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EDITORIAL
ALARA From Start to Finish
The optimisation principle is “a systematic process that needs to take a long-term view with regard to ‘cradle to
grave considerations’, e.g. optimisation during the design phase of an installation must also consider all the
following phases of operation of the facility, including decommissioning” (ICRP, Publication 101). This issue n°47
of the EAN Newsletter would like to epitomize how ALARA applies indeed ‘from cradle to the grave’.
The first article presents the implementation of ALARA in the design of MINVERVA, an accelerator-based
facility planned by SCK CEN. Would you like to know more about setting dose objectives in line with regulation,
how radiation shielding requirements are set and the role of the ‘ALARA Coordinator’ go to p. 2.
Then, the UK Health Security Agency presents in p. 7 the good practices to keep exposure of patients and staff
ALARA during dental imaging. The working parties that issued the recommendations included regulatory bodies,
experts, practitioners and the good practices are presented for each type of equipment. These updated guidance
takes into account the technical evolutions and new development in this exposure situation.
When it is time to decommission or replace an equipment, the disposal should be made in an ALARA manner,
as presented in the Swiss Radiss plan on the management of disused High Sealed Radioactive Sources (HASS)
(p. 12). Because this activity generated an incident in 2019, it is the opportunity to remind our readers about
the RELIR-OTHEA incident database (p. 15).
At the end of the chronological line, the Norwegian DSA present its ALARA approach on the remediation of
NORM legacy sites, presenting the options to remediate, the challenges faced (notably to map/characterize the
site) and the ownership of the decision (p. 16).
On p. 20 you will have a glimpse on the EAN next events and international events.
We hope you will enjoy this Newsletter, which is made possible through EAN Members support.
The EAN Newsletter Editorial Board. Sylvain Andresz, Julie Morgan, Fernand Vermeersch
and Pascal Croüail
(P.S. do not hesitate to send your comments to the Board, cf. contacts p. 20).
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Introduction
SCK CEN is developing MYRRHA [1], an accelerator
driven system (ADS) which consist of a 600 MeV
proton linear accelerator (linac) coupled to a leadbismuth cooled sub-critical fast reactor. MINERVA
is the first phase of this project, whose objective is to
validate the technology choices and to evaluate the
reliability goal for the linac.
It includes the design, construction and operation of
a facility composed of a (100 MeV, 4 mA) linac
coupled to an ISOL (Isotope Separation On-line)
target station as well as to a target station for fusion
material research, the Full Power Facility (FPF).
Construction of the facility requires a license from the
Belgium Federal Agency for Nuclear Control
(FANC). The license application is based on the
Preliminary Safety Analysis Report (PSAR) that was
submitted in autumn 2021.
The aim of this paper is to provide a survey of the
main radiation protection elements implemented in
support of the conceptual design of the MINERVA
facility and to describe the radiation protection
procedure for ALARA implementation during the
design and construction phases, developed in
compliance with the Belgian legislation [2]. This
procedure was recently implemented by the
MINERVA project and applied so far in several
domains, such as shielding and radiological
environmental analysis during normal operations and
accidents. Note that during commissioning and
operation of the MINERVA facility the established
SCK CEN ALARA procedure [3] will be in force and
mandatory to comply with.
The MINERVA ALARA procedure is based on the
approach developed for similar accelerator-based
WWW.EU-ALARA.NET

47TH ISSUE – APRIL 2022

facilities and on the state of art concerning this topic
[4].
Radiation protection is an important discipline
incorporated in the architecture of the SCK CEN
Integrated Management System (IMS), that covers
several Standard Operating Procedures (SOP) and
their supporting documents. In order to support and
help to achieve reliable and safe operations
MINERVA adheres to the existing SCK CEN IMS by
using and/or adapting several of the existing
procedures.

Elements of radiation protection
supporting the implementation of
the ALARA procedure
Requirements

Radiation protection of MINERVA personnel,
visiting scientists, contractors and the public is a key
condition in the design of the facility. The design
rules for MINERVA are based on the implementation
of the ALARA principle and the expected radiation
areas of the facility. In line with Belgian Royal Decree
20/07/2001 ARBIS [2] three types of zoning are
distinguished, see Table 1.

Table 1. Classification of radiation zoning according
to Belgian legislation.
Type of area
Maximum annual effective
dose
Non-designated
1 mSv
Supervised
6 mSv
Controlled
20 mSv
Potential (external and internal) exposures have been
taken into account when assessing the effective dose
that a person may receive when working in an area
under consideration.
The areas inside MINERVA perimeter are classified
as a function of the potential effective dose the
worker receives for the duration of the stay in the
area during routine operations.
Doses up to the dose limits can only be tolerated if
no reasonable measure can be done to reduce them.
The optimization process in the ALARA approach
allows moving from tolerable to acceptable levels.
Following the common practice, the MINERVA
project adopted as a design constraint, a safety factor

PAGE 2

EUROPEAN ALARA NETWORK

of 2 set on the dose limits given by the Belgian
legislation.
Radiation protection and radiation safety are closely
connected. If the source is under control, radiation
safety contributes to protection of the humans and
environment against exposure. The overall radiation
safety objectives for MINERVA facility, to be applied
in the design and radiation safety assessments were
defined and implemented.
Besides measures taken in the design of the facility
MINERVA has a Safety, Environment and Health
(SE&H) group in charge to meet the legal
requirements with regards to work with ionising
radiation.

