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Division of duties between ministries m
According to the Finnish Radiation Act

Ministry of Economic Affairs and the Ministry of Social Affairs and Health

Employment

Nuclear Energy Act Radiation Act

Radiation and Nuclear Safety Authority STUK

ANV

Licensees (NPP’s, VTT) .«@3 Users of radiation (incl. VTT)
@,




Four levels of nuclear energy regulation m
In Finland

aGr‘Zngh Nuclear Energy Act
pp . Parliament
principle
Nuclear Energy Government
Application of Decree
graded approach
by specific STUK Regulations
decisions (binding) STUK (regulator)
STUK YVL Guides
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Application to Government Supporting documents to STUK

Structure of decommissioning
licence application, schematic

According to Nuclear Energy Decree

Technical planning

Fundamental safety related studies




Application to Government

Clearance

[Ruokola 2016, Rity 2017] Inventory

measurements

Inventory report [Raty 2017]

[Kotiluoto & Raty 2016]

Supporting documents to STUK

Technical planning

Environmental Imapct Assessment

Transports
[Suolanen 2014]

[EIA 2014]

Graphite &
aluminium
[Carlsson 2014]

Radiation effects

to environment
[Rossi 2014]

SNF accident
analysis
[Rossi 2016]




Application to Government Supporting documents to STUK

Safety classification
[Fortum 2017]

Dismantling plan [BNG 2017]

Clearance

[Ruokola 2016, Rity 2017] Inventory

measurements

Inventory report [Raty 2017]

[Kotiluoto & Raty 2016]

Work instructions LILW interim storage LILW final disposal
[BNG 2017] [Fortum 2016, TVO 2017] [Fortum 2017]

Waste management and packaging plan
[BNG & Fortum 2017]

Environmental Imapct Assessment
[EIA 2014]

SNF accident
analysis
Graphite & Radiation effects [Rossi 2016]

aluminium to environment
[Carlsson 2014] [Rossi 2014]

Transports
[Suolanen 2014]



Application to Government Supporting documents to STUK

g g E— E———— —— E—— E——— —— —— ——

Settlement and town planning
Fulfilment of safety principles
Environment
Expertise and organization
Nuclear waste management
Financial status
Financial statements
Compliance with old license
References to old decisions
Other, e.g. EIA

Nuclear materials and nuclear waste

Tech. operating principles for safety

Safety classification Work instructions LILW interim storage LILW final disposal
[Fortum 2017] [BNG 2017] [Fortum 2016, TVO 2017] [Fortum 2017]

Waste management and packaging plan

Dismantling plan [BNG 2017] (BNG & Fortum 2017]

Clearance Environmental Imapct Assessment

[Ruokola 2016, Réty 2017] Inventory [EIA 2014] SNF accident

measurements analysis
5 Graphite & Radiation effects i
Inventory report [Feisy 20| Transports P [Rossi 2016]

[Kotiluoto & Raty 2016] [Suolanen 2014] aluminium o enwronment
[Carlsson 2014] [Rossi 2014]




Application to Government

Supporting documents to STUK

g g E— E———— —— E—— E——— —— —— ——

Settlement and town planning
Nuclear materials and nuclear waste
Tech. operating principles for safety

Fulfilment of safety principles

Environment
Expertise and organization
Nuclear waste management
Financial status
Financial statements

|

Compliance with old license
References to old decisions
Other, e.g. EIA
Safety classification
Quality management
Technical Specifications
Periodic inspections
Security and emergency
Safeguards
Administrative rules

P S m S S S E— ——

Radiation monitoring
Fulfilment of safety requirements
Ageing management
Decommissioning plan

Safety classification
[Fortum 2017]

[BNG 2017] [Fortum 2016, TVO 2017]

Work instructions LILW interim storage LILW final disposal

[Fortum 2017]

Dismantling plan [BNG 2017]

[BNG & Fortum 2017]

