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Hypothetical point source Hypothetical point source 
scenarioscenario

Point sourcePoint source
Single stackSingle stack
2 receptors (houses) at 300 and 1500 m2 receptors (houses) at 300 and 1500 m
Wind rose dataWind rose data
Atmospheric stability dataAtmospheric stability data
Rainfall, occupancy and dietary dataRainfall, occupancy and dietary data
Discharge data (PbDischarge data (Pb--210, Po210, Po--210)210)

PredictPredict
Air concentrationsAir concentrations
Deposition & resuspensionDeposition & resuspension
Surface concentrationsSurface concentrations
Soil concentrationsSoil concentrations
Doses (external, food chain, inhalation)Doses (external, food chain, inhalation)
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Annual wind rose dataAnnual wind rose data
Sector Wind Direction Frequency

(%)
1 345° - < 15° 4.6
2 15° - < 45° 5.4
3 45° - < 75° 7.6
4 75° - < 105° 5.4
5 105° - < 135° 3.8
6 135° - < 165° 7.4
7 165° - < 195° 14.1
8 195° - < 225° 20.3
9 225° - < 255° 13.3
10 255° - < 285° 7.5
11 285° - < 315° 6
12 315° - < 345° 4.1
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Annual atmospheric stability and Annual atmospheric stability and 
wind speed datawind speed data

Pasquill stability 
category

Frequency Mean Wind 
Speed

(%) (m s-1)
A 0.5 1
B 0.5 1.5
C 4 2.5
D 28 5
E 38 8
F 27 6
G 2 4

23-25 September 2009EMRAS I I WG2  NORM AND LEGACY SITES   VIENNA



Stack discharge data for the Stack discharge data for the 
point source scenariopoint source scenario

Effective stack height 100 m
Air discharge rate 100 m3 s-1

210Pb discharge rate 100 Bq s-1

210Po discharge rate 100 Bq s-1
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Dietary dataDietary data

drinking 
water well 400

L a-1

irrigation river
1 L m-2 d-1 for 

100 days
cattle river 60 L d-1

sheep river 6 L d-1

diet fish 5 kg a-1

grains
+ grain 

products
80 kg a-1

fruits + juices 80 kg a-1

vegetables 70 kg a-1

meat + sausages 40 kg a-1

milk
+ milk products 90 kg a-1

root crops
without tubers 70 kg a-1

tubers 90 kg a-1
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Occupancy dataOccupancy data

indoors – sleeping 8 h
indoors - light exercise 8 h
outdoors - light exercise 4 h
outdoors - heavy exercise 4 h
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PCPC--CREAM 98CREAM 98
PC CREAM PC CREAM –– (Consequences of Releases to (Consequences of Releases to 

the Environment: Assessment the Environment: Assessment 
Methodology) is a suite of models and data Methodology) is a suite of models and data 
for assessing the radiological consequences for assessing the radiological consequences 
of the discharge of routine radioactive of the discharge of routine radioactive 
releases of aerial and liquid effluents to releases of aerial and liquid effluents to 
members of the population of concern members of the population of concern 
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PCPC--CREAM 98CREAM 98

Methodology used with PCMethodology used with PC--CREAMCREAM

The processes The processes modeledmodeled in PCin PC--CREAM that influence the transfer of CREAM that influence the transfer of 
radionuclides in the receiving terrestrial environment are:radionuclides in the receiving terrestrial environment are:

Deposition from the atmosphereDeposition from the atmosphere
Migration of radionuclides in soilMigration of radionuclides in soil
Transfer to plantsTransfer to plants
Transfer to animalsTransfer to animals
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PCPC--CREAM 98CREAM 98
ASSESSORASSESSOR, the assessment program, has the central dose , the assessment program, has the central dose 
assessment function within the programs. assessment function within the programs. 
FARMLANDFARMLAND is a dynamic compartment model for evaluating the is a dynamic compartment model for evaluating the 
transfer of radionuclides through food chains following routine transfer of radionuclides through food chains following routine 
continuous releases to the atmosphere. continuous releases to the atmosphere. 
PLUMEPLUME is a Gaussian plume atmospheric dispersion model for is a Gaussian plume atmospheric dispersion model for 
calculating average radioactivity concentrations in air.calculating average radioactivity concentrations in air.
DORISDORIS is a marine dispersion model for European waters capable of is a marine dispersion model for European waters capable of 
calculating radioactivity concentrations in seawater, and marinecalculating radioactivity concentrations in seawater, and marine
sediments.sediments.
GRANISGRANIS is a model for calculating external gamma exposure to an is a model for calculating external gamma exposure to an 
individual from deposited radioactivity in soil.individual from deposited radioactivity in soil.
RESUS RESUS is a time dependent resuspension model for calculating is a time dependent resuspension model for calculating 
annual average activity concentrations in air due to the resuspeannual average activity concentrations in air due to the resuspension nsion 
of previously deposited activity.of previously deposited activity.
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PCPC--CREAM 98CREAM 98

To calculate the aerial dispersion factors, theTo calculate the aerial dispersion factors, the PLUMEPLUME
program was used to generate the dispersion data program was used to generate the dispersion data 
libraries for libraries for 210210Po and Po and 210210Pb, using the meteorological Pb, using the meteorological 
data provided. data provided. 

Next, a library of concentrations of Next, a library of concentrations of 210210Po and Po and 210210Pb in Pb in 
foodstuffs was created using the foodstuffs was created using the FARMLANDFARMLAND module. module. 
For this assessment, the undisturbed soil model was For this assessment, the undisturbed soil model was 
selected. Food consumption rates were those provided in selected. Food consumption rates were those provided in 
the HPS scenario description.the HPS scenario description.



PCPC--CREAM 98CREAM 98

The The RESUS RESUS module was run to calculate a library of module was run to calculate a library of 
time integrated resuspended activity concentrations in time integrated resuspended activity concentrations in 
air of air of 210210Po and Po and 210210Pb for the modelPb for the model’’s default integration s default integration 
times.times.

Finally, using the habit data and discharge data Finally, using the habit data and discharge data 
provided, and using the output library files created from provided, and using the output library files created from 
the various modules within PCthe various modules within PC--CREAM, food CREAM, food 
concentrations and the individual committed effective concentrations and the individual committed effective 
doses to the residents were calculated using doses to the residents were calculated using 
ASSESSORASSESSOR..
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PCPC--CREAM 98CREAM 98
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PCPC--CREAM 98 FARMLANDCREAM 98 FARMLAND
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PCPC--CREAM 98 FARMLANDCREAM 98 FARMLAND
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PCPC--CREAM 98 GRANISCREAM 98 GRANIS
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PCPC--CREAM 98 GRANISCREAM 98 GRANIS
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PCPC--CREAM 98 GRANISCREAM 98 GRANIS
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PCPC--CREAM 98 GRANISCREAM 98 GRANIS
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PCPC--CREAM 98 PLUMECREAM 98 PLUME
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PCPC--CREAM 98 PLUMECREAM 98 PLUME
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PCPC--CREAM 98 RESUSCREAM 98 RESUS
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PCPC--CREAM 98 ASSESSORCREAM 98 ASSESSOR
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PCPC--CREAM 98 ASSESSORCREAM 98 ASSESSOR



Inhalation and total doses calculated for the hypothetical Inhalation and total doses calculated for the hypothetical 
pointpoint--source scenario using PCsource scenario using PC--CREAM (radionuclides CREAM (radionuclides 210210Po, Po, 

210210Pb,).Pb,).
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Point source - 100 m stack
Committed effective dose in 50th year
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Modelling the hypothetical scenarioModelling the hypothetical scenario

CROM
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Modelling the hypothetical Modelling the hypothetical 
scenarioscenario

Point source testsPoint source tests
COMPLY COMPLY –– 2 modellers tested, results the same2 modellers tested, results the same
PCPC--CREAM CREAM -- 2 modellers tested, results the same, 2 modellers tested, results the same, 
both noted difficulties in manipulating files both noted difficulties in manipulating files –– wind wind 
rose data and nuclide libraryrose data and nuclide library
CROM CROM –– 1 modeller tested1 modeller tested
COMPLY doses calculated higher than PCCOMPLY doses calculated higher than PC--CREAM CREAM 
doses but CROM in good agreement with PCdoses but CROM in good agreement with PC--CREAMCREAM
COMPLY and CROM are screening models and PCCOMPLY and CROM are screening models and PC--
CREAM is a very detailed impact assessment model CREAM is a very detailed impact assessment model 
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Real point source scenarioReal point source scenario

2 power plants, 5 stacks2 power plants, 5 stacks

DataData
Discharge data (RaDischarge data (Ra--226, Ra226, Ra--228)228)
5 monitoring points5 monitoring points
Air concentrationsAir concentrations
Soil concentrationsSoil concentrations
RainfallRainfall
Wind dataWind data
No dietary dataNo dietary data
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Point Source ScenarioPoint Source Scenario

M1-5 = 
monitoring 
points

= north



Modelling real point source Modelling real point source 
scenarioscenario

There are two power plants (A and B), and five sampling sites (MThere are two power plants (A and B), and five sampling sites (M1 to M5).1 to M5).
Power plant B is 3 km due west of Plant A.Power plant B is 3 km due west of Plant A.
In ASSESSOR, Stack 1 = Plant A, is described as distance zero, bIn ASSESSOR, Stack 1 = Plant A, is described as distance zero, bearing zero.earing zero.
Stack 2 = Plant B, is described as distance 3000 metres and bearStack 2 = Plant B, is described as distance 3000 metres and bearing 270 ing 270 

degrees.degrees.
Integration timeIntegration time: 50 years for an adult.: 50 years for an adult.
Discharge dataDischarge data::
Discharges of Discharges of 226226Ra and Ra and 238238U (assuming ratio of 1:1) from U (assuming ratio of 1:1) from 
Plant APlant A 50,000 50,000 MBqMBq aa--11 = 5= 5××10101010 BqBq aa--11..
Plant BPlant B 3,500 3,500 MBqMBq aa--11 = 3.5= 3.5××101099 BqBq aa--11..

Exposure pathwaysExposure pathways: all consumption pathways were used, and all external : all consumption pathways were used, and all external 
/inhalation pathways were used except for those concerned with b/inhalation pathways were used except for those concerned with beta doses.eta doses.
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The distances and bearings of The distances and bearings of 
the sampling pointsthe sampling points

Sampling point Distance from unit A
(km)

Bearing from unit A 
(degrees)

M1 3,800 135
M2 2,800 157
M3 3,100 135
M4 2,300 135
M5 300 (minimum value 

accepted)
0
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Meteorological DataMeteorological Data: the data supplied in the scenario description : the data supplied in the scenario description 
was not suitable for use in PCwas not suitable for use in PC--CREAM. Therefore the UNI50D.MET CREAM. Therefore the UNI50D.MET 
default file from PCdefault file from PC--CREAM was used, together with the CREAM was used, together with the 
PasquillPasquill/Smith scheme of stability factors./Smith scheme of stability factors.
Ingestion ratesIngestion rates: these were all set to average values, except for : these were all set to average values, except for 
cowcow’’s milk and grain which were set at s milk and grain which were set at ‘‘criticalcritical’’ values.values.
Occupancy/Inhalation ratesOccupancy/Inhalation rates: these were set to the PC: these were set to the PC--CREAM CREAM 
default values.default values.
Receptor deposition values (Receptor deposition values (BqBq mm--22) for ) for 238238U and U and 232232Th were extracted Th were extracted 
from the relevant plist100.ps! file. This file provided depositifrom the relevant plist100.ps! file. This file provided deposition rates on rates 
in in BqBq mm--22 ss--11. These values then converted to values in . These values then converted to values in BqBq mm--22..
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Modelling real point source Modelling real point source 
scenarioscenario
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 PC CREAM  Measured  

 238U 
(Bq m-2) 

232Th 
(Bq m-2) 

238U 
(Bq m-2) 

232Th 
(Bq m-2) 

Plant A 2.5 – 4.1 0.12 – 0.19   

Plant B 1.5 – 2.8 0.07 – 0.14   

Total 4.0 – 6.9 0.19 – 0.33 2.36 – 11.02 0.19 – 1.20 
 

 

Real scenario Real scenario -- lignite power plantlignite power plant

Predicted and reported deposition ratesPredicted and reported deposition rates

Modelling real point source scenarioModelling real point source scenario
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Modelling real point source scenario Modelling real point source scenario 
Predicted annual doses from COMPLYPredicted annual doses from COMPLY

Effective Doses
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PCPC--CREAM predicts a range of 2.8 CREAM predicts a range of 2.8 –– 4.3 mSv, depending on what 4.3 mSv, depending on what 
receptor and what stack is being consideredreceptor and what stack is being considered



Calculated Calculated 226226Ra and Ra and 238238U U 
concentrations at receptor point M3concentrations at receptor point M3
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Calculated doses for different Calculated doses for different 
pathways at receptor point M3pathways at receptor point M3
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SummarySummary

Hypothetical scenarios are useful for model Hypothetical scenarios are useful for model 
development and testing, but do not allow development and testing, but do not allow 
model validationmodel validation
Real scenarios require assumptions to deal with Real scenarios require assumptions to deal with 
nonnon--ideal situationsideal situations
There is still a good deal of work to do on the There is still a good deal of work to do on the 
real scenariosreal scenarios
There is still considerable scope for model There is still considerable scope for model 
development, particularly for situations involving development, particularly for situations involving 
multiple area sources and feedback processes multiple area sources and feedback processes --
e.g. Gelae.g. Gela
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