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ABSTRACT 

The International Shelter Implementation Plan (SIP) [1], is aimed to convert the ChNPP 
unit 4, destroyed by a beyond-design accident in 1986, into an environmentally safe facility 
by means of large-scale projects such as stabilization of the existing Sarcophagus (Shelter), 
construction of a New Safe Confinement (NSC), and installation of engineering and 
monitoring systems.  

This report presents some important safety issues concerning radioactive waste (RAW) 
management at the Shelter.  

One of the main problems of RAW management is to dispose of large volumes of RAW 
generated during ground preparation work. It is necessary that RAW be sorted carefully to 
separate low-active radioactive waste (LLW), which will be the majority, from high-level 
waste. Considering the fact that the Shelter is in the exclusion zone, the interim storage of 
LLW in this zone is possible, but a set of safety measures is required, e.g. prevention of dust 
generation or spreading of radioactivity with water.  

 Another problem is high level RAW management. Highly radioactive fragments of the 
core, including fuel were ejected during the accident and are now buried under the man-made 
layer around the Shelter. Unanticipated disclosure of such fragments may happen during any 
ground preparation work as well as during clearing of premises inside the damaged buildings. 
Therefore, permanent radiation monitoring is required to prevent any intolerable exposure of 
workers. Unanticipated disclosure of high-active radioactive waste (HLW) could lead to 
considerable delay of any work. Since it is particularly difficult to remove HLW from those 
locations, which can not be easily accessed with removal equipment, such waste needs to be 
confined and properly shielded at in situ. Due to absence of a permanent HLW storage, an 
interim storage needs to be provided for in the territory of the Sarcophagus.  
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1  RADIOACTIVE WASTE AT THE SHELTER 
 
The International Shelter Implementation Plan (SIP) [1] is aimed to convert the ChNPP 

unit 4, destroyed by a beyond-design accident in 1986, into an environmentally safe facility 
by means of large-scale projects such as stabilization of the existing Sarcophagus (Shelter), 
construction of a New Safe Confinement (NSC), and installation of engineering and 
monitoring systems.  

The Shelter radioactive waste management program [2,3] has determined a set of 
measures on RAW management during implementation of these projects.  

[2,3] determine the main aspects of ChNPP activity in RAW management based on 
assessments of amount of RAW, which will be generated during the Shelter transfer into an 
ecologically safe system.    

Based on the characteristics of the areas and the conditions of the implementation of 
stabilization measures generation of solid and liquid RAW is predicted. 

Solid RAW (SRAW) may be divided into two groups: waste generated during main 
activities implementation and secondary waste. 

Main SRAW is generated during implementation of general preparatory work to arrange 
the construction site in the local zone and stabilization measures. 

Secondary SRAW will be generated during implementation of personnel radiation 
protection measures and due to contamination of materials and equipment, which cannot be 
decontaminated. 

The radionuclide composition the RAW is typical for the Chernobyl effluent. It is 
determined using the average composition of the fuel from Unit 4 Reactor at the moment of 
the accident (with consideration of radioactive decay process). The existing contamination is 
currently presented by Sr90, Cs137, Pu238-241 and Am241 radionuclides that are the sources for γ, 
β and α radiation. 

SRAW generated during main activities implementation will be the following: concrete 
and metal structural fragments, crushed stones, sand and construction waste (including fuel). 

Liquid RAW (LRAW) will be generated during decontamination of equipment and 
cleansing of personnel. During the Shelter Implementation Plan, generation of low- and 
intermediate-level LRAW is expected which are specified by increased content of sulphates 
and chlorides, as well as transuranium elements (TRU). 

The total amount of RAW generated during stabilization measures would be about 500-
600 tons of solid RAW and 500 m3 of liquid RAW [2]. 

At the upper part of the geological-lithological cross section of the Shelter site the three 
main engineering-geological layers can be identified: 
- post-accident technogenic layer; 
- accident consequences’ ground layer; 
- natural composition soils (with inclusions of pre-accident technogenic soils). 

Post-accident technogenic layer is only insignificantly radioactively contaminated as a 
consequence of post-accident technological activities. The technogenic engineering fill can be 
referred to as low-level waste (LLW) and partially as intermediate-level waste (ILW). It is 
partially composed of “clean” (non-radioactive) soils the amount of which can not be 
evaluated at present. Based on the conservative approach all the amount of excavated post-
accident technogenic layer soils is referred to as RAW.  

The accident consequences’ ground layer is highly contaminated. The thickness of the 
layer is about 1 m. HLW can be included in the pre-accident ground layer composition. 
Natural composition soils are not radioactively contaminated and do not belong to RAW.  

