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ABSTRACT 

Many human activities generate waste but people are worried about those produced in  
nuclear power plants. Their concern is an unjustified fear toward the hazard from radioactive 
wastes because any country, which produces electrical power in this way, pays a lot of 
attention of all relevant parties involved in radioactive waste management. 

The same policy is applied for Cernavoda NPP. Our concept establishes the general 
approach required for the collection, handling, conditioning and storage of radioactive waste 
from Cernavoda NPP Unit 1 and will be ready for expansion when other units are brought 
into service.  

 Among others, a major objective is to reduce the radioactive waste production and 
volume. In this regard we are trying to improve as much as possible our procedures and 
radioactive wastes management.  

Further, it will be presented the radioactive waste management, including the 
improvements in our program and the future plans.  

 

1 INTRODUCTION 

Facilities for collection, of all radioactive gaseous, liquid and solid waste are provided. The 
design of these facilities is such that radiological exposure of operating staff and the public is 
well within the limits recommended by CNCAN (National Commission for Nuclear Activities 
Control) and International Commission on Radiological Protection. 

The plant has the capabilities to control, collect, handle, and interim store waste that may 
contain radioactive materials, and monitors the release of radioactivity.  

For the CANDU pressurized heavy water design, the origins of the waste can be classified 
into the following groups: 
a. Fuel fission products: Cs-134, Cs-137, I-131, Sr-90, Ce-141, Ba-140 
b. System material activation products: Zn-65, Co-60, Fe-59, Cr-51, Zr-95, Nb-95, Mn-54, 

H-3, C-14. 
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The radionuclides in all these categories remain predominantly at their origin place, but 
may be transported and ultimately reach one or more parts of the active waste management 
system.  

Thus, for example, fuel fission products that may escape from fuel defects while in the core 
or in the fuel handling equipment, are filtered, trapped or removed in the heat transport system 
and its auxiliary systems. This leads to disposal of the majority of the fission products in spent 
resin or filter elements as solid wastes. Radionuclides, which escape from the heat transport 
system boundary, reach the building atmosphere. They are collected into the active ventilation 
ducts and released under control in the gaseous radioactive waste management system or, if 
deposited and washed, down they reach liquid radioactive waste facilities thorough the active 
drainage system. 

Similarly, and as a specific feature of the CANDU pressurized heavy water plant, the tritium 
produced by activation of the heavy water in the heat transport system and moderator D2O 
circuits may escape as DTO or T2O. Unless retained in the D2O collection or D2O vapors 
recovery systems, it ultimately arrives in the liquid or gaseous radioactive waste management 
systems. 

Operating policies and the systems are described to show that are flexible enough to cope 
with the anticipate increase in waste volume and activity during period of major maintenance or 
abnormal reactor operation. 
 

2 SOLID RADIOACTIVE WASTE MANAGEMENT  

2.1 Types and sources of solid radioactive waste 

During plant operation and as a consequence of maintenance and decontamination 
activities the following types of solid radioactive waste are obtained and after that handled, 
processed (if required) and temporarily stored: 

- solid low-active wastes; 
- compressible (paper, textiles, some plastics, glass, equipment etc.); 
- non-compressible (wood, metallic parts, equipment etc.) 

- solid medium-active wastes; 
-    used filters and filter cartridges; 
-    spent resins. 

 Based on the radiation dose measured at the outside surface of the packages, solid 
radioactive wastes are classified as: 
-  type 1 – low level activity wastes, gamma contact dose under 2 mSv/h; 
- type2 – medium level activity wastes, gamma contact dose between 2 mSv/h and 125 
mSv/h;  
- type 3 – medium level activity wastes, gamma contact dose exceeding 125 mSv/h.  
 
2.2       Low level Activity Solid Waste, Type 1 
 

Solid low active wastes are produced from various operations, which are daily 
performed in the plant. They consist mainly of materials from decontamination and 
maintenance operations.  
 The radioactive waste collection points are established to assure that all the waste are 
collected and a primary waste segregation is performed. For each collection point a specific 
container and labeled requirements are defined. 
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 Solid radioactive waste are collected separately, as compressible and non-compressible 
wastes.  
 The conditioning of solid radioactive waste are performed in the Service Building and 
include inspecting, monitoring and compressing for reduce the final volume (using a Hydraulic 
Press - 600 t). 
 The most important monitoring consists in checking of tritium level before compacting.  
If tritium concentration is higher than 5 µSv/h, the waste have to be dried before compressing. It 
is forbidden to store wet wastes. 
 C-14 contaminated waste are not compressed and they are separately packaged. 
 After gaining more experience and aiming to control better the producing of low solid 
radioactive wastes, we began to apply  the following policy: 

