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– Specialist, Project Planning

• Project management-related matters, especially time management and progress assurance

• A part-time project engineer for Posiva in a final disposal of spent nuclear fuel project

– Design Engineer (Nuclear Safety Design)

• Systems and requirements engineering as well as configuration, quality and project management

– Master’s Thesis Worker (08/2018 – 04/2019)

• Thesis: ”Utilization of Artificial Intelligence in the Analysis of Nuclear Power Plant Requirements”

• Summer Trainee positions in nuclear and conventional power industry 2014-2017

• Substitute Manager, Project Assistant, Quality Intern & Technical Trainee

• Education: Master of Science (M.Sc.), Energy Technology

– Minor: Nuclear Engineering (Korea Advanced Institute of Science and Technology, KAIST)
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Fortum in General
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Strong position to drive the energy transition in Europe 

4th largest 
gas storage operator 

in Europe

3rd largest
nuclear generator 

in Europe

3rd largest
power generator 

in Europe and Russia

3rd largest
CO2-free power 

generator in Europe
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Unit Mwe (net) Fortum 

Share %

Uniper 

Share %

Loviisa 1

Loviisa 2

507

507

100

100

Olkiluoto 1

Olkiluoto 2

Olkiluoto 3 (newb)

890

890

1600

26.6

26.6

25

Hanhikivi 1 (newb) 1200 6.6

Forsmark 1

Forsmark 2

Forsmark 3

988

1120

1172

23.4

23.4

20.1

9.3

9.3

10.8

Oskarshamn 1

Oskarshamn 2

Oskarshamn 3

decom

decom

1400

43.4

43.4

43.4

54.5

54.5

54.5

Ringhals 1

Ringhals 2

Ringhals 3

Ringhals 4

881

decom

1063

1103

29.6

29.6

29.6

29.6

Barsebäck 1

Barsebäck 2

decom

decom

100

100

Fortum’s and Uniper’s nuclear fleet



Final disposal of spent nuclear fuel

Encapsulation Plant

Disposal area

Deep repository

Source: Posiva
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Nuclear Services Offering
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Newbuild Services
• Owner’s engineering services for newbuild,  

• Licensing and safety engineering, e.g. 

ADLAS® concept family

Services for operating nuclear power plants
• Operational support, e.g. trainings

• Maintenance and outage optimization, Procedures

• Owner’s engineering for automation renewal and plant 

modernization projects (e.g. HFE)

Safety Analysis and safety 

improvements
• Deterministic Safety Analysis with 

Apros®, Severe Accident Management, 

Probabilistic Risk Assessment

Apros® simulator applications for 

engineering projects
• Apros® dynamic simulation to define technical 

requirements for new equipment, process and I&C 

design verification and testing, virtual commissioning

RadEx ®

Radiation Safety Expert 

Services, including radiation 

safety trainings, for customers 

who use radiation sources or 

radioactive materials in their 

operations.

Decommissioning and waste management
• Extensive expert services for decommissioning and 

waste management from strategic level planning to 

execution of dismantling and waste management 

activities at site. 

• Wide-ranging back-end services, covering strategical 

consultation and engineering services for radioactive 

waste disposal (from very low level waste to spent 

nuclear fuel) including layout design, nuclear expertise 

and sophisticated radiation safety analyses for long-

term safety studies.

• Unparalleled NURES® ion exchange treatment 

products and system deliveries for treatment and 

purification of radioactive liquids. 

SMR
• Research, consulting, 

business development, 

licensing



Introduction to Study
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Life-Cycle Cost Impacts from Early Phase Decision-Making
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Source: NASA Systems Engineering Hanbook: NASA SP-2016-6105 Rev2 supersedes SP-2007-6105 Rev 1 dated December, 2007.
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http://nihealthcare.com/uu-could-hold-key-to-better-understanding-brain-disorders/  



Study
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Requirements Classification
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Requirements Classes
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Data Collection

YVL 

Guide
Title

YVL A.3 Leadership and management for safety

YVL A.5 Construction and commissioning of a nuclear facility

YVL A.6 Conduct of operations at a nuclear power plant

YVL A.8 Ageing management of a nuclear facility

YVL A.12 Information security management of a nuclear facility

YVL B.1 Safety Design of a Nuclear Power Plant

YVL B.4 Nuclear Fuel and Reactor

YVL B.5 Reactor Coolant Circuit of a Nuclear Power Plant

YVL B.6 Containment of a nuclear power plant

YVL B.7 Provisions for internal and external hazards at a nuclear

facility

YVL C.5 Emergency arrangements of a nuclear power plant

YVL C.6 Radiation monitoring at a nuclear facility

YVL D.4 Predisposal management of low and intermediate level 

nuclear waste and decommissioning of a nuclear 

facility
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YVL 

Guide
Title

YVL E.3 Pressure Vessels and Piping of a Nuclear Facility

YVL E.4 Strength Analyses of Nuclear Power Plant Pressure

Equipment

YVL E.6 Buildings and Structures of a Nuclear Facility

YVL E.7 Electrical and I&C Equipment of a Nuclear Facility

YVL E.8 Valves of a Nuclear Facility

YVL E.9 Pumps of a Nuclear Facility

YVL E.10 Emergency Power Supplies of a Nuclear Facility



Examples of Requirements Classification

REQ ID Requirement Requirement Classes

YVL-A.3-6.1-

604

604. For each process, the necessary inspection, testing, verification, and 

validation phases, the acceptance criteria for each phase, and the 

responsibilities for the performance of the activities shall be specified. It shall 

also be specified if these activities are to be performed by individuals other than 

those responsible for the process.

