
D R A F T  R E P O R T  -  R E V I S I O N  A  

Central Spent Fuel Storage Facility 
Review of Spent Nuclear Fuel 
Transportation 

Prepared for 

Central Storage Safety Project Trust 

March 2017 

 

CH2M HILL Engineers, Inc. 
 
 
 
 
Document ID: PR0313171154BOI  





CENTRAL SPENT FUEL STORAGE FACILITY – REVIEW OF SPENT NUCLEAR FUEL TRANSPORTATION 

MARCH 14, 2017 CH2M HILL ENGINEERS, INC. III 
CH2M NUCLEAR SECTOR CONTROLLED DOCUMENT 

Acronyms and Abbreviations 
CSFSF Central Spent Fuel Storage Facility 

EA NNEGC EnergoAtom 

EIA Environmental Impact Assessment 

EZ  Exclusion Zone  

HI Holtec International 

IAEA International Atomic Energy Agency 

km kilometer 

MPC multipurpose container 

mSv  millisievert 

NPP nuclear power plant 

SFA Spent Fuel Assembly 

SNF spent nuclear fuel 

SNRIU State Nuclear Regulatory Inspectorate of Ukraine 

U.S. United States 

VVER water-water energetic reactor  

 





CENTRAL SPENT FUEL STORAGE FACILITY – REVIEW OF SPENT NUCLEAR FUEL TRANSPORTATION 

MARCH 14, 2017 CH2M HILL ENGINEERS, INC. 1 
CH2M NUCLEAR SECTOR CONTROLLED DOCUMENT 

1.0 Introduction 
1.1 Project Background and Report Scope 
In December 2005, NNEGC EnergoAtom (EA) signed an agreement with the United States (U.S.)-based 
Holtec International (HI) to implement the Central Spent Fuel Storage Facility (CSFSF) project for 
Ukraine's water-water energetic reactors (VVERs). October 2011, parliament passed a law related to 
management of spent nuclear fuel (SNF), which was approved in the upper house in February 2012. The 
law provides for construction of the dry storage facility within the Chernobyl-exclusion area, situated 
between the evacuated villages of Buryakivka, Chystohalivka, and Stechanka in Kiev Region, southeast of 
Chernobyl. Ukraine requires all spent fuel to be stored in double-wall, multipurpose canisters. 

In April 2014, the government approved the 45-hectare site for the facility, to take fuel from the Rivne, 
South Ukraine, and Khmelnytska nuclear power plants (NPPs). Fuel from the Zaporizhzhya NPP is 
currently managed at an onsite dry storage facility and will not be taken to CSFSF. The total storage 
capacity of the facility will be 16,529 used fuel assemblies, including 12,010 VVER-1000 assemblies and 
4,519 VVER-440 assemblies.  

The proposed method for transferring and handling the Spent Fuel Assemblies (SFAs) is similar to what is 
already in place at the existing NPPs for transporting SNF to Russia. The HI system that has been 
selected for SNF storage and handling consists of multipurpose containers (MPCs) that can be placed 
within a transport overpack (HI-STAR) or a long-term storage module (HI-STORM). The fuel will be 
transported from the NPPs to the CSFSF via rail using the HI-STAR overpack on a specialized rail car. 

The scope of this report is to review the information available regarding transportation of the SNF from 
the point at which it leaves the NPP until it reaches the CSFSF with regards to protection of the 
environment. The Environmental Impact Assessment (EIA) considers some of the potential impacts of 
SNF transportation through the exclusionary zone to the CSFSF. Specifically, the EIA assessed the 
impacts of the following: 

 Emissions and noise as a potential source of environmental impact 

 Potential radiation impacts associated with spread of contamination due to the Chernobyl accident 

However, the EIA did not consider potential accidents and radiological releases associated with SNF 
transportation. This report is intended to be a companion document to the EIA and provides this 
additional information. 

1.2 Approach and Methodology 
The approach taken in this report was to review available documentation and provide a summary of the 
information regarding SNF transportation. The documents listed in the references section were 
reviewed as part of the transportation evaluation and are included in Appendix A. 

2.0 Results  
2.1 Technology 
The HI system that has been selected for SNF handling, transportation, and storages consists of MPCs 
that are utilized throughout the entire process. Once loaded with SNF, the MPCs will be transferred to 
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an overpack (HI-STAR) for transport to the CSFSF. At the CSFSF, the MPCs will be removed from the rail 
transport and the HI-STAR overpack and moved to a HI-STORM long-term storage module.  

The MPC is a double-walled, stainless-steel canister with a honeycomb inner basket sized to fit the SFA 
specific to each NPP. The MPC will be loaded at the transfer tube of the power unit reactor department, 
similar to what is currently being used to load spent fuel. A transfer cask (HI-TRAC) with the loaded MPC 
will be positioned and aligned to the HI-STAR with a mating device. The MPC will be lowered into the HI-
STAR; once positioned, the closure lid of the HI-STAR unit will be placed and secured by bolts. The cavity 
within the HI-STAR will be purged and backfilled with helium. Ports will be sealed and closed with 
reusable seals and leak tested. The HI-STAR loaded with an MPC will be classified as a B(U)-type package 
in accordance with “On Approval of Rules of Nuclear and Radiation Safety During Transportation of 
Radioactive Material” (PBPRM, 2006). Type B packages must withstand the normal transport conditions 
and provide additional resistance to release of radiation or radioactive material due to accidental 
damage. 

Once sealed and prepared, the HI-STAR will be loaded onto the specialized rail car and lowered into a 
horizontal position. Impact limiters will be installed at the front and rear of the unit. Radiological surveys 
and visual inspections of the unit will be performed, and any issues identified will be resolved. The tie-
down system will be installed and security seals applied. 

The HI-STAR units are intended to be reused at the various NPP facilities, and once received at the NPP 
for loading, they will be inspected to ensure there is no damage and the units are ready to receive the 
next set of MPCs. 

2.2 Rail Transportation and Routes 
MPCs contained within HI-STAR shipping units will be transported via rail to the CSFSF. The train unit is 
expected to consist of 10 cars, including five cars dedicated to transporting five HI-STAR units, one rail 
car for shipping the HI-TRAC transfer cask to the CSFSF, one platform rail car housing welding and 
auxiliary equipment, one convoy car, and two escort cars.  

An estimated 20 HI-STAR overpacks will be transported yearly, with up to five loaded HI-STAR overpacks 
per train. Existing mainline railways, under the jurisdiction of the Ministry of Transport of Ukraine, are 
available to transfer the SNF from the NPP to the rail spur operated by the CSFSF. The transport will 
occur on both national public railroads and railroads within the exclusion and compulsory resettlement 
zone.  

The closest railroad line to the CSFSF site is 5 kilometers (km) to the north (EnergoAtom, 2007), and the 
distance to the nearest station (Yanov) is 10 km. This line is currently out of service and requires 
refurbishment in the section between Vilcha and Shepelychi stations. The Ministry of Transport and 
Communications of Ukraine operates the rail system and is responsible for refurbishing the line. The 
CSFSF would be responsible for constructing a rail spur connecting the project to the existing track in the 
vicinity of Shepelychi Station (approximately 6 to 7 km).  

As part of the Investment Feasibility Study (EnergoAtom, 2007), an analysis was performed on the 
potential routes to transport spent fuel to the CSFSF, including use of existing mainline railways: 

 Western - Ovruch-Vilcha-Shepelichi-Yanov 
 Eastern - Chernigov-Nedanchichi-Yanov 

This analysis found that the Western route was preferred. The transport distance from each NPP to the 
CSFSF is as follows: 

 Khmelnytska – 240 km 
 Rivne – 250 km  
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 South Ukraine – 670 km 

Based on current spent fuel inventory and annual reactor reloading at each NPP, it is anticipated that 
the number of shipments each year will be: 

 Khmelnytska – two shipments 
 Rivne – four shipments  
 South Ukraine – three shipments 

2.3 Regulatory Controls 
Transport will be in accordance with transportation rules for special consignments under the Ministry of 
Transport. Transportation of radioactive materials in Ukraine is governed by State Nuclear Regulatory 
Inspectorate of Ukraine (SNRIU) SNRI Order 30.08.2006 N 132, “About approval of Rules of nuclear and 
radiation safety in transit radioactive materials” (PBPRM, 2006). These regulations incorporate the 
requirements set forth in IAEA series of Safety Standards “Regulations for the Safe Transport of 
Radioactive Material. 2005 Edition, TS-R-1” (IAEA, 2005)  

The regulations establish controls to ensure the protection of persons and property and environment 
from radiation exposure during transportation of radioactive material. It incorporates the principles set 
out in “Safety Fundamentals on Radiation Protection and the Safety of Radiation Sources” (IAEA Safety 
Series No. 120 [IAEA, 1996]) and “International Basic Safety Standards for Protection against Ionizing 
Radiation and for the Safety of Radiation Sources” (IAEA Safety Series No. 115 [IAEA, 1996]). 

The regulations are supplemented by guidelines on safety and security practices that meet requirements 
in the following IAEA documents:  

 Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive Material, TS-G-1.1 
(ST-2) (IAEA, 2002) 

 Planning and Preparing for Emergency Response to Transport Accidents Involving Radioactive 
Material, TS-G-1.2 (ST-3) (IAEA, 2002) 

 Radiation Protection Programmes for the Transport of Radioactive Material, TS-G-1.3 (IAEA, 2007) 

 The Management System for the Safe Transport of Radioactive Material, TS-G-1.4 (IAEA, 2008) 

The document “Construction of the CSFSF for VVER Nuclear Power Plants of Ukraine, Volume 1.1, 
Explanatory Note,” 571402.201.001-P301 (EnergoProjekt, 2016) states that PBPRM (2006) also 
establishes design criteria of biological protection assurance during SNF transportation for the HI-STAR 
transport and storage container, which is classified under PBPRM (2006) as a type B(U) package. 
According to these requirements, dose rate for HI-STAR 190 shall not exceed: 

 2 millisieverts/hour (mSv/hour) at any point of the package surface at normal operating conditions 

 0.1 mSv/hour at any point at the distance of 2 meters from the package surface at normal operating 
conditions 

 At accident conditions radiation rate at the distance of 1 meter from the package surface shall not 
exceed 10 mSv (when at maximum radioactive content) 

To ensure physical protection during nuclear fuel transport, measures are taken by the National Guard 
to provide information security and protection of spent fuel shipments through Ukraine.   



CENTRAL SPENT FUEL STORAGE FACILITY – REVIEW OF SPENT NUCLEAR FUEL TRANSPORTATION 

MARCH 14, 2017 CH2M HILL ENGINEERS, INC. 4 
CH2M NUCLEAR SECTOR CONTROLLED DOCUMENT 

2.4 Safety Analysis 
The HI Accident Analysis Report (HI, 2016) examines various loading conditions on the HI-STAR transport 
cask, including handling loads, normal transportation loads, and hypothetical accident loads. Normal 
transportation loads include changes in external pressure, a free drop from a 0.3-meter height onto an 
unyielding surface, and normal vibratory loads. The hypothetical accident loads include the following 
cases: 

 Free drop (9 meters) 
 Puncture (1 meter drop onto a steel bar) 
 Engulfing Fire of 800 degrees C 
 Water immersion of at least 15 meters  
 Deep water immersion of 200 meters  

These hypothetical cases are as described in TS-R-1 (International Atomic Energy Agency [IAEA] 2005) 
and PBPRM (2006).  

The results of these analyses are summarized below: 

 Free drop – A structural analysis was performed on the closure lid, containment shell, containment 
bottom forging, and lid bolts. The results showed that calculated stress intensities are less than the 
allowable values in each case. It was concluded that the structural integrity of the HI-STAR package 
remains intact in the case of drop onto an unyielding surface. 

 Puncture – The structural analysis performed for this postulated case concluded that, while some 
plastic deformation would occur locally around the puncture location, there is no through-wall 
penetration of the containment boundary or the shielding enclosure shell. Also the stress limits are 
below the allowable values. Therefore, the HI-STAR maintains its structural integrity and 
containment boundary for this case.   

 Fire – A thermal analysis was performed to evaluate an engulfing fire at 800 degrees C. The analysis 
showed that the internal temperature and pressures for the fire accident scenario are all below the 
maximum allowable design condition limits. Hence, it can be concluded that the fuel cladding 
temperature and component temperatures are below the accident design limits and that the HI-
STAR is adequately designed for this design basis accident. 

 Water immersion – The water immersion case is within the parameters of the deep water 
immersion case described below. 

 Deep water immersion – A structural analysis was performed to evaluate this accident. Analysis of 
the HI-STAR containment shell for this condition showed no yielding of the vessel or instability of the 
containment shell. Therefore, structural integrity and containment boundary of the inner shell is 
maintained for deep submergence. 

 

3.0 Summary and Conclusions 
Spent fuel transportation has been occurring between Ukraine and Russia for 25 years and there have 
been no transportation accidents that resulted in radioactive release from containers or violation of 
nuclear safety requirements. The CSFSF project has undergone extensive analysis of the transportation 
routes and potential accidents. The accident analysis shows that the design is compliant with regulatory 
requirements and the structural integrity and containment boundaries are maintained during the 
postulated accident scenarios. Any fuel movement is governed by a rigorous regulatory process and 
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oversight that is based on IAEA safety requirements. As long as the work is performed in accordance 
with the governing regulations, potential impacts to the environment during transport would be 
negligible.  

4.0 References 
EnergoAtom. 2007. Centralized Spent Nuclear Fuel Storage Facility (CSNFSF) for VVER-Type Reactors of 
the Ukrainian Nuclear Power Plants, Investment Feasibility Study, Analytical Summary. 

EnergoProjekt. 2016. Construction of the Central Spent Fuel Storage Facility for the VVER Nuclear Power 
Plants of Ukraine. Volume 1.1. Explanatory Note. Final. 571402.201.001-P301 

Holtec International (HI). 2016. Accident Analysis Report. Revision 4. Holtec Report No: HI-2083899. 
August 17. 

International Atomic Energy Agency (IAEA). 1996. “International Basic Safety Standards for Protection 
against Ionizing Radiation and for the Safety of Radiation Sources” (IAEA Safety Series No. 115). 

International Atomic Energy Agency (IAEA). 1996. “Safety Fundamentals on Radiation Protection and the 
Safety of Radiation Sources” (IAEA Safety Series No. 120). 

International Atomic Energy Agency (IAEA). 2002. Advisory Material for the IAEA Regulations for the Safe 
Transport of Radioactive Material, TS-G-1.1 (ST-2) 

International Atomic Energy Agency (IAEA). 2002. Planning and Preparing for Emergency Response to 
Transport Accidents Involving Radioactive Material, TS-G-1.2 (ST-3). 

International Atomic Energy Agency (IAEA). 2005. Regulations for the Safe Transport of Radioactive 
Material. IAEA Safety Standards, No. TS-R-1, 2005 edition. Available at http://www-
pub.iaea.org/MTCD/publications/PDF/Pub1225_web.pdf. 

International Atomic Energy Agency (IAEA). 2007. Radiation Protection Programmes for the Transport of 
Radioactive Material, TS-G-1.3. 

International Atomic Energy Agency (IAEA). 2008. The Management System for the Safe Transport of 
Radioactive Material, TS-G-1.4. 

PBPRM. 2006. On Approval of Rules of Nuclear and Radiation Safety During Transportation of 
Radioactive Material. 

 

 

 

 





 

 

 
 

Appendix A 
Supporting Documents 





Appendix A 
Supporting Documents 



   



 

Appendix A1 
EnergoAtom. 2007. Centralized Spent Nuclear Fuel Storage Facility 

(CSNFSF) for VVER‐Type Reactors of the Ukrainian Nuclear Power Plants, 
Investment Feasibility Study, Analytical Summary. 

   



   



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

 
 

 

              State scientific-engineering center науково-інженерний центр                     National Nuclear Energy  
              for control systems and emergency response                           Generating Company «ЕНЕРГОАТОМ»                    
 

  

MINISTRY OF FUEL AND ENERGY OF UKRAINE 
 
 
 

 
 
                    
   

State scientific-engineering center 
for control systems  

and emergency response 

 National  
Nuclear Energy Generating Company  

“Energoatom” 
Open Joint-Stock Company 

Kiev ……… 
  

 
 
 
 
 
 
 
 
 

 
CENTRALIZED  

SPENT NUCLEAR FUEL STORAGE FACILITY (CSNFSF)  
FOR WWER-TYPE REACTORS OF THE UKRAINIAN 

NUCLEAR POWER PLANTS 
 

Investment Feasibility Study 
Analytical Summary  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kyiv –2007 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

  

 

  
2 

 TABLE OF CONTENTS 
 

1. LIST OF ABBREVIATIONS ............................................................................................... 4 
2. INTRODUCTION ................................................................................................................. 5 

2.1. Baseline Information ....................................................................................................... 5 
2.2. Place and role of SNF Management ................................................................................ 5 
2.3. SNF Pileup Forecast for WWER-type reactors ............................................................... 7 
2.4. Potential SNF Management Scenarios ............................................................................ 9 
2.5. Current SNF Management Scenario  for WWER-based Reactors at Ukrainian NPPs ... 9 
2.6. SNF Management Solution Selection for WWER-based SNF at CSNFSF .................. 10 
2.7. IFS Primary Aim and Objectives .................................................................................. 11 
2.8. Essential SNF Storage Requirements and Initial IFS Technical Assumptions ............. 12 
2.9. CSNFSF Major Lifecycle & Design Stages .................................................................. 13 

3. CSNFSF CONSTRUCTION NECESSITY AND PRACTICALITY 
SUBSTANTIATION .......................................................................................................... 14 

3.1. Baseline data .................................................................................................................. 14 
3.2. Potential SNF Management Scenarios at the end-of-life stage of the NFC .................. 14 
3.3. Major SNF Management Options –  Comparative Analysis Results ............................ 16 

4. CSNFSF CONSTRUCTION SITE SELECTION AND SUBSTANTIATION 
PROCESS ............................................................................................................................ 17 

4.1. General CSNFSF construction site selection algorithm ................................................ 17 
4.2. Selection of three potential construction sites ............................................................... 17 
4.3. “KhNPP” Site – Brief Description ................................................................................ 19 
4.4. ChNPP Site – Brief Description .................................................................................... 22 
4.5. “SDF” Site – Brief Description ..................................................................................... 24 
4.6. Analysis and comparison of ecological, radiation control, technical and economic 

siting criteria for suggested construction sites ............................................................. 26 
4.7. Most favorable CSNFSF construction site location selection ....................................... 27 

5. PRIMARY TECHNICAL SOLUTIONS .......................................................................... 29 
5.1. Primary SNF Management technology solutions .......................................................... 29 
5.2. CSNFSF Facility Specifications .................................................................................... 31 
5.3. Primary construction solutions ...................................................................................... 34 

6. SAFETY PRACTICES ....................................................................................................... 38 
6.1. Nuclear safety ................................................................................................................ 38 
6.2. Radiation safety ............................................................................................................. 40 
6.3. Fire safety ...................................................................................................................... 46 
6.4. Occupational safety ....................................................................................................... 47 

7. RADIOACTIVE WASTE MANAGEMENT .................................................................... 49 
7.1. LRW Management ........................................................................................................ 49 
7.2. SRW Management ......................................................................................................... 49 

8. CONSTRUCTION MANAGEMENT ............................................................................... 51 
8.1. CSNFSF Construction Phases ....................................................................................... 51 
8.2. Physical Volumes of Construction and Assembly Works ............................................. 52 
8.3. Construction staffing requirements ............................................................................... 52 
8.4. Construction Material Needs ......................................................................................... 53 
8.5. Energy and water resources requirements  .................................................................... 53 

9. CSNFSF OPERATION ....................................................................................................... 54 
9.1. Operational Stages ......................................................................................................... 54 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

  

 

  
3 

9.2. Staffing Requirements ................................................................................................... 54 
9.3. Estimated Energy & Water Requirements..................................................................... 54 

10. CSNFSF WITHDRAWAL FROM SERVICE / DECOMMISSIONING ...................... 56 
10.1. General principles .......................................................................................................... 56 
10.2. CSNFSF Decommissioning Strategy ............................................................................ 56 
10.3. RW Management during decommissioning .................................................................. 57 

11. ENVIRONMENTAL IMPACT ASSESSMENT .............................................................. 58 
11.1. Environmental Components and Impact Types analyzed by EIA ................................. 58 
11.2. Site environmental description ...................................................................................... 59 
11.3. Social Environment Description .................................................................................... 68 
11.4. Technogenic environment description........................................................................... 69 
11.5. Geological environment impact assessment .................................................................. 70 
11.6. Aerial Environment Impact Assessment ....................................................................... 70 
11.7. Open / ground waters impact assessment ...................................................................... 74 
11.8. Ground surface impact assessment ................................................................................ 75 
11.9. Flora and fauna impact assessment ............................................................................... 78 
11.10. Social environment impact assessment ......................................................................... 78 
11.11. Technogenic environment impact assessment ............................................................... 80 
11.12. Environmental Impact Minimization Efforts  ............................................................... 80 
11.13. Controlled Access Area Definition. CSNFSF’s Permissible Emission Threshold 

Definition ..................................................................................................................... 83 
11.14. Residual impacts summary. Ecological risks assessment. ............................................ 83 
11.15. Environmental Impact Assessment in its Transboundary Context ................................ 83 

12. CONCLUSIONS .................................................................................................................. 91 
REFERENCES ............................................................................................................................ 92 

 
 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

  

 

  
4 

1. LIST OF ABBREVIATIONS 
 
ARSMS - Automated radiation situation monitoring system 
NPP - Nuclear power plant 
SFP - Spent fuel pool 
MPC - Multipurpose [fuel] canister 
HLRW - High-level radioactive waste 
HM - Heavy metal 
SFA - Spent fuel assembly 
SNF - Spent nuclear fuel 
[SE] NNEGC “Ener-
goatom” 

- [State Enterprise] “National Nuclear Energy Generating Company 
“Energoatom” 

SAR - Safety Analysis Report  
EZ  - Exclusion Zone – category of the territory that suffered from radio-

active contamination as a result of the Chernobyl Disaster  
WFS - Withdrawal from service; Decommissioning 
PPE - Personal protective equipment 
BDBA - Beyond-design-basis accident 
CA - Control area 
IAEA - International Atomic Energy Agency 
“KhNPP” Site  - Suggested construction site for centralized SNF storage facility, 

located at Khmelnytsky NPP Construction Plant 
“ChNPP” Site  - Suggested construction site for centralized NSF storage facility, 

located near NSF storage facility #2 at Chernobyl NPP (under con-
struction) 

“SDF” Site  - Suggested construction site for centralized SNF storage facility, 
located near “Vector” LRW Storage and Disposal Facility 

MDBA - Maximum design-basis accident 
MDE - Maximum design earthquake 
EIA - Environmental Impact Assessment 
SDE - Site design earthquake 
RW - Radioactive waste 
LRW - Liquid radioactive waste 
ILW - Intermediate Level [Radioactive] Waste 
CAA - Controlled access area 
MCS - Monitoring & Control System 
RMS - radiation monitoring system 
NFA - Nuclear fuel assembly 
SRW - Solid radioactive waste 
IFS - Investment Feasibility Studies 
TUE - Transuranic elements 
CSE - Centralized Storage Enterprise 
CSNFSF - Centralized SNF Storage Facility of the WWER-type reactors of 

the NPPs of Ukraine 
ChNPP - Chernobyl NPP 
NEC - Nuclear energy complex 
NF - Nuclear fuel 
NFC - Nuclear fuel cycle 
NP - Nuclear plant (nuclear facility) 
 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

  

 

  
5 

2.  INTRODUCTION 
2.1. Baseline Information 
2.1.1. The development of the investment feasibility study (hereinafter referred to as 

IFS) for centralized spent nuclear fuel storage facility of the WWER-type reactors of the NPPs of 
Ukraine (hereinafter – CSNFSF) is governed by the international treaties ratified by Ukraine [1-
4], laws of Ukraine [5-10,34], legislative regulations [11-15] and other documents. 

2.1.2. CSNFSF IFS was developed under order from State Enterprise “National Nuclear 
Energy Generating Company “Energoatom” (SE NNEGC «Energoatom», Kyiv) by Kyiv scien-
tific-research and design-and-engineering institute “Energoproekt” (KIEP, Kyiv). 

2.1.3. This document is an analytical summary (hereinafter – AS) of the IFS documenta-
tion, comprised in order to raise awareness of the public at large with principal terms and condi-
tions of the IFS, including assessed social, sanitary, ecological and other implications resulting 
from CSNFSF’s construction and operation. This document was developed by State scientific-
engineering center for control systems and emergency response (SSEC CSER, Kyiv) under order 
from NNEGC “Energoatom”.  

2.1.4. This AS presents summarized baseline information, assumptions and their sub-
stantiations, as well as provides general technical solutions and assessment results, as stipulated 
by CSNFSF IFS and its corresponding sections and documents listed below: 

• Baseline information for CSNFSF design, substantiation and feasibility study [16]; 
• Alternative SNF Management methods and their evaluation and analysis [17]; 
• Primary technology solutions [18]; 
• Nuclear and radiation safety [19]; 
• CSNFSF Sites evaluation and comparison [20]; 
• General Site Layout and Transportation [21]; 
• Primary Construction Planning & Management Solutions [22]; 
• CSNFSF Technical and Economic Performance Indicators [23]; 
• Overall Summary Estimate [24]; 
• Environmental Impact Assessment [25,26]; 
• Draft Environmental Impact Statement [27]. 

2.1.5. This AS is a summary document only. It does not contain any additional data, 
original assessments or independent conclusions. It is entirely based on the information provided 
in the CSNFSF IFS. At the same time some information in this document was structurally re-
ordered to improve general readability compared with the original IFS structure. 

Information provided in Section 2 of this AS was detailed in the CSNFSF IFS documents 
[16,23].   
 

2.2. Place and role of SNF Management 
2.2.1. Internal energy consumption growth, as well as growth of electrical energy export 

supplies forecast for the coming decades, as well as limited fossil fuel deposits suitable for use in 
conventional thermal power plants and respective ecological problems, combined with the ab-
sence of significant unused water-power resources in Ukraine and pessimistic forecasts for 
commercial use of non-conventional power sources – all these factors imply that nuclear energy 
sector, currently demonstrating high competitiveness, has no viable alternatives. 

2.2.2. Nuclear power plants in Ukraine currently operate a total of 15 reactors, 2 of 
which are of type WWER-440, the other 13 are type WWER-1000. The dynamics of nuclear 
power generation in comparison with the total electrical energy generation in Ukraine in the past 
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decade is shown in Figure 2.1 below. 
As one can see, nuclear energy complex (hereinafter – NEC) has been generating a sub-

stantial amount (over 40%) of electric energy in Ukraine for an extended period of time. This 
makes the stability of NEC operation a very import factor for stable economic development of 
the whole country. 
 
[X-axis: Years 
Y-axis: Energy generated (terawatt/hours) 
Dark-blue bars: Total amount of electrical energy generated 
Yellow bars: incl. Energy generated by Ukrainian NPPs] 
 

 
Figure 2.1. Ukrainian Electric Energy Generation in 1990 – 2006. 

2.2.3. Summarized data on NPPs currently in operation in Ukraine is provided in Table 
2.1 below. Designed operating period for the nuclear power reactors currently in use has been 
defined back in 1970es. NPP unit operating period was then set at 30 years, the underlying de-
sign data being quite conservative. At the same time, global experience and international practic-
es, as well as assessment data for nuclear power reactors in use at Ukrainian NPPs indicate a po-
tential technical possibility to extend the duration of the operating period beyond its designed 
ending date. Based on this estimate, an extension of the ending date for the power reactors cur-
rently in use for additional 15 years has been adopted as a baseline for all assessments, design 
estimates and substantiations in CSNFSF IFS (see Table 2.1). 

2.2.4. Nuclear power generators operate on nuclear fuel. Nuclear fuel cycle (hereinafter 
– NFC) has three basic stages – initial stage, reactor stage and an end-of-life stage. Initial stage 
includes uranium ore mining and milling, uranium hexafluoride (UF6) fabrication, physical ura-
nium milling through U235 isotopic enrichment to the values stipulated by the NPPs design doc-
umentation, uranium hexafluoride conversion into uranium dioxide, fabrication of nuclear fuel 
(in form of reactor fuel pellets), nuclear fuel assemblies (hereinafter – NFA) and the delivery of 
NFAs to the NPPs. 

NFC’s reactor stage includes nuclear fuel consumption inside the reactor unit while gen-
erating electric energy and temporary spent nuclear fuel (SNF) storage in the spent fuel pools 
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(SFP) at the reactor sites. 
The end-of-life stage of the nuclear fuel cycle begins with spent nuclear fuel being dis-

charged from SFPs and ends with its reprocessing or storage.  
 
 Table 2.1. Operating NPPs of Ukraine: Summarized Data. 

NPP Name Unit 
Number 

Reactor type Installed nu-
clear capacity 

(MW) 

Reactor 
power 

start-up 
date 

Designed end-
ing date 

Extended end-
ing date  

(Decommis-
sioning date) 

Zaporizhzhia  1 WWER-1000/320 1000 10.12.1984 10.12.2014 10.12.2029 
NPP 2 WWER-1000/320 1000 22.07.1985 22.07.2015 22.07.2030 
 3 WWER-1000/320 1000 10.12.1986 10.12.2016 10.12.2031 
 4 WWER-1000/320 1000 18.12.1987 18.12.2017 18.12.2032 
 5 WWER-1000/320 1000 14.08.1989 14.08.2019 14.08.2034 
 6 WWER-1000/320 1000 19.10.1995 19.10.2025 19.10.2040 
Yuzhnoukrainsk 1 WWER-1000/302 1000 31.12.1982 31.12.2012 31.12.2027 
NPP 2 WWER-1000/338 1000 06.01.1985 06.01.2015 06.01.2030 
 3 WWER-1000/320 1000 20.09.1989 20.09.2019 20.09.2034 
Rivne NPP  1 WWER-440/213 415 22.12.1980 22.12.2010 22.12.2025 
 2 WWER-440/213 420 22.12.1981 22.12.2011 22.12.2026 
 3 WWER-1000/320 1000 21.12.1986 21.12.2016 21.12.2031 
 4 WWER-1000/320 1000 10.10.2004 10.10.2034 10.10.2049 
Khmelnytsky   1 WWER-1000/320 1000 22.12.1987 22.12.2017 22.12.2032 
NPP 2 WWER-1000/320 1000 07.08.2004 07.08.2034 07.08.2049 

 

2.2.5. SNF Management during end-of-life stage is one of the primary focuses of NEC 
for all countries with developed nuclear power industry. This also remains one of the priority 
concerns for IAEA. Addressing this concern, together with the general NPP safety, NPP de-
commissioning and radioactive waste (RW) Management draws most scrupulous attention of 
public at large and shapes public perception of nuclear power industry in general. 
 

2.3. SNF Pileup Forecast for WWER-type reactors 
2.3.1. The following estimates were used in CSNFSF IFS to forecast SNF pileup based 

on the annual spent nuclear fuel assembly (SFA) discharge volumes from the respective reactor 
types outlined below:  

• WWER-440-type reactors – 84 (72) NFAs per year; 
• WWER-1000-type reactors:  

- for Standard baseline-design NFAs – 48 NFAs per year; 
- for modified (beyond-baseline-design) NFA[A]s – 42 NFAs per year. 

2.3.2. SNF pileup dynamics forecast is outlined below (see Figs. 2.2, 2.3) and includes 
Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP only. Zaporizhzhia NPP is not includ-
ed in the forecast, as its SNF is piled up at an on-site storage facility, see Section 2.5.2 below). 
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Fig. 2.2. SNF Pileup Dynamics Forecast for WWER-type reactor SFAs. 
[X-axis: Years; Y-axis: Number of SFAs;  
Green segment: WWER-1000 SFAs; Magenta segment: WWER-440 SFAs] 

 

 
Figure 2.3. Forecasted SNF pileup dynamics (recalculated as heavy metal weight). 
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[X-axis: Years; Y-axis: heavy metal weight (tons);  
Pale-blue segment: WWER-1000 SFAs; Cyan segment: WWER-440 SFAs] 

2.3.3. A total of 5648 tons of heavy metals (hereinafter – HM) from SNF shall be piled 
up as a result of reactor operation at Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP 
prior to their respective decommissioning / extended ending dates (see Table 2.1.). 90% of that 
amount (approx. 5106 tons of HM) shall come from WWER-1000-type reactors. Most active 
SNF input is expected in the first several years upon storage facility commissioning – approx. 
169 tons of HM per year. This is caused by the necessity to maintain reserve requirements for 
available storage in spent fuel pools, that would be kept in use temporarily to store SNF prior to 
the CSNFSF commissioning date.  
 

2.4. Potential SNF Management Scenarios 
2.4.1. End-of-life stage of the nuclear fuel cycle potentially denotes two basic alterna-

tive SNF Management scenarios: 
• Open nuclear fuel cycle (ONFC); 
• Closed nuclear fuel cycle (CNFC). 

2.4.2. In an open nuclear fuel cycle, upon SFA cooling time in a spent fuel pool (SFP) 
SNF then undergoes the conditioning process and finally gets permanently stored at an under-
ground (geological) storage facility, that is designed to guarantee long-term radioactive waste 
decay products hold-up / actinide elements hold-up necessary to prevent any potentially harmful 
environmental impact.  

According to the global assessment practices, conditioning and encapsulation of 1 ton of 
SNF produces 0,2 cu.m.  of intermediate level waste (ILW) and 1,5 cu.m. of high-level radioac-
tive waste (HLRW) in form of conditioned SNF. 

2.4.3. Closed nuclear fuel cycle (CNFC) provides the opportunity to use the residual en-
ergy of the SNF. This is achieved through SNF reprocessing, that results in releasing uranium 
and plutonium, that are subsequently used in nuclear fuel fabrication for fast fission reactors and  
in МОХ-fuel for thermal reactors. 

2.4.4. Certain countries with highly-developed nuclear energy industry currently pro-
ceed with long-term SNF storage while deferring their decision on SNF Management scenario 
selection for an indefinite time in future. This approach in the global practice is called “deferred 
decision approach". 

2.4.5. Nuclear power plants worldwide generate approx. 10500 tons of heavy metal SNF 
yearly, of which 7500 tons of HM are stored and 3000 tons of HM are reprocessed. 
 

2.5. Current SNF Management Scenario  for WWER-based Reactors at Ukrainian 
NPPs  

2.5.1. All WWER-based Ukrainian NPPs upon reaching target nuclear fuel burn-up ra-
tio discharge SFAs into SFPs, where   SFAs are being cooled down for at least 3 years in order to 
reduce SNF radioactivity and SNF residual heat. 

2.5.2. Zaporizhzhia NPP utilizes a container-based on-site dry storage facility for further 
storage of WWER-1000 SFAs.  

2.5.3. Current SNF Management Scenario for other WWER-based Ukrainian NPPs 
(Rivne NPP, Khmelnytsky NPP, Yuzhnoukrainsk NPP) utilizes design-based technical solutions 
that were originally developed in 1970es: 
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• Upon SFA cooling time, WWER-440-based SNF is being sent for reprocessing to Russia 
(RT-1 Production Facility at Federal State Unitary Enterprise (FSUP) “Mayak” (special rail 
car suitable for SNF transportation and handling belongs to RT-1). According to the current 
contract, RT-1 facility undertakes to store spent fuel decay, re-process SNF, and prepare re-
processed vitrified HLRW for a return to Ukraine no later than 20 years after initial SNF 
handover for processing (HLRW return costs are not included into the current contract); 

• Upon SFA cooling time, WWER-1000-based SNF is being sent for reprocessing to Russia 
(RT-2 Production Facility at Federal State Unitary Enterprise “Krasnoyarsk MCC” (KMCC) 
(special rail car suitable for SNF Management and transportation belongs to RT-2).  
According to the current contract, RT-2 Facility undertakes to store spent fuel decay, re-
process SNF, and prepare reprocessed high-level solidified waste (HLSW) and valuable re-
processed products for a return to Ukraine upon expiration of AFR storage period (HLSW / 
valuable reprocessed products return costs are not included into the current contract). At the 
moment RT-2 is only able to provide AFR storage services, as no on-site reprocessing facili-
ties are currently available). 

2.5.4. Existing design-based technology solutions for Rivne NPP, Khmelnytsky NPP 
and Yuzhnoukrainsk NPP are based on a concept earlier adopted in the USSR. This concept fa-
vored closed nuclear fuel cycle, where SNF had to be reprocessed in order to retrieve residual 
enriched isotopes for reusal purposes. As of today, the deployment of this concept is actually 
stalled at various stages thereof. 

There are currently no national regulations defining the SNF Management scenario at an 
end-of-life stage of the nuclear fuel cycle in Ukraine. Bulk amount of SNF generated earlier by 
all Ukrainian NPPs is currently being stored at temporary locations. Therefore, a “deferred deci-
sion approach” is in fact applied to the SNF generated by Ukrainian NPPs, which is similar to 
the national practices of the most countries that use nuclear-energy-based technologies. 
 