MINERVA - Classification and rules for the
designated radioactive areas
The design rules for MINERVA facility are based on
the implementation of the ALARA principle and the
expected radiation levels of the facility. Rules were
defined to provide guidance regarding how to classify
MINERVA radiation areas and their implementation
at the facility. In addition, these Rules are intended
to be a basis for the design of the radiation shielding
configuration and a support for the implementation
of the ALARA principle in the design. The worker
occupancy factor required during nominal operation
for all relevant areas within the facility are identified
and are used in the design of the radiation shielding
configuration and access control measures, ensuring
that the dose rates in all areas are in accordance with
the dose constraints.
The proposed zoning of the radiological area’s in the
MINERVA facility are documented as part of the
design (Figure 1). Zoning plan definitions are based
on the state operation: “Beam ON/OFF”. The
operational state has also an influence on the access
into the area controlled by the Personnel Protection
System (PPS).
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Figure 1. MINERVA facility planned classification of
radiation areas. Horizontal cross section, ground floor.
The radiation areas, outlined by the physical
boundaries of the building/room, will only be
accessible to individuals who have received
appropriate training, instructions and authorization.
The access to radiation areas will be controlled and
restricted by the access control system. As a subsystem of the PPS, the access control system will be
installed to prevent personnel from entering PPScontrolled areas during operation of the hazardous
equipment. Clear signalling will be present to indicate
the operational state and the radiation risks.

Radiation shielding assessments

The accelerator is designed for and will have to be
operated with a maximum of 1 W/m of uncontrolled
beam loss. The dominant source term driving
shielding requirements for the ISOL facility was
considered the Thorium / Uranium carbide targets
irradiated at a current of 500 µA, which is by 2.5
higher than nominal current for the actinide targets
set by the design. The use of this conservative
scenario for the shielding analysis is justified by the
comparable neutron production from relatively heavy
non-fissile targets which will operate at 500 µA. For
the shielding assessment of the FPF, the full power
beam (100 MeV, 4 mA) was taken into account.
The radiation shielding calculations were carried out
through a combination of Monte Carlo (MC)
transport simulations by means MCNPX [5], PHITS
[6] and depletion calculations ALEPH2 [7].

Radiological Monitoring and Dosimetry
The zoning of radiation areas will be confirmed as
soon as the installation is put into service, according
to its operating mode and depending on the presence
WWW.EU-ALARA.NET
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or the intensity of the sources of ionising radiation.
Regular monitoring by the radiation protection
officers will ensure that the radiation zoning of
MINERVA is kept up to date.
A fixed radiation monitoring system is designed to
monitor radiation levels at strategic places in the
perimeter of the controlled areas (e.g. next to the
connecting ducts of the linac tunnel, in the target
buildings, and next to specific local shielding). Some
of these radiation monitors are connected to the PPS
interlock system triggering an immediate stop of the
linac when certain thresholds are reached protecting
the workers from enhanced radiation fields. Other
monitors will generate an alarm signal to warn
personnel of higher radiation fields.
Relevant measurement data from the radiation
monitors will be archived and will be available for
experience feedback. The radiological monitoring of
the environment will assess and evaluate doses to
persons onsite and to the public. The selection of the
appropriate monitoring equipment is determined by
type of radiation and the range of the dose rates to
be measured. The monitoring will be integrated in a
data network including data acquisition, data
storage, and triggering of radiation alarms and beam
interlocks. For the latter there will be an important
interface to the PPS indicating abnormal deviations
in the expected radiation levels and consequently
generating audible and visible alarms and a shutdown
of the radiation source.
The dose received by individuals working with
ionising radiation at MINERVA will be monitored
with personal dosimeters provided by the SCK CEN
dosimetry service. The SCK CEN personal dosimetry
system adapted to MINERVA activities will comprise
both passive and active monitoring systems. Active
monitoring of individual dose using an electronic
(direct-reading) personal dosimeter (EPD) with
alarm capabilities is required for workers entering
higher dose rate areas or areas where radiation levels
could rapidly change.

