium and uranium, two radioactive elements. The NioBay resource contains measurable concentrations
of thorium and uranium, but lower than found in other niobium resources.
The purpose of this report is to consider the levels of radioactivity found in the NioBay resource, compare
these levels to natural background levels, and consider worker health and safety and environmental aspects
related to the low levels of radioactivity found in the NioBay resource.

1.1

Location and Local Geography

The James Bay Niobium Project is located in northeastern Ontario (referred to as the Project in this report),
approximately 40 km south of the town of Moosonee (Figure 1.1). It is located in the West of Marberg
Creek Area and West of Flinch Lake Area, District of Cochrane, within 1:50,000 scale National Topographic
System (NTS) sheet 42I/15 (Meengan Creek). The Project is 100% owned by NioBay Metals Inc. who
acquired the property in June 2016. The Project consists of a single, heptagonally shaped mining lease
which extends over a distance of 9.36 km in a north-northeasterly direction and covers an area of
approximately 2,585.1 ha. The center of the mining lease is located at approximately Latitude 50°50’69” N
and Longitude 80°40’48” W. The centre of the currently defined mineralization is located at approximately
Latitude 50°43’31” N and Longitude 80°34’46” W (Berger, Singer and Orris, 2009).

arcadis.com
351386

1-1

Radioactivity Aspects of the James Bay Niobium Project

Figure 1.1
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2

PROJECT DESCRIPTION

2.1

General Project Description

The James Bay Niobium Project resource is hosted by carbonatite rocks and the principal niobium mineral
is pyrochlore. Columbite is a secondary niobium-containing mineral of interest. The resource is located
40 km south of the town of Moosonee which is on the Moose River and, 19 km southwest of the James Bay
coast.
The Project is expected to include mining (underground method.) Run-of-mine (ROM) ore would be
transported to a mill where the ore would be subject to a relatively complex mineral processing
procedure. This procedure will include crushing and grinding to a very fine particle size. Subsequently, a
series of mineral separation steps will result in the production of niobium concentrate. This concentrate
would be dewatered, dried and packaged in tote bags for shipment by rail.
The mineral processing flowsheet will use only low impact froth flotation chemicals in the concentration
process. Rejects and waste rock will be produced; however, because the ore will be rich in alkaline
carbonate minerals, neither the rejects nor the waste rock will be acid generating.

2.2

Uranium and Thorium Content of the NioBay Mineral Resource

As noted in Section 2.1, a complex mineral processing flowsheet is needed to produce a concentrate
acceptable for further metallurgical processing on site or at a distant location. The principal niobium
minerals contain a small amount of uranium and thorium, a normal association in niobium resources around
the world.
The exact levels of thorium and uranium-based radioactivity in the James Bay Niobium Project mineral
resource are uncertain, but the limited data available to date suggests that these levels are lower than found
in similar niobium resources in Canada and internationally. Preliminary information indicates that the
uranium and thorium concentrations are about 31 ppm and 9 ppm, respectively in the actual James Bay
Niobium Project mineral resource (ore).
Other historical data indicates that U3O8 and ThO2 concentrations in a niobium concentrate produced from
the NioBay resource were measured to be 0.12% and 0.11%1, respectively. Using the assumption that
uranium (U) and thorium (Th) follow the Niobium (Nb) pyrochlore mineralization, U and Th concentrations
in the ore can be estimated according to the following:

1

Ore grade:

0.59% Nb2O5

Concentrate grade:

56% Nb2O5

For elemental concentrations of uranium and thorium, 1% U3O8 = 0.84% U and 1% ThO2 = 0.88% Th.
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Niobium recovery:

68%

Ratio of concentration:

56/0.59 = 95

Estimated U3O8 in ore:

0.12/95*10000 = 12.6 ppm U3O8 = 10.7 ppm U

Estimated ThO2 in ore:

0.11/95*10000 = 11.6 ppm ThO2 = 10.2 ppm Th

This calculation suggests that thorium follows the niobium to the concentrate and 1/3 of the uranium follows
the niobium.
In any case, the U and Th based radioactivity content of the mineral resource is low and is only slightly
higher than average background levels for hard, igneous rocks. Radiation exposures to workers are
expected to generally represent background levels and could only represent a potential concern to workers
in the handling of the niobium mineral concentrate. This could occur because of the very high ratio of
concentration of the niobium mineralization and the associated thorium and uranium content.