2.6. SNF Management Solution Selection for WWER-based SNF at CSNFSF  
2.6.1. «Energy Strategy of Ukraine for the period until 2030» [35] stipulates for the con-

struction of a centralized dry storage facility for WWER-based SNF.  

2.6.2. Dry SNF storage facility essentially means that two types of technology solutions 
can be used: 

• Chamber storage; 
• Container storage. 

Both solutions provide comparable safety features and are similarly priced. It has to be noted, 
that chamber storage solution would require larger capital investment amounts at an initial stage.  

2.6.3. Solution selection for the CSNFSF has been accomplished through special bid-
ding, conducted by SE NNEGC “Energoatom” in 2003-2005 under the international “turnkey 
project bidding” procedure. Representatives of the Ministry of Energy and Coal Industry of 
Ukraine, State Nuclear Regulatory Committee (SNRC) of Ukraine, National Energy and Utilities 
Regulatory Commission  of Ukraine and NNEGC “Energoatom” were appointed to the Evalua-
tion Committee Board.  

2.6.4. The following technical and financial bids were received during the bidding pro-
cess: 

• Bid from a joint consortium consisting of: CJSC "Ukratomenergobud", CJSC “Novokrama-
torsk Machinery Factory”, LLC "Energetychni Investycii", NPIC “STRUM” (all companies 
mentioned herein – Ukraine); 

• Bid from "Holtec International" (USA). 
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Both bids received were based on the dry SNF storage solution with the use of multipurpose 
(“transportation” + “storage”) canisters (hereinafter – MPC).   
The bid by the consortium suggested the use of container-based dry storage technology, jointly 
developed by GNB (Germany), Skoda J.S. (Czech Republic) and Joint-Stock Company "I.I. 
Polzunov Scientific and Development Association on Research and Design of Power Equip-
ment" (NPO CKTI, Russia) specifically for WWER-based (WWER-1000, WWER-440) SNF. 
This technology solution featured: 

• The use of metal or reinforced concrete MPCs intended to store 19 WWER-1000 SFAs or 
84 WWER-440 SFAs each; 

• SFA discharge and on-site loading into MPCs (in the reactor rooms); 
• SNF MPC transportation to the CSNFSF location; 
• Landfill-type SNF MPC storage (on the reinforced concrete basement slabs) at the CSNFSF 

location. 

2.6.5. Technology submitted by «Holtec International» suggested: 
• The use of MPCs intended to store 31 WWER-1000 SFAs or 85 WWER-440 SFAs each; 
• SFA discharge and on-site loading into MPCs (in the reactor rooms); 
• SNF MPCs to be transported to the CSNFSF in a special protective containment cask  (ship-

ping cask); 
• SNF MPCs to be stored in special ventilated storage containers for further landfill-type stor-

age or underground (near-surface) storage CSNFSF location.   

2.6.6. Technical offers submitted by both bidders were considered acceptable for further 
deployment under existing conditions in Ukraine. As a result of further supplementary assess-
ment the offer submitted by “Holtec International” was recognized to be more advantageous. 
 

2.7. IFS Primary Aim and Objectives 
2.7.1. The primary aim of the CSNFSF IFS was the justification of the necessity and  

practicality of the project aimed to construct a site suitable for long-term SNF storage / perma-
nent disposal [dumping] of SNF from Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP, 
as well as its technical and economic feasibility, based on the basic principles of Ukrainian state 
policy on utilizing nuclear energy. 

CSNFSF IFS was not intended to provide justification for the choice of the potential SNF 
Management scenario at an end-of-life stage of the nuclear fuel cycle at the Ukrainian NPPs 
(open nuclear fuel cycle / closed nuclear fuel cycle), or to specify any definite dry storage tech-
nology solution for  safe long-term SNF storage / permanent disposal [dumping] of SNF.  

2.7.2. The following primary objectives were achieved by the conducted IFS: 
• Justification of the necessity and practicality of the CSNFSF construction; 
• Specification of the list of facilities of the CSNFSF; 
• Dimensions specification for the CSNFSF construction site; 
• Definition of the initial infrastructure necessary to commission CSNFSF; 
• Selection of the most appropriate location for the CSNFSF construction site; 
• CSNFSF Environmental Impact Assessment; 
• CSNFSF Construction Costs Assessment; 
• CSNFSF Staff Radiation Exposure Assessment; 
• Specification of primary construction management solutions as well as definition of 

CSNFSF construction milestones and deadlines; 
• Initial Project Overlay Specification, Initial Layout Drawings Evaluation, Initial On-Site In-

ner Tracks and intrasite roads Planning; 
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• Most Comfortable Delivery Route Recommendation based on the SNF Delivery Routes 
Evaluation (NPPs to CSNFSF); 

• Cost Assessment for CSNFSF Start-Up Facility Commissioning; 
• Specification of the Cost-Performance-Indicators for CSNFSF Design Capacity & Start-Up 

Facility; 
• CSNFSF  Deployment Milestones Definition; 
• Drafting CSNFSF Deployment conclusions and recommendations; defining residual uncer-

tainties; composing early project execution plan. 
 

2.8. Essential SNF Storage Requirements and Initial IFS Technical Assumptions 
2.8.1. The following essential SNF Storage Requirements and initial technical assump-

tions were adopted in the course of drafting the IFS: 
• CSNFSF design lifetime shall be at least 100 years; 
• CSNFSF’s SNF storage technology shall be compatible with the existing SNF Management 

technology, as well as with the existing NPP’s handling and transportation equipment for 
SNF; 

• CSNFSF design capacity shall accommodate deposition and storage for: 
- WWER-1000 SFAs – 12 500 pcs.; 
- WWER-440 SFAs  –   4 000 pcs.; 

• Total CSNFSF SNF Storage Volume shall amount to approx. 5650 tons HM; 
• CSNFSF’s start-up storage capacity shall be gradually expandable; 
• CSNFSF Start-Up Storage Capacity shall accommodate: 

- WWER-1000 SFAs – at least 2 500 pcs.; 
- WWER-440 SFAs–   at least 1 080 pcs.; 

• CSNFSF shall provide SNF Pre-Storage Processing capabilities for: 
- WWER-1000  SFAs –   at least 504 pcs. /year; 
- WWER-440 SFAs –   at least 192 pcs. /year. 

2.8.2. The following initial assumptions were adopted in the process of developing the 
IFS: 

• Basic technical solutions and IFS performance indicators shall assume the use of HI-
STORM 100S SNF storage technology (Holtec International, USA), as stipulated by the 
turnkey international bidding procedures for CSNFSF; 

• Environmental Impact Assessment (hereinafter – EIA) within the IFS shall be conducted 
based on the Design Basis Accident data provided by “Holtec International”; 

• Considering the fact, that the most suitable construction site for the CSNFSF deployment is 
located within the Exclusion Zone (Territory that suffered from radioactive contamination as 
a result of Chernobyl Disaster) (hereinafter – EZ), one of the primary objectives for the EIA 
is to assess potential CSNFSF impact on the existing radiation situation within the EZ; 

• IFS shall evaluate the necessity and practicality for CSNFSF construction, considering the 
current and estimated future cost assessment information (provided by SE NNEGC “Ener-
goatom”) with regards to the cost of SNF removal and transportation to Russia and its com-
parison to the cost of CSNFSF capital equipment (provided by Holtec International); 

• IFS shall define CSNFSF’s major cost-performance indicators  for the SNF storage technol-
ogy selected as a result of bidding procedures; 

• IFS shall take into consideration that an automated radiation situation monitoring system 
(ARSMS) within the EZ is already in place. No additional monitoring system within the   
CSNFSF controlled access area (CAA) and control area (CA) shall be required. 
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2.9. CSNFSF Major Lifecycle & Design Stages 
2.9.1. CSNFSF major lifecycle stages correspond to the stages stipulated by the current 

legislative and regulatory guidelines of Ukraine for nuclear facilities (hereinafter – NF): 
• design; 
• construction; 
• commissioning; 
• operation; 
• decommissioning. 

CSNFSF Operation stage is planned to have two basic sub-stages (periods): 
• active use period (45-50 years), stipulates delivery of multipurpose canisters (MPCs) with 

spent fuel assemblies (SFAs), as well as gradual filling of storage capacity; 
• passive use period (50-55 years), stipulates long-term SFA storage prior to the decision-

making process on further SNF Management Scenario in Ukraine and subsequent deploy-
ment thereof. 

2.9.2. In accordance with the regulations [14] on designing complex facilities, CSNFSF 
design shall be accomplished in three sub-stages: 

• Investment feasibility study (IFS); 
• Design Planning; 
• Detailed Design Documentation. 

This particular approach allows for refinement and rectification of the decisions and es-
timates initially made during the IFS stage, as well as consideration of refined and/or updated 
baseline information and additional design engineering details. This, however, stipulates that 
such refinements and rectifications shall not lead to any revisions within the IFS principal scope 
or conclusions thereto. 
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3. CSNFSF CONSTRUCTION NECESSITY AND PRACTICALITY 
SUBSTANTIATION  

Information provided in this Section 3 of the AS has been thoroughly detailed in the 
CSNFSF IFS documentation [16,23,24]. 

3.1. Baseline data 
3.1.1. In the process of substantiation of the necessity and practicality/justifiability of 

the CSNFSF construction the IFS has reviewed several different SNF Management scenarios for 
the SNF at the end-of-life stage of the nuclear fuel cycle at Rivne NPP, Khmelnytsky NPP, Yu-
zhnoukrainsk NPP and compared economic and cost parameters thereof, with regard to the exist-
ing national and worldwide practices. The following parameters were used as baseline data. 

3.1.2. International studies indicate that the estimated cost of SNF transportation by rail 
between the NPP and intended storage location amounts to US$40-60 per 1kg HM. [28]. 

3.1.3. CSNFSF storage scenario assumes that a special train shall be used to transport 
SNF between the NPP and  CSNFSF by rail. One trip shall ensure SNF transportation in the 
amounts sufficient for one core refueling of the reactor unit.  

3.1.4. Internationally assessed cost of a long-term SNF storage for the period of T years 
for IFS purposes is calculated as follows: 

PRICE  (US$/1kg HM) = 50 + Т * 5 

3.1.5. Direct SNF handling and transportation cost (including handover and preparation 
for storage) for SNF stored at CSNFSF amounts to UAH 1807 /1kg HM. This cost estimate in-
cludes: 

• Capital investment costs; 
• Operating costs for CSNFSF active operation period; 
• Accrued costs  for SNF storage during CSNFSF passive operation period; 
• Accrued costs for CSNFSF decommissioning. 

3.1.6. Upon expiry of long-term SNF storage period SNF can be reprocessed or dumped 
as liquid radioactive waste (LRW). OECD NEA estimates the cost of SNF reprocessing in the 
rage of US$540 – 720 /1kg HM [28]. Nuclear operators estimate this cost to grow up to 
US$1000 – 1100 /1kg HM by the year 2030. 

3.1.7. The cost of SNF reprocessing offered by Russian facilities has a tendency to grow 
annually. The estimated cost of such services by 2030 is therefore expected to reach the average 
world prices (US$1000 – 1100 /1kg HM). 

3.1.8. OECD NEA estimates [28] indicate that the average cost of HLRW disposal 
[dumping] upon SNF reprocessing ranges between  US$80 – US$200 /1kg HM (average cost of 
$140/1kg HM is used for IFS assessment and evaluation purposes). 

International studies estimate the cost of LRW direct disposal in the range of US$300 – 
US$600/1kg HM [28] (average cost of $450/1kg HM is used for IFS assessment and evaluation 
purposes). 
 

3.2. Potential SNF Management Scenarios at the end-of-life stage of the NFC 
3.2.1. The following options were reviewed in the process of modelling potential SNF 

Management scenarios at the end-of-life stage of the NFC: 
• SNF Reprocessing; 
• Long-term SNF storage; 
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• Long-term HLRW storage (HLRW resulting from SNF Reprocessing); 
• Deep geological SNF disposal; 
• Deep geological HLRW disposal. 

 
Final goals of SNF reprocessing (MOX-Fuel fabrication, valuable materials recovery, etc.) were 
not taken into consideration as such that do not influence the necessity and justifiability of 
CSNFSF construction. 

3.2.2. A total of 10 potentially available options for SNF Management scenarios at the 
end-of-life stage of the NFC were defined in the IFS. The practicality of certain options and their 
deployability in Ukraine or at the alternative location outside Ukraine was taken into account. 
(see Table 3.1.) For the purposes of IFS Russia was considered as an alternative location outside 
Ukraine, as the current provider of SNF reprocessing services to Ukraine. 

 
 
Table 3.1. Potential NFC end-of-life stage  options 

Option # SNF Re-
processing 

SNF Re-
processing 
Location 

Long-Term 
SNF Stor-

age 

Long-Term 
SNF Stor-

age  
Location 

Long-Term 
HLRW 
storage 

Long-Term 
HLRW 
Storage 

Location 

Deep geo-
logical SNF 

disposal 

SNF Dis-
posal 

Location 

Deep geo-
logical 
HLRW 
disposal 

HLRW 
Disposal 
Location 

1 + Russia + - + Ukraine - - + Ukraine 
2 - - + Ukraine - - + Ukraine - - 
3 + Ukraine + Ukraine + Ukraine - - + Ukraine 
4 + Ukraine + Russia + Ukraine - - + Ukraine 
5 + Ukraine + Russia - - - - + Ukraine 
6 + Russia + Russia + Russia - - + Russia 
7 + Russia + Russia - - - - + Ukraine 
8 - - + Russia - - + Ukraine - - 
9 + Russia + Ukraine + Ukraine - - + Ukraine 

10 + Russia + Ukraine - - - - + Ukraine 
 

Qualitative analysis of the potential options conducted within the IFS has resulted in the 
conclusions below: Options 3,4,5 imply a reprocessing facility in Ukraine is / shall be made 
available, which is not currently intended. Besides that, worldwide best practices for SNF repro-
cessing indicate SNF reprocessing to be economically feasible only if the volumes subject to re-
processing are substantial and are aimed at subsequent reuse of nuclear fuel in the NFC. Ukraini-
an SNF volumes from its four available NPPs cannot be considered substantial. Options 3,4,5 
were therefore excluded from further consideration within IFS. 

Option 6 implies both storage, reprocessing and subsequent HLRW waste disposal is to 
be done in Russia. Whereas current Russian legislation does not allow the disposal of other 
countries’ LRW on the territory of Russia, Option 6 was excluded from further consideration.  

Option 7 differs from Option 1 only as it does not include long-term HLRW storage prior 
to its disposal in Ukraine. Therefore, cost parameters of Option 7 are similar to Option 1, which 
deemed separate consideration of Option 7 inadvisable. 

Option 8 differs from Option 2 only by implying a different SNF long-term storage loca-
tion. Therefore, separate consideration of Option 8 was deemed inadvisable.   

Options 9 and 10 differ from Option 1 only by implying SNF Long-Term Storage prior to 
its transportation for reprocessing. Therefore, separate consideration of Options 9 and 10 was 
deemed inadvisable.  

Therefore, as a result of qualitative analysis within IFS, Options 1 and 2 were selected for 
further technical and cost parameter analysis. 
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3.3. Major SNF Management Options –  Comparative Analysis Results 
3.3.1. Option 1 («Reprocessing in Russia») implies that SNF shall be exported from 

Ukrainian NPPs over to Russia, where it will be temporarily stored. SNF export shall continue 
until the nuclear power reactors currently in operation shall be decommissioned. SNF shall be 
temporarily stored in Russia until the reprocessing facility [in Russia] is put into operation. Gen-
eral SNF reprocessing shall commence in 2020 and continue for 30 years in equal annual propor-
tions. Reprocessing shall include low-level and intermediate level radioactive waste disposal, as 
well as vitrification and temporary storage of HLRW in Russia for 50 years, after which HLRW 
shall be returned to Ukraine for permanent disposal. 

3.3.2. Option 2 («CSNFSF»), implies that prior to CSNFSF launch SNF shall be export-
ed from Ukrainian NPPs over to Russia in minimally required volumes subject to the SFPs max-
imum allowed storage levels. SNF exported to Russia is subject to temporary storage and repro-
cessing. HLRW produced as a result of such reprocessing shall be returned to Ukraine in accord-
ance with the procedure specified in Option 1.  

After 2011 SNF discharged from Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk 
NPP shall be transported to CSNFSF for temporary storage for the term of 50 years. Upon expiry 
of such temporary storage term, SNF is subject to deep geological SNF disposal. 

3.3.3. The following CSNFSF cost factors were taken into account for the purposes of 
estimating the cost of Option 2: 

• CSNFSF start-up facility estimated construction cost; 
• Subsequent construction stages’ estimated construction cost; 
• CSNFSF running costs during active operation stage; 
• CSNFSF running costs during passive operation stage; 
• Standard depreciation costs for CSNFSF facilities and equipment; 
• Maintenance and repair costs for CSNFSF facilities, systems and equipment for the duration 

of its respective operation; 
• CSNFSF decommissioning / withdrawal from service costs; 
• Additional expenses that account for CSNFSF construction and operation in EZ. 

3.3.4. A comparison of the aggregate SNF Management costs at Rivne NPP, Khmelny-
tsky NPP and Yuzhnoukrainsk NPP at the end-of-life stage of the nuclear fuel cycle (NFC) and 
its respective itemized distribution for Options 1 and 2 is outlined in the Table 3.2 below. 
 
 Table 3.2. NFC End-of-life Stage – SNF Management Cost Comparison (million UAH) 

 Option 1 Option 2 
 
 

Total 

including  
 

Total 

including 
SNF Transfer, Stor-

age and  
Reprocessing  

HLRW  
Disposal 

SNF Transfer  
and Storage 

SNF Disposal HLRW Disposal 
(SNF export until 

2011) 
Lowest 

cost esti-
mate 

31 198 27 985 3 213 15 362 5 875 8 556 931 

Average 
cost esti-

mate 
 

33 608 27 985 5 623 24 332 9 868 12 835 1 629 

Highest 
cost esti-

mate 
36 017 27 985 8 032 29 651 10 210 17 113 2 328 

 
Total expenditures under Option 1 are estimated in the range of UAH 31bn – 36bn (aver-

age cost estimated at UAH 33,6bn. Major expenditures fall for the cost of transportation, storage 
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and reprocessing services rendered by Russia. Expenditures attributed for return and permanent 
disposal of HLRW in Ukraine are estimated in the range of UAH 3,2bn – 8,0bn, which  amounts 
to 10-22% of total expenditures.  

Potential cost fluctuation under Option 2 may lead to a double increase in total cost, 
which is therefore ranged between UAH 15,4bn – 29,7bn (at 2006 values). 40% of the total cost 
is attributed to SNF transportation and storage costs at CSNFSF, less than 10% fall for HLRW 
permanent disposal (reprocessing products from SNF exported to Russia prior to 2011,), and the 
majority of expenditures (over 50%) is related to SNF disposal. 

3.3.5. Option 1 implies that the majority of expenditures falls for the active operation 
period of the nuclear power reactors currently in use in Ukraine (2007 – 2049), peak expendi-
tures fall for 2018 – 2032. Cost of SNF storage and reprocessing in Russia in 2011-2049 is esti-
mated at approx. 93% of the total expenditures under Option 1. For the period between 2007 and 
2049 nuclear power plant units at Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP shall 
produce approx. 1656 billion kWh of electrical energy. Therefore, electricity rates for respective 
NPPs shall account approx. 1,9 – 2,2 kopecks/kWh [for these purposes].   

Option 2 calculations indicate that electricity rates for the above-mentioned  NPPs shall 
account 0,9 – 1,8 kopecks/kWh [for these purposes]. 

3.3.6. Based on calculations and assumptions related to aggregate cost and expenditures 
distribution over time, IFS concludes that Option 2, that implies CSNFSF construction and sub-
sequent operation, is more favorable when compared to Option 1, that implies SNF export, stor-
age and reprocessing in Russia with subsequent return and disposal of HLRW, generated from 
SNF reprocessing, in Ukraine.  

3.3.7. CSNFSF construction complies with the fundamental principles of state nuclear 
energy usage policy. It shall further support safe operation of the nuclear power plants in 
Ukraine over the long term, regardless of the state of future relations with Russia in the field of 
SNF storage and reprocessing. 

3.3.8. CSNFSF shall support the execution of “deferred decision” approach in Ukraine 
with respect to the subsequent final decision on the optimal Management scenario for the end-of-
life stage of the nuclear fuel cycle (SNF reprocessing or permanent disposal). 
 
 
 

4. CSNFSF CONSTRUCTION SITE SELECTION AND SUBSTANTIATION 
PROCESS 

Information provided in this Section 4 of the AS has been thoroughly detailed in the 
CSNFSF IFS documentation  [20,23]. 

4.1. General CSNFSF construction site selection algorithm  
4.1.1. CSNFSF construction site selection and substantiation within IFS included three 

stages: 
• Stage 1 – Selection of three potential construction sites; 
• Stage 2 – Analysis and comparison of ecological, radiation control, technical and economic 

siting criteria for suggested construction sites; 
• Stage 3 –  Summarizing the comparative results and selection of the most favorable con-

struction site. 
 

4.2. Selection of three potential construction sites 
4.2.1. Selection of tree potential construction sites to host CSNFSF included: 
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• Legislation and regulatory requirements analysis; 
• Defining general initial selection criteria for potential CSNFSF construction sites; 
• Selection of CSNFSF location options; 
• Defining criteria for comparative analysis of options; 
• Selection of potential construction sites for subsequent consideration. 

4.2.2. According to the provisions of the Law of Ukraine “On the use of nuclear energy 
and radiation” [6], CSNFSF shall have a nuclear facility status. 

The analysis of Ukrainian legislation and regulatory framework conducted as a part of 
IFS has shown lack of sufficient direct regulatory framework for potential CSNFSF construction. 
In this respect IFS has taken the requirements of the direct regulatory requirements stipulated by 
НП 306.2.105-2004 performance requirements document [36], as well as a number of extra per-
formance requirements for construction sites of:  

• Nuclear power plants (as nuclear facilities);  
• LRW storage facilities (in its long-term storage requirements section); 
• Standard manufacturing facilities. 

It was further taken into account that CSNFSF is subject to all Ukrainian norms and regu-
lations governing radiation and nuclear safety and LRW Management. 

In addition to nuclear and radiation safety requirements, IFS has summarized require-
ments on environmental protection in the CSNFSF area, as well as technogenic environmental 
impact protection regulations, including those on: 

• Social and ecological environment protection; 
• Natural environment protection; 
• Technogenic environment protection. 

4.2.3. IFS assumed the following general initial selection criteria for potential CSNFSF 
construction sites: 

• Construction sites that require new project land allocation shall not be considered, as the 
most of Ukrainian territory is allocated for social-economic use, whereas project land alloca-
tion, including substantiation, review and approval thereof for any new nuclear facility shall 
require significant amount of time; 

• The following options shall therefore be considered  (in order of preference): 
- Existing NPP sites; 
- Territories adjacent to existing NPP sites; 
- Exclusion Zone territory. 

4.2.4. As a result of performed analysis, IFS has identified the following options as po-
tentially suitable CSNFSF construction site locations: 

• Rivne NPP Site and adjacent territory (“RNPP” Option); 
• Khmelnytsky NPP Site and adjacent territory (“KhNPP” Option); 
• Yuzhnoukrainsk NPP Site and adjacent territory (“YuNPP” Option); 
• Zaporizhzhia NPP Site and adjacent territory (“ZNPP”); 
• Exclusion Zone territory (“EZ ChNPP” Option). 

4.2.5. The following comparison criteria, organized in two sub-groups, were identified 
in IFS for CSNFSF location analysis:  

• Technical criteria, comprising technical factors, natural geographic factors, as well as con-
struction sites’ technogenic factors; 

• Licensing  criteria, describing land allocation process, CSNFSF construction approval pro-
cess, as well as participation of public at large in this approval process. 

4.2.6. The analysis of initial options has resulted in following conclusions:  
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• “YuNPP” and “ZNPP” Options  are deemed unfavorable, due to the fact that CSNFSF could 
not be located within the limits of NPP site. Furthermore, land  seizure and reallocation in 
the adjacent area would be required in order to proceed with construction;  

• “RNPP” Option is deemed unfavorable due to existing ongoing underwashing (karst-
suffosion process) in the subsurface soil bed [due to unsuitable geological conditions]. 

4.2.7. IFS has determined the following three potential construction sites should be se-
lected for further consideration, as a result of comparative analysis of all technical and licensing 
criteria:  

• Construction site located at Khmelnytsky NPP construction plant (hereinafter – “KhNPP 
Site”);  

• Construction site located near centralized SNF storage facility #2 (currently under construc-
tion) (hereinafter – “ChNPP Site”);  

• Construction site, located near “Vector” Facility and centralized LRW disposal facility (cur-
rently in planning stage) (hereinafter – “SDF Site”). 

 

4.3. “KhNPP” Site – Brief Description 
4.3.1. “KhNPP” potential construction site is located on the territory of Slavuta district, 

Khmelnytsky Oblast’, 100km north of Khmelnytsky and 45km south-east of Rivne. The site is 
located on the premises of Khmelnytsky NPP and borders with the construction plant of the 2nd 
NPP unit on the west. Khmelnytsky NPP itself is located on the left bank of the Horyn River, 
between Netishyn city, Dorohoschcha village and Pivneva Hora village. The location of 
“KhNPP” Site is shown on the base map below (Fig. 4.1). 

4.3.2. “KhNPP” Site is located within the West-Ukrainian province of the forest-steppe 
zone of Ukraine. Forest-steppe zone of Ukraine is divided into three physiographic areas – Volyn 
Upland, Male Polissya (forest-steppe landscape) and Northern Podillya (mixed woodland land-
scape). 

 

X мельницкая АЭС 

Площадка «ХАЭС» для  
строительства ЦХОЯТ 

X мельницька АЕС 

Майданчик «ХАЕС» для  
будівництва ЦСВЯП 

 
Fig.4.1. “KhNPP” Site Location Base map 
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[Grey Zone, Upper Right Segment – NETISHYN; 
Red Spot – “KhNPP” Site – suggested for CSNFSF construction 
Lower Right Segment – Khmelnytsky NPP 
Lower Left Segment – Pivneva Hora village] 

 

4.3.3. Khmelnytsky NPP site is spatially located in the southern part of Volyn  
megablock at its interconnection with Podillya megablock, within the boundaries of Novohrad-
Volynsky block. 

“KhNPP” site is located near the nodal intersection of Chernyakhivsk sublateral zone and 
a diagonal Khmelnyk crust fracture. However, this particular area exhibits insignificant neotec-
tonic activity  and low amplitude values (20-30 m) of vertical movements on crust fracture sides 
per Quaternary Neogene Period (a period of 26 million years). This generally allows to disregard 
vertical neotectonic shifts in the earth shell in the generic neotectogenesis; average vertical shift 
velocity in those crust fractures is insignificant and amounts to 0,001-0,02 cm/km/1000 years. 

Generally, the territory exhibits favorable geological engineering profile with no dynami-
cally unstable or collapsible soils and no active karst. 

Geological composition for survey depth of up to 60 meters exhibits the following soil 
types (listed downwards): modern quaternary technogenic soils, upper- and mid-quaternary flu-
vioglacial deposits with underlying sediments of Czartoryski / Berestove Vendian rocks. Due to 
significant difference between the absolute elevation marks on the natural landscape, as well as 
on the planned surfaces within the construction site boundaries, depth and lithological composi-
tion of quaternary deposits for different sites vary widely. 

According to the microseismic zoning of the KhNPP site, current seismic hazard levels 
constitute: DBE = 5.0 points (Richter Scale), MDE = 6.0 points (Richter Scale). 

4.3.4. Hydrographic system within the 30km impact range of Khmelnytsky NPP in-
cludes Horyn River basin, lakes, ponds, water reservoirs and a network of water reclamation 
channels. Within 30 km radius of Khmelnytsky NPP Horyn River has 37 confluent rivers with 
lengths varying from 10 to 80 kilometers, as well as approx. 220 smaller confluents with lengths 
under 10km. The distance between potential CSNFSF construction site and Horyn River consti-
tutes 1,9 km. 
 NPP service water supply sources are Horyn River and Hnyly Rih River. Design flood 
elevation levels for 0,01% flood constitute 197,840m for Horyn River and 193,700m for Hnyly 
Rih River. Grade elevation levels for NPP construction plant constitute 206,000m (WDM point), 
224,0 – 222,000m). This implies that maximum flood levels from meltwaters and rainwater do 
not constitute any danger for NPP facilities. 
 An artificial off-channel water reservoir used for NPP equipment cooling is located adja-
cent to the site. Normal headwater elevation for this water reservoir is located three meters below 
NPP construction site grade elevation. Surcharged headwater elevation for the reservoir under 
0,01% flooding (assessed probability of once per 10000 years) exceeds normal headwater eleva-
tion by 0,7 meters. 
 Current ground water elevation on site is 3,00 – 4,00m (absolute elevation marks [AEM] 
202,000-203,000m), at WDM point – 7,00-16,00m (AEM 206,000-215,000m), at the  construc-
tion plant – 1,00-4,00m (AEM 202,000-205,000m). 

4.3.5. Maximum observed wind speed during multi-year observation period peaked at 
38 and 40m/s. Wind gusts frequency (wind gusts up to 21-35m/s) is approximately once every 
10 years. Extreme winds (windstorms) observed 9 to 10 times over the last 30 years’ period. 
Low winds frequency ( 2m/s) during cold period – 32%, over a 12-month period – 26%. 

Average year-round temperature equals 6,8°С, highest temperature observed – 36,6°С, 
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lowest observed temperature – -33,6°С. 
Average fog frequency: during the year – 15%, during cold period – 28%. 
According to the tornadic zoning map “KhNPP” site belongs to a tornado-free (safe) re-

gion. According to the tornado register of USSR (1945 – 1986), as well as according to the in-
formation available from Ukrainian hydrometeorological service (1986 – 1997) there were no 
tornadoes registered within the 30km range of KhNPP. Design vortex intensity class for potential 
CSNFSF construction location equals to 2,75 [90]. Assessed yearly tornadic probability ratio is 
14х10-7. 

4.3.6. There are no cities with population over 100 000 inhabitants within the 25km 
range of the site. Population density is 74 inhabitants per square km. The nearest populated 
community, located 2,7km north-west of KhNPP reactor unit #2, is the city of Netishyn (pop. 
34,750). Ostrih (pop. 14,250) is located 11km away from KhNPP, Slavuta (pop. 37,800) is 13 
km away, Izyaslav (pop. 18,300) is 21km away, Zdolbuniv (pop. 28,500) is situated at a distance 
of 35km, and the distance to the city of Rivne (pop. 245,000) is 45km. 

4.3.7. There are no industrial facilities that could potentially impact the storage facility’s 
operational safety within 10km range. There are also no recreational zones of national standing 
or national natural parks within 25km range of NPP. 

4.3.8. A Class III railroad segment (Shepetivka – Zdolbuniv – L’viv railroad) is located 
at an approximate distance of 8-9km (distance measured over the air), on the northern boundary 
of Kryvyn village. Railroad segment features a class III wayside railway station “Kryvyn”. An 
8,4km-long stub track that connects the railway station with the ballast stone pit “Siltse” is at-
tached to the railway station. The stub track features a river-crossing bridge over Horyn River. A 
class IV railroad station “Siltse” is located in the immediate vicinity of the bridge crossing. A 
stub track connects the NPP to the station, that was recently renovated to accommodate the con-
nection. 

Berdychiv – Shepetivka – Ostrih, a motor road of state importance is situated 6,3 km to 
the north of the site. Site entry is possible via a 6,3km-long service road (access way) that is at-
tached to the above-mentioned motor road of state importance. Additional access roads connect-
ing the site with the Berdychiv – Shepetivka – Ostrih motor road are also available. 

No water connection available. 

4.3.9. NPP construction plant is deemed to be the most favorable location within the site 
to host CSNFSF construction. The location currently hosts open-air construction warehousing 
facilities, goods yard crane tracks and a stub track that leads to the steam turbine rotor blading 
facility. Construction site design absolute elevation mark is 206,000m. 
 Initial on-site construction preparation efforts  include:  

• Construction of railroad section with estimated length of 506 – 1670m;  
• Construction of Access Road / Service Road with estimated length of 980m;  
• KhNPP Infrastructure Tie-In;  
• Crane deinstallation;  
• Demolition of existing buildings;  
• Concrete Pavement Demolition;  
• Internal Clearance Area Organization. 

 SNF delivery from other NPPs shall be organized via the territory of construction plant of 
KhNPP units 1 & 2. 
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4.4. ChNPP Site – Brief Description 
4.4.1. Suggested “ChNPP” Site administratively belongs to Chornobyl district of Kyiv 

Oblast. The site is situated at the center of Exclusion Zone (EZ) – a territory under special form 
of administrative governance. EZ lands are removed from  commercial turnaround and are free 
from any zoning allocations, all the population was evacuated. Site is located directly in the cen-
ter of 10km EZ zone within boundaries of Chornobyl NPP control access area. Suggested con-
struction site borders on the east with Chornobyl NPP SNF Storage Facility #2 location. ChNPP 
site location is shown on the base map below (see Fig. 4.2). 

4.4.2. Site is located on the north of Kyiv Oblast within Kyiv Polissya area at the inter-
fluve of Pripyat River and Uzh River. 

4.4.3.  From the tectonic standpoint the location is situated at the junction of two re-
gional structures of the East European Creaton (Moesia plate) – Ukrainian Shelf, Dnipro-Donets  
Aulacogen (DDA) and Pripyat Downwarp. 
Teteriv zone of fractures is comprised of two arms: I – west arm, II – east arm. West arm of the 
Teteriv fracture is longer than the east arm. The location is situated practically centered between 
two arms of the Teteriv zone of fractures. According to geodetic data, actual movement velocity 
for Teteriv zone of fractures I constitutes 0,1-0,6 mm per year, and 0,1-0,4 mm per year for Te-
teriv zone of fractures II. South-eastern arm of Teteriv fracture I and a segment of Teteriv frac-
ture II between Radomyshl and a juncture with DDA’s southern near-edge fractures zone. 

According to the microseismic zoning of the ChNPP construction plant location, current 
seismic hazard levels constitute: DBE = 5.0 points (Richter Scale), MDE = 6.0 points (Richter 
Scale). 

 
 

Fig.4.2. “ChNPP” site location base map. 
 

Geomorphic terrain analysis shows that the site is located on the I elongated fluvial ter-
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race of the Pripyat River. Absolute elevation marks range between 113,700 – 117,000m. 
Axial geological record (listed downwards) consists of upper quaternary alluvial (fluvial 

facies, old river bed facies on the shallow horizon; beach and old river bed facies on the lower 
horizon, stream bed facies, etching), mid-quaternary alluvial deposits underlaid by argil sand 
grounds dating back to Mid-Paleogene (Eocene) period at a depth of 29,60-31,50m. Geological 
record predominantly consists of river gravel; clay soils with alluvial deposits of moderate thick-
ness are only present in the immediate subsoil layer.  

Generally, ChNPP site exhibits favorable geological engineering profile with no dynami-
cally unstable or collapsible soils and no active karst. 

4.4.4. Hydrological conditions of the area are determined by the hydrological regime of 
the Pripyat River (right tributary of the Dnipro River). Since 1996 the segment of the Pripyat 
River immediately adjacent to the suggested site is in the backwater area of Kiev Reservoir. Pri-
pyat River is situated 4km away from the suggested site. 

Assessed maximum water levels of Pripyat River at the suggested CSNFSF site (includ-
ing the values from backwater area of Kiev Reservoir and respective diversion dams) with as-
sessed probability of Р=0,01% are located at an absolute evaluation mark of 111,400m. Flooding 
of the area is not  anticipated. 

Maximum ground water elevation levels under 0,01% flooding for CSNFSF location de-
pend on the water elevation levels  at take-out channel and ChNPP cooling pond. Current ground 
water elevation levels constitute 3,0 – 4,0m (AEM 111,00m); estimated seasonal water elevation 
fluctuation – up to 2m (absolute elevation mark of the maximum assessed groundwater level at 
113,00m. 

4.4.5. Average year-round temperature is 6,7°С, highest temperature observed – 39°С, 
lowest observed temperature – -35°С.  

4.4.6. Heavy winds (wind speed over 15m/s) is observed 13 days a year on the average 
with an occasionally observed frequency of up to 38 days a year). Wind gusts (20-30m/s wind 
speed) are observed with a frequency of 5 events per 10 years. Maximum wind speed (at 0,01% 
occurrence) reaches 47,3m/s. Low winds frequency (wind speed below 2m/s) - 50-60% during 
the year. 

