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ABSTRACT 
In this research the annual individual effective doses (AIED) for workers during the decommissioning activities of the Fuel 
Fabrication Facility (FFF) at Al-Tuwaitha nuclear site were calculated, the calculation of (AIED) was obtained with sequence 
of calculations proceeds along choice of scenario, pathways of exposure, and choice of parameter values. Six samples of 
contaminated soil (S1, S2, S3, S4, S5, and S6), were collected from (FFF). The activity concentrations of these samples were 
measured by (HPGE detector) gamma-ray spectrometry analysis system. The analysis show that these samples contain 
naturally occurring radioactive material (NORM) with activity concentration values higher than the world mean values of 

,  , and   which evaluated 35, 30, and 400  respectively, specified by the UNSCEAR (2000). The 
activity concentrations range from 193.56±14.5  to 475.50±25.8   for Potassium-40, from 1031±119.9 to 7387.1±644.8  

 for Radium-226, from 10.89±2.6  to 20.251±2.4    for Thorium-232, from 7286.4±223.9   to 134280±2700.8 
 for Uranium-238, and from 162.33±5.8   to 1294.4±27.7  for Uranium-235. We found the values of (AIED) 

were ranged between 177.53 and 2722.16  for a worker in land. 
Keywords: Annual individual effective dose; Al-Tuwaitha; activity concentration; HPGE detector. 

1.INTRODUCTION  
The Fuel Fabrication Facility (FFF) located at Al-Tuwaitha Nuclear site 20 Km south Baghdad. The facility covered 
ground area of about 32000 m2. Italian-supplied facility (FFF) was used to purify yellow-cake to produce U3O8, UO2, 
UO3 and metallic uranium. Some fuel elements using natural fuel were also produced at this facility [1]. Plant was 
heavily damaged during the 1991 Gulf War, and only the steel structure remains. Spotty surface contamination can be 
found in the surroundings, originating from the movement of contaminated equipments, etc. The principal radiation 
hazards associated with the decommissioning activities of FFF are direct exposure, inhalation, and ingestion, and there 
are a risk coming into skin contact with solid radioactive substances may occur during the collecting of characterization 
data and also during the operations of cutting, demolishing contaminated components, and clearing of the 
contaminated area. Therefore, the requirements of the basic safety standards (BSS) are required to be enforced during 
all decommissioning activities [2], including during cleanup and site release, in order to protect workers, members of 
the public and the environment during the cleanup and after release of the site. 

2.SAMPLING 
The samples were obtained at a typical depth of 5 centimeters from the top surface layer to produce approximately 1 
kilograms, each soil sample was packed into its own secure bag to prevent cross contamination and sent to the 
laboratory to measure by using a high-resolution gamma-ray spectrometry system (HPGE detector) by analysis method 
(IAEA TOCDOC 1092). Ludlum model (2241-2) with model 44-10 Sodium Iodide (NaI) 2"×2" Detector, was used to 
determine the location of samples we have collected. This is scalar/rate meter instrument used for gamma radiation 
scans the detector is a 2"×2" NaI detector with sensitivity of approximately 900 cpm per micro Roentgen per hour 
(µR/hr) for Cs-137. 

Table 1: The details of the soil samples that collected from the Fuel Fabrication Facility (FFF) studied in this present 
research. 

Code of 
Sample 

Prepared sample 
quantity (Kg) 

Dose rate 
 Position 

1m Touch Latitude (°N) Longtitude (°E) 
S1 0.46 0.073 0.247 33 11 58.3 44 30 42.8 
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S2 0.44 0.072 0.275 33 11 57.7 44 30 43.8 
S3 0.43 0.070 0.166 33 11 57.3 44 30 43.3 
S4 0.48 0.070 0.103 33 11 58.2 44 30 42.8 
S5 0.48 0.075 0.325 33 11 58.6 44 30 41.8 
S6 0.37 0.069 0.135 33 11 58.1 44 30 41.4 

 

 
Figure 1 The sampling locations of 6 soil samples from Fuel Fabrication Facility (FFF) at Al- 

Tuwaitha nuclear site, 20 Km south Baghdad. 