WWW.EU-ALARA.NET
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Radiation protection procedure
for ALARA implementation
during design and construction
phase
Procedure description
Implementation of the ALARA procedure is coupled
to the MINERVA design stages by a procedure that
is applicable to the designers of the installation and
by the “Radiation Safety Plans” set for the Design
Engineers, external collaborators in charge with the
civil engineering and secondary processes. This
assures a system level ALARA analyses as part of the
conceptual/basic/detailed design documentation
package, and has as such to be approved through the
design reviews.
The procedure starts with an evaluation of the
radiation exposure situations to identify the need for
an optimization study leading to a potential
reduction of the dose. Based on the radiological risks,
the potential dose reduction factors are identified,
quantified and ranked through a multi-criteria
analysis. The individual doses are assessed for each
selected option and compared to dose constraints, see
Table 2. A collective dose target of 0.4 man.Sv/year
is also proposed.
Table 2 Dose limits and constraints for radiation
workers in planned exposure situations
Dose limit
Dose constraint
Annual
effective
dose

20 mSv*

- Maximum individual
dose ≤ 10 mSv**
- Average individual
dose ≤ 2 mSv (10 %
dose limit#)

* ARBIS [2]
** SCK CEN procedure [8]
# similar to other similar facilities: TRIUMF, SPIRAL2, IFMIF

According to the results, decisions are made for an
implementation and/or a re-examination of the
selected options (till the optimization is satisfactory).
A “change request” is needed if important
modifications of the initial design are requested by
the ALARA process.
The ALARA approach described above identifies two
different levels of optimization: i) optimization at the
system level under the responsibility of the system
design responsible, supported by the ALARA
PAGE 4
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Coordinator and ii) optimization at the facility level
under the responsibility of the SE&H group leader.
As is shown in Figure 2, the implementation of the
ALARA approach at both levels consists of six steps
that can be iterated, as needed during the design and
construction phase, according to the evolution of
knowledge regarding the system design and its
operation, in order to reach the dose objectives.
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The input and analysis of the exposure situations of
the optimization studies are systematically discussed
by the ALARA Committee, which is responsible for
reviewing and approve the ALARA options identified
at the both levels. The structure and the attributes
of the ALARA Committee are provided. The
coordination and follow up of the execution of the
ALARA approach is managed by the ALARA
Coordinator. All information needed to apply the
ALARA in the MINERVA design, organization,
roles, steps, methodology, deliverables and indicators
are described in the procedure.

activated equipment. That is done, by considering
the design criteria for doses beyond the external walls
as well as the compliance of the skyshine dose to the
public with the MINERVA radiological impact
Safety Goal of 5 µSv/y, set to be achieved during
routine operations.
Note that the MINERVA Safety Objective (MSO)
during routine operations is 10 µSv/y, as the facility
is sharing the SCK CEN site with other installations.
As demonstrated via a conservative analysis, in the
radiological impact assessment for the source term
present in the facility, during normal operations the
MINERVA commitment goal is achieved: the total
estimated dose to the public complies with half of the
MSO value.
The ALARA principle is also systematically applied
in the radiological assessments dedicated to the
MINERVA identified accidents, as an ultimate
mitigation measure taken beyond the demonstrated
compliance of the dose to the public with the specific
MSO.

Procedure application

Conclusions

Since September 2021 when the MINERVA ALARA
Committee is in force two main topics where
analysed:
- the update of the current radiological
classification based on justified worker low
occupancy factor of the area;
- classification of the radiological zone
characterized by multiple sources.
In addition, the ALARA approach is being applied
for the derivation of the thickness of the roof of the
FPF building during the transportation of the high

WWW.EU-ALARA.NET

The ALARA procedure was successfully implemented
within the MINERVA project to be applied during
the
design
and
construction
stages.
All
radioprotection and safety evaluations are subject to
optimization. In order to maximize the scientific
output of MINERVA an optimization process is
ongoing to meet physics, technical and budget
requirements, while ensuring that the ALARA
principle prevails in all aspects of the design. ◼
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Figure 2. MINERVA ALARA procedure map. Top: system level and bottom: facility level.
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The UK Dental Guidance
Notes — Second Edition
ANDREW GULSON
Dental X-ray Protection Service
UK Health Secretary Agency
UNITED KINGDOM

Introduction
Across the world, about 480 million dental
radiographs are taken each year, out a total of about
3.6 billion diagnostic X-ray images of all kinds [1].
The various forms of dental X-ray imaging now
available to the profession have become indispensable
tools in the efficient diagnosis of disease and the
effective planning of treatment. The global annual
collective dose from dental radiography is 11,000
man-Sieverts, which is less than 1% of the collective
doses from all diagnostic X-ray imaging, of 4,000,000
man-Sv. However, in the absence of proper controls,
radiation doses to patients, dental practice staff and
others from dental X-ray exposures could be
substantially higher. In the UK, the ‘Guidance
Notes for Dental Practitioners on the Safe Use of
Dental X-Ray Equipment – 2nd Edition’ (the Dental
GNs) [2] set down principles of good practice with the
aim of restricting doses to all involved to levels that
are as low as reasonably achievable (ALARA), as
required by radiation protection legislation. The
Dental GNs were published by Public Health
England (PHE) (now UK Health Security Agency)
and the Faculty of General Dental Practice (UK) in
October 2020.
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and cephalometric radiography this is not the case –
patient doses from digital imaging are broadly
equivalent to those resulting from film/screen
systems. For all forms of dental radiography, the
move towards digital imaging required the adoption
of new quality assurance systems to help ensure that
radiographic images of adequate diagnostic quality
were reliably produced using the minimum patient
dose necessary, and viewed under ideal conditions to
extract the clinical information.
It is worth noting that any success in reducing
individual and collective doses to patients produces
corresponding reductions in occupational exposures.
This is true not only for equipment-related and
procedural factors, but also for administrative
arrangements, such as the use of appropriate
evidence-based referral criteria, procedures for the
correct identification of the patient, and the efficient
clinical evaluation of images. Staff training, covering
both practical and administrative matters, is
essential for achieving and successfully maintaining
ALARA within the dental practice setting. Further
details of those aspects of the Dental GNs with the
greatest potential to improve ALARA outcomes are
described below.