- before each activity in radiological area, the entire activity plan is requested and after 
that the manner of waste approaching can be determined.  
 - the radioactive waste are separately collected taking into account the source that 
produced them: the waste produced into Service Building, generally having a gamma dose rate 
below to 10 µSv/h, are separately collected  from those produced in the Reactor Building; 
 - the radioactive waste are segregated taking into account the material they are made 
from: this segregation give us the possibility to observe what kind of materials are more 
consumed and, whether they could be replaced with  others that can be used longer.  
 In the near future, aiming to be more and more efficient, we intend to buy a special 
device for cutting up the non-compressible waste to reduce this type of waste.   
 

2.3    Medium Level Activity Solid Waste, type 2 and type 3 

Except the used filter cartridges and spent resins, which have a processing system and 
which will be described further, the solid medium active wastes consist of activated reactor 
components or other highly-contaminated materials.  

These waste  are produced in small quantities and only under special circumstances, are 
located and packaged in stainless steel drums to be transferred to the Solid Radioactive 
Interim Waste Facility as type 2 and 3 packages.   
 
2.3.1    Filter Cartridges 
 
 The spent filter cartridges usually have, when they are discharged from the plant process 
systems, a radiation dose up to 5 mSv/h and in severe situation, until 50 Sv/h. 
 The filters result from the following process systems: heat transport purification system, 
moderator purification system, spent fuel bay water purification system, heat transport pump 
sealing system, D2O supply system for the fuelling machine, active drainage system.  
 The spent cartridges are handled by means of two shielded flask (a large one and a small 
one), depending of spent filter cartridges. There are 5 types filter cartridges, of different sizes. 
 Protection wall thickness of the flasks have been calculated in order to provide a 
radiation dose reduction from 50 Sv/h to 0.25 mSv/h in case of a large flask and from 50 Sv/h to 
0.15 mSv/h in case of a small flask.     
 The spent filter cartridges are removed from the plant systems, by means of these flasks 
and directly delivered to the Solid Radioactive Waste Interim Storage Facility without processing 
and, are stored into the cylindrical pipes of the storage cells. 
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2.3.2    Spent Ionic Resins 
 
 Spent resins are obtained from the various purification systems of the process fluids. 
When taking them out of these systems, the direct contact radiation dose is usually higher than 
10-2 mSv/hour. Therefore, special protection and shielding measures have been provided for the  
transportation, handling and storage. The activity and composition of the radionuclides retained 
in the ionic exchange resins depend mainly on the function, which the purification system 
performs within the plant, by using the respective resins. 
 The resin activity developed in the purification system of the heat transport system, or of 
the water in the spent fuel bay is due mainly to Cesium 134 and 137, which originate from fuel 
elements. Resin activity developed in the purification system of the moderator is due mainly to 
Cobalt 60 and Chrome 51, which result from the activation of the structural material with 
neutrons. 
 This system was conceived to meet the following requirements: 
- collection of the resins, in the form of slurry, in demineralized water; 
- temporary storage of spent resins under water, for at least 10 years of plant operation, 
- disposal of the excess slurry water to the Liquid Radioactive Waste System,  
- measure the resins levels in the storage vaults,  
- provision of connections on the storage vaults, required by subsequent discharge of the spent 
resins for their final storage. 
 Storage of spent resins takes places in three vaults made of reinforced concrete lined 
with epoxy, located in the basement of the Service Building, in the proximity of the Reactor 
Building. The capacity of each vault is of 200 m3. 
 
2.4       Solid Radioactive Waste Interim Storage Facility     
      
 Solid Radioactive Waste Interim Storage Facility located within Cernavoda NPP 
exclusion zone and security fence, with easy access of vehicles transporting radioactive waste, 
minimizing the need for additional security mechanism to assure its integrity. Is designed for 
temporary storage of solid radioactive waste produced from Cernavoda NPP operation, except 
spent ionic resins, spent fuel and reactivity control mechanism bars. 
 There are three structures as follows: 
- warehouse, for type 1 and type 2 waste, packaged in stainless steel drums; 
- concrete structure, for spent filter cartridges (type 2 and type 3 waste); 
- concrete structure, for large and highly contaminated pieces (type 3 waste). 
 The structures are designed to ensure that the radiation level at 1 m from any surface 
of fully loaded structure will not exceed 25 µSv/h and to assure wastes retrieving. 
 Storage time is determined by disposal facility availability and by specific activity 
decrease for radioactive wastes.  