The total amount of ILW and LLW generated during excavation work for the 
foundation of the NSC will be about 100,000 m3. 
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During construction of infrastructure facilities, RAW is generated during levelling of 
building sites for new facilities, their construction, and further operation. It is estimated that 
about 380 000 m3 [2, 3] of waste will be generated consisting of soils and structures. The 
volume of soils will be about 370000 m3.  

Based on the existing data concerning the specific activity of radionuclides in the man-
made layer at the Shelter site, generation of LLW is forecasted, whereas during earthwork in 
the local zone, small amounts of ILW, and probably a small amount of HLW are expected to 
be generated.      

According to [4], the complete scheme for RAW management shall cover the following:   
- preliminary monitoring of activity and radioactive situation; 
- fragmentation; 
- removal; 
- monitoring of activity and contents of nuclear materials;  
- preliminary treatment; 
- sorting; 
- processing; 
- conditioning (containerisation and immobilization); 
- certification; 
- transportation for interim storage and/or transfer for disposal; 
- interim storage; 
- disposal. 

During stabilisation measures, creation of infrastructure facilities and other work within 
the SIP, SRAW will be managed according to the following scheme. After preliminary 
assessment of the activity and sorting  LLW and MLW will be transferred from the 
excavation sites to collection points, large-sized LLW and MLW will be fragmented in situ , 
transferred to the collection points. and will be transported for disposal in the collector-tanks.  

During the work, a small amount of HLW is probable. HLW should be collected and 
fragmented using means for SRAW remote processing. HLW are transported in the protective 
containers to the interim storage facility to be created in the existing fresh fuel storage facility 
on the ChNPP site.  

Currently a series of facilities on RAW management are being constructed and designed 
at ChNPP [3], in particular:  
- Liquid Radwaste Treatment Plant (LRTP);  
- Industrial Complex for Solid Radwaste Management (ICSRM);  
- Interim Storage Facility for spent fuel (ISF-2).  

These facilities are intended for RAW management generated during ChNPP-1-3 
decommissioning, however, they can be used during treatment and storage of waste generated 
at the Shelter during SIP, excluding low-level soils 

Within SIP Task 13, a stationary facility for LRAW treatment is planned. The function 
of this facility is to collect water and bottom sediments at the Shelter and to remove  
transuranium elements and organic compounds. After purification, water will be transferred 
for treatment to the LRTP.  

 
2  LLW MANAGEMENT 
 

One of the most important problems is management of large amounts of LLW expected 
to be generated during construction of the SIP infrastructure and during construction of the 
NSC, as well as during removal of contaminated soils. 
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To date, Ukraine has no special facilities for managing such large amounts of RAW and 
will not have in the near future. Facilities for RAW storage/disposal, which are being created 
now in ChNPP, are intended mainly for ChNPP-1-3 decommissioning and not for Shelter 
RAW, particularly in view of their large amounts.  

The near-surface RAW storage facility (Buriakivka) operating in the 30-km exclusion 
zone has only about 60000 m3 of available capacity and cannot be used for storing all LLW 
generated during SIP. 

One of the options for resolution is to extent the storage facility “Buriakivka” and use 
this extension for storing Shelter RAW. Preparation of the design for extending the available 
capacity of this storage facility up to 150000 m3 is currently being completed. However, this 
capacity may not be sufficient.  

Considering the fact that the Shelter is in the exclusion zone, interim storage of LLW is 
possible but a set of safety measures are required, e.g. prevention of dust generation or 
spreading of radioactivity with water. However, this is not the preferred option since it would 
require to handle the RAW twice, namely to transfer it into the interim storage and after into 
the final disposal. 

In view of the existing situation, ChNPP SSE has proposed to divide contaminated soils 
into the following categories:  

– “background” which do not require special storage facilities;  
– “above-background” which are subjects for further disposal.  

It was proposed that the reference levels in force for the radiation situation at the Shelter 
site, ChNPP and the exclusion zone (in particular, exposure dose rate, surface contamination 
with alpha- and beta-radionuclide) should be used as criteria for sorting of contaminated soils 
in accordance with the categories presented.    

Such approach can be acceptable, however, it should not mean that “background” soils 
are exempt from monitoring and can be disposed anywhere in the exclusion zone. First, it is 
necessary to determine specific sites for location of “background” soils and than to establish 
acceptance criteria for each specific site, and further to sort soils depending on these criteria.  

Specific measures should be undertaken in these sites to assure safety (dust suppression, 
prevention of wash-out of radionuclide by rain water, radiation monitoring, shielding, etc.).  

This variant of disposal requires thorough sorting of soils during their removal 
according to the established criteria, which seems to be a very complicated task considering 
the large amount of soils removed and the kind of contamination (alpha-emitting nuclides, 
high-level radiation sources).      

By applying such separation into “background” and “above-background” soils 
considerably smaller amounts of RAW are to be disposed of in the near-surface storage 
facility “Buriakivka”.  

The problem becomes complicated by the fact that in removing the soils of the 
technogenic layer, high-level radiation sources (contaminated structures, fuel powder, core 
fragments, etc.) can be detected.   Therefore, the following should be provided during removal 
of soils: 
- permanent radiation monitoring during removal of soils layer-by-layer;  
- thorough sorting of the removed soils; 
- removal of detected HLW and its further packing  into container (using remote devices). 

The two disposal options, namely disposing of soil at “Buriakivka” without prior sorting 
and separating “above background” soils from “background” soils should be compared. This 
comparison should consider economic aspects and the need for preparing an appropriate 
RAW management infrastructure. The results should be presented before large-scale 
earthwork starts. 
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 Soil excavation will be carried out at sites at which the content of radionuclides as well 
as the contamination level of the surface layer differ considerably. E.g. the man-made 
technogenic layer of macadam, sand and construction materials, created during the Shelter 
construction work, contains a substantial level of radioactive contamination including reactor 
core fragments. In contrast, soils outside the Shelter area have a relatively low level of 
contamination. Therefore, management of soils should be different depending on their origin.  

Recently it has been proposed to use the pressure ponds located south of the turbine hall 
for LLW storage. In this context it is necessary that limits for the radionuclide content of soils 
are defined, that criteria on safety assurance during RAW storage in these ponds are 
established, and that the appropriate safety measures are determined.  

 
3  HLW MANAGEMENT 

 
The second issue concerning RAW management during stabilisation, creation of 

infrastructure facilities and NSC construction is the management of HLW. In the course of the 
accident at ChNPP-4, fragments of core, including nuclear fuel, have been ejected from the 
reactor. These can be found partially at upper marks of the destroyed reactor building, 
including the central hall and partially outside the buildings located under the cascade wall 
and within the Shelter site under the man-made technogenic layer. During all works at the 
Shelter, particularly in the zone adjacent to it (in the local zone), intensive ionising radiation 
sources may be uncovered under the technogenic layer. During preparatory and dismantling 
work, as well as installation work, unanticipated discovery of such sources can lead to 
exposure of personnel performing this work. Therefore, prior radiation survey of the territory 
of the planned work, as well as continuous radiation monitoring in the process of work should 
be provided.     

Discovery of unanticipated intensive ionising radiation sources (IRS) during the work is 
considered an emergency situation.   

The following is required:  
- to stop the work and limit access to the working zone;  
- to shield the discovered IRS;  
- to evacuate from the working zone all personnel who will not participate in the retrieval 

of the IRS; 
- to provide additional radiation protection means for personnel, who will perform the work 

with IRS; 
- to remove the discovered IRS and locate it in a container (or confine) using the remote 

devices;    
- to transport the container with IRS to the storage site.  

After IRS removal or confinement, additional radiation survey should be provided in the 
premises where IRS has been discovered.    

In some locations during the work in the Shelter premises, IRS removal and further 
containerisation may be difficult, e.g. usage of the remote devices and supply of appropriate 
containers may be impossible due to spatial conditions. In this case it is necessary that the 
discovered IRS be confined and properly shielded or removed from the working area and then 
confined to ensure safety of the personnel performing the SIP work. Such confining sites 
inside the Shelter should have no impact on the whole Shelter, and should not constitute a 
problem for the other SIP tasks and designs.           

To date, ChNPP has no storage facility available for HLW generated during SIP 
activities. Taking into consideration a need for constructing a temporary storage facility as 
soon as possible before large-scale work within SIP begins, the possibility has been reviewed 
to use existing ChNPP buildings for this purpose that meet the requirements of confinement 
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from the environment, physical protection and radiation monitoring. Interim HLW storage 
will be performed in specialised transport-protective containers. The fresh fuel storage facility 
has been selected for usage as interim HLW storage facility. Because this building according 
to regulations is classified into the first category, correspondingly, it will meet completely 
safety requirements, namely:   
- protect HLW tanks against natural and man-caused external events; 
- prevent unauthorised access to the HLW containers; 
- provide appropriate radiation monitoring. 

 
4  CONCLUSION 

 
Proper management of radioactive wastes generated during SIP work at the Object 

Shelter is important for SIP work progress. A thorough radiological survey to identify 
unanticipated intensive ionising radiation sources is essential before any field work at the 
Object Shelter begins. Procedures how to deal with any kind of waste found needs to be 
established in the frame of a SIP RAW management program. ALARA considerations have to 
be an important aspect when selecting appropriate RAW management approaches. Lack of 
RAW management procedures, facilities and tools could have an adverse impact on major SIP 
tasks such as stabilisation or the construction of the New Safe Confinement and as such could 
jeopardise the overall project schedule.     
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