Dental CBCT X-ray equipment
Dental CBCT equipment (Figure 1) is known to be
the X-ray imaging modality with the potential to
produce the highest exposures in dental practice to
patients and staff alike, if installed or used
inappropriately.

Since publication of the first edition of the Dental
GNs in 2001, innovations and developments in dental
X-ray equipment have included the introduction of
dental cone-beam CT (CBCT) and hand-held
modalities, each bringing new challenges to achieving
ALARA for both staff and patients. This same period
also saw the widespread replacement of most
chemical film-based image receptors, film processors
and lightbox viewing facilities with digital image
receptors and computerised image processing and
viewing facilities. For intra oral radiography the
move from film to digital allows a substantial
potential reduction in dose; however, for panoramic
WWW.EU-ALARA.NET
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Figure 1. A typical dental CBCT unit.
The Dental GNs consolidated and updated preexisting guidance on dental CBCT systems [3], and
its main impacts on ALARA are as follows:
- Providing guidance on the shielding
requirements for rooms in which dental
CBCT equipment will be installed, with a
strong message that the traditional
approaches that were perfectly adequate for
intra oral and panoramic equipment may fall
well short of what is necessary to protect
staff outside a room containing dental CBCT
equipment.
An equally strong message
accompanied this, that dentists considering
installing dental CBCT equipment must
consult their appointed radiation protection
adviser (RPA) regarding the shielding and
other radiation protection features that
would be required for the room. It is
unfortunately still a commonplace finding
that dentists in the UK install new X-ray
equipment, including dental CBCT, without
first seeking the necessary advice from their
RPA.
- Specifying the design features of dental
CBCT equipment best suited to the imaging
tasks commonly undertaken in a general
dental practice (in contrast to a hospital or
maxillofacial specialist practice). The
principal requirements here are the
availability of small and medium-sized fields
of view best suited to imaging the dental
anatomy (the ‘dento-alveolar’ region), and
WWW.EU-ALARA.NET
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-

the availability of a range of exposure factors
that enable a properly-trained operator to
select settings that produce diagnostically
useful images using the minimum patient
dose necessary (eg, partial rotation scans or
reduced mAs settings where a high image
resolution is not required, such as when
determining the depth of bone available
before inserting an implant).
Updated recommendations on the quality
assurance (QA) tests of 3D image quality
that should be carried out by the user, and
more detailed tests that should be carried out
less frequently by a medical physicist, with
action levels set for the majority of tests.
This
is
supported
by
a
further
recommendation that manufacturers should
provide the necessary 3D image quality test
objects, performance specifications and
software tools as standard with the
equipment.
Providing an updated training standard for
all persons involved in dental CBCT
imaging, including those who may refer
patients to colleagues or other practices,
those justifying dental CBCT exposures,
those operating dental CBCT equipment and
those clinically evaluating the images. This is
important in the UK as the qualifications of
dentists and other dental care professionals
do not yet include dental CBCT imaging.
Guidance on evidence-based referral criteria,
and clinical situations where dental CBCT
imaging is likely to be not appropriate
(examples include for diagnosing dental
caries, general periodontal bone assessment,
the routine review of dental implants, routine
imaging as part of orthodontic treatment,
etc).

Hand-held X-ray equipment
PHE became aware of the use of hand-held dental Xray equipment in UK dental practices in 2005, and
since then has evaluated the standard of radiation
protection provided by a number of models. One of
these, the Tianjie Dental Falcon (Figure 2),
manufactured in China and sold worldwide via online
outlets, was of particular concern, having no proper
CE-marking.
PAGE 8
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Figure 2. The Tianjie Dental 'Falcon'
On investigation it was found to be possible for an
operator undertaking a high, but not unrealistic
radiographic workload, to exceed the statutory
annual effective dose limit of 20 mSv [4]. Other
models were, in contrast, built to far higher standards
that provided a level of radiation protection for both
the patient and operator that was equivalent to fixed
intra oral X-ray equipment (Figure 3).

-

switch off the power or remove the battery
should the timer fail to terminate the
exposure, and the constancy of radiation
output as the battery charge drains.
Practical guidance on the clinical situations
where use of a hand-held device might not be
the ideal choice. This is because the dose to
the operator from back-scattered radiation is
minimised only when the X-ray beam is held
in the horizontal plane during an exposure,
which is not always consistent with some
clinical views, particularly lateral obliques, or
when the patient has mobility issues which
prevent them being positioned to allow the
beam to remain horizontal.
A recommendation that hand-held X-ray
equipment
should
undergo
routine
performance testing once a year, in contrast
to all other forms of dental X-ray equipment,
which may be tested up to once every three
years. The principal reason for this was to
enable any damage to the tube head
shielding to be detected at an earlier stage in
order to effect repairs and so protect the
operator.