2.3

Mining

The mineral resource estimate is 25 million tonnes grading 0.53 % Nb2O5. For this resource estimate, a
cut-off grade of 0.3% Nb2O5 has been selected by independent experts (RPA 2017).
Based on the reasonable assumption that most of the uranium and thorium content is associated with the
pyrochlore mineralization, the waste rock can be estimated to contain a maximum of 0.3/0.53*31 = 18 ppm
U which can be considered slightly above average background concentrations in carbonatite and igneous
rock. The Th content of waste rock is estimated to contain 0.3/0.53*9= 5 ppm Th, within the range of
“background” levels.
Waste rock containing 18 ppm U (0.0021% U3O8) can be assessed as not presenting a significant
environmental radiation risk (see Section 4.5).

2.4

Mineral Processing

As noted previously, in order to produce a marketable niobium concentrate, niobium ore would be subjected
to a relatively complex set of process steps that could include the following:
1.
2.
3.
4.
5.
6.
7.
8.

Crushing of mined ore;
Grinding of the crushed ore to a fine size -100% <200 Mesh;
Desliming – selectively removing the very fine solids from a water-solids slurry;
Magnetic separation – remove magnetite and ilmenite minerals;
Sulphide mineral removal by flotation – to rejects;
Carbonate mineral removal by flotation – to rejects;
Niobium mineral concentration by flotation – to filtration, drying, packaging and shipping;
Rejects management and mine backfill.

The above steps are shown in Figure 2.1.
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Figure 2.1
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It is possible to estimate the distribution of the mineral-based radioactivity that would result from mining and
mineral processing. These preliminary estimates are based on the information available to date and are
shown below in Table 2.1. These estimates are based on uranium and thorium concentrations noted above
in ore and concentrates as well as the radiological assumption that all radioactive decay products (e.g.
Radium-226) are in “secular equilibrium” with uranium and thorium. (see Appendix A for a brief introduction
to some radiological terms and also a table on background concentrations of uranium and thorium).
Table 2.1

Estimated Radioactivity Distribution in NioBay Process
Concentration

Ore
Niobium
Concentrate
Rejects

Radioactivity Bq/g

Mass
Distribution

Nb2O5
(%)

U
(ppm)

Th
(ppm)

U
series

Th
series

Rad Activity
Distribution
(%)

100

0.59

26

8

4.5

0.32

100

0.71

56

1200

1100

207

45

37

99.3

0.19

15

<1

2.6

<0.04

61

The preliminary calculations represented in Table 2.1 suggest that more than 1/3 of the uranium and nearly
all of the thorium-based radioactivity in the ore will be accumulated in the concentrate, and the total
radioactivity of the rejects will be diminished to 61% of the original level in the ore. This means that a
significant fraction of the uranium and thorium-based radioactivity will be removed from the NioBay mine
site. The actual distribution of radioactivity is expected be confirmed in future metallurgical tests and
analyses.

2.5

Subsequent Processing

The niobium concentrate is expected to be shipped from the mine site to a buyer or to a dedicated off-site
facility where the following metallurgical steps will be taken to produce a final product:
1. Thermal reduction in a converter with metallic aluminum and fluxes;
2. Removal and disposal of slag;
3. Recovery of a ferroniobium product.
Based on experience at other niobium production facilities, the thorium and uranium-based radioactivity is
concentrated and fixed (immobilized) in the slag. The slag is normally disposed in a dedicated, secure
facility. Historically, no significant radiation risk has been observed in this slag management practice.
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3

REGULATORY CONSIDERATIONS

3.1

Introduction and Responsible Authorities

The Canadian Nuclear Safety Commission (CNSC) is the federal agency that licenses and regulates
nuclear facilities and materials. However other than transport and import/export regulations, the regulation
of Naturally Occurring Radioactive Material (NORM) that is not associated with the development,
production or use of nuclear energy is specifically excluded from the mandate of the CNSC (CNSC 2000).
Since the Project will not attempt to produce a marketable uranium or thorium concentrate2, a CNSC licence
will not be required and the Nuclear Safety and Control Act does not apply. Licensing for the Project
facilities would therefore occur at the provincial (Ontario) level.
To support provincial agencies, the Federal Provincial Territorial Radiation Protection Committee
(FPTRPC) introduced guidelines which apply to situations where NORM is in its natural state and to cases
in which the concentration of NORM material has been increased by processing. The Canadian Guidelines
for the Management of Naturally Occurring Radioactive Materials (NORM) (Health Canada 2014) state:
“The basic principle of the Guidelines is that persons exposed to NORM should be subject
to the same radiation exposure standards that apply to persons exposed to CNSCregulated radioactive materials. No distinction is made regarding the origin of the radiation,
whether it is NORM in its natural state or NORM whose concentration of radioactive
material has been increased by processing (Technologically Enhanced NORM or
TENORM)”.
For NORM-related projects, Ontario follows the Canadian NORM Guidelines.