Waste management and packaging plan

Clearance

[Ruokola 2016, Rity 2017] Inventory

measurements
[Raty 2017]

Inventory report
[Kotiluoto & Raty 2016]

Environmental Imapct Assessment
[EIA 2014]

Graphite & Radiation effects

aluminium to environment
[Carlsson 2014] [Rossi 2014]

Transports
[Suolanen 2014]

SNF accident
analysis
[Rossi 2016]
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A license for decommissioning of a nuclear
facility may be granted if:

2) the methods available to the applicant
for - - - nuclear waste management shall be
adequate and appropriate - - - /

2 x 50% < 100%

- ) When probablities are concerned

Nuclear
Energy Act
Section 20 a

& )
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Options for nuclear waste management
FIR 1 Environmental Impact Assessment 2013-15

Immediate export
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Procurement of decom and WM services

Negotiation procedure

Selection of

tenderers
12.6.2019

Q&A
Site walk-down

Negotiate based on the Erelminsny
preliminary tenders tenders

«  Specify the call for tenders 12.8.2019
« Improve the tenders

Call for tenders

16.12.2019

® Negotiations °
(3 + 2 rounds)

Draft and
comments to
final call for

tenders

Q&A Contract
Site 23.3.2020

walk-
down

Final tenders
24.2.2020




Steps during review of licence application

Submission of application 20.6.2017 (Ministry / Government)

Submission of technical documentation
Several batches 2017-18

Public hearing + invited statements (7 months)

VTT supplements the application (1.2.2019) + new hearing

STUK prepares safety assessment (published 2.4.2019)
Statement by Advisory Committee on Nuclear Safety
Statement by the Ministry of the Interior

Contract on decommissioning services (23.3.2020)

VTT supplements the application (23.4.2020)

VTT limits the application (spent fuel removed; 10.2.2021)

Government granted the decommissioning licence 17.6.2021

Total time about 4 years (insufficient information originally)

Ilmoitus

Teknologian tutkimuskeskus VI'T Oy:n
tutkimusreaktorin kiytostipoistoa
koskevan lupahakemuksen vireilldolosta

Ty6- ja elinkeinoministerit ilmoittaa hallintolain 41 §n
nojalla, ettii Teknologian tutkimuskeskus VTT Oy (jél-
jempind VTT) on jittinyt 20.6.2017 valtioneuvostolle
hakemuksen (TEM/1311/08.05.01/2017), jolla se hakee
ydinenergialain (990/1987) 20 §:ssi tarkoitettua lupaa:

1. poistaa FiR 1 -tutkimusreaktori kiytosti siten,
ettii laitosalueella jiljelld olevien radioaktiivisten
aineiden méird on ydinenergialain nojalla asetet-
tujen vaatimusten mukainen;

2. pitdd hallussa, kiisitelld ja varastoida reaktorin
kiytettyi ydinpolttoainetta sekid muita kiyton ja
purkamisen yhteydessi syntyneiti ydinjitteit;

3. pitid hallussa, kiyttdd, kisitelld ja varastoida VI'T:n
hallinnoimalla materiaalitasealueella jo olevia
muita ydinmateriaaleja, jota Siteilyturvakeskus,
Euratom ja TAEA valvovat.

VTT pyytid samalla reaktorin nykyisen, vuoden 2023
loppuun voimassa olevan kiyttoluvan raukeamista.