Optimisation of patient
exposures

Figure 3. A hand-held unit that complies with the UK
guidance being used to take a bitewing radiograph.
PHE produced guidance that included a
recommended design specification for any handdental X-ray set intended for dental practice use [5],
and advice regarding the best means to ensuring
legislative compliance. This earlier guidance was
consolidated and updated into the Dental GNs, and
the main points are as follows:
- The design features most important to
ensure doses to the operator are ALARA
(assuming the equipment is used correctly)
are a drastically reduced limit on tubehead
leakage compared to fixed intra-oral X-ray
equipment, the ability to quickly and easily
WWW.EU-ALARA.NET

An entire section of the guidance is devoted to the
selection of appropriate X-ray and ancillary
equipment, and its correct use, with the aim of
optimising patient dose. For each modality, the
design features associated with lower patient doses
are described, along with practical guidance on the
means of achieving the maximum potential for dose
reduction afforded by the equipment being used.
Using intra oral radiography as an example, the
features of the equipment most associated with
reduced patient doses are:
use of an operating potential of 70 kV rather
than 60 kV
a focus to skin distance of 300 mm compared to
200 mm
routine use of rectangular collimation (as
opposed to circular)
use of the fastest available imaging system (eg,
F-speed film or a digital image receptor) –
subject to the X-ray set’s timer being capable of
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achieving the dose reduction afforded by use of
a fast image receptor
Where relevant, advice is also provided on the best
radiographic technique to use to achieve ALARA,
such as use of the paralleling technique in preference
to the bisecting angle technique in intra oral
radiography.

Quality assurance of digital
imaging and viewing systems
The Dental GNs incorporate a simple scheme of QA
checks to help dental practices ensure that the digital
sensors and photostimulable phosphor plates now in
widespread use within the profession remain capable
of delivering images of acceptable quality for
diagnostic purposes throughout their working life,
without unnecessary effort. For sensors and PSPs
alike, the tests consist of:
- A simple visual check that the image
receptor (and any connecting cables for
sensors) is in good condition with no obvious
signs of wear or damage.
- A basic uniformity test, made with no test
object or other object between the X-ray
tube and the image receptor. The receptor is
exposed using a low dose and the image
inspected for any signs of damage to the
active surface, or other artefacts or
inhomogeneities that could detract from
diagnostic quality. A baseline image, taken
when a new image receptor enters use, should
be stored and used for comparison with
subsequent images.
- A subjective image quality test, made using
a step-wedge or commercially available
phantom (Figure 4). The receptor should be
exposed using a normal clinical setting (such
as that for an adult mandibular molar in the
case of intra oral radiography), the resultant
image inspected and compared to the
baseline result (eg, 7 out of 7 of the steps of
the wedge being visible).

Figure 4. An image of a step-wedge used for the
subjective image quality test.
For the last two tests, the same X-ray set and
exposure settings should be used each time. The
images should be viewed on a properly configured
display screen with suitable ambient lighting
conditions, and the results should be recorded. It is
recommended that these checks should be made
three-monthly or if a problem is suspected.
Display screens will deteriorate over time and should
be regularly checked and if necessary adjusted, using
a suitable test pattern such as those available from
the Society of Motion Picture and Television
Engineers (SMPTE) or the TG-18 QC test patterns,
which are available from the American Association of
Physicists in Medicine (AAPM) website, along with
guidance on their use (Figure 5).

Figure 5: The AAPM TG-18 test pattern

WWW.EU-ALARA.NET
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Other relevant parts of the
guidance
Other sections of the Dental GNs that are relevant,
either directly or indirectly, to supporting ALARA in
dental practices are as follows:
a simplified system for image quality rating and
analysis
guidance on the small number of situations
where the use of lead aprons or other forms of
personal protective equipment, such as thyroid
shields, is appropriate
The working party that generated the revised
Guidance Notes was led by PHE and included
representatives from all the UK regulatory bodies,
experts from professional and advisory bodies,
consultant dental radiologists and, just as
importantly, general dental practices. It is hoped that
adherence to the guidance will materially contribute
to and support high standards of radiation protection
throughout the UK dental profession, and assist in
keeping doses to dental practice staff, patients and
others, ALARA.
◼
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Irradiators with high
activity radioactive sources
to be replaced
NICOLAS STRITT
THOMAS FLURY
ANNA SENN
Swiss Federal Office of Public Health
Radiation Protection Division
3003 Bern SWITZERLAND

Introduction
The number of high activity sealed radioactive
sources (HASS) in Switzerland should be reduced.
For this purpose, the Swiss Federal Office of Public
Health motivates companies to replace their old
devices with alternative technologies.
Radioactive sources containing caesium-137 (Cs-137),
as used in medicine, research and industry, provide
great benefits to society. However, if a HASS is stolen
and misused, the consequences for health, the
environment and the economy may be severe. In
addition to their considerable hazard potential, Cs137 sources also have very long decay times.
Nowadays the protection of HASS is becoming
increasingly complex and the problem of disposal will
not solve itself.