3.2

Canadian NORM Guidelines for Health Protection

Radiation dose limits are recommended by the International Commission on Radiological Protection (ICRP)
and form the basis for radiation protection guidance in most countries including Canada. The Canadian
NORM Guidelines (Health Canada 2014) were prepared by the Canadian NORM Working Group of the
Federal Provincial Territorial Radiation Protection Committee. Therefore, as previously indicated, although
not legally binding the Canadian NORM Guidelines are accepted by the provinces.
A very important method of assessing radiation exposure is the determination of radiation dose that an
individual receives. The international standard unit for measure dose is the sievert. The much lower doses
of relevance to the NioBay Project are measured in microsieverts (one millionth of a sievert) per hour or
millisieverts (one thousandth of a sievert) per year (mSv/y). The natural background radiation dose in
Canada is variable across Canada but the average is in the order of 1.8 mSv/y (Appendix A, Figure A.5).

2

Because U and Th concentrations are so low, such an attempt is judged by Arcadis to be technically unfeasible.
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The official Canadian NORM Guidelines provide a limit of 20 mSv per year for radiation workers (averaged
over five years with a maximum in any one year of 50 mSv), and 1 mSv per year for members of the general
population.3 These limits are exclusive of the radiation doses from natural background and medical
exposures (Health Canada 2014).

3.3

Transport Regulations

The transport of the niobium concentrate from the mine would occur in Canada, and possibly internationally.
The regulations and guidelines for the transport of NORM are discussed below.

3.3.1

Transport Internationally

International transport regulations are based on the regulations of the International Atomic Energy Agency
(IAEA). IAEA transport “regulations” are actually consensus standards developed by member states of the
IAEA, which have been adopted by the International Civil Aviation Organization and the International
Maritime Organization.
The IAEA Safe Transport of Radioactive Material Regulations – 2012 Edition are the most current
regulations governing international transport (IAEA 2012). The Regulations provide the following
exemption:
Natural material and ores containing naturally occurring radionuclides, which may have been
processed, provided the activity concentration of the material does not exceed 10 times the
values specified in Table 2, or calculated in accordance with paras 403(a) and 404–407.
Relative to NORM and the NioBay Project, this means that the IAEA transportation exemption limits for
radioactive material (1 Bq/g for natural uranium (U-nat) and natural thorium (Th-nat)), are scaled upwards
by a factor of ten, leading to NORM-specific transportation limits of 10 Bq/g for U-238 and Th-2324. Natural
uranium and thorium refer to uranium and thorium as they occur in nature. The equivalent mass
concentrations are 810 ppm and 2460 ppm for U-nat and Th-nat, respectively.
For mixtures of radionuclides, a “sum rule” applies to the exemption limits. In the case of U-nat and Th-nat,
the sum rule requires that:
U-nat (ppm)
810

3
4

+

Th-nat (ppm)
2460

<1

A brief introduction to radiation and radiological terminology is provided in Appendix A.
For U-nat, the IAEA transport exemption limit for NORM is 10 kBq/kg (10 Bq/g) of U-238, or 140 Bq/g if all
14 radionuclides in equilibrium in the U-238 series are included. The equivalent total concentration for Th-nat (Th-232
series with 10 radionuclides), also with an IAEA transport exemption limit of 10 Bq/g (of Th-232), is 100 Bq/g.
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The transport requirements for such material exceeding these limits are relatively straightforward. The
material could be shipped in standard steel drums, or even in bulk in shipping containers.