Jiljennos lupahakemuksesta on nihtivissi virka-aikana

29.8.2017-31.3.2018 seuraavissa paikoissa:
Espoon kaupungin kirjaamo, Siltakatu 11 (Kauppa-
keskus Entresse, 3. kerros), Espoo

+ Kauniaisten kaupungintalo, Kauniaistentie 10,
Kauniainen

+ Kirkkonummen kunnantalo, Ervastintie 2,



4 N

A license for decommissioning of a nuclear
facility may be granted if:

2) the methods available to the applicant
for - - - nuclear waste management shall be

_ The service contract for decommissioning fulfils
adequate and appropriate - - -

VTT’s needs for nuclear waste management - - -
/ VTT can now state that the methods available to
VTT for decommissioning, including other nuclear
waste management, have improved significantly
9 ) and they are adequate and appropriate.

v

Nuclear
Energy Act
Section 20 a

& )
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Design documents supporting the Final Decommissioning
Plan and Final Safety Analysis Report

Open requirements set by STUK Lirttyy paatok- | Asiakigan | Name of document Kasittely | T :
seen numero STUK:ssa | versio versio toimituspaiva
VTT:non FiR 1 -tutki varten |STUK paatos [[FIR 1-B64 |FiR 1 kaytastapoisto - Sateilysuojelusuunniteima Tiedoksi (1.0) 1.0 17.8.2022
vitetty Sateilysuoj litteineen tai muu vastaava dokumen- | 6.9.2019, - — — " - -
Taatio STUKINe bedoks! 6 kuukautta ennen m 2/F5551/2019 |FIR 1-B65 | FIR 1 kaytostapoisto - Sateilysuojeluohje 1 - Tydskentely valvonta-alueella Tiedoksi (1.0) 1.0 17.8.2022
FIR 1-B66 | FIR 1 kaytostapoisto - Sateilysuc 2 - Tilojen ja sateilyolosuhteiden seuranta N Tiedoksi (1.0) 1.0 17.8.2022
Avoin vaatimus Liittyy paatok- | Asiakirjan | Asiakirjan nimi Kasittely | Toimitettu | Seuraava Suunniteltu
seen numero STUK:ssa | versio versio toimituspaiva
VTT:n on toimitettava FiR-1 reaktorin purkuvaiheen turvallisuusseloste | STUK paatos | FIR 1-A1 | Tur (pur Hyvaksynta [ 3.4 (4.0 50 30.9.2022
STUKille vahintaan kuusi kuukautta ennen ydinlaitok- | 2/F48401/2018
—————— | sen purkamisen aloittamista. Turvallisuusselosteen paivityksessaon | 1/F42422/2018
Paatoksen 65/0010/20141 | huomioitava Kirjatut 2IF42422/2018
:,";m“ 'ﬁma' “lew;%““mm} FIR 1 -tutkimusreaktorin purun alkana kaytossa olevat ohjeen YVL C.7 | STUK paatos
Kaisista tilajarjestelyista of | vaatimuksen 417 laitteistot ja jarj on purun | 15.4.2019,
= 1/F41302/2019
Vﬁnmmmnmwmeme&ssawteﬁavameuwao josﬁ STUK paatos
kasttellaan kavtostapoiston suunnitelluista toimista syntyvia pa&aa ja | 2/F42271/2019
Selvitys stonal | niista vaeston yksilolle 3/F42771/2019
tojen raportoinnista on toin | huomioitava ainakin TTKE:ssa esitettyjen vuospaaswraqu suuus
kuukautta ennen laitoksen | ten vesi- ja tojen tutkimusreakto-