Action Plan “Radiss 2020 to
2025”

"Protecting Switzerland against criminally motivated
misuse of HASS" - this is the goal of the "Radiss"
(Radiological Safety and Security) action plan
adopted by the Federal Council. HASS must be
protected to a greater extent, thus preventing their
misuse in practice. At the same time, the number of
HASS should be reduced by replacing them whenever
the use of an alternative technology is feasible.

Alternative technologies are
already being used
For example, irradiation devices with an X-ray source
(instead of devices with HASS) are used already for
the sterilisation of blood products. In contrast to
radioactive sources, X-ray sources only emit radiation
when they are connected to the power supply and
WWW.EU-ALARA.NET
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switched on. Criminal misuse of such X-ray sources
can thus be almost completely ruled out.

Disposal and replacement of
irradiation devices
We have already been able to convince the majority
of licensees of blood irradiation devices to replace
their equipment with X-ray irradiators before the end
of their service life. We achieved this by pointing out
the rising costs for disposal and highlighting the
efforts necessary to secure their HASS from theft and
misuse.
By the end of 2021, most hospitals have already
replaced their blood irradiation devices containing
Cs-137 sources with an X-ray irradiator. In addition,
some universities and biomedical research institutes
have replaced their devices.
Other companies that currently still operate blood
irradiators containing Cs-137 have assured us that
they will replace them in the near future.

Costly disposal
The disposal of a device with a HASS - it can weigh
up to two tons due to the lead shielding - requires
careful planning and additional infrastructure.
A competent person is required to dismantle the
device with appropriate tools and remove it from the
building. The transport of these radioactive sources
is subject to strict regulations and requires a licence
from the Federal Office for Public Health (FOPH).

Incident with a highly radioactive
source in the USA
The long-term consequences of an incident involving
Cs-137 are exemplified by a case from 2019.
At an American university, a serious manipulation
error occurred during the preparation for the
transport of an irradiation device. Although only
about 0.1 per cent of the total activity was released,
the amount was enough to close the affected building
to any use since then. The decontamination costs
alone are estimated at over US$ 100 million, not
including the cost of relocating the affected
workplaces.
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This incident has since resulted in a high level of
awareness worldwide about the dangers of using and
transporting such equipment. Also, age-related
damage to radioactive sources could lead to a similar
release of radioactivity as the source capsule may
become leaky. The integrity of a source capsule is
therefore checked annually by performing a leak test.
To prevent additional costs and future age-related
problems, the time is therefore ideal to dispose of
such sources now. ◼

Figure 1. Lead source container with a high activity
Cs-137 source from a blood irradiator. The silver
opening was used to place the blood in the irradiation
cell (the electronics and housing of the blood
irradiation device have already been removed).
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Figure 2. Hazardous goods transporter with the
resistant transport box in which the source container is
placed using a crane.
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A RADIOLOGICAL INCIDENT HAS
OCCURED?

SHARE IT TO THE COMMUNITY
USE THE OTHEA/RELIR DATABASE
https://relir.cepn.asso.fr/en/
Image: The Broken Vase 1913, Ludwig Strimpl (1880-1937)

To submit an incident report for inclusion on OTHEA, download the questionnaire,
http://relir.cepn.asso.fr/en/docs/divers/170-questionnaire.html (.doc, 78 ko)
complete it and send it to: Sharon.ely@phe.gov.uk

WWW.EU-ALARA.NET
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Optimisation of
remediation actions in a
legacy NORM site in
Norway
MARTE VARPEN HOLMSTRAND

Senior adviser at Norwegian Radiation and Nuclear
Safety Authority
DSA, 1361 Østerås, NORWAY
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It has been well known for a long time that PARs
may swell or produce heat, but the realisation that
these rocks are a source of radioactive pollution are
relatively new. The pollution control act became
valid for radioactive pollution and radioactive waste
in 2011. The introduction of the pollution control act
also provided exemption levels for when discharges
for radionuclides are not legal without a permit and
also exemption levels for radioactive waste.

NORM containing potentially
acidifying rocks
One of the most notoriously challenging types of
Norwegian rock is a group of rocks called “potentially
acidifying rocks” (PAR for short). This group
consists of organic-, uranium-, pyrite-, and heavy
metal rich black shales named alum- and galgeberg
shales. These sedimentary rocks are predominantly
found in the south eastern part of Norway, from the
city Porsgrunn via the capitol Oslo and up to the city
Hamar. These rocks are found in other parts of
Norway as well, but do not pose any regulatory
challenges as they are mostly found in areas with
sparse population.
PARs are chemically very reactive. When exposed to
oxygen or oxygenating environments and water,
several reactions may occur. The most observed
reaction is that the rock may swell and, in this
process, may cause damage to foundations of houses.
The most spectacular reaction is that the exothermal
oxidation processes may produce enough heat to
ignite the organic compounds in the rocks. If the
exothermal heat from the oxidation is not high
enough to cause spontaneous combustion, the
produced heat may still be high enough to boil off
any moisture within the rock.
What causes the most challenges for the national
authority the Norwegian Radiation and Nuclear
Safety Authority (DSA) as an environmental agency
is that the oxidation processes cause the uranium to
mobilize. This makes PARs a potential source of
radioactive pollution. As mobilization of uranium
only occurs if the rock environment becomes
oxidizing, these reactions typically only happen when
humans dig into the rock during construction of
houses and infrastructure. PARs are also a source of
radon, but challenges regarding radon will not be
further discussed in this article.
WWW.EU-ALARA.NET