Average year-round fog frequency - 21 %. 
ChNPP site is located in the area with elevated tornadic occurrence:  

• Annual tornadic probability ratio (vortex ratio) for the area equals 1х10-6;  
• Design vortex intensity class Кр= 3,0. 

4.4.7. There are no populated communities within the 30km range of Exclusion Zone. 
The Closest located cities to Chornobyl NPP are: Slavutych – at a distance of 44km (population 
25,200); Ivankiv – at a distance of 50km (population 40,000); Chernihiv – at a distance of 76km 
(population 310,000); Kyiv – at a distance of 110km (population 2,8M). 

4.4.8. There are no industrial facilities that could potentially impact the storage facility’s 
operational safety within 10km range. There are no recreational zones or plow lands within 
30km radius. 

4.4.9. Chornobyl NPP service railroad track is located in the immediate vicinity of SNF 
Storage Facility #2 (0,4km away). Service railroad track connects to the public railroad network 
operated by Ministry of Transport and Communications of Ukraine through Yaniv wayside rail-
way station. 

Chornobyl – Chornobyl NPP public motor road  is situated adjacent to the SNF Storage 
Facility #2 site and allows transportation by road. 

No water connection available. 
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4.4.10. Suggested CSNFSF location site is situated south-east to the existing 
WDM point, next to the location of SNF Storage Facility #2. Suggested location borders with the 
location of SNF Storage Facility #2 on the north-west and with the take-out channel on the 
north-east (see Fig.4.2). 

Certain use of existing infrastructure and road network of Chornobyl NPP SNF Storage 
Facility #2 is possible at the initial stage of construction organization on site. 
 Initial on-site construction preparation efforts  include: 

• Undersoil excavation and grading;  
• Construction of service railroad track with estimated length of 170m. 

 

4.5. “SDF” Site – Brief Description 
4.5.1. Similarly to the location of ChNPP site, “SDF” site administratively belongs to 

Chornobyl district of Kyiv Oblast and is located in the Exclusion Zone. “SDF” site is situated 
between evacuated villages of Buryakivka, Chystohalivka and Stechanka, bordering on the west 
with RW Storage and Disposal Center (“Vector” Facility).  The location of “SDF” site is shown 
on the base map below (see Fig. 4.3). 
 
 

 
 

Fig.4.3. “SDF” Site Location Base Map. 
 

4.5.2. The location is situated within the limits of Kyiv Polissya moraine outwash plain, 
at the interfluve of Pripyat River and its right tributary – Uzh River. The site is located in the Ex-
clusion Zone. The landscape is predominantly undulating, with ridges below 10m in central and 
south-eastern parts of the territory; ridges are covered with pine forest (approx. 16m high). Abso-
lute elevation marks range between 132,000-135,000 m with ridge elevation marks of up to 
152,000m. 

CSNFSF 

RW SDF «Buryakivka 

Buryakivka 

Chystohalivka 

“Vector” Facility 
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4.5.3. Suggested site is located within the boundaries of Dnipro-Donets Rift (Aulaco-
gen) in the vicinity of its junction with the north-eastern bank of Ukrainian Crystalline Massif 
(Shield). 
 Modern tectonic movements analysis along with the structural tectonic study of the terri-
tory and structural analysis of the Paleogene and quaternary deposits in the geological platform 
indicate that the site is located outside of the areas of neotectonic dislocations or fractures. 
 Geological composition for survey depth of up to 79 meters exhibits the following soil 
types (listed downwards):  Eocene formations of Upper Paleogene (Buchak – Kaniv sands and 
Kiev marl), overlapped by quaternary deposits. Loamy grounds at the north-western part of the 
territory are underwashed. Quaternary deposits (listed upwards) are exhibited with ancient-to-
mid quaternary fluvioglacial sands overlapped by midquaternary fluvioglacial sands with supez 
and clay veins, with inclusions of Moraine  solids and glaciolacustrine soils. General thickness of 
quaternary deposits averages predominantly around 50 meters. 
 Assessed seismic hazard levels for the location constitute: DBE = 5.0 points (Richter 
Scale), MDE = 6.0 points (Richter Scale). 

4.5.4. Ground water levels are found at the depth range of 8 to 21 meters under ground. 
(absolute elevation marks range 122,000-127,000m). Seasonal ground water levels fluctuation 
can reach 1,5m. Water table exhibits sloping in the north-eastern direction (towards Pripyat Riv-
er valley); certain part of the territory exhibits water table sloping in the south-west direction 
(toward Uzh River valley). 

Assessed maximum water elevation levels for Pripyat River at suggested location (includ-
ing the values from backwater area of Kiev Reservoir and respective diversion dams) with as-
sessed probability of Р=0,01% are located at an absolute evaluation mark of 111,400m. Flooding 
of the area is not  anticipated. Construction site can be planned at the 138,000m elevation mark. 
Suggested CSNFSF site is located outside of potential inundation range; distance to Pripyat Riv-
er – 10km, distance to Uzh River – 8km. 

Geohydrology conditions exhibit high protection potential against radioactive contamina-
tion. 

4.5.5. Suggested construction site belongs to construction climatic zone ІІв (Construc-
tion Rules and Regulations [СНИП] 2.01.01-82) with moderate continental climate and positive 
moisture balance – average annual precipitation exceeds actual evaporation. 

Hydrometeorological stats and vortex stats for “SDF” site are similar to “ChNPP” site 
stats outlined in Section 4.4.5 above.  

4.5.6. There are no populated communities within the 30km range of Chornobyl NPP 
(Exclusion Zone). The Closest located cities to “SDF” site are: Ivankiv – at a distance of 43km 
(population 40,000); Slavutych – at a distance of 58km (population 25,200); Chernihiv – at a dis-
tance of 90km (population 310,000); Kyiv – at a distance of 110km (population 2,8M). 

4.5.7. There are no industrial facilities that could potentially impact the storage facility’s 
operational safety within 10km range. There are no recreational zones or plow lands within 
30km radius. 

4.5.8. One-track-railroad line is situated 5km north of the suggested location; distance to 
the nearest sideway station Yaniv – 10km. The line is currently out of service and requires re-
newal maintenance at the section between station Vilcha and station Shepelychi. 

“Vector” Facility site is connected to Chornobyl NPP and Yaniv Station with a number of 
motor roads that allow transportation by road. 

No water connection available. 

4.5.9. Site suitable to host CSNFSF can be planned in the immediate vicinity of Vector 
Storage and Disposal Facility (SDF) near the north-western or western site boundaries. 
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Certain use of existing infrastructure and road network of Vector Facility is possible at 
the initial stage of construction organization on site. 
 Initial on-site construction preparation efforts  include: 

•  Deforestation;  
• Undersoil excavation and grading;  
• Construction of service railroad track with estimated length of 6,4km. 

 

4.6. Analysis and comparison of ecological, radiation control, technical and eco-
nomic siting criteria for suggested construction sites 

4.6.1. The analysis of ecological siting criteria for the three suggested sites included: 
• Suggested sites’ natural conditions review; 
• Suggested sites’ social conditions review; 
• Definition of Comparative Analysis Methodology; 
• Selection of environmental factors reviewed for the purpose of site comparison; 
• Definition of Comparison Criteria for sites; 
• Selection of ecologically most-favorable site option. 

Ecological comparison of the three suggested construction sites, conducted within IFS, 
allowed to conclude that all the three sites could be considered  equivalent with regard to a wide 
range of natural, technogenic and social factors. IFS defined “SDF” site as the most-suitable op-
tion to host CSNFSF with regard to ecological factors in general. 

Most important factors that favored such a decision are listed below:  
• Greatest separation from surface-water bodies, ground water intakes and water intake sta-

tions of major population centers, that provides for highest ecological safety of the popula-
tion;  

• Lowest groundwater levels combined with highest terrain elevation, that facilitates pollutant 
dispersion in the environment, pollutant binding within soil column and therefore reduces its 
predicted environmental concentration within the range of potential impact. 

4.6.2. Radiation comparison of the sites included: 
• Definition of Comparative Analysis Methodology; 
• Definition of Comparison Criteria for sites; 
• Radiation Impact Assessment for normal operation, design-basis accident (DBA) (with max-

imum impact) and beyond-the-design-basis (hypothetical) accident (BDBA)at the suggested 
sites; 

• Site Comparison against all radiation impact criteria; 
• Selection of most-favorable site option based on comparison results. 

The following indicators were considered as radiation impact criteria for the purposes of 
IFS: 

• Radiation situation on the site; 
• Staff Radiation Exposure Intensity at construction stage; 
• Collective Radiation Exposure under normal operation; 
• Collective Radiation Exposure in case of DBA; 
• Impact area in case of  BDBA. 

Having compared all sites’ radiation criteria IFS concludes that sites located within Ex-
clusion zone, namely ChNPP and SDF sites, enjoy most favorable location for the purposes of 
CSNFSF  construction, whereas  the latter (“SDF” site) has marginal advantage. 

4.6.3. Cost-Performance Indicators Analysis of the sites included: 
• Sites’ distinctive features review with regard to variable capital costs (including pre-

development costs, infrastructure costs and construction management costs); 
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• Sites’ distinctive features review with regard to transportation conditions; 
• Determining distinctive technical features of the sites; 
• Comparative analysis of the sites against cost-performance indicators; 
• Selection of most-favorable site option based on comparison results. 

 
A comparative study of three suggested construction sites, conducted within IFS, allowed 

for following conclusions.  
Most economically favored location is “KhNPP” site. However, “KhNPP” site has certain 

construction limitations that disable further potential expansion beyond initial design layouts.  
The difference in variable capital costs between “KhNPP” site and its closed competitor 

with regard to technical and economic performance indicators – ChNPP – constitutes UAH30,9 
million, or less than 10% of the total capital costs. Primary factors that triggered variable cost 
increase at “SDF” and “ChNPP” sites  were additional costs attributed to rotational work system 
within the Exclusion Zone (UAH5,3 million and UAH4,6 million respectively), as well as ser-
vice railroad construction costs (for “SDF” site only). 

4.7. Most favorable CSNFSF construction site location selection  
4.7.1. Selection of the most-favorable site option with regard to the results of all con-

ducted comparative studies included: 
• Systematization and compilation of the results of all conducted comparisons; 
• Defining most-favorable construction site; 
• Most favorable construction site’s strengths and weaknesses study; 
• Potential Residual Uncertainties Review. 

4.7.2. CSNFSF’s long-term operation emphasizes the importance of ecological and ra-
diation factors versus technical and economic factors. Based on this assumption IFS determined 
“SDF” site as the most favorable construction site. 

4.7.3. The advantages of “SDF” site include: 
• Location suitable to host design capacity CSNFSF facilities (approx. 5650 tons HM); 
• Significant distance from large cities; 
• Location in the Exclusion Zone with no population and no expected return of the lands into 

commercial turnaround in the nearest future; 
• Job creation with employment opportunities for qualified personnel retiring upon Chornobyl 

NPP withdrawal from service; 
• Minimization of freight traffic interference from other objects’ operation and construction; 
• Minimal scope of land planning efforts (grading and leveling) due to flat terrain profile; 
• Significant distance from large Ukrainian waterways; 
• Low ground water levels that exclude the probability of subsoil water logging and area 

flooding throughout the whole period of operation of CSNFSF; 
• Opportunity to use the infrastructure of the adjacent Vector facilities; 
• Minimal amount of facilities generating potential cumulative environmental impact 
• Partial radiological remediation of the territory during groundworks and construction. 

4.7.4. “SDF” site exhibits the following disadvantages: 
• Deforestation of significant territory (8,6ha) required; 
• Lengthy service railroad construction required (6,4km-long segment between Shepelychi 

Station and construction site). (NB: Cost reduction possible in case of joint 3,7km-long 
segment construction with Vector Facility). 

4.7.5. The following potential residual uncertainties that have  no direct impact on the 
result of the comparison will have to be resolved before the commencement of CSNFSF project: 
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• (for “ChNPP” and “SDF” sites only) Financing issues resolution and performance of renew-
al maintenance on “Ovruch – Vilcha” railway segment (this segment is also subject to use 
by Vector Facility and other Exclusion Zone facilities currently under construction); 

• (“SDF” site only) Shared participation and financing settlement for the construction of ser-
vice railroad segment [stub] between Shepelychi Station and CSNFSF. (shared use of the 
segment by CSNFSF and Vector Facility expected). 
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5. PRIMARY TECHNICAL SOLUTIONS 
Information provided in this Section 5 of the analytical summary is detailed in CSNFSF 

IFS documentation [18,23]. 

5.1. Primary SNF Management technology solutions 
5.1.1.  “Dry storage” technology (inert-gas-filled confinement) is expected be used at 

CSNFSF for SNF storage. Compared to “wet” storage (water-filled storage), “dry storage” is 
more suitable in terms of ecological and economic factors. Dry storage excludes factors caused 
by SNF criticality (by absence of water acting as neutron moderator), reduces quantity of gener-
ated liquid radioactive waste and the need for respective infrastructure, reduces atmospheric pol-
lution by radioactive elements, etc. 

5.1.2. The IFS considers storage technology by Holtec International, that was selected 
as a result of bidding procedure, and is used for SNF storage by NPPs in USA. This technology 
consists of the following operations: 

• On site loading of SFAs into MPC (Fig.5.1) in the reactor room with the use of HI-TRAC  
transfer cask (Fig.5.2); 

• On-site [reactor room] MPC drainage, filling with inert gas (helium), welding of the two 
MPC hermetically-sealed barriers; 

• On-site [reactor room] MPC top plate sealing tightness and welding quality check; 
• Transfer of sealed MPC into HI-STAR shipping cask with the use of HI-TRAC transfer 

cask; 
• Shipment of trainload with HI-STAR shipping casks (Fig.5.3) over to CSNFSF; 
• Reception of trainload onto the refuge and switching service track at CSNFSF’s location; 
• Transfer of MPC from HI-STAR shipping casks into HI-STORM storage containers for fur-

ther storage (Fig. 5.4) at the reception facility; 
• Removal of HI-STORM containers with MPC and their transfer into the storage area with 

the use of caterpillar conveyor; 
• Long-term storage of HI-STORM-containers with SFAs. 

5.1.3. SNF storage system is a completely passive system that fulfills the following 
functions: 

• Safe and hermetic localization of fissive radioactive material with the use of two static MPC 
barriers that prevent radioactive leakage of radionuclides from SFAs into the environment; 

• Safe long-termed MPC storage in a shielding container (HI-STORM), that prevents straight 
ionizing radiation from influencing personnel and the environment; 

• SFA Protection from extreme natural or technical influence during its storage in HI-STORM 
containers. 
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Fig.5.1. MPC. General View. 

 
 
Fig.5.2. HI-TRAC 

  Transfer Cask. General View
 
 
 
 
 

 
 
 
 
Fig.5.3. HI-STAR Rail Car equipped with  

shipping cask.   General View.  
Fig.5.4. HI-STORM Storage Container. 
General View 
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5.2. CSNFSF Facility Specifications 
5.2.1. Holtec International technology-based CSNFSF consists of: 

• On-site loading areas, where SFAs are being loaded into MPCs and HI-STAR casks are be-
ing prepared for transportation, to be located at each WWER-based NPP unit; 

• Off-site transportation system to accommodate SFA-filled HI-STAR casks’ transportation 
from NPPs over to CSNFSF; 

• CSNFSF on-site buildings and facilities; 
• In-house on-site transportation system (conveyors). 

5.2.2. Loading areas, where SFAs are being loaded into MPCs and HI-STAR shipping 
casks are being prepared for transportation, shall be located in the reactor rooms of NPP units at 
Khmelnytsky, Rivne and Yuzhnoukrainsk NPPs.  The following transportation-and-handling op-
erations shall be conducted at the on-site loading areas: 

• SNF preparation for loading, including placement of HI-TRAC transfer cask with MPC into 
SFP; 

• Loading of SFAs with SFP cooling period of at least 5 years into MPC (Fig.5.5); 
• Removal of HI-TRAC with MPC from spent fuel pool; 
• Drainage, filling with inert gas  (helium) and MPC sealing (Fig.5.6); 
• Moving MPC into HI-STAR shipping cask (Fig.5.7); 
• Sealing HI-STAR shipping cask; 
• HI-STAR preparation for transportation (installing HI-STAR shipping cask onto a rail plat-

form, installing shock absorbers (dampers), fasteners and protective shielding) (Fig.5.8). 
 

 
 
Fig.5.5. Loading SFAs into MPC. 
 

 
 
Fig.5.6. MPC Drainage, helium-filling and 
sealing. 
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Fig.5.7. MPC removal into HI-STAR ship-

ping cask. 

 
 

 
 

Fig.5.8. Preparing HI-STAR shipping cask for 
transportation. 

 

5.2.3. Major functions of the off-site transportation system include: 
• Delivery of SFA-filled shipping casks from NPPs to CSNFSF site via railroads of the Minis-

try of Transportation and Communications of Ukraine; 
• Delivery of empty shipping casks to NPPs for further loading of SFAs via railroads of the 

Ministry of Transportation and Communications of Ukraine; 
• Maneuvering container train within CSNFSF site. 
• Removal of SNF from NPPs shall be performed by special container train. 

5.2.4. Key elements of  CSNFSF facility complex are: 
• Reception Facility (building) (Fig.5.9); 
• SNF  Container Storage Area (Fig.5.10). 

Reception facility is intended for reloading MPCs from HI-STAR shipping casks into HI-
STORM long-term storage containers. MPC reloading shall be performed in a reception area us-
ing HI-TRAC transfer cask.  

SNF container storage area is a passive container storage system for HI-STORM storage 
containers that have are equipped with hermetically sealed MPC barriers and a bioprotective bar-
rier of a HI-STORM container. 
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Fig.5.9. Reception facility. Suggested layout. 
 
 
  

 
 
Fig.5.10. Storage area with HI-STORM 

storage containers 

 
 
Fig.5.11. Transferring  HI-STORM container 

from reception facility over to storage area 
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5.2.5. In-house on-site transportation system is based on the use of vertical loader 
(transporter) for lifting and positioning of HI-STORM storage (Fig.5.11). 

5.2.6. CSNFSF general operation support systems include: 
• Monitoring and Control System (hereinafter - MCS); 
• Radiation Control System; 
• Physical Protection Engineering and Technical Service; 
• Nuclear material accounting  and inventory system; 
• Water supply system; 
• Sewage system; 
• Electrical Power Supply System; 
• Communications Network; 
• Fire safety system; 
• HVAC; 
• Radioactive Waste Management System. 

Monitoring and control over CSNFSF technological processes shall be performed from 
main and local control boards. 
 

5.3. Primary construction solutions 
5.3.1. General size of CSNFSF fenced site area equals 644х182m. IFS stipulates the fol-

lowing buildings and structures belonging to CSNFSF: 
• Reception building (MPC reception and reloading area) that includes „dirty” service work-

shops, personnel airlock and CSNFSF main control board; 
• HI-STORM containers storage area; 
• Maintenance building with MPC storehouse featuring filler shed for filling HI-STORM shell 

rings with concrete; 
• Maintenance & Storage Garage for conveyor transporter; 
• Garage for 4 vehicles, including minor remedial maintenance workshops and a decontami-

nation facility; 
• Maintenance shed for inspection and maintenance of one container rail car and holding area 

for one escort rail car; 
• Electrical equipment building; 
• Refueling station with two fuel columns and two underground fuel reservoirs for two fuel 

types; 
• Administrative building that includes office space, assembly hall, cafeteria and civil defense 

public works; 
• Motorway entry checkpoint; 
• Railway entry checkpoint; 
• Special SNF Train holding track; 
• Sewage Pumping Station; 
• Firefighting water-supply and pumping facility; 
• Firefighting water drum / water reservoir; 
• Rainwater accumulating storage tank; 
• Guardhouse. 

5.3.2. Buildings and structures listed in Section 5.3.1 above belong to Class III Nuclear 
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and Radiation Safety, except for Reception Facility and SNF Container Storage Area that belong 
to Class I. 

5.3.3. Normal and extreme operating loads for CSNFSF buildings and structures located 
at “SDF” site are provided in Tables 5.1 and 5.2 below. Combined load values for on-site struc-
tures are listed in Table 5.3. 
 

Table 5.1. Normal operating loads.  

Load type Load  
value 

Overload  
(Safety)  
Factor 

Dynamic  
Response Factor Notes 

1. Own weight  1,1 (0,9) - Depends on design  
documentation 

2. Technological loads, incl.: 
- crane equipment loads; 
- construction loads 

   Depends on installed  
equipment 

3. Snow load (kgf/m2)  70 1,4  СНиП 2.01.07-85 
4. Wind load (kgf/m2) 70 1,4  СНиП 2.01.07-85 
 

Table 5.2. Extreme (design) loads for CSNFSF structures (Cat. I / II) . 

 
Load type Design load values for 

Cat. I structures Cat. II structures 

1. Snow load (kgf/m2) 210 100* 
2. Wind load (kgf/m2) 75 42* 
3. Climatic Temperature (oC)   

In winter - 45 - 22* 
In summer 45 29* 

Vortex Class 3.0 - 
Wind speed, m/s 81 - 

Wind force (kgf/m2) 150 - 
Delta-p (kgf/m2) 800 - 
Seismic load, pts. (Richter) 6 5.0** 

 *  Estimated loads as per СНиП 2.01.07/ 

 ** Loads as per ПНАЭ Г–5-006-87. 
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Table 5.3. Combined loads 

Combo Type 

Co
m
bo

#
 

Dead 
loads 
(DL) 

Live loads Notes 

Short-
term 
(ST) 

Long-
term 
(LT) 

Specific loads 

Ex-
trem
e 

snow 

Ex-
trem
e 

wind 

Ex-
treme 
Temp. 

Vor-
tex 

Seis-
mics 
SMDE 

Air-
blast 

Main 1 
+ 

1 LT - - - - - - - Notes 
1,3 

2 + - 1 ST - - - - - -  

3 
+ 

0.95 (  

LT) 
0.9 ( ∑ 

LT) 
- - - - - -  

Sp
ec
ifi
c 

Seismics 

1 

0,9 DL 

0.8 ∑ 

LT (ex-
cept 
snow) 

0.5 
(snow+cns

tr) 

- - - - - -  

Extreme 
Snow 

1 
+ 

0.95 (  

tech) 
- - - - - - -  

2 

+ 

- 0.8 ∑ 

ST (ex-
cept 
snow) 

- - - - - - Note 1 

3 

+ 

0.95 (  

tech) 
0.8 ∑ 

LT (ex-
cept 
snow) 

- - - - - -  

Extreme 
Temp 

1 
+ 

0.95 (  

LT) 
- - - - - - -  

2 
+ 

 0.8 ∑ 

ST 
- - - - - -  

3 
+ 

0.95 (  

LT) 
0.8 ∑ 

ST 
- - - - - -  

Extreme 
Wind 

1 
+ 

0.95 (  

LT) 
 - - - - - - Note 1 

2 

+ 

- 0.8 ∑ 

ST (ex-
cept 
snow) 

- - - - - -  

3 
+ 

0.95 (  

LT) 
0.8 ∑ 

ST (ex-
cept 

- - - - - -  
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snow) 

Vortex 

1 0,9 DL - - - - - - - -  

2 
0,9 DL 

0.95 (  

LT) 
- - - - - - - 

3 

0,9 DL 

- 0.8 ∑ 

ST (ex-
cept 
wind) 

- - - - - - 

Airblast 

1 
+ 

0.95 (  

LT) 
- - - - - - - Note 1 

2 
+ 

- 0.8 ∑ 

ST  
- - - - - -  

3 
+ 

0.95 (  

LT) 
0.8 ∑ 

ST  
- - - - - -  

 
Notes: 

1. Snow load has a K=0,3 coefficient (for long-term loads) or K=1.0 (for short-term loads). 

 2. When assessing specific seismic compo loads, snow load values are assumed as per 
СНиП 2.01.07-85. 

 3. When assessing crane load as a short-time live load, crane load shall be assessed with a 
0,5 coefficient as per СНиП 2.01.07-85, Section 7и. For the purposes of CSNFSF design 
all physically-possible and least-favorable crane positions shall be considered. 
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6. SAFETY PRACTICES 
Information provided in this Section 6 of the analytical summary is detailed in CSNFSF 

IFS documentation [18,19]. 

6.1. Nuclear safety 
6.1.1. Main nuclear safety criteria for  CSNFSF systems is not to exceed Keff neutron 

multiplication factor of КEF = 0,95 under normal operation conditions or design-based accident. 
КEF  values must not exceed the indicated value even in case of solid flooding of the storage area 
or in case water elevation / distribution or density levels reach the thresholds that trigger maxi-
mum КEF values [29]. 

According to the requirements [29], Кеф design and operating values assessment is to be 
conducted under the following conservative assumptions:  

• For nuclear fuels with different degrees of enrichment, nuclear fuel with maximum enrich-
ment degree shall be taken into account;  

• NFA absorber elements, as well as absorber elements in the storage constructions shall be 
neglected if they are not fixed or in case their efficiency  decreases as a result of baseline 
event;  

• SNF shall be considered fresh fuel if its КEF value decreases with nuclear fuel burn-up, ex-
cept for cases, when fuel burn-up fraction is used as a nuclear safety factor and is monitored 
via special monitoring equipment. 

6.1.2. In accordance with the regulatory requirements, CSNFSF  nuclear safety shall be 
ensured via the following factors:  

• Limiting of SFA placement increments within MPC;  
• Limiting the weight of fissive nuclear materials in each separate MPC; 
• Use of heterogeneous neutron poison by placing and affixing Metamic ceramet material 

within MPC; 
• Technological processes limitations;  
• Technological parametric control of the SNF storage and management systems complex. 

Besides, IFS does not consider fuel element jacket as an engineering barrier regardless of 
its state. This approach ensures safe and secure SNF storage even in case SFA jackets were dam-
aged prior to their placement in storage, or in case fuel element jackets become damaged within 
their respective storage periods. 

6.1.3. Suggested primary nuclear safety technological features for SNF management 
comprise: 

• On-site MPC loading at NPP unit; 
• MPC Transportation from NPP over to CSNFSF; 
• Operations and procedures conducted at reception facility at CSNFSF; 
• On-site transportation within CSNFSF; 
• SNF Storage within storage area. 

6.1.4. The following technical features ensure nuclear safety at the stage of MPC load-
ing at NPP unit: 

• MPC engineering features, incl. two hermetically sealed barriers (sealed MPC casing and 
fuel jacket), cellular structure and the use of Metamic heterogeneous neutron poison; 

• MPC drainage and inert gas filling (helium); 
• MPC sealing tightness and welding quality check; 
• Use of special tubes for damaged fuel elements storage.   
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6.1.5. Suggested primary nuclear safety technical features at the stage of SNF transpor-
tation from NPP to CSNFSF (except technical features for MPC), include: 

• Low HI-STAR shipping cask elevation due to horizontal transportation and the use of spe-
cial rail car [platform]; 

• Use of special damping shock absorbers to protect shipping cask in case of emergency 
[wreckage]; 

• Ensuring proper levels of SNF heat dissipation into MPC that is being transported inside HI-
STAR shipping cask. 

6.1.6. Technical features that are related to ensuring nuclear safety during operations 
and procedures performed at CSNFSF  reception facility, are directed at  decreasing the proba-
bility of mechanical damage to MPC and excluding the probability of water access to SFAs in 
case of loss of sealing of MPC. Those features include: 

• Class I Safety design and construction of reception facility; 
• Use of equipment with seismic design and increased reliability features; 
• MPC handling is only possible within reloading box; 
• No water inlets within transportation-and-utility line corridor and reception box thereby ex-

cluding water access to reloading box; 
• Remote supervision over all technological operating procedures; 
• Neutron emission control within transportation-and-utility line corridor. 

6.1.7. The following nuclear safety features are suggested by IFS for the stage of on-site 
transportation at  CSNFSF: 

• Limited per-run nuclear material transportation capacity (transporter is to carry only one HI-
STORM shipping cask with MPC per run); 

• No water is used by transporter design or on its routes; 
• Low container elevation levels during transportation (elevations below 28cm) due to special 

transporter design features (HI-STORM storage container is designed to survive 28cm fall 
with no damage to the container or its contents); 

• Minimal possible length of transportation routes for  HI-STORM-loaded transporter runs be-
tween reception facility and container storage area; no transit interference with other  trans-
ported freight at CSNFSF; 

• Transporter speed limited by design (transporter operates at low speeds). 

6.1.8. Nuclear-safety-related technical features during SNF storage at container storage 
area are aimed at: 

• Ensuring MPC protection against external environmental impact; 
• Ensuring MPC protection against external technogenic impact, including sabotage [subver-

sion]; 
• Ensuring neutron interaction isolation between MPCs; 
•  ensuring sufficient heat dissipation from MPC. 

The following technical measures are foreseen by IFS to achieve safety levels described 
above: 

• use of HI-STORM protective container for MPC storage. HI-STORM is designed to handle 
extreme impact, incl. airplane crash; 

• When stored at container storage area, HI-STORM storage containers are separated by dis-
tance, sufficient to exclude mutual neutron interaction between two neighboring MPCs; 

• Rainwater system is designed for collection and drainage of maximum daily rainfall 
amounts for the CSNFSF location, in order to avoid storage area flooding; 

• Static uninterruptible temperature control at HI-STORM intake and output vent ducts, show-
ing MPC and SFA heat dissipation status; 
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• CSNFSF construction location has low groundwater elevation altitude and groundwater 
fluctuation, that excludes site flooding and/or water access to MPC via HI-STORM vent 
ducts; 

• CSNFSF construction location is situated far from water reservoirs and rivers, that excludes 
site flooding and/or water access to MPC via HI-STORM vent ducts; 

• Securing container storage area as a critical area within CSNFSF security perimeter; access 
to critical for staff without additional clearance is forbidden; 

• Scheduled container area inspection by CSNFSF staff in order to avoid potential vent ducts 
choking and ensure their timely cleaning; 

• Use of non-combustible construction materials for container storage area to exclude fire 
probability. 

6.1.9. IFS supplied information on Keff neutron multiplication factor preliminary esti-
mates, performed by «Holtec International» when drafting technical bidding offer for CSNFSF 
construction. According to estimated results, HI-STORM storage containers are suitable for stor-
age of WWER-440  and WWER-1000 fuel elements. 

 Detailed Keff estimates for normal operation conditions and design accident events shall 
be supplied at the general design stage of Safety Analysis Report (hereinafter – SAR). 
  

6.2. Radiation safety 
6.2.1. Ensuring radiation safety at all stages of CSNFSF lifecycle is achieved by imple-

menting general principles, stipulated in [11]:  
• Justification principle: any decision that alters the radiation exposure situation should do 

more good than harm. This means, that by introducing a new radiation source, by reducing 
existing exposure, or by reducing the risk of potential exposure, one should achieve suffi-
cient individual or societal benefit to offset the detriment it causes; 

• Dose limits application principle: the total dose to any individual from regulated sources in 
planned exposure situations [other than medical exposure] should not exceed the appropriate 
limits [recommended by ICRP]; 

• Protection optimization principle: the likelihood of incurring exposures, the number of peo-
ple exposed, and the magnitude of their individual doses should all be kept as low as reason-
ably achievable, taking into account economic and societal factors. 

6.2.2. The implementation of the above principles is achieved by selecting optimal 
technical solutions and conducting a certain complex of radiation protection efforts, including 
organizational, radiation-hygienic and technical efforts. A general structure of such complex of 
efforts in presented in Figure 6.1 below. 

Radiation protection efforts shall be planned, performed and controlled in accordance 
with documentation that shall be developed for each particular stage of CSNFSF lifecycle (con-
struction, commissioning, operation and decommissioning). 
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Fig.6.1. Radiation Prevention Measures: Structural Organigram. 
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6.2.3. A short-term increase in volumetric concentration of radionuclides at the ground 
level at “SDF” construction site might occur under normal sitework conditions at CSNFSF con-
struction stage. Such increase might be caused by dust elevation during groundworks and will 
inflict additional surface contamination of the adjacent area and radiation exposure of the con-
struction workers. Most critical in this respect is service railway construction that will interfere 
with “western” trace of radioactive fallout that was caused by the 1986 Chornobyl Accident. 

IFS assessed, that maximum ground level air activity during such groundworks shall con-
stitute on the average: 
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• for 137Cs - 4,7 Bq/cu.m; 
• for 90Sr - 0,9 Bq/cu.m; 
• for alpha-emitting transuranic elements (hereinafter – TUE) - 0,05 Bq/cu.m. 

A conservative assessment performed by IFS for maximum total individual effective dose 
for construction workers under normal sitework conditions equals to 3,34 mSv (including 2,20 
and 1,14 mSv from internal and external radiation exposure respectively), which does not exceed 
permissible exposure levels for class A workers [11]. 

Emergency situations analysis, performed by IFS for CSNFSF construction stage  at 
“SDF” site has resulted in following conclusions. All internal baseline events during construc-
tion stage, caused by ‘falling load’ events or by equipment malfunctions shall not cause any ex-
posure of construction workers. The only critical external baseline even that may cause notable 
radiation for workers is a hypothetical forest fire, happening at the pre-development stage (be-
fore deforestation is complete. A conservative assessment performed by IFS for maximum total 
individual effective dose for construction workers (at 4km distance, which corresponds to maxi-
mum ground level concentration) shall equal to 0,1 – 0,7 mSv depending on weather conditions, 
which does not exceed permissible levels for Class A workers [11]. 

“SDF” site is located with Exclusion Zone territory, which is subject to ground-level con-
tamination reference levels set by ГН 6.6.1.076-01 [30]. Since radioactive contamination levels 
of adjacent territories is equivalent to those at construction site, no significant additional contam-
ination of adjacent territories due to radioactive dust fall shall occur. 

6.2.4. According to the solutions considered by IFS, technical foundation of radiation 
safety control system at the stage of CSNFSF operation is comprised of five subsystems: 

• Process radiation monitoring subsystem; 
• Dosimetric monitoring subsystem; 
• Individual dosimetric control subsystem; 
• Environmental radiation monitoring subsystem; 
• Radioactive contamination non-proliferation monitoring subsystem. 

Radiation monitoring by those subsystems shall be technically performed via the follow-
ing measures: 

• Continuous remote monitoring; 
• Fixed local instrumentation monitoring; 
• Mobile [hand-portable] instrumentation monitoring; 
• Lab sampling and analysis monitoring. 

Radiation situation in the area and inside CSNFSF buildings and structures during 
CSNFSF operation is defined by a number of factors, influenced both by CSNFSF operating 
technology and by factors not related to its operation. Major non-related factor for “SDF” area is 
the ground contamination caused by the 1986 Chornobyl Accident. Background radiation level 
during CSNFSF operation shall depend on the efficacy of decontamination measures performed 
at the stage of construction (ground stripping excavation). Its contribution to aggregate radiation 
exposure dose upon completion of decontamination measures is assessed to be lesser than cur-
rently.   

Factors that impact radiation situation in the area and inside CSNFSF buildings and struc-
tures and are determined by CSNFSF operating technology include impact from the following 
ionizing radiation sources: 

• HI-STAR shipping casks with MPC; 
• MPCs with SFAs, placed inside HI-STAR shipping casks; 
• MPCs with SFAs, placed inside HI-STORM storage containers; 
• MPC with SFAs, placed inside HI-TRAC transfer cask; 
• Exhaust ventilation equipment and filters; 
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• LRW containers; 
• Radiation-contaminated equipment and facility surfaces; 
• Radiation-contaminated  personal protective equipment (PPE) that are located  in the per-

sonal access hatch; 
• Additional radiation-contaminated PPEs. 

According to the assessments conducted by IFS, the following technological operations 
are considered to be most critical in terms of radiation exposure dosage under CSNFSF’s normal 
operation conditions: 

• On-site MPC loading at the NPP unit – MPC sealing, welding and leakage check (individual 
exposure dose per 1 MPC – 200 mRem, up to 20 MPCs annually); 

• MPC reloading at CSNFSF reception facility – reception of HI-STAR shipping cask (indi-
vidual exposure dose per 1 MPC – 20 mRem, up to 20 MPCs annually); 

• SNF storage in CSNFSF container storage area – temperature monitoring equipment inspec-
tion (individual exposure dose per 1 MPC – 5,4 mRem/year  at container storage area design 
storage capacity of 458 MPCs stored inside HI-STORM storage containers). 

In order to ensure that 20 mSv/year exposure limits, set by [11] for Class A personnel, 
shall not be exceeded, IFS suggests that above-mentioned most critical technological operations 
at the stages of NPP-based MPC loading and MPC reloading at CSNFSF reception facility shall 
be performed by 2 and 4 individuals respectively.  

