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Operating with radiation, radiation sources and radiation devices requires the fulfilment of cer-
tain legal criteria. European minimum requirements on radiation safety are defined in the Euratom 
Directive, which was published in 2013 and has been legally binding since 2018. As a reaction to 
the Directive’s amendment to the earlier version, the Finnish Parliament had to adjust the Finnish 
Radiation Act. The Finnish Radiation Act defines the most prominent legal requirements that ra-
diation operators must comply to. The Finnish Radiation and Nuclear Safety Authority (STUK) is 
authorized to inspect whether organizations follow national legislation. In case of non-compliance 
STUK withdraws permitted licenses and ceases the radiation operation.  

The case company acknowledged the importance of radiation safety compliance for its oper-
ational performance and requested this Master’s Thesis to assess its level of compliance with the 
Finnish Radiation Act. The objective of this Thesis is to create a general as well as one location 
specific Radiation Safety Management System. Furthermore, the case company requested an 
instructive Guide to enable all its Finland locations to create their own location specific Radiation 
Safety Management System. 

At first, a literature review was conducted to summarize applicable and case company specific 
radiation safety legislation in a Legal Model Framework. The Legal Model Framework served as 
a template for the Current State Analysis which was conducted by interviewing Radiation Safety 
Officers of each location. Member checking with the Radiation Safety Officers and peer debrief-
ings with case company’s Radiation Safety Expert and process management expert ensured va-
lidity and reliability of the findings throughout the Master’s Thesis process.  

The literature review revealed, that license holders in Finland must provide the following four 
documents: Radiation Safety Assessment, Radiation Management System, Quality Assurance 
Program, and a Plan on Radiation Safety Deviations. The Current State Analysis uncovered, that 
case company’s locations are lacking some of these documents. Further, the findings implicated 
that locations’ local management could increase their level of support and involvement with radi-
ation safety.  

To address this issue the researcher emphasized local management’s responsibility regarding 
radiation safety in the Radiation Safety Procedure- document. This document resembles the gen-
eral Radiation Safety Management System and will be included in the case company’s general 
management system. Further, the work provides the company with a Guide consisting of docu-
ment templates with instructions and best-practice examples on how to fill the Radiation Manage-
ment System, the Quality Assurance Program, and the Plan on Radiation Safety Deviations. 
These tools will enable the case company to achieve compliance with the Finnish Radiation Act. 
To benefit the radiation industry in Finland this work publishes the generalized document tem-
plates and the Legal Model Framework. 

The Thesis proposes a reformation of the company’s radiation safety management towards 
stronger local management involvement, active cooperation of radiation safety work between lo-
cations and coordinated communication with the Radiation Safety Expert.  As further action this 
Master’s Thesis recommends the implementation of the provided radiation safety tools and their 
continuous improvement. 
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1. INTRODUCTION 

Radiation is a tool used by different industries. It is differentiated between ionizing and 

Non-Ionizing Radiation (NIR). Ionizing radiation like X-rays or gamma rays can impact 

and destroy the DNA of living cells and even damage cells and tissue other than the 

exposed area, in the worst case leading to increased risk of cancer, radiation sickness 

and other subsequent health detriments (STUK 2021). The industry uses ionizing radia-

tion emitted from X-ray devices, for example, for quality control of metal structures and 

welding seams, to measure the level of tanks, and to monitor the thickness and compo-

sition of paper (STUK 2016). NIR describes radiofrequency radiation, visible light, infra-

red and ultraviolet radiation, ultrasound, and magnetic fields. It is defined through lower 

energy that “…is not energetic enough to detach electrons from atoms or molecules, 

whether in matter or living organisms. (Galindo 2023)” Therefore, health detriments are 

less likely. NIR applications are, for example, strong laser devices in cosmetic services, 

laser pointers, microwave ovens sunbeds, anti-theft gates in stores, and radars used by 

defence forces. (Venelampi 2022) 

The operation of radiation devices is under strict regularity control. In Finland, the Finnish 

Radiation Act is the primary provision to protect human health against detriments caused 

by radiation practices. The Radiation and Nuclear Safety Authority (STUK) supervises 

compliance with the Finnish Radiation Act and conducts regular inspections of places 

operating with radiation. Companies operating with radiation must comply with the Finn-

ish Radiation Act and lower-level statutes by STUK. Operators are required to hold radi-

ation safety licenses granted and supervised by STUK. The main requirement of being 

granted a safety license is the possession of a Radiation Safety Assessment, Radiation 

Management System, Quality Assurance Program, and a Plan on Radiation Safety De-

viations. (Finnish Radiation Act 2018) These documents force companies to reflect on 

their radiation safety management (RSM) and to continuously strive for its improvement. 

In Finland, around 1100 operators have been granted radiation safety licenses in the 

industrial sector (Aromaa 2020). Once a company has been granted a safety license, 

the aim for continuous improvement (CI) of RSM may not come to a hold. In the Finnish 

industry and research sector in 2021, 21 major radiation safety deviations were reported 

to STUK in connection to ionizing radiation. For example, one case published in STUK’s 

Annual Report 2021 (Venelampi 2022) describes that protective lead rubber curtains 
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were removed and forgotten to be reassembled before using the fluoroscopy appliance. 

In another case, a radiation source was accidentally dumped in a scrapyard together 

with other metals originating from a demolition process. These incidents would have 

been avoidable if better communication, training, and management had been in place. 

The Finnish Radiation Act highlights what is a fact in the occupational health and safety 

(OHS) domain: the company and, consequently, the Top management is responsible for 

the safety of their workers and the operation of radiation. (IAEA 2016) 

At the case company, Valmet, the need to improve the RSM has been recognized. Val-

met is a Finnish industrial company with five Business Lines (BL) spread over several 

locations in Finland. Each location holds a radiation safety license due to its operation 

with radiation. The safety licenses are of different categories depending on the risk of 

working with the radiating devices and sources. Valmet’s management does not know 

whether the performance at each location is sufficient to comply with the Finnish Radia-

tion Act, which was updated in 2018. Because so far, radiation has been managed indi-

vidually at each location, and no common Radiation Safety Management System 

(RSMS) exists. This is problematic as the International Atomic Energy Agency (IAEA) 

highlights integrating radiation safety and safety in general into a company’s General 

Management System (GMS) (IAEA 2016). Consequently, a document that is integrable 

to the GMS is required. Another concern is that the Automation BL (AUT) does not yet 

own a written RSMS, and it is suspected that other BLs and locations find themselves in 

a similar situation.  

These issues shall be addressed in this Master’s Thesis. Therefore, the aim of this study 

is to  

1. create a general Radiation Safety Management System applicable for all Valmet 

locations in Finland 

2. create a Radiation Safety Management System for the Business Line Valmet Au-

tomation 

3. create instructions for other Valmet locations in Finland to create their own Radi-

ation Safety Management Systems. 

The work consists of seven chapters: First, a theoretical framework shapes the reader's 

knowledge to follow this Thesis (chapter 2). The third chapter presents the case company 

and its need for radiation in more detail. Chapter four lays out the research questions 

and describes the research process. Focus is drawn on the implementation of the Cur-

rent State Analysis (CSA) and how the RSMSs have been created. The results are pre-
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sented in chapter five. The chapter is subdivided into the three afore mentioned objec-

tives and presents the outcome of each. Chapter six is dedicated to analyzing effective-

ness and usability, whether the objectives have been met, and the research questions 

answered. Also, the validity and reliability of the researcher's work are discussed. The 

last chapter summarizes the results and expresses grounds for further work and recom-

mendations to the company. 
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2. THEORETICAL BACKGROUND 

2.1 Radiation Safety Organizations 

Common occupational health and safety (OHS) regulations decrease the possibility of 

gaining advantages over the cost of poor OHS. Since 1989, OHS has been regulated 

supra-nationally in the European Union (EU) in decrees. (Frick et al. 2000, p.87) In com-

parison, the urgency of managing radiation safety uniformly across borders was recog-

nized even earlier, after the Second World War. Milestones seeking international nuclear 

cooperation were the foundations of the International Atomic Energy Agency (IAEA) and 

the European Atomic Energy Community (Euratom). These organizations are dedicated 

to advising member states on the requirements of radiation directives and establish uni-

form safety standards. (Schärf 2009) (IAEA 2016) (Szczepański 2017) Countries, each 

in their own manner, shall transpose such directives into national legislation. Currently, 

all European countries must ensure conformity to the latest Euratom directive (Council 

Directive 2013/59/Euratom). The directive was published in 2013 and has been legally 

binding since 2018. As a reaction to the directive’s amendment to the earlier version 

also, the Finnish Parliament had to adjust the law on Radiation Safety (Säteilylaki) in 

2018. The Finnish Radiation and Nuclear Safety Authority (STUK) is authorized to in-

spect whether organizations follow national legislation. The Finnish Radiation Safety Act 

is legally binding for all organizations operating with radiation on Finnish grounds. (Finn-

ish Radiation Act 2018) 

2.1.1 International Atomic Energy Agency (IAEA) 

The IAEA has existed since July 1957 and has more than 140 member states. Finland 

has been a member since 1958. In its statute (1989), IAEA claims to promote the peace-

ful use of nuclear energy and other radiation technologies. Therefore, the agency applies 

its safeguards agreement. The safeguards are a series of measures by which the agency 

ensures that its member states are not using radioactive sources for nuclear-weapons 

purposes. Euratom partners with IAEA in this matter. (IAEA 2022) The agency is science 

and technology-driven, which means that it promotes research and the exchange of 

knowledge to enhance the quality of peaceful application of nuclear energy and radiation. 

The agency coordinates international cooperation and therefore cooperates also with 

STUK, who is participating in the agency’s research projects (Venelampi 2022).  
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In October 1957 the IAEA held its first General Conference in Vienna in Austria (figure 

1). The conference lasted for 23 days and delegates from 57 nations participated.  The 

opening report for the General Conference was introduced with promising words: “Alt-

hough its beginning may be modest, the Agency's potential as an investment in the or-

derly future development of the greatest natural force known to man is incalculable. 

(IAEA 1958)" More than 60 years later, in 2021, the IAEA delegates more than 900 active 

technical cooperation projects, and more than 100 research projects to develop new 

technology (IAEA 2021). Its achievements are still countable but valuable progress has 

been made.  

 

Figure 1. IAEA’s first General Conference held in Vienna,  
Austria (IAEA 2016). 

2.1.2 European Atomic Energy Community (Euratom)  

On 25th of March 1957, in Rome, Italy, the six founding members of the EU Belgium, 

France, Italy, Luxembourg, the Netherlands and the Federal Republic of Germany signed 

two Treaties of historical importance. The first Treaty formed the European Economic 

Community (EEC) which later was incorporated into the EU, the second formed the Eu-

ropean Atomic Energy Community (Euratom). The Treaties are often referred to as the 

“Treaties of Rome”. The picture below (figure 2) shows the two Belgian diplomats Paul-

Henri Spaak and Jean-Charles Snov et d’Oppuers while signing the Euratom Treaty. 
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(European Parliament 2023) (European Nuclear Safety Regulators Group 2023) (Uni-

versity of Luxembourg 2023) 

   

Figure 2. Two Belgian diplomats Paul-Henri Spaak and Jean-Charles Snov et 
d’Oppuers at the signature of the Treaty establishing European Atomic Energy 

Community 25.03.1957 (European Parliament 2023). 

Euratom’s goal is to facilitate and promote research in the field of nuclear power. Fur-

thermore, it seeks to set uniform safety standards that protect the public and workers. 

