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SUMMARY 

Analyses are presented of potential radiological risks for the population living in the vicinity 
of the uranium production legacy site Pridneprovsky Chemical Plant (PChP, Ukraine) caused 
by radioactive contamination of groundwater and surface water resources. Calculations used 
radiation environmental monitoring data collected in the course of 2021. The water usage 
scenarios included drinking water consumption, crop irrigation, fishing and using river 
beaches for recreational activities. Dose basement employed the IAEA ISAM methodology 
and the NORMALYSA software tool. Mmodelling analyses suggest that in current day 
conditions radiological doses caused by contamination of groundwater and surface water in 
the vicinity of the PChP which are accessible to the local population are below the level of 
concern (< 1 mSv/y). However, calculations show that radiological risks can increase in 
future as a consequence of continued dispersion of contaminated groundwater plumes from 
the PChP industrial site in the downstream direction (outside the fenced industrial zone 
perimeter), potentially leading to unacceptable radiological risks to local population. 
Therefore, it is important to continue hydrogeological monitoring in the PChP downstream 
areas and to improve the groundwater monitoring network.  
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Introduction 
 
The radiological dose assessment analyses presented below are carried out for the Pridneprovsky 
Chemical Plant (PChP) located in the industrial suburb of the Kamyanske City (former 
Dniprodzerzhynsk) in the Dnipropetrovsk region of Ukraine. The plant was built in 1949 for the 
processing of uranium ores for soviet nuclear program and for related chemical production. The 
operation of the enterprise (from 1949 to 1991) led to the creation of 9 uranium mill tailings, several 
surface-contaminated uranium ore storage areas, numerous technological buildings (radiochemical 
workshops), sludge basins, etc., containing residual radioactive and chemical contamination (Lavrova 
and Voitsekhovitch, 2013). Groundwater and surface water monitoring studies at the PChP site 
conducted in 2005-2021 revealed serious contamination of groundwater below and downstream from 
the tailings by uranium-238/234 decay series radionuclides and toxic chemicals (Tkachenko et al., 
2020; Bugai et al., 2021). Contaminated groundwater from pollution sources is discharging into the 
Konoplyanka River, which flows into the Dnipro River (Fig. 1). 
 

 
 

Figure 1 The scheme of the PChP with monitoring locations used in dose assessment and icons of 
water usage scenarios 
 
Previous risk assessment studies for the PChP considered radiological impact on the population due to 
the atmospheric dispersion of radon, and doses to staff due to radioactive contamination of surface 
soils and buildings on the industrial site (Lavrova and Voitsekovitch , 2013), as well as pollution of 
agricultural land due to atmospheric dispersion of radionuclides from tailings (Kyrychenko and 
Kashparov, 2012). In our analyses presented below we focus on potential radiological risks to the 
population living in the vicinity of the PChP caused by radioactive contamination of groundwater and 
surface water resources (Konoplyanka, Dnipro) impacted by radioactivity releases from the site. 
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Assessment methodology 
 
The radiological assessment used data on radioactive contamination of groundwater and surface water 
at the PChP collected in the course of monitoring studies in 2021 (Bugai et al., 2021). The dose 
assessment was carried out using the IAEA ISAM (International Safety Assessment Methodology) 
methodology (IAEA, 2004). Several scenarios of usage of contaminated water resources in the zone of 
the PChP by hypothetical "representative persons" from the local population were formulated, dose 
models were developed, and the consequences of water usage scenarios were evaluated (Table 1). 
Scenario 1 (SC1) assumes usage of groundwater downstream from PChP for crop irrigation and 
drinking (during agricultural activities only), which results in internal exposure of farmer. Two 
modeling cases were considered. The case for “current situation” used groundwater monitoring data 
collected outside the PChP fence (see Fig.1). The case for “future conditions” used groundwater 
monitoring data from the upstream areas of PChP industrial site (assuming that the contaminated 
plume will spread in future in downstream direction).  Scenario 2 (SC2) assumes using Konoplyanka 
River for crop irrigation and fishing. Eventually, scenario 3 (SC3) assumes that Dnieper River 
downstream from the PChP site is used for beach recreation, fishing and as a drinking water source 
(during recreation only). Exposure pathways during the recreational activities at the beach include 
external exposure, inhalation of aerosols, and inadvertent ingestion of soil. 
 