3.3.2

Transport within Canada

The Canadian Nuclear Safety Commission General Nuclear Safety and Nuclear Safety Regulations
(CNSC 2000) state:
Naturally occurring nuclear substances, other than those that are or have been associated with the
development, production or use of nuclear energy, are exempt from the application of all provisions
of the Act and the regulations made under the Act except the following:
(a) in the case of a nuclear substance having a specific activity greater than 70 kBq/kg, the
provisions that govern the transport of nuclear substances;
(b) in the case of a nuclear substance listed in the schedule to the Nuclear Non-proliferation Import
and Export Control Regulations, the provisions that govern the import and export of nuclear
substances.
The 70 kBq/kg limit is based on a now superseded limit found in previous IAEA transport regulations that
referred to the total radioactivity of the material (i.e. not radionuclide specific). Based on secular equilibrium,
equivalent mass concentrations corresponding to the 70 Bq/g limit are 405 and 1720 ppm for uranium and
thorium, respectively. This includes all radionuclides in the U-238 and Th-232 series in natural uranium
and natural thorium.
Should radionuclide concentrations exceed these limits, the CNSC would regulate the packaging and
transport of the substance in Canada, in cooperation with Transport Canada. The latest Canadian
Packaging and Transport of Nuclear Substances Regulations (PTNSR 2015) now refer to the revised IAEA
transport regulations (IAEA 2012), which have exemption limits for each radionuclide including for NORM.
Section 2 of the PTNSR (2015) states that the Regulations do not apply to the packaging and transport of
a nuclear substance:
“These Regulations, except for sections 6 and 7, do not apply to the packaging and transport of a
nuclear substance
(a) that is naturally occurring, provided that it has (i) a specific activity that is less than or equal to
70 kBq/kg, or
(ii) an activity concentration that does not exceed 10 times the activity concentration limit for exempt
material values set out in the IAEA Regulations.”
As noted in Section 3.3.1, the IAEA transport exemption limits for NORM which apply in Canada are
810 ppm and 2460 ppm for U-nat and Th-nat, respectively.
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4

RADIOACTIVITY MANAGEMENT ON SITE

4.1

Mine

The uranium and thorium contents of the ore are low and if mining is performed by underground methods,
ambient radiation monitoring would be required. However, ventilation requirements stipulated by Ontario
regulations to address diesel exhaust and dust control are expected to be adequate to control radon and
radon progeny concentrations in mine air.

4.2

Crushing Plant

No special considerations relating to radioactivity are needed in the crushing plant. The normal work place
protection measures related to dust control are expected to be sufficient to meet health and safety protocols
related to radioactivity.

4.3

Mill Wet Circuits

No special considerations related to radioactive are needed in the wet mill circuits. Water in ore slurries is
very effective in suppressing dust emissions and attenuating gamma radiation.

4.4

Mill Dry Circuits – Drying and Packaging

Due to the slightly increased radioactivity levels in the niobium concentrate, the use of area and personal
radiation monitoring devices (for particulate matter (dust) and gamma radiation) in the drying and packaging
areas of the mill would be prudent. These devices are typically “read” by independent experts. Worker
exposure anomalies are recorded and any remedial actions can be implemented to minimize worker
exposure to radioactivity.

4.5

Waste Rock and Process Rejects

Significant quantities of waste rock and rejects will be produced. The uranium and thorium contents of
these materials have been estimated.
While almost all soils and rocks in the natural environment have measurable concentrations of uranium and
thorium, these levels (18 ppm U and 5 ppm Th in waste rock, and 15 ppm U and < 1 ppm Th in rejects as
mentioned in Section 2.3 and Table 2.1, respectively) are generally low and roughly comparable to typical
background levels. (Table 4.1). Overall, the uranium concentrations in waste rock and rejects are slightly
higher than examples of background soils and rocks, but the thorium concentration is lower.
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Table 4.1

NioBay Materials and Background Uranium and Thorium Concentrations

Uranium
(ppm)
26

Thorium
(ppm)
8

18

5

NioBay Waste Rock

15

<1

NioBay Rejects

24

74

3.0 (0.9 - 4.7)

11.4 (1.9 - 20.0)

Unrestricted Derived Release Limit*
Average in earth's crust (in various rock types) (U.S. NCRP
Rpt. No. 50, 1976)

1.84 (0.63 - 3.1)

6.45 (2.2 - 11)

Average and range (5th to 95th percentile) in U.S. soils (U.S.
NCRP Rpt. No. 160, 2009)

2.8 (1.3 - 8.9)

7.4 (2.7 - 16)

Soils (median and range) (UNSCEAR 2000)

5.3

23.8

Description
NioBay Ore

Average in surface expression of carbonatite deposit at
proposed Oka, Quebec niobium mine (Natural Resources
Canada data as given in SENES 2002)

* UDRL – no control needed on radiation protection grounds (Health Canada 2014).