Euratom shares the IAEAs commitment to plead for the peaceful use of nuclear material 

and especially wants to prevent its application combined with military purposes. (Euro-

pean Parliament 2023) (European Nuclear Safety Regulators Group 2023) 

Two years after its establishment in 1957, Euratom published its first Council Directive 

defining the basic safety standards (BSS) on protection of the health of workers and the 

general public against the dangers arising from ionizing radiations, in 1959. These first 

BSS were revised and supplemented aiming to increase the radiation safety in various 

domains. For example, they address radiation protection of persons undergoing medical 

examination or treatment, define arrangements for the early exchange of information in 

the event of a radiological emergency, oversee radioactive contamination of food- and 

feeding- stuffs, as well as supervise and control shipments of radioactive waste between 

Member States and in and out of the Community. The most recent revision was the 

amendment of Directive 96/29/Euratom which led to the current BSS Directive, the Coun-

cil Directive 2013/59/Euratom. (2013/59/Euratom) (96/29/Euratom) 

The Euratom Treaty declares in Article 33, that “each Member State is required to lay 

down the appropriate provisions, by legislation, regulation or administrative action, to 
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ensure compliance with the basic standards (91/444/Euratom)”. This means, that mem-

bers who have signed this Treaty must adjust their national legislation to comply with 

Council Directives defined by Euratom. Finland who has joined the EU in 1995 automat-

ically joined Euratom. Since then, the country is bound to fulfil the requirements of Eur-

atom’s Directives. (Paju 2020) 

2.1.3 Finnish Radiation and Nuclear Safety Authority (STUK)  

At the beginning of its existence in 1958, STUK operated under the Medical Administra-

tion Department and focused on inspecting hospital radiation sources. Later, at the end 

of the 1960s, STUK became an independent safety authority and was assigned to su-

pervise nuclear safety. In 1984 STUK received its current name, which is also known 

internationally due to numerous cooperation. In Finnish STUK stands for Säteilytur-

vakeskus, which directly translated means Radiation Safety Centre. (STUK 2015) 

STUK's mission is to ensure the safe use of radiation and the protection of the Finnish 

population and the environment from its harmful effects. It aims to keep radiation expo-

sure as low as achievable and the radiation safety as high as achievable. (European 

Nuclear Safety Regulators) 

In Finland, STUK maintains several registers. For example, the worker’s dose register 

ensures that the radiation workers’ dose limit of occupational radiation exposure is not 

exceeded even when the workplace has been changed. STUK also maintains the regis-

ter of licensed Radiation Safety Experts (RSE) and Radiation Safety Officers (RSO), as 

well as a register of the training organizations which approve RSOs. Apart from the reg-

isters, the agency sets the criteria to qualify to work as RSE and RSO. Further, the 

agency keeps a register of granted safety licenses, including the radiation sources and 

the facilities used for radiation. (Finnish Radiation Act 2018) 

To supplement the Finnish Radiation Act, STUK developed a list of injunctions issued 

under the Radiation Act, called S-series. The S-series is legally binding and provides 

more detailed regulations for radiation safety matters. The radiation safety guide, called 

ST-ohjeet, is a guidebook for laymen. The guidebook covers radiation safety topics for a 

wide range of sectors and topics. Most relevant for this study are ST 1.1, 1.4, 1.6, 1.8, 

and 1.11. The ST-guides provide more concrete explanations of how the Finnish Radia-

tion Act applies in specific cases. The instructional service for radiation legislation called 

Sammio (2022) supports operators in Finland with free-form instructions and justifica-

tions. (STUK 2022) 
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2.2 Relevant Legislation 

2.2.1 Basic Safety Standard Directive - 2013/59/Euratom 

Euratom has produced two major directives shaping the EU regulation on radiation pro-

tection, the Basic Safety Standards (BSS) Directive and the Nuclear Safety Directive. 

The revision of these Directives in 2013 and 2014, respectively, had a major impact on 

EU members’ national legislation. For this study the BSS Directive, also called Directive 

2013/59/Euratom is of special interest as it is based on current best practices for radia-

tion protection. (European Commission 2017)  

Council Directive 96/29/Euratom was the predecessor to Council Directive 2013/59/Eur-

atom. Council Directive 96/29/Euratom was supplemented by Council Directive 

97/43/Euratom, Council Directive 89/618/Euratom, Council Directive 90/641/Euratom 

and Council Directive 2003/122/Euratom. Each of those supplementary Directives cov-

ered their own specific aspects. Figure 3 illustrates the point. (European Nuclear Safety 

Regulators Group 2023) 

 

Figure 3. Visualization of the BSS Directive and its complementary  
Directives prior to their repeal in 2013. 

 

In 2013 the EU regulation on radiation protection underwent a major reformation in which 

today’s BSS Directive was formed. This means that the series of directives presented in 

figure 3 above have been updated, incorporated and consequently repealed by Council 
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Directive 2013/59/Euratom. An additional set of two specific Council Directives enhances 

the new BSS Directive 2013/59/Euratom. Figure 4 serves to illustrate the concept. (Mun-

digl) (European Nuclear Safety Regulators Group 2023) 

 

Figure 4. Visualization of the current BSS Directive and  
its complementary Directives. 

 

The changes were motivated by the latest scientific findings and technological develop-

ments. Now, also natural radiation due to the exposure to radon is considered. Addition-

ally, efforts are made to harmonize numerical values with international standards. The 

three most important changes between Council Directive 96/29/Euratom and its replace-

ment Council Directive 2013/59/Euratom are:  

• stricter requirements on emergency preparedness and response, 

• better protection for the public, 

• better protection of workers, especially medical staff and emergency workers, 

which are acting during an emergency exposure situation, 

• better protection of patients. 

(Mundigl) (European Nuclear Safety Regulators Group 2023) 

The emergency preparedness and response requirements include some of the lessons 

learnt from the Fukushima accident in Japan in 2011. Now, the BSS Directive requires 

an emergency management system and an emergency plan. The emergency manage-

ment system shall focus on the prior assessment of possible exposure situations. Addi-

tionally, the emergency management system must include the definition and allocation 

of responsibilities and must lay out cooperation and communication measures. (Euro-

pean Commission 2017) 
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The transition phase, which defines the adaption period until when countries need to 

transpose the 2013/59/Euratom Directive into national legislation was decided to be a bit 

more than four years. This means, that by 6th of February 2018 Member States of the 

EU must have a legally binding national legislation to fulfil the terms of 2013/59/Euratom 

Directive. However, Member States themselves define their own transition period until 

when concerned parties within the country must fulfil the requirements of the national 

legislation. (European Commission 2017) 

2.2.2 Finnish Radiation Act 

The Finnish Radiation Act, or Säteilylaki in Finnish, is of the highest relevance for any 

company or organization operating in Finland. Since its establishment in 1991, the Finn-

ish Radiation Act has been amended 23 times. To comply with the EU's new BSS Di-

rective (Council Directive 2013/59/Euratom), the Finnish government proposed a new 

Radiation Act to the parliament in 2018. Also, other parties were involved in creating the 

draft. Naming, the Ministry of Economic Affairs and the Employment, the Ministry of the 

Environment, the Ministry of the Interior, the National Supervisory Authority for Welfare 

and Health, the Association of Finnish Local and Regional Authorities, the Finnish Med-

ical Association, the Aalto University as well as the Pirkanmaa Hospital District. Compa-

nies located in Finland using radiation must ensure conformity with the Finnish Radiation 

Act (2018). Most significant changes after 2018 concern the operator's responsibility and 

risk management. The new Radiation Act forces companies to show their responsibility 

for radiation safety. Furthermore, the focus is on controlling and reducing risks by iden-

tifying possible radiation risks in the daily routine and defining elimination and mitigation 

measures. (Ministry of Social Affairs and Health 2022) The Finnish Radiation Act defines 

the main requirements a company working with radiation needs to fulfil. STUK gives ob-

ligatory injunctions with lower-level statutes called the S-Series. Figure 5 shows the hi-

erarchical order of the radiation safety legislation in Finland. It is possible that the national 

law has a greater rigor than requested by the Euratom Directive. In Finland, these in-

junctions are summarized in the S-series of STUK.  
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Figure 5. Radiation Safety legislation hierarchy. 

 

The Finnish Radiation Act demands that companies acquire radiation safety licenses for 

each location where radiation is used. Safety licenses are categorized according to the 

activity level of the sources and their means of application. Safety license classes range 

from 1, 2, to 3. Whereas class 1 refers to handling of sources with high radioactive levels 

and high-risk operations. Depending on an organization's license, different requirements 

need to be fulfilled. The Radiation Act demands safety license owners to provide the 

following four primary documents: Radiation Safety Assessment, Radiation Management 

System, Quality Assurance Program, and a Plan on Radiation Safety Deviations. (Finn-

ish Radiation Act 2018) 

The Radiation Safety Assessment was the first of the four documents which companies 

needed to submit to STUK. The deadline for submission was June 2020, and in case 

STUK declined the document, it had to be revised and resubmitted as it is the base to 

be granted a radiation safety license. Since the safety license itself does not contain a 

description of the actual radiation procedure, the scope of the Radiation Safety Assess-

ment is to introduce the company's work with radiation. So, to explain why radiation must 

be part of the operation and what are the radiating devices and sources. (STUK 2020) 

(Aromaa 2022)  

The Radiation Management System is a written document that states the tasks and re-

sponsibilities of persons who are involved with the radiation practice and who verify com-

pliance with requirements. Also, the flow of information, as well as administrative and 

organizational arrangements to maintain and improve the organizational safety culture 

Council Directive 
2013/59/Euratom

Finnish Radiation 
Safety Act

STUK 
Injunctions
(S-Series)
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in general, as well as radiation safety in particular, need to be described. (Radiation Act 

2018) (Aromaa 2022) 

The Quality Assurance Program describes the license holder's way of ensuring that qual-

ity objectives are fulfilled. This includes technical testings, check-ups of radiation 

sources, and records of regularly reviewed documents and radiation user training. (Ra-

diation Act 2018) (Aromaa 2022) 

The Plan on Radiation Safety Deviations is an up-to-date plan of actions in case of radi-

ation safety deviations. Radiation safety deviations are abnormal events related to eve-

ryday life. Depending on the license's security level (A and B), a special security arrange-

ment plan is required. Whereas for organizations under security level C, it is sufficient to 

be prepared for minor deviations from routine. An essential aspect of this plan is the 

investigation of the incident as well as how similar deviations could be avoided in the 

future and how the lessons-learned message will be communicated. (STUK S 9 2021) 

(Radiation Act 2018) (Aromaa 2022) 

Whenever operating under a safety license, the company must have a Radiation Safety 

Officer (RSO) and Radiation Safety Expert (RSE). If qualified, then the RSO may also 

function as RSE at the same time. The main task of RSO is to monitor the exposure of 

radiation workers and instruct them. While the RSO supports the radiation safety of the 

company from within the company, the RSE usually serves as an external consultant. 

The RSE provides training for RSO and radiation workers, supports with paperwork as 

well as gives practical advice on how to conduct radiation work safely.    

2.3 Management Systems 

Management Systems (MS) are written layouts describing how specific processes 

should function and operate. An MS can focus on a specific discipline. Typical Manage-

ment System Standards (MSS) are, for example, ISO 9001, the Quality Management 

System (QMS), and ISO 14001, the Environmental Management System (EMS). Com-

panies can apply for certification of their MS if they comply with the MSS. (Bernardo et 

al. 2015) In 2020 almost one million valid ISO 9001 certificates were registered world-

wide. The certification body International Organization for Standardization (ISO) noted a 

12% increase in ISO 14001 certification compared to previous years. (ISO 2021). It is up 

to the organization itself whether to aim for certification of their MSs. Nevertheless, as 

customers strive for certified suppliers, the certification has become a necessity, espe-

cially for globally operating companies (Oliveira 2013).  
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Certification alone is not the decisive factor in whether an MS is successful. An MS must 

follow the principle of continuous improvement (CI) by self-assessing its functionality and 

driving corrective actions forward. (Susca 2019) There are different approaches to ful-

filling the CI factor of an MS. Susca (2019) describes MSs as “continual improvement 

engines” of an organization. Susca presents a concept very similar to the Plan-Do-

Check-Act (PDCA)- cycle used in the ISO standards. His management system’s contin-

ual improvement cycle is called DMAIC, as in Define-Measure-Analyze-Improve-Con-

trol (figure 6).  