Figure 1. Alum shale from tunnel construction at Gran,
Norway (© F M Wærsted, Thesis 2019:72 at Norwaegian University
of Life Sciences)

A legacy NORM case
Prior to 2011, PARs may have been handled in a way
that now would be deemed insufficient to prevent
radioactive pollution. One such case is where PARs
were dug out from construction sites in Oslo and then
placed in a field in an area south-east of the capitol.
The PARs were originally given to a local farmer so
he could use them to even out a previously rugged
field so it could be better suited for farming. The
levelling of the rugged terrain was to compensate for
lost agricultural lands as a highway was placed over
some of the farmers original fields. The PARs were
later capped with clean gravel and soils, making the
land suitable as a grass field, but was not intended as
a capping to prevent the PARs from oxidizing.
In the early 2000’s the environmental impact of the
runoff from the PARs became visible as vegetation
on the area died and the runoff from the site became
acidic. The County governor, which has a role as
environmental agency for acid runoff and heavy
metals, instructed the owner of the site to construct
capture dams and to raise the pH in the area as a
countermeasure for the acidic runoff and general
pollution. DSA became involved as an authority in
2012. Prior to our involvement, the area was sold,
and the new owners had performed necessary
maintenance of the capture dams. The maintenance
included removal of accumulated sludge. In Norway
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there is a requirement that any waste acceptance
facility must know what waste they are accepting and
as a part of this, waste facilities often require analysis
of suspected contaminated materials. Analysis of the
sludge showed high concentrations of uranium and
this prompted the new owners to contact DSA for
guidance on how to handle these sludges.

Optimization of remediation
actions
The overarching goal for DSA and other
environmental authorities such as the County
governor and the Norwegian Environmental Agency
(NEA) is to hinder or reduce the pollution as far as
possible. At the core of all discussions and
assessments lies the question on how to optimize
remediation actions.
The monetary cost of remediation will be high, most
likely over 3 million euros. The monetary cost will
probably be significantly higher as this estimated cost
does not include temporary removal of an access
ramp on to a highway that may partially cover the
impacted area. The Norwegian national centre for
emergency preparedness is one of the closest
neighbours to the afflicted field, and a temporary
closure of the access ramp may influence response by
car from this centre. On the other hand, the
radioactive discharges from the area discharges into
a stream that feeds into the local community drinking
water and is a negative impact on the local
environment.
The exposure of members of the public is limited.
DSA has assessed that the discharges into communal
drinking water does not reach levels which may be
hazardous for human health. Even if the hazard is
negligible, some in the local community is still
worried about this potential exposure. In addition,
the local community is a stakeholder that wants the
area remediated.
The Norwegian Pollution Control Act states that
pollution is illegal without a permit and that the
environment must be protected in itself. At the same
time, the legislation states that any remediation and
countermeasures must be reasonable compared to the
avoided harm and disadvantage.
To fulfil the goal of reducing or hindering the
pollution, the landowner has suggested three
potential remediation actions, from installing new
capping, via relocation of the shale within the existing
WWW.EU-ALARA.NET
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site, to total removal and sending the shales to a
landfill repository that is permitted to handle such
wastes.
Except for removal of shales, the suggested methods
are novel and unproven for this kind of waste. The
challenge for the environmental agencies is to assess
if the suggested methods are sufficiently effective to
stop or hinder pollution, if the suggested methods has
been proven to the point where the uncertainties are
within acceptable range and if the overall cost-benefit
are in favour of the suggested methods.