As per IFS assessment, exposure dose rate (EDR) directly in the storage area shall 
amount to 30-60 mR/year. Maximum possible individual effective dose and its dependency from 
actual distance to CSNFSF storage area (at maximum design storage capacity) is provided at Fig. 
6.2 below. The analysis has shown, that under normal operation conditions of CSNFSF, technol-
ogy solutions, suggested by IFS, shall guarantee that radiation exposure dosage values shall be 
kept at a reasonably achievable low levels throughout the whole long-term SNF storage duration. 
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Fig.6.2. Maximum possible individual effective dose and its dependency from actual distance to 
CSNFSF storage area. [X-axis: Distance, meters; Y-axis: Dosage, mSv/year] 
 

A list of accident initiators, considered by IFS for «Holtec International» complies with 
the requirements of ПНАЭГ-14-029-91 [29] and НП 306.2.105-2004 [36]. Completeness sub-
stantiation for the list of accident initiators shall be conducted at the general design stage of 
SAR. 
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A brief analysis of CSNFSF accident events is based on  «Holtec International» data, ob-
tained during HI-STORM licensing procedure in the U.S. The following accident initiation 
events were considered by the IFS for the purposes of CSNFSF operation: 

• Abnormal operation conditions’ initiators: 
- Weather anomalies (abnormally high air temperature); 
- Partial clogging of MPC fuel element jacket vents; 
- Partial clogging of HI-STORM storage containers’ vent ducts; 
- HI-STORM / HI-STAR MPC handling irregularities (drop accident); 
- Irregularities during reloading MPC from HI-TRAC  transfer cask to HI-STAR shipping 

cask (seizure accident); 
• Design-basis-accident initiators: 

- earthquake; 
- vortex; 
- lightning strike; 
- severe winds, windstorms; 
- flooding during high-water discharge (river floods, seasonal floods); 
- severe snowstorm; 
- heavy rainfall; 
- Random genesis ground shears (landslides, ground devolutions); 

Bank caving, slope wash, riverbed erosion; 
- Sinkhole collapse or surface subsidence, incl. those caused by groundwater caving; 
- Explosion, fire outside of site area; 
- Terroristic act and theft of nuclear material; 
- Fire inside CSNFSF; 
- Explosion outside CSNFSF; 
- Blackout; 
- Abnormal pressure increase inside MPC; 
- Radioactive material leakage [from MPC external surface into the environment]; 

• Beyond-Design-Basis-Accident (BDBA) Initiators: 
- hypothetical criticality accident (during on-site MPC loading at NPP); 
- obstructions [debris]; 
- full clogging of HI-STORM vent ducts; 
- airplane crash (onto HI-STAR casks or HI-STORM containers with MPCs); 
- SFA cladding damage with MPC leakage; 
- HI-TRAC MPC drop event (38m fall) inside NPP reactor room. 

IFS treats MPC radioactive contamination with 60Со with activity levels of 2,67⋅109 Bq 
as a result of contact with SFP water, as an MDBA with highest assessable radiological conse-
quences, as well as: 

• Short-term contamination discharge from reception facility during MPC reloading proce-
dure, or 

• Extended duration contamination discharge from HI-STORM storage containers during 
MPC storage.  

The results of effective exposure dose assessment from all impact sources, caused by HI-
STORM radiation discharge event over 1-year period are provided in Figure 6.3 below. 

The assessment of most severe BDBA event by IFS was performed based on «Holtec In-
ternational» data on PWR nuclear power reactors  spent nuclear fuel (USA). According to the 
considered BDBA event scenario, SFA cladding leakage inside a long-term stored HI-STORM 
storage container occurs, followed by internal pressure increase up to 1,4MPa inside MPC, 
which causes a radiation discharge into the environment with the speed of 3,3х10-4 ncm3/second. 
A cumulative 30-day effective exposure dose assessment results are provided in Figure 6.4 be-
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low. 
According to the results obtained by IFS, MDBA-caused radiation impact from CSNFSF 

at “SDF” construction site on social environment is considered negligible, whereas BDBA-
caused radiation impact  is considered acceptable. 

Detailed radiation burden estimates for normal operation conditions, DBA event and 
BDBA event shall be conducted at the general design stage of SAR. 

6.2.5. Qualitative analysis conducted within IFS for CSNFSF decommissioning stage 
(hereinafter – WFS (withdrawal from service) indicates, that exposure doses for the personnel 
are assessed at the levels significantly lower than those during operation stage. This conclusion 
is based on the fact, that major personnel radiation exposure is caused by external gamma-rays, 
whereas SFAs, as its primary source shall no longer exist at CSNFSF at the decommissioning 
stage. Major exposure doses shall be determined by decontamination of non-occupied spaces in 
the controlled area and the equipment thereof.  Upon completion of decontamination works of 
the equipment and the non-occupied space personnel radiation exposure levels shall decrease 
significantly. A more detailed study of radiation safety matters at the decommissioning state 
shall be provided in the CSNFSF decommissioning framework document that shall be developed 
at the general design stage. 

   
Fig.6.3. Dependency of 60Со effective radiation exposure levels from all impact sources and dis-

tance from CSNFSF in case of MDBA event. [X-axis: meters, Y-axis: mSv] 
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Fig.6.4. Cumulative 30-day effective exposure dose assessment results and its dependency from 

distance to CSNFSF in case of BDBA event. [X-axis: meters, Y-axis: mSv] 

6.3. Fire safety 
6.3.1. In accordance with the requirements of ДСТ 12.1.004-91 [31], IFS foresees en-

suring CSNFSF fire safety through:  
• fire prevention system;  
• fire protection system;  
• accident-preventive measures implementation. 

6.3.2. CSNFSF fire prevention system suggested by IFS is based on certain measures 
aimed at: 

• Prevention of combustive media emergence; 
• Prevention of ignition sources, their introduction or contact with combustible media. 

6.3.3. General fire protection solutions, studied by IFS, include: 
• General architectural and building solutions, including:  

- General master layout solutions; 
- General space planning and construction decisions for CSNFSF buildings and structures; 

• General electrical engineering solutions, including: 
- Electrical installation fire safety; 
- Fire protection systems electric power; 
- Escape lighting; 
- Lightning-discharge protection systems for buildings and structures; 
- Protective grounding systems for equipment and structures; 

• General ventilation systems solutions; 
• General firefighting water supply solutions, including: 

- External firefighting water lines; 
- Internal firefighting water lines; 

• General automatic firefighting equipment solutions, including: 
- Automated fire alarm installations; 
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- Automated fire extinguisher installations; 
- Smoke protection systems; 
- Automated fire alarm system; 

• General accident-preventive measures. 

6.3.4. CSNFSF is expected to be equipped by high-pressure firefighting water line, that 
shall ensure external and internal fire extinguishing for buildings and structures, as well as auto-
mated water-based fire suppression installations. Autonomous water-based fire suppression sys-
tem includes: 

- Emergency water reservoirs; 
- Fire-fighting pumping station; 
- On-site firefighting water mains equipped with fire hydrants; 
- Internal firefighting water line. 

 Two reinforced concrete water storage tanks (200 cu.m. each) shall serve as 
emergency water reservoirs. External and internal fire extinguishing system for buildings and 
structures foresees water mains to be attached to: 

• Maintenance building with MPC storehouse; 
• Maintenance & Storage Garage for conveyor transporter; 
• Garage for 4 vehicles; 
• Reception facility cable chutes 

6.3.5. “SDF” site and CSNFSF are located in a way, that the maximum distance be-
tween the furthest located CSNFSF building or structure and the nearest firehouse, located at 
Vector Facility is  less than 1km. Therefore, no separate firehouse (fire station) shall be required.  

6.3.6. A more detailed study of fire safety matters shall be developed at the general de-
sign stage. 
 

6.4. Occupational safety 
The following occupational hazards present potential danger at all stages of  CSNFSF  

life cycle: 
• Electric shock; 
• Drop of freight or goods, that are being transported by lifting facilities; 
• Injuries caused by contact with rotating equipment parts, operating lifting equipment or 

transportation vehicles; 
• Fire inflicted hazards; 
• Elevated radiation background; 
• Radioactive contamination of equipment surfaces. 

6.4.1. A complex of organizational and technical measures, aimed at accident preven-
tion and consequence mitigation in case of an accident is foreseen by IFS. These measures en-
compass: 

• Industrial safety; 
• Occupational hygiene. 

6.4.2. In accordance with industrial safety requirements, IFS has foreseen the following 
measures, aimed at personnel protection from occupational hazards mentioned above: 

• Personnel training; 
• Accident-preventive measures aimed at personnel protection from electric shock or lightning 

stroke;  
• Protective fencing for rotating equipment parts; 
• Certain staircase elevation angle; 
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• Protective fencing for openings and construction lots; 
• Color Coding of Pipelines; 
• Personnel Escape Routes planning and construction; 
• Pipeline Flange Connectors for Maintenance Duct Caps; 
• Use of test equipment to conduct periodic static and dynamic load tests for lifting equip-

ment; 
• Periodic inspection and testing of personal protective equipment, tools, instrumentation, etc. 

6.4.3. Occupational hygiene measures, suggested in IFS, include: 
• Medical monitoring and first aid support; 
• Catering provisioning; 
• Welfare facilities, including certain facilities in the reception facility: 

- Sanitary inspection room; 
- Airlock area for personnel, working in transportation-and-utility line corridor; 

• Personnel sanitary and hygiene facilities  provisioning. 
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7. RADIOACTIVE WASTE MANAGEMENT 
Information provided in this Section 7 of the analytical summary is detailed in CSNFSF 

IFS documentation [18]. 

7.1. LRW Management 
7.1.1. LRW Management at CSNFSF includes radioactive waste collection, administra-

tion, accumulation and shipment for further reprocessing to ChNPP or other facility within EZ 
that has LRW reprocessing capabilities (applies to “SDF” site). 

7.1.2. As per IFS, under normal operation conditions CSNFSF is supposed to generate 
low-level LRW only. Under normal operation conditions, during CSNFSF active operation 
stage, LRW is generated from the following sources: 

• Waste water from decontamination of spaces in the secured access area (SAA); 
• Waste water from SAA wash-sinks and  safety showers, if water contamination levels ex-

ceed ДКБ TLV for potable water; 
• Radiochemical laboratory waste; 
• Waste water from equipment decontamination. 

7.1.3. LRW management system includes the following elements (subsystems): 
• Active drain system, that includes: 

- Gulleys; 
- Window wells; 
- Window wells drainage pumps; 
- pipelines; 

• LRW level monitoring tank.  
Active drain system is designed to accept 530m3 of low-level liquid radioactive waste per 

year. LRW level monitoring tanks are designed for daily intake volume of 5,4 m3 of waste water 
from SAA wash-sinks and safety showers (it is expected that in most cases waste waters shall 
not exceed TLV for normal sanitary sewerage). 

It is further expected, that during CSNFSF passive operation stage a daily total of 2,46m3 
of waste water, resulting from sanitary-hygienic needs of the personnel, shall be generated. 

It is suggested by the IFS, that LRW from “SDF” site shall be shipped to “Vector” Facili-
ty for further reprocessing by tank truck, that shall be rented from “Vector” Facility”. 

 

7.2. SRW Management 
7.2.1. SRW Management at CSNFSF includes radioactive waste collection, administra-

tion, accumulation, containerization, temporary storage and shipment to ChNPP or storage and 
disposal facility for further reprocessing. (suggested for “SDF” site only). 

7.2.2. As per IFS, the following SRW shall be managed during CSNFSF active opera-
tion stage: 

• Used material; 
• Used equipment (equipment out of order) beyond repair; 
• Used personal protection equipment units (hereinafter – PPE); 
• Cotton waste, cleaning material, tampons; 
• Construction waste. 

7.2.3. Estimated SRW volume under CSNFSF normal operation conditions during ac-
tive operation period shall not exceed 65 m3 of low-level solid radioactive waste per year.  

Passive operation period shall generate personnel sanitary-hygienic SRW only (PPEs). 
Expected SRW volume shall not exceed 7,2m3/year. 
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7.2.4. Low-level and intermediate-level SRW management shall be performed via the 
following technological procedures: 

• collection at initial locations, radiation monitoring and primary packaging; 
• delivery of primary-packaged SRW  to SRW shipping container location, container loading; 
• radiation monitoring of the container outer surfaces; 
• outer services decontamination (protective coating application) where necessary; 
• SRW containers’ temporary storage in the designated segment of the transportation-and-

utility line corridor of the reception facility; 
• Installing containers onto transportation vehicle and transportation to the further handling 

location. 

7.2.5. КТЗ-3,0-type reinforced concrete container and a КТ-0,2-type 200-liter container 
cask shall be used for transportation purposes. 

7.2.6. It is suggested by the IFS, that SRW from “SDF” site shall be shipped for further 
reprocessing by transport belonging to ChNPP or SDF. 
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8. CONSTRUCTION MANAGEMENT 
Information provided in this Section 8 of the analytical summary is detailed in CSNFSF 

IFS documentation [18,23]. 

8.1. CSNFSF Construction Phases  
8.1.1. IFS stipulates that CSNFSF construction shall be completed in the following or-

der: 
• Start-up facilities construction phase (all CSNFSF buildings and structures plus 3 base slabs 

and on-site access roads  at the container storage area (each base slab stores 32 HI-STORM 
storage containers). This construction phase includes: 

- Pre-development stage; 
- Primary construction stage; 

• First construction phase (4 base slabs, 32 containers per slab); 
• Second construction phase (4 base slabs, 32 containers per slab) 
• Third construction phase (4 base slabs, 32 containers per slab).  

Initial construction period (Start-up facilities phase) - 3 years. 
Construction period for each subsequent construction phase -  1 year. Potential commis-

sioning into service shall occur at 5-year intervals. 

8.1.2. CSNFSF  start-up facilities construction at its pre-development stage is expected 
to be performed in two simultaneous spreads: 

• 1st spread: 
- Access-road construction works with bottom pitching; 
- Deforestation and stubbing works; 
- Unsuitable soils replacement; 
- Work-site protective fencing; 
- Emergency water reservoirs construction; 
- Interim interpad roads construction; 
- Construction yard set-up; 
- Laying interim intrasite water / sewage / power supply mains; 
- Grid connection works (connection of intrasite communications to off-site grids); 

• 2nd spread: 
- Laying permanent off-site water / sewage / power supply utility mains; 
- Permanent on-site utility mains connection to existing off-site grids. 

8.1.3. CSNFSF start-up facilities construction at its primary stage, that begins upon 
completion of pre-development works, is expected  to be performed in 6 simultaneous spreads:  

• 1st spread provides for subsequent construction of: 
- reception facility; 
- Maintenance facility with MPC storehouse; 
- Entry Checkpoint-1 facility; 

• 2nd spread provides for subsequent construction of: 
- administrative building with Centralized Security Console ; 
- Electrical supplies building;  

• 3rd spread provides for cast reinforced concrete slabs and road slabs construction for on-site 
conveyor transporter; 

• 4th spread provides for: 
- Fencing construction and physical protection system installation; 
- Railcar maintenance facility construction; 
- Entry Checkpoint-2 facility construction; 

• 5th spread provides for construction of CSNFSF miscellaneous buildings and structures: 
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- Sewage pumping station; 
- Conveyor transporter garage; 
- Garage for 4 vehicles; 
- Guardhouse; 
- Rainwater reservoir tanks; 
- 2 fuel reservoirs (5 cu.m. capacity); 
- Fuel column for vehicles; 
- Intrasite fencing with  physical protection system installation; 
- Construction of intrasite grids, interpad road network and access road network (with bi-

tuminous concrete pavement); 
• 6th spread provides for construction of a 6,7km-long railroad stub track between Shepelychi 

station and  CSNFSF and a 300m-long side track at Shepelychi Station. 

8.1.4. Subsequent CSNFSF  construction phases include: 
• Laying interim utility mains with grid connection to existing start-up facility grid; 
• Construction of Interim roads and designated lay-down areas with bottom pitching; 
• Construction of 4 special base slabs with service roads for conveyor transporter operation; 
• Relocation of storage area protective fencing; 
• Laying stationary utility mains and their connection to the grid. 

8.1.5. The order of construction suggested by IFS may be changed at the construction 
planning stage that is expected to be performed at general design stage. 

8.2. Physical Volumes of Construction and Assembly Works 
8.2.1. General construction and assembly works and their respective volumes are pro-

vided in Table 8.1 below. 

8.2.2. Soils subject to excavation stripping at the pre-development and site clearance 
stage (approx.  91,000m3), and deforestation timber (approx. 45,500 tree trunks) may be attribut-
ed to radioactive waste. Certain radioactive waste production may occur during construction of a 
railway stub track that crosses “western” trace of radioactive fallout caused by the 1986 Chorno-
byl Accident. (50,0000 m3).  

Land allocation may be required for the purposes of RW stocking. Allocation estimates 
shall be determined at the general design stage. 

Table 8.1. General construction and assembly works and their respective volumes 

 
 Type of general construction and assembly works Volume, 

total 

Incl. start-
up facility 

phase 
1 Unsuitable soils stripping excavation,                        ,000 cu.m. 91,0 91,0 
2 General excavation,           ,000 cu.m. 159,1 125,7 
3 Land-filling and back-filling,                                     ,000 cu.m. 112,4 111,8 
4 Cast-in-situ concrete and reinforced concrete structures,         

        cu.m. 18 217,0 10 297,0 

5 Prefabricated concrete and reinforced concrete structures,                                                  
        cu.m. 4 526,0 4 526,0 

6 Construction steelwork,                                               tons 176,7 176,7 
7 Railroad tracks laying,                                       km 8,6 8,6 
8 Road and platform construction,                             ,000 sq.m. 64,0 41,3 
 

8.3. Construction staffing requirements  
8.3.1. IFS estimates CSNFSF start-up facility construction labor costs at 234,907 man-
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days.  
Average annual demand for construction workers for a 3-year construction phase consti-

tutes 218 workers. Peak demand for construction workers is expected during Q3 of the 2nd year 
of construction and is estimated at 246 workers. 

8.3.2. Subsequent CSNFSF construction phases and their respective labor costs are es-
timated at: 

• For Phase I and Phase II construction – 43 200 man-days; 
• For Phase III construction – 38 218 man-days. 

Annual demand for construction workers for subsequent phases with expected construc-
tion period of 1 year per phase is estimated at: 

• For Phase I and Phase II construction - 119 workers; 
• For Phase III construction - 106 workers. 

8.3.3. Rotational work system at “SDF” construction site provides for 15-day rotation 
cycles for construction workers in Chornobyl. Daily shuttle bus service between Chornobyl and  
CSNFSF construction site for construction workers shall be provided. 
 

8.4. Construction Material Needs 
8.4.1. Construction material needs (material, prefabricated structures, products)  and 

their respective estimates (see Table 8.2 below) are determined by IFS based on the estimated 
volumes for general construction and assembly (see Table 8.1 above). 

8.4.2. IFS stipulates that construction material and prefabricated structures shall be de-
livered from manufacturing facilities and enterprises in Korosten’, Chornobyl, Kyiv and Ka-
myanets’-Podils’ky. A temporary ready-mixed concrete plant shall operate on-site to provide 
necessary quality of concrete mix and its respective quantity of 30 cu.m./hour. 

Table 8.2. Construction material needs (materials, structures, products). 
№ 
п/п Material or structure name Volume, 

total 
Incl. start-up 
facility phase 

1 Prefabricated concrete and reinforced concrete structures,                                                  
        cu.m. 4 526,0 4 526,0 

2 Custom concrete,                                                       ,000 cu.m. 31,1 17,7 
3 Construction steelwork,                                                       tons 186,7 186,7 
4 Cements,                                                                       ,000 tons 10,9 6,3 
5 Gravel,                                                                          ,000 tons 50,9 30,7 
6 Sand,                                                                             ,000 tons 23,5 14,6 
7 Fittings,                                                                        ,000 tons 2,3 1,3 

 
 

8.5. Energy and water resources requirements  
8.5.1. Expected energy load for the CSNFSF start-up facility construction phase is esti-

mated at 1034 kW; energy load at subsequent construction phases is estimated at 130 kW. 
One of six designed CSNFSF power supply lines shall be used to satisfy power supply 

needs during construction. A unit transformer substation shall be installed on-site with the elec-
trical load characteristics of 10/0,4-0,23 kW supplied by one transformer unit  with 1600 kW*А 
capacity.  

8.5.2. Expected water load for production and hygienic purposes at the stage of start-up 
facility production is estimated at 3,74 liters per second; at subsequent construction phases -  1,0 
liters per second. 
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9.  CSNFSF OPERATION 
Information provided in this Section 9 of the analytical summary is detailed in CSNFSF 

IFS documentation [18,23]. 

9.1. Operational Stages 
9.1.1. IFS stipulates CSNFSF operation life-cycle shall have two stages, that differ from 

one another by the specificity of technological procedures performed: 
• Stage I – active use period, when CSNFSF is expected to be loaded with SNF produced by 

Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP, as well as to store previously 
loaded SNF (duration of active use period is 45-50 years; final duration shall be determined 
by the amounts and intensity of loading SNF for storage at its storage area);  

• Stage II – passive use period, when previously loaded SNF is being stored at CSNFSF (the 
duration of passive use period is estimated at 50-55 years and shall be finally determined by 
the decision-making process on further SNF Management Scenario in Ukraine and subse-
quent deployment thereof). 

9.1.2. Active use period comprises the following technical procedures: 
• On-site SFA loading into MPC in the NPP reactor room; 
• Transportation of MPC from NPP to  CSNFSF location; 
• Reloading of MPC with SFAs (SNF) into HI-STORM storage containers; 
• Installing HI-STORM containers for storage; 
• Monitoring, inspection and maintenance of CSNFSF systems, structures and equipment. 

9.1.3. Passive use period comprises monitoring, inspection and maintenance of CSNFSF  
systems, structures and storage facility [area] equipment. 
 

9.2. Staffing Requirements 
9.2.1. CSNFSF operation is expected to be staffed via a newly-created autonomous sub-

division of SE NNEGC “Energoatom”. 

9.2.2. IFS preliminary draft of the autonomous subdivision staffing plan includes: 
• CSNFSF Management and Administration Unit; 
• Technological procedures support unit; 
• CSNFSF  buildings and structures support and maintenance unit; 
• CSNFSF Radioactive material and radioactive waste physical protection unit ; 
• CSNFSF  equipment and systems’ minor repairs and maintenance unit. 

9.2.3. CSNFSF perimeter security, general equipment repairs, day-to-day capital con-
struction, on-site construction and structural inspection,  firefighting and fire prevention shall be 
performed by hired specialized third-party contractor companies. 

9.2.4. The number of full-time staffing positions assessed by IFS (including shift-work 
schedules – up to 3 shifts per day) is: 

• For active use period - 310 (incl. operating personnel – 147); 
• For passive use period - 234 (incl. operating personnel – 90). 

 

9.3. Estimated Energy & Water Requirements 
9.3.1. IFS estimates annual CSNFSF power supply requirements as follows: 

• During active use period – 1 162 900 kWh /year; 
• During passive use period – 822 400 kWh/year. 
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9.3.2. Expected water demand for production and hygienic purposes during CSNFSF 
operation is estimated at: 

• Active use demand – 4 732 cu.m. / year; 
• Passive use demand – 2 465 cu.m. / year. 
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10.  CSNFSF WITHDRAWAL FROM SERVICE / DECOMMISSIONING 
Information provided in this Section 10 of the analytical summary is detailed in CSNFSF 

IFS documentation [18]. 

10.1. General principles  
10.1.1. General decommissioning requirements for nuclear facilities are stipulated by 

current legislation [1-10,32,36,37].   

10.1.2. Based on provisions of НП 306.2.02./1.004-98 [32], IFS has defined the follow-
ing CSNFSF basic decommissioning principles: 

• Ensuring low risk levels for personnel and environment; 
• Minimizing radioactive waste production during decommissioning; 
• Reducing economic costs. 

The above-mentioned  principles shall be taken into account at the next general design 
stage:  

• During selection of materials (in order to facilitate decontamination); 
• During definition of space arrangement plans (in order to facilitate access to the equipment 

and removal of radioactive material); 
• During selection of construction solutions (in order to facilitate disassembly procedures and 

demolition); 
• During selection of SNF storage solutions (in order to facilitate removal of SNF from 

CSNFSF storage area). 
 

10.2. CSNFSF Decommissioning Strategy 
10.2.1. CSNFSF Decommissioning stage shall begin upon adopting resolution on com-

plete SNF removal from CSNFSF facility (approximately in 100 years). CSNFSF Decommis-
sioning Strategy shall be determined by the resolution on the final goal of withdrawal from ser-
vice. The following final goal options are considered by IFS in addition to the option of facility 
life extension: 

• Construction of SNF storage facility with a different storage solution instead of CSNFSF; 
• Declaring CSNFSF territory open for unrestricted free access [upon demolition --?]. 

10.2.2. Regardless of the option chosen,  CSNFSF decommissioning shall have the fol-
lowing stages: 

• Operational closure; 
• Final site closure; 
• Dismantling. 

10.2.3. Operational closure stage and its procedures shall be identical for all identified 
options. The following procedures shall be completed within this stage: 

• CSNFSF  structures and elements engineering and radiation survey; 
• Evacuation of existing SFA-filled storage containers for further disposal and/or repro-

cessing; 
• Management of produced RW; 
• Development of project documentation that shall allow to move to the next decommission-

ing stage. 
The duration of operational closure shall be determined by the procedure of SNF evacua-

tion, which depends on the timeline of its acceptance for disposal or further reprocessing. 

10.2.4. Final site closure stage for the identified options shall be identical in its pur-
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pose, but may differ in terms of duration, as the amount of procedures that shall be completed 
shall vary. The following general procedures shall be performed at this stage: 

• Existing structures and elements potential reusability survey for the new facility; 
• Determining measures and options for potential upgrade and/or replacement of certain ele-

ments; 
• Development of project documentation that shall allow to move to the next decommission-

ing stage. 
No final site closure stage shall be available for Option 4. 

10.2.5. Dismantling stage for the identified options shall also be identical in its purpose, 
but may differ in terms of duration, as the amount of dismantling works that would have to be 
completed shall vary. In general, dismantling works for CSNFSF structures and elements, as 
well as handling produced RW shall be performed at this stage. 
 

10.3. RW Management during decommissioning 
10.3.1. RW management for RW produced during decommissioning intends for maxi-

mal use of designed  RW management configuration: 
• LRW upon sufficient accumulation shall be transported for further reprocessing to Chorno-

byl NPP or other facilities within EZ that possess reprocessing capabilities; 
• Low-level SRW shall be accumulated in containers and further transported for reprocessing 

to Chornobyl NPP or Storage and Disposal Facility (SDF); 
• It is suggested that containers and specialized transportation vehicles shall be rented from 

Chornobyl NPP or SDF for the purposes of transportation and reprocessing and/or disposal 
of intermediate-level SRW (in case intermediate-level SRW shall be produced). 

10.3.2. High-level RW production at CSNFSF decommissioning stage is not expected. 
 
 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

 

              State scientific-engineering center                         National Nuclear Energy  
              for control systems and emergency response                          Generating Company «ENERGOATOM»                    

58 

11. ENVIRONMENTAL IMPACT ASSESSMENT 
Information provided in this Section 11 of the analytical summary is detailed in CSNFSF 

IFS documentation [23,25-27]. 
CSNFSF environmental impact assessment (EIA) has been performed by IFS for the 

most suitable construction site only (“SDF” Site) (see Section 4.7 of this analytical summary). 
 

11.1. Environmental Components and Impact Types analyzed by EIA 
11.1.1. An EIA of normal CSNFSF operation conditions and potential emergency situa-

tions, that may occur during CSNFSF construction and operation has been performed by IFS. 
EIA assesses impact on the following environmental components: 

• Natural environment; 
• Social environment; 
• Technogenic Environment. 

The following natural environment components were analyzed: 
• Geological environment; 
• Aerial environment; 
• soils; 
• ground waters; 
• surface waters; 
• Plant kingdom (flora); 
• Animal kingdom (fauna). 

Whereas CSNFSF construction and operation does not have any impact over the intensity 
of incident solar radiation, temperature, wind speed, humidity, atmospheric inversions, fog inten-
sity or other climatic characteristics, CSNFSF design climatic impact was not assessed by IFS. 

Whereas there are no natural reserve areas within Exclusion Zone, CSNFSF impact on 
such objects was not assessed. 

11.1.2. The following direct environmental impact types were studied by IFS during 
EIA of  CSNFSF construction and operation: 

• Radiation impact, related with normal CSNFSF construction and operation conditions and 
potential emergency situations; 

• Non-radiation impact: 
- Chemical impact (caused by chemical elements and substances existing in certain waste 

types (fumes, discharges, dumping or waste); 
- Physical impact (ultrasound, vibration, EMR, noise from operating equipment, vehicles, 

etc.); 

11.1.3. The use of hazardous chemical technologies at CSNFSF is not expected. Ultra-
sound, vibration, EMR or noise sources, should they exist, are expected to comply with existing 
limits and regulations on limiting their impact on the environment; this compliance, however, 
must be substantiated at the general design stage. As a result of qualitative assessment, no de-
tailed quantitative assessments for direct non-radiation impacts were performed by IFS. 

11.1.4. Main environmental impact is expected from radioactive waste discharge under 
normal operation conditions and potential accidents (emergency situations) during CSNFSF con-
struction or operation. Impact sources and their respective discharge amounts for impact sources 
that were assessed by IFS are summarized in Table 11.1.   
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Table 11.1. Main sources of radiation environmental impact. 
Impact sources Unit of 

measure-
ment 

Radionuclide Discharge 
activity 

Construction under normal operation conditions 
Pre-development stage, site clearance, railroad stub track 
construction, access road construction (including deforesta-
tion and ground planning)  

Bq 137Cs 
90Sr 
α-active TUE 

1,4∙106 
6,5∙105 
3∙104 

Construction Accident 
Forest fire (brush fire) Bq 137Cs 

90Sr 
α-active TUE 

5,4∙1010 

2,9∙1010 
5,8∙108 

Normal operation 
CSNFSF Normal operation Bq/year 60Cо 

137Cs 
1,6∙107 
1,9∙102 

Maximum design-based accident 
Reception of MPC-31 fuel can with excessive surface con-
tamination 

Bq 60Со 
 

2,7∙109 
 

Beyond-design-basis accident 
MPC-31 leakage with disruption of all fuel elements from 
unspecified cause) 

Bq 137Cs 
90Sr 
α-active TUE 

1,9∙108 

1,2∙108 
5,1∙105 

 
 

11.2. Site environmental description 
11.2.1. As per IFS conclusions, most suitable CSNFSF construction site (“SDF” site) is 

located within Exclusion Zone (EZ). The site is situated between uninhabited villages of Burya-
kivka, Chystohalivka and Stechanka, bordering on the west with RW Storage and Disposal Fa-
cility (“SDF”, “Vector” Facility. Site location base map is shown in Figure 4.3 above.  

11.2.2. Brief surface pattern and geological conditions description for “SDF” site are 
outlined in Section 4.5 of this Document. 

11.2.3. Hydrological conditions of the territories adjacent to CSNFSF construction site 
are described as follows. The site is located at considerable distance [away] from surface waters, 
on a watershed plateau between the right bank of Pripyat River and the valleys of its tributaries – 
Uzh River and Sakhan River. The closest distance to Pripyat River water line is 12km, or 11km 
and 9km to the water lines of Uzh River and Sakhan River respectively. Site area has no peren-
nial rivers, intermittent watercourses, ponds or marshlands. 

Annual moisture balance of the area is positive (+80mm.). Due to high soil permeability 
and low surface pattern roughness, excessive moisture infiltrates to ground waters, with no evi-
dent surface run-off [discharge]. However, localized inclusions of aquiclude may cause marsh 
formation. CSNFSF site surface pattern has an easy eastern grade (towards Pripyat River valley. 

Pripyat River, right tributary of the Dnipro River is the main water artery in the area. Pri-
pyat River is a lowland river with dominant meltwater nourishment, pronounced spring tide and 
occasional winter and rain runoff discharge floods. Riverbed width within EZ amounts to 160-
200 meters, with an average depth of 2,5-4 meters and peak depths of 6-8 meters. Floodplain is 
ambilateral (except for certain segment near Chornobyl, with an average with of 4-5km, peak 
floodplain width of up to 7-8 km is observed in the Pripyat City – Krasne segment, as well as in 
Pliutovische – Ladyzhychi segment. Construction of Chornobyl NPP and its water-blocking in-
frastructure (erected upon 1986 Chornobyl Accident) has led to the fact that  Pripyat riverbed 
deformation is currently artificial limited. Kiev Reservoir backwater area impact has caused 
midstream deceleration in the near-mouth segment  of Pripyat River with significant sedimental 
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accumulations. Hydrological characteristics of Pripyat River are listed below: 
• Long-term average annual discharge at Chornobyl NPP site - 420 cu.m. per second. 
• Maximum annual discharge: 

- with 0,01% exceedance probability – 13000 cubic meters per second; 
- with 0,1% exceedance probability - cubic meters per second; 
- with 1% exceedance probability - 6000 cubic meters per second. 

• Minimal average monthly discharge  with 97% exceedance probability: 
- Open water period - 61,1 cubic meters per second; 
- Ice cover period - 55,9 cubic meters per second. 

• Maximal level at Chornobyl NPP water intake site: 
- with 0,1% exceedance probability - 111,3 m BES; 
- with 1% exceedance probability - 109,9 m BES. 

• Minimal daily discharge with 99% exceedance probability: 
- Open water period - 102,20 m BES; 
- Ice cover period - 102,32 m BES. 

Floodplain flooding elevation in the segment 5km up/down from Yaniv Rail bridge is above 
106,5-106,7 m BES. 
 Pripyat River Basin includes all other water courses (except Braginka River that flows 
through Dnipro-Pripyat Interfluve into Kiev Reservoir. 

Second most notable (by area) water artery is Uzh River, right tributary of Pripyat River. 
20% of its watershed is located within EZ, namely its lower left-bank segment between Polis’ke 
village and the river mouth. Most notable left-bank tributaries of Uzh River are Hrezlya River 
and Illya River; right-bank tributaries – Bober River and Veresnya River. 

Sakhan River watershed is situated entirely within EZ on the right bank of Pripyat River. 
Its inflow into Pripyat River is situated near Novoshepelychi village, as well as inflow of Hlyny-
tsa River (river mouth is located near Leliv village). Overall length of Sakhan River perennial 
streams within EZ amounts to 157km with its watershed area of 113 sq.km. 

Chornobyl NPP EZ hydrographic network also includes closed water bodies and low-
flow streams. 

An artificial cooling pond  with the area of 22 sq.km is located in the immediate vicinity 
of Chornobyl NPP, alongside the right bank of Pripyat River. Artificial water elevation support 
at 6-7 meters above river water elevation preconditions constant water filtration through reser-
voir floor and dam with its subsequent flow into Pripyat River as surface discharge via filtration 
streams and southern drainage channel, as well as via underground flow. 

Upon the end of direct radioactive fallout deposition onto water objects in spring and 
summer of 1986, surface water discharge from the contaminated flood plain area, as well as from 
contaminated watersheds, currently remains the most significant source of surface water radioac-
tive contamination. Water infiltration from contaminated Chornobyl NPP cooling pond acts as 
an additional source of contamination for Pripyat River. Major contribution into radioactive con-
tamination is formed by 90Sr  and 137Cs. Their respective contaminant concentrations in the sur-
face water bodies is summarized in Table 11.2 below. 

11.2.4. Hydrogeological conditions in the CSNFSF construction area  are characterized 
by the following factors. EZ Territory is situated in the selvage part of the north-western slope of 
Dnipro-Donetsk Artesian Aquifer Basin. Based on aquifer recharge and drainage conditions, 
washability ratio of the aqueous deposits  and chemical composition, ground waters of the sur-
veyed territory belongs to the free water exchange zone. 

 
 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

 

              State scientific-engineering center                         National Nuclear Energy  
              for control systems and emergency response                          Generating Company «ENERGOATOM»                    

61 

Table 11.2. 90Sr  and 137Cs concentration in the surface waters in the SDF site location area 
(based on 2001 data).  

Monitoring Location 137Cs, kBq/m3 90Sr, kBq/m3 
 Min Max Avg Min Max avg 

Pripyat River (Dovlyady village) 0,04 0,20 0,10 0,02 0,27 0,09 
Pripyat River (Chornobyl) 0,03 0,38 0,12 0,10 0,53 0,23 
Uzh River (Cherevach village) 0,03 0,22 0,09 0,06 0,53 0,18 
Braginka River (Dam №39) 0,21 2,90 1,30 0,73 3,10 1,7 
Sakhan River (Novoshepelychi) 0,11 0,65 0,22 0,45 7,40 1,50 
Cooling pond (ChNPP) 0,23 7,6 2,10 0,28 3,50 1,50 
Hlynytsa River 0,15 0,57 0,31 1,60 7,70 4,60 
Semykhody Creek 0,50 1,80 1,30 10 23 16 
Pripyat Creek 1050 4,00 2,70 17 37 26 
Azbuchyn Lake 6,10 12 9,90 100 120 110 
ChNPP Stage 3 Drainage Channel 150 240 190 12 48 38 
Polder near Zymovysche village 1,40 7,20 3,90 1,50 43 16 
Hlyboke village 2,40 11 7,10 59 96 79 

 

Hydrogeological conditions in the CSNFSF construction area are predefined by the char-
acteristics of aquifer systems and regionally developed  aquitards that have the following strati-
graphic sequence: 

• Quaternary deposits aquifer system; 
• Kiev Marl Eocene aquitard deposits (siltstone-marl bed); 
• Eocene deposits aquifer system; 
• Marl-cretaceous aquitard deposits (Upper Cretaceous Period); 
• Cenomanian-Lower Cretaceous aquifer system. 