on huomioitava paatokses | rin purusta aiheutuva suora sateily.
FIR 1 —reakiorin purunaiks | Paatoksen 65/0010/2014 4 p ta [ STUK paatos | FiR 1-A13 | Kaytostapoistosuunniteima Hyvaksynta 31 40 30.6.2022
massa on kuink ja asia- | 10.4.2018, = = : " n
FiR 1 -reaktorin purun aiki | kirja on toimitettava STUKille tiedoksi Vimessiaan 6 kuukauta ennen | 2F 422132013 FiR1-850 | FiR 1 kéy ) Tiedoks! 20 20| 3062022
e p kali kaytostapoiston valmiste- FIR 1-B51 | FiR 1 kaytostapoisto - L Tiedoksi (1.0) 20 30.6.2022
g;:n"" vﬁisi.: Ssaltyy | a.on KLY SORTHICHAVEL M FIR 1-B52 |FiR 1 3poisto - K. Tiedoksi 10| 3062022
Toolt. mifiaus. ja menetien | MeiStaan 6 kuukautta ennen purkutoimenpiteiden aloittamista. Toimi- : - - c _
kuvaukseen on slsamettava paatoksen 65/0010/2014 vaai- FIR 1-B54 | FiR 1 kaytostapoisto - Purkujatteen pakkaussuunnitelma Tiedoksi (1.0 1.0 30.6.2022
v“mﬂa etta val e 9 kuvaus poikkeavien annosmaaritysten mahdollis- FIR 1-855 | FIR 1 kaytostapoisto - Purkujatteen kulietussuunniteima Hyvaksynta (1.0) 10 30.6.2022
tava kuvaus kaytettavista FiR 1-B56 | FiR 1 kaytostapoisto - Purkamisen tyoohje 1 - Valmistelevat tmmenpneet Tiedoksi (1.0 20 17.8.2022
vaatimus 8). Kuvaus on to FIR 1-B57 |FIR 1k P 2 i Tiedoksi 1. i 17.8.
e iR 1-BS iR 1 kaytostapoisto - Purkamisen tyoohje 2 7 p iedoksi (1.0) 20 82022
FIR 1-B58 | FiR 1 kaytostapoisto - Purkamisen tyohje 3 - Primaari- ja Tiedoksi (1.0) 20 17.8.2022
Wnl;:' on vamistuttava va FIR 1-B59 | FiR 1 kaytostapoisto - Purkamisen tyoohje 4 - BNCT-keilarakenteiden purkaminen Tiedoksi (1.0) 20 17.8.2022
&,mudﬂemwﬂammm"'af FIR 1-B60 | FiR 1 kaytostapoisto - Purkamisen tyoohje 5 - Biologisen suojan purkaminen Tiedoksi (1.0) 20 17.8.2022
pystyttava pyydettaessa e FiR 1-B61 | FiR 1 kaytostapoisto - Purkamisen tyoohje 6 - Jaljella olevien apujarjestelmien, rakenteiden ja | Tiedoksi (1.0) 20 17.8.2022
Selvitys turvajarjestelyista Kkomponenttien purkaminen
on paivitettava ja lahetetta FIR 1-B62 | FIR 1 kaytostapoisto - Purkamisen tyoohje 7 - Tyomaan siivoaminen Tiedoksi (1.0) 20 17.8.2022
sen purkamisen aloitiamis FiR 1-B63 | FIR 1 kaytostapoisto - Pakkaajan ohje Tiedoksi (1.0) 20 17.8.2022
R (Sa jel ertellaan jaljempana toisten vaat yhteydessa)
Kohtaiset raportit, joihin ef| | Paatoksen 65/0010/2014 vaatimuksen 5 tayttyminen on osoitettava | STUK paatos | FiR 1-A10 | Johtosaanto Hyvaksynta 10.2 | (pidetaan ajan | (pidetaan ajan
kayttlupa-ai osana 10.4.2018, / Tiedoksi® tasalia) tasalla)
[¢] on sisally kuvaus kaytetta- | 2/F42213/2018
vasta sateily suunniteima
koskien sateilysuojelun lljolde'l kaytostapois-
ton aikana.
— FIR1-B50 | FiR 1 kaytostapoisto - Ty jo edelia) Tiedoksi (2.0) 20 30.6.2022