 

 

Figure 6. DMAIC-cycle (Susca 2018). 

The MS should define a clear framework, which is expected to be covered. Then, its 

current state is measured. The results must be analyzed, and the feasibility of future 

goals must be assessed. Once concrete measures have been defined, they are imple-

mented to improve the current situation. The measures are followed-up to control 

whether they have been put into practice and if their effects are positive. In case expec-

tations are not fulfilled, the situation must be re-measured and -analyzed. The cycle con-
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tinues with analyzing the new current state and implementing more advanced improve-

ment ideas. According to Susca (2018), a MS, which successfully and continuously im-

plements the DMAIC-cycle should find out that 90% of possible non-conformities, haz-

ards, and threats are already addressed. Ideally, new improvement actions do not need 

to cover more than 10% of the findings. The driving power of each MS is the three core 

elements Governance, Risk management, and Worker empowerment and engagement. 

Governance resembles the leadership skills and motivation of the Top management to-

wards the implementation of an MS. Top management has an exemplary status for eve-

ryone else in the organization. This means that Top management should act according 

to the organization's vision, policy, and goals defined in the MS. Workers contribute to a 

functioning MS with their deeds. This means that actively engaging them brings crucial 

motivation to participate and impact the organization. Finally, the aspect of recognizing 

the value of Risk management at all levels. This encompasses workers' and manage-

ment's willingness to identify threats and hazards against the organization's values. Only 

identified threats can be turned into opportunities and contribute to a CI approach.  

Instead of having individual MSs covering aspects of their own, MSs can be combined. 

Different MSs work together as synergy and form one single MS. In this case, we talk 

about Integrated Management Systems (IMS). A General Management System (GMS) 

is an IMS because it encompasses MSs from different domains. (Bernardo et al. 

2015) (Talapatra et al. 2019). Studies have identified numerous positive reasons why 

companies should merge their MSs. Unifying core processes increases transparency, 

enables more efficient management reviews, and thus increases overall performance. In 

return, processes' transparency enables different organizational functions to communi-

cate with each other. It is precisely the communicational aspect upon which many com-

panies struggle. Departments have different perspectives on what is essential, and with-

out understanding each other, they are not operating at their most effective. Interconnec-

tion allows the development of processes that serve all functions. Reflecting this back to 

DMAIC-cycle, it is communication that links the three core elements of successful MSs 

(figure 6). Only clear and well-communicated processes allow workers to contribute in 

an interconnected manner. Like this, CI is not forced from top to down by the Top man-

agement but instead supports a bottom-up approach in which workforce can influence 

the system. (Susca 2018) (Almén 2015) 

2.3.1 Risk Management 

Risk management is a specific management process focusing on risks. It aims to identify, 

assess and treat risks by eliminating, mitigating or turning them into opportunities. Risk 
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management may be applied to any type of risk independently of the industry or sector 

that it originates from. The risk management standard (ISO 31000:2018, p.25) describes 

risk management as “coordinated activities to direct and control an organization with 

regard to risk”. Further, it defines risks as a deviation from what is expected to happen, 

which can either be positive, negative or include aspects of either. 

The risk management standard highlights the eight principles of risk management as key 

criteria for its success. Incorporating these principles will lead to creation and protection 

of value, which is the ultimate purpose of risk management. The principles leading to 

value creating and protections can be taken from figure 7. 

 

Figure 7. Principles of successful risk management  
(ISO 31000:2018, p.27). 

By following these principles, effectiveness and efficiency of the risk management can 

be assured. For this Thesis, the researcher wants to highlight the principle of integration, 

the principle of customization, the principle of inclusivity and the principle of continual 

improvement. These four principles are important, because they lay within the control 

and feasibility of the researcher’s resources and therefore most value could be provided 

to the case company by following them. The principle of integration demands the full 
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incorporation of risk management to all organizational activities. The principle of custom-

ization states the necessity to tailor the risk management according to the organization’s 

objectives. Inclusivity stresses the need to involve, appropriate stakeholders timely. It 

aims for an informed risk management by capturing and considering broad knowledge, 

views and perceptions. The importance of the principle of CI was already earlier elabo-

rated and described as substantial part of any MS. Nevertheless, it must be highlighted, 

that each of the aspects in figure 7 are required to master the successful implementation 

of risk management. (ISO 31000:2018) 

Due to the characteristic of risk management to strive for CI, it can be approached as a 

process. The generic concept of the risk management process consists of three parts, 

naming: 

1. Establishing the Context 

2. Risk Assessment  

3. Risk Treatment 

(Liuksiala, 2013) 

Figure 8 below, visualizes the concept and highlights how monitoring and review together 

with communication and consultation should be applied throughout the whole process. 

The progress, decisions and findings must be continuously reported, which vice-versa 

enables the communication of risk management activities, enhances the quality of stake-

holder interactions and thus enables informed decision making.  
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Figure 8. Risk management process (ISO 31000:2018, p.32). 

In concrete, defining the scope, context and criteria are required to define resources, 

expected outcomes and exclusions. The criteria, or risk criteria, defines how much and 

which type of risk an organization is ready to accept. It is desired that these criteria are 

in line with the organizations values and consistent with policies. Risk Assessment in-

cludes the steps of risk identification, risk analysis and risk evaluation. As emphasized 

by the Inclusivity- principle it is very important to involve different stakeholders because 

their views and understandings are relevant to recognize and describe risks. Risk anal-

ysis focuses on the likelihood of the occurrence of an undesired event and the magnitude 

of its possible consequences. Risk evaluation compares the results of the risk analysis 

with the risk criteria and enables a decision-making process. Possible outcomes of the 

decision-making process could be, that either the risk is accepted, further risk control 

actions are required, or more information to understand the risk fully must be gathered. 

Risk treatment, as the name already indicates, addresses risks, that have been evalu-

ated as unacceptable. Treatment options, aim to reduce the likelihood of occurrence or 

the severity of impact. A written risk treatment plan ensures the structured approach of 

execution and follow-up. (ISO 31000:2018) 

2.3.2 Implementation of a continuous risk management system 

Understanding the fundamental concept of how a risk management system shall be im-

plemented enables to implement a risk management system to any company regardless 
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of its operational context (ISO3100:2018). In the context of this Master’s Thesis, and 

especially in this chapter, the expression risk management system for radiation safety 

has been used interchangeably with the expression radiation safety management sys-

tem. Meaning, the risk management system addressing radiation safety is equivalent to 

the RSMS.  

The figure below outlines the steps, which the person tasked with implementing a risk 

management system should be following. For later reference used in another section of 

this document the steps have been marked with numbers. 

 

Figure 9. Recommended practice to implement  
of a general risk management system for a company  

(adapted from Kivistö-Rahnasto 2019). 

At first, a statement by the Top management declaring the motivation and interest in the 

establishment of the risk management system must be obtained. This statement should 

name the goal and how it will be achieved. Second, this is followed by a background 

1. Obtain Top Management statement

2. Conduct background study of general management processes

3. Allocate and commit resources

4. Select risk management framework

5. Select methods and tools

6. Conduct Current State Analysis

7. Execute development projects

8. Conduct an internal audit

9. Start the continious improvement



19 
 

study of the current management practices. As the aim is the integration of the new risk 

management into the GMS the current practices must be well understood. Third, re-

sources must be allocated and committed to take on this task. They are appointed by 

the Top management to emphasize the importance of this task, as described in chapter 

2.3. Fourth, a risk management framework must be selected. The Risk Management 

Standard ISO 31000 provides general principles for managing risks; however, it might 

be necessary to complement this standard with standards and frameworks of the tar-

geted domain. The selection of methods and tools defines the next step. These methods 

can measure to which degree the new risk measures have been implemented. Tools can 

also refer to IT programs. Additionally, in order to achieve successful adaption of this 

new risk management all effected persons must be supported and taught according to 

their needs and level of involvement. The next step is concerned with an essential part 

of this process: the Current State Analysis (CSA). The CSA deals with understanding 

the requirements either laid out in a legal framework or in standards and assessing to 

which extend those are already fulfilled. Based on the findings a list of development ac-

tivities or development projects is created. In the consequent step, these development 

projects are executed, followed by an internal audit, which aims to assess the success 

of the implementation of the development projects. Within the setting of this internal au-

dit, an additional CSA may be implemented. By identifying new development areas, the 

prerequisites for entering the CI cycle are set. (Kivistö-Rahnasto 2019) (ISO3100:2018). 

2.3.3 Radiation Safety Management 

According to IAEA (2016), the way how radiation safety is managed should enable inte-

gration into a company’s GMS. Although the agency focuses on radiation safety, it does 

not treat its objectives isolated from other safety matters. Like safety management in 

general also, successful RSM is defined and enabled by a good safety culture. Good 

safety culture is established when beginning at the Top management and ending at the 

shopfloor all persons are committed to proactively maintaining and improving a safe work 

environment. Integration of safety with other areas of a company indicates sustainable 

and mature OHS management (Filho et al. 2010). Thus, RSM does not differ essentially 

from other MS and vice versa. (IAEA 2016) (ST 1.1) 

However, an important feature of RSM are the three general principles of radiation pro-

tection defined by the IAEA. RSM must encompass these principles, namely, the princi-

ple of justification, the principle of optimization, and the principle of limitation. The princi-

ple of justification requires the usage of radiation to be legitim. Therefore, the radiation 

practice must outweigh its negative impacts. This requires identifying and evaluating 
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risks and proposing protective and remedial actions. The principle of optimization re-

quests the user of radiation to stay up-to-date on the latest information about possible 

consequences and alternative methods. The usage of radiation should be kept as low 

as reasonably achievable. According to the principle of limitation, the radiation activity 

shall not exceed the exposure limit set by the regulatory body. (ST 1.1) (IAEA 2022) 

(Zhang 2022) 

2.4 Legal Model Framework 

The Legal Model Framework was created by the author of this Master’s Thesis to sum-

marize important legal aspects for the case company. From Valmet’s point of view, the 

radiation act also addresses some irrelevant aspects like regulations for customs, min-

istries, and the use of radiation in healthcare. Whereas these aspects were left out, ad-

ditional relevant aspects from STUK’s injunctions (S - Series) issued under the Radiation 

Act were added. The regulatory guides on radiation safety (ST Guide). Especially ST 

1.1, 1.4, 1.6, 1.8, and 1.11 were used to clarify the legalese of the Radiation Act. Figure 

10 below visualizes the inputs to the Legal Model Framework. Finally, Valmet’s RSE was 

consulted to ensure, that the content of the Legal Model Framework is condensed to 

precisely meet Valmet’s needs.  

 

Figure 10. Content of the Legal Model Framework. 

 

Legal Model Framework

STUK’s 
regulatory 
guides on 

radiation safety 
(ST Guides)

S-Series

Finnish 
Radiation 

Act
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The Legal Model Framework is structured to reflect the priorities from a legal point of 

view. Thus, it increases the readability and gives an overview of all Valmet relevant re-

quirements. It is written in an easily understandable manner. The order of the require-

ments deviates from the Radiation Act as some points were summarized. Nevertheless, 

the referred paragraphs have been mentioned, so the original articulation in the Radia-

tion Act can be found. The Legal Model Framework served as a template for the CSA 

and gave structure to interviews with the BLs. The researcher made the Legal Model 

Framework available for everyone interested. (Appendix 1)    

2.5 Current State Analysis  

CSA, or sometimes called gap analysis, is a tool to capture the current performance of 

an organization. It aims to ensure that key aspects are considered against relevant 

standards or legislations.  Therefore, it is often the initial starting step of a greater study. 