3.DOSE CALCULATIONS 
The entire sequence of calculations proceeds along the following lines: 
 choice of scenario 
 pathways of exposure 
 choice of parameter values 

3.1 Choice of Scenarios and Parameter 
A number of exposure situations are required which cover all relevant aspects of inhalation, ingestion, external 
irradiation, and skin contamination in such a way that any exposure situation which is reasonable to assume would not 
lead to higher doses. The following scenarios are therefore of such a nature that they would not be deemed likely to 
happen. This is, however, characteristic for “enveloping” scenarios [3]. 
3.1.1 Inhalation 
Inhalation of contaminated dust can occur in many exposure situations. Therefore, two conservative enveloping 
scenarios are chosen which represent exposure at a workplace and exposure of the general population respectively. 
Doses from inhalation are calculated according to eq.(1): 
 

                                        (1) 

 
The following enveloping scenario is chosen for which table 2–2 shows the parameter values. 
Scenario INH-W: Inhalation of dust at a workplace during the whole working year (1800 h/a). The dust is assumed to 
originate solely from the contaminated material (e.g. resuspension of dust from building rubble, waste or other material 
into the air), i.e. no dilution, 
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Table 2: Scenario parameters for inhalation scenario [3]. 
Symbol parameter Unit Scenario INH-W 

 Exposure time  h/a 1800 

 Dilution factor  [-] 1 

 Concentration factor in dust  [-] 1 
V Breathing rate  m³/h 1.2 

 Dust concentration in air  g/m³ 1.00E-03 

 Decay time before scenario  d 30 

 Decay time during scenario  d 365 

 Dose coefficient  μSv/Bq depending on radionuclide, see table 
6 

 
3.1.2 Ingestion 
Inadvertent ingestion of contaminated material can occur in many exposure situations. As for inhalation, two scenarios 
are considered which cover workplaces and the general public. The dose from ingestion is calculated according to (2). 
 

            (2) 

Scenario ING-W: A worker working in an environment where it is possible to ingest material (e.g. via hand-to-mouth-
pathway). The ingested quantity is assumed to be 20 g/a with no dilution or concentration processes. As the worker 
might always ingest fresh material, no decay before or during the scenario is assumed. The table (3) shows the 
parameter values of ingestion dose coefficients [3]. 

Table 3: Scenario parameters for ingestion scenario [3]. 
Symbol Parameter Unit Scenario ING-W 

q ingested quantity  g/h 0.01 

 Exposure time  h/a 1800 

 Dilution factor  [-] 1 

 Concentration factor  [-] 1 

 Decay time before scenario  d 0 

 Decay time during scenario   d 0 

 Dose coefficient  μSv/Bq  See table 6 
 
3.1.3 External Irradiation 
Exposure can result from a number of sources within a workplace, and the monitoring of workers and the workplace in 
such situations is an integral part of any occupational radiation protection programme. The assessment of exposure due 
to external radiation sources depends critically upon knowledge of the radiation type and energy and the conditions of 
exposure [4] 
Exposure situations in which external irradiation is relevant are most likely encountered on a landfill where cleared 
waste is disposed of (landfill worker), during transport and while staying in a building that is constructed using cleared 
building rubble as aggregate for the new concrete. Other conceivable exposure situations of radiological significance 
will be covered if sufficiently conservative parameters are chosen [3]. The dose from external irradiation is calculated 
according to (3): 
 

                (3) 

Scenario EXT-W: A landfill worker who is working full-time (1800 h/a) on the waste. It is assumed that the waste 
contains 10% contaminated material. A decay of 1 day before the scenario (transport time between site of clearance and 
landfill) is assumed, however, no decay time during the scenario because for a landfill, the waste the worker is dealing 
with will contain always fresh material. A homogeneously distributed activity in the waste for which conservatively a 
density of 2 g/cm³ is assumed is taken as the exposure geometry. 
Doses are calculated for rotational exposure at 1m height above ground. This scenario might also describe other 
persons who work on a ground whose cover contains cleared material, e.g. a person at a gas station where the pavement 
is made using recycling concrete from nuclear facilities 
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Table 4: Scenario parameters for external irradiation scenario [3]. 
Symbol Parameter Unit Scenario EXT-W 

 Exposure time  h/a 1800 

 Dilution factor  [-] 0.1 

 Decay time before scenario  d 1      i.e. (1/365) a 

 Decay time during scenario  d 0 

 Dose coefficient  (μSv/h)/(Bq/g) Depending on radionuclide,  
see table 6 

3.1.4 Skin contamination 
Skin contamination by dust containing radionuclides can only occur with some significance at workplaces in dusty 
environments. The effective individual dose from skin contamination is calculated according to (4). 

                          (4) 

The following enveloping scenario is chosen for which table (5) shows the parameter values. 
Scenario SKIN: a worker in a dusty environment. It is assumed that during a whole working year (1800 h/a) both 
forearms and hands (10% of the total body surface) 4 are covered with a dust layer of 100 μm (0.01 cm) thickness. The 
dust is assumed to have the same activity concentration as the cleared material. As the material on the skin might 
always be fresh, no decay before or during the scenario is assumed. The density of the dust on the skin is set to 1.5 
g/cm³. In order to calculate effective doses, the dose coefficients from [KOC 87] have to be multiplied with a skin 
weighting factor of 0.01. 
The scenario SKIN covers all situations in which people work in dusty environments. It should be noted that no 
residential scenarios need to be taken into account because similar dust loads or exposure times are very unlikely there 
[3,5]. 
 

Table 5: Scenario parameters for skin contamination [3]. 
 

Symbol Parameter Unit Scenario ING-W 

 Exposure time  h/a 1800 

 Layer thickness  cm 0.01 

 Dust density  g/cm³ 1.5 

 Dilution factor  [-] 1 

 Concentration factor  [-] 1 

 Skin weighting factor  [-] 0.01 

 Fraction of body surface  [-] 0.1 

 Decay time before scenario  d 0 

 Decay time during scenario   d 0 

 Dose coefficient  (μSv/h)/(Bq/cm²) depending on radionuclide, see 
table 6 

3.1.5 Dose Coefficients 
In general, dose coefficients serve for calculating (annual) doses from a given activity. More specifically, dose 
coefficients are used for the following purposes [3,5]: 
 Inhalation of radioactivity: The dose coefficients relate the individual effective dose (in μSv) to the inhaled 

quantity of radioactivity (in Bq). 
 Ingestion of radioactivity: The dose coefficients relate the individual effective dose (in μSv) to the ingested 

quantity of radioactivity (in Bq). 
 External irradiation: The dose from external irradiation is caused by the photons penetrating the human body 

from gamma emitting radionuclides. Therefore, the relation between dose and radioactivity is more complicated, 
depending not only on the radioactivity, but also on the geometry in which the radioactivity is distributed, on 
shielding effects, on self-absorption effects and on the distance to the source. Dose coefficients for external 
irradiation are expressed in dose rate (i.e. μSv per hour, μSv/h) per activity content of the source (i.e. Bq per gram, 
Bq/g). In the present case, suitable dose coefficients are calculated for each nuclide and each exposure geometry. 
The dose coefficients are given in table (6). 

 Skin contamination: Dose coefficients for skin contamination relate the dose received from the beta and gamma 
radiation of radionuclides which are deposited on the skin to the skin surface contamination. Skin dose coefficients 
are taken for a skin surface weight of 4 mg/cm² [3, 5]. 
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Table 6: Dose coefficients used in the calculations of doses [3, 5]. 

 

4.CLEARANCE CRITERIA AND DOSE LIMITS 
The principle objective of decommissioning is to place a facility into such a condition that the decommissioned facility 
poses no unacceptable risk to the public, the workers or the environment. If facilities were not decommissioned, they 
could degrade and potentially present an environmental radiological hazard in the future. The uncontaminated material 
can be released only when the clearance criteria are met [6]. Clearance regulations will be needed prior to release of 
any material or facilities, including land, from regulatory control [7]. The aim of The basic criteria are presumed to be 
fulfilled without further consideration if the effective dose to be incurred by any individual member of the public is of 
the order of 10 µSv (or less) in a year and the collective dose committed during one year is no more than about 1 man 
Sv [3]. The goal of keeping individual doses below about 10 μSv/a implies that dose rates have to be detected which are 
a small fraction of natural background and so it is necessary to operate at the limits of detectability [8].The radiation 
protection requirements are required to be enforced during all decommissioning activities, and the dose limitation is 
therefore applicable to the entire decommissioning practice. This dose constraint should take into account multiple 
pathways of exposure and should not exceed 300 μSv in a year above background [9]. 

5.CALCULATIONS 
After analyzing the scenario, determining the parameter values, and using the equations1,2,3 and 4, we can derive a 
general mathematical expression for our samples that contain the nuclides  , , , , and  
for workers' scenario. This expression represents the Annual Effective Dose in     of all samples. 

 

 

6.RESULTS  
We can list the detailed results of the analysis and calculations of our samples in the following tables: 

Table 7: The detected nuclides in S1 sample and their annual effective doses for all pathways. 
 

Nuclides 
in sample 

S1 

Activity 
Concentration 

Bq  

Pathways of Exposure Total 
Exposure 

μSv/a 
External 
μSv a 

Inhalation 
μSv/a 

Ingestion 
μSv/a 

Skin 
μSv/a 

K-40 3.8095e2 1.988 0.0024 0.047 0.0246 2.062 
Ra-226 1.1252e3 36.456 12.881 24.952 0.1803 74.4693 
Th-232 1.9703e1 1.56 2.042 0.397 0.0001 3.9991 
U-235 1.7226e2 0.589 2.418 0.173 0.0116 3.1916 
U-238 8.3020e3 4.632 102.214 7.866 1.7144 116.4264 

Sum    μSv/a 45.225 119.5574 33.435 1.931 200.1484 
 

Table 8: The detected nuclides in S2 sample and their annual effective doses for all pathways 
 