Relative to radioactivity concentrations, international protocol as recommended by the IAEA suggests that
the threshold for requiring regulation of naturally occurring radioactive materials (NORM) is 1 Bq/g for each
of the U-238 and Th-232 series (all progeny in equilibrium in each series).
In Canada, a stricter limit can be applied. The Canadian NORM Guidelines (Table 5.1, Health Canada
2014) provides a list of Unrestricted Derived Concentration Limits (UDRLs). The UDRL is a concentration
of 300 Bq/kg (0.3 Bq/g) for each of the U-238 and Th-232 series (all progeny in equilibrium in each series).
This UDRL concentration of 0.3 Bq/g converts to 24 ppm (actually 24.3) and 74 (73.9) ppm for U-nat and
Th-nat, respectively. Materials with a radionuclide concentration below the UDRL are classified as
“unrestricted” which means that no control of the material is necessary on “radiological protection grounds”.
The UDRLs have been derived on the basis of a dose of 0.3 mSv/y for members of the public and 1 mSv/y
for workers. The radioactive hazard associated with a dose of 0.3 mSv/y is considered insignificant (Health
Canada 2014).
When there is more than one long-lived radionuclide present, the sum of ratios of the activity of each
radionuclide to the corresponding UDRLs must be less than 1 (the “sum rule”). On this basis, the rejects
for the Project would be considered “Unrestricted” by applying the sum rule to the U and Th concentrations
in rejects (in Table 4.1) as follows:
ppm U/24.3 + ppm Th /73.9 = 15/24.3 + 1/73.9 = 0.63 which is < 1
Similarly, by applying the sum rule to the U and Th concentrations in the waste rock of 18 and 5 ppm,
respectively, the waste rock would also be considered unrestricted:
ppm U/24.3 + ppm Th /73.9 = 18/24.3 + 5/74.3 = 0.81
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Therefore, according to the Canadian NORM Guidelines and based on the presently available information,
no control of the mill rejects or mine waste rock when released or disposed would be necessary on a
radiological protection basis. The levels of radioactivity in the waste rock and rejects are only marginally
above background. Nonetheless, further testing will be used to confirm the expected levels in these
materials and appropriate management methods as may be necessary.
Materials below the UDRLs are considered unrestricted and no further actions are needed. If materials
exceed the UDRLs (e.g. the NioBay ore and ore concentrate at the mine), the Canadian NORM guidelines
require that potential exposures to workers and members of the public be evaluated so that it can be
confirmed that the public dose limits for members of the public (1 mSv/y) and for workers (20 mSv/y) will
not be exceeded. Given the relatively low concentrations in the ore and concentrate, Arcadis strongly
believes that meeting these dose limits would not be an issue.

4.6

Water Discharge

The potential for water contamination by radioactive elements at the NioBay mine project is expected to
very low. This minimal risk can be partially attributed to the inert nature of the uranium- and thoriumcontaining mineral, pyrochlore. In mineralogical or metallurgical terms, pyrochlore is a refractory mineral,
with thorium and uranium tightly held in the crystal lattice, and that requires either a very aggressive
chemical attack or the intense heat of a converter to break up the mineral and release its metallic content.
The inertness of the radioactivity-containing mineralization which forms the NioBay niobium resource will
be confirmed in specialized tests such as column leaching and humidity cells with simulated rain water and
slightly acidic waters found in the NioBay Project site area. In addition, the principle source of radioactivity
in the NioBay resources is thorium. Thorium is an exceptionally immobile element in the natural
environment. For example, it is found in normal surface or ground waters at concentrations less than ppb
(parts per billion).
Water sources at the NioBay project that will be monitored for radioactive element contamination will be
mine water, seepage and runoff from waste rock and rejects, and general site runoff. Monitoring typically
includes measurement of acidity, totals suspended solids and a range of metals such as copper and zinc.
Also included at the NioBay project will be uranium, radium and thorium.
An assessment of NORM residues from large deposits of mineral residues indicates that typical leachate
activity concentrations of uranium and Ra-226 from waste rock from niobium mining are quite low (IAEA
2011, Table 7); the concentrations even approach Canadian drinking water standards. This would also be
the case for the NioBay project which, based on present data, has relatively low uranium and thorium
concentrations in the ore as previously discussed.
Based on Arcadis’ extensive experience at many mine sites, including thorium-rich uranium mine sites, no
adverse impact or contamination of local streams and rivers by these radionuclides is anticipated at the
NioBay project
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5