Challenges
The local community feel that the progress on the
case is very slow and has raised the question, on why
the shales have not been removed, to the
governmental level. For DSA and NEA it is
important that when the remediation actions are
complete, the pollution is hindered or stopped for the
foreseeable future and that no further actions will be
needed, except for environmental monitoring to
verify that the remediation has been a success.
In this project, where the costs are high and the
proposed remediation actions are novel, it is
important to have enough information with high
enough quality.
3D mapping and characterization of the shales are
important to assess the impacted area and for
assessment on how the shales can be handled safely.
When mapping and characterization of a larger area
and of heterogenous matters, there must be some
trade-offs. Every point at the site cannot be mapped
due to costs of sampling and analysis and the
presence of roads at the site. The body responsible
for characterization must assess how many samples
are needed to secure statistically significant results
while also considering outlier results, such as the
potential for shales placed in lenses outside the main
area, or very thin layers of shale in otherwise
undisturbed soils, or areas where shales and clean soil
are mixed. Guidance to how to do mapping of 3D
areas have been published as reports from both DSA
and NEA. There are also Norwegian standards for
sampling of waste which may be used. However,
feedback from users and their consultants indicate
that the documents may be somewhat difficult to
understand and use in field.
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Optimization of remediation when
there is a lack of data or when
novel methods are used
After the NORM legacy site has been mapped and
characterized, an assessment on what actions to take
and how to proceed with the actions must be
provided to the authorities. Optimizing remediation
based on future risks is a far more challenging task
than mapping and characterize present-day pollution.
In addition, as DSA assesses remediation plans on a
case-by-case basis, the criteria for acceptance of
remediation plans are not set. DSA is currently in a
process to develop guidance documents and other
documents that may ease development of action
plans in the future.
If the shale is left on site, the associated risk is kept
on the site and will continue to be the landowner’s
responsibility for the foreseeable future. In addition,
two of the suggested remediation actions include
digging into the shale, which has an inherent risk of
freeing contamination from the site and cause a more
acute and severe pollution event than slowly leaching
radionuclides from the soil.
What risks DSA is willing to accept on behalf of the
environment, neighbours and other members of the
public is as yet uncertain as it depends on the
documentation the landowner submits and the
following case handling. In similar cases where data
is lacking or novel methods are used, DSA usually
accepts worst-case assessments. The thought is that
if the very worst happens and the party responsible
for remediation can still show that the consequences
will be negligible, then the action may be accepted.
In addition, DSA may impose on the landowner
several conditions, such as environmental monitoring
to verify that the remediation has been a success and
that long-time reduction or hindrance of radioactive
pollution has occurred. The landowner must also be
aware that they are legally and economically
responsible for the site for the foreseeable future and
that this responsibility will not be reduced by time.
We may impose on the landowner that they must
prove sufficient economical funding which will be
used if the pollution is not hindered or stopped to a
sufficient degree and the shale must be removed even
years after remediation has been completed.
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Conclusion
It is challenging to map and characterize larger
heterogeneously contaminated areas, but these
actions are crucial for optimization of remediation
actions. When novel methods are used, worst-case
scenarios during the planning stages and
environmental surveys after the remediation actions
are complete may reduce long term risk. In addition,
the land owner may be economically responsible for
the area in the foreseeable future and may need to do
follow up remediation if the initial remediation is
◼
deemed insufficient.
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Life of EAN and next
events

For RICOMET, the sessions will take place from 10 to
12 May. The RICOMET sessions will address societal
aspects of ionising radiation in NORM and radon
context.

Next EAN communications and
events

September

May - June. The EAN will participate to the 6

th

IRPA European Congress on Radiation Protection
Radiation Protection for Everyone, from 30 May-2
June 2022 at Budapest and present the results
obtained from the working group on the application of
the ALARA principle for radon exposure at the
workplace (A-RAW working group).
https://akcongress.com/irpa2022/

End 2022 The EAN plans to organize its first

webinar on ‘Justification and decision-making on the
categories and types of exposure in NORM and radon
context’. These questions are emanating from
questions pertaining to current reflection at the
International Commission for Radiological Protection
(ICRP) in the light of the evolution of the general
recommendation.

2023 EAN workshop n°23 about ‘ALARA in the

development of interventional radiology, new
techniques and novel radiopharmaceuticals’ is planned
in the 1st semester of 2023.
More information about these events will be uploaded
on the EAN website and send to the EAN mailing list.

IAEA

May

IAEA 10th International Symposium on
Naturally Occurring Radioactive Material NORM
(known as NORMX) will be hosted in Utrecht, The
Netherlands on May 9 – 13, 2022.
https://normx2022.com
Associated events at NORM X include: European
NORM Association, RICOMET 2022 and
SHARE dedicated sessions and refresher courses.
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The IAEA ‘International
Conference on Occupational Radiation Protection –
Strengthening Radiation Protection of Workers –
Twenty Years of Progress and the Way Forward’ is
the 3rd of its kind (the 1st conference on the topic was
held in 2022 and the 2nd in 2014). The conference will
take place from 5-9 September in Geneva and is
organized by the IAEA, hosted by the Government of
Switzerland and co-sponsored by the International
Labour Organizations (ILO) in cooperation with other
international organizations.
https://www.iaea.org/events/occupational-radiationprotection-2022

ISOE

The next ISOE International Symposium
organised by the Nuclear Evaluation Protection
Centre (CEPN) and French Nuclear Safety Authority
(ASN) is planned 21-23 June 2022 in Tours, France.
The programme is under construction. Check the
ISOE Website for the latest information.

Other events in sight
• 5th International Conference on
Radioecology & Environmental
Radioactivity, 4-9 September 2022,
https://www.icrer.org
• European radiation protection week,
ERPW, 9-14 October 2022, Lisbon,
http://shorturl.at/hANTV
• ICRP 2021+1, 7-10 November, Vancouver,
https://icrp.org
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