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NORM residues in light of circular
economy

Main questions considered:

d Fundamental concepts and principles of radiation
protection, safety objectives and existing legislation
with regards to NORM residues
= relation to circular economy aims and concepts

 Regulatory aspects of NORM residue reuse,
recycling and reprocessing implementation — an
overview from HERCA member countries REDUCE

ECY

d Examples from HERCA member countries

J Perspectives for future work in HERCA
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Heads of European Radiological Protection «#HERCA

HEADS OF THE EUROPEAN RADIOLOGICAL

Competent Authorities

d Main objective - identify common issues related to topics within Euratom
Treaty and propose practical solutions in order to contribute to highest level
radiological protection (RP) in Europe
= Network of competent authorities with decision capacity
=  Exchange and discussion, work on identified issues through WGs,

Networks and Task Forces

=  Development of harmonised approaches to RP and consensus opinions

=4 9 ®) o3

EDUCATION AND EMERGENCY MEDICAL NATURAL RESEARCH AND VETERINARY
TRAINING PREPAREDMNESS APPLICATIONS RADIATION INDUSTRIAL APPLICATIONS
AMND RESPONSE SOURCES SOURCES AND
HERCA Networks PRACTICES

> Qccupational dose collection registration and reporting 3/20
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Working Group on Natural Radiation Sources <j’HERCA

O WG NAT established in 2018, with a 3-years CHERCA T e rj
mandate R - k.

= Work Package Radon, NORM & Building Materials ‘) “2

= WG-NAT: 26 countries, 46 WG NAT members G 2an A M"»; g 3
Stakeholders: EC, NEA, IAEA, UNSCEAR, ENA, ERA ;;*“"23 [V, T N\

,%&f\“*~~(‘“ﬂk‘ ""‘\ ﬁ! ' ’;‘ J
= Updated Mandate & Action Plan 2021-2024 A~
| | WG NAT f@
= NORM issues of interest QO

HERCA Guide on ‘Application of the concepts of Exemption and Clearance to the regulation of the
naturally occurring radioactive materials (NORM) across HERCA countries’

- Graded approach to regulation of NORM related industries — application of the optimisation
principle

- National approaches to NORM waste/residue management, including definition/categorization of
NORM material, reuse and disposal options and control of liquid and gaseous NORM discharges

- Commodities containing NORM 4120



NORM Guidance on exemption of «#HERCA

HEADS OF THE EUROPEAN RADIOLOGICAL

clearance of NORM L ermmm

Title: Application of the concepts of exemption

and clearance to the regulation of NORM across

HERCA countries

HERCA WORKING GROUP
ON NATURAL RADIATION

SOURCES

Authors: M. Garcia Talavera (CSN, Spain), J. Mrdakovic
Popic (DSA, Norway), P. Gorts (ANVS, the Netherlands),
S. Pepin (FANC, Belgium) and K. Jones (UK HSA, UK)

* With contributions of the members of WP NORM
Reviewers: S. Mundigl (EC), H.M. Fernandez (IAEA), R.

Gellermann and O. van Dongen (ENA)
Published November 2021, available at

https://www.herca.org/new-guidance-on-norm/
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Introductory considerations of NORM «#HERCA
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J Directive 2013/59/Euratom (EU BSS); Annex VI Q Depending on particular industries NORM can

= Extraction of rare earths from monazite, be of radiation protection concern in
= Production of thorium compounds and manufacture of thorium-  « Rgw materials

containing products, = Main and by-products

=  Processing of niobium/tantalum ore, = Liquid effluents

" Oil and gas production, = Atmospheric discharge

" Geothermal energy production = NORM residue (bulk, slag, scale, sludge,

" TiO2 pigment production, sediment, effluents mixture, dust)

= Thermal phosphorus production, *each of these can be very different

= Zircon and zirconium industry,

=  Production of phosphate fertilisers, U Activity concentration of NOR in raw materials
= Cement production, maintenance of clinker ovens, [ Diverse industrial, e.g. mass reduction

= Coal-fired power plants, maintenance of boilers, processes -> NORM residues with(out) elevated
=  Phosphoric acid production, NOR

= Primary iron production, (d NORM residue may or may not be NORM waste
= Tin/lead/copper smelting, O Reuse and recycling of NORM residues

= Ground water filtration facilities, and contribute to the minimization of NORM

*  Mining of ores other than uranium ore (radioactive or not) waste..... 6120



NORM residues «i HERCA
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d A range of different materials from different industries, activities, coming under the term
of ‘NORM residues’

 Different radioactivity levels, different volumes of residues produced
J Presence of hazards other than radioactivity
1 Care for present and future generations — fundamental safety principle

J Reuse, recycling and reprocessing of NORM residues need careful consideration of

J/

** Fundamental principles and safety objectives in Radiation Protection
- Justification, Optimisation and Dose constraint/Reference Levels

