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 Nuclear newbuild outlook in Finland
 Reform of the Finnish nuclear regulation – including siting and EPZ zones
 Some publicly available VTT reports on completed projects in offsite doses
 On-going: PLUMO project: Near-field urban dispersion and doses
 Steady Energy’s LDR-50 heating reactor design
 VTT-developed dose assessment codes
 VTT code ARANO: Short-range Kz-augmented Gaussian
 VTT code VALMA: Lagrangian model, from one straight-line to millions of Monte Carlo trajectories
 Occasional use of MACCS: IAEA CRP projects, code-to-code-comparisons
 On-going: EU project SASPAM-SA, with SA codes and WP6 (EPZ)

Main contents of VTT presentation
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Finland in need of flexible EPZ ruling

From:

Seems to be wider interest, more to-be-operators
for SMR designs than traditional large LWR
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 Benefit from potentially reduced EP&R / EPZ
• Siting closer to densely populated areas, particularly important for heat
• Overall decreased cost of maintaining emergency preparedness

 Potential justification of reduced EP&R / EPZ
• Smaller core radioactive inventory
• More heat transfer area per unit heat generation
• Attempted advanced safety features, including passive systems; note ‘heat only case’

• Lower frequencies of releases (CDF, LERF) ?
• Smaller magnitudes (Bq) of releases?
• Timing aspects (delay, duration) – no early or fast release?
• ‘Delay/decay, dilute/disperse, contain (FP retention)’

 Many potential obstacles to reducing EP&R
• Limited operational data available (FOAK), non-linearity of e.g. EPZ scaling
• Security & other low-probability events, public perception of risks
• Independence of the levels of DiD ?

Why study SMR emergency planning?
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 IAEA: EPZ (emergency planning zone) =
• PAZ (precautionary action zone) &
• UPZ (urgent protective actions planning zone)

 Urgent response phase, actions mostly based on EALs
 Arrangements for precautionary & urgent protective actions

• to avoid or minimize severe deterministic effects offsite and
• to avert doses offsite

 Example STUK (Finland) Y/2/2018 & YVL A.2 (411-413):
• PAZ around site area to appr. 5 km, with land use restrictions
• No schools, hospitals, care facilities, shops, etc.
• No significant functions of society that could be affected
• Limited number of permanent inhabitants (effective evacuation)
• Maintain the number of permanent & leisure-time inhabitants as at time of DiP
• Licensee’s duties within PAZ: STUK Y/2/2018
• UPZ extends the EPZ to appr. 20 km from the plant: detailed external rescue plan

 Regulation on the Safety of a Nuclear Power Plant (STUK Y/1/2018)

New in Finland
in Feb 2024:
Flexible zones
(STUK Y/2/2024)

What is the EPZ? Inner PAZ and outer UPZ
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Hypothetical SMR sites in Finland (in public) - 1
 City / Region Location Latitude Longitude
 Helsinki Salmisaari 60.16493 24.90602
 Helsinki Vuosaari 60.21976 25.17088
 Helsinki Norrberget (Östersundom) 60.24846? 25.19069?
 Espoo Ämmässuo 60.23262 24.53982
 Espoo Suomenoja / Finnoo 60.14963 24.71749
 Turku / Naantali Naantali multi fuel plant 60.45731 22.05579
 Vantaa Martinlaakso 60.28261 24.83828
 Vantaa Kuusikonmäki (Varanto 90 GWh) 60.30519 25.10097
 Järvenpää Vantaan – Tuusulanjärven lämpö 60.45567 25.12965
 Kotka Korkeakoski / Mussalo (Palaslahti) 60.43630 26.90021
 Pori Copper Industrial Park 61.45936 21.86802
 Pori Meri-Pori 61.63126 21.40648
 Kerava Keravan Energia biovoimalaitos 60.36803 25.11424
 Tampere Naistenlahti 61.50990 23.77676
 Tampere Lielahti 61.51017 23.67469
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Hypothetical SMR sites in Finland (in public) - 2
 City / Region Location Latitude Longitude
 Kuopio Huuhanmäki 62.88675 27.64742
 Kuopio Haapaniemi (Kumpusaari) 62.87939 27.67515
 Kuopio *Sorsasalo 62.94989 27.71869
 Kuopio *Hepomäki 62.83224 27.55470
 Kuopio Kumpusaari 62.87505 27.67091
 Kuopio Kelloniemi 62.92082 27.70144
 Kuopio Kolmisoppi 62.86440 27.60604
 Kuopio Pieni Neulamäki 62.85768 27.59285
 Lahti Kymijärvi 60.97555 25.78929
 Lahti Teivaanmäki 60.98701 25.64036
 Lappeenranta LUT Campus 61.06763 28.09377
 Tornio Outokumpu (Tornio industrial area) 65.76166 24.18443
 Raahe SSAB 64.64920 24.40543
 Oulu Laanila 65.03531 25.51668
 Oulu Toppila 65.03743 25.43640