ENVIRONMENTAL CONSIDERATIONS

Mill rejects effluent and run-off from waste rock will also be monitored for several parameters. Considering
the low concentration of uranium in the waste rock and the rejects, and the absence of mill processes that
mobilize radionuclides, no specific treatment requirements for radionuclides are anticipated to fully comply
with federal and provincial mine effluent criteria. A remotely possible exception may be Ra-226 which can
be completely removed from effluents by proven, robust barium treatment methodology.
Exposure of workers to radon underground can potentially result in elevated doses where there is
insufficient ventilation. However, standard conventional ventilation practices to control exposures to nonradioactive materials would be sufficient to control radon exposures. Occupational monitoring can be used
to confirm the expected low levels.
However, environmental exposures to radon will not be an issue. Even at high grade uranium mines with
uranium concentrations 100 to 1000 or more times higher than would be seen at the Project, off-site
exposures to radon approach background levels.
The main radiological issues associated with the niobium industry occur after mining. This is during
chemical or metallurgical processing since such processing leads to increases in radionuclides
concentrations that are two orders of magnitude (i.e. x 100 or more) above the original concentration in the
ore (e.g. Jacomino 2015). This even applies in the Brazilian niobium industry where niobium where the
radioactivity of the niobium ores (Tsurikov 2008) is 10 or more times higher than the NioBay ore based on
available data for the Project.
Based on available resource information and assumptions based on Arcadis’ extensive experience, no
adverse impacts, caused by resource radioactivity, on local area air and water quality as a result of the
proposed mining Project are anticipated.
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APPENDIX A: THE NATURAL RADIATION ENVIRONMENT
A1.0 NATURAL RADIATION AND RADIOACTIVITY
This Appendix provides an introduction to natural radiation and radioactivity relative to the proposed project,
a review of the fundamentals of naturally occurring radioactive material (NORM) is presented in this
appendix.

A.1

Types of Radiation

There are basically three types of ionizing radiation that are emitted from the naturally occurring radioactivity
present in all rocks and soils: alpha, beta and gamma. Alpha radiation consists of particles (helium nuclei)
that are readily stopped in air or by a sheet of paper. Beta radiation consists of smaller particles (electrons)
that travel further in air, but are readily stopped by 1-2 cm of water or by the surface of the body. Gamma
radiation is a form of electromagnetic radiation, such as light or radio waves, and is more penetrating than
either alpha or beta radiation. Gamma radiation can be stopped by significant thickness of lead, concrete
or suitable thicknesses of water, soil and other materials. Alpha and beta radiation emitters are usually
only of concern when they are taken into the body by inhalation or ingestion (internal radiation), while
gamma radiation can also be a hazard when outside the body (external radiation). Figure A.1 illustrates
the penetrating power of alpha, beta and gamma radiation.
Figure A.1
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A.2