VTT
Licensing — Summary

VTT fulfilled all prerequisites of the licence only after
signing the service contract on decommissioning.

Planning and preparation progressed much during licence
review time. Also spent fuel was removed from FiR 1.
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v Licensing steps
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Progress of characterization work
Calculations and measurements

Characterization provides data for
Dismantling
Waste management
Transportation
Waste final disposal

Aim is to ensure (minimize doses) and

(optimize amount of waste-and packages)

Loviisa WAC - converging plans from optieneering to practical level
Optimizing packing, waste handling procedures and logistics
Compatible measurement methods and bookkeeping
Repository-specific final disposal safety case assessment

N



Detailed calculation on dismantling waste m

Relatively small inventory and volume

Highest material-wise calculated activities

Steel (Fe-55, Ni-63, Co-60) 1,9 TBq
- Rotary specimen rack 1,7 TBq

Fluental 1,3 TBq
- H-3>>99%

Estimate on total inventory, excluding spent fuel:

Less than 5 TBq

= ca. 1 /40 000 of Loviisa NPP inventory

Estimate on volume of dismantling waste:

100 m3

(as packed for interim storage)




Sampling of active concrete
December 2018

29.11.2022




Sampling of active
concrete

December 2018
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Interim storage for dismantling waste

Demonstrates waste volume (earlier concept design)

Picture: Fortum Power and Heat Oy
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Evolution of detail in planning

2007: Consultation on potential
decommissioning strategies (Platom)

Various options to execute the project
Review of VTT’s decommissioning plan for FiR 1
Suggestions for developing the plan

Experiences from Frankfurt TRIGA decommissioning




Evolution of detall in planning

2007: Consultation on potential
decommicsinnina ctratacine (Dlatam)

various opt  2013: Preliminary dismantling plan
Review of ' (Platom)

Suggestion:  Available dismantling and demolition techniques

Experience: Experiences and data from several decommissioned
foreign research reactors

One of the background reports for the EIA.




Evolution of detall in planning

2007: Consultation on potential
decommissinnina ctratamioe (Dlatom)

2013: Preliminary dismantling plan

Various opt
Review of \
Suggestion:

Experience:

(Platom)
Available di

Experience:
foreign rese

One of the

2016: Detailed dismantling planning (BNG)

All specific background information from FiR 1

Documentation suitable for the procurement of the
dismantling works

Technical reports and work instructions (about 540 p.)

VTT prepared the first version of the decommissioning
plan and SAR for decommissioning (approval by STUK)




Evolution of detall in planning

2007: Consultation on potential
decommissinnina ctratamioe (Dlatom)

various opt  2013: Preliminary dismantling plan

Review of ' (Platom)
Suggestion: Availabledi 2016: Detailed dismantling planning (BNG)

Experience: Experience: All specific
CIEEQLCEERN RN 2017 > Refine the detailed dismantling
ONERIRUERCIEGENEN] plan (Fortum)

IECNIEEIRY  Include all practical considerations:
VARRCYCRE] - Site logistics

plan and S/

« Waste acceptance criteria

* Integrate dismantling, waste management,
radiation protection and security operations




h Ventilation arrangements 0.8 mo

mm Radiation measurements 0.3 mo 2005 VS 2018 plan

mmmm [nitial arrangements 0.5 mo
s _ _FUel transfer 1 mo _> _Interim storage and final disposal

L Dismantling of core and tank internals 0.7 mo
2005 plan J

3.5 months Emptying the tank 0.1 mo

-y
Im
! D I h k 0.3
- ismantling the tank 0.3 mo
2018 plan o _ I g

12...16 months |: mmmmmm=  Demolition of the bioshield 1.6 mo
M
I Dismantling of the primary circuit 1.4 mo
mmm Cleaning of laboratories 0.5 mo
[ Clearance 0.5 mo
I N N S . Packaging and transports

1 2 3 4 5 6
Time from start of decommissioning (mo)

29



Final dismantling planning
Example: cutting of the biological concrete shield

Competitive tender for planning
Selected contractor: Babcock Noell (2016)
Fortum refined the planin 2021

Selected dismantling technique for concrete
Removal of activated parts around neutron beam tubes
Use diamond wire cutting

The plan forms the basis for...
Technical part of the licensing documentation
Also supports costing calculations

29.11.2022 VTT - beyond the obvious
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Final dismantling planning in 2021 m

Example: cutting of the biological concrete shield
o bena

raoiaL |l
.