Helsinki / Helen (’Helsinki Energy’) considering e.g.
Vuosaari (eastern Helsinki industrial area & suburbs)

 Latitude: 60.21976
Longitude: 25.17088

 Colored circles: 0.5 / 1 / 1.5 / 2 km



VTT study for Novatron Fusion Group
• Fusion moved from Nuclear Energy Act to

Radiation Protection Act
• Novatron origin at KTH, based in Stockholm
• Inherently stable confinement of plasma by

axisymmetric tandem mirror (ATM) – particles
bouncing back towards center
• N1 being built at KTH, experimental magnetic

mirror fusion testbed
• N2: proof of concept in 2028?
• N3: full-scale pilot reactor – in Finland?
• N4: commercial fusion plant

• FMI provided through SILAM one-point weather
parameters for several Nordic sites

• Radiological significance: H-3 inhalation
• In public news: HS 21 October 2025 >>



Finland: Reforming the whole nuclear regulation
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 New Nuclear Energy Act to replace the old (YEL, 990/1987) in 2026
 STUK is reforming both structure and content of their nuclear regulation
 Current STUK Decrees (5) & Regulatory guides (YVL, 47) >> 24 new decrees
 Less detailed guidance >> More generality (various solutions can be presented)

• Licensee responsibility
• Requirements according to safety significance
• Regulatory overview focused according to risk

 Present YVL A.2 on siting: 21 pages, 70 numbered sub-items
 New STUK decree (draft) on siting: just 6 pages, with 31 numbered items (’SYT’)
 Enable use of new Emergency Decree Y/2/2024 flexible EPZ zoning (no 5/20 km)
 Remove the old YVL A.2 / 402 requirement ’Site be in sparsely populated area’
 Require: Conservative assumptions & both deterministic and probabilistic approach
 Require to consider rare, simultaneous and/or couples external events



Finland’s EPZ in new regulations (STUK Y/2/2024)

L4.7 VTT

• 2. The precautionary action zone (PAZ) shall be defined in such a way that, in the event of an accident, there is a high
probability that there will be no need to evacuate the population beyond the PAZ and that the necessary evacuation
measures can be effectively carried out inside the PAZ in order to prevent or limit severe deterministic effects of ionising
radiation. In order to enable effective evacuation, the PAZ shall be subject to land use restrictions.

• 3. When determining the size of the PAZ, it shall be demonstrated that, in the event of an accident, the radiation dose of an
unprotected person outside the PAZ will not exceed 1 Sv within 10 hours of the start of exposure.

• (Note: 1 Sv in 10 h appears in Table II.1 of IAEA GSR Part 7 for red bone marrow.)

• 4. The emergency planning zone (EPZ) shall be determined in such a way that, in the event of an accident, there is a high
probability that there will be no need for the population to shelter indoors outside the EPZ.

• 5. When determining the size of the EPZ, it shall be demonstrated that, in the event of an accident, the radiation dose of an
unprotected person outside the EPZ will not exceed 10 mSv within 48 hours of the start of exposure. The EPZ can be limited
to a maximum distance of approximately 20 km.

• (Note: 10 mSv in 2 d has long been the threshold for sheltering in STUK VAL regulations.)
 How to practically implement the new flexibility of STUK Y/2/2024 (Feb 2024) ?
• Licence applicant must present and justify the size of EPZ for their plant.
• Flexible scheme facilitates early start of urban planning for SMR projects.
• For the EPZ size, possible assumptions (What should be the accident scenarios ?):

• Large amount of released radioactive material is in the containment
• There is some breach or by-pass of the containment