Subsurface waters of the quaternary deposits aquifer system are universally spread. This 
aquifer system, as a rule, is a free (water-table) aquifer. Aquifer depth may vary between 0,0 me-
ters (in certain subsurface/surface water closure points)  and 19-21 meters. Depending on litho-
logical and granulometrical composition of aquiferous stratums, filtration ratio may way widely 
– between 0,2 and 20-30 meters/day, aquifer transmissivity varies in the range of 100-400 
sq.m./day within riverbeds and 40-100 sq.m./day at watershed  divides. Aquifer waters are pre-
dominantly of calcium-bicarbonate salt composition, rarely of calcium/magnesium bicarbonate 
type, with water mineralization levels of 0,1-0,8 g TDS per cubic decimeter. Subsurface aquifer 
water accumulation occurs primarily via precipitation infiltration. First upper subsoil quaternary 
aquifer system is practically unprotected from radioactive contamination permeation.  

Kiev Marl Eocene aquitard deposits have localized spreading. They are comprised pri-
marily from quaternary deposits aquifer systems and mixed (confined/free) aquifer systems in  
Buchak-Kaniv Eocene deposits. Aquitard waters occur at the depths of 20-30 meters (for riv-
erbed terraces) and up to 90 meters (for river-shed divides). Their stratum depth varies in a wide 
range from several meters down to 30 meters. Marl depositions are occasionally underwashed, 
that resulted in formation of sand-loam inclusions. Marl clays filtration ratio varies in the range 
of  2,5·10-4  to 1,8·10-2  meters per day.  

Eocene deposits aquifer systems have universal spreading  and are represented by Buchak 
and Kaniv aquifers with next to no competent aquitard layers, whereas these aquifers are consid-
ered to have merged into a single hydraulic system and are treated as a single aquifer system. 
Aquifer depth varies from 20 meters in the western part of EZ down to 90 meters in north-
eastern direction and under morainic ridges. Aquifer waters are bounded, with 30 to 60 meters 
waterhead. Water deposition depth ranges from 0,5 meters down to 17 meters. Eocene aquifer 
waters have calcium-carbohydrate salt composition with water mineralization of up to 0,3 g TDS 
per cubic decimeter. This aquifer system is the primary source for technical and potable water 
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supply of State Specialized Facility “Chornobyl NPP”. 
Marl-cretaceous aquitard deposits (Upper Cretaceous Period) are universally spread. 

These are represented by a layer of white limestone chalk and chalky marl rocks with the layer 
thickness of 56-85 meters, gradually increasing from the West to the East, in the general direc-
tion of Dnipro-Donets Elevation central graben. Deposition depth ranges between 85 and 145 
meters. Filtration ratio is approx. 10-6 meters per day. 

Cenomanian-Lower Cretaceous aquifer system is universally spread. From lithological 
perspective, aqueous rock thickness is not seasoned, represented by consertal sands with seldom 
marl and sandstone inclusions. Thickness of aqueous rock varies from 2 to 40 meters, with a 25-
30 meters’ average. Aquifer depth levels vary between 150 and 217 meters with gradual increase 
in eastern direction. The aquifer is bounded. Salt composition primarily of calcium-
hydrocarbonate type, rarely of magnesium-carbohydrate type, with general mineralization of 0,5-
1,0 g TDS per cubic decimeter. General hardness – 1,9 – 5,6 mgE per cubic decimeter. For-
mation of aquifer subsurface water deposits occurs outside of surveyed area, water “age” is esti-
mated at 30-70 years. Water discharge occurs primarily due to water intake by water intake facil-
ities. Cenomanian-Lower Cretaceous aquifer system is the major source for centralized potable 
water supply system of Chornobyl. 

Directly at the CSNFSF construction site, at the explored depth of 80-90 meters, there are 
thick formations of quaternary and Eocene deposits that include quaternary and Buchak-Kaniv 
aquifers, as well as Upper Cretaceous deposits (lower confining formation of Buchak-Kaniv lay-
er). According to hydrogeological observations data for Buryakivka RWSD, which is located at 
a 1,1km distance from “SDF”  site, annual ground water elevation levels fluctuation amounted to 
0,02-0,14 meters. Certain vadose water (perched water) formation is possible in the vadose 
(aeration) zones in the areas with existing moraine supez soils or fluvioglacial clay soils, signifi-
cant in their thickness or bed extension. At the time of exploration survey, vadose water was ob-
served in several areas at the depths ranging from 1,4 to 6,8 meters. Moraine or fluvioglacial 
clay soils layer acts as a confining formation. Filtration ratios for various water-bearing strata 
may exhibit wide ranges between 0,1 meters per day (clay loam soils) and 20 meters per day 
(consertial sands). Based on their degree of protection from radioactive and chemical contamina-
tion, quaternary aquifer is considered to be unprotected, whereas Buchak-Kaniv aquifer is pro-
tected. 

Eocene aquifer waters are primarily of calcium-hydrocarbonate, sodium-hydrocarbonate, 
calcium-sodium, or sodium types, rarely of chloride-calcium-hydrocarbonate type.  Water min-
eralization does not exceed 0,8 g TDS per liter. Aquifer is bounded, piezometric level is typically 
established at the level, similar to the groundwater levels, occasionally 1 or 2 meters lower. For-
mation thickness is approx. 35 meters. Filtration ratio for the sands varies in the range of 2 to 20 
meters per day (avg. ratio – 3 to 6 meters per day). Aquifer formation bed (aquiclude) comprises 
of marl-limestone thickness of the Turonian / Santonian age with filtration ratio of 10-2 - 10-3 me-
ters per day.  

Nearby-located potable groundwater intakes, their productivity and distance from 
CSNFSF construction side are outlined below: 

• “Vector” Facility Water Intake   – 0,5 km;  150 cu.m. per day; 
• Yaniv Water Intake                     – 10,5 km; 3500 cu.m. per day; 
• Novoshepelychi Water Intake     – 8 km;    2400 cu.m. per day; 
• Shepelychi Water Intake             – 7 km;     1500 cu.m. per day. 

Subsurface water contamination of Eocene and Cenomanian-Lower Cretaceous aquifers 
with radionuclides released during Chornobyl Accident can not be reliably verified. 1993 / 2001 
data on 90Sr  and 137Cs concentration levels in ground waters near CSNFSF construction site 
(Buryakivka RW SDF monitoring drillholes) are provide in Table 11.3 below.   
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Table 11.3. 90Sr  and 137Cs concentration in ground waters of quaternary aquifer. 
Drillhole 137Cs, kBq/m3 90Sr, kBq/m3 
Number Min Max Avg Min Max avg 

“Buryakivka” RW SDF 
5 0,04 0,06 0,05 0,18 0,72 0,43 

14 0,03 0,07 0,05 0,16 0,31 0,24 
22 0,04 0,18 0,08 0,17 0,32 0,24 
35 0,02 0,08 0,04 0,09 0,44 0,24 
53 0,02 0,06 0,04 0,08 0,33 0,18 

Average values 
(for all drill-
holes) 0,03 0,09 0,05 0,14 0,42 0,27 
1993 Sampling 
Average values 
(for all drill-
holes) 

- - 0,18 - - 0,33 

 
 

11.2.5. Climatic conditions for “SDF” site area are as follows: moderate continental 
climate with positive moisture balance. Winters are soft, summers are hot and humid. Most of 
precipitation (70%) occurs during frost-free season. Mid-season (spring and autumn) is protract-
ed.  

Average annual temperature equals 6,7 0С,  record high temperature (July) - 39,00С, rec-
ord low temperature (January) – -35,0 0С; average monthly low temperature (January) – -6,7 0С, 
average monthly high temperature (July) - 19,1 0С. 

Average annual wind speed is 4,2 m/s, highest wind speed observed in winter and spring, 
lowest – in summer. Average annual lull frequency - 7 %. Average annual number of days with 
strong winds (15 m/s and higher) - 13, maximal number of gusty days - 38. 

Average annual relative humidity is 77 %, partial water vapor pressure – 8,6 hPa. Aver-
age annual number of humid days (relative humidity of 80% and higher) – 122; dry days (rela-
tive humidity 30% and less) – 19.  

Average annual surface evaporation is 524 mm. 
Average annual fog duration is over 291 hours. Fog duration during cold season varies 

from 30 to 69 hours, during warm season - from 2 to 5 hours. 
The area belongs to ‘rainfall area’ type (areas with sufficient moistening). All times of 

precipitation can be observed. Average annual precipitation amount exceeds annual evaporation. 
Average annual precipitation amount in long-term observation period is 604 mm, with its high in 
July (76 mm) and its low in March (37 mm). Annual amount of precipitation in high-water years 
may go as high as 762 mm, during dry years – may drop down to 301 mm.  Absolute daily rec-
ord – 81 mm of precipitation was observed in May 1983. Daily precipitation high may exceed 
100 mm with the probability of once every 100 years. 

Average annual number of  thunderstorm days - 29, with its record high of up to 45 days. 
Hail showers occur twice a year (on the average). In 20% of annual statistical data hail 

showers were not observed.  
Snow cover depth during cold season varies. Average snow cover depth in December is 

10 cm (can potentially reach 20 cm), in January - 15 cm,  in February – 20 cm. and above. Rec-
ord high snow depth is 75 cm (occurrence probability of once every 100 years. In 7 % of winters 
steady snow cover was not observed. 

Average number of snowstorms: 11 (average) to 32 (record high); average annual snow-
storm duration – 64 hours, average daily snowstorm duration - 5,8 hours. 

The area belongs to the territory with moderate icing. Ice thickness (with occurrence 
probability of once every 5 years) at 10 meters above ground level equals 5 mm, at 200 meters - 
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35 mm, at 400 meters - 60 mm. 
Annual surface inversion frequency for darkness hours is 47, for daytime hours - 3. Aver-

age annual night-time inversion layer height is 380 m, daytime inversion layer height – 650 m. 
Average annual surface inversion intensity (temperature gap) at night is 2,4о, at daytime - 3,6о. 

Wind gusts occur during warm season, during the period of high temperature contrasts 
and heavy air convection. Wind gusts frequency is five times in 10-year period. Wind gusts typi-
cally cover small area (local gusts) and last 10 to 60 minutes. Wind gusts speed ranges from 20 
to 40 m/s.  

Construction area is tornado-safe. Tornados occur approx. 20 times in 100 years. Most of 
the observed tornados were Class 1 tornados. However, Class 2 and 3 tornados may also occur. 

The analysis of long-term ground-layer radiation monitoring shows that EZ exhibits no-
table aerial aerosol migrations, caused by significant gradients of territorial radioactive contami-
nation, that appeared as a result of 1986 Chornobyl Accident. Ground-level contamination char-
acteristics in the area of CSNFSF construction site are shown in Table 11.4 below. 
 
Table 11.4. Ground level radioactive characteristics in the area of CSNFSF construction site. 

Indicator Units of 
measurement 

Value 

137Cs Massic Aerial Activity (MAA): 
- average Bq/cu.m. 7,4·10-5 
- high Bq/cu.m. 5,6·10-4 
-  137Cs  Massic Aerial Activity Reference level (RL): Bq/cu.m. 2,1·10-4 
- 137Cs Seasonal Ratio (summer/winter) units 5,6 
MAA (radionuclide (RN) -based)  Bq/cu.m. 8,5·10-4 
Aerial Activity RL (RN-based) Bq/cu.m. 3,7·10-4 
137Cs atmospheric fallout intensity: 
- average Bq/(sq.m.*day) 0,51 
- high Bq/(sq.m *day) 3,0 
- Seasonal Ratio (summer/winter) units 1,6 

 

11.2.6. Most commonly observed soil types in the construction site area are linked to 
joint pine-forest sandy river terraces, that create flat-smooth interfluves that extend themselves 
for dozens of kilometers. Primary genetic soil type in the area is sod-podzolic soil. It includes 
concealed podzol, northern semipodzol and mesopodzol sandy and sandy-clay gleyed and non-
gleyed soils, that together with meadow (sod) sandy and sandy-clay soils create soil deposits 
(occupying 54,4% of the territory). Second most commonly observed genetic soil type is sod soil 
(18,4%).  Mud soils together with peat-bog soils and black bog soils occupy 9,6% of the territo-
ry.  

Sod-concealed podzol, and northern semipodzol sandy and sandy-clay gleysolic and non-
gleyed soils were created on sandy ancient alluvial non-carbonated deposits, that predetermines 
soil impoverishment via finely-divided particles. 

Solid body of sandy and sandy-clay soils basically has monomineral composition (95%), 
which is predominantly represented by chemically inert quartz (SiО2). These specificities deter-
mine their ecologically negative feature – high soil permeability with  low sorption capacity 
(3,4-3,8 mEq per 100g), as well as low fertility values due to low humus and plant nutrients re-
serves,  low moisture capacity and high soil acidity. (рНKCL - 4,6-4,9). 

As a result of 1986 Chornobyl Accident, surface soil layer was significantly contaminat-
ed, even at significant distances from ChNPP. Technogenic radioactive contamination of soils in 
EZ is represented by a whole set of radionuclides: 90Sr, 137Cs, 154Eu, 238-241Pu and 241Am, that ex-
ist in various physicochemical states and proportions. Major active components are however 
137Cs and 90Sr.  
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Spatial distribution of surface contamination within ChNPP EZ and adjacent territories 
by 137Cs и 239-240Pu  radionuclides is shown in Figures 11.1 – 11.3. Typical distribution feature is 
high radionuclide concentration within the nearest 5-km range and pronounced long-span radio-
active fallout traces in Western, South-Western and Northern directions. 

Vertical radionuclide migration in soil layers occurs via diffusion processes, convective 
transfer, lessivage and biogenic migration. Currently, 90-95% of gross radioactive activity (geo-
metric cumulative center) are concentrated 5-10 cm. down from the ground surface (including 
forest leaf litter), where as 85-97 % of TUE deposits are located in the uppermost 0-5cm layer.  

11.2.7. “SDF” site and its location is characterized by a set of ecotopes, typical for 
Ukrainian Polissya (forests, meadows, swamps) and their respective phytocenoses. 

EZ land structure is shown in Table 11.5 below.  Dominant forestation types are new pine 
woods (22%) and subors (30%). Relatively fertile sudubrava types occupy 21%, and fertile oak 
forests occupy just 0,1% of the forestation area. Seizure of melioration system use upon 1986 
Chornobyl accident led to gradual soil overmoistening. The size of the area under unseasoned 
greenwoods and “wet” forest sites is over 11% of the territory, while mesohylile sites occupy 
nearly 28% of the territory. 

Typological features of the territory have predetermined pinewood domination in the 
general forestation structure (approx. 50% of forest lands, 74% of aggregate forest yield). Second 
important wood species in forest pathology is birch tree (23%  and 12% respectively). Oak for-
ests (4% and 5% respectively) are represented primarily  by homogenous stand dating back to 
1950es-1960es and natural sprout forest stands with estimated age of 70 to 100 years. Sedge 
trees are negligible. 
 

Table 11.5. Chornobyl NPP EZ Land Structure (as of 1997). 
Land schedule Area 

hectares % 
Forests (incl. protective stand), including  

- Conifer woods (softwoods)   
- deciduous forests (greenwoods) 

Misc. forestation (seed plots, forest roads, section lines)  
Total under forests 
Unforested lands, incl.  

- burnt timber (standing snags)  
- cleared lands upon deforestation   
- Resting lands (after agricultural exploitation)  

Swamps   
Sands   
Water   
Cities, town, villages, roads and specially designated lands 

98870 
78700 
20170 

2170 
101040 
68050 

7185 
700 

60170 
4930 
380 

17360 
12280 

48,5 
38,6 

9,9 
1,1 

49,6 
33,3 

3,5 
0,3 

29,5 
2,4 
0,2 
8,5 
6,0 

TOTAL 204040 100 
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Fig.11.1. Chornobyl NPP EZ – Surface contamination with 90Sr. 

 
Fig.11.2. Chornobyl NPP EZ – Surface contamination with 137Cs. 

 
Fig.11.3. Chornobyl NPP EZ – Surface contamination with 239+240Pu. 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

 

              State scientific-engineering center                         National Nuclear Energy  
              for control systems and emergency response                          Generating Company «ENERGOATOM»                    

67 

11.2.8. Animal kingdom in the area of “SDF” site is represented by faunal associations, 
typical for wooded areas of the Northern part of Kyiv Polissya physiographical zone. Typical 
faunal associations were formed during late-glacial period, that have undergone major changes 
ever since. The newest stage in the development of natural associations in the region was caused 
by total evacuation of the population and drastic reduction in anthropogenic activities after 1986 
Chornobyl Accident. Due to ongoing natural process, faunal structure of the area has begun 
changing, slowly reverting to its original unrestrained natural state, common to this physiograph-
ical zone.  

Diversity and tessellation of plant coens, that have been recently established, as well as 
absence of chemical treatment of plow lands,  have primarily enriched and stabilized entomolog-
ical associations, an increase in rare and pollinating insects is observed. Synanthropic species 
population (spadgers [Passer domesticus], common swallow [Hirundo rustica], pigeons [Co-
lumba Livia],  rooks [Corvus frugilegus], jackdaws [Corvus monedula], white storks [Ciconia 
ciconia], rats, house mice [mus musculus], stray cats and dogs) has decreased, while population 
of woods, shrubs and forests has increased. An increase in population of commercial species 
(hazel grouse [Tetrastes bonasia], black grouse [Lyrurus tetrix L.], beaver [castor fiber L.], musk 
beaver [Ondatra zibethica], fawn [Capreolus capreolus], wild boar [Sus scrofa], moose deer 
[Alces alces], red deer [Cervus elaphus], wolf [canis lupus L.], common red fox [Vulpes vulpes], 
raccoon dog [Nyctereutes procyonoides]) has been noted. Certain nearly extinct or rarely ob-
served vulnerable species were occasionally observed (crane [Grus cinerea], black stork [Cico-
nia nigra], white-tailed eagle [Haliaeetus albicilla], short-toed snake eagle [Circaetus gallicus]; 
lynx [Lynx lynx], common otter [Lutra lutra], badger [Meles meles]). Near-reservation condi-
tions of the EZ area, as well as landscape diversity facilitates preservation of migrating bird spe-
cies and bats. 

A 2002 estimate implied that EZ territory is populated with 399 vertebrate species (prov-
en population of 290 species), which is practically the highest possible number for this physio-
graphical zone. Taxonomic diversity of vertebrates within EZ is shown in Table 11.6 below. 

An association of protected species, potentially resident in EZ area, consists of 50 species 
(proven population for 15 species has been established as of 2002:  black stork [Ciconia nigra], 
common goldeneye [Bucephala clangula], osprey [Pandion haliaetus], red kite [Milvus milvus], 
white-tailed eagle [Haliaeetus albicilla], greater and smaller spotted eagles [Clanga clanga], 
short-toed snake eagle [Circaetus gallicus], crane [Grus cinerea], common pied oystercatcher 
[Haematopus ostralegus], common shrike [Laniidae], common otter [Lutra lutra], badger [Meles 
meles], lynx [Lynx lynx]). Przewalski's horses [Equus ferus przewalskii] were released in EZ area  
in 1998 as a special conservation effort (species listed in IUCN Red List). 

11.2.9. 11 natural reserves were created in the territory of current EZ prior to 1986 
Chornobyl Accident, as a recognition of existing plant and animal diversity and the role of the 
territory in supporting European biocoenotic, populational and trivial interconnections. Those 11 
natural reserves are listed in Table 11.7 below. 

 

Table 11.6. Taxonomic diversity of vertebrates within Chornobyl EZ 

Taxonomic unit Cyclo-
stomes 

Fish Amphibiae Reptiles Birds Mammals Total 

Orders  1 10 2 2 17 7 39 
Families  1 16 6 5 52 20 100 
Genera  1 47 6 6 141 45 247 
Species  1 65 11 7 245 70 399 
Observed species 0 48 11 6 178 47 290 
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Table 11.7. Ukrainian Natural Reserve Fund Areas within EZ. 
№ Name Distance from 

CSNFSF, km 
Area,  

hectares 
1. Illinsky National Hydrological Reserve 41 2000 
2. Centennial oaks (Botanical Reserve) 34 12 
3. Prof. Tovstolis Alder Grove (Botanical Reserve, partially destroyed) 12 4,8 
4. “Horodysche” Natural Landmark (General Reserve) 9 5 
5. Scotch pine (Pinus silvestris) Grove (Botanical Reserve) 26 5,8 
6. Oak forest (Botanical Reserve) 9 0,02 
7. Oak Grove (Botanical Reserve, partially destroyed) 26 5,8 
8. Centennial Scotch Pine (Botanical Reserve), (extinct) 34 11 
9. Centennial oaks (Botanical Reserve) 30 14,6 

10. "Zahirya" Natural Boundary (Botanical Reserve) 32 110 
11. Pripyat Black Alder Grove (Botanical Reserve) 14 14,3 
Total area under NRF within Exclusion Zone  - 2180 

 
 
 

11.3. Social Environment Description 
11.3.1. Social environment in the area of CSNFSF construction is determined by its EZ 

affiliation, where any and all habitual residence is prohibited [33]. However, due to certain social 
and economic conditions, a civilian population of 315 (as of 2003), is currently illegally resident 
in the EZ (self-settlers or “samosely”).  

Distance between “SDF” site to the nearest cities and EZ boundaries is outlined in Table 
11.8 below. 

11.3.2. Authorized personnel presence within EZ area is stipulated by the necessity of 
conducting aftermath minimization efforts, efforts, aimed at radioactive carryover prevention, 
and works related to Chornobyl NPP final decommissioning and transformation of Chornobyl 
Reactor Shelter into an eco-safe system. EZ personnel count and their personal external exposure 
monitoring results are provided in Table 11.9 below. 
 
Table 11.8. Distance between “SDF” area and the nearest cities or borders/boundaries. 

Location Geographical  
direction 

Distance from site, km 

Chornobyl City S-E 20 
Slavutych City N-E 58 
Chernihiv City N-E 90 
Ivankiv City S 43 
Kyiv City S 110 
State Border of Ukraine N-W 13 
EZ Boundaries  N 

E 
S 
W 

13 
28 
23 
39 

 
Table 11.8. EZ Personnel count and their average annual external exposure doses. 
Li
ne Facility / Enterprise Personnel  

count 
Average annual external 

exposure dose, mSv 
1.  EZ Administration 23 0,75 
2.  SE «Kompleks» 326 1,57 
3.  SE «SBK » 224 1,03 
4.  SE «UBK » 27 1,21 



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs 
 Investment Feasibility Study – Analytical Summary 

 

              State scientific-engineering center                         National Nuclear Energy  
              for control systems and emergency response                          Generating Company «ENERGOATOM»                    

69 

5.  SE «Chornobylservice» 1314 0,84 
6.  Chornobyl Water Mains 244 1,26 
7.  ДСПКЛП “Chornobyllis” / Chornobyl Forestation 

Services 
614 1,16 

8.  State Specialized Scientific-Industrial Enterprise 
“Chornobyl Radiation Ecology Center” 
(“ECOCENTER”) 

406 1,15 

9.  ДСП “РУООД” 
SE “Regional administrative and technical support 
department” 

261 1,12 

10.  ЕПК/ Energy Production (Generation?) Facility 375 1,04 
11.  СВАСО / Emergency Response & Rescue Team?  32 1,07 
12.  SE "Tekhnocentr" 172 1,04 
13.  Chornobylinterinform 24 1,04 
14.  Чернобильск. спец. РЕМ  

Electrical Networks Maintenance / Servicing Unit 
67 1,17 

15.  Chornobyl NPP Personnel 3463 3,01 
16.  Reactor Shelter Personnel 775 3,34 
17.  Chornobyl NPP Subcontractors’ Personnel 2236 1,34 
18.  Scientific-Technical Center  "Shelter" [Ukryttia]  341 2,37 
19.  Other enterprises and institutions 2164 0,68 
 

11.4. Technogenic environment description 
11.4.1. The list of enterprises currently operating in the EZ is provided in Table 11.9 

below. The location of technogenic objects in the vicinity of “SDF” site is shown in Figure 11.4 
below. 

11.4.2. The territories adjacent to “SDF” site host no active housing and communal ob-
jects, as well as no social and cultural objects, no cultural, historical or architectural state-
protected landmarks. 
 

 
Fig.11.4. location of technogenic objects in the vicinity of “SDF” site. 
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11.5. Geological environment impact assessment  
11.5.1. The following unfavorable natural and man-made exogenic processes are cur-

rently being observed in the “SDF” site area: 
•  Surface erosion (Sheet erosion and denudation); 
• atmogenic (Eolic) effects (sandblows); 
• swamp formation. 

Endogenic processes in the CSNFSF construction area have low manifestations. Modern 
tectonic movements analysis along with the structural tectonic study of the territory and structur-
al analysis of the Paleogene and quaternary deposits in the geological platform indicate that the 
site is located outside of the areas of neotectonic dislocations or fractures. 

11.5.2. The following measures shall be undertaken to prevent or limit man-made im-
pact on the geological environment during CSNFSF construction: 

• Land planning, asphalt paving and integration works shall be performed to eliminate erosion 
and Eolic processes;  

• Backfilled layers in the construction area (if discovered) shall be removed and replaced with 
well-graded compacted soils;  

• Surface drainage system shall be installed. 
Considering these efforts, the development of unfavorable natural and man-made ex-

ogenic processes in the CSNFSF construction area is not expected. 
 

11.6. Aerial Environment Impact Assessment 
11.6.1. According to the assessments made by IFS, peak aerial environment impact 

manifestation during CSNFSF construction under normal operation conditions is expected at the 
pre-development stage (land-planning and deforestation works). Maximal aerial radioactive con-
centration shall be observed in the immediate vicinity of land-planning works. Volumetric aerial 
contamination under standard meteorological conditions at the nearest EZ boundary (13km S-W) 
is assessed as follows: 

• 137Cs    -                                       ≈ 5*10-5 Bq/cu.m., 
• 90Sr      -                                       ≈1*10-5 Bq/cu.m., 
• alpha-emitting TUE    -               ≈ 6*10-7 Bq/cu.m., 

which is ten times lower, than the maximum allowable concentration (0,8, 0,2 and 4∙ 10-4 
Bq/cu.m. respectively). 

11.6.2. An accident with the highest assessed aerial radiation impact during CSNFSF 
construction is ground fire (see Table 11.1). Ground fire impact assessments, conducted by IFS, 
demonstrate, that the highest volumetric activity of 137Cs, 90Sr and alpha-emitting TUEs in the air 
shall be observed at a distance of 4-5 away from ground fire location, and will amount to approx. 
15, 8 and 2 Bq/cu.m., whereas the concentrations observed at the nearest EZ boundary (13 km S-
W) are assessed at 8, 4 and 1 Bq per cu.m. Considering the fact, that potential ground fires in the 
EZ might not be related to CSNFSF construction, whereas construction planning stipulates for 
measures to prevent timber and leaf litter cover inflammation, the potential aerial environment 
impact during CSNFSF construction is assessed by IFS as ‘acceptable’. 

11.6.3. Under CSNFSF normal operation conditions, potential radioactive impact on 
the aerial environment is possible as a result of tolerable MPC contamination with radionuclides 
present in spent fuel pools, due to violation of normal operation conditions. For the purposes of 
conservative assessment, SFP water contamination exclusively with Со60 is admissible due to the 
following events: 

• Short-term Со60 discharge from extraction pipe of the reception facility when extracting 
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MPC from HI-STAR shipping cask; 
• Extended term Со60 discharge from HI-STORM shipping casks HI-STORM in container 

storage area. 
60Со aerial volumetric activity dependency from the distance from CSNFSF to certain ob-

jects is presented in Figures 11.5, 11.6 below. According to the assessment results, peak volu-
metric concentration of 60Со in the ground layer shall be observed at a distance of several tens to 
several hundred meters from the contamination source and shall amount to 6 Bq per cu.m. (for 
short-term discharge) and 6,0*10-5 Bq per cu.m. (extended discharge). 60Со volumetric activity 
levels observed at the nearest EZ boundary (13 km S-W) are assessed at 0,02 Bq per cu.m. and 
8,0*10-9 Bq per cu.m. respectively, which is significantly less than the maximum allowable con-
centration of 1 Bq per cu.m. [11]. 

11.6.4. Highest assessed volumetric activity levels in the ground layer as a result of hy-
pothetic MDBA at CSNFSF with subsequent radioactive release is provided in Figure 11.7 be-
low. Peak volumetric concentration of 60Со in the ground layer shall be observed at a distance of 
1,1km away from the release source (16 Bq per cu.m.).  The assessed concentration observed at 
the nearest EZ boundary (13 km S-W) shall not exceed 0,5 Bq per cu.m. 

Volumetric activity assessment results for certain radionuclides in the ground layer in 
case of BDBA at CSNFSF (see Table 11.1) are show in Figures 11.8 – 11.10. Peak volumetric 
concentration  shall be observed at a distance of 100 meters away from defective HI-STORM 
storage container; overall total volumetric activity for all radionuclides shall not exceed 100 Bq 
per cu.m. value. Overall total volumetric activity levels observed at the nearest EZ boundary (13 
km S-W) are assessed at under 0,05 Bq per cu.m., whereas the volumetric activity of the most 
significant radionuclides shall not exceed allowable limits [11]. As per IFS conclusions, consid-
ering extremely low probability of BDBA occurrence, radioactive impact from an emergency 
release shall be considered ‘acceptable’. 

 
Fig.11.5. 60Со aerial volumetric activity / Distance to CSNFSF  

Dependency Diagram for normal operation conditions (short-term release from recep-
tion facility). 
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Fig.11.6. 60Со aerial volumetric activity / Distance to CSNFSF  

Dependency Diagram for normal operation conditions (extended HI-STORM release). 
 
 

 
Fig.11.7. 60Со aerial volumetric activity / Distance to CSNFSF  

Dependency Diagram for MDBA. 
▬▬  extended HI-STORM release (duration of 1 year); 
········  immediate release at reception facility (average volumetric activity for 5 hours). 
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Fig.11.8. 137Сs volumetric activity assessment in case of BDBA at CSNFSF. 
 
 

 
Fig.11.9. 90Sr volumetric activity assessment in case of BDBA at CSNFSF. 
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Fig.11.10. TUE volumetric activity assessment in case of BDBA at CSNFSF. 

 

11.7. Open / ground waters impact assessment 
11.7.1. According to IFS results, no impact on open waters is expected under CSNFSF 

normal operation conditions.  
In the hypothetical event of an emergency during construction (ground fire), highest open 

water contamination impact shall be expected from radioactive airborne participates fallout  onto 
the Pripyat River flood plain  and water table (at a distance of 12km away from fire location). 
Additional contamination from 137Cs, 90Sr and TUE, that shall be expected from radioactive air-
borne participates fallout  onto the water table and from flood plain wash-off waters, shall 
amount to 1,11*1010, 0,56*1010 and 0,11*1010 Bq respectively.  

Conservative IFS assessment of hypothetical MDBA aftermath during CSNFSF opera-
tion  indicates, that Pripyat water surface 60Со fallout in the direction of the waterline of the 
nearest water surface (at a distance of 13km) shall amount to approx. 5,6⋅106 Bq.  

Highest possible radiation impact on open waters as a result of BDBA is expected in case 
of radioactive element fallout onto the Pripyat River delta. Assessment data indicates, that ex-
pected fallout along plume centerline is estimated at 7,19 Bq/sqm (137Cs), 4,63 Bq/sqm (90Sr) 
and 0,019 Bq/sqm of alpha-emitting TUE, whereas aggregate radionuclide fallout over this area 
shall not exceed 1,1⋅106 Bq.   

Considering that aggregate annual radioactivity carryover via Pripyat River flow is esti-
mated at up to 1013 Bq annually, IFS has determined impact from all types of nuclear accidents 
on surface waters to be insignificant. 

11.7.2. Ground water contamination during CSNFSF construction and operation may 
arise exclusively from vertical migration of radionuclides that fall onto the ground surface. 
Whereas ground water levels on site vary from 18 to 21 meter below ground level, and annual 
vertical migration velocity for radionuclides in soil layers varies in the range of 0,1-1,5 cm, IFS 
has concluded that impact from additional contamination on ground waters during CSNFSF con-
struction and operation (including potential nuclear accidents listed in Table 11.1) under current 
radioactive contamination levels in the adjacent areas shall be insignificant.  
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11.8. Ground surface impact assessment 
The territories under CSNFSF construction site and its railroad stub tracks belong to the 

radioactive contamination area, where any of its impact on surface and soils shall be manifested 
as a secondary (additional) radioactive contamination, caused by airborne dust on the pre-
development stage (during land-planning works). IFS assessments and calculations indicate, that 
additional ground contamination under CSNFSF normal operation conditions shall be insignifi-
cant. Highest possible 137Cs additional contamination in the work zone shall not exceed the value 
of 7 kBq/sqm under existing level of 7500 kBq/sqm.  

11.8.1. According to the calculation results, peak additional ground contamination with 
137Cs, 90Sr and TUE in case of construction emergency (ground fire) shall be observed at a dis-
tance of approx. 4km from the fire location and shall amount  to 200, 90 and 2 Bq/sqm. Addi-
tional ground contamination at the nearest EZ boundary (13 km S-W) shall be excepted at 100, 
50 and 1 Bq/sqm, which corresponds to 0,1-0,2% from existing contamination levels. 

11.8.2. Under CSNFSF normal operation conditions, impact on ground surface shall be 
insignificant (Fig.11.11). According to IFS results, highest additional contamination from 60Cо 
during CSNFSF 50-year operation period (at a distance of 50-70 meters away from the facility) 
shall not exceed 600 Bq/sqm, whereas highest additional contamination at EZ boundary shall not 
exceed - 0,002 Bq/sqm (excluding 60Cо decay). 

11.8.3. Additional 60Cо surface contamination assessment for the territories adjacent to 
CSNFSF in case of MDBA is outlined in Fig.11.12. Highest radioactive airborne participates 
fallout  from MDBA shall be expected at a distances of up to 1km away from a defective HI-
STORM container and shall not exceed 10 kBq/sqm. 60Со surface contamination levels at the 
nearest EZ boundary (13 km S-W) shall not exceed 7 Bq/sqm. 

11.8.4. In case of BDBA, radioactive release shall consist of a gas-aerosol radionuclide 
combination with highest impact on soils produced by Cs-isotopes (134Cs and 137Cs), 90Sr and al-
pha-emitting TUEs (Fig.11.13,11.14,11.15). Highest additional surface contamination from these 
radionuclides shall be observed at a 100m distance away from defective HI-STORM storage 
container – up to 30 kBq/sqm, 15 kBq/sqm and 60 kBq/sqm respectively, whereas highest addi-
tional contamination at EZ boundary shall not exceed - 20 Bq/sqm, 8 Bq/sqm and 0,03 Bq/sqm 
for Cs, Sr and TUE respectively. 

11.8.5. Based on the assessment results, IFS concluded that additional ground surface 
contamination during CSNFSF construction and operation (for normal operation conditions and 
for MDBA) shall be insignificant, whereas in case of BDBA it shall be considered acceptable. 
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м 
Fig.11.11. 60Со surface contamination density under CSNFSF normal operation (HI-STORM-

release during 1 year). 

м 
Fig.11.12. 60Со  surface contamination density / CSNFSF distance dependency in case of 

MDBA. 
▬▬  extended HI-STORM release (during 1 year); 
········  rapid release from reception facility; 
------  highest values for all distances [away] from source of release. 
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Fig.11.13. Cs-isotopes (134Cs  / 137Cs) surface contamination density / CSNFSF distance depend-

ency in case of BDBA. 
 
 

 
Fig.11.14. 90Sr surface contamination density / CSNFSF distance dependency in case of BDBA. 
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Fig.11.15. TUE surface contamination density / CSNFSF distance dependency in case of BDBA. 
 

11.9. Flora and fauna impact assessment 
11.9.1. Radiation impact on ground layer, open water and soils are assessed as insignif-

icant. Whereas no deterioration of environmental conditions for flora and fauna is expected, IFS 
concluded that radiation impact from CSNFSF construction on flora and fauna under normal op-
eration conditions shall be insignificant. 