Quality Management

Verification & Validation

YVL-B.1-4.3.2-

439

439. If the redundant parts of a safety system are interconnected for the 

distribution of electricity or control signals, the safety advantage as compared to 

a solution without such interconnection shall be justified.
Instrumentation & Control

Verification & Validation

YVL-B.1-4.3.2-

435

435. The failure of a subsystem in a system executing safety functions shall not 

cause the failure of another redundant subsystem of the same system or the 

failure of several subsystems participating in the same safety function.
Process Engineering

YVL-B.1-5.4.2-

5425

5425. The plant unit’s power supply systems shall be dimensioned to supply 

sufficient electrical power for the implementation of the safety functions in all 

plant conditions.
Electrical Engineering

YVL-D.4-4.4.1-

432

432. As the decommissioning of the nuclear facility proceeds, the safety 

classification document shall be updated to reflect the current state of the facility.
Decommissioning
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Language 

Model

General 

Classifier

Fortum 

Classifier

Training Fortum Classifier



Language Model + Classifier
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313. Each design and implementation stage shall be verified. 
The verification activities and methods shall be duly planned.

Language 
Model

Classifier

Verification & Validation (p = 0.71)

Input

Output
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Test dataset (n = 390) Independent test dataset (n = 76)
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Results



Requirements Atomization
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Requirements Atomization
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364. The licensee shall evaluate the

acceptability of the qualification results

and present a justified conclusion drawn

from the results.

YVL-B.1-3.9 3.9 Qualification

365. ….

366. ….



Requirements Atomization
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364. The licensee shall evaluate the

acceptability of the qualification results

and present a justified conclusion drawn

from the results.

364. The licensee shall evaluate the

acceptability of the qualification results.

364. The licensee shall present a justified

conclusion drawn from the results.

YVL-B.1-3.9 3.9 Qualification

From which results?



Requirements Similarity
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Requirements Similarity
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STUK Y.1 YVL B.1, Chapter 4 Score

Systems, structures and components important 
to the safety of a nuclear facility shall be 
available as detailed in the design basis 
requirements.

411. If shared structures, systems and components important to safety are 
designed for nuclear power plant units located on the same plant site, it shall be 
demonstrated by means of reliability assessments that this does not impair the 
capability of these structures, systems and components to perform their safety 
functions.

4,616184711

A nuclear power plant shall have the necessary 
components and procedures for securing the 
removal of residual heat from the nuclear fuel in 
the reactor for a period of three days 
independently of the off-site supply of electricity 
and water in a situation caused by a rare external 
event or a disruption in the on-site electrical 
distributionsystem.

452. The nuclear power plant shall have in place arrangements that can guarantee 
sufficient cool- ing for the fuel placed in fuel storage facilities during rare external 
events in accordance with requirement 450. These arrangements shall make it 
possible to supervise the water level in the spent fuel pools for a minimum of eight 
hours without recharging the DC batteries. Furthermore, it shall be possible to keep 
the fuel reliably submerged during the loss of the plant's internal electricity 
distribution system in accordance with requirement 451. A sufficient inventory of 
water and fuel and capability to recharge the DC batteries shall exist at the plant 
site to maintain these arrangements for a period of 72 hours.

4,636093616

Vanilla BERT: https://arxiv.org/pdf/1810.04805.pdf

Requirement from Law Requirement Regulatory Guide Score for Similarity
(0 Identical – 10 Dissimilar)

https://arxiv.org/pdf/1810.04805.pdf


Discussion
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Discussion

• Narrowly defined specific problem – successful even with modest amount of data

• Collecting high-quality training data is a time-consuming process and susceptible to errors 

• Algorithms perform well for similar requirements

⮚ Challenges to categorize requirements containing new words and/or word orders

• More high-quality data and precise classes are required to better facilitate the needs of systems 

engineering in nuclear industry
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Conclusions
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Conclusion
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• AI can clearly be utilized in requirements engineering

• AI can save time and money as well as has potential to promote safety when applied correctly

– Reduces manual error-prone, rather monotonic, time consuming, but still important work

• Algorithms may be further developed for:

– Atomizing complex requirements containing several classes

– Recognizing and potentially combining similar requirements

– Checking requirements syntax

– Assessing the fulfillment of requirements

Santeri Myllynen

santeri.myllynen@fortum.com
Read more: www.fortum.com/nuclear

www.twitter.com/FortumNuclear

www.twitter.com/Fortum
www.linkedin.com/company/fortum www.youtube.com/user/fortum

Fortum ForEnergy blog at  

fortumforenergyblog.wordpress.com 

Follow us on:

mailto:santeri.myllynen@fortum.com
http://www.fortum.com/nuclear
http://www.twitter.com/FortumNuclear
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http://www.youtube.com/user/fortum