Simplified, the gap analysis follows this formula: 

Desired Performance – Current Performance = Performance Gap 

Regarding this Master’s Thesis’ work, the Desired Performance equals the Legal Model 

Framework and resembles full conformity with relevant legislation, the Current Perfor-

mance will be assessed by conducting interviews and the Performance Gap is the devi-

ation from the Legal Model Framework. CSA results should be captured and presented. 

This facilitates closing the performance gap. (Franklin 2006) 
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3. CASE COMPANY  

3.1 Case Company: Valmet 

Valmet is a Finnish industrial company operating around the globe and delivering a vast 

range of service products. To name a few, Valmet provides customers with solutions for 

board, paper, and tissue production, wood and pulp handling, environmental systems 

like heat and power generation, as well as flow control and automation systems. To man-

age this broad expertise, Valmet is divided into five Business Lines (BL) called Automa-

tion (AUT), Pulp and Energy (P&E), Paper (PAP), Services (SER), and Flow control (fig-

ure 11). Each BL has its centre of focus and can consequently provide high customer 

satisfaction products and services. One BL operates in multiple locations, also in different 

countries. (Valmet 2022) Relevant to this Thesis are the BL AUT, P&E, PAP, and SER, 

with their locations in Finland. Flow Control was found in April 2022 as a result of merging 

another company into Valmet and therefore has not been object of this study. The term 

Valmet Finland refers to the entity of all BLs and locations dealing with radiation in Fin-

land. Figure 11 visualizes the hierarchy of the company’s structure. (Valmet 2022) (Val-

met 2021) 

 

Figure 11. Valmet’s organizational structure. 

 

Valmet aims to operate according to uniform procedures defined in the company’s Hand-

book. The Handbook is a set of documentation containing Finland-level and BL-level 

instructions, work procedures, guidelines, and templates. The Handbook resembles Val-

met’s General Management System (GMS). (Valmet 2022) 



23 
 

Depending on the location’s operation purpose, radioactive sources are used for different 

purposes and extents. Below are Valmet’s BLs and their locations in Finland (table 1). 

The table also shows under which safety license the locations operate.  

 

 

 

Altogether Valmet Finland has 10 safety licences. Each location has a nominated RSO 

who is supported if necessary or legally required by a deputy. There is one external RSE 

consulting all locations.  

3.1.1 Automation Business Line 

The Automation BL (AUT) provides its customers in the pulp, board, tissue, paper, en-

ergy, and marine industries with automation and information management systems, ap-

plications, and services. The BL operates in three locations in Finland, two in Tampere 

and one in Kajaani. AUT uses radiating sources in its Quality Control Systems (QCS) 

scanner systems. The QCS scanner measures different parameters of paper and paper 

tissue. Customers use the QCS scanner to receive information on the quality of their 

paper products. Some paper quality parameters are retrieved by using a radiating 

source. Before sending the end product to the customer, AUT performs test runs in their 

locations. A radiating source is entered into the QCS’s sensor for these test runs. 

Sources are returned to their storage room and reused. These sources do not leave 

AUT’s facility, and the customer will always be provided with a new source. (Valmet 

2022) (Pyylampi 2022) 

BL Location
1 2 3

Tampere X

Kajaani X

Lapua X

Tampere X

R&D Center X

Tampere X

Juankoski X

Inkeroinen X

Jyväskylä X

Järvenpää X

Paper 

Safety License Category

Automation

P&E

Service

Table 1. Safety Licences at Valmet Finland. 
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3.1.2 Pulp and Energy Business Line 

The Pulp and Energy BL (P&E) in Tampere and Lapua delivers biomass- and waste-

fueled boilers as well as recovery boiler parts. Quality of these boiler’s carbon- and stain-

less-steel construction’s welding seems is controlled by X-ray devices. Therefore, radia-

tion is used to conduct Non-destructive testing (NDT). Some X-raying devices are inte-

grated into automated welding machines while others are manually placed on steel pan-

els. The picture below (figure 12) shows a portable X-ray machine. The device is oper-

ated from a remote control-panel, which is located in save distance and consequently 

not visible on the picture. 

 

Figure 12. Portable X-ray machine (photo taken by author). 

 

Valmet uses the service of external radiation workers, so called inspectors when it comes 

to the application of ionizing radiation. Special safety measures are considered when 

ionizing and non-ionizing radiation is used to conduct NDTs. With regards to radiation 
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operation P&E needs to fulfil strict requirements and is Valmet Finland’s only BL operat-

ing under safety license category one. This comes with a significant higher practical and 

administrative workload (Appendix 1). Hence, the P&E management at each location is 

not only supported by an RSO but also an RSO deputy. (Ahonen & Peltonen 2022) 

(Porola 2022) 

3.1.3 Service Business Line 

The Service Business Line (SER) has a broad offering for global companies and local 

niche suppliers. The BL serves the pulp, energy, board, tissue, paper, service and auto-

mation market. In Finland, SER has locations in Tampere and Juankoski. Sealed radia-

tion sources are used to analyze forming fabrics, paper, and board samples. Sealed 

sources are integrated into Lab profiler devices through which certain parameters are 

checked. Some of them being basis weight, ash content and thickness. These tests are 

conducted in a restricted-access area from around less than once or twice per month to 

couple of times per week. The sealed sources emit beta (Pm-147) as well as beta and 

gamma radiation (Kr-85). Once the sealed sources emit too little radiation, they are con-

sidered old and must be removed and replaced by a new one. This service is provided 

by an external company, during this operation the local RSO has a supervisory role. Also, 

transportation of the source, whether to the facility as well as to the disposal location is 

conducted by another third party. The SER Tampere location also uses hand-sized mo-

bile X-ray devices. (Nieminen 2022) (Kämppi 2022) (Valmet 2022) 

3.1.4 Paper Business Line 

The Paper BL (PAP) has locations in Järvenpää, Inkeroinen, and Jyväskylä. PAP deliv-

ers the board, paper, and tissue industry with new complete production lines, rebuilds, 

and single sections. PAP uses AUT measurement devices to conduct pilot trials for cus-

tomers. AUT’s service includes the insertion of the radiation source into the measure-

ment devices. Afterwards, Valmet machines are set to similar conditions to the cus-

tomer’s paper machine, and results are measured. Additionally, samples of own products 

are taken and the quality tested. The analyzers use radiation to receive specific param-

eters like ash content and the basis weight of paper products. (Nupponen 2022) (Kapa-

nen 2022) 
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4. EXECUTION OF RESEARCH 

4.1 Research Stages and Tasks 

In the summer of 2021, the researcher worked as a summer trainee in the field of Health, 

Safety, and Environment (HSE) for the company Valmet Automation (AUT). AUT’s HSE 

management has been aware of the need for a Radiation Safety Management System 

(RSMS) since the change in the Finnish radiation legislation in 2018. By the end of the 

summer, it was agreed that the researcher would address the company’s concerns in 

the setting of this Master’s Thesis. This decision was the steppingstone for the re-

searcher to start her Master’s Thesis in January 2022. The first month of the research 

was used to clarify AUT’s concrete needs. These needs were transferred into research 

questions in figure 13.  
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Figure 13. Research questions. 

 

Summarized, the researcher has agreed to deliver the case company with three primary 

outcomes:  

• general RMS for Valmet Finland 

• RMS for the BL Valmet Automation  

• common instructions applicable for all other Valmet locations in Finland so that 

they can create their own RMS.  

In order to achieve those targets, the research project is subdivided into six research 

questions building on each other. The research questions and their meta structure (Back-

ground research, CSA, general RSMS, Case Study, Guide) follow the recommended 
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practice for implementing a general risk management system, which was presented in 

chapter 2.3.2, figure 9. The first two research questions focus on gathering background 

information, firstly on legal requirements and secondly on the case company. After hav-

ing a profound understanding of either, it is possible to handle task number three, which 

compares the current RSM at Valmet Finland with the requirements of the Legal Model 

Framework. The selected tool is the CSA. Research task four focuses on which radiation 

safety aspects should be part of the content of Valmet Finland’s GMS. Research task 

five dives with detail into the BL AUT.  Finding the answer to how AUT can apply Valmet 

Finland’s general RSMS was the driving force to this task. Developing a RSMS for AUT 

served as a case study to develop an instructive Guide for other BLs, which enables 

them to create a location specific RSMS.  

4.2 Research Process 

The researcher conducted a literature review to gather a broad understanding of regula-

tions regarding radiation safety. The main source was the Finnish Radiation Act and 

STUK regulations. The Legal Model Framework was structured to simultaneously serve 

as a template for the CSA and to give orientation on radiation safety requirements. Be-

fore the researcher contacted the locations, a so-called Radiation Network was formed. 

It consisted of an HSE representative, which was also the researcher’s supervisor, and 

all RSOs and their deputies. During this meeting, the researcher introduced herself, pre-

sented the scope of her Master’s Thesis, what the next steps were and that RSOs would 

receive interview invitations. The first interviews were conducted with the RSOs and dep-

uties of P&E. The researcher was informed that P&E’s documentation and radiation man-

agement are exemplary due to the rigor imposed by the operation under safety license 

class one. Consequently, interviews with P&E supported the knowledge-gathering pro-

cess. The researcher worked in close cooperation with the company’s Radiation Safety 

Expert (RSE). The RSE’s expertise was used to assure the completeness of the Legal 

Model Framework, which laid the grounds for the CSA. Once the template for the CSA 

was ready, the researcher booked meetings with RSOs of the other locations to go 

through the CSA. In these meetings, the researcher got an overview of how radiation 

safety is managed practically and which documents do exist. If possible, also tours 

around the site were made. At the same time, cooperation with the RSE proceeded, and 

seven key radiation safety management elements were identified. These aspects are of 

such importance that they must be included in Valmet Finland’s GMS. The previously 

mentioned interviews with RSOs of all BLs enabled the researcher to find answers to 

these aspects reflecting Valmet’s way of operating. Further in the process, these aspects 
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will form the Finland level RSMS and will receive an own dedicated chapter within the 

GMS, called “Radiation Safety Procedure”. Once the CSA was completed for AUT, the 

researcher knew which AUT functions work with radiation and if further interviews were 

required. The AUT’s Radiation process map and MS could be created based on these 

interviews. Also, the knowledge which was gathered until this point enabled the re-

searcher to deliver the final promised outcomes: the instructions for other BLs to create 

their own RSMS, also referred to as the Guide. 

The table below (table 2) shows the timeline of the Thesis work’s progress. 

 

 

All RSOs were very cooperative which is why the interviews with the P&E RSOs and 

other BL’s RSOs could be completed within one month. Since more specific information 

had to be attained from the AUT RSO, the process stretched over a longer period of 

time. Also, the interviewing process started in April, after the other RSO interviews have 

ended. The researcher timed for this schedule, because other RSO interviews were still 

part of the researcher’s information gathering and learning process. Whereas, with the 

aim to produce an AUT specific RSMS the researcher wanted to be as prepared as pos-

sible. Interviews with AUT Functions stretched over a longer period because of the full 

schedule of the interviewees. However, the interviewing process could be successfully 

completed before the start of the summer holiday month. The intensity of cooperation 

with RSE varied but was more or less constant throughout the Thesis process. The re-

searcher was writing continuously on the Master’s Thesis starting from end of February. 

Action Jan. Feb. Mar. Apr. May Jun. Jul. Aug.

Building the Legal Model 

Framework 

Gathering background information 

on case company 

Interviews with RSE

Interviews with P&E RSO

Interviews with other BL's RSO

Interviews with AUT RSO

Interviews with AUT Functions

Creating the Valmet Finland RSMS

Creating the Valmet AUT RSMS

Creating the Guide for other BLs

Intense writing process to prepare

submission to University

Table 2. Timeline of work progress. 
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She intensified her writing process in July and August, when the research itself was 

completed. 