- National legislations and developed regulatory frameworks

7

** Principles of circular economy

/

s+ Safe and sound management of NORM residues, generated in

operating industries and from dismantling of old facilities 7120



Promotion of waste prevention and «i HERCA

prefe rence to reuse a nd recycle D PROTECTION COMPETENT AUTHORITIES
(d EU Waste Framework Directive 2008/98/EC — Waste HinEAR ECoNORY FiRerAR Reonen
Management Hierarchy
 Circular Economy Action Plan, 2105, 2020 & j/_g &
(J European Green Deal — Europe’s new agenda for sk e s
sustainable growth
J UN Sustainable Development Goals for 2030 - ensuring o
the sustainable and environmentally sound management 2 2l T\
of all wastes throughout their life cycle and reducing waste __ .. "=y P

ENERGCY FROM FINITE SOURCES ENERGY FROM RENEWA BLE SOURCES

generation through prevention, reduce, reuse and recycle

Managing waste in an environmentally sound manner and making use of the residues are key
elements of the EU’s general environmental policy that should be applied to NORM residues also
4R waste management

- Reduce - Recycle

- Reuse - Recovery
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Application of clearance concept to NORM  <i HERCA

 Clearance levels given in EU BSS and IAEA BSS or can be defined by the

competent national authority for the specific industrial type, facility or type m
material (generic and conditional clearance) "

d To avoid undue burdens, an authorisation may be granted by the |
competent authority for releasing materials of regulatory control subject to e
specific requirements and conditions — conditional clearance

J Conditional clearance is based on the same general criteria that are used
for general clearance; this helps in building trust and acceptance amongst
the general public

1 Clearance of NORM residues allows for optimisation and promoting
reuse, recycling and recovery while guaranteeing radiation safety —
workers, public and environment, present and future generations
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Release from regulatory control — EU BSS

1 According to Article 30 (EU BSS) recycling or reuse of radioactive materials,
including NORM; arising from any authorised practice is subject to authorization

d Materials for disposal, reuse, recycling, reprocessing may be released from
regulatory control provided that activity concentrations:

- for solid material do not exceed the clearance levels set out in Table A of
Annex VI

- comply with specific clearance levels and associated requirements for specific
materials or for materials originating from specific types of practices; these
specific clearance levels shall be established in national legislation or by the
national competent authority, following the general exemption and clearance
criteria set out in Annex VII, and taking into account technical guidance
provided by the Community

d Deliberate dilution of material for purpose of being released from regulatory
control is prohibited. However, Competent Authority may authorise, in specific

circumstances, the mixing of radioactive and non-radioactive materials for the
purposes of reuse or recycling

c

HERCA

HEADS OF THE EUROPEAN RADIOLOGICAL
PROTECTION COMPETENT AUTHORITIES

DIRECTIVES
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National approaches for safe use of «f HERCA
NORM residues

d While promoting reuse, recycling and recovery as a source of valuable materials, to
reduce environmental impact and costs of production, regulatory provisions need be
in place to ensure that they are used in a safe manner

[ Known negative examples of the use of NORM are the past use of alum shale rocks in
building materials or in road construction in some HERCA member countries, which
gave rise to exposure doses and led to environmental pollution

 Materials may be cleared for recycling or reuse provided that the activity
concentration for solid material:

i) do not exceed the general clearance levels,

i) comply with higher clearance levels (and associated requirements) for specific
materials or for materials originating from specific types of practices, on the
basis of the general dose criteria.
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National approaches for NORM regulatory

control

11 General exemption/clearance levels for 28U- and 22Th-series radionuclides

and *°K in HERCA member countries

11-1-1 =38 Dose criteria for public exposure used by HERCA countries for exempting

notified practices from authorisation

List of countries in al betical order | Generic ex (! learance levels i B }
 List of countries n aiphabstical orer | Genericsxemption/clearancs evels | —

Austria, Czech Republic, Finland,
France, Hungary, Ireland, Lithuaniz,
Luxembourg, the Netherlands,

Poland, Romania, Slovenia, Sweden,

Switzerland

Denmark
Morway

derrmany

ltaly

UK

Belgium, Spain

1 kBg kg for #8U series radionuclides®;
1 kBq kg™ for = Th series radionuclides®;
10 kBq kg for K

1 kBq kg™ for 8U series radionuclides™,
1 kBq kg for = Th series radionuclides™,
10 kBq kg for 0K

1 kBqg kg™ for ***U! series radionuclides+;

1 kBq kg™ for #Th series radionuclides+;
1 kBg kg™ for =8 series radionuclides;
except for “°Pb+ *°Ph: 5 kBg kg™

1 kBq kg™ for =°Th series radionuclides;
10 kBq kg for “°K;

1kBq kg for #8U__; #Ra+, >=Th__; ***Ra+;
123Th.|.-r ?A\SU ; EEAC"';.**

5 kBq kg for 22U+, 24; 70Pb+, 70Pb; #7Th;
235U+. Z'Ipa.**

10 kBq kg for 2 Th;**

RP122, part Il exemption/clearance levels

France, Germany, Hungary, Ireland, Lithuania,
Poland, Romania, Slovenia

ltaly* the Netherlands (on-site], Spain, UK
Finland
Luxembourg, the Netherlands (off-site)

Morway, Sweden

1mSva’

03msSv a’l
01 mSv a’
0.01-003mSsva’

All NORM involving practices subject
to authorisation

* Apply to individual isotopes.