• That is clearly, multiply failing management of a severe accident.
• What exactly will STUK will accept in practice in the offsite dose calculations for the EPZ size?
• More detailed ‘lower-level’ regulations are expected to appear later during the legislation reform process – 2026?
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Some relevant work in Finnish research
programs (these reports publicly available)
• 01377-13: Fukushima dispersion and doses with ROSA and VALMA
• 00432-15: Dose probability distributions up to 300 km (EPD, ICPD)
• 00589-16: VALMA-calculated probability distributions with 1 a SILAM data
• 00695-17: Assessment of ingestion doses with VALMA
• 00651-18: Off-site radiological consequences from an SMR unit
• 00885-18: Estimates of health effects with VALMA
• 06998-18: EPZ of SMRs by plant suppliers vs. regulatory bodies
• 00136-19: Code-to-code comparisons of ARANO, VALMA and MACCS
• 01612-20: General review of SMR EPZ determination
• 00155-22: Comparison of measured and VALMA-predicted Fukushima Cs-137 deposition
• 00074-23: ARANO study of sensitivity of EPZ distances w.r.t. weather and release parameters

• (The codes refer to VTT publications, e.g. VTT-R-01377-13)



Project PLUMO (SAFER research program)
• First proposed by Fortum (Benjamin Grigoriadis)
• Coordinator: FMI (Antti Hellsten)
• WP1: LES modelling and evaluation of low-cost dispersion models

• T1.1 Design of the representative study case suite
• SMR sites, source terms, release parameters

• T1.2 LES dispersion simulations
• T1.3 Low-cost model runs; VTT part: e.g. ARANO, MACCS (Gaussian), VALMA

(Lagrangian) and evaluation against LES
• WP3: Impact of dispersion model fidelity on SMR safety assessments: Comparative

analysis of LES and low-cost Gaussian and Lagrangian
• T3.1 Establishment of the SMR safety analysis chain

• Deposition, doses: Urban setting (building surfaces & shielding)
• T3.2 Comparative impact assessment of dispersion modelling

• Objectives:
• Understand how much urban setting results can differ from ‘countryside’
• Methods to correct ARANO results based on urban and weather parameters
• Also, use LES-calculated trajectories for city environment in VALMA
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SMR: Near-field dispersion effects
 Many SMR designs locate the reactor underground, or at least the size of the building is smaller than for

large NPPs. Possibly the initial heat content is smaller. These factors will make the effective release height
smaller, meaning a more concentrated radioactive cloud in the nearby areas. Furthermore, the possible
offsite adverse effects are inherently located more pronouncedly in the nearby areas only, because of the
small source. Potential siting near population centers makes it very important to study those near-field
effects in great detail.

 Building wake: Turbulent eddies around buildings provide more initial spread; and transfer stuff downwards.
 Stack-tip / building downwash (high-rise structures causing downwards transfer of activity concentrations)
 Cloud rise (plume rise): Initial upward momentum and heat content make the release rise higher than stack

height right at the starting point.
 Near-field dispersion parameters: Weather mast measurements may be more reliable near the source than

NWP (numerical weather prediction) model, but more masts than one single would make the data even
more reliable and complete.

 Very narrow plume: It takes some time for the release to spread in the lateral and vertical directions, and
when e.g. using the Gaussian model, choice of appropriate parameters is very important.

 Urban / industrial terrain: Terrain roughness may decrease wind speeds locally and induce turbulence.
Furthermore, spread directions may favor street ‘canyons’ etc.

 Deposition not uniform on 2D ground surface:
• Turbulent eddies may collect more deposition on ‘corner locations’ etc. (fallen leaves gather in autumn)
• Deposition also on building structures, like vertical walls
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 Values / distributions (per grid cell) of the following:
 3D geometry of buildings etc.

• Roughness length
• Ground surface elevation
• Building height over ground
• Number of buildings, area fraction covered by buildings
• Height-to-width ratio of buildings
• Building frontal areas; actual (detailed shape) surface area

 Surface cover / materials
• Grass / other vegetation / street materials
• Building surface materials
• Albedo

 2D geometry of streets / city blocks / buildings
• Distribution of street directions (0 – 180 degrees), street widths
• For example, ’Manhattan street network’ – bimodal direction distribution
• Building facade / lateral side directions

 For radiation doses, also:
• Building types (one-family … block)
• Sky view (not obscured by buildings) fraction
• HVAC / ventilation air intake height
• Concrete thickness / shielding factors of the floors

PLUMO: Built area descriptive parameters



19/04/2026 VTT – beyond the obvious

 For heat only:
• LDR-50 (VTT >> Steady Energy), 50 MWth
• Calogena 30 MWth

 Electricity (and optionally also heat)
• Rolls Royce, 1358 MWth (Vattenfall)
• NuScale, one module 250 MWth (typical 4