4.2.1 Implementation of the Current State Analysis 

The CSA was created by transposing the Legal Model Framework and including a col-

umn to insert the description of the current state at the location. Categorizing the findings 

of the CSA into the letters A, B and C allows more efficient analysis and a quick scan of 

the results. Table 3 is an extract of the CSA. It serves as a reference to understand the 

structure of the CSA. 

If a requirement is given an "A" rating, it means that it fully meets the Legal Model Frame-

work requirements, and there are no significant areas where it falls short. Since the Legal 

Model Framework served as basis of evaluation, an “A” ranking consequently indicates 

a high alignment with legal regulations. Further, a "B" rating indicates that the require-

ment is mostly fulfilled, but there are some important aspects that are missing. While 

compliance may still be achieved in many areas of this aspect, there are some gaps that 

need to be addressed to fully meet the requirements of the Legal Model Framework. On 

the other hand, a "C" rating indicates the total absence of any indication of the require-

ment. This suggests a significant lack of compliance with the Legal Model Framework 

requirements and therefore with legal regulations. 

 

 

With respect to availability of the four primary documents (Radiation Safety Assessment, 

Radiation Management System, Quality Assurance Program, and a Plan on Radiation 

Safety Deviations) obviously, merely having documents with the required titles does not 

indicate conformity. The researcher thoroughly analyzed which aspects each document 

contained and whether the level of conformity deserved an “A” or “B” ranking. For exam-

Table 3. Extract of the CSA template. 
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ple, some locations had the expected document but did not mention the contact infor-

mation of the RSO. In this case an “A” was given, but an improvement suggestion was 

included. In another case, a local RSMS did neither contain the description of the use of 

the RSE nor of the medical physicist expert and therefore the requirement was rated with 

a “B”. 

4.2.2 Implementation of the Radiation Safety Management Sys-
tem 

The overall research process of this Master’s Thesis aims to follow the recommendations 

on implementing a continuous risk management system as it was presented in chapter 

2.3.2 of the theoretical background. However, there are differences in following the order 

of the recommended practice. Further, some aspects have not been addressed, because 

they would have exceeded the scope of this Master’s Thesis. Nevertheless, most im-

portant aspects were covered in a manner that appeared most reasonable for the im-

plantation of a RSMS to the case company Valmet. 

Step 1 of the recommended practice defines acquiring the Top management’s commit-

ment to implement a RSMS. The commitment was expressed when the case company 

drafted a Master’s Thesis proposal, tasked the researcher with creating a RSMS and 

appointing a Thesis supervisor to guide her. Appointing a Thesis supervisor also resem-

bles the allocation and commitment of resources which is part of Step 3. The researcher 

started her work by conducting a background study to find relevant radiation safety leg-

islation (Step 4) and to understand the case company’s general management system as 

well as the processes evolving around radiation (Step 2). Further allocation and commit-

ment of resources (Step 3) occurred when creating the Radiation Network and informing 

the members about the upcoming interviews. The researcher then conducted the CSA 

(Step 6). The CSA revealed that Valmet Finland is missing a general RSMS, AUT Tam-

pere has a RSMS but it could be better integrated to the AUT location specific MS, and 

that some locations are missing relevant documentation. The development projects, 

which per se were already defined when tasking the researcher, were adjusted to ad-

dress the discovered deficits (Step 7). This means, that instead of creating a Guide for 

the locations to create their own RSMS, locations were provided with instructions to cre-

ate the missing documents including the RSMS. Step 8 and 9, meaning the internal audit 

and starting the CI cycle were omitted in this Thesis work. Excluding these steps from 

the Thesis was commonly agreed between the researcher and her supervisor at the 

company.  
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5. RESULTS  

5.1 Current State Analysis 

The requirements of this CSA can be categorized into two parts: physical radiation safety 

features (e.g., warning signs and safety features of radiation source’s storage) and its 

counterpart, the documentation of radiation safety processes. As all locations are 

strongly familiar with operating with radiation, no specific attention was given to the first 

category. However, this CSA uncovered that Valmet lacks documentation of its radiation 

processes.  

The CSA revealed that some locations and BLs still need to undergo actions to fulfil 

conformity with the new Radiation act. Especially the operator's (Valmet's) responsibility, 

which is defined in paragraph 22 of the Finnish Radiation Act, needs to be lined out in 

writing. Valmet needs to work on defining how their way of taking responsibility to comply 

with the requirements looks like. Having the following four main documents will cover 

these deficits and ensure conformity: Radiation Safety Assessment, Radiation Manage-

ment System, Quality Assurance Program, and Plan on Radiation Safety Deviations.  

 All locations have a STUK-approved Radiation Safety Assessment, as the deadline for 

this document was in June 2020. The availability of the other documents varies between 

the locations (table 4). The reason for the difference in available documentation appears 

to have similarities with STUK's order of approaching the locations. The locations which 

STUK audited have taken measures to provide the missing documentation. The P&E BL 

has full conformity regarding the CSA, well-established and functioning processes, and 

had their documents ready for STUK inspection right after the law came to force. P&E ’s 

front-ranking situation is due to the strict conformity management induced by the high-

risk radiation operations. Remarkable is also the situation at the AUT BL in Tampere. 

Because of the RSO's strong awareness and engagement, the four main documents 

were immediately prepared without having them requested by STUK. 
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Based on the findings of the CSA, the researcher decided together with her supervisor 

at the company to develop a package of document templates, called the Guide. For ex-

ample, for the Radiation Safety Management System, the researcher delivered the loca-

tions with a Word template into which the RSOs, in cooperation with managers and ra-

diation workers, can enter a concrete description of roles and responsibilities. It is beyond 

the scope of this Master’s Thesis to assist in filling the documents. Instead, the templates 

were equipped with structured headlines, sections and descriptive text on what to fill 

under each chapter. This aims to enable effective discussion between the involved par-

ties and ease the filling of the documents (see chapter 5.4). 

5.2 Radiation Safety Management System for Valmet Finland 

In the course of this Master’s Thesis the researcher created a document describing ra-

diation safety procedures on a general Valmet Finland level. The document carrying the 

name “Radiation Safety Procedure” will be part of Valmet’s Handbook, which resembles 

the company’s General Management System (GMS). This means it is a process descrip-

tion valid for each BL and location in Finland and therefore needs to be followed. The 

document consists of seven aspects which are crucial for Valmet Finland’s GMS. These 

aspects are: 

1. Description of Valmet regarding its radiation work 

2. Radiation Responsibilities at Valmet 

3. Flow of information 

4. Valmet’s obligation to protect workers 

Table 4. Availability of conformance relevant documentation. 
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5. Safety Culture and Management 

6. Radiation Compliance 

7. Radiation Qualifications, trainings and induction 

The researcher has described these aspects based on the interviews with RSOs, and by 

consulting Valmet’s process development expert Paavilainen (2022).  

The table below (table 5) gives insights to the content of each chapter of the Radiation 

Safety Procedure, which will be incorporated to Valmet’s Handbook. However, not too 

much detail is given in order to avoid the sharing of confidential content. 

 

Chapter Content 

1. Description of Valmet regarding its ra-

diation work 

 

- general statement about Valmet’s  

utilization of radiation 

- list of BLs’ and their locations, 

RSOs and safety license classes 

(class 1,2,3) 

2. Radiation Responsibilities at Valmet 

 
- Valmet as company is responsible 

- states the requirements each lo-

cation must fulfil:  Radiation Safety 

Assessment, Radiation Manage-

ment System, Quality Assurance 

Program, and Plan on Radiation 

Safety Deviations 

- includes links to the document 

templates 

- RSOs shall be recognized as sup-

port to the local management in 

their responsibilities to ensure ra-

diation safety 

Table 5. Content of the Radiation Safety Procedure – Document as part of the Hand-
book. 
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- local management is in charge to 

follow-up and maintain compli-

ance  

- defines RSE as external consult-

ant with no responsibility regard-

ing Valmet’s radiation safety 

3. Flow of information 

 

- describes information flow and 

corresponding activities (from lo-

cation level to Valmet Finland and 

vice versa) 

- in case workers notice a deviation, 

they are obliged to inform their 

manager, RSO or HSE depart-

ment 

- refers to locations’ RSMS 

4. Valmet’s obligation to protect workers - Statement about obligation to pro-

tect workers (externals and inter-

nals) 

- reference to Code of Conduct 

- defines local HSE teams as sup-

portive function 

- refers to established HSE instruc-

tions, tools and practices 

- refers to the health check-ups 

- refers to locations’ RSMS 

5. Safety Culture and Management 

 

- detailed list of all ongoing general 

and radiation safety specific activ-

ities to maintain and improve the 

safety culture 

- highlights best practices 

- refers to locations’ RSMS 



36 
 

6. Radiation Compliance 

 

- states, that radiation compliance 

is part of overall compliance man-

agement process 

- describes how and by whom com-

pliance is monitored 

- refers to the requirements laid out 

in this Radiation Safety Procedure 

document 

- lists established compliance man-

agement tools and activities 

7. Radiation qualifications, trainings and 

induction 

 

- describes mandatory and supple-

mentary training that radiation 

workers and RSOs receive (train-

ing hours) 

- describes mandatory minimum 

qualifications of radiation workers 

and RSO  

- lists the most important obliga-

tions that radiation workers and 

RSOs have to their employer 

 

To emphasize the distribution of responsibility away from RSOs the Valmet Finland’s 

GMS document states that the local management is responsible for location specific ra-

diation safety and compliance. Support is given on a higher management level by the 

team around the Finland HSE Manager. At Valmet, the Finland HSE Manager acts as a 

Radiation Process Owner and ensures that all local Radiation Safety Procedures are 

compliant with relevant laws and regulations but also with Valmet requirements defined 

in this document. 

5.3 Radiation Safety Management System for Automation BL 

When conducting the CSA it was revealed that AUT in Tampere has already all required 

documents, also a RSMS. To deliver additional value it was decided to create an ex-

tended RSMS, which can be included into the AUT Tampere location Handbook. This 
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RSMS should describe all radiation related tasks of AUT Tampere departments. The 

researcher identified six departments within AUT Tampere that are dealing with radiation 

in one way or another (figure 14).  

 

Figure 14. AUT Tampere Departments with work relating to Radiation. 

 

Each department was asked to provide one representative for either an in-person or 

remote interview. Apart from production, none of the departments are handling radiation 

sources physically but, for example, deal with the sources’ code when creating purchase 

orders or shipping documents. The researcher delivered radiation process descriptions 

of each department. These descriptions can be integrated into the departments’ general 

process description. Additionally, a radiation process map visualizes the interaction and 

process flow of different AUT departments (figure 15). 
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Figure 15. Radiation Process Map at AUT Tampere. 

 

A second map, figure 16, offers a different perspective of the radiation processes at AUT 

Tampere. The top process stream showcases the lifecycle of a radiation source. This 

includes everything from the moment the source is purchased from a supplier until its 

final decommissioning at a customer’s site. An important intermediate step is the storage 

of the source at AUT’s dedicated facility. From there the process describes either the 

lifecycle at the customers’ location until decommissioning or the path of internal usage. 

Once the source was decided to be utilized for internal usage it will not leave AUT’s 

premises anymore. Used sources are exclusively employed internally and therefore al-

ways retuned to the storage facility. Typical examples for the utility of the radiation source 

are for example the measurement device assembly and measurement device testing.  

The lower process stream of the same figure visualizes the high-level radiation safety 

procedure which a typical radiation worker would undergo at AUT. This includes partici-

pating in health checks, induction sessions, and finally, handling the radiation source at 

the own facility as well as in some cases at the customers’ site. 



39 
 

 

Figure 16. Lifecycle of Radiation Sources at AUT Tampere combined  
with high-level task Protocol of a typical Radiation Worker. 