Radioactivity on Earth

There are 85 naturally-occurring radioactive elements present on earth and in the atmosphere. Most
originate from the earth’s rocks, but some (e.g. carbon 14, tritium (H-3)) are continuously formed by the
bombardment of the earth’s atmosphere by solar and cosmic radiation. Uranium, thorium and an isotope
of potassium (K-40) are the most important naturally occurring radioactive elements. These are widely
distributed on earth and are major constituents of NORM. The decay of these elements provides the
thermal energy that keeps the core of the earth warm.
Natural uranium (i.e., uranium with its natural isotopic abundances) consists principally of uranium-238 and
uranium-234 in one radioactive decay series headed by U-238 (Figure A.2); and uranium-235 in another
independent radioactive decay series (Figure A.3). The Uranium-235 Decay Series). Due to its low
abundance in natural uranium, the U-235 series is not usually considered under normal circumstances to
be radiologically significant relative to the U-238 series (e.g. Lowe 1997).
On a mass basis, the natural abundances of the uranium radionuclides are U-238 (97.2745%), U-234
(0.0055%) and U-235 (0.72%) (Rosman and Taylor 1998). On a mass basis, U-235 is less than 1% of
U-238 in natural uranium, but on a radioactivity basis (nuclear disintegrations per second), because U-235
decays faster than U-238 (Figure A.3), the radioactivity of U-235 is 4.6% of the radioactivity of U-238.
Through the radioactive decay of uranium-238 with the emission of alpha, beta and gamma radiation, a
series of 14 different radionuclides (including U-234) is formed until stable, non-radioactive lead-206
(Pb-206) is reached (Figure A.2).
An important member of the U-238 decay series is the gas Rn-222 (radon) with a half-life 3.8 days. It is a
chemically inert noble gas and if it is formed near the surface of material containing Ra-226 (radium), it is
free to diffuse and enter the atmosphere. Since all soils contain some uranium and radium, our atmosphere,
our workplaces and our homes contain measurable levels of radon. Radon (and its short-lived decay
products) is the source of most of the background radiation exposure we receive. Because of normal
atmospheric dispersion, radon exposure outdoors is not a concern, but levels can be elevated in
unventilated buildings exposed to radon from ground sources and specific building materials (e.g. gypsum
wallboard, stone, ceramic tile). Similarly, because of the typical high air exchange rates (ventilation) in
industrial facilities, radon exposures are usually not an occupational concern in industries associated with
NORM. Radon exposures in any enclosed areas, such as in underground mines, requires that appropriate
ventilation be provided. Ventilation to control other contaminants, such as diesel exhaust, is usually
sufficient. Even in high grade underground uranium mines, where uranium concentrations are very much
higher (x100 or more) than in niobium deposits, exposure to radon is kept well below regulatory limits (e.g.
Health Canada 2009).
Similar to natural uranium, natural thorium (Th-232) consists of a radioactive decay series (Figure A.4) with
10 radionuclides in the series that emit alpha, beta and gamma radiation and ending in stable, nonradioactive lead-208 (Pb-208). Because of the very long half-life of Th-232 relative to other radionuclides
in the Th-232 decay series, essentially 100% of the mass of natural thorium is Th-232. Similar to the U-238
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series, another isotope of radon, Rn-220 or thoron by its historical name, is released from thorium-bearing
materials. However, because of its short half-life (55 seconds), thoron is not usually considered an
occupational or environmental concern.
Imports aspects of natural radioactive decay, such as demonstrated by the Th-232 and U-238 series are:
(i) The half-life of a radioactive element is the time for an element to decay to one-half the original
number of atoms, e.g. a number of Th-232 atoms takes 1.41 x 1010 years to decay to one-half that
number, while a number of U-238 takes 4.47 x 109 years to one-half that number. (The half-life of
U-238 is approximately that of the age of the earth – meaning that there was twice as much U-238
at the time of formation of the earth).
(ii) In each of the series, “secular (meaning constant over time) radioactive equilibrium” exists in ores
if all decay elements are produced at the same rate as they decay. In such a case, the elements
are present in quantities inversely proportional to their half-lives – i.e. if natural processes (such as
leaching/dissolution) are not continuously removing one or more elements. Approximate
radioactive equilibrium is regularly found in nature, including in NORM associated with niobium
ores.
(iii) Each element in a series in equilibrium decays at the same rate. For each decay of a U-238
nucleus, there are 13 other decays for a total of 14; for each decay of Th-232, there is a total of
10 decays; and for the U-235 series, there is a total of 11 decays.
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Figure A.2
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Figure A.3
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Figure A.4
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A.3

Radioactivity and Radiation Dose Units

The unit used in the International System of Units (SI), to represent the activity of a radionuclide is the
becquerel (Bq) which equals one nuclear disintegration per second. There is a direct relationship between
the mass and the radioactivity of a radionuclide, which is called its “specific activity”. The specific activity
is determined by the half-life of the radionuclide and is expressed in becquerels per gram (Bq/g). The
longer the half-life, the lower the specific activity. In particular, a concentration of 1 ppm of natural uranium
(U-nat) corresponds to 0.01235 Bq of U-238 per gram. A concentration of 1 ppm of natural thorium (Th-nat),
which has a half-life about three times longer than U-238, corresponds to 0.00406 Bq of Th-232 per gram.
As previously noted, under conditions of radioactive equilibrium (or secular equilibrium), which is common
for most rocks and soils, all the radionuclides in the U-238 series will have the same radioactivity (Bq/g) as
that of U-238; similarly, all the radionuclides in the Th-232 series will have the same radioactivity (Bq/g) as
that of Th-232 (except for Po-212 and Tl-208 at 64% and 36%, respectively, of the radioactivity of Th-232
– see Figure A.4).
The SI unit for measuring dose to humans is the sievert (Sv) or millisievert (mSv = Sv/1000). The potential
risks of radiation exposure are considered to be proportional to the dose measured in mSv 5.