11.9.2. Major CSNFSF  construction impact factor is manifested by on-site deforesta-
tion at an area of 11,72 hectares, as well as deforestation during railroad stub track construction 
(at an area of 7 hectares). However, considering the high density of forestation in the adjacent 
areas and EZ favorable conditions (similar to natural reserve conditions), IFS does not anticipate 
significant impact on species diversity of flora, as well as on animal diversity. 

11.9.3. Highest additional surface contamination of soils with  60Cо shall not exceed 10 
kBq/sqm (0,3 Кі/sq.km) at a distance of 1000m away from facility. Considering the fact that 
background radiation levels of the adjacent territories from gamma-emitting radionuclides 
(equivalent to 60Cо in biological impact) are at least 93 kBq/sqm (2,5 Кі/sq.km), additional im-
pact on flora and fauna as a result of MDBA is considered by IFS to be insignificant. 

11.9.4. Most hazardous impact on flora and fauna in case of BDBA shall originate from 
137Cs and 90Sr radioactive fallout. Long-term radiation and ecology surveys and observations 
conducted in the EZ indicate, that no statistically valid change in plant and animal populations 
shall be observed as a result of expected highest additional contamination (including background 
radiation levels). On the basis thereof, IFS concluded that radiation impact from BDBA on flora 
and fauna should be considered acceptable. 
 

11.10. Social environment impact assessment 
11.10.1. Additional EZ personnel radiation exposure levels, as well  as population radia-

tion exposure levels during CSNFSF construction and operation, assessed in EIA, are  outlined 
in Table 11.10 below. 
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11.10.2. Plots curves for individual effective exposure doses in population from all 60Со 
discharge sources upon 30 years of CSNFSF normal operation are shown in Fig.11.16. 
 

Table 11.10.  Additional EZ personnel /population radiation exposure levels during 
CSNFSF construction and operation. 

 
Personnel/ 
population 

Reference 
levels, 

mSv/year 

Additional exposure load 
during construction 

Additional exposure load during 
CSNFSF operation 

 
Normal condi-
tions, mSv/year 

Accident, 
mSv 

Normal condi-
tions, mSv/year 

MDBA, 
mSv 

BDBA, 
mSv 

Chornobyl NPP facilities, 
LRW SDF,SRW MF, SNF 

Storage Facility #2 
17 3,0*10-5 0,05 1,5*10-6 3,8⋅10-5 4,0·10-4 

“Vector” Facility 
 18 0,7*10-1 0,08 6,0*10-3 1,2⋅10-3 0,2 

“Buryakivka” RW SDF  
 18 2,7*10-3 0.01 7,0*10-5 1,2⋅10-3 0,6 

Enterprises located  
in Chornobyl 

 
2,3-15 1,5*10-5 0,03 7,0*10-7 1,3⋅10-5 2,0·10-4 

Chornobyl 
Residents 

0.04* 
1** 1,5*10-5 0,03 7,0*10-7 1,3*10-5 2,0*10-4 

Population at EZ  
nearest boundary  

0,04* 
1** 4,0*10-5 0,05 1,5*10-6 3,6*10-5 4,0*10-4 

* Annual effective exposure dose limit quota for civilians  
** Annual effective exposure dose limit for civilians  
 

 

Fig.11.16. Individual effective exposure doses in population from all 60Со discharge sources  
upon 30 years of CSNFSF normal operation. 

 

11.10.3. IFS demonstrates that additional exposure loads for certain EZ facilities’ per-
sonnel during CSNFSF construction and operation (including accidents, see Table 11.1), togeth-
er with existing exposure loads, shall not exceed the reference levels set for such personnel. 
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11.10.4. IFS demonstrates that additional exposure loads for population during CSNFSF 
construction and operation (including accidents, see Table 11.1), shall not exceed the reference 
levels set  in [11]. 

11.10.5. Based on the assessment results, IFS concluded that radiation impact on social 
environment under normal operation conditions during construction and operation, as well as in 
case of MDBA at CSNFSF, could be described as insignificant, whereas impact from construc-
tion accident or CSNFSF BDBA could be considered acceptable. 
 

11.11. Technogenic environment impact assessment 
11.11.1. CSNFSF construction and operation under normal operation conditions and in 

case of nuclear accidents shall not require any changes in the operation conditions of nearby-
located enterprises (Table 11.9). The only factor that impacts technogenic environment is the use 
of existing infrastructure of “Vector” facility and Chornobyl NPP, and an insignificant increase 
of exposure loads for the respective personnel, related to CSNFSF operation (Table 11.10). 

11.11.2. The territories adjacent to “SDF” site host no active housing and communal ob-
jects, as well as no social and cultural objects, no cultural, historical or architectural state-
protected landmarks. The area of potential impact has no recreational zones or cultural land-
marks. On the basis thereof, no impact on such objects is theoretically possible. 

 

11.12. Environmental Impact Minimization Efforts  
11.12.1. IFS stipulates the following measures for the purposes of environmental com-

pliance and minimization of environmental impact from CSNFSF construction and operation: 
• Monitoring measures; 
• Protective measures; 
• Rehabilitation measures; 
• Compensatory measures; 
• Resource-saving measures. 

11.12.2. Monitoring measures stipulated by IFS include: 
• Radiation monitoring system organization; 
• Physical protection system organization; 
• Radioactive material monitoring and inventory system organization; 
• Technological process monitoring and control system organization; 

11.12.3. Protective measures stipulated by IFS include: 
• Contaminated equipment and machinery decontamination; 
• Personnel decontamination; 
• Construction site protective fencing; 
• Security perimeter setup with security checkpoints and onsite round-the-clock guards; 
• Organization of fire breaks between interim onsite buildings and structures  and sections 

thereof; 
• Laying access roads and fire access routes to all interim onsite buildings and structures; 
• Setting up isolated smoking areas; 
• Daly removal of combustible construction waste from the construction site; 
• Setting up onsite firefighting water supply system;  
• Ensuring compliance of electric power supply and lighting systems and electric equipment 

facilities with regulatory requirements for permanent installations; 
• Onsite fire point installations with basic firefighting tools; 
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• Work sites equipment with powder-type fire extinguishers; 
• Provisioning of all buildings, structures and sheds with basic firefighting tools; 
• Organization of safe storage and usage of highly-flammable lacquers and varnishes, as well 

as combustible or hazardous components thereof; 
• Ensuring that welding worksites are free from highly-flammable and combustible materials, 

explosive materials and devices; 
• Provisioning personnel with personal protective equipment, hard hats (safety hats) and 

workwear (protective clothing);  
• Occupational and electrical safety trainings and checks for personnel; 
• Occupational safety compliant lighting at workplaces;  
• Protection of welding equipment from precipitation and mechanical damage; 
• Prohibition of equipment installations and  vehicular traffic near wedges of failure and/or 

sliding triangles; 
• Installation of banister-equipped pathways for crossings over ditches and trenches; 
• Installation of banister-equipped ladders for access to construction pits or wide trenches; 
• Construction pits sloped notching (without timbering); 
• Storage of significant amounts of material or soils outside of sliding triangles; 
• Systematic inspection of  edges  and curbs; 
• Formwork safety inspection for concrete boarding prior to concrete mixture pouring; 
• Installation and use of grounded electrovibrators with vibration absorbers for concrete mix-

ture vibration; 
• Establishing guidelines for communication with crane operators; 
• Proof Load Inspection and Testing prior to operating load-handling devices; 
• Two-step load-handling and lifting with load slinging checks at low altitudes. 

Protective measures at the time of CSNFSF operation include: 
• Security Checkpoints (SC-1 and SC-2) with round-the-clock onsite guards for personnel and 

vehicular access control (SC-1) and railroad access control (SC-2), equipped by primary  an-
ti-ram barrier-equipped gates and secondary mechanical sliding gates;  

• Installation of specialized air conditioning system equipped with air purification system ca-
pable of removing airborne participates at ventilation filters for transportation-and-utility 
line corridor of the reception facility and controlled access area locations; 

• Performance of all LRW handling operations in stainless steel-plated blocks of  the con-
trolled access area; 

• Usage of HI-TRAC transfer casks for all SNF handling operations (whereas HI-TRAC de-
sign secures standardized protection from gamma and neutron emission exposure); 

• Usage of HI-STAR shipping cask for SNF transportation from NPP to CSNFSF (whereas 
HI-STAR design secures standardized protection from gamma and neutron emission expo-
sure); 

• Usage of HI-STORM reinforced concrete storage containers for long-term SNF storage 
(whereas HI-STORM design secures standardized biohazard protection); 

• Usage of specialized protected shipping container that provides standardized protection from 
gamma and neutron emission exposure  for SRW collection and transportation from 
CSNFSF to “Vector” Facility or to Chornobyl NPP; 

• Implementation of fire safety measures (fire prevention, fire protection, fire fighting); 
• Implementation of measures aimed at limiting and/or preventing noise impact from 

CSNFSF equipment (use of equipment in silent operation versions, use of sound absorbing 
panels, etc.); 

• Installation of redundant electric power supply systems for radiation monitoring, radioactive 
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material accounting and inventory, physical protection and fire alarm systems; 
• Category I nuclear and fire safety design and planning for reception facility and container 

storage area; 
• Perimeter fire-belt installation around CSNFSF site area, etc. 

11.12.4. Rehabilitation measures stipulated by IFS include: 
• Radioactive ground layer excavation stripping and subsequent dumping at RW SDF 

“Buryakivka”; 
• Land planning provides for landscape conditions improvement and reduction of exogenic 

processes in the area of CSNFSF; 
• Territory improvement and planting of shrub; 
• On-site interpad road construction and asphalt pavement to help prevent or reduce probabil-

ity of radioactive contamination of soils; 
• Installation of rainwater collection system with instrumental radioactive monitoring and 

subsequent purification; 
• Decontamination efforts for the area of 18 hectares (approximate size of construction site) 

prior or during construction. 

11.12.5. The following rules, rights and regulations are considered to have compensatory 
effect by current legislation: 

• Nuclear facility personnel (CSNFSF personnel) has the right for social and economic com-
pensation of hazardous ionizing radiation impact on its health; 

• According to legislation in place, individuals whose property or health have suffered from 
damage, caused by the negative impact of ionizing radiation in the process of nuclear energy 
use, shall have the right for full compensation of respective damages; 

• Nuclear facility personnel is subject to mandatory insurance from the risk of negative impact 
of ionizing radiation exposure at the cost of licensees. 

In addition to mandatory measures, outlined above, IFS stipulates for the implementation 
of the following additional compensatory measures: 

• 3% of the total invested costs shall be spent on construction of social infrastructure (3%); 
• additional costs shall be planned at cost estimation stage to compensate for rotational work 

schedule and harmful labor conditions in Exclusion Zone, as required by the current legisla-
tion; 

• cost planning at CSNFSF operational cost estimation stage for wage benefits, wage determi-
nation and bonuses for standard personnel payroll in accordance with the current legislation 
of Ukraine; 

• Construction of an additional artesian well and reconstruction of “Buryakivka” facility as 
the compensation for the potential impact on Vector Facility infrastructure. 

11.12.6. Resource-saving measures stipulated by IFS include: 
• Refusal to use artesian water for indoor temperature regulation in the buildings via the use 

of electric heating; 
• Refusal to use potable water for on-site irrigation and watering purposes via the use of clari-

fied rainwater; 
• Use of energy-effective equipment (cranes, ventilation systems, pumping stations that use 

less electricity under the same performance conditions; 
• Storage of maximum-allowed number of spent nuclear fuel assemblies per each MPC in or-

der to reduce energy intensity per each stored spent nuclear fuel assembly); 
• Selected CSNFSF construction site landscape pattern does not require back-filling with nat-

ural soils in order to achieve required ground water elevation levels; 
• Minimization of land works and land planning efforts by via selection of CSNFSF construc-
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tion site with optimal grade elevation (138,5m). 
 

11.13. Controlled Access Area Definition. CSNFSF’s Permissible Emission 
Threshold Definition 

11.13.1. In accordance with the requirements of Ukrainian health legislation, objects like 
CSNFSF require the establishment of controlled access area  and control area around the site. As 
per IFS assessment results, radioactive exposure loads for civilian population outside of 
CSNFSF location from radioactive release are assessed as follows: 

11.13.2. Exposure dosage limit quota set by [11] for Category В, related to  nuclear fa-
cility impact (80 µSv) is not exceeded at a distance of 0,5km away from CSNFSF. However, 
considering the location of CSNFSF in the Exclusion Zone IFS deemed it practical to match 
CSNFSF controlled access area boundaries with the boundaries of EZ, where exposure loads for 
civilian population do not exceed 0,001% of the limit stipulated by [11] (1 mSv/year). The only 
source of radioactive impact on the environmental is the ionizing radiation from HI-STORM 
storage containers stored in the CSNFSF container storage area. IFS assessment results indicate 
that individual effective exposure of 1 mSv from fully-loaded storage facility (design capacity of 
458 HI-STORM storage containers) shall not be exceed at a distance of 100 meters away from 
CSNFSF site area. Therefore, the  controlled access area radius has to be 100 meters from existing 
CSNFSF site borders.  

IFS assessed potential impact values from CSNFSF normal operation, as well from 
MDBA and BDBA. The distance at which exposure quota limits might be exceeded as a result of 
radionuclide inhalation intake in case of BDBA constitutes 600 meters away from CSNFSF stor-
age area. On the basis thereof, maximum CSNFSF radiation impact range constitutes 600 meters, 
and a control area radius of 600m around the container storage area is required.  

11.13.3. Permissible discharge values for CSNFSF assessed in IFS is based on the as-
sumption of non-exceeding the exposure quota limits from all technological release impact 
sources, as stipulated by [11] for civilian population (40 µSv/year) amounted to approx. 
4*1010 Bq. Expected discharge from CSNFSF normal operation is assessed by IFS to be by three 
orders of magnitude less  than the abovementioned permissible discharge limit.  

11.13.4. Considering the absence of organized pollutants release during CSNFSF con-
struction and operation, permissible pollutant discharge limit for CSNFSF was not assessed by 
IFS. 

11.14. Residual impacts summary. Ecological risks assessment.  
11.14.1. Residual impacts summaries for  CSNFSF normal operation conditions and in 

case of potential accidents are outlined in Tables 11.11, 11.12. 

11.14.2. According to IFS conclusions, should the regulatory values for impact types 
during CSNFSF construction and operation be met, the ecological risk thereof shall be deemed 
acceptable. 

11.14.3. Based on IFS results, ecological risk in case of accidents during CSNFSF con-
struction might be related to potential [ground] fires. Should the prescribed fire protection 
measures be duly executed, the ecological risk from any such fire shall be deemed accessible. 

CSNFSF BDBA probability assessment, performed by IFS in accordance with the provi-
sions of [13], estimates BDBA probability as ‘negligible’ (less than 10-7 years-1). 

 

11.15. Environmental Impact Assessment in its Transboundary Context 
11.15.1. The closest bordering states that might be subject to impact from  CSNFSF are 
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Republic of Belarus and the Russian Federation. Based on the fact, that the shortest distance 
from CSNFSF site to the Russian border constitutes 220 km, and the fact that the Convention on 
Environmental Impact Assessment in a Transboundary Context [4] is not ratified by Russian 
Federation, potential impact on the territory of this state shall not be considered by IFS.  

11.15.2. The shortest distance from CSNFSF location to the Belarussian border consti-
tutes 13km North (uninhabited community Khutor Lis). The closest permanently populated loca-
tions are located 31km North-West from CSNFSF (Oleksandrivka village) and 31km East (Gden 
village). 

11.15.3. Impacts on the areas of Republic of Belarus, indicated in Section 11.15.2 above 
are assessed by the IFS for the following construction and operation conditions of CSNFSF: 

• Normal construction conditions; 
• CSNFSF normal operation conditions; 
• MDBA at CSNFSF; 
• BDBA at CSNFSF. 

Whereas for the purposes of impact assessment  a construction accident is deemed to be a 
potential forest fire, and any such fire would not be treated as a direct consequence of the 
CSNFSF construction, impact from CSNFSF construction accident on the territory of the Repub-
lic of Belarus is not considered by the IFS. 
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 Table 11.11. Residual impacts summary for  CSNFSF normal operation conditions. 
Type / source 

of impact 
Discharge / 

Release 
Conditions 

Impact Description for different Environments 
Aerial 

Environment 
Water 

Environment 
Soils Flora & Fauna Technogenic 

Environment 
Social 

Environment 
Normal construction conditions 

Dust lift-off at 
construction site 
pre-development 
or during actual 
construction 

2,1⋅106 Bq released 
into the air, incl.: 
1,4⋅106 Bq137Cs, 
6,5⋅105 Bq 90Sr, 
3,0⋅104 Bq α-
emitting TUE.  

Highest assessed 
concentrations of 
137Cs, 90Sr, are 103 –
 104 times lower 
that the highest 
permissible concen-
trations; 
α-emitting TUE 
concentration is 103 

times below the 
limit.  

Volumetric radio-
nuclide concentra-
tion in open waters 
(distance to Uzh 
River – 6-8 km, 
Sakhan River – 
7km, Pripyat River 
– 12km) caused by 
CSNFSF shall be 
below detectable 
concentrations 
 

Highest soil contam-
ination levels imme-
diately near the work 
sites shall amount to 
0,2-0,3% of existing 
soil contamination 
levels. Contamina-
tion levels at EZ 
boundary shall not 
exceed 0,01% of ex-
isting contamination.  

Expected deforesta-
tion of certain areas 
shall not significant-
ly impact species 
diversity of flora in 
the adjacent dis-
tricts. No quantita-
tive impact or im-
pact on diversity of 
animal species is 
expected. 

Highest expected 
additional expo-
sure loads are as-
sessed for Vector 
Facility personnel 
– 0,07 mSv/year, 
which is under 1% 
of the current ref-
erence levels (incl. 
existing back-
ground radiation). 

Assessed exposure 
loads for civilian 
population outside 
EZ shall not ex-
ceed 0,001% of 
the limit stipulated 
by НРБУ-97 
(1 mSv/year) 

Normal operation conditions 
Release of air-
borne radioactive 
effluents into the 
atmosphere via 
the ventilation 
exhaust duct of 
the reception fa-
cility caused by 
surface contami-
nation of the rail 
platform or ac-
ceptable surface 
contamination of 
MPC. 

Cs release shall 
amount to 190 
Bq/year, 60Co -
1,61⋅107 Bq/year. 
Other RN release 
(90Sr, TUE, etc.) 
constitutes a negli-
gible amount. 

Highest assessed 
concentration of 
60Со – 6,0  
Bq/cu.m. shall be 
observed at a dis-
tance of 250-300 
meters away from 
the source; concen-
tration levels at 
nearest EZ bounda-
ry – 0,02  Bq/cu.m., 
which is signifi-
cantly lower than 
permissible values. 

No negative radia-
tion impact is ex-
pected for ground 
water elevation 
levels of over 10 
meters below 
ground and an av-
erage vertical mi-
gration velocity 
through aeration 
layer of 10-2-10-4 
m/day. 

No negative radiation 
impact is expected 
upon installing se-
lected ventilation 
solutions. 
 

No reason to expect 
any changes in the 
natural population 
structure, caused by  
radioactive impact 
from CSNFSF dis-
charges, that shall 
constitute less that 
0,1% of existing 
contamination den-
sity in the territory. 

Maximal expected 
additional expo-
sure loads are 
assessed for Vec-
tor Facility per-
sonnel – 0,006 
mSv/year, which 
is under 0,08% of 
the current refer-
ence levels. 

Assessed expo-
sure loads for 
civilian popula-
tion outside EZ 
shall not exceed 
0,0004% of the 
limit stipulated 
by НРБУ-97 
(1 mSv/year) 
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Type / source 
of impact 

Discharge / 
Release 

Conditions 

Impact Description for different Environments 
Aerial 

Environment 
Water 

Environment 
Soils Flora & Fauna Technogenic 

Environment 
Social 

Environment 
Release of air-
borne radioactive 
effluents into the 
atmosphere via 
the HI-STORM 
ventilation ex-
haust ducts 
caused by ac-
ceptable surface 
contamination of 
MPC 

60Co release shall 
amount to 1,61⋅107 
Bq/year. Other RN 
release (90Sr, TUE, 
etc.) constitutes a 
negligible amount. 

Highest possible 
activity of 60Со – 
6,0 · 10-5 Bq/cu.m., 
shall be observed at 
a distance of 50-
70m away from 
container storage 
area, which consti-
tutes less than 17% 
of the aggregate RN 
radiation exposure 
reference Levels for 
EZ; highest activity 
at the nearest EZ 
boundary shall con-
stitute less than 
0,2% of reference 
levels. 

No negative radia-
tion impact is ex-
pected for ground 
water elevation 
levels of over 10 
meters below 
ground and an av-
erage vertical mi-
gration velocity 
through aeration 
layer of 10-2-10-4 
m/day. 

Highest 60Cо soil 
contamination over 
50-year period  shall 
be observed at a dis-
tance of 50-70m (600 
Bq/sqm or 12% of 
existing level). Con-
tamination levels at 
ChNPP EZ boundary 
shall not exceed 
0,0025 Bq/sqm, 
which corresponds to 
0,0005% of existing 
soil contamination 
levels. 
 

No reason to expect 
any changes in the 
natural population 
structure, caused by  
radioactive impact 
from CSNFSF dis-
charges, that shall 
constitute less that 
0,1% of existing 
contamination den-
sity in the territory. 

Maximal expected 
additional expo-
sure loads are as-
sessed for Vector 
Facility personnel 
– 0,006 mSv/year, 
which is under 
0,08% of the cur-
rent reference lev-
els. 

Assessed exposure 
loads for civilian 
population outside 
EZ shall not ex-
ceed 0,0004% of 
the limit stipulated 
by НРБУ-97 
(1 mSv/year) 

Residual 
impacts 
summary under 
normal 
operation 
conditions 

 Impact levels do 
not exceed permis-
sible levels  

Impact levels do 
not exceed permis-
sible levels 

Impact levels do not 
exceed permissible 
levels 

Impact levels do 
not exceed permis-
sible levels 

Impact levels do 
not exceed per-
missible levels 

Impact levels do 
not exceed per-
missible levels 
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Table 11.12. Residual impacts summaries in case of potential accidents at CSNFSF. 
Type / source 

of impact 
Discharge / 

Release 
Conditions 

Impact Description for different Environments 
Aerial 

Environment 
Water 

Environment 
Soils Flora & Fauna Technogenic 

Environment 
Social 

Environment 
Impact in case of construction accident 

Forest (ground) 
fire  

Expected release 
activity (Bq): 
137Cs – 5,4х1010; 
90Sr – 2,9х1010; 
α-emitting TUE – 
5,8х108  

Expected release 
activity for 134Сs,  
90Sr isotopes and α-
emitting TUE in the 
air shall be observed 
at distances of 4-5 
km away from fire 
location and shall 
constitute 15 Bq / 
cu.m., 8 Bq / cu.m. 
and 2 Bq/cu.m. 
respectively  

Additional 137Cs, 90Sr 
and TUE contamina-
tion that shall fall out 
directly onto water 
table shall constitute  
0,30, 0,15 and 0,03 
Кі, respectively, 
which is way below 
the annual Pripyat 
River run-off  carry-
over (314-165 
Кі/year) 

137Cs, 90Sr and α-
emitting TUE 
contamination of soils 
at the nearest EZ 
boundary (13km S-W) 
shall not exceed 0,1-
0,2% of background 
contamination 

Highest accident 
contamination of 
ground and floral 
layers shall be 
observed at a distance 
of 4000m away from 
the fire location. It 
shall not exceed  0,1-
0,2% of background 
contamination 

Highest expected 
additional exposure 
loads are assessed 
for Vector Facility 
personnel – 0,08 
mSv/year, which is 
under 1,2% of the 
current reference 
levels. 

Additional exposure 
loads for civilian 
population shall not 
exceed the limit 
stipulated by 
НРБУ-97  

Impact in case of operation accident 
MDBA Expected release 

activity (Bq): 
60Сo-2,67⋅109 
 

 

 

 

 
 

Highest 60Co volu-
metric activity in the 
air (16 Bq/cu.m) shall 
be observed at a dis-
tance of 1,1km away 
from the source. Vol-
umetric activity at EZ 
boundary is assessed 
at 0,5 Bq/cu.m., 
which is significantly 
lower than permissi-
ble values. 

Pripyat River water-
table radiation fallout 
shall constitute ap-
prox. 5,6х106 Bq, 
which is significantly 
lower,  which is way 
below the annual 
Pripyat River run-off 
carry-over (below 
1013 Bq) 
 

Soil contamination 
shall not exceed 10 
kBq/sqm at a distance 
of 1,1km  away from 
storage area. 
Contamination at near-
est EZ boundary – 
0,007 Bq/sqm.  
All values constitute 
10% or less of the cur-
rent soil contamination. 

60Cо ground layer 
contamination shall 
not exceed 10 
kBq/sqm at a distance 
of 1,1km  away from 
storage area, which is 
significantly lower 
than background radi-
ation levels in the 
adjacent territories 
from gamma-emitting 
radionuclides (equi-
valent to 60Co in bio-
logical impact) are at 
least 93 kBq/sqm 

Highest expected 
additional exposure 
loads are assessed for 
Vector Facility per-
sonnel – 10 mSv/ 
year, which is under 
10% of the current 
reference levels (incl. 
existing background 
radiation). 

Effective radiation 
exposure dosage 
from all 60Со impact 
sources at EZ 
boundary - 1,5·10-3 
mSv/year, which is 
significantly lower 
than the limit, stipu-
lated for civilian 
population by 
НРБУ-97. 
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Type / source 
of impact 

Discharge / 
Release 

Conditions 

Impact Description for different Environments 
Aerial 

Environment 
Water 

Environment 
Soils Flora & Fauna Technogenic 

Environment 
Social 

Environment 
BDBA 137Cs-1,896⋅108 Bq 

90Sr –1,22⋅108 Bq 
ά-active TUE –
5,072⋅105 Bq 
 

 

 

 

Maximum total 
volumetric activity 
levels shall not ex-
ceed 258,3 Bq/cu.m 
at a distance of 33,5 
m away from a 
leaking HI-STORM 
container. Activity 
levels at EZ bound-
ary shall not exceed 
0,053 Bq/cu.m and 
therefore shall not 
exceed the permis-
sible limits. 
 

Pripyat River 
water-table fallout 
shall amount to 
4,4⋅1010 Bq, incl. 
137Cs -  2·103 
Bq/sqm, 90Sr - 40 
Bq/sqm and α-
emitting TUE – 10 
Bq/sqm, which is 
2000 times less 
than the annual 
Pripyat River carry-
over 

Additional surface 
contamination at 
100m distance shall 
not exceed 
30 kBq/sqm for Cs-
isotopes, 15 kBq/sqm 
for  90Sr and 60 
Bq/sqm for TUE. 
Contamination at EZ 
boundary shall not 
exceed 20 kBq/sqm 
for Cs-isotopes, 
8 kBq/sqm for 90Sr 
and 0,03 Bq/sqm for 
TUE, which is insig-
nificant 
 

Considering that no 
significant aerial, 
soil or groundwater 
contamination is 
expected, flora and 
fauna impact shall 
be deemed 
acceptable 

Maximum 
additional 
exposure doses (30 
days’ aggregate) 
shall be expected 
for Vector Facility 
– 0,6 µSv, which is 
below reference 
levels. 

EZ Boundary 
exposure levels 
shall be expected 
at 0,358 µSv (30 
days’ aggregate), 
which is below the 
exposure limit 
quota for civilian 
population, 
stipulated by 
НРБУ-97 
(40 µSv). 

Residual 
impacts 
summary for 
accident 
conditions 

 Impact levels do 
not exceed permis-
sible levels  

Impact levels do 
not exceed permis-
sible levels 

Impact levels do not 
exceed permissible 
levels 

Impact levels do 
not exceed permis-
sible levels 

Impact levels do 
not exceed per-
missible levels 

Impact levels do 
not exceed per-
missible levels 
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11.15.4. Whereas radiation impacts are the primary types of impact generated by 
CSNFSF, environmental impact on the territory of the Republic of Belarus is assessed by the fol-
lowing general factors: 

• Aerial radiation contamination;  
• Soils radiation contamination;  
• Additional civilian population exposure.  

11.15.5. Aerial radiation contamination levels assessed by IFS for the territories of Re-
public of Belarus specified in 11.5.2, for different CSNFSF construction and operation condi-
tions are summarized in Table 11.13. 

11.15.6. Soils radiation contamination levels assessed by IFS for the same territories is 
summarized in Table 11.14. 

11.15.7. Assessed additional civilian population exposure levels are outlined in Table 
11.15. 

11.15.8. Based on the assessment results, obtained by IFS, the following conclusions 
were made with regard to  CSNFSF  impact on the environment of the Republic of Belarus:   

• CSNFSF construction and operation shall not cause any significant negative impact on the 
aerial, surface (soils) or social environment of the bordering territories of Republic of Bela-
rus for the whole duration of CSNFSF existence (100 years).  

• Aerial contamination, surface contamination and additional civilian population exposure 
levels for the bordering territories of Republic of Belarus in case of maximum design-based 
accident in the process of CSNFSF operation shall be insignificant due to considerable dis-
tance between SNF storage facility and said territories;  

• Aerial contamination, surface contamination and additional civilian population exposure 
levels for the bordering territories of Republic of Belarus in case of beyond-design-based 
accident shall not cause any significant changes to the radiation situation, which is, consider-
ing low accident probability, acceptable.     

 
Table 11.13. Volumetric aerial radionuclide activity during CSNFSF construction and operation 

(Bq/cu.m). 

 NOC - Construction NOC - Operation CSNFSF MDBA CSNFSF BDBA 
13 km 31 km 13 km 31 km 13 km 31 km 13 km 31 km 

60Со - - 8*10-9 2*10-9 1,5*10-6 3*10-7 - - 
137Cs 4,0*10-5 1,3*10-5 - - - - 6,0*10-4 2,0*10-4 
90Sr 9,0*10-6 3,0*10-6 - - - - 4,0*10-4 1,3*10-4 
TUE 5,0*10-7 1,5*10-7 - - - - 1,4*10-6 6,0*10-7 

 

Table 11.14. Surface radiation contamination density during CSNFSF construction and  
operation (Bq/sqm). 

 NOC - Construction NOC - Operation CSNFSF MDBA CSNFSF BDBA 
13 km 31 km 13 km 31 km 13 km 31 km 13 km 31 km 

60Со - - 2*10-3 5*10-3 68 10 - - 
137Cs * * - - - - 12 7 
90Sr * * - - - - 8 3 
TUE * * - - - - 0,03 0,015 

*    Negligible values were not provided by IFS. 
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Table 11.15. Additional civilian population radiation exposure during CSNFSF construction and 
operation. 

 NOC - Construc-
tion 

NOC - Operation CSNFSF MDBA CSNFSF BDBA 

13 km 31 km 13 km 31 km 13 km 31 km 13 km 31 km 
mSv/year * * 9,4·10-7 6,3·10-7 - - - - 
mSv - - - - 3,6·10-5 5,3·10-6 4,0·10-4 1,5·10-4 
*      Negligible values were not provided by IFS.; 
**    from inhaling 60Со; 
*** from inhaling radionuclide mixture (30 days’ aggregate values). 
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12. CONCLUSIONS 
A number of calculations, assessments and substantiations made by IFS allowed for the 

following general conclusions, detailed in IFS documentation [23]: 
• CSNFSF for WWER-type reactors spent nuclear fuel complies with the general principles of 

the state nuclear use policy and ensures uninterruptible operation of  Ukrainian NPPs in the 
long run before final decision on SNF end-of-life management technology shall be ap-
proved. 

• IFS has performed substantiation and project economics analyses for CSNFSF construction 
vs. existing SNF management routine that stipulates for SNF export, storage and repro-
cessing  at the facilities in Russian Federation with subsequent return of HLRW, produced 
from SNF reprocessing, back to  Ukraine.  

• IFS has analyzed potential SNF storage solutions and identified solutions most suitable for 
Ukraine, as well as described the selection process for CSNFSF construction solution and 
the results of international turnkey bidding procedure for CSNFSF construction.  

• IFS has provided cost estimate assessments for SNF storage at CSNFSF, including cost ac-
cumulation for CSNFSF decommissioning and SNF handling upon long-term storage expi-
ration date. 

• Based on the analysis of potential CSNFSF construction site  locations, IFS has substantiat-
ed the choice of optimal location, that is situated within Chornobyl NPP Exclusion Zone, 
immediately adjacent to the centralized RW storage and disposal facility (RW SDF) (“SDF” 
site).  

• Environmental Impact Assessment conducted by IFS for CSNFSF construction and opera-
tion exhibited low impact levels and compliance with current legislation requirements.  

• IFS has drafted preliminary CSNFSF deployment timeline, including efforts required at pre-
design stage, project design stage, documentation stage and CSNFSF construction and oper-
ation licensing stage. Preliminary duration of CSNFSF start-up facility construction was es-
timated at 36 months from the commencement of construction. 

• Technical and economic performance indicators, provided by IFS, as well as technology so-
lutions, deployment timeline, EIA values and other IFS assessment results are subject to fur-
ther refinement and rectification at the general design stage.    

• Immediate subsequent steps for CSNFSF construction include IFS appraisal, public consul-
tations, as stipulated by law, and law-drafting procedure for ‘CSNFSF Construction Law’.  
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INTRODUCTION 
The Central Spent Fuel Storage Facility (CSFSF) is a nuclear facility of national importance. 

The decision on construction and location of CSFSF was made by the Law of Ukraine “On 
Management of the Spent Fuel with Regard to the Location, Design and Construction of the 
Centralized Storage Facility for the Spent Fuel of Domestic VVER Reactors of Nuclear Power 
Plants” on the basis of the Investment Feasibility Study approved by Resolution of the Cabinet of 
Ministers of Ukraine No. 131-r of 04 February 2009. Main results of the Feasibility Study are as 
follows: 

• The CSFSF is to be located on the site between the villages of Stara Krasnytsia, 
Buriakivka, Chystohalivka and Stechanka in Kyiv Region within the exclusion zone with radioactive 
contamination after the Chernobyl disaster; 

• the storage of spent nuclear fuel to be used is a surface “dry” storage with double-
barrier insulation system; 

• CSFSF lifetime — 100 years; 
• CSFSF capacity — 16529 SFAs, including: 12010 pcs of VVER-1000 SFAs and 

4519 pcs of VVER-400; 
The CSFSF is based on the technology by Holtec International (hereinafter — Holtec). Main 

elements of the technology: 
• MPC — multi-purpose cask; 
• HI-STAR 190 UA (hereinafter—HI-STAR)—a transportation cask; 
• HI-STORM 190 UA (hereinafter—HI-STORM)—a storage cask; 
• HI-TRAC 190 UA (hereinafter—HI-TRAC)—transfer cask; 
• cask transfer facility (CTF); 
• cask transfer device (CTD); 
• vertical cask transporter (VCT); 
• car transporter for the HI-STAR. 
The design provides for the reception of HI-STARs with MPCs, transfer of the MPCs from 

the HI-STARs to HI-STORMs, concrete-casting of the HI-STORMs’ shells, and the storage of the 
HI-STORMs, filled with spent nuclear fuel in the territory of the CSFSF. 

The description of the SNF management technology at the power units, submitted by the 
technology providers, is set out in Volume 1.3. The adjustment of the technology to a specific 
nuclear power unit will be made under the modification designs in accordance with the current 
legislation in the field of nuclear energy. 

This design of the CSFSF is developed on the basis of the approved Feasibility Study, 
Design Brief, Planning Requirements and limitations under Agreement No. 571402 of 
03 October 2014 between State Enterprise “National Nuclear Energy Generating Company 
“Energoatom” and Public Joint Stock Company “Kyiv Research and Design Institute 
“Energoproekt””. 

Modification 1 has been developed on the basis of Letters No. 01-46/699 of 21 April 2016, 
No. 01-46/761 of 28 April 2016, and No. 01-46/769 of 29 April 2016 as a result of the review of 
design documents by the Client. 

The final version of the CSFSF design has been developed with the incorporation of results 
of the comprehensive state expert appraisal carried out by State-owned Enterprise 
Ukrderzhbudekspertyza.
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1. INITIAL INPUT DATA 
1.1 Initial Input Data for the Design Development 

• Design Brief for the Construction of a Centralized Storage Facility for the Spent Nuclear 
Fuel of VVER Reactors of Nuclear Power Plants of Ukraine. Phase P (Design) and Phase R 
(Detailed Design Documents). 