 Solid radioactive waste monitoring program is part of the plant environmental 
monitoring program that includes also sampling for airborne particulate and tritium through 
continuous monitoring station: 
- ground water sampling for gross beta-gamma and tritium activity / monthly, 
- atmospheric radiation monitoring facilities equivalent to an environmental monitoring station 
provided. 
- contamination surveys of any areas used for loading waste when wastes are transferred to 
the facilities. 
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3 LIQUID RADIOACTIVE WASTE MANAGEMENT  

 The system provides for collection, storage, sampling, purification and disposal of 
aqueous radioactive liquid waste from the NPP process systems operation as well as from the 
maintenance, repair and decontamination operations. 
 The waste collected by this system are finally discharged for diluting into the discharge 
duct of the circulating water from condensers, providing all necessary measures so that, when 
entering the Danube-Black Sea Channel, the discharged radioactive material concentrations 
should satisfy the requirements of the Derived Emission Limits for Cernavoda NPP - U1 and 
monitoring program. 
 
3.1  Types and sources 
 
 The following types of wastes are collected by the system: 
- Level 1 radioactive wastes - resulting from the laundry, underground drainage pits of the spent 
fuel bay the underground drainage pits of R/B and S/B shower rooms, labs and floor drainage in 
S/B, also called low-level wastes with radioactivity ranging between 3.7x102 Bq/l and 3.7x10-1 
Bq/l and average radioactivity of 1.85x102 Bq/l; 
- Level 2 radioactive wastes - resulting from the heavy water upgrading system, the equipment 
decontamination system, rubber objects laundry, labs and floor drainage in S/B, also called 
radioactive wastes with radioactivity ranging between 3.7x104 Bq/l and 3.7x10 Bq/l; 
- Level 3 radioactive wastes - resulting from the R/B drainage systems, spent fuel storage bays, 
spent resin storage vaults, also called wastes coming from special sources with the radioactivity 
ranging between 3.7x106 Bq/l and 3.7x104 Bq/l; 
 
3.2 Reception and Temporary Storage Vaults 
 
 In order to collect the liquid wastes, 5 epoxy lined concrete vaults located in the S/B 
basement are used. Two of the vaults are used for the collection of the level 2 and 3 radioactive 
wastes; the other 3 vaults are aimed to collect the level 1 low radioactive waste. 
 The capacity of each vault (50 m3) represents about the double capacity of the daily 
average quantity of radioactive liquid wastes produced by the plant so that the system can 
accommodate possible emergencies or abnormal situations of the plant operation. 
 Normally, the liquid waste radioactivity is sufficiently low so that the discharge may be 
allowed without any previous decontamination. For special cases in which such decontamination 
is mandatory, an ion-exchange filter, a feed pump and the necessary auxiliary equipment is 
provided. 
 
3.3 Control of Radioactive Liquid Waste Release 
  
 The radioactivity of the discharged wastes is continuously measured by Liquid Effluent 
Monitor which, when the limit value of 5x103 Bq/l is reached automatically closes the discharge 
pipe line circuit and the water is to be directed back into the vault for analysis and 
decontamination. 
 The Liquid Effluent Monitor (LEM) is located in the Service Building basement. The 
LEM consists of sample collection system, a shielded counting cell, a plastic scintillation 
detector system and associated electronics.  
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 The LEM extracts a sample from the liquid radioactive effluent as it is being discharged 
from the thoroughly mixed collection and storage tank and prior to dilution in the Condenser 
Cooling Water discharge stream. 
 The system is designed to measure the gamma activity of the sample and to deduce the 
overall gamma activity in the liquid radioactive effluent. The alarm set point is established on the 
basis that all gamma activity measured is from the most restrictive radionuclides. The detector 
has sufficient sensitivity to activate the alarm and terminate the pump out before approximately 
0.1% of the monthly DEL has been released. 
 The collected samples shall be weekly analyzed by laboratory analysis to determine the 
beta-gamma activities and the tritium contents. 