A.4

Background Radiation Levels

People have always been subjected to natural background radiation. (In the present context, “radiation” is
assumed to mean ionizing radiation, as opposed to microwaves, radio waves, ultraviolet radiation and other
forms of non-ionizing radiation.) People are exposed to radiation from the sun and outer space. Naturally
occurring radioactive materials (NORM) are present in the earth, in the houses we live in and in the buildings
where we work, as well as the food and drink we consume. There are radioactive aerosols and gases in
the air we breathe and even our own bodies contain naturally occurring radioactive elements. The level of
this inescapable natural "background" radiation exposure varies greatly from place to place. Background
concentrations of radioactivity in rocks and soil are highly variable but are roughly in the order of 1 to 10 ppm
each of uranium and thorium; however, much higher concentrations, especially in areas of mineralization,
are not uncommon (UNSCEAR 2000, U.S. NCRP 1987, 2009). Table A.1 provides some information on
background concentrations of uranium and thorium.

5

For radiation protection purposes, experts assume that there is no threshold for radiation dose vs. risk. However, there
is no epidemiological evidence of harm to people as a result of radiation doses less than about 100 mSv (ICRP 2007).
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Table A.1
Uranium (ppm)

Background Uranium and Thorium Concentrations

Thorium (ppm)

Description
Average in earth's crust (in various rock types) (U.S. NCRP Rpt. No. 50,
1976)

3.0 (0.9 - 4.7)

11.4 (1.9 - 20.0)
(Also consistent with UNSCEAR 2000, U = 2 to 20 ppm and Th=0.5-5
ppm)

1.84 (0.63 - 3.1)

6.45 (2.2 - 11)

Average and range (5th to 95th percentile) in U.S. soils (U.S. NCRP Rpt.
No. 160, 2009)

2.8 (1.3 - 8.9)

7.4 (2.7 - 16)

Soils (median and range) (UNSCEAR 2000)

5.3

23.8

Average in surface expression of carbonatite deposit at proposed Oka,
Quebec niobium mine (Natural Resources Canada data as given in
SENES 2002)

People are also exposed to sources of radiation that we ourselves create. X-rays and other kinds of
radiation used for medical purposes, fall-out from past nuclear weapons tests and the small quantities of
radioactive materials that are allowed to escape to the environment in the course of normal operation of
nuclear installations are some examples.
Natural background radiation typically results in a dose rate of about 2 to 3 mSv per year (UNSCEAR 2000),
although some places in the world experience much higher exposure rates, i.e. 10 mSv per year and higher6.
According to Grasty and LaMarre (2004), the average annual exposure from natural background radiation
in Canada is as shown in Figure A.5. Exposure to radon and thoron, 0.92 mSv/y primarily indoors, is
responsible for about 50% of the dose from background radiation. The results from a more recent Canadian
radon survey (Chen and Moir 2010) suggest a higher population-averaged dose estimate of 1.15 mSv/y due
to indoor radon. The average dose varies significantly from region to region in Canada depending on factors
such as the radioactivity in local soils and rocks, with the largest variation being due to indoor radon. For
example, the annual population-weighted dose from radon ranges from 0.85 mSv/y in Newfoundland and
Labrador to 3.60 mSv/y in Manitoba (Chen and Moir 2010). The average radon dose in Ontario is
0.98 mSv/y.

6

Several regions in Iran, India and Europe exhibit natural background radiation which result in relatively high exposures.
For example, in Kerala, India, a substantial population receive doses which average over 15 mSv/y. In Iran, background
doses can exceed 50 mSv/y, and up to 260 mSv/y (at Ramsar in Iran). (World Nuclear Association (WNA) 2018).
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Figure A.5
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