** A summation rule applies (see formula 4.2) for mixtures of radionuciides.

+ A summation rules applies (see formula 4.1) for the U and Th decay series; Currently, there are no industries
with relevant K exposures identified in Germany, hence the exemption level for “K does not apply

* 0.1 mSv a’if the drinking water pathway is affected.

HERCA (2021), NORM Guidance on Application of exemption and
clearance concepts across HERCA countries
https://www.herca.org/new-guidance-on-norm/

« HERCA

HEADS OF THE EUROPEAN RADIOLOGICAL
PROTECTION COMPETENT AUTHORITIES
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Clearance of NORM in HERCA countries 3 R

[ Clearance as regulatory tool is used in HERCA member
countries, e.g., Denmark, the Netherlands, Italy apply
the clearance levels higher than the general ones,
subject to restrictions on final disposal in the
management of the wet sludge from oil and gas industry

J Examples of conditional clearance for NORM waste
disposal

J Outcome of specific clearance application may be to
avoid:

- unnecessary burden on industry

- significant increase of amount of radioactive waste
after adoption general exemption and clearance levels
(EU BSS)

- lack of storage capacity 13720




: « HERCA
Examples on safe uses of NORM residues

 Belgium: use of filter cakes from TiO, in construction
(as sub-layers of the capping of landfills), and as
secondary fuel

[ Slovenia: historic use of fly ash from the thermo
plants for the bricks or concrete. The values of the
activity concentration were below the values for the
exemption and clearance for naturally occurring
radionuclides and typically below the activity
concentration used in the index for gamma radiation
for building material. Fly ash was also used for
stabilization of slopes in the landfills

14/20



«i HERCA
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Examples on safe use of NORM residues S

[ Spain: use of phosphogypsum as.a soil amendment; valorization of red
gypsum and mud from TiO, production for the construction of thermal
insulator building walls

J The Netherlands: use of NORM residues as stabilizers to improve the
handling of other waste material on a designated landfill and as a sub
layer for roads on landfill

[ Improved techniques in mining and in the metal processing industry
have also expanded a market for legacy waste or residues from other
NORM industries as input material for new NORM practices
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. . .)
Dose modelling and risk assessment {HERCA

d Appropriate levels of workers, public and environmental protection must be
guaranteed when reuse/recycle/reprocess NORM residues

[ Risk assessments should account for recycling, reuse, recovery and disposal of NORM
1 Conservative assumptions, covering a wide variety of dose modelling scenarios

= Energy recovery (Incineration) = Reuse
- operators - small tools and equipment
- alr emissions s |arge equipment

- ash / slag disposal to landfill
= Metal recycling
- scrap transport workers
- scrap processing workers
- workers at smelter and fabrication plant
- use of potential consumer products
- emissions to air
- use of slag

- buildings (use and renovation)
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o« Lo ).
Identified challenges < HERCA

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

d Specific clearance for reuse, recycling and recovery - difficult to tackle:
- NORM residue at which facility, from which activity,
- acceptability by the operator or operators if cross-sectors
- commercial feasibility,
- information availability,
- complexity of the assessment that may be required — which one?

(d Criteria for NORM reuse and recycling - clearance levels for NORM
residues/dose criteria - not harmonized at international level

[ International trade and cross border transport issue affect potential
further plans for reuse/recycling of NORM residues

d Limited number of examples of NORM residue reuse/recycling
identified in HERCA countries
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Further related work HERCA WG NAT

(d HERCA Survey on NORM residues and building materials (BM) planned for
end 2022/early 2023

= Work on draft survey is ongoing and survey will include:
- general questions. on NORM residues
- legislative and regulatory framework aspects of NORM residue use in BM

- international trade issues
- optimisation of radiation protection
- practical examples and case studies — exchange on good practice

 Further considerations will continue within HERCA WG NAT on practice where
NORM residue should be resource rather than waste, e.g.,

- recycling of contaminated scrap, recycling of contaminated waters in the

processes as well as resins and solvents, agricultural use, road construction,

use in building materials

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
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Concluding remarks «{ HERCA

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

1 Minimizing the volume of NORM wastes in general could be achieved by following the
circular economy approach — though many considerations needed

1 Application of clearance concepts is an important mechanism but due to variety of NORM
residues having harmonized specific clearance levels at international levels is a challenge

 In order to have NORM residue reuse as a success, concerted effort between the
regulator, industry player and public community at large is needed

[ National approaches should be developed in a way to include collaboration of various
actors (regulators, industry operators, modelling experts, waste management operators

etc.) to make management plan for NORM residues:

- provide an overview of existing NORM residues/streams, their activity concentrations
guantities, characteristics

- find possibilities for these reuse or recycling,

- conduct necessary evaluations of exposure scenarios, dose modeling and risk assessment
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Thank you for your
attention!

Jelena.Popic@dsa.no

wgnat@herca.org
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