Table 1 Scenarios of water usage considered in dose assessment 
 Scenario (source of 
water) 

Exposure pathway  
(% of yearly consumed local products, or duration of exposure) 

Drinking 
water 

Crop irrigation Fish consumption Beach recreation 

SC1 (groundwater)     
Realistic 10% 100% (potatoes) - - 

Conservative 25% 100% (potatoes), 
50% (vegetables) 

- - 

SC2 (Konoplyanka R.)  100% (potatoes) 100% - 
Realistic - 100% (potatoes), 

50% (vegetables) 
100% - 

Conservative -    
SC3 (Dnieper R.)     

Realistic 7% - 50% 24 days/y (4 h/day) 
Conservative 14% - 100% 40 days/y (8 h/day) 

 
Formulated scenarios were simulated using the IAEA NORMALYSA software tool (Avila et al., 
2018). The NORMALYSA standard module library of has been amended with the model of 
radionuclide uptake by irrigated crops described in (IAEA, 2001). Dose impacts during recreation on 
the river bank used model for accumulation of radioactivity in beach sediments described in (IAEA, 
2003). The radioecological parameters of models (transfer coefficients to crops and fish, Kd, etc.) 
were based on the IAEA recommendations (IAEA, 2001; IAEA, 2010). Parameters of product 
consumption (water, vegetables, fish) were based on statistical data (State Statistics Service of 
Ukraine, 2020). Assessment was conducted for two sets of input parameters corresponding to the 
assumptions of "realistic" (likely) and "worst case" (upper bound) radiological impacts. The 
respective data set differed assumptions regarding the diet / exposure time (Table 1) and 
radioecological parameters (transfer factors to fish and crops).  The endpoint for radiological dose 
calculations is the annual effective dose through all relevant pathways for the exposed representative 
person. Calculations were carried out for the two age groups: adult and child (10 y old). Doses were 
assessed for the following radionuclides of uranium series: U-238, U-234, Ra-226, Pb-210 and Po-
210. The annual effective dose for representative persons of 1 mSv/y was used as safety criterion, 
which corresponds to the lower bound of reference levels for "existing exposure situations (IAEA, 
2014). 
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Results 
 
Results of dose assessment calculations are summarized in Table 2. 
 
Table 2 Estimated radiological impacts due to the use of groundwater and surface water in the zone 
of influence of PChP (mSv/y) 
Scenario 
(dataset) 

SC-1 (groundwater; 
current conditions) 

SC-1 (groundwater;  
future conditions) 

SC-2 
(Konoplyanka R.) 

SC-3 
 (Dnieper R.) 

1 2 3 4 5 6 7 8 9 
  Adult Child Adult Child Adult Child Adult Child 
Realistic  0.05 0.06 9.3 9.4 0.003 0.006 0.004 0.008 

Conservative  0.09 0.11 17.4 17.5 0.031 0.057 0.030 0.073 

 
Dose assessment results show that considered scenarios of usage of surface water from Konoplyanka 
and Dnieper rivers result in radiological impacts for representative persons (adult, child) which are 
significantly below 1 mSv/y safety criterion even for conservative assumptions. 
 
Groundwater usage scenario for current conditions (assuming usage of groundwater outside the PChP 
boundary, see Fig.1) results in doses less than 1 mSv/y (see Table 1, columns 2 and 3).  However, for 
the ‘future’ modeling case (assuming that contaminated groundwater plume from the PChP industrial 
site migrates in downstream direction and becomes accessible to population) the estimated doses from 
groundwater usage can significantly exceed 1 mSv/y safety criterion (see Table 1, columns 4 and 5).  
 
The main contributing exposure pathway for Scenario 1, which can potentially lead to unacceptable 
risks to public, is drinking water consumption (Fig.2-a). the main radionuclides contributing to dose 
are U-238 and U-234 (Fig.2-b). 
 

 
Figure 2 Contributions of different exposure pathways (a) and radionuclides (b) to the total exposure 
dose for Scenario 1 (realistic modeling case; ‘adult’ age group) 
 
Conclusions 
 
Completed dose assessment analyses suggest that radiological risks caused by contamination of 
groundwater and surface water in the vicinity of the soviet era uranium production legacy site 
Pridneprovsky Chemical Plant are currently generally low and are below the level of concern. 
However, the risks can increase in future in case of continued spreading of contaminated groundwater 
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plumes from the PChP industrial site in downstream direction towards Konoplyanka River, leading to 
unacceptable risks to local population from groundwater sources. Therefore, it is important to 
continue groundwater and surface monitoring in the downstream areas from the PChP. It should be 
noted that the existing groundwater monitoring network outside the PChP industrial site fence is 
rather limited and needs extension. Modeling predictions of time dynamics of subsurface dispersion 
of contaminants from the PChP to receptors and assessment of chemo-toxic risks caused by 
groundwater and surface water pollution remain outstanding tasks.  
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