– 12 modules?)
• BWRX-300 (Fortum, Fermi Energia,

Vattenfall, Kärnfull Future AB?), ~900 MWth
• MMR (by USNC), 10 – 45 MWth
• X-energy HTGR pebble bed (Norsk

Kjernekraft), 200 MWth
• i-SMR (Trondheimsleia Kjernekraft AS), 520

MWth

SMR reactor designs? (Finland & nearby areas)

 Figure:
https://www.steadyenergy.com/solution

 Steady Energy: LDR-50 heating reactor
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• Some PIEs (initiating events) practically eliminated (aircraft crash, military strike)
• Possibly more hazard from fire, flood etc.
• UHS (ultimate heat sink) sufficient ?
• Finland has underground heat storages (mass of heated water)
• PSA level 2 (containment events) include the rock cavern

• Release maybe more delayed, but low release height?
• Connections: Access tunnel, ventilation, district heating, electric

• Access tunnel shut with certain pressure tightness
• Partitioning into compartments (control room etc.)

• Can the EPZ be completely underground, or will it be above-surface, around the
connections?

• Historically: Halden (1958-2020), Humboldt Bay (1963-76)
• Ågesta (1964-74), Chooz A (1967-1991), Lucens (1968-69)
• Psychological effect: not visible – no danger?

Heating reactor design (LDR-50)
-EPZ when reactor sited underground?
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 Whole core inventory from Serpent for 82 nuclides (End of Cycle)
 Released fractions of inventory usually set separately for nuclide groups, like NG
 Parameters in ARANO: delay after SCRAM, duration of release, effective release

height, shielding factors for cloudshine & groundshine, inhalation rate, integration
times (external, internal)

 Single weather situation or probabilistic run (e.g. 10 years of weather data, then
show the dose fractile 95 % or 99.5 % etc.)

 For emergency preparedness, look at sum effective dose: external (cloudshine +
groundshine) + internal (inhalation)

 STUK criteria for protective measures:
• Evacuation 20 mSv / week, sheltering indoors 10 mSv / 2 d

 ARANO calculates dose as a function of distance
 In one trial (10 years weather, 95 %), we find Dose ~ 1 / distance ^ 1.22
 Bottom line: Just this and (4300 MWt / 50 MWt): 20 km > 520 m, 5 km > 130 m

ARANO calculations of LDR-50 EPZ size – no ST



VTT-developed dose assessment models
• ARANO: (PSA3 code): used in siting studies in 1975-76, applicable at

short ranges from source (10-20 km, in some cases max 100 km)
• ROSA: used at Finnish NPPs since 1991, based on ARANO, weather

data at 10 min intervals; calculation up to 20 km radius; still used at
Olkiluoto

• TRADOS: 1983; emergency version for Unix in 1992; long-range
dispersion model (thousands of km); dispersion by FMI, doses by VTT

• SILAM: first dose calculations in 1996; NWP connection; new code with
TRADOS-like responsibilities; modular & easier to extend to a range of
applications (FMI may give SILAM as open source code)

• VALMA: (first demonstration in 1998); user interface in Windows
• Dispersion based on weather mast data or (preferably) SILAM

• DETRA: biospheric transport (deposition > foodstuff > humans) of
radionuclides & related dose assessment

L4.7 VTT

Some well-known international
dispersion & dose code tools:
• JRODOS

• MATCH, RIMPUFF
• MACCS

• HySplit
• HotSpot
• RASCAL
• GENII
• ADDAM
• PAVAN
• COSYMA
• OSCAAR
• PACE
• NAME
• BSAVVL
• AUSTAL
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ARANO (VTT in-house code development)
 ARANO (Assessment of radiological consequences of atmospheric radioactive releases), developed at

VTT in the 1970’s
 Dispersion: ‘Traditional’ straight-line Gaussian, augmented with Kz vertical
 Cloudshine: From the actual distribution (no uniform cloud approximation), from source to far range
 Initially used for nuclear power plant siting studies.
 Has been used to estimate effectiveness of different countermeasures.
 Has been used by VTT to support STUK in various safety assessments for constructing new power

plant, dismantling a research reactor, and for disposal site
 Functionality comparable to MACCS, but less choices available:

• Atmospheric transport and deposition onto the ground
• In addition to a single dispersion case, statistical effect of variability in weather (PSA-3)
• Dose pathways: cloudshine, groundshine, inhalation, ingestion, deposition onto skin
• Protective actions during emergency, intermediate, and long-term phases
•
• Offsite consequences:

