
SOFTWARE FOR DISPERSION IN THE ATMOSPHERE 
AND HYDROSPHERE

Neil HARMAN
External Expert
UK
International Atomic Energy Agency (IAEA)

Asian Nuclear Safety Network (ANSN)
Regional Workshop on Radiological Environmental Impact Assessment for

Nuclear Installations
Hosted by the Government of the Philippines through the Philippine Nuclear Research Institute (PNRI)

Manila, Philippines, 24–28 October 2022



CONTENTS

§ Atmospheric Dispersion
• Accuracy and uncertainty of models
• Normal or planned discharges

– PC-CREAM
– CROM
– ADMS

• Accidental releases
– PC-COSYMA
– PACE
– MACCS

§ Aquatic Dispersion
• Normal or planned discharges

– PC-CREAM

2ANSN Regional Workshop on Radiological Environmental Impact Assessment for Nuclear Installations, Manila, Philippines, 24-28th October 2022



Accuracy and uncertainty of models
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Uncertainty in dispersion estimates
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https://admlc.com/publications/
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Uncertainty in dispersion estimates
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Comparison of Gaussian and Lagrangian Models

https://www.gov.uk/government/publications/r91-and-name-
iii-models-an-intercomparison
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The intercomparison report concluded that:
• There is a disparity (of up to a factor of ~3) 

between the plume centre-line time-integrated 
activity in air concentrations (TIAC) of each 
model most notably in the near field

• The Gaussian model was conservative in that 
it estimated higher TIACs

• There are significantly larger differences in 
TIACs between the two models for Pasquill
stability Category A and G conditions (low 
windspeeds) than there are for Category D.

• There are larger differences for large release 
heights (80 and 200 m) than for a 10 m 
release height.
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Software for Atmospheric Dispersion

Normal operation
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PC-CREAM
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PC-CREAM

PC CREAM 08 comprises a number of models and an assessment module (ASSESSOR).
The Terrestrial models within PC CREAM 08 are:

§ PLUME The atmospheric dispersion model which predicts the air activity concentrations, deposition rates and external gamma dose 
rates from radionuclides in the cloud per unit discharge rate 

§ RESUS Estimate activity concentrations in air arising from the resuspension of previously deposited radionuclides per unit 
deposition rate

§ GRANIS Models the external gamma dose from radionuclides deposited on the soil per unit deposition rate
§ FARMLAND predicts the transfer of radionuclides into terrestrial foods following deposition on the ground. Activity concentrations 

are calculated for a unit deposition rate. 
DORIS: The marine dispersion model 
River models: Two models for calculating the dispersion of radionuclides released to rivers

Future models will include exposure of fauna and flora
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CROM
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CROM

11ANSN Regional Workshop on Radiological Environmental Impact Assessment for Nuclear Installations, Manila, Philippines, 24-28th October 2022



CROM
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Atmospheric Dispersion – ADMS model
ADMS is a new generation Gaussian plume air dispersion model
Atmospheric boundary layer properties are characterised by two parameters:

§ the boundary layer depth, and
§ the Monin-Obukhov length

rather than in terms of the single parameter Pasquill-Gifford class
Dispersion under convective meteorological conditions uses a skewed Gaussian 
concentration distribution (shown by validation studies to be a better representation than a 
symmetrical Gaussian expression)
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Atmospheric Dispersion – ADMS model

Can be used to determine optimum stack height
Cavity concentration can be used to determine intake into Control Room for example
Gaussian model would have to assume either

§ Full entrainment in building wake – could be quite pessimistic
§ No entrainment in building wake – non-conservative for ground-level or cavity/wake concentrations

Also plume visibility for visual impact in Environmental Impact Assessment
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Atmospheric Dispersion – ADMS model
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Methodology for assessing short term 
discharges to atmosphere

Compares ADMS and 
Gaussian models
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http://webarchive.nationalarchives.gov.uk/20110321072646/http
://www.hpa.nhs.uk/web/HPAweb&Page&HPAwebAutoListName
/Page/1158945066506
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Case Studies: TECDOC-1996 – Normal operation
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Summarizes approach in a number of Member 
States to assessing the radiological consequences 
of from normal operation
The results using different tools by each MS for 
three atmospheric cases, two marine cases, and 
two riverine cases
MSs participating in Study

§ Belarus
§ France
§ India
§ Indonesia
§ Republic of Korea
§ Russian Federation
§ Ukraine



Software for Atmospheric Dispersion

Accidental releases
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Accident Consequence Assessment tools 

§ MACCS (Sandia National Laboratories)
§ COSYMA (PC COSYMA)

• Probabilistic risk assessments (Level 3 PSA)
• Developed through EC MARIA Project
• See report ‘PC Cosyma (Version 2): An assessment consequence package for use on a PC’, 

EUR 16239
§ PACE (Probabilistic Accident Consequence Evaluation)

• A tool for assessing the ranges of accident consequences at new nuclear power stations
• Can use Gaussian or Lagrangian atmospheric dispersion models
• Economic consequence models
• Developed by the UK HSA (Health Security Agency) as an update to PC COSYMA
• Available from https://www.ukhsa-protectionservices.org.uk/pace

19ANSN Regional Workshop on Radiological Environmental Impact Assessment for Nuclear Installations, Manila, Philippines, 24-28th October 2022



PACE
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https://www.ukhsa-protectionservices.org.uk/pace



PACE
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PACE
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PACE
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Nested Rectangular Grids used by PACE for conditional risk calculations
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Societal risk grid:1km, 2km, 10km, 50 km grid squares Individual risk grid:100m grid squares



Level 3 PSA Results – Individual Risk
PACE Grid for individual risk showing relative conditional risk contours and 
population around site (RC30) 
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Blue circle – 1.5km radius
100m grid squares
Green bubbles are population 
numbers at each post code



MACCS
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http://maccs.sandia.gov/maccs.aspx
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Recent IAEA Comparison Exercise (TECDOC-1914)
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Case Studies: TECDOC-1914 – Accidental releases
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Summarizes approach in a number of Member 
States (Level 3 PSA or otherwise) to assessing the 
radiological consequences of a severe accident
Case study used the source term for short-term 
station blackout in the SOARCA Surry study at an 
imaginary site
MSs participating in Study

§ Argentina
§ Belarus
§ France
§ Germany
§ India
§ Israel
§ Russian Federation
§ Spain
§ Ukraine
§ United Kingdom



Dispersion in the Hydrosphere

PC-CREAM

ANSN Regional Workshop on Radiological Environmental Impact Assessment for Nuclear Installations, Manila, Philippines, 24-28th October 2022 29



EXAMPLE: PC-CREAM aquatic dispersion modelling 
and dose assessment for continuous discharges

PC-CREAM has simple 
dilution and semi-empirical 
models (Schaeffer model)
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https://assets.publishing.service.gov.uk/government/uploads/sy
stem/uploads/attachment_data/file/434637/HPA-RPD-
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PC-CREAM: Schaeffer semi-empirical model
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PC-CREAM: Schaeffer semi-empirical model

River is divided into sections with homogeneous hydrological characteristics
Activity moves downstream in water column and bed sediments
Transfer between dissolved and suspended sediments is modelled using nuclide dependent 
distribution coefficients (Kd)
Sedimentation is modelled using Schaeffer k’ parameter
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PC-CREAM River Parameters
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Marine compartment models

§ EC assessment methodology
• PC CREAM
• MARINA

§ MARINA II
• Increased extent of model
• Improved remobilisation

§ CSERAM
• More detailed approach
• Limited to Irish Sea
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PC-CREAM Mediterranean Sea Model
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PC-CREAM Mediterranean Sea Model
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PC-CREAM: Marine Dispersion Model
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PC-CREAM: Marine Sediment Model
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MARINA II Model 
Compartments
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Further information
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https://admlc.com/publications/



Thank you!
Questions?