• Planning Conditions and Land Plot Development Restrictions; 
• Terms of Reference for the Design of the Physical Protection System of the Central Spent 

Fuel Storage Facility (TZ.01/2015-SFZ.CSVIAP); 
• Terms of Reference for the Development the Civil Protection (Civil Defense) Engineering 

and Technical Measures as a Part of Design Documents for the Project of “Construction of the 
Central Spent Fuel Storage Facility for VVER Reactors of Nuclear Power Plants of Ukraine”; 

• Technical Specifications for the Engineering Support to the Construction Project in terms 
of Fire and Technology Safety; 

a) Technical Specifications for the connection of electrical networks of the CSFSF No. K-00-
16-0403; 
 

• Technical Solution for the connection of the outside railway to the on-site railway tracks of 
the CSFSF; 

• Letter No. 03-46/1539 of 26 August 2016 “Railroad Grade Elevation”; 
• Technical Specifications No. TD-15-16490 of 10 September 2015 “Mutual Connection of 

the Central Spent Fuel Storage Facility of DP NAEK Energoatom as a Subscriber and MTS Ukraine 
Private Joint Stock Company on the KIE REC VEC Site”; 

• Letter No. 202/676 of 30 April 2015 “Determination of KP Vector’s potential to support the 
CSFSF”. 

1.2 Initial Input Data of the HOLTEC Technology 
• Central Spent Fuel Storage Facility Report. Technology Process Description, HI-2156591, 

Version 3; 
• Accident Analysis Report, HI-2083899, Version 3; 
• HI-STAR-190 and НІ- STORM-190, Cask Systems’ Subcriticality Report, HI-208399; 
• HI-STAR-190, HI-TRAC-190 and HI-STORM-190 Radiation Protection Analysis Report, 

HI-2084031; 
• HI-STAR-190 ML and HI-STORM-190 Confinement/Containment Assessment Report, HI-

2084018; 
• CSFSF Material Compatibility Assessment Report, HI-2073839; 
• HI-STAR-190 and HI-STORM-190 Systems Strength Analysis Report, HI-2084001; 
• HI-STAR-190, HI-TRAC-190 and HI- STORM-190 Systems Thermal Analysis Report, HI-

208390; 
• HI-STORM-190 Unloading and Preparation for the Completion on Site Procedure, HSP-

169; 
•  CTF Initial Input Data (Letter from OP API No. 03-46/390 of 10 March 2016); 
•  VCT General View Drawing (Letter from OP API No. 03-46/55 of 16 January 2016);
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• Initial Input Data for the Main Crane of the Transfer Building and the VCT (Letter from 
OP API No. 03-46/169 of 2 February 2016). 

U.S. regulations, which had been used by Holtec for the design of the CSFSF equipment, 
were used in materials of the CSFSF Design for the equipment based on the Holtec technology 
together with Ukrainian regulatory documents. The confirmation that U.S. regulations may be used 
for the development of the CSFSF equipment and the analysis of its safety was provided in a 
document entitled “Report on Results of the Comparative Analysis of Regulatory Documents of the 
USA and the Relevant Requirements of Regulatory Documents of Ukraine Used for the Development 
of the Equipment and Systems”. 

1.3 Documents Serving as the Basis for the Design 
• Law of Ukraine # 4384-VI “On the Management Of Spent Fuel: Location, Design And 

Construction of the Centralized Storage Facility for Spent Fuel of Domestic VVER Nuclear Power 
Plants” following Investment Feasibility Study”—Annex Ш(25); 

• Instruction of the Cabinet of Ministers of Ukraine No. 131-r of 4 February 2009 “On 
Endorsement of the Investment Feasibility Study of the Construction of a Central Spent Fuel Storage 
Facility for Domestic VVER Reactors of Nuclear Power Plants; 

• Investment Feasibility Study “Construction of the Central Spent Fuel Storage Facility for 
the VVER Nuclear Power Plants of Ukraine (57-204.201.002.OE); 

• Comprehensive (Positive) Opinion of Ukrderzhbudekspertyza State-owned Enterprise 
No. 84/54/2880 of 26 August 2008 “Construction of the Central Spent Fuel Storage Facility for the 
VVER nuclear power plants of Ukraine” 

Copies of initial input data are provided in Volume 1.2.1 “Initial Input Data. Book 1”—Annexes 
A(1) to Р(17), and Volume 1.2.2 “Initial Input Data. Book 2”—Annexes C(18) to Ю(31).
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2. BRIEF DESCRIPTION OF THE CSFSF AND ITS COMPOSITION 
2.1 Conformity of Design Solutions to Feasibility Study Solutions 
2.1.1 Core Solutions of the Feasibility Study 

DBN A.2.2-3-2004 [108] requires the design for complex facilities such as the CSFSF to be 
developed in three stages: 

• the Investment Feasibility Study (FS); 
• the Design; 
• the detailed design documents. 
This structure of the design process will make it possible to update solutions and indicators 

adopted in the Feasibility Study at the Design stage taking into account the data of the technology 
adopted on the basis of the tender, and the additional design documents, for instance, developed by 
the successful tenderer. 

No major changes are expected in the Feasibility Study as a result of detailing the SNF 
storage technology data at the Design stage on the basis of data available at the Feasibility Study 
stage. 

The goal of the planned activity under the Feasibility Study is to build a long-term storage 
facility for the SNF from VVER-1000 and VVER-440 reactors of Ukraine’s nuclear power plants. 

The CSFSF is to be designed on the basis of the SNF dry storage technology with the 
storage in an inert medium with natural air cooling. The SNF management technology considered in 
the Feasibility Study has been developed by Holtec (USA), and is applied at nuclear power plants in 
the USA. 

The CSFSF within the scope of the Feasibility Study includes: 
• areas for loading spent fuel assemblies (SFA) into the MPC, and for preparing HI-STAR 

containers for the transportation at each nuclear power plant unit with a VVER reactor; 
• the transportation of HI-STAR casks with SFA from NPPs to the CSFSF; 
• the reception building on the CSFSF site; 
• the storage area for HI-STORM cask with SFA; 
• the on-site transportation system. 
Areas for loading spent fuel assemblies (SFA) into the MPC, and for preparing HI-STAR 

containers for the transportation are provided in reactor compartments of units of Khmelnitskyi, 
Rivne, and Pivdenno-Ukrayinska NPPs. Spent fuel assemblies cooled in a cooling pond for at least 5 
years are loaded in the reactor service hall of a reactor compartment into an MPC; MPCs are 
dehydrated and dried, sealed, and filled with helium. An MPC offers two hermetic barriers to the 
propagation of radioactive substances from the SFA into the environment. A HI-TRAC transfer cask 
and a HI-STAR are used for the biological protection of the personnel in the course of transfers. 

MPCs with SFA are transported from NPPs to the CSFSF using HI-STAR transportation 
casks designed in accordance with the USA safety requirements which will be certified in Ukraine as 
B(U)-type packages in accordance with requirements of PBTRM-2006 [123]. 

The reception building is intended for the transfer of MPC with SFA from HI-STAR 
transportation casks into a HI-STORM long-term storage cask. An MPC with a SFA is transferred in 
an isolation unit using a HI-TRAC transfer cask.
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The SNF cask storage area is a passive system for the storage of HI-STORM casks that have 
two MPC hermetic barriers and the biological protection barrier of a HI-STORM cask. 

The following buildings and structures have been identified in the course of the design of the 
master plan layout for the site: 

• an MPC reception and transfer building, including, for instance, “dirty” workshops, the 
decontamination station, and the central control panel of the CSFSF; 

• a HI-STORM cask storage area; 
• a maintenance building with an MPC warehouse, including a shed for filling HI-STORM 

cask shells with concrete; 
• a garage building for the parking and maintenance of the crawler transporter; 
• a four-car garage with workshops for minor repairs and a decontamination station; 
• a shed for the maintenance and repair of one container car and an open parking area 

for one escort car; 
• an electrical equipment building; 
• a filling station with two fuel dispensers with two underground tanks for two types of fuel; 
• an administrative building with offices, an assembly hall, a canteen, and a civil defense 

structure; 
• a motor road checkpoint; 
• a railroad checkpoint; 
• holding tracks for the spent fuel train consisting of five container cars, one car for a HI-

TRAC transfer cask, one platform for welding and ancillary equipment, one escort car, and two buffer 
cars; 

• a household wastewater pump station; 
• a fire water pump-house; 
• a fire water tank; 
• storm water accumulating tanks; 
• a guardhouse. 

The fenced area of the site is 644 × 182 m large. Two access motor roads to the site are 
designed (in the north and in the south), and one access railway track (on the northern side). 

The land for the CSFSF (11.72 hectares) shall be allocated within the Chernobyl NPP 
exclusion zone and a 6.4-km access railway track needs to be built. 

A dedicated unit of NAEK Energoatom with all the necessary infrastructure and personnel will 
be established to support operations of the CSFSF as a nuclear installation. 

The CSFSF must make it possible to prepare for storage at least 504 spent fuel assemblies 
from VVER-1000 reactors and 192 spent fuel assemblies from VVER-440 reactors per year. The 
time needed to fill the CSFS with the nuclear fuel from the NPPs currently in operation ranges from 
45 to 50 years. On this basis, two major CSFSF operation periods have been identified: 

• an active period (45 to 50 years) during which MPCs with spent fuel assemblies are 
delivered and handled, and HI-STORM casks are placed for the long-term storage; 

• a passive period (50 to 55 years) during which MPCs with spent fuel assemblies are 
kept in metal/concrete HI-STORM casks and CSFSF systems are operated until a decision is made 
on the future technology of the CSFSF management in Ukraine. 

A start-up facility and stages of the CSFSF construction have been identified in accordance 
with the design brief of the Client. 

The start-up facility includes all of the above mentioned buildings and structures and all of the 
holding and marshaling tracks. 

The cask storage area and the manufacture of HI-STORM containers will be built gradually in 
four stages. Foundations for HI-STORM casks in the storage area are belts designed to 
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accommodate 32 HI-STORM casks each. The storage area includes fifteen foundations for 32 HI-
STORM casks each; thus, the storage area is designed to accommodate 480 HI-STORM casks. 

The total number of HI-STORM casks needed to secure the design capacity of the CSFSF is 
458 casks. This number of casks will support the storage of 12010 spent fuel assemblies of VVER-
1000 reactors and 4519 spent fuel assemblies of VVER-440 reactors with an assumption that 
5 percent of spent fuel assemblies of VVER-1000 reactors will not be sealed hermetically resulting in 
the reduction of the number of spent fuel assemblies in a VVER-1000 MPC to 24 SFAs, and that 3 
percent of spent fuel assemblies of VVER-440 reactors will not be sealed hermetically resulting in the 
reduction of the number of spent fuel assemblies in a VVER-440 MPC to 78 SFAs. 

The start-up facility (Stage I) will include three foundations for 96 HI-STORM casks with 32 
HI-STORM casks to be stored on each foundation. However, only 94 casks are to be built within the 
scope of Stage I (81 casks for VVER-1000 reactors and 13 casks for VVER-440 reactors). 

Stage II will include four foundations for 128 HI-STORM casks with 32 HI-STORM casks to be 
stored on each foundation. However, 130 casks are to be built within the scope of Stage II. 

Stage III will include four foundations for 128 HI-STORM casks with 32 HI-STORM casks to 
be stored on each foundation. 128 casks are to be built within the scope of Stage III. 

Stage IV will include four foundations for 128 HI-STORM casks with 32 HI-STORM casks to 
be stored on each foundation. However, 106 casks are to be built within the scope of Stage IV. 

It is assumed for the purposes of the assessment of the number of HI-STORM casks that a 
HI-STORM cask contains one MPC with 31 hermetically sealed spent fuel assemblies from VVER-
1000 reactors or 85 hermetically sealed spent fuel assemblies from VVER-440 reactors, or 24 
damaged spent fuel assemblies from VVER-1000 reactors or 78 damaged spent fuel assemblies 
from VVER-440 reactors. 

2.1.2 Conformity of Design and Feasibility Study Solutions 
The Design is the second stage of the design subject to approval. It has been developed on 

the basis of the Investment Feasibility Study approved in accordance with the legislation of Ukraine. 
The following are the core solutions matching the solutions adopted in the Feasibility Study: 
• the design is based on the technology of the dry storage of the spent nuclear fuel in an 

inert medium; 
• the CSFSF is based on the technology offered by Holtec International; 
• the list of core facilities is aligned with solutions adopted in the Feasibility Study; 
• the storage facility is designed to accommodate 458 HI-STORM casks with the spent 

nuclear fuel. This number of casks will hold 12,010 VVER-1000 SFAs and 4,519 VVER-400 SFAs; 
• the design calls for the delivery of the spent nuclear fuel to the CSFSF by rail in HI-

STAR transportation casks. 
The system developed by Holtec comprises the following major components: 
• MPC—a multi-purpose cask; 
• HI-STAR 190 UA (hereinafter—HI-STAR)—a transportation cask; 
• HI-STORM 190 UA (hereinafter—HI-STORM)—a storage cask; 
• HI-TRAC 190 UA (hereinafter—HI-TRAC)—a transfer cask; 
• cask transfer facility (CTF); 
• cask transfer device (CTD); 
• vertical cask transporter (VCT); 
• HI-STAR car transporter. 
Revisions of the Feasibility Study solutions at the Design stage have been caused by the 

following circumstances: 
• updates in some technical solutions offered by Holtec as storage technology providers; 

 
• the adoption of the Law of Ukraine No. 3038-VI “On Regulation of City Development 
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Activities”; 
 

• the adoption of DBN A.2.2-3:2014 “Make-up and Contents of Design Documents for the 
Construction of Facilities”; 

• the engineering surveys carried out on the construction site; 
• the optimization of design solutions; 
• the implementation of fuel assemblies of new types at the Ukrainian NPPs TBC-W (LTA), 

TBC-W, and TBC-WR (manufactured by Westinghouse); 
• the Terms of Reference for the Physical Protection System incorporating new 

requirements for the organization of access areas in accordance with new regulatory documents; 
• new regulations adopted after the Feasibility Study endorsement. 

 
The CSFSF is being designed after the adoption of the Law of Ukraine No. 3038-VI “On 

Regulation of City Development Activities”. In connection with this, the design has been developed on 
the basis of the following initial input data: 

• the Design Brief; 
• the Planning Conditions and Restrictions; 
• the Technical Specifications for connections to existing systems of KP Vector; 
• the Technical Specifications for the power supply. 
The Planning Conditions and Restrictions have been issued for the construction of the CSFSF 

in the exclusion zone in accordance with Law of Ukraine # 4384-VI “On the Management Of Spent 
Fuel: Location, Design And Construction of the Centralized Storage Facility for Spent Fuel of 
Domestic VVER Nuclear Power Plants”. The CSFSF site has been approved by Law No. 4384-VI: 
The CSFSF is to be located on a site situated among villages of Stara Krasnytsia, Buriakivka, 
Chystohalivka, and Stechanka of Kyiv Province within the exclusion zone in the area subjected to the 
radioactive contamination as a result of the Chernobyl Disaster. According to the Planning Conditions 
and Restrictions, the technical solutions related to the loading in reactor compartments of power units 
of Khmelnitskyi, Rivne, and Pivdenno-Ukrayinska NPP, and the transportation from NPPs to the 
CSFSF are not covered within the scope of this design. 

The adoption of new regulatory documents in Ukraine made it necessary to update design 
solutions in terms of: 

• the assessment of the CSFSF risk consequences class and complexity category; 
• the increase in the number of structures for the security guards of the facility; 
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• the refinement of design solutions in terms of the fire safety; 
• the refinement of technical solutions in terms of the water supply and waste water 

disposal systems taking into consideration the condition of KP Vector’s infrastructure; 
• the refinement of the identification of project stages and start-up facilities in view of the 

construction of foundations for HI-STORM casks as a part of the PK-1 start-up facility; 
• the refinement of estimation documents on the basis of new cost estimation approaches; 
• the update of the grade elevation of the site as a result of the engineering survey. 

2.2 Design Limits within the Scope of the CSFSF Design 
The design limits within the scope of this CSFSF design have been set by: 
• the Design Brief; 
• the Law of Ukraine No. 3038-VI “On Regulation of City Development Activities”; 
• the Rules of Connection of Electrical Installations to Electrical Networks. 
The general flow diagram of the CSFSF design limits within the scope of this design is 

presented on Figure 2.1.
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The following is considered to be within the scope of this CSFSF design in accordance with 
the Design Brief: 

• the reception of a special train with SNF-loaded casks, main and auxiliary equipment 
used at the NPP to the main marshaling track (after the radiometric check); 

• the unloading of a special train in the reception building with the transfer of the MPC 
with SNF from transportation casks into storage casks; 

• the removal of storage casks from the reception building into the storage area with a 
cask transporter; 

• the decontamination of the main and auxiliary process equipment for the spent nuclear 
fuel management; 

• the maintenance, testing, checking, and repair of the main and auxiliary process 
equipment for the spent nuclear fuel management; 

• the road transport for the transportation of the process equipment for the spent nuclear 
fuel management, the protective clothing, the environmental monitoring. 

The Law of Ukraine No. 3038-VI “On Regulation of City Development Activities” provides that: 
• the design shall be developed within boundaries of the allocated land plot; 
• the utility networks shall be designed up to the connection point; 
• the restrictions shall be specified in Planning Conditions and Restrictions. 
The connection to the electrical networks is designed in accordance with the Rules of the 

Connection to Electrical Networks and the Technical Specification in the Connection Point 
(Buriakivka SS 110/10 substation). 
 

The connections to utility networks of KP Vector have been designed in accordance with 
Technical Solutions agreed upon between KP Vector and API NAEK Energoatom. 

The connection to the off-site railroad is designed at the boundary of the CSFSF land 
allotment in accordance with the Technical Solution endorsed by TOV NVO Protrans as a designer of 
the off-site railroad, the general designer of the CSFSF, and API NAEK Energoatom as a Client 
taking into account Letter No. 03-46/1539 of 26 August 2016 “Railroad Grade Elevation”. 

It has been taken into consideration in the course of the cost estimation documents 
development that the start-up and commissioning work on the equipment, which is only used at NPP 
units, will take place at the respective NPP units. 

The Design Brief provides that no radioactive waste treatment will take place in the CSFSF, 
that the radioactive waste will be collected, assessed, and dispatched to specialized facilities within 
the exclusion zone. At the Design stage, the design calls for the shipment to facilities of the State-
owned Specialized Enterprise Chernobyl NPP. 

According to the requirements of the Exclusion Zone ARMS, the data from the ARMS of the 
CSFSF will be transmitted by radio. 

The Design Brief does not provide for any handling of spent fuel assemblies at the CSFSF. If 
there is a defective MPC in the process of storage, it is to be shipped to the NPP unit for the re-
loading. 
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The initial input data provided by Holtec have been used for the design development with 
regard to the equipment to be supplied by Holtec. All substantiations for the equipment, including the 
nuclear and radiation safety analysis, are to be developed by Holtec. The CSFSF safety assessment 
and analysis are presented in a Safety Analysis Report to be developed by another contractor. This 
activity is not included into the scope of work. 

Issues of the SNF management after the completion of the target period of the storage of 
MPCs with spent fuel assemblies on the CSFSF site will be covered in the Concept of the 
Management of the Spent Nuclear Fuel from Ukrainian Nuclear Power Plants with VVER-Type 
Reactors to be developed by the Operator separately.
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3. ENGINEERING SURVEYS DATA 
The topographic and geologic surveys [1] have been undertaken by ENERGOPROEKT 

Institute in 2015 on the construction site for the development of the design of the Construction of a 
Central Spent Fuel Storage Facility of Ukraine. 
 

The CSFSF site is located in the Chernobyl NPP area next to the Vector facility. 

3.1 Topographic Survey 
The comprehensive engineering topographic survey with the development of a plan to a scale 

of 1 to 500 has been carried out according to the geological and topographic survey program and in 
accordance with the Terms of Reference for the Engineering Topographic Survey. 

All activities carried out are in line with requirements of regulatory documents and standards 
of Ukraine. 

The performed survey work items are listed in Table 3.1. 
 

Table 3.1. Survey Work 
Work Items Unit of 

Measurement 
Quantity 

1 Search for traverse stations station 10 
2 Laying reference transit traverses km 5 
3 Laying reference grade lines km 5 
4 Comprehensive engineering topographic survey in a built-up area to 

the scale of 1:500 

ha 5.1 

5 Comprehensive engineering topographic survey in a non-built-up 
area to the scale of 1:500 

ha 30.9 

6 Developing a digital terrain model (DTM) table 5.76 
7 Preliminary stake-out and horizontal/vertical tie-in of engineering 

geological excavations 

excavation 68 

 
 

 
The work was carried out in November 2014 to January 2015 by a topographic survey team 

being a part of the comprehensive survey party. 
The system of coordinates is a local frame of reference to Prypiat. 
The elevation system is the Baltic vertical datum. 
The topographic survey team has had in its possession surveying equipment and tools of the 

appropriate accuracy level, such as two sets of SOKKIA electronic tacheometers, a C.A.T.3+Genny3+ 
Radiodetection line locator set, a LeicaDisto electronic distance gauge, and a set of Motorola radios. 

The survey control was based on reference stations of the construction net under Nos. PBS1, 
PBS2, PBS170, PBS173, and PBS186. The network has been developed as a system of transit 
traverses whose points were used for the engineering leveling. 

Traverse points were marked with metal rods or dowel pins. 
All measurements and calculations were based on the local (“Prypiat”) frame of reference. 
The survey network is a system of 12 traverses.
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Angles and sides of transit traverses were measured with a Sokkia SET 230R3 No. 139993 
electronic tacheometer  
(subjected to the metrological control by State-owned Enterprise Ukrmetrteststandart on 
30 January 2014 under No. 23-21/0000105). 

Networks were balanced on a PC using CREDO DAT 4 LITE software. 
Angular closing errors in transit traverses and polygons did not exceed 2Wn, where n is the 

number of angles per traverse. 
The ultimate relative error over the traverse has not exceeded 1 in 2000. 
Traverse stations Nos. 114, 115, and 118, and reference stations of the construction net Nos. 

PBS1, PBS2, PBS170, PBS173, and PBS186, which are accurate vertically at least at the fourth-
order leveling, were used as reference geodetic stations. 

The elevation network is a system of technical transit traverses over stations of the plane 
network. 

The survey network is a system of 9 traverses. 
The technical leveling has been carried out with Sokkia SET 230R3 No. 21827 electronic 

tacheometer (subjected to the metrological control by State-owned Enterprise Ukrmetrteststandart on 
30 March 2014 under No. 23-21/0000173). The elevation network was balanced on a PC using 
CREDO DAT 4 LITE software. 

Errors were determined using the formula of f = ±50√L, where L is the traverse length in km. 
The topographic survey to a scale of 1 in 500 was carried out from stations of the survey 

network by means of tacheometry using Sokkia SET 4010 and SET 230R3 electronic tacheometers. 
At each station, a sketch was drawn up with all contours of buildings, structures, roads, fences, 
manholes, underground and overhead utilities. Underground and overhead utilities were subjected to 
an additional inspection with the indication of pipe diameters and elevations of gutters, well bottoms, 
and pipe tops. The underground and overhead utility survey results were endorsed by operating 
organizations and departments of GSP TsPORO of KP Vector. 

Measurement results were accumulated in the built-in memory of the electronic tacheometer. 
After the completion of the field work, the information has been transferred to a PC for further 
processing via the standard interface. 

The field data were subjected to the office analysis on a PC using CREDO DAT 4 LITE 
software suite to create a digital terrain model (DTM). At the next stage, the DTM was converted into 
digital and electronic topographic plans in AutoCAD for Windows software. As a result, a smooth 
delineation map for the replication was obtained. 

Geological excavations for set out on site by means of the instrumental procedure on the 
basis of their positioning plan. 

Excavations set out on site and marked with wooden stakes were handed over to a 
responsible representative of the geological unit on the basis of protocols. 

After the engineering topographic survey, the horizontal and vertical tie-in of all excavations 
was carried out on the basis of stations of the survey basis. 

A catalog of coordinates and elevations of excavations with a diagram of their positions was 
issued as a result of the setting out and vertical/horizontal tie-in work. 

The instruments used for work were subjected to the technical control (visual examination, 
checks) on a daily basis prior to the commencement of measurements in the course of the field work. 

The contractor in charge and the site manager controlled the compliance of the staff with 
regulatory requirements on a regular basis in the course of the field work. Control measurements of 
transit traverses of the topographic survey and surveys of underground utility networks were carried 
out on a selective basis after the completion of the field and office work. Measurement results 
obtained at the control stage confirmed that the horizontal and vertical geodetic basis was developed 
with the required accuracy and that errors of the landscape, contours, and utilities survey were within 
the acceptable range. 
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3.2 Geological Survey 
3.2.1 Physical and Geographical Conditions of the Area 

In terms of geomorphology, the CSFSF site is located in the north-eastern part of the Kyiv 
moraine outwash plains (Kyiv Polissia being the part of the Polissia lowlands. 

The CSFSF site area is the right-bank watershed the Pripyat River valley and the left-bank 
watershed of the Uzh River valley, and is characterized by the undulating relief created by the water-
glacial accumulation. The distance to the Pripyat River is 8 km, that to Uzh River is 18 km. 

The Pripyat River is the Dnieper’s right tributary. It is a typical lowland river characterized by 
the expressed spring flood and the relatively low summer water level. The river is 200 to 300 m wide 
and 3 to 8 m deep. The bottom is sandy or, sometimes, silty. Kyiv Reservoir serves as backwater at 
the bottom, and Pripyat River’s estuary is flooded by the waters of Kyiv Reservoir. The river valley is 
well developed with four upland fringes. Absolute elevations of the ground within Pripyat River valley 
range from 105 to 135 m. 

The Uzh River is the right tributary to the Pripyat River. Its valley is also well developed, and 
has the floodplain with three upland fringes. Absolute elevations of the ground within Uzh River 
valley range from 105 to 125 m. 

The area under survey is located in a forest situated in the exclusion zone; a part of the area 
belongs to the territory of the Vector facility. The absolute elevations of the construction site are 
136.98 to 140.78 m. 

3.2.2 Geological Structure 
In terms of tectonic structure, the investigated area is located within the Dnieper/Donetsk 

basin near its connection to the Ukrainian Crystal Shield; they are separated by the Dnieper fault. 
The analysis of the published tectonic maps, the neo-tectonic map, the rupture anomalies 

map points toward the southern near-edge fault zone close to the CSFSF area, including the 
southern near-edge zone of Pripyat depression and the southern near-edge zone of 
Dnieper/Donetsk separated by the Teteriv Fault. 

Currently, the CSFSF site is outside the area of the latest faults. 
DBN V.1.1-12:2014 “Protection against Hazardous Geological Processes, Harmful Operating 

Impacts, and Fire. Construction in Seismic Areas of Ukraine” specifies the following values of the 
seismic rating of the investigated area at MSK-64 scale (Annex B to the DBN building code): 

• the map fragment ОСР-2004-А — 5 points with the seismic gap of 500 years (the 
seismic intensity exceedance probability for 50 years — -10 %); 

• the map fragment ОСР-2004-B — 5 points with the seismic gap of 1000 years (the 
seismic intensity exceedance probability for 50 years — 5 %); 

• the map fragment ОСР-2004-C — 6 points with the seismic gap of 5000 years (the 
seismic intensity exceedance probability for 50 years — -1 %). 

The geological structure to the depth of 42.0 m is formed by the Middle Pleistocene deposits 
(fgRII) of fluvioglacial, lacustrine, fluvioglacial and moraine origin. 
 In general, these rocks are of the glacial complex of the Dnieper glaciation. The fluvioglacial deposits 
are sandy-clay soils. The sands are light gray, yellowish-gray to brown, small- and medium-grain, with 
layers of dust-like sands. In the thick sands at different depths, there are fixed lenses of clay soils. 
The clay soils are presented by yellowish brown sandy loam and loam. They occur as lenticles and 
layers generally 2 to 6 m thick. The drilled depth is 41.8 m. On the surface, the fluvioglacial sediments 
are covered by a layer of soil and vegetation. Near “Vector” facilities, bulk soils with the depth of 0.5 
to 1.9 m occur. 

The deposits of the Kyiv stratum of the Eocene (R2kv) lie at the depth of 40.0 m, the absolute 
altitudes of the top range from 99 to 110 m; there are marls, bluish-green and mica clays. The 
deposits are found everywhere, but washed out (with gaps) in some areas. 
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The features of the geological and hydro-geological conditions of the CSFSF construction site 
are determined by its affinity to the watershed plateau between the valleys of the rivers Pripyat and 
Uzh. Physical and mechanical properties of the soil were determined on the basis of results of 
laboratory tests of soils and the geophysical studies in the wells (radioisotope logging). 

Archives of soil investigations carried out by the Institute at sites in the close vicinity of the 
CSFSF site have been analyzed for dividing the soil massive in geotechnical units and determining 
their physical and mechanical properties. 

The geological survey resulted in the identification of 7 geotechnical units (IGEs). Their 
physical and mechanical properties are specified in Table 3.2. 

3.2.3 Hydrogeological Conditions 
The hydrogeological conditions of the CSFSF site are determined by the characteristics of 

aquifers and the locally developed poorly permeable sediments in the following stratigraphic 
sequence: 

• the aquifer system of the Quaternary deposits; 
• the poorly permeable deposits of the Kyiv Eocene stratum (the marl stratum); 
• the aquifer system of the Eocene sediments; 
• the poorly permeable deposits of marl-chalk in the upper part of the Upper Cretaceous; 
• the aquifer system of the mid-Cretaceous sediments.
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2 Fine, dense sand of 
heterogeneous grain-size 
distribution, with the water 
saturation from poor to rich 

fgPII 
 

 

 0.3 0.4 4.2 27.0 55.0 13.1 3.1 0.6     2.65 1.83 1.72 0.54 33 2 33 1.83 33 2 1.74 30 1 29a 

0.20 2.07 2.07 1.97 

3 Silty, dense sand of 
heterogeneous grain-size 
distribution, with the water 
saturation from poor to rich 

fgPII 
 

 

 0.2 0.4 2.7 13.9 49.3 33.5 3.3 0.09     2.66 1.89 1.73 0.54 32 4 28 1.89 32 4 1.80 29 3 29a 

0.19 2.06 2.06 1.96 

4 Sandy loam, solid above the 
groundwater level and plastic 
below the groundwater level 

fgPII 
 

 

 0.5 0.4 1.5 12.0 31.6 11.0 20.9 13.0 9.2  0.13 0.19 0.13 0.06 0.00 2.67 2.01 1.78 0.50 24 34 25 2.01 24 34 1.91 23 32 36a 

0.17 0.64 2.08 2.08 1.98 

5 Light stiff and plastic sandy 
loam 

fgPII 
 

 

 0.7 0.9 2.6 16.0 35.0 7.0 14.8 12.1 10.9  0.17 0.23 0.13 0.10 0.39 2.68 2.07 1.77 0.51 19 54 23 2.07 19 54 1.97 18 51 35a 

6 Medium-grained sand of 
homogeneous particle-size 
distribution, dense, with the 
water saturation from poor to 
rich 

fgPII  1.9 2.7 13.3 45.8 30.1  2.7 0.04     2.65 1.80 1.73 0.53 35 2 36 1.80 35 2 1.71 32 1 29a 

0.18 2.04 2.04 1.94 

Note: 
Soil properties above the groundwater level are specified in the numerator; soil properties below the groundwater level are specified in the denominator. 
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Because of certain permeability and uneven spread of the poorly permeable sediments, all 
the listed aquifers are interconnected and form a single hydraulic system. 

The Quaternary aquifer system dominates the explored depth (42 m). During the survey 
period (December to January 2014, February 2015), the underground water of the Quaternary 
deposits aquifer system occur everywhere. This water occurs in the Mid-Pleistocene glaciofluvial 
sediments. The aquifer system is unconfined. In terms of salt composition, the water is mainly hydro-
carbonate calcium, non-aggressive to concrete. Results of the aggressiveness analysis of the 
underground water are presented in Table 3.4. 

In terms of protection from the surface radioactive chemical pollution, the Quaternary aquifer 
is vulnerable. 

The depth of the groundwater layer varies from 12.2 to 19.2 m. Absolute elevations range 
from 120.45 to 126.95 m. The survey site is located on the watershed divide, which divides the 
movement of the underground water toward north and southeast. In the area of Vector facility, the 
perched water has been found at a depth of 3.6 to 3.7 m, which corresponds to absolute elevations of 
133.45 to 133.51 m. The groundwater depth at the Vector facility ranges from 13.25 to 19.62 m 
according to the response of the State-owned Specialized Enterprise “Chernobylskyi Spetskombinat” 
to our inquiry about the groundwater situation. 

The aquifer is recharged by the infiltration of the atmospheric precipitation, and discharged 
into the Pripyat and Uzh Rivers. In general, the hydrogeological situation is stable, there were no 
significant fluctuations of the water level during the survey (winter-spring). 

The soil permeability (filtration factor) in the area of the CSFSF is shown in Table 3.3. 
Table 3.3. Soil Permeability (Filtration Factor) 
Soil Type Soil Permeability, m/day 

Silty sand in the aerated zone 1.75 
Silty sand in the saturation zone 3.5 
Chalky-sand in the aerated zone 3.0 
Chalky-sand in the saturation zone 4.0 
Medium-grain sand 15 
Fluvioglacial loam 0.1 
Fluvioglacial sandy loam 1.0 
 
 

Temporary water table of the perched water may form in the thick deposits on top of the 
impermeable layers of clay soils. 

No water confining strata have been found within the drilling depth. The top of the poorly 
permeable sediments is located at the depth of more than 40.0 m in the watershed area. The poorly 
permeable sediments of the Kyiv stratum (the marl stratum) are of regional distribution, they separate 
the Quaternary deposits aquifer from the pressure-unconfined aquifer system of the Eocene (the 
Buchaksko-Kanevsky) deposits.
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Table 3.4. Underground Water Aggressiveness (Quaternary (Q) Aquifer) 
Table No. in 

DSTU B V.2.6-
145:2010 
“Protection of 

Concrete and 
Reinforced 
Concrete 

Structures 
against 
Corrosion” 

 

Indicators of aggressiveness Impact on concrete and reinforced 

concrete structures by water tightness 

class of concrete 

Impact on 

cement-
based 
brickwork 

mortar 

Impact on 

asbestos 
cement 
structures W4 W6 W8 

B.2 Bicarbonate alkalinity, mg-
ecu/dm3 (grad) 

Non-
aggressive 

 

- - Non-
aggressive 

 

Non-
aggressive 

 
pH factor Non-

aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

Aggressive carbon dioxide 
content, mg/dm3 

Non-
aggressive 

 

Non-
aggressive 

 

- Non-
aggressive 

 

Non-
aggressive 

 
Magnesium salt content, 
mg/dm3, in terms of Mg2+ 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Ammonia salt content, mg/dm3, 
in terms of NH4+ 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Caustic alkali content, mg/dm3, 
in terms of Na+ and K+ 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Total content of chlorides, 
sulfates, nitrates, and other 
salts, mg/dm3 

Non-
aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

Non-
aggressive 
 

B.4 Portland cement under GOST 
V.2.7-46-96 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 
Portland cement under GOST 
V.2.7-46 with the content of 
C3S in clinker not more than 
65%, C3A not more than 7%, 
C3A+C4AP not more than 22%, 
and portland blast furnace slag 
cement 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Sulfate resistant cements under 
GOST V.2.7-85-99 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 

Non-
aggressive 

 
B.5 Chloride content in terms of Cl-, 

mg/dm3 
Corrosivity of the liquid inorganic medium against reinforcement in 
reinforced concrete structures 
Immersed permanently Wetted intermittently 

Non-corrosive Mildly corrosive 
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4. FUEL, WATER, THERMAL, AND ELECTRICAL ENERGY 
DEMAND, ENERGY SAVING MEASURES 
4.1 Fuel, Water, Thermal, and Electrical Energy Demand 
4.1.1 Fuel Demand 

One type of fuel (diesel fuel) is consumed at the CSFSF. 

The aggregate annual fuel consumption at the CSFSF site will amount to 25 m3 per year. 

4.1.2 Water Demand 

The annual water consumption of the CSFSF amounts to 3,309.5 m3 per year. 

4.1.3 Thermal Energy Demand 

No thermal energy is consumed at the CSFSF. 

4.1.4 Electrical Energy Demand 
The annual electrical energy consumption of the CSFSF facility amounts to 4,750.98 MWh per 

year. 

4.2 Energy Saving Measures 
The Law of Ukraine “On Energy Saving” [40] is the main document in the field of the energy 

conservation in Ukraine. The said law defines legal, economic, social, and environmental principles of 
the energy savings for all enterprises, associations, and organizations in Ukraine, as well as for the 
citizens. The law defines “energy saving” as “organizational, scientific or practical activity focused on 
the sustainable use and efficient consumption of the primary and transformed energy and natural 
energy resources in the national economy carried out using technical, economic, and legal methods”. 

Principal legislative and regulatory documents adopted in Ukraine in the field of the energy 
efficiency create legal, economic, organizational, and methodological foundations, set energy 
efficiency indicators, energy metering rules and procedures. 

The CSFSF is designed so as to ensure efficient and economical energy consumption in 
accordance with DBN V.1.2-11-2008 [41] during a reasonable period of the regular operation subject 
to meeting the requirements for the internal microclimate in rooms and other conditions of the human 
activity. 