• Doses to individual and population, health effects
• Economic costs, land contamination
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ARANO dispersion & dose assessment

Release

Dispersion,
chain decay

Doses

Weather

Deposition



19/04/2026 VTT – beyond the obvious

ARANO: Health & economic consequences

Health:

Protection:

Costs:



Pasquill model (general):

Kz model for vertical dispersion (ARANO):

Effect of wet deposition on the plume:

Q/𝑄0 = 𝑒 (-Λ · x/u)

Λ is washout coefficient (7E-5…5E-3 s-1)
Kz (z) = coefficient of turbulent transfer
Vd = dry deposition velocity (zero for gases)
Noble gases tend to uniform vertical profile
Aerosols will have lower concentration near ground surface (= sink)

ARANO horizontal and vertical dispersion

Temporal evolution of the vertical
profile of a deposible substance,
from ’K theory’ of turbulent
diffusion (release height 120 m)
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ARANO cloudshine dose assessment
 Not using the uniform semi-infinite cloud

approximation
 Near the release source, the size & shape of the

plume may differ substantially from that approximation
 ARANO works well even for near-field (< 500 m)
Cloudshine from actual shape of the plume

• Algorithm is based on pre-calculated dose rate files for
successive stages of the evolving Kz vertical profile

• Wind meandering in longer duration releases accounted
for

 Changes of mixing height (with change of stability)
can redistribute the material in vertical



Osa 8;  Luento 8.5, Mikko Ilvonen, VTT, 25.11.2015

ARANO AGRID submodel description
 VTT-made nutrition dose code, ’Agricultural Doses’, with Nordic seasons
 3 vegetable dose pathways (green vegetables, grain, roots)
 2 animal dose pathways (cow milk, cow meat)

• Calculation methods differ for vegetables and animals
 For the 3 vegetable dose pathways:

• Dose due to root uptake is present for all time points (of receiving
deposition) during the year
‒ The next 30 years’ root uptake is taken into account

• During the growing season (60 d), also direct deposition on plants
causes doses to consumers (intake of deposition year)
‒ Time delays (rad. decay) before harvesting / consumption

 For the 2 animal dose pathways:
• Pasture – cow – milk – man: Effective whole body dose & thyroid dose

via milk
• Pasture – cattle – meat – man: Effective whole body dose

 Dose is the sum of 3 time periods:
• 1st year, pasture season (100 d) or winter time
• Years 2-3
• Years 4-30, ground assumed to be ploughed after 3 years

Dose from the locally produced
milk (consumption of first year),
CASA1 source term, mean non-
zero value at the distance of 100
km; as a function of release start
time.



ARANO-calculated CCDFs, SMR small release

L4.7 VTT

• Delay from shutdown: zero (very conservative)
• Release duration: 8 h
• Release height: 60 m
• Shielding factors: 0.5 cloudshine, 0.3

groundshine
• Breathing rate: 2.8e-4 m3/s = 16.8 litres/min
• Integration time: 1 week for groundshine
• Effective dose: cloudshine + groundshine +

inhalation
• Inhalation DCFs were for 1 month integration

time (whole dose commitment was inhaled
anyway)

• Note: Main point here is to illustrate the method

• Probability of exceeding vs. value of
effective dose (100 m)

• Red vertical: 20 mSv / 1 week (STUK
evacuation)

• Red horizontal: 95 % fractile (= 5 %
probability of exceeding)



ARANO-calculated dose 95 % vs. distance

L4.7 VTT

• Blue = ARANO 95%
fractile vs. distance

• Red fit: log (Dose) =
• -1.20 log (d) + 6.08

• So in this case
• Dose ~ d-1.2

• Usually exponent
-2 < r < -1

• Often -1.6
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 Developed at VTT, originally in late 1990’s, its main purpose was to serve as an emergency preparedness tool. Then it is
essential to produce predictions of concentrations, depositions, dose rates and doses in a reasonably short time to enable
possible rapid countermeasures - it is not possible to perform CFD-like calculations that may last hours or days.

 Flexible: Work with many kinds of weather data, ranging from single-point measurements at the weather mast of an NPP
(or several masts) to millions of Monte Carlo particles (or a limited number) calculated based on NWP models.
• Regardless of the source of weather data, VALMA always starts with trajectories (could even be a single straight-line plume central trajectory)

 With the coded flexibility and increasing CPU power, VALMA has also been used for extensive PSA level 3 studies.
 Flexibility to rapidly calculate with changing source term estimates, including released nuclide inventory and the temporal

and height distributions of different nuclides.
 GUI: Easy to set the spatial and temporal grids and to view the Lagrangian trajectories and dozens of result quantities on

map or as temporal trends at chosen locations.
 VALMA works by dividing the release into a finite number of ’packets’ or ’puffs’, each of which corresponds to a ’slot’ in time

and release height.
 Each puff carries its specific composition (called ‘nuclide cocktail’ in VALMA)
 For each packet, VALMA calculates (or uses from external source) a possibly winding central trajectory, which the packet

will follow according to available wind information.
 Follow each packet along the trajectory and calculate its spread, chain decay and deposition scavenging at the same time.
 Dozens of radiologically interesting quantities: concentrations, depositions, dose rates and doses via different exposure

pathways, together with their time derivatives and integrals.
 In contrast with a Eulerian dispersion model, VALMA uses a grid only to represent and accumulate the result quantities, not

for calculating them.

VALMA short description



Map View and Side View of Sosnovyy Bor
SILAM particle trajectories in VALMA

VALMA comes with higher-fidelity
Dispersion, but takes more CPU:

Connection to 3D numerical weather
prediction (NWP)
Option to use one-point mast-based
weather data
Release divided temporally and
spatially to n parts (‘puffs’)
Best suitable for distances > 5 km
Made originally for emergency
preparedness & response

Sosnovyy Bor (Leningrad NPP) has 3 RBMK-1000 reactors
Operating 200 km from Helsinki



Example: Sosnovyy Bor, Russia
• Total external dose rate mSv/h (cloud and fallout) at 9 h and 48 h after start of

release, source is a hypothetical release at Sosnovyy Bor

L4.7 VTT



VALMA: Fukushima Cs-137 deposition
• Prediction was compared with

Japanese measurements
• Scatter plot >> same general

trend, but large range of
deviations

L4.7 VTT



Assessment of health effects
 Alpha, beta, gamma radiation; absorbed / equivalent / effective doses (Gy / Sv)
 Types of health effects:
• Acute effects (radiation sickness & possible death)
• Late effects (cancer & genetic damage)
 Acute health effects appear after a threshold value of radiation dose is exceeded
 (in a short time):

Late health effects are generally assumed directly (linearly) proportional to the radiation dose
(no threshold)

• The generally used coefficient (according to ICRP) is 5 %, i.e. total number of cancers = 0.05 x
population dose (manSv)

Health effects in VALMA code;
E.g. probability of death rises
appr. between 1 and 6 Sv

L4.7 VTT
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GSR Part 7 Generic dose criteria (in Appendix II)
Dose typeOrganExposure durationExposure type

AbsorbedRed marrow10 hoursExternal1
AbsorbedSkin10 hoursExternal2
Absorbed (Z≥90)Red marrow30 daysInternal3
Absorbed (Z≤89)Red marrow30 daysInternal4
AbsorbedThyroid30 daysInternal5
AbsorbedLungs30 daysInternal6
AbsorbedColon30 daysInternal7
EquivalentThyroid7 daysInternal+External8
EffectiveEffective dose7 daysInternal+External9
EffectiveEffective doseFirst yearInternal+External10

• 1-2: GSR7 Table II.1, ’precautionary urgent protective actions’
• 3-7: GSR7 Table II.1
• 8-9: GSR7 Table II.2, ’urgent protective actions’
• 10: GSR7 Table II.2, ’early protective actions’
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• Example: MACCS results for an SMR accident
• (GSR Part 7 Stochastic effects: 7 days integration, effective dose)
• Dose as a function of distance (given here intentionally undimensional)

Peak
99.5 %
99 %
95 %
90 %
Mean
50 %

Olkiluoto weather
mast data of year
2012 (hourly) was
used for the MACCS
weather trials

Sample VTT work by MACCS code on SMR EPZ



Code-to-code comparisons of ARANO, VALMA (VTT
codes) and MACCS 3.10.2 (NRC)
 ARANO & MACCS:

• Offsite dose calculations without countermeasures in a single weather condition as well
as with the probabilistic approach employing annual weather data.

• The principal phenomena included in the codes are atmospheric transport and
deposition under prevailing meteorology, short- and long-term mitigation actions and
exposure pathways, deterministic and stochastic health effects, and economic costs.

 VALMA is more restricted but with higher-fidelity dispersion:
• Connection to 3D numerical weather prediction (NWP)
• Best suitable for distances > 5 km
• Made originally for emergency preparedness & resp.
• Protective measures not included in the calculations
• More CPU time

 Note: First ARANO-MACCS comparisons were made in 1982 and 1994
• OECD/NEA 1994. Probabilistic Accident Consequence Assessment Codes, Second

International Comparison, Technical Report EUR 15109, CEC



Single weather,
Non-ingestion exposure pathways (’5’)

 Cs-137, 100 TBq
 Stability D
 5 m/s
 Rain 0.7 mm/h
 1 week exp.

 ARANO higher
up to 1 km

 No big difference
when weak rain



Comparison of ARANO, MACCS and VALMA
-Conclusions on dose results

 Two kinds of comparisons were made:
• Chosen single dispersion conditions
• One year’s weather data (measured hourly by met. mast)

 Compared were two kinds of doses:
• Cloudshine + groundshine (1 week / 1 year) + inhalation
• Ingestion doses

 ARANO typically predicts smaller dose values than MACCS.
 In most cases, ARANO predicts higher doses near the source than MACCS; for

ingestion, difference can be either way
 Significant differences in single dispersion situations
 When the dose at e.g. 95% fractile is considered, the difference is at most less than

a factor of three.
 Comparable non-ingestion dose estimates of VALMA predict smaller dose values

than MACCS at distances up to 40 km.
 This comparison indicates that MACCS in many cases calculates conservative

dose estimates?



Comparison of ARANO, MACCS and VALMA
includes effects of weather source (VTT-R-00136-19)
 VALMA used SILAM-based meteorological data for Olkiluoto (2012)
 ARANO and MACCS were used with mast-based meteorology (parameters

measured at the Olkiluoto NPP weather mast).
 VALMA can also be used with single-points measurements, but that is not the

recommended use, if SILAM data is available.
 ARANO and MACCS differ in how they use the measured parameters:
 ARANO mixing height follows from the vertical profiles of the Kz model, and it is

basically a function of atmospheric stability.
 MACCS uses only seasonal average mixing heights.
 ARANO uses wind speeds for the release height.
 MACCS wants wind speeds for its fixed reference height, and then calculates the

needed speed for the actual release height from a logarithm formula.
 It is evident that the meteorological parameters alone could be responsible for

significant differences in results.



19/04/2026 VTT – beyond the obvious

EU project SASPAM-SA
• Project 4 years (2022-2026) + extension period

• WP6 is the ‘last link’ in the chain of calculations:

o ENEA / Italy
o CIEMAT / Spain
o KIT / Germany
o KTH / Sweden
o LEI / Lithuania
o POLIMI / Italy
o SSTC NRS / Ukraine
o TUS / Bulgaria
o UNIROMA1 / Italy
o VTT / Finland
o JRC / EU Netherlands
o PSI / Switzerland
o CNL / Canada



SASPAM-SA WP6 (EPZ): Site and weather

Task 6.2: ‘Conservative analyses of iPWR EPZ extent’

Partner Site Weather data
KIT KIT campus NOMAD (NOAA), 1 year (2021), resolution 0.5°
LEI Kaunas / thermal single point, 5 distinct cases
SSTC NRS 3 (near Kyiv) single point (2019-2022); WRF 0.05° 2023-2024
TUS Kozloduy VVER site D; NIMH (Bulgaria), Kozloduy met. stations, Meteoblue (US)
JRC ? ECMWF reanalysis, hi-res 10x10 km, 30 d (June 2022), n=120
VTT (no specific) single point, 84 different combinations
ENEA (Arkansas Unit 1) single point, 2 cases (A-1.8 m/s and C-3.6 m/s-rain)
POLIMI NW Italy default values from on-site data 1959-2013, stab. A to F
KTH 3 sites in Sweden 2020, hourly (SMHI, Vattenfall, Copernicus data)
UNIROMA Southern Europe One year, hourly (8760 sequences)
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SASPAM-SA WP6 (EPZ): Codes, criteria, conf. level
Task 6.2: ‘Conservative analyses of iPWR EPZ extent’

WP6 partner Code Dose criteria Confidence levels
KIT JRODOS (main developer) TEDE 10/100 mSv (SSK) ? (365 days)
LEI RODOS TEDE 100 mSv N/A (deterministic cases)
SSTC NRS JRODOS, HotSpot (several, from NRBU-97) P90, P95, P99
TUS Excel / PC-CREAM Red m. 1 Gy, inh. 100 mSv N/A
JRC JRODOS 10 / 50 mSv (GS-G-2.1) ‘boundary method’ (maxcell)
VTT ARANO (in-house devel.) STUK UPZ 10 mSv / 48 h P95 shown from cum.distr.
ENEA RASCAL IAEA GSR Part 7, App. II N/A
POLIMI GENII FRAMES Evacuation (by 5 countries) N/A
KTH MACCS SSM: UPZ 0.1 Sv, PAZ 1 Gy 95 / 99.5 %
UNIROMA MACCS IAEA shelt / evac / ITB 95 %
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19/04/2026 VTT – beyond the obvious

VTT: Parametric study, ARANO code
 Seen in a ‘wishlist’ of SASPAM-SA End User Group:
• Harmonize methods for defining the EPZ
• How to properly select the source term from a range of accident analyses?
• How to define conditions for spreading of radioactive materials in the environment?
• Treatment of several years of weather data with a resolution of one hour
 Attempt to ‘partially answer’ these questions: Start with a kind of sensitivity study.
 How to choose relevant / plausible values for release parameters? Customarily (FI / large LWR):
• Time from initiating event to off-site alert: 30 min
• Time from initiating event to start of release could be 0.5 h – 4 h – or more
• Duration of release: hours - days (highest release rate most usually during the first hours)
• In highest-consequence weather, distance of 5 km could usually be reached in 15 – 60 min
• Exposure time to cause deterministic effects off-site: worst case, a few hours; usually more
 For the ARANO study, for iPWR, extened these assumptions also towards the less conservative.



VTT: Sample case: Deff vs. distance
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10-2Iodine nuclides. Changing parameter: Release duration, 1 - 240 h

Figure. Sample ARANO results. Internal dose from inhaled iodine (50 a DCs, exposure / inhalation
lasting up to 48 h) vs. distance, when the release contained 0.0208 % of the iodine isotopes in
the Design-1 inventory. Stability class D (neutral), no rain, wind speed 5 m/s, and release duration
increasing from 1 h to 240 h when going from the highest curve to the lowest.
Effective release height 20 m, delay after shutdown 24 h.

Release durations:
1 h
3 h
10 h
24 h
3 d
10 d
(uniform rate here;
usually
decreasing rates)



VTT: Iodine isotopes, effect of release heff
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Design-1, 0.1 % of iodine isotopes (of D1 inventory)

Cumulative probability distributions of EPZ distance
(Finland STUK limit 10 mSv / 48 h)

Effective release height 20, 60, 120 m.
Other release parameters and weather may take on
range of values >> probability distribution of EPZ.
Results would change with site-specific weather.

Guide to ordering of curves:
1. 20 m: blue (blue)
2. 60 m: red (red)
3. 120 m: yellow (yellow)

95 % level:
2818 m (h20), 1313 m (h60), 331 m (h120)

Figure. Dependence of the Design-1 UPZ (i.e. EPZ outer bound) distance on effective release height (H), when release
contains only iodine (atmospheric release fraction 0.001 of core shutdown inventory). STUK (Finland) 10 mSv criterion
was used. Shown are the cumulative probability distributions of EPZ distance for each H. The 95 % percentiles (P95
values) are: 2818 m, 1313 m, 331 m



VTT: Iodine isotopes, effect of duration
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Guide to ordering of curves:
1. blue (blue)
2. red (red)
3. yellow (yellow)
4. magenta (magenta)
5. green (green)
6. cyan (cyan)
7. darker red (darker red)

Figure. Dependence of the Design-1 UPZ (i.e. EPZ outer bound) distance on release duration (DU), when release
contains only iodine (atmospheric release fraction 0.001 of core shutdown inventory). STUK (Finland) 10 mSv criterion
was used. Shown are the cumulative probability distributions of EPZ distance for each DU. The 95 % percentiles (P95
values) are: 2060 m, 1976 m, 1760 m, 1579 m, 1143 m, 375 m



VTT: Iodine isotopes, P95 EPZ (m) for iodine
In this plot, we show (for each value of
the six varied parameters) the 95 %
percentile value of the EPZ distance, as
extracted from the previously shown
cumulative probability distributions.
Important to note:
• The ‘0.1 % of iodine’ is completely

hypothetical, but assumed to be a
conservative fraction for Design-1
with large water pool.

• The ‘95 %’ is a confidence choice.
• However, weather here is not for any

real site, and the P95 values would
change for real site-specific weather
(will be in BE phase).
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Most range from
wind speed (#2)
and effective
release height (#4).

’Menu’ to choose
from – EPZ with
varying levels of
conservativeness…