Nuclides 
in sample 

S2 

Activity 
Concentration 

Bq  

Pathways of Exposure Total 
Exposure 

μSv/a 
External 
μSv a 

Inhalation 
μSv/a 

Ingestion 
μSv/a 

Skin 
μSv/a 

K-40 4.7550e2 2.482 0.003 0.059 0.0307 2.5747 
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Ra-226 7.3871e3 239.34 84.567 163.816 1.1839 488.9069 
Th-232 1.8971e1 1.502 1.966 0.382 0.000099 3.850099 
U-235 1.2944e3 4.426 18.173 1.304 0.0877 23.9907 
U-238 6.0225e4 33.605 741.49 57.064 12.4368 844.5958 

Total    μSv/a 281.355 846.199 222.625 13.7392 1363.918 
 

Table 9: The detected nuclides in S3 sample and their annual effective doses for all pathways 
 

Nuclides 
in sample 

S3 

Activity 
Concentration 

Bq/Kg 

Pathways of Exposure Total 
Exposure 

μSv/a 
External 
μSv a 

Inhalation 
μSv/a 

Ingestion 
μSv/a 

Skin 
μSv/a 

K-40 3.8379e2 2.003 0.0024 0.048 0.025 2.0784 
Ra-226 4.3285e3 140.24 49.55 95.98 0.693 286.463 
Th-232 2.0251e1 1.603 2.099 0.408 0.0001 4.1101 
U-235 9.2390e2 3.159 12.97 0.931 0.062 17.122 
U-238 3.9733e4 22.171 489.19 37.64 8.205 557.206 

Total    μSv/a 169.176 553.8114 135.007 8.9851 866.9795 
 

Table 10: The detected nuclides in S4 sample and their annual effective doses for all pathways 
 

Nuclides 
in sample 

S4 

Activity 
Concentration 

Bq/Kg 

Pathways of Exposure Total 
Exposure 

μSv/a 
Extern

al 
μSv a 

Inhalation 
μSv/a 

Ingestion 
μSv/a 

Skin 
μSv/a 

K-40 2.7011e2 1.409 0.0017 0.033 0.017 1.4607 
Ra-226 1.0310e3 33.404 11.802 22.863 0.165 68.234 
Th-232 1.3027e1 1.031 1.35 0.262 0.00006 2.64306 
U-235 1.6233e2 0.555 2.279 0.163 0.011 3.008 
U-238 7.2864e3 4.065 89.71 6.904 1.504 102.183 

Total    μSv/a 40.464 105.1427 30.225 1.69706 177.52876 
 

Table 11: The detected nuclides in S5 sample and their annual effective doses for all pathways 
 

Nuclides 
of the 

sample S5 

Activity 
Concentration 

Bq/Kg 

Pathways of Exposure Total Exposure 
μSv/a External 

μSv a 
Inhalation 

μSv/a 
Ingestion 

μSv/a 
Skin 
μSv/a 

K-40 1.9356e2 1.010 0.0012 0.024 0.012 1.0472 
Ra-226 1.1894e4 385.36 136.162 263.76 1.906 787.188 
Th-232 1.0890e1 0.862 1.129 0.219 0.00006 2.21006 
U-235 2.6211e3 8.964 36.80 2.642 0.177 48.583 
U-238 1.3428e5 74.928 1653.25 127.232 27.729 1883.139 

Total    μSv/a 471.124 1827.3422 393.877 29.82406 2722.167 
 

Table 12: The detected nuclides in S6 sample and their annual effective doses for all pathways 
 

Nuclides 
in sample 

S6 

Activity 
Concentration 

Bq/Kg 

Pathways of Exposure Total 
Exposure 

μSv/a 
External 
μSv a 

Inhalation 
μSv/a 

Ingestion 
μSv/a 

Skin 
μSv/a 

K-40 3.0364e2 1.585 0.0019 0.038 0.019 1.6439 
Ra-226 2.9241e3 94.74 33.475 64.844 0.468 193.527 
Th-232 1.9880e1 1.574 2.061 0.40 0.0001 4.0351 
U-235 5.1778e2 1.771 7.269 0.522 0.035 9.597 
U-238 2.1610e4 12.058 266.062 20.476 4.462 303.058 

Total    μSv/a 111.728 308.8689 86.28 4.9841 511.861 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 4, April 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 4, April 2015                                                                                                Page 39 

7.CONCLUSION 
Samples of soils of FFF nuclear site were measured for their radioactivity contents using Gamma spectrometry 
technique. These data show that the activity concentration of the naturally occurring radionuclides in some soil samples 
were higher than the world average ranges. And the Annual effective dose that we have calculated of some samples 
were higher than the constraint dose limit of 300 μSv/a.  
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