Energy saving measures compliant with the applicable regulations [40, 42, 43] in terms of the 
following aspects have been designed in the course of the development of the design of the 
Construction of the Central Spent Fuel Storage Facility for VVER Reactors of Nuclear Power Plants of 
Ukraine: 

• thermal engineering indicators of fencing structures and roofing; 
• heating, ventilation, air conditioning, and refrigeration systems; 
• electrical energy supply and consumption; 
• energy metering and control. 
In accordance with regulatory documents, the equipment for the development of detailed 

design documents will be selected taking into account its energy efficiency performance. 

4.2.1 Energy Saving Measures in Process Solutions 
4.2.1.1 Spent Nuclear Fuel Handling 

The CSFSF is based on the technology by Holtec International (hereinafter — Holtec). This 
technology is currently one of the best in the world in terms of equipment and logistics. The SFA 
management under the Holtec technology includes: 

• the reception of a car of a special cask train at the CSFSF; 
• the transfer of the MPC from the HI-STAR transfer cask into the HI-STORM storage cask in 

the reception building; 
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• the placement of the HI-STORM cask with the MPC on the storage area using a transfer 
vehicle; 

• the long-term storage of HI-STORM casks with spent fuel assemblies. 

Reception of a Train with Spent Nuclear Fuel at the CSFSF 

Spent nuclear fuel is delivered from NPPs to the CSFSF by rail using a special cargo train. In 
accordance with the applicable regulations and technology requirements, a special train consists of: 

• not more than five cars for the delivery of HI-STAR casks; 
• one platform car for a HI-TRAC transfer cask; 
• one platform car with auxiliary equipment; 
• one escort car; 
• two buffer cars. 
The following equipment is used to set up a train: 
• a locomotive; 
• a car for the transportation of a HI-STAR cask (five cars); 
• a buffer car; 
• an escort car; 
• a HI-TRAC transfer cask car; 
• a platform car for the auxiliary equipment used at the NPP; 
• a container for the auxiliary equipment. 

Reception of a Car with Spent Nuclear Fuel in the Reception Building 

The following equipment is suggested for use for the reception of casks with spent nuclear fuel 
in the reception building: 

• a vertical cask transporter; 
• a car for the transportation of a HI-STAR cask (five cars); 
• a HI-STAR transportation and packaging set; 
• a locomotive; 
• a platform car for the auxiliary equipment; 
• a container for the auxiliary equipment; 
• a main crane in the reception building; 
• auxiliary equipment. 
The following equipment is used for the container car reception and reloading operations: 
• an electric bridge crane with a load-lifting capacity of 185/20 tonnes; 
• a HI-STAR transportation cask; 
• a HI-STAR damper device (damper); 
• a HI-STAR damper device lifting bar; 
• a HI-STAR transportation cask lifting beam; 
• a HI-STAR lifting beam storage rack; 
• a HI-STAR protective case; 
• a tool for screwing and unscrewing damper devices; 
• a CSFSF working ground; 
• multipurpose load-handling tools. 

Transfer of an MPC from a HI-STAR cask into a HI-STORM cask 

MPCs are transferred from a HI-STAR cask into a HI-STORM cask after the completion of 
the following operations: 

• a HI-STAR is placed into the HI-STAR well on the CTF; 
• a HI-STORM is placed into the HI-STORM well on the CTF; 
• a CTD is placed above the HI-STAR well on the CTF. 
The following equipment is used at the stage of the MPC transfer from a HI-STAR cask into a 

HI-STORM cask: 
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• an MPC-31 multipurpose cask; 
• an MPC-85 multipurpose cask; 
• an MPC lifting device; 
• an MPC lifting lug; 
• the cask transfer facility; 
• a cask transfer device; 
• MPC lifting device and lifting lug storage racks; 
• a HI-STAR cap screwing/unscrewing system; 
• a HI-STORM storage cask; 
• a HI-STORM circular gap protector; 
• multipurpose load-handling tools. 

Transfer of a Loaded HI-STORM Cask and Its Placement in the Storage Area 

A loaded HI-STORM cask can be placed after the completion of the following operations: 
• a HI-STORM cask with a cap, temporary IAEA seals, and lifting lugs installed on the cap 

is placed in the central hall of the reception building in an area accessible by a vertical wheeled 
transfer vehicle; 

• the place for the placement of the HI-STORM cask in the cask storage area has been 
defined; 

• the passport of the HI-STORM has been prepared; 
• a mobile working platform has been delivered to the HI-STORM installation location; 
• an opening to fit an IAEA anchor has been prepared in the foundation slab of the storage 

area. 
The following equipment is used at the stage of the transfer of a loaded HI-STORM cask from 

the reception and handling building: 
• a HI-STORM storage cask; 
• a HI-STORM lifting beam; 
• HI-STORM lifting lugs; 
• a vertical cask transporter (VCT) (transfer vehicle); 
• a turning frame. 
Auxiliary equipment is to be provided in accordance with the design to support the CSFSF 

operation and the application of the Holtec technology at NPP units in addition to the equipment to be 
supplied by Holtec. 

A more detailed description of the equipment and SNF handling process operations is provided 
in Volume 3.1 “Process Design. Part 1. Spent Fuel Handling”. 

The following are the major measures focused on saving energy in the course of the CSFSF 
operation: 

• the use of modern technologies and structures that make it possible to save electrical 
energy and consumables during the operation with long repair intervals due to the reduction in startup 
peak loads (frequency regulated drives); 

• the equipment design optimized for the performance and quantity in terms of the energy 
efficiency. 

The equipment to be used at the CSFSF has optimal metal intensity and minimum energy 
intensity. The electrical energy is only consumed by transportation process operations carried out with 
the lifting equipment. 

The main crane in the reception building is used to lift a loaded cask (MPC and HI-STAR), and 
the auxiliary equipment at the CSFSF. The crane is used for placing a loaded HI-STAR cask into 
upright position, its lifting from a rail platform, and its placement onto a low-profile transporter. It is also 
used for the transfer of a loaded MPC from a HI-STAR cask into a protective transfer tube and from a 
protective transfer tube into a HI-STORM cask. 

The electric bridge crane with a load-lifting capacity of 185/20 tonnes is a bridge crane with 
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electric drive, whose main hoisting winch has been engineered on the basis of a single-failure 
principle; it is used for transportation and process operations with casks that contain spent nuclear 
fuel. 

The crane is equipped with asynchronous squirrel cage electric motors controlled by variable 
speed drives. 

The use of electric motors with variable speed drives results in the following: 
• the high control accuracy; 
•  the electrical energy savings in the case of the variable load (the operation of an electric 

motor with the partial load); 
• the starting torque equivalent to the maximum torque; 
• the extended service life of the equipment; 
• the gradual startup of the motor which reduces wear and tear; 
• the controlled braking and the automated restart in the case of the power outage; 
• the stabilization of the rotational speed when the load changes; 
• the additional electrical energy savings due to optimizing the excitation of the electric 

motor; 
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Model Name Quantity Specifications 

 

CM 10-1 Grundfos 

type 

Floor drain water 
tank pump 

2 Delivery flow rate: 10 m3 per hour; head: 12 
m; pump power: 0.65 kW; mass: 18.8 kg 
Flow channel: made of corrosion-resistant 
steel 
Type: centrifugal 

CM 10-1 Grundfos 

type 

Control tank 
pump 
 
 

2 Delivery flow rate: -10 m3 per hour; head: -12 
m; pump power: 0.65 kW; mass: 18.8 kg 
Flow channel: made of corrosion-resistant 
steel 

 

the dynamic slowdown energy is recuperated by the drive and returned into the power supply 
system. 

LED lights are used on the crane bridge to help reduce the electrical energy consumption. 

4.2.1.2 Waste Management During Operation 

During operation of the CSFSF, radioactive and non-radioactive waste is produced. 
The design calls for the separate management of radioactive and non-radioactive waste, safe 

and reliable handling of all types of radioactive waste generated in the course of the CSFSF operation, 
the possibility of the mechanized loading of the radioactive waste, and the removal thereof by special 
vehicles for subsequent storage or treatment. 

Radioactive waste management systems that ensure radioactive waste collection, 
categorization, and shipment to special facilities within the exclusion zone have been designed at the 
CSFSF to meet regulatory requirements. No long-term radioactive waste storage on the CSFSF site is 
planned. 

The radioactive waste generated at the CSFSF are divided into liquid and solid radioactive 
waste. 

Production waste and consumption waste are the sources of non-radioactive waste during 
operation of the CSFSF. 

Collection, storage, and shipment of the floor drain water from the decontamination of the 
equipment arriving at the reception building, and the shower water from the personnel airlock are one 
of the main processes of handling the liquid radioactive waste. The floor drain water collection system 
includes piping, pumps, and tanks. 

The energy saving measures within the scope of the design of LRW handling systems were 
focused on the selection of pumps. The design calls for using high efficiency productive pumps with a 
low power consumption level contributing to the attainment of high energy efficiency and reliability. 
Drain pumps are turned on and off by a floating switch to optimize the pump operation. 

Specifications of pumps used in shower and decontamination water collection systems are 
presented in Table 4.1. 
Table 4.1. Specifications of Pumps of the Shower Water and Decontamination Water Collection 
System  
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Model Name Quantity Specifications 

 
   steel 

Type: centrifugal 

Pedrollo Dm 20 

type 

Drainage pump 
with a floating 
switch 

5 Delivery flow rate: 1.5 m3 per hour; head: -20 m; 
pump power: 0.75 kW; mass: 13.0 kg 
Type: submersible pump with a floating switch 

 
 

A detailed description of the equipment of SNF management systems is provided in Volume 3.2 
“Process Design. Part 2. Waste Management During Operation”. 

4.2.1.3 Auxiliary Systems 

The main CSFSF technology (SNF management) is supported by the following auxiliary 
systems: 

• the compressed air supply system; 
• the process vent system; 
• the decontamination system; 
• the inert gas system. 
The compressed air is treated and supplied in order to supply compressed air of required 

quality at required pressure and flow rate to compressed-air drives of the process equipment supplied 
by Holtec International, and for the repair work. 

The process vent system is intended to remove radioactive aerosols from the air displaced from 
drain waters and the shower water monitoring tank. 

The decontamination system is intended for the decontamination of equipment, systems, and 
premises of the reception building and the garage during the operation, maintenance, repairs, and 
emergency management. 

The inert gas system comprises two systems: 
• a helium supply system; 
• an argon supply system. 
The helium supply system is used for operations carried out during the preparation of an MPC 

with the SNF in a HI-STAR cask to the power unit for re-packing, and for checking a HI-STAR cask for 
leaks. 

The argon supply system is used in the course of welding activities in the course of manual 
welding. 

Compressed Air Supply System 

The design provides for a compressed air supply system to meet the demand of compressed 
air consumers. 

The compressed air is supplied to consumers in the reception building from stationary 
compressors installed in the compressor room (116). 

The following equipment is installed in the compressor room (116):  
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Name Quantity Specifications 

Dry- and wet-cleaning vacuum 
cleaner of Kaercher NT 70/2 Ap 
Me Tc type 

1 Vacuum: 25.4 kPa; container capacity: 75 dm3; power 
rating: 2760 W; air flow rate: 2 × 74 dm3 per second; 

 

• two helical screw air-cooled compressors of GA11 type (Atlas Copco, Sweden) (1 main 
compressor, 1 standby compressor) with a capacity of 108.0 m3 per hour (1.8 m3 per minute) with a 
built-in 500-L air receiver each. The capacity of a single compressor is 11 kW; 

• two adsorption-type dehumidifiers; 
• valves and piping. 
Compressors have high energy efficiency due to the modern profile of the helical screw, the 

use of modern materials and technologies, and a thoroughly engineered design of the compressor. 
Due to the compressor’s being mounted on the air receiving tank, it is turned on periodically 

when the pressure in the system drops to save electrical energy. The automated compressor load 
control system optimizes the amount of the compressed air for the specified operating mode. 

Compressed air to consumers in the maintenance building, the MPC warehouse and the 
garage is supplied from mobile compressors. 

Depending on the type of work to be carried out, compressors are carried to a compressed air 
consumer. 

Design calls for the application of oil-free piston compressors of LF5-10 type (Atlas Copco, 
Sweden) with a capacity of 29.4 m3 per hour (0.49 m3 per minute) with a built-in 250-L air receiver. The 
compressor power rating is 4.0 kW. 

These compressors are compact low-noise products mounted on their frames and equipped 
with all connecting pipes and fittings. 

Decontamination System 

Decontamination methods are divided in two groups: mechanical and physical/chemical. 
Mechanical methods of the decontamination call for the removal of the radioactive contamination 
together with a layer of the contaminated material without the application of chemicals. 
Physical/chemical methods of the decontamination call for the removal of the radioactive 
contamination by dissolving it, subjecting it to chemical breakdown or emulsification. 

The system is intended for the decontamination of equipment, systems, and premises of the 
reception building and the garage during the operation, maintenance, repairs, and emergency 
management. 

The following equipment is designed for the decontamination of the equipment, rooms, and 
plastic PPE equipment: 

• a mobile high-pressure washer with electric water warming; 
• a wash tub in room 104 of the workshop; 
• a floor scrubber; 
• a vacuum cleaner for dry and wet cleaning. 

Specifications of the decontamination system equipment are presented in Table 4.2. 

Table 4.2. Specifications of the Equipment of the Decontamination System  
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Name Quantity Specifications 

  
voltage: 220 to 240 V; mass: 26.5 kg 

Floor scrubber of Kaercher BR 
40/25 C ECO Ep type 

1 Effective width of brooms: 400 mm; mass: 61 kg; 
overall dimensions: 800 × 575 × 830 mm; 
capacity of the clean water tank: 25 dm3; 
capacity of the dirty water tank: 25 dm3; 
power rating: 1580 W; 
width of the suction beam: 700 m 

High-pressure water-heated 
wash of Kaercher HDS-E 8/16-4 
M24 kW type 

1 Mains frequency: 50 Hz 3 phases, voltage: 380 V; 
capacity: 300 to 750 dm3 per hour; maximum pressure: 
17.0 MPa; maximum temperature: 80 °C; input power: 
29.5 kW; net mass: 112 kg; overall dimensions 
(L×W×H): 940×600×740 mm; decontamination solution 
tank: 20 dm3; 

 
 

Modern mobile energy efficient equipment will be used for the regular wet cleaning and 
decontamination of rooms in the reception building. The following energy saving measures have been 
focused on during the development of major technical solutions for the decontamination: 

• the use of high-pressure washes and wet-dry vacuum cleaners of Kaercher HP type with 
highly efficient electric motors; 

• the minimization of the water consumption for decontamination by using modern wet-dry 
vacuum cleaners and high-pressure units; 

• the possibility for the local water heating in a high-pressure washing unit. 

Inert Gas System 

The inert gas system comprises two systems: 
• a helium supply system; 
• an argon supply system. 

Helium Supply System 

The helium supply system is used for operations carried out during the preparation of an MPC 
with the SNF in a HI-STAR cask to the power unit for re-packing, and for checking a HI-STAR cask 
for leaks. 

Argon Supply System 

The argon supply system is used in the CSFSF for welding operations in the course of the 
repair work. 

Filling Station 

A filling station is designed to support automobile operations on the CSFSF site. 
The filling station consists of one fuel dispenser and two underground fuel tanks. 
The fuel dispenser of NOVA-1101.21 SB type is designed for the metering and dispensing 

fuel. The dispenser has a local control panel for the metered dispensing of fuel directly from the 
dispenser. 

The fuel dispenser is equipped with standard hydraulic equipment: a single housing design 
with a bypass valve and a gas removal system, a volumeter with a pulse transducer, a fine filter, a 
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return valve, and a fueling nozzle. 
Diesel fuel tanks are operated in a broad range of temperatures from -50 to +50 °C. The 

internal zinc coating of the diesel fuel tank enhances the corrosion resistance of metal. All tanks are 
protected against diesel fuel leakage. 

Diesel Power Plant (DPP) 

The diesel power plant is designed to supply electric power without interruption in the case of 
electric power failures at the facility (in the stand-by mode). 

The electrical equipment building accommodates the equipment of the diesel power plant 
(room 106). 

The design provides for the installation of a single 320 kW diesel generator set. The diesel 
generator set is a modular open-type structure made by Caterpillar mounted on a single foundation 
frame. 

The C13 ATAAC diesel generator sets are highly efficient and have a low fuel consumption. 
The set has been designed in accordance with ISO 8528-5 requirements for the operation at 

a variable load, and can take 100 percent of the nominal load at a single step. The built-in control 
system, which includes a UPS, an automatic load transfer switch, and switchgear ensures 
uninterrupted power supply and stable local and remote control. 

The air cooling system, the engine lubrication system, and fuel, oil, and air filters ensure the 
long service life. The automatic control system is capable of starting up or stopping the plant 
automatically, and controlling operating parameters of the engine and generator. 

A detailed description of the equipment of auxiliary systems is provided in Volume 3.3 
“Process Design. Part 3. Auxiliary Systems”. 

4.2.2 Measures to Ensure Reasonable Choice of Materials and Designs 
 

Requirements for the reasonable choice of materials and designs of buildings and structures 
are based, first of all, on the need to meet the following two conditions: 

• the conformity of the chosen materials and structures with the applicable regulatory 
requirements for the strength and longevity of buildings and structures; 

• the conformity of selected materials and structures with the building code in terms of the 
thermal insulation of buildings and structures to save energy while meeting sanitary hygiene 
requirements and maintaining optimal microclimate parameters in rooms. 

The improvement of the thermal shielding of buildings and structures by means of the 
reasonable choice of materials and designs results in the reduction in environmental heat losses.  
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These measures are also considered from the point of view of the environmental protection, 
the sustainable use of non-renewable natural resources, and the reduction in the greenhouse effect 
by decreasing emissions of the carbon dioxide and other harmful substances into the atmospheric 
air. 

 Core requirements for the reasonable choice of materials and designs for the thermal insulation of 
buildings and structures are set forth in DBN V.2.6-31:2006 [44]. 

4.2.3 Energy Saving Measures in Architectural and Construction Solutions 
 

The CSFSF are has moderately continental climate with a positive moisture balance. The 
winter is mild; the summer is warm and humid. 

In view of climate conditions, the solutions have been adopted in the design to meet the core 
requirement of the sustainable use of energy resources by means of the proper selection of the 
building thermal insulation level taking into account the efficiency of thermal energy supply and 
microclimate maintenance systems on the basis of the holistic approach toward viewing the building 
and its systems. 

The thermal properties of the building walls have been chosen on the basis of regulatory 
requirements for specific elements of the thermal insulation of the building. 

The specific values of the unit thermal energy consumption have been reduced by means of: 
• a sustainable spatial and layout concept that calls for bringing individual buildings and 

structures in a single unit, reducing the area, and the number corners of the outside walls of the 
building; 

• reducing the area of window openings to the minimum level meeting the natural illumination 
requirements; 

• the arrangement of anterooms at building entrances; 
• the use of efficient thermal insulation materials, and their sustainable placement in the 

enclosing structures; 
• the enhancement of the efficiency of microclimate systems, the use of efficient heating 

devices and equipment, and the reasonable positioning thereof. 
Thicknesses of thermal insulation layers of enclosing structures of buildings have been adopted 

on the basis of the thermal engineering analysis (presented in Section 15). 
Design solutions for the thermal insulation of all buildings and structures will ensure the 

minimum acceptable thermal losses throughout the calendar year, thus meeting the regulatory 
requirements in the field of energy efficiency and energy conservation. 

4.2.4 Energy Saving Measures in Electrical Design Solutions 
 

4.2.4.1 Design Measures to Ensure High Quality of Electrical Energy 
 

The transformation ratio of the balance-of-plant (BOP) transformer will be made adjustable to 
meet the requirements for voltage fluctuations in plant mains. Cables of power supply lines have been 
checked for the allowed voltage drop. 

The following circuit design solutions have been adopted to reduce the impact of the voltage 
unsinusoidality on plant circuits and the influence of the abruptly variable load on sensitive power 
consuming units: 

• the uninterrupted power supply units, welding and lighting networks being non-linear loads 
are to be connected using dedicated power supply lines connected directly busbars beyond the 
transformer; 

• the use of the equipment with the lower level of the ultraharmonics generation. 
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Single-phase loads will be uniformly distributed among phases to reduce systemic asymmetry 
in low-voltage networks. 

Quality and reliability of the power supply to control and protection systems are ensured by the 
application of uninterrupted power supply units. 

4.2.4.2 Power Supply Technical Solutions 

Electrical energy losses in transformers are a type of process losses due to specifics of 
physical processes occurring in the course of the electric power transmission. 

Using energy efficient power transformers, where savings in the course of the operation are 
attained due to the low losses in the ferromagnetic core and coil, and maintaining sustainable 
operating mode of transformers (the optimum load factor) contribute to the reduction in electrical 
energy losses in transformers. 

Using transformers with ferromagnetic core losses (open-circuit losses) at a level of 2.0 kW 
rather than transformers with losses of 2.8 kW will save about 35,000 kWh per year. 

Disconnecting the garage transformer will contribute to the reduction in electrical energy losses 
during the period when no electrical heating is used. The electrical energy losses will be reduced by 
7,500 kWh*year over the period of not using the electrical heating. 

The following measures have been adopted in the electrical design to ensure sustainable and 
economical consumption of the electrical energy in power networks to reduce losses: 

• the optimal number of power supply lines; 
• the optimal cross-sectional area of cables; 
• the even distribution of loads among phases; 
• energy efficient lights. 
Lights with energy-saving bulbs are mainly used for the electrical lighting; their electrical 

energy consumption is much lower than that of incandescent lamps at the same illumination level. 
Using gas discharge lamps in lights is more than 4 times as efficient as using incandescent 

lamps. 
The design provides for both natural and artificial lighting. 
For the electrical energy to be consumed sustainably, the general, emergency, and outer 

lighting systems will be controlled separately with the division into zones and rooms. 
The design provides for using equipment with low energy consumption and low losses. 
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4.2.5 Energy Saving Measures in Ventilation, Heating, and Air Conditioning Systems 
 

The design calls for measures to be taken in the course of the design of heating, ventilation 
and air conditioning systems to ensure efficient use of energy if they are implemented and operated 
properly. 

Building walls meet the requirements of DBN V.2.6-31:2006 [44]. 
The design calls for the automated control of the heat output of the electric air heater 

depending on the established air temperature in the rooms during the cold season in order to ensure 
economical consumption of the electrical energy for the supply of heat to the plenum system. 

All heaters are provided with temperature controllers that make it possible to control air 
temperature in the relevant rooms automatically. 

The design provides for the centralized reduction in the air temperature within office and 
amenity rooms during non-working hours by not more than 4 °C off the target temperature. The air 
temperature in rooms is increased to the target temperature before the working hours. Temperature 
sensors installed in characteristic rooms of buildings provide inputs for the automatic and remote 
switching of space heaters on and off in the office and amenity rooms. 

The heat emitted by the operating equipment will also be recovered for heating the electrical 
equipment rooms and the compressor room. 

4.2.6 Measures to Save Energy in Water Supply and Waste Water Disposal Systems 
 

The following systems are designed for the CSFSF: 
• water supply systems: 
• utility and drinking water; 
• fire water; 
• hot water; 
• process water; 
• waste water disposal systems: 
• sanitary water; 
• storm water; 
• process water. 
Pumping equipment is the major consumer of energy resources in water supply systems. 
All pumping units have temperature sensors in each coil of the electric motor; a humidity 

sensor wire is pulled through stator wires into the oil chamber. 
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The automated pump control protects pumps against the following emergency operation 
modes: 

• the overheating of the pump electric motor; 
• the ingress of moisture into the oil chamber of the pump; 
• the failure of pump sensors; 
• the prevention of the pump startup if the electric motor insulation resistance is too low; 
• the current overload; 
• the wrong sequence of phases at the control panel input (to prevent the electric motor from 

the reverse rotation), the low or high mains voltage, the phase shift in mains, the phase loss. 

4.2.6.1 Water Supply System 

At the CSFSF site, the water is supplied from the existing DN 100 off-site network (V1) that 
supplies process water from artesian wells to the KP Vector site. The connection will be made using 
DN 80 electrically welded pipes. 

At the place of the connection to the existing KP Vector network, a water supply pit made of 
reinforced concrete elements will be built for the installation of the cutoff valves and custody meters on 
the pipes. The pit cover will have a lock to protect against unauthorized access. 

Quality of the water supplied to the CSFSF site does not meet requirements of 
DSANPIN 2.2.4-171-10 [45] for drinking water. A drinking water treatment plant will be installed in the 
office building at the CSFSF site to ensure conformity of the water with regulatory requirements. 

Drinking water consumption at the CSFSF site will be metered by a custody transfer metering 
unit at the inlet into each building or structure as prescribed by paragraph 13.1 of DBN V.2.5-64:2012 
[46]. 

Hot water pipes in buildings will be thermally insulated from the source to the tap in order to 
optimize thermal resources. 

No drinking-quality water will be used for process purposes in order to optimize the water 
supply system and meet the requirements of applicable regulations. 

4.2.6.2 Waste Water Disposal System 

All sanitary waste water from buildings and structures of the CSFSF (other than checkpoint 2) 
flow by gravity to the domestic waste water pump station; therefrom, it is pumped to the sanitary waste 
water purification works at the KP Vector site. 

The design calls for the collection of the storm water by a gravity flow storm water disposal 
network with the subsequent separation of the contaminated and notionally clean runoff in a 
separating well. 

Downstream of the separating well, the contaminated portion of the storm runoff is pumped by 
booster pump stations to the contaminated storm water accumulating tanks; after the regulation and 
partial settling, the water is pumped to the storm water extra purification facility with pumps installed in 
the accumulating tank. After the treatment, the storm runoff is discharged into the clean storm sewer 
of KP Vector. 

The notionally clean storm runoff is subjected to extra purification at bag filters in clean storm 
runoff accumulating tanks, and, after the chemical analysis, is either discharged into the clean storm 
sewer of KP Vector or used to water the grounds and greenery. To this end, a well is designed 
downstream of the notionally clean tank to enable connection of portable watering units or hoses. If 
the content of chemicals does not meet the requirements, the runoff is pumped into contaminated 
storm runoff accumulation tanks. The storm runoff from the CSFSF site is discharged into the clean 
storm sewer of KP Vector in accordance with the technical concept for the connection to KP Vector. 

Regular radiation monitoring will be carried out in all storm runoff tanks. 
Custody meters are installed in pits on pipelines used for the pumping of the sanitary waste 

water from the CSFSF site to the KP Vector site, and for the pumping of the storm runoff into the 
Maryanivka River. 
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4.2.7 Energy Conservation in Control and Monitoring Systems 
The energy conservation in control and monitoring systems is ensured by: 
• the selection of equipment with the minimum power consumption; 
• the use of LEDs and LED displays in alarm circuitry; 
• the assurance of the quality of the electrical energy. 
Power outages and permitted short-term deviations of the steady state feeding voltage and 

frequency should not: 
• result in failures; 
• cause false signals resulting self-induced movements of actuators; 
• cause loss of information in the memory of system units. 
There is control over presence of the feed voltage with the generation of a malfunction signal in 

case of the outage. Uninterrupted power supply devices are provided for the protection of the 
hardware in software and hardware suites. 

The hardware has short-circuit protection to disconnect it from the primary power supply. 

4.2.8 Resource Consumption Metering 
The design provides for metering: 
• process water at the CSFSF; 
• water at inlets into each building; 
• sanitary waste water delivered from the CSFSF to purification works on the KP Vector site; 
• (notionally clean) storm water discharged into the storm water sewer of KP Vector; 
• storm water delivered to purification works of the KP Vector site; 
• electrical energy supplied to the CSFSF. 
A liquid meter will be installed to meter sanitary waste water. VR-1 induction liquid flow rate 

meter made in Ukraine is suggested. It is designed to indicate and record the flow rate and the volume 
of conducting liquids. 

VR-1 induction liquid flow rate meter consists of a primary transducer, a signal converter, and a 
power supply module. 

The VR-1 induction liquid flow rate meter measures flow rate of conducive liquids by converting 
flow velocity into an electric signal directly by means of electromagnetic induction. 

Specifications of VR-1 induction liquid flow rate meter: 
•  Nominal diameter of the primary transducer, DN, mm:  32 40; 
•  Upper range limit, Qmax, m3 per hour:  34.6—54; 
• Nominal operating pressure, MPa: 16; 
• Relative flow rate and quantity measurement error, %: not more than ±1.0. 

One LK-32H cold water tangential flow turbine meter per building will be installed in the 
office building, guardhouse, and reception building. 

The LK tangential flow turbine water meter is designed to measure volume of the drinking 
water flowing across it at a pressure under 1.0 MPa. The meter meets the requirements of DSTU 
3580-97 [47] and technical specifications TU V 33.2-22987900-012-2003. 

The meter is protected against influence of the permanent magnetic field created by a 
permanent magnet with the surface flux density ranging from 50 to 100 mT with the total area up to 
60 square cm. Parts of the meter are made of LC40S brass and resistant plastics to ensure long 
service life. 

Specifications of LK-23H water meters: 
• Nominal diameter, mm .......................................................................... 32; 
• Class and working position ................................................................... ВН; 
• Water temperature, °С .......................................................................... От 5 до 30; 
• Nominal pressure, MPa ........................................................................ 1.0; 
• Water volume flow rate,m3 per hour: 
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minimum (Qmin) ............................................................................ 0.12; 
- transient  (Q,) .................................................................................. 0.48; 

nominal (Qn) ................................................................................ 6.0; 
maximum (Qmax) .......................................................................... 12.0; 

• minimum scale spacing, m3 .................................................................. 0.0001; 
• acceptable relative error threshold, %, ................................................. within flow rate 

ranges 
- from Qmin (inclusive) up to Q t ±5%  
- from Qt (inclusive) up to Qmax ±2%; 

• sensitivity threshold, m3/hour, not more than ........................................ 0.06; 
• pressure loss at Qmax, MPa, not more than ........................................ 0.1. 

KV-1.5 tangential flow turbine cold water meters are installed in the checkpoint 1 building, 
the maintenance building with the MPC warehouse, the concrete plant checkpoint, the garage, and 
the fire water pumping station. 

It is designed for metering (including custody metering) water consumption and monitoring 
processes. The meter meets requirements of TU U 3.48 002256544-017-94. 

It consists of an impeller module which is a flow chamber with an impeller and a counting 
mechanism tightly isolated from the impeller module. The impeller rotation is transmitted to the 
counter via magnetic coupling. The total amount of water passing through is indicated on a digital 
display and dial gauge on the instrumentation panel of the water meter. They are ISO 4064-1:1993 
[48] compliant. 

Specifications of a KV-1.5 water meter: 
• nominal diameter DN ............................................................................ 15; 
• metered water working temperature range, °С  ................................. from 5 to 40; 
• metered water nominal pressure, MPa, not more than ................. 1; 
• minimum scale spacing, m3 .................................................................. 0.0001; 
• operating position ................................................................................. H.V 
• Class ..................................................................................................... В: 

sensitivity threshold, m3/hour, not more than .............................. 0.012 
water flow rate, m3/hour, for class B: 
■ ..................................................................................................  minimum, qmin

 .................................................................................................... 0.03; 
■ ..................................................................................................  maximum, qmax 3; 

• class ..................................................................................................... А: 
sensitivity threshold, m3/hour, not more than .............................. 0,03; 
water flow rate, m3/hour, for class A: 
■ minimum, qmin ..................................................................... 0,06; 
■ maximum, qmax ................................................................... 3; 

• acceptable relative error threshold, %, in flow rate sub-ranges: 
• minimum, qmin ..................................................................................... ±5; 
• maximum, qmax for cold water ............................................................. ±2; 
• maximum, qmax for hot water .............................................................. ±3. 

Local data acquisition and processing equipment (LOSOD) will be used for the electricity 
custody metering in 10 kV switchboard cells of PS110/10 kV Buriakivka substation feeding 10 kV lines 
to the 10 kV switchgear of the CSFSF in accordance with TU No. K-00-16-04-3 of 4 May 2016 issued 
by PAT Kyivoblenergo. 

A multi-functional programmable electronic electricity meter that supports metering of active 
and reactive energy, automated reading and archival of measurement data, registration of the load 
profile by phase (including current and voltage indicators by phase), and the integration into the 
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existing automated electricity custody metering system (ASKOE). The meter meets the requirements of 
DSTU IEC 60521, SOU-NMPE 40.1.35.110:2005, and carries out control and monitoring of parameters 
of the electricity network and the quality of the electrical energy. 

4.2.9 Conclusions 
Principal legislative and regulatory documents adopted in Ukraine in the field of the energy 

efficiency create legal, economic, organizational, and methodological foundations, set energy efficiency 
indicators, energy metering rules and procedures. 

The CSFSF is designed so as to ensure efficient and economical energy consumption in 
accordance with DBN V.1.2-11-2008 [41] during a reasonable period of the regular operation subject to 
meeting the requirements for the internal microclimate in rooms and other conditions of the human 
activity. 

Buildings will be built in accordance with requirements for the thermal protection (insulation) of 
buildings for maintaining microclimate suitable for the human activity in buildings, ensuring required 
reliability and longevity of structures, providing proper climate conditions for the operation of the 
technical equipment at a minimum consumption of the thermal energy for heating and ventilation of 
buildings during the heating season. 

The longevity of building walls is ensured by the application of properly resistant materials 
(resistant to freeze, humidity, biological impact, corrosion, high temperature, temperature fluctuation 
cycles, and other destructive environmental impacts) with the provision of the special protection of 
structural elements made of insufficiently resistant materials, if necessary. 

The central spent fuel storage facility for VVER reactors of the Ukrainian nuclear power plants 
is designed for the disposal and long-term (at least 100 years) storage of the spent nuclear fuel (SNF) 
from VVER reactors. 

All buildings and structures at the CSFSF site have been designed on the basis of their 
assumed tentative service life specified in Table 19.1. 
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Accordingly, during this period buildings and structures must meet energy efficiency 
requirements with the simultaneous conformity with requirements for technologies and materials in the 
course of construction. 

The following solutions have been adopted to ensure energy efficiency during the development 
of the CSFSF design: 

• use of the modern economical state-of-the-art equipment; 
• implementation of energy-saving technical solutions; 
• optimization of the power consumption and minimization of thermal losses.
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5. INFORMATION ABOUT PROJECT PHASING AND STARTUP 
FACILITIES 

As per the Design Brief, the CSFSF is to be commissioned in a single phase with the 

identification of the following fifteen start-up facilities (PK): 

• PK-1 includes the construction of all buildings and structures under the design, and the 

installation of four HI-STORM casks (3 MPC-31 and 1 MPC-85); 

• PK-2 includes the installation of 33 HI-STORM casks (28 MPC-31 and 5 MPC-85); 

• PK-3 includes the installation of 33 HI-STORM casks (29 MPC-31 and 4 MPC-85); 

• PK-4 includes the installation of 24 HI-STORM casks (21 MPC-31 and 3 MPC-85); 

• PK-5 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-6 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-7 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-8 includes the installation of 34 HI-STORM casks (26 MPC-31 and 8 MPC-85); 

• PK-9 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-10 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-11 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-12 includes the installation of 32 HI-STORM casks (27 MPC-31 and 5 MPC-85); 

• PK-13 includes the installation of 34 HI-STORM casks (29 MPC-31 and 5 MPC-85); 

• PK-14 includes the installation of 34 HI-STORM casks (29 MPC-31 and 5 MPC-85); 

• PK-15 includes the installation of 38 HI-STORM casks (34 MPC-31 and 4 MPC-85).
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6. CORE SOLUTIONS AND INDICATORS OF THE MASTER PLAN 
OF UTILITY NETWORKS AND SERVICES 

 

According to layout solutions, the total fenced area of the CSFSF site, including the concrete 
plant site, is 13.80 hectares. 

The CSFSF site comprises the following buildings and structures: 
• the reception building; 
• the cask storage area; 
• the maintenance building with an MPC warehouse: 
• buildings and structures for storage and maintenance of the transfer vehicle and the 

fleet (a garage, a filling station); 
• the electrical equipment building; 
• the office building; 
• the security equipment buildings and structures (a set of security structures with the 

guardhouse, checkpoints 1 and 2, trench shelters, physical protection equipment); 
• water supply and waste water disposal buildings and structures (fire water supply pump 

station, fire water tanks, storm water facilities, waste water pump station, oil drain tanks (separators), 
etc.; 

• holding and marshaling tracks for spent nuclear fuel rail cars. 
The following core functional areas have been identified during the development of the layout 

of the CSFSF site master plan: 
• a utilities area outside the southern side of the site fence near the main entrance at 

checkpoint 1; 
• a process area in the center of the site (reception building); 
• an auxiliary area in the southern and southeastern parts of the site with the 

maintenance building with an MPC warