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Abstract: This paper describes work carried out within the IAEA EMRAS program NORM working group to 
test  the  predictions  of  three  computer  models  against  measured  radionuclide  concentrations  resulting  from 
discharges from a lignite power plant complex. This complex consists of two power plants with a total of five 
discharge  stacks,  situated  approximately  2-5  kilometres  from  a  city  of  approximately  10,000  inhabitants. 
Monthly measurements of mean wind speed and direction, dust loading, and 238U activities in fallout samples, as 
well as mean annual values of 232Th activity in the nearest city sampling sites were available for the study. The 
models used in the study were PC-CREAM (a detailed impact assessment model), and COMPLY and CROM 
(screening models). In applying the models to this scenario it was noted that the meteorological data provided 
was not ideal for testing, and that a number of assumptions had to be made, particularly for the simpler models. 
However, taking the gaps and uncertainties in the data into account, the model predictions from PC-CREAM 
were generally in good agreement with the measured data,  and the results from different models were also 
generally consistent with each other. However, the COMPLY predictions were generally lower than those from 
PC-CREAM. This  is  of  concern,  as  the  aim of  a  screening  model  (COMPLY)  is  to  provide  conservative 
estimates  of  contaminant  concentrations.  Further  investigation  of  this  problem  is  required.  The  general 
implications of the results for further model development are discussed.
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1. Introduction

Many currently available environmental assessment models have the capability to predict the transport 
and behaviour of individual radionuclides as a single contaminant. When dealing with NORM, due to 
the radionuclide decay schemes present, a wider variety of radiological and chemical behaviour needs 
to  be  accommodated  within  modelling  packages.  The  aim  of  this  work,  which  is  part  of  the 
Environmental Modelling for Radiation Safety (EMRAS) program set up by the International Atomic 
Energy Agency, is to enhance capability for assessing the environmental impact of NORM residues 
and wastes (and legacy sites) by developing scenarios for testing models, evaluating existing models, 
and developing new models where possible.  Details of  the program, together with working group 
reports and meeting reports can be found on the Internet.

2. Lignite power plant (LPP II) Scenario

In Greece, about 70% of the installed capacity of electrical energy is produced from two main lignite 
power plants (LPPI: 3020 MW and LPPII : plant A 550 MW and plant B 300 MW) [1,2].
LPPII is near a small city, with 10,000 inhabitants, that is located about 2.5 and 4 km SE from the 
lignite power plants A and B, respectively .
Plant A consists of three lignite burning, steam electric generating units I, II and III, rated power 125, 
125 and 300 MWe, respectively, and has operated since the early 1970s. Plant B is newer, operating 
since the early 1990s, and consists of one unit of 300 MWe. The lignite deposit is of very low calorific 
value (960–1385 kcal kg-1) and of high water and ash content (60% and 17%, respectively). At full 



load, the units consume about 22–25×106 kg of pulverized lignite per day. Most of the produced fly 
ash is collected by electrostatic filters,  which have a design collection efficiency of 99.6%, but in 
practice this falls to 95–96%. Plant A has 3 units with 3 stacks: (Ι), (ΙΙ) with height 120 m and (ΙΙΙ) 
with height 150 m. Plant B has one unit with one stack, assumed to have a height of 130 m. 

2.1 Scenario’s parameters

2.1.1. Dust deposition

The results for the bulk deposition of particulate matter (g m-2) from all the sampling in the nearest city 
(M1–M5) are presented in Table  and Table 2 [1]. 

Table 1: Monthly values (a) of dust load (g m-2) in fallout samples from the nearest city (M1, M2, M3, 
M4, M5) sampling sites during February 1997 to January 1998

Date Sampling Site
M1 M2 M3 M4 M5

2/97 11.4 10.9 11.1 9.3 9.6
3/97 7.8 7.6 4.4 7.6 12.7
4/97 11.8 12.3 15.9 14.4 35.1
5/97 5.9 5.9 5.9 7.6 18.3
6/97 11.5 11.3 20.9 18.4 19.6
7/97 10.1 16.4 19.3 31.6 15.7
8/97 4.6 5.8 4.0 8.5 12.3
9/97 11.1 8.9 12.7 8.1 19.8

10/97 4.4 3.9 5.4 5.7 25.4
11/97 8.6 7.0 12.7 8.0 32.4
12/97 4.4 4.9 6.0 7.8 13.2
1/98 6.3 6.5 7.9 7.9 16.5

(a)The estimated error does not exceed 2%.

Table  2: Seasonal  variations  of  all  the  measured  parameters  in  the  nearest  city  fallout  samples 
(GMGGSD)

Season Dust Deposition
(g m-2)

M1 M2 M3 M4 M5
Spring 8.2 ±  0.3 8.2 ±  0.4 7.4 ±  0.7 9.4 ±  0.4 20.1 ±  0.5
Summer 8.1 ±  0.5 10.2 ±  0.5 11.7 ±  0.9 10.0 ±  0.7 15.6 ±  15.6
Autumn 7.5 ±  0.5 6.2 ±  0.5 9.5 ±  0.9 7.2 ±  0.7 25.4 ± 25.4
Winter 6.8 ±  0.5 7.0 ±  0.4 8.1 ±  0.5 8.3 ±  0.2 12.8 ± 12.8

2.1.2 Meteorological data

Meteorological data for the LPP II was obtained from the meteorological station of the Public Power 
Corporation, which is located between the power plant A and the nearest city at a distance of 1.5–2 km 
from the plant.

2.1.3 Sample collection

Bulk (wet + dry) atmospheric deposition samples were collected, on a monthly basis,  at  five sites 
(M1–M5). Four of the sampling sites (M1–M4) were located in the city, at different distances from the 
power plant A (M4, M3, M2, M1 in increasing distance), while M5 was located in the area of power 
plant A and specifically on the roof of the Administration Building [1]. The sampling campaign was 



performed simultaneously at the two cities and lasted from of February 1, 1997 to January 31, 1998. 
The results are summarized on a seasonal basis in Table. The concentration of the naturally occurring 
radionuclides (238U and 232Th) was determined by Instrumental Neutron Activation Analysis (INAA). 
Based on many measurements performed by the reporting laboratory in fly ash samples, the ratio of 
238U/226Ra is almost equal to 1. The receptor bearings and distances are shown in .

Table 3: Seasonal variations of all the measured parameters in fallout samples (GMGGSD)

Season 238U activity
(Bq m-2)

M1 M2 M3 M4 M5
Spring 2.89 ±  0.43 3.34 ±  0.36 3.63 ±  0.46 3.64 ±  0.19 11.02 ±  0.60

Summer 3.05 ±  0.81 3.16 ±  0.63 2.36 ±  1.21 4.16 ±  0.68 10.88 ±  0.26
Autumn 2.65 ±  0.45 2.82 ±  0.17 4.19 ±  0.48 2.77 ±  0.36 19.2 ±  0.43
Winter 3.40 ±  0.22 4.18 ±  0.22 4.55 ±  0.16 5.09 ±  0.24 9.38 ±  0.46

232Th activity
(Bq m-2)

M1 M2 M3 M4 M5
Spring 0.25 ±  0.47 0.27 ±  0.45 0.19 ±  0.46 0.34 ±  0.37 0.66 ±  0.57

Summer 0.24 ±  0.69 0.32 ±  0.62 0.36 ±  1.12 0.63 ±  0.66 0.50 ±  0.21
Autumn 0.24 ±  0.57 0.26 ±  0.38 0.36 ±  0.61 0.27 ±  0.47 1.20 ±  0.48
Winter 0.24 ±  0.74 0.29 ±  0.72 0.32 ±  0.86 0.31 ±  0.88 0.54 ±  0.56

Table 4: The distances and bearings of the sampling points

Sampling point Distance from unit A
(km)

Bearing from unit A (degrees)

Μ1 3,800 135
Μ2 2,800 157
Μ3 3,100 135
Μ4 2,300 135
Μ5 300 0

2.1.4. Dietary Consumption

Default parameters have been assumed for the consumption. Also assume that the inhabitants mainly 
consume locally produced products. The measured uranium concentration in water was 0.05 – 0.28 mg 
L-1.

3. Model descriptions

3.1. PC CREAM

PC CREAM (Consequences of Releases to the Environment: Assessment Methodology) is a suite of 
models and data for assessing the radiological consequences of the discharge of routine radioactive 
releases of  aerial and liquid effluents to members of the population of concern  .  This model  was 
originally developed for the European Union but parts of the modeling suite have been used in other 
parts of the world. One feature of the model is that results can be expressed in terms of individual or 
collective doses.

3.2 COMPLY

The  COMPLY  code  is  a  computerized  screening  tool  for  evaluating  radiation  exposure  from 
atmospheric releases of radionuclides. The code is designed to require only minimum input, using 
fixed data for environmental transport and food chain description. The COMPLY code calculates the 



effective dose from radionuclides released from stacks. The dose estimated by this code is used to 
demonstrate compliance with environmental standards and is not intended to represent actual doses to 
real people . 

3.3 CROM

CROM is based on the generic model described in reference . It is a screening model that can be used 
to estimate doses resulting from discharges of radionuclides to the environment from point sources.

4. Results 

(a) Integration time: 50 years for an adult.
(b) Discharge data:
Discharges of 226Ra and 238U (assuming ratio of 1:1) from: 
Plant A 50,000 MBq a-1 = 5×1010 Bq a-1.
Plant B   3,500 MBq a-1 = 3.5×109 Bq a-1.
(c) Exposure pathways: all  consumption pathways were used, and all  external/inhalation pathways 
were used except for those concerned with beta doses

4.1.PC-CREAM calculations 

Receptor deposition rates (Bq m-2) for  238U and 232Th were extracted from the relevant file. This file 
provided deposition rates in Bq m-2 s-1. By multiplying these values by the number of seconds in a year 
(86,400 × 365.25), the s-1 term is removed leaving values in Bq m-2. The results are presented in Table 
5 and they show that there is extremely good agreement between the measured data and the predicted 
values from PC-CREAM. 

Table 5: Predicted and reported deposition rates.

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

Calculated doses from the ‘Sum of stacks’ run show that the total dose over the first year is between 
2.8 and 4.3 mSv and integrated over a 50 year period is between 3.6 and 5.5 mSv. Most of this dose is 
calculated to be delivered through inhalation of the two radionuclides considered here. 

4.2.COMPLY calculations 

Using the specified power production figures, the discharge rates for 226Ra for Plant A (5.0 × 1010 Bq 
(GWa)-1) and Plant B (3.5 × 109 Bq (GWa)-1)were estimated to be 2.8 × 1010 Bq a-1 and 1.1 × 109 Bq a-1 

respectively. To obtain the dose as a function of distance,  a spreadsheet  file  has been used.  This 
approach is based on the SUJB Recommendation (2000) . This procedure calculates the effective dose 
due to radionuclides released from stacks.

Atmospheric  concentrations  are  estimated  using  a  Gaussian  plume model in  simailar  way  as  the 
COMPLY code,  taking  into  account  the  limitatios  of  the  model.  Radionuclide  concentrations  in 
various foods are calculated by coupling the output of the atmospheric transport models with the food 
chain models.
The resulting output table contains the total effective dose as well as effective doses from external and 
internal exposure as a function of the distance from the  stack.



The results at a distance of 2.5 km are shown in Table 1

Table 1: Results of the SUJB calculations at a distance of 2.5 km

Dose (mSv/a) at 
distance 2.5 km

SUJB COMPLY(L2) COMPLY(L4)

Ingestion 1.2 Not available Not available
Inhalation 0.37 Not available Not available
External 0.45 Not available Not available
Radon Not calculated Not calculated Not calculated
Total 2.0 2.4 0.88

The doses obtained from the SUJB calculation as a function of distance are presented in Figure 1.

Figure 1: Doses as a function of distance, calculated using the SUJB approach
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4.3 CROM calculations

Calculations were only carried out for 238U. The wet and dry deposition coefficients were assumed to 
be 500 md-1.  The calculations were only carried out for Pasquill-Gifford stability category D. The 
mean air velocity was assumed to be 1.7 ms-1. The mean height of the stack was assumed to be 130 m. 
Considering a homogeneous 12-sector wind rose, the fraction of time to receptor points is 0.083. The 
two plants were assumed to be only one emission point with an assumed discharge rate of 1.7×103 

Bqs-1 considering the second plant as only one emission point

A comparison of measured and calculated  238U ground deposition concentrations  as  a function of 
distance from the stack are presented in Figure 2.

Figure 2: Measured and calculated  238U ground deposition concentrations as a function of distance 
from the stack
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5. Conclusions 

The results are presented in Table 5 and they show that there is extremely good agreement between the 
measured data and the predicted values from PC-CREAM. The discrepancy between predicted with 
CROM and measured ground surface concentrations needs further investigation. One possibility is 
uncertainty in the magnitude of the source term. Another is that detailed wind-rose data and values for 
the wet and dry deposition coefficients were not available. However, given these deficiencies,  the 
agreement between predicted and measured values is reasonable.

The work carried out during this program has resulted in the identification of several important issues 
that  require  consideration  in  the  selection  and  utilization  of  computer  models  for  NORM  risk 
assessment.  Hypothetical scenarios are useful for model development and testing, but do not allow 
model validation. The real scenarios require assumptions to deal with non-ideal situations, particularly 
geometry and there is still a good deal of work to do on the real scenarios.

There is still considerable scope for model development, particularly for situations involving multiple 
area sources and feedback processes

REFERENCES

[1] Papaefthymioua, H., Kritidis, P., Anousis, J., Sarafidou, J. Comparative assessment of natural 
radioactivity  in  fallout  samples  from  Patras  and  Megalopolis,  Greece.  Journal  of 
Environmental Radioactivity 78: 249–265; 2005.

[2] Rouni,  P.K.,  Petropoulos,  N.P.,  Anagnostakis,  M.J.,  Hinis,  E.P.,  Simopoulos,  S.E. 
Radioenvironmental survey of the Megalopolis lignite field basin. The Science of the Total 
Environment 272: 261-272; 2001.

[3] Simmonds J R, Lawson G and Mayall A (1995). Methodology for assessing the consequences 
of routine releases of radionuclides to the environment. EUR 15670, European Commission, 
Luxembourg.

[4] United States Environmental  Protection Agency. User's  Guide for  the Comply Code, EPA 
520/1-89-003. USEPA, 1989. 
http://www.epa.gov/radiation/assessment/comply.html

[5] International  Atomic Energy Agency. Generic Models for  Use in Assessing the Impact of 
Discharges of Radioactive Substances to the Environment. IAEA Safety Report Series No. 19. 
IAEA, Vienna, 2001. 

[6] Clarke,  L.  B.,  Sloss,  L.  L.  Trace  Elements  –  Emissions  from  Coal  Combustion  and 
Gasification. IEA Coal Research, IEACR/49, London, 1992. 

http://www.epa.gov/radiation/assessment/comply.html

	2. Lignite power plant (LPP II) Scenario
	2.1 Scenario’s parameters
	3. Model descriptions