RADIAL B

Blocks to be
removed before
clearance: Picture: Fortum




Final dismantling planning in 2021
Example: cutting of the biological concrete shield

29.11.2022 VTT - beyond the obvious i
Pictures: Fortum
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Management system re-organized to support
decommissioning

During operation:
* Reactor manager

In decommissioning:
* Decommissioning
manager

Key persons on

decommissioning site

*  Shift supervisor

* Site manager

* Radiation safety
officer

Responsible

implementing
decommissioning

Dismantling team
Radiation team
Waste team

manager
1+d

---------- e ) s By ey LR
Decommissioning : 1| Radiation Security Emergency Nuclear : 1 :
manager 1 I safety responsible preparation safeguards 1 : Quality assitant I
1+d : 1 officer person responsible responsible : 1 1 I
| 1 : 1+d 1+d person person 1 : :
Licensed shift Techlnical : : 1+d 1+d : : !
supervisors maintenance : ! ok : ! VIT QMS :
11 Radiation il (Quality I
[ : || protection : ! manager) I
Licensed 1 I assistants | I i
operators I 1 : 11 Occupational I
L : I FiR 1 security organization : I safety :
Expert support il (VTT Corporate security) 11 coordinator iy
for decom & (Contractor’s) 1 : i . ' 1 : (VNa 205/2009) I
pre-dismantling Site manager : I i Security staff | : 1 1
(VTT) r H I
1! 1! 1
| il 1! 1
l L I : 1 : I
VTT's staff (Contractor’s) : 1 : 1 I
1! 1! 1
1! 1! 1
1! 1! 1
r H :
1 1 L H



Shift supervisor represents VTT
Site manager represents Contractor

Dismantling and
waste management
staff

29/11/2022

Site manager
(Contractor) (VTT)

£ O

=]

|

Operator

Decommissioning

Shift supervisor

O

(1)

manager

VTT - beyond the obvious
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Other safety
responsible persons in
FiR 1 organization

—

i

O
IO
VII

Radiation
protection I
officer
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Cost estimate evolution 1988-2022

w
O %.
- e
%NQA.,.
_m.(m I %,
28, I
SI¢ ,@,cm
= I

Decision to shut down

[ )
%

50505050
m oM N N 9

(anjeA 0Z0T) 3N 150D

37

B Remaining cost, estimate

M Realized cost, cumulative



Lessons learned
First nuclear facility to be decommissioned in Finland

Impact on national regulation and practices
- Interpretations of specific requirements (safety goals and practice)
- MEAE and STUK used FiR 1 experiences in development of legislation

Experience gained in the project organization
—> Active owner in dismantling planning projects
- In-house experience in inventory modelling and measurements

Adapting the organization to decommissioning
—> Retained all operating personnel + key recruitments
—> Safety culture assessment 2018 — recommendations being implemented, follow-up

Main challenge: uncertainty over waste solutions at shutdown
—> Licensing: long preparation and review times
—> Planning: slow convergence of plans (lack of fixed boundary conditions)



See also

VTT’s info pages on the decommissioning project

http://www.vttresearch.com/services/low-carbon-energy/nuclear-
energy/decommissioning-of-finlands-first-nuclear-reactor

Decommissioning license application (Website of the Ministry)

http://tem.fi/en/vtt-technical-research-centre-of-finland-ltd-s-licence-
application-for-decommissioning



http://www.vttresearch.com/services/low-carbon-energy/nuclear-energy/decommissioning-of-finlands-first-nuclear-reactor
http://tem.fi/en/vtt-technical-research-centre-of-finland-ltd-s-licence-application-for-decommissioning

bey©°nd
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Markus Airila @VTTFinland www.Vtt.fi
Markus.airila@vtt.fi
+358 20 722 5094 linkedin.com/in/markus-airila-401434163/