 

In comparison to AUT located in Tampere, AUT located in Kajaani is lacking almost all 

documents (table 4). As a result, it was decided that no attempt would be started to 

investigate which departments are involved with radiation work. Further, also no map of 

the radiation process would be designed. Thus, it was determined that AUT Kajaani will 

not receive an extended AUT Kajaani RSMS that could be integrated into their Hand-

book. Instead, it was decided that AUT Kajaani would benefit more from following the 

Guide to implement an own RSMS (chapter 5.4).  

5.4 Guide to implement own Radiation Safety Management 
System 

When studying the Finnish Radiation Act, it became apparent that each location shall 

have the four primary documents described in chapter 2.2.2. Therefore, the researcher 

created templates for the Radiation Management System, the Quality Assurance Pro-

gram, and the Plan on Radiation Safety Deviations. The templates are attached in Ap-

pendices 2, 3, and 4, respectively. For clarification: the template package, together with 

an instruction video on how to fill them, which the researcher recorded for stakeholders 

resembles the Guide.  

The layout of the templates is based on the requirements listed in the Finnish Radiation 

Act (2018), STUK injunctions (S-series), and STUK’s regulatory guides on radiation 

safety, especially ST 1.1, 1.4, 1.6, 1.8, and 1.11. The researcher evaluated the quality of 

the available documents that were already prepared at some locations. Whenever use-

ful, the content of the previously created documents was generalized and added as ex-

ample fillings in grey font colour. Locations could then get a concrete idea of what each 
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section requires from them. Additionally, the idea was, that locations would be provided 

with a list of best practices, from which they might get inspiration of what can be adapted 

to their own location.  

The snapshot below (figure 17) is an extract of the Template for the Plan for Radiation 

Safety Deviations. The full template can be viewed in Appendix 4. As previously men-

tioned, the example fillings and collection of best practices have been removed. The grey 

font colour gives instructions to the persons tasked with filling the documents. The re-

searcher wanted to make filling the documents as easy as possible to the responsible 

persons and therefore provided the structure in Finnish language. However, some of the 

instructions are in English. The templates were handed to the RSE for proofreading. 

 

Figure 17. Extract of the Template for the Plan for Radiation Safety Deviations. 
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At the beginning of August, the Thesis worker held an info session with Valmet’s Radia-

tion Safety Network. This meeting was dedicated to updating the concerned parties 

about the latest developments with the Radiation Safety Procedure for the Handbook 

and the document templates. The RSOs were invited to comment on the Radiation 

Safety Procedure until mid-August. Further, the RSOs were instructed on how to use the 

Guide, or more precisely fill the three templates to facilitate compliance.  

Figure 18 below gives an overview of this Master’s Thesis work. The Radiation Safety 

Procedure is valid for every location operating with radiation in Finland (green back-

ground). It is part of the Handbook and lists the legal requirements for each location and 

refers to the available document templates (blue background) by including a link.  

 

 

 

Figure 18. Radiation Safety Management at Valmet Finland. 
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6. DISCUSSION 

6.1 Qualitative rigor 

Throughout the implementation of this Master’s Thesis, the researcher applied different 

principles of rigor in qualitative research. These are credibility, transferability, dependa-

bility, and confirmability. Qualitative research is characterized by data collection via in-

terviews, questionnaires, and observations. A challenge in qualitative research is to de-

sign interviews in a neutral manner to not influence the subject’s opinion. Member-check-

ing and peer debriefings were major tools of this Thesis, aiming to ensure credibility. The 

purpose of peer debriefing is to get feedback and suggestions from experienced peers. 

Therefore, the researcher presents the own findings to an expert of the field, a peer. The 

peer, in reverse can provide feedback and ask questions to clarify the researcher’s per-

spective. The aim of peer debriefings is to ensure validity and reliability of the research’s 

findings. According to Baxter & Eyles (1997, p.515) “member checking is arguably one 

of the most important strategies for enhancing credibility”. During the member-checking 

process the researcher returns information that was received during an interview back 

to the respondents. This means that members of the group from which the data were 

obtained are facing the researcher’s interpretations of their answers. The respondents 

can comment on whether their statements given in an interview are reflected and inter-

preted correctly. It is suggested that this credibility check should be done with the attitude 

to exchange ideas. (Liu 2017) (Baxter & Eyles 1997) 

Credibility in qualitative research is if the results are subject-oriented and are not influ-

enced by the researcher. This Thesis’s most valuable strategy to achieve credibility was 

prolonged engagement through lengthy interviews and site visits, peer debriefings, and 

member checks. With regard to prolonged engagement, the researcher has, for exam-

ple, dived deeply into the radiation practices of each BL through conversations with the 

RSOs and site visits when possible. Especially since both P&E locations were known for 

their well-established radiation safety procedures and documents, the knowledge which 

was gathered from the engagement with this BL facilitated the understanding of the legal 

texts and supported in filtering for Valmet relevant requirements. Also, the fact that the 

researcher dedicated two days a week to function as the local HSE Specialist for P&E in 

Lapua and Tampere is another indication for prolonged engagement. The work at Valmet 

in the field of HSE, supported the progression of this Thesis. Consequently, the re-

searcher got a deep understanding of existing occupational safety tools and even in-

sights to general management procedures. This enabled for example the comparison of 
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the importance of radiation safety within the HSE function and within the general local 

management function. Further, peer debriefings were conducted with RSE and Valmet’s 

process development expert, and member checks were done with RSO. The researcher 

crosschecked her Legal Framework with Valmet’s RSE even though all required legal 

information was available in the Radiation Act and STUK guides. The Legal Model 

Framework was the foundation for answering the supporting research questions, and 

shortcomings could have had a severe negative impact on the whole study. The RSE, 

due to his STUK-certified profession and role for the company, is very familiar to radiation 

regulations concerning the industry sector. Having the integrity of the document assured 

minimized the risk of misunderstandings either due to cumbersome officialese or misun-

derstandings during translation. Additionally, the RSE also proofread and commented on 

the template package, before publishing it to the company.  In several one-to-one meet-

ings the researcher peer-debriefed the progress of the Radiation Safety Procedure – 

document for the Valmet Handbook. The researcher arranged the first meetings to agree 

on the document’s content with the RSE and the Thesis supervisor of the company. 

Hereby, the researcher presented a document proposal and received feedback on which 

sections should be kept, added or removed. The researcher also gave a preliminary 

overview on the content she planned for each section and both peers could comment. 

Later, Valmet’s process development expert gave final finetuning advices regarding lan-

guage and a uniform appearance within the Handbook. Member checking was done dur-

ing the process of creating AUT’s RSMS. After having conducted interviews with different 

AUT functions, the researcher asked AUT’s RSO’s opinion on the completeness and 

accuracy of the radiation process map. The location’s RSO is recognized as a local ex-

pert who understands the interconnectivity of departments regarding the radiation pro-

cesses. In all of the above-mentioned examples, the researcher sent her documents to 

the participants well in advance to the actual meeting. This, so it was hoped, would en-

sure that stakeholders had enough time to properly prepare. 

The transferability criterion is fulfilled if the work’s results can be applied to a comparable 

context. Despite this work being dedicated to fulfilling Valmet’s needs, some aspects are 

also applicable to other radiation safety license holders in the industry. The Legal Model 

Framework (Appendix 1) and the templates without company-specific prefilling and in-

structions (Appendices 2, 3 and 4) are generalized and, therefore, beneficial for similar 

businesses operating in Finland. Companies utilizing radiation for similar purposes like 

the ones described for Valmet will find all important aspects covered in the Guide and in 

the Legal Model Framework. Companies from different sectors are required to review 
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the legislation themselves and consider whether aspects must be added or can be ne-

glected. Persons tasked with checking radiation compliance might benefit from the meth-

odology introduced in this work. For instance, the sources presented and utilized for cre-

ating the Legal Model Framework might also be useful to other domains. Conducting a 

CSA to evaluate the current state of conformity in an organization is domain independent 

and hence, this work showcases one example of implementation.  

Dependability of research work is achieved if findings show consistency when replicated 

in a similar context. By using the Legal Model Framework as the interview structure, the 

researcher ensured that all RSOs were confronted with the same questions. The re-

searcher evaluated these answers as a sum and drew her conclusion about the case 

company not based on one single interview but on all of them. 

Confirmability in a qualitative study is the degree to which the subjects’ responses are 

reflected without being influenced by the researcher’s interpretation. Whilst conducting 

the CSA, the researcher had lengthy interviews and, in some cases, follow-up meetings 

with the RSOs. The researcher avoided taking the role of an overseer of the location’s 

radiation conformity performance. Instead, to achieve high motivation to cooperate and 

willingness to share information, the researcher presented herself as a supportive re-

source in tackling the common challenges that come with maintaining conformity. The 

conversations were guided in a way that the RSOs felt comfortable sharing experiences 

and opinions on management and safety concepts. Reflexivity, which means presenting 

the results back to the interviewees to ensure their answers were interpreted correctly, 

was used at the end of the study. Therefore, the final draft of the Valmet Finland Radia-

tion Safety Procedures was presented to the participants of the final Radiation Network 

meeting. Because the document was built upon the RSOs’ insights, their feedback was 

necessary to reassure correct interpretation by the researcher.   

Another point emphasizing the rigor of this work is the use of best available practices. 

The researcher has followed the principles of continuous improvement and integrated 

management as elaborated in chapter 2.2. In the document templates and in the general 

Valmet Finland RSMS, whenever appropriate the researcher stated the importance of 

continuous improvement. For example, the documents include suggestions about regu-

larly revising current processes and strategies and upkeeping the documentation as well 

as auditing the RSMS. The general Valmet Finland RSMS is physically integrated into 

the Handbook where it forms a chapter of its own. Thus at least in theory the general 

RSMS can be claimed to be integrated. The Valmet Finland RSMS as well as the Guide, 

refer to the existing tools that if correctly applied enhance integration of RSM into the 

general HSE and management practices. The level of integration of RSM as well as the 
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actual usage of these tools have varied in each location. Now, as a result of this Master’s 

Thesis all locations are presented with the same best practices to ensure optimal and 

full integration of radiation safety processes into their general management.  

The rigor of this work is further highlighted by following the principles of successful risk 

management elaborated in chapter 2.3.1 and recommended in ISO 31000:2018. Details 

can be extracted from figure 19. Deviations from fulfilling these practices (indicated as 

“Limitation!”) are discussed in the corresponding Limitations- subchapter. 

 

Figure 19. Following the Principles of good Risk Management. 

6.2 New findings 

Radiation at Valmet Finland has been managed primarily decentralized. Even locations 

within the same BL have different approaches to radiation documentation management. 

Almost all RSOs stated they lack support and guidance from their local management. 

For some, this is problematic; others are doing fine independently. In general, RSOs are 

supported by Valmet’s HSE function. However, in practice, the full range of RSOs’ tasks 

and responsibilities are often unknown to the local management, and consequently, 

RSOs do not receive sufficient support. 

In many cases, the RSE, as an external consultant, knew more about Valmet’s radiation 

processes than RSOs from within the company. Some RSOs stated that they do not 

know what is expected of them regarding the changes in the Radiation Act since 2018. 

Some RSOs were aware, that Valmet aims to uniform the radiation safety processes and 
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create a general RSMS valid for Valmet Finland. However, no clear guidance was pro-

vided on how to address either of these issues, let alone how to integrate them into a 

unified approach. In some cases, this uncertainty has led to a halt in any additional de-

velopment work. In other words, radiation safety management became reactive, and ac-

tions were taken when requested by STUK or RSE. 

The new general RSMS addresses this issue by providing uniform guidance to all RSOs. 

The document highlights the importance of involving the local management and manag-

ing radiation compliance issues cross-departmental. Also, RSOs compliance work is sig-

nificantly facilitated by the three templates. Suppose the locations do not already have a 

Radiation Safety Management System, a Quality Assurance Program, and a Plan on 

Radiation Safety Deviations. In that case, they now have a chance to prepare these 

documents thoroughly before being requested by STUK. If locations do have the required 

documentation, they may use the templates to validate for completeness.  

Findings regarding AUT Tampere were interesting in that the BL already had all docu-

ments in excellent order. When the researcher was introduced to her Master’s Thesis 

task, she was under the impression that the reason for her employment would mainly 

originate from conformity issues within AUT Tampere. Instead, the opposite was the 

case, and AUT Tampere is one of the radiation safety conformity leaders within Valmet 

Finland. The imbalance in AUT Kajaani could be explained by different levels of motiva-

tion toward radiation conformity work.  However, this is just an assumption and has not 

been further investigated by the Thesis work.  

6.3 Practical contribution 

Valmet Finland will benefit significantly from the Radiation Safety Procedure - document. 

The document was the missing link to make the integration of radiation safety manage-

ment into the GMS visible. Now, all RSOs and locations have a straightforward process 

to follow. It should not be challenging for locations to conform to the Valmet Finland 

radiation safety process. Susca (2019) claims that non-conform behaviour often results 

from not involving the people for whom a process will be valid in the design phase. The 

researcher took this concern seriously when building the Radiation Safety Procedure by 

including RSOs’ best practices and listening to suggestions and concerns. 

The new cross-departmental RSMS for the AUT Tampere Handbook sheds light on the 

extent of the BL’s radiation operation. Now, the interconnection of departments is visible 

at first sight, and consequently, the threshold of involving the management is lowered. 
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The Guide, meaning the three templates for establishing a radiation MS, is tailored to 

the case company Valmet. The prefilling and suggestions for best practices consider 

radiation operations at Valmet and shall not be shared outside the company, thus they 

have been removed from Appendices 2, 3 and 4. Now that Valmet has all tools at hand, 

the company might be able to save money that they would have spent on consultancy 

costs from RSE. Ideally, all locations under the same license class or at least belonging 

to the same BL support themselves in finding management strategies, which can be 

locked to the three documents. New changes to the Finnish Radiation Act, which are to 

come, can be tackled first by the whole Radiation Network and then by cooperating at 

same license- and BL- level. Finally, locations can find the most suitable solutions locally, 

possibly supported by RSE’s consultation. However, for this scenario to become true, 

proper coordination is required. This can be ensured either by the HSE Function or an 

RSO whose job description allows this additional workload.  

Additionally, this work sheds light on relevant legislation, injunctions and tools, which 

when employed correctly decrease the extent and need for consultancy by the RSE. 

Especially Sammio the regulatory and guidance service for radiation legislation provided 

by STUK, helps interested parties like the HSE Function and RSOs to proactively edu-

cate themselves.  

The Legal Model Framework (Appendix 1) is openly accessible to anyone interested in 

the matter. It resembles a summary of legal requirements useful to the industry in Fin-

land. Some domains such as the health sector are not addressed as the content of the 

Legal Framework was condensed to fit the case company. 

6.4 Limitations 

Unfortunately, this study ended with the researcher passing on her Radiation Safety 

Management Systems and Guide without having had the time to investigate their effi-

ciency. Thus, the researcher cannot comment whether the Guide nor the Radiation 

Safety Procedure are in practice as promising as they seem to be in theory. The scope 

of this Thesis left no time for an improvement or test cycle in which the RSOs and man-

agement would implement their new tools and then inform the researcher about possible 

needs for adjustments. However, as the researcher tried to demonstrate in section 5.1., 

management and RSOs were encouraged to actively contribute throughout the process 

of this work. Everyone’s feedback and comments were appreciated and continuously 

considered. The researcher’s goal was to provide tools as useful and efficient as possible 

with as little need for improvement later in the cycle. Aligning with Susca (2018), this 

work opted to cover at least the 90% of minimum work, which each good management 
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system initially needs. However, continuous improvement is inevitably and for this RSMS 

to be resilient in the future also the, in this context merely symbolical last 10 % require 

attention and therefore continuous work needs to be done.  

To identify those improvement areas and to complete the process of continuous risk 

management presented in figure 9 an internal audit is required as a final step. The inter-

nal audit was not within scope of this Thesis but its importance must be emphasized 

nevertheless. The internal audit should address the Valmet Finland RSMS in the Hand-

book as well as the location specific advancements. Due to the self-assessing nature of 

the passed documentation the path for conducting the internal audit and CI is cleared for 

both cases. Also, the fact that the Radiation Network will receive its own communication 

platform and coordinator are good prerequisites to kickstart the continual improvement 

engines.  

Another limitation to this work is not having drawn further attention to the Human and 

Cultural Factors- principle of effective risk management. While it can be argued that the 

instruction video for the Guide addressed this principle by encouraging the RSOs to draw 

attention to their field of work and proactively ask the local management to integrate 

radiation practices, ideally, it should not be the RSOs' responsibility to do so. Instead, it 

should be in the interest of the management to stay informed about the work ongoing on 

the shop floor level and take appropriate action. Therefore, the author suggests, that this 

Thesis’s work, could be even more efficient, if it would address the local management 

itself. For now, educating the local management about improvement ideas regarding 

their approach to radiation management lays in the hands of the HSE function and the 

RSO’s themselves.  

A final limitation which shall not go unnoticed is the bilingual approach used in conver-

sations. To overcome language barriers and facilitate transmission of information the 

researcher conducted most of the interviews with the RSOs in Finnish. The researcher 

has profound Finnish language skills, but possible misunderstandings cannot be ruled 

out. Being aware of this possibility, all peer reviews and member-checking were con-

ducted in English, a language in which all participants felt confident. The fact that the 

document templates are in Finnish is not considered a limitation as they are anyways 

only applicable in Finland. On the contrary, some RSOs with difficulties with English lan-

guage can follow the instructions in their mother tongue confidently. 
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6.5 Further research and work 

The researcher suggests the case company initiate further research and work. This Mas-

ter’s Thesis results should not be seen as an end to RSM. If left like this there I a risk to 

miss out on internal development opportunities.  

One topic could be to investigate how radiation safety management could be better inte-

grated into local management. Therefore, the supporting research questions could in-

clude identifying why some RSO have been under the impression that radiation safety 

management is solely their responsibility or, worse, their local management is not even 

aware of the use of radiation at the location.  

Further, the researcher sees the potential to map out the CI process for RSM. All tem-

plates, especially the Quality Assurance Program, emphasize CI. However, the re-

searcher urges that it is the management that initiates striving for CI and not the RSOs.  

When RSOs start working with the templates they will encounter problems and possibly 

come up with ideas for solutions. These suggestions must be gathered, discussed, and, 

if possible, addressed uniformly amongst the whole company. The researcher wants to 

emphasize the importance of a ‘one house’ culture (Vincze 2006). Optimizing the align-

ment of the methodology of how radiation is managed at all BLs and locations within 

Valmet Finland converges with CI. Meaning, CI could be a great tool to achieve a uniform 

RSMS. Also, the assumption made by the researcher about the reason for the imbalance 

of compliance work in general and within one BL could be further investigated. Some 

RSOs were not familiar with their location’s procedures, documentation, and what is re-

quired from them by STUK, whereas others were totally on top of it. Therefore, research 

could offer insights into the root causes of this issue and suggest strategies to prevent 

this phenomenon of not knowing. This suggestion addresses all BLs. Possibly, P&E 

could benchmark general radiation safety performance, as well as good cooperation be-

tween two locations and an assimilable level of conformity. 

As per the researcher's suggestion, the case company should continue to prioritize 

safety culture. Moreover, it is crucial that the company particularly integrates radiation 

safety into safety culture procedures and also involves the local management. These 

suggestions are not solely based on the researcher’s role as Thesis worker, but also on 

her perceptions and experiences during her role as HSE Specialist substitute. The re-

searcher has perceived safety culture at the case company as something that is aimed 

to specifically address the shop floor level. It cannot and it is not intended to deny that 

Valmet’s safety culture certainly includes aspects of radiation safety. But, by dedicating 
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activities specifically towards radiation safety, the company can further cultivate and pro-

mote safety culture especially among RSOs and radiation workers. More importantly, it 

increases the perception of the significance of radiation safety among the local manage-

ment level.  

One possible approach is establishing a day dedicated to this topic, for example a day 

on radiation safety. The local HSE team and the Radiation Network Coordinator can work 

together to decide which activities would be most relevant for each location based on 

their level of concern with radiation work. This approach could be an opportunity to draw 

local managements’ attention to their RSOs’ and radiation workers’ workload. Conse-

quently, RSOs would be regularly provided room to bring up topical issues at their re-

spective location. Furthermore, this approach also facilitates communication between 

Top management and local management on legal conformity issues such as the updates 

of the Finnish Radiation Act in 2018. By communicating updates timely to local manage-

ment, it is possible to ensure that everyone is aware of the latest developments and that 

appropriate steps are being taken to comply with the updated regulations. Thus, the The-

sis writer recommends conducting additional research to examine the potential benefits 

of increasing the visibility of radiation safety and weighing them against the associated 

costs. 
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7. CONCLUSIONS 

This study aimed to check to which degree Valmet’s BLs in Finland comply with the 

Finnish Radiation Act and to create a general Valmet Finland RSMS serving all BLs in 

Finland. A more detailed RSMS focusing solely on the AUT BL was also constructed. 

The last part of this work was establishing a Guide enabling all BLs to create their own 

local RSMS.  

The background research has shown that in order to conform with the Finnish Radiation 

Act, every industry radiation safety license holder must provide four primary documents 

(Radiation Safety Assessment, Radiation Management System, Quality Assurance Pro-

gram, and Plan on Radiation Safety Deviations). CSAs were conducted with the BL’s 

RSOs and revealed that compliance is fulfilled to different degrees (table 4). It became 

apparent that the AUT BL located in Tampere and the P&E BL are compliance leaders 

in Valmet, showing full conformity with the Radiation Act.  

The Radiation Safety Management System for Valmet Finland was built upon the insights 

gained during the CSA interviews. So far, Valmet’s Handbook, or in other words, Val-

met’s GMS, did not yet have a chapter on Radiation Safety Management. The document 

“Radiation Safety Procedure”, which was created during this study, fills this gap. The 

document describes the radiation safety procedure on a general Valmet Finland level. It 

guides all BLs to conform to the Radiation Act and Valmet regulations. The lack of local 

management support which the majority of RSOs experienced was addressed by clearly 

stating the roles and responsibilities of all stakeholders. RSOs can use this document to 

initiate a reformation of the local Radiation Safety Management. The need for such a 

reformation might become more obvious when RSOs get started providing the four afore-

mentioned mandatory documents. During the process of this Master’s Thesis, the as-

sumed need for the Guide, which should enable all BLs to create their own local RSMS, 

has shifted. Instead, a Guide to creating all the missing documents was delivered, in-

cluding the RSMS. Therefore, this Guide now consists of three document templates, with 

explanatory texts and prefilling wherever possible. To highlight the interconnectivity and 

wholesomeness of this Thesis work, the Radiation Safety Procedure- document provides 

a link to these document templates and states their necessity.  

The AUT BL received the requested RSMS. It consists of a process flow chart showing 

the involvement of different departments with radiation work and a description of these. 
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A description of roles and responsibilities within AUT was already given in the local 

RSMS and therefore left out. 

Now that the case company is equipped with a template package and tools to establish 

and maintain Valmet-wide and local RSMSs, the researcher urges the company to focus 

on applying and, if needed adjusting them. This Thesis’ scope would have been ex-

ceeded if the implementation of the tools and CI of such were part of it. Therefore, the 

researcher approves that her suggestion to name a responsible person who coordinates 

the implementation, CI and the communication with the RSE and within the Radiation 

Network was taken seriously. As a first action, the Radiation Network will receive its own 

Teams channel. The results of this Thesis work, especially the Guide, the Valmet Finland 

level RSMS and the Legal Model Framework, will be shared through this channel. 

Good feedback has been received from everyone whom this work concerns. The Thesis 

worker is confident that she succeeded in the principle of doing “…things right the first 

time, and apply continual improvement afterwards” (Vincze 2006, p.4). Now it is the com-

pany’s task to remain flexible and dynamically adjust in continual improvement. With this 

in mind, the researcher hopes that the final Radiation Network meeting in which she 

presented her findings was simultaneously a catalyst for the CI engine to kick-start and 

operate effectively. 
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APPENDIX 1:  LEGAL MODEL FRAMEWORK 

This Legal Model Framework on radiation gives an overview of most important industry 
relevant radiation safety requirements. The document refers to the corresponding chap-
ter and section in the Finnish Radiation Act (2018). 
 

Requirement Description 

Responsibility for Radia-
tion Safety 

The company shall be responsible. Responsibility is 
not diminished by appointing a Radiation Safety Officer 
(ch.5 s.22) 

The company shall opt for maximum radiation protec-
tion and therefore keep exposure to ionizing radiation as 
low as reasonably achievable. (ch.2 s.6) 

Safe radiation practice shall be implemented, in a 
way that all legal requirements are met. This means that 
sufficient financial and human resources are available, 
and control measures are within a justified quality/cost 
balance. (ch.5 s.23, s.24) 

Justification of the need of 
radiation 

The company shall proof, that existing and planned 
radiation procedures are necessary. (ch.5 s.24, ch.2s.5) 

The company shall stay up to date on latest infor-
mation about possible consequences or alternative 
methods. (ch.5 s.24) 

Safety culture and man-
agement 

The company’s management management shall en-
sure that good safety culture is maintained and devel-
oped. Safety management must be integrated into the 
company’s general procedures, operating methods, and 
leadership. STUK provides additional regulations on 
safety culture.  (ch.2 s. 12) 

Safety Licence The company shall hold a safety license for the use 
of radiation (ch.7 s.48). 

There are exemptions by law (ch.7 s.49) and by 
STUK (ch.7 s.50). 

The company shall apply to STUK to be granted a 
safety license. Conditions can be read from ch.7 s.48. 

Information on content of application can be taken 
from ch.7 s.51. 

If the company conducts major changes in the radia-
tion practice they need to be applied for through safety 
license. (ch.7 s.52) 

If the company breaches the conditions of the safety 
license, STUK can withdraw it. (ch.7 s.53) 
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Safety assessment The document must be implemented for all practices, 
which require safety license. It must be written and con-
tinuously updated. (ch.5 s.26) 

The Safety assessment: 
- categorizes processes according to the radiation expo-
sure they cause and the type of radiation source, which 
is involved. (ch.5 s.27) 
 - identify ways in which the practice can cause radiation 
exposure, while considering any possible radiation 
safety deviations (ch.5 s.26) 
 - assess the magnitude of exposure and the potential 
exposure, as well as the probability (ch.5 s.26) 
 - show measures to ensure radiation safety and the op-
timization of radiation protection (ch.5 s.26) 
 - show measures to prevent and prepare for identified 
radiation safety deviations (ch.5 s.26) 

STUK provides further detailed requirements and has 
to approve the document. (ch.5 s.26) 

Radiation Management 
System 

The company shall have a written management sys-
tem for radiation practices, which require a safety li-
cense (ch.5 s.29) 

The following main points must be included: 
- radiation safety officer: name, birthdate, contact details  
- Persons who are involved with the radiation practice 
and who verify compliance with requirements listed in 
sections 33, 37 and 38: qualifications, training and in-
duction  
- tasks concerning radiation safety and security arrange-
ments, division of responsibilities and flow of information 
- measures to maintain and develop a good safety cul-
ture  
- description of the use of the radiation safety expert and 
the medical physics expert 
- other administrative and organizational arrangements 
aiming to ensure radiation safety and to implement the 
security arrangements.  

Further requirements are given by STUK 

Quality Assurance Prog-
ramme 

The company shall have a Quality assurance pro-
gramme. This document defines the company´s way of 
ensuring that quality objectives are fulfilled. (ch.5 s.30) 

It must include: 
- quality assurance measures, (performance, interval, 

limitations, measures when action limitation is ex-
ceeded, who is responsible) 
- instructions for technical testing and checking of radia-
tion sources, radiation appliances and other equipment 
(also e.g. software and auxiliary devices with impact on 
safety)  

Results must be documented.  
Reviewed on regular basis and updated when neces-

sary. 
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Plan on Radiation Safety 
Deviations 

The company shall have an up-to-date plan on ac-
tions in case of radiation safety deviations and emer-
gency exposure situations. (ch.16 s.129) 

The company shall be responsible for investigation 
and must keep record of the results. (ch.16 s.131) 

Personnel and the tasks during an emergency must 
be appointed beforehand, must have received training 
and must be under special medical surveillance (ch.16 
s.134 - s.136) 

Radiation Safety Expert Radiation safety expert must be involved in pro-
cesses which are subject to the safety licence. The RSE 
supports the company in planning, implementation, 
monitoring radiation protection measures. The role can 
be filled by an external person. (ch.5 s.32) 

A Radiation safety expert may act as RS Officer 
within their field of expertise (ch.6 s.41) 

Information about RSE´s qualification requirements 
and field of expertise can be taken from ch.6 s.36, s.37 

Radiation Safety Officer The company shall appoint a RSO (and deputy, nec-
essary for class 1 safety licenses) for all process which 
require a safety licence. The company shall ensure 
RSO has authority to fulfil the tasks. (ch.5 s.28) 

The RSO takes care of implementation of radiation 
protection in assistance to actual operator of radiation 
source. (ch.5 s.28) 

Information about RSO´s qualification requirements 
and field of expertise can be taken from ch.6 s.41, s.43, 
s.44, s.45. 

The company shall ensure that these qualifications are 
fulfilled (e.g. certificate of radiation protection training, 
language skills, approved by STUK) (ch.6 s.42).  

Protection of workers The company shall be in charge of radiation protec-
tion of own and external workers. Externals must have 
same level of protection as own employees.  (ch.12 
s.88) 

The company shall conduct an assessment of occu-
pational exposure and means of reduction before radia-
tion practice is commenced. Assessment must be ad-
justed if work procedure changes. Also, previous expo-
sure of worker´s must be investigated.  (ch.12 s.89) 

The company shall classify it´s workers according to 
their radiation exposure (category A and B). Classifica-
tion must be done before work is commenced. (ch.12 
s.90). Detailed requirements for A and B category work-
ers can be taken from (ch.12 s.92). 

The company shall monitor radiation exposure of 
workers individually and results must be recorded and 
provided to workers (ch.12 s.93). 

The medical physician must provide a certificate of fit-
ness for radiation work to employee (ch.12 s.106) 

Further requirements and restrictions e.g. regarding 
abnormal exposure, medical surveillance can be seen in 
ch.12 s.94 - s.100. 
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Providing training/induc-
tion to workers 

Task specific radiation safety instructions and other 
documents concerning the workers‘ radiation safety must 
be available to workers. (ch.5 s.31) 

The company shall ensure that workers (including 
RSO, RSE) have received a radiation protection educa-
tion, training and induction.  
The company shall keep a worker-specific record of all 
radiation protection trainings. (ch.5 s.33) 

The company shall provide supplementary trainings to 
maintain professional skills. It must be sufficient and reg-
ularly implemented. A worker-specific record must be 
kept. (ch.5 s.34) 

Providing information to 
different stake holders 

The company shall provide STUK with corresponding 
information  
- needed for workers’ dose register (ch.4 s.20) 
- needed for categorization of radiation practices 
(ch.5s.27) 
- if dose constraint is exceeded (ch.12s.94) 
- if radiation safety deviation / emergency occurs (ch.16 
s.130) 
- about changes in radiation practice, that are subject to 
the safety license (ch7. s.52) 

The company shall provide worker with information 
- if dose constraint is exceeded (ch.12s.94) 
- in case of radiation safety deviation / emergency (ch.16 
s.130) 

The company shall provide medical physician of 
worker with information 
- about radiation used at work place (ch.12 s.104) 
- if dose constraint is exceeded (ch.12s.94) 
- in case of radiation safety deviation / emergency 
(ch.16 s.130) 

The company shall provide the public with information 
- about an emergency exposure situation and which pro-
tective actions are required. (ch.16 s.133) 

Identification of radiation 
areas 

Controlled and supervised areas must be identified 
during the assessment on radiation exposure and poten-
tial exposure.  

Controlled area must be delineated and access only 
granted to personnel with appropriate instructions. 

Access, visits and work in this area must be in line with 
the required written instructions. 

There must be special arrangements for protection 
against ionizing radiation. (ch.12 s.91) 

Plan for security arrange-
ment 

The company shall have an up to date plan, that 
states how illegal operation, loss or stealing of radiation 
sources is prevented. 

This includes e.g. protection through structural barri-
ers, personnel, access control, technical surveillance, re-
stricted access, regular check-up on source´s location. 
(ch.10 s.67) 

Radiation safety indica-
tion / marking 

The company shall provide signs indicating radiation 
hazard and key information: 
- at usage facility 
- at storage facility / location of radiation source or on 
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the source itself, (if that is not possible, then on source 
shield / source container).  

STUK provides more regulations about technical de-
tails. (ch.10 s.66) 

Establishing dose 
constraints 

The company shall define dose constraints before ra-
diation operation takes place (unless STUK defined con-
straint already) 

For external employee dose constraints are defined 
together with their employer. 

Information must be delivered to STUK (separately or 
in Safety license) (ch.5 s.25) 

Transportation of radioac-
tive sources  

 

All radiation sources received, handed over and in 
own possession must reported yearly to STUK. This ap-
plies to all radiation sources registered per each license. 
(ch.10 s.71) 

If the company hands over a radiation source to an-
other party (for disposal) the company has to receive a 
certificate on reception by receiver. (ch.10 s.72) 

The supplier of transport service must have a safety 
license. Before handing over the radiation source, the 
transferrer must ensure that the recipient has a safety li-
cense as well. (ch.10 s.72) 

It is up to the transportation party to inform STUK 
about the transport, before the actual start of the 
transport. (ch.10 s.72) 

If the company acts as importer of a sealed source, 
the company shall responsible that radiation source is 
marked and identified correctly. It is the responsibility of 
the manufacturer to mark the sealed source itself or add 
documentation. (ch.10 s.70) 

 

Installation, maintenance 
and remediation of radio-
active sources 

If the company outsources the service related to in-
stallation, maintenance and remediation of radioactive 
sources, the company must ensure that the service pro-
vider has a safety licence. It is the service providers re-
sponsibility to ensure radiation safety during and after 
the work. (ch.10 s.74) 
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The use of outside work-
ers 

If the company uses services of an external com-
pany, the external company is in charge of providing all 
required trainings and educations to ensure workers´ra-
diation protection. (ch.5 s.31) 

The company shall ensure that the outside worker 
has radiation protection by (ch.11. s.104) 
- investigating the outside worker´s previous radiation 
exposure and assess the amount of exposure before 
the new task at the company begins 
- ensuring outside worker is classified correctly accord-
ing to requirements in s.90 
- providing radiological surveillance and individual moni-
toring for category A workers, according to requirements 
in s.20 
- providing medical surveillance for category A workers 
and checking their fitness to the radiation job, according 
to requirements in s.95 and s.97. This information must 
be delivered to occupational physician. 

If the employer of the outside worker takes care of in-
dividual monitoring and delivery of information to STUK 
(e.g. regarding dose register) it must be agreed in writ-
ten.  

Obligations of employer of outside workers can be 
taken from ch.11 s.103. 
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APPENDIX 2: TEMPLATE FOR THE RADIATION 
SAFETY MANAGEMENT SYSTEM 
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APPENDIX 3: TEMPLATE FOR THE QUALITY AS-
SURANCE PROGRAM 
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APPENDIX 4: TEMPLATE FOR THE PLAN FOR RA-
DIATION SAFETY DEVIATIONS 
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