4 ORGANIC LIQUID RADIOACTIVE WASTE MANAGEMENT 

4.1 Types and Sources 
 
 Organic Liquid Radioactive Waste consist of: 
- spent radioactive oils,  
- spent solvents,  
- liquid scintillation cocktail,  
- flammable solids,  
which can’t be processed through Liquid Radioactive Waste System because of their 
environmental impact. 
 The source of liquid organic wastes is from the decontamination area, lubricating oils 
from pumps and motors used in Zones 1 and 2 areas and organic solvents from the laboratories.  
  
4.2 Collecting and Temporary Storage 
 
4.2.1 Lubricated oils and solvents are collected in metallic cans directly from the collecting 
points and transferred in S/B basement.  
 Before being collected in the stainless steel drums, the content of each can, is analyzed 
(regarding the gamma and tritium concentration) and after having the result, they are separated.  
 This segregation directly from the source, will allow us to except a part of them in 
accordance with the Regulatory Body Limits. 
 
4.2.2 At the beginning, the liquid scintillation cocktail was collected together with the plastic 
vials. An important improvement in our program was made and now they are separately 
collected: the liquid scintillation cocktail in special liquid drums and the vials are sent to be 
washed and dried and then are treated as compressible solid waste. 
 Also, the liquid scintillation cocktail is separately collected  after receiving the result of 
gamma and tritium analyses.  
 
 4.2.3 Flammable solids derive from  different maintenance activities: greasing or degreasing of 
the mechanic components, after painting of different areas in zone 1 or 2, after cleaning of the oil 
marks etc. 
 They are very strictly controlled and in this regard are requested the explanations for the 
used quantities before maintenance activities. 
 This prevents the producing of a bigger volume for this waste type. 
 They are stored in S/B basement, in radioactive stainless steel drums. 
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5 GASEOUS RADIOACTIVE WASTE MANAGEMENT 
 
5.1 Sources 
 

The potential areas from where radioactive gaseous waste may come, are as follows: 
A. Reactor Building (R/B) 
B. Spent fuel storage bays 
C. Decontamination Center  
D. Heavy Water Management System  
 The systems of collecting the air are coming from these areas.   The overall ventilation 
system is so designed that the air circulation should be carried-out from low-potential 
contamination areas to high-potential contamination areas so that finally, after filtering, the air is 
exhausted through the 50 m high ventilation stack.  
 In particular, different from the air coming from the PHTS which is passed to the 
ventilation system only after a previous processing in order to recover the D2O vapors, the air 
coming from the D2O upgrading zone is directly sent to the stack without passing through the 
filter associated to the ventilation system 
 
5.2 Radioactive Gas Releases Control 
 
 Control of the radioactive gas releases is performed by the continuous monitoring of the 
air exhausted through the NPP stack by means of the Gaseous Effluent Monitor (GEM) 
 The system ensures continuously monitoring and controls of the gaseous releases from 
the plant by providing alarms for Total Activity discharged and for High Rate discharge 
ensuring that the release limits are not exceeded.  
 The system consists of an isokinetic sample extraction system, which ensures that the 
sample being monitored is fully representative of gaseous effluent in the stack. 
 The GEM, which consists of a particulate monitor, a radioiodine monitor, a noble gas  
monitor, a tritium sampler and a Carbon -14 bubbler. 
 
6 CONCLUSIONS 
 
 
 Through the experience accumulated and the volume of relevant information the practice for 

minimizing the generation radioactive wastes will be continued, knowing the generation 
sources of the most critical quantities of waste.  

 
 Also, the separation of radioactive wastes containing the long lived radionuclides, must be 

followed. 
 
 The specialized firms will perform the characterization of radioactive wastes using the 

spectrometric method. 
 
 Long-term strategy includes plans for disposal of the all waste arisen from the plant 

operation, correlated with the waste strategy at the national level. 
 
 The first objective, which is to maintain the volume of radioactive waste less than 30 m3 

per year, for solid radioactive waste and for the rest, to control very strictly their 
producing.  
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 The present facilities (interim storage) could allow their strorage for 15 years from now 
on. But until then, they will be treated by the Nuclear Research Institute in Pitesti, which 
started to develop treatment and conditioning technologies for organic liquid wastes.  

                                                          
 In comparison with the other CANDU NPP, the produced volume at Cernavoda NPP is 
relatively low. 
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                      Fig.1 Radioactive wastes volumes produced at Cernavoda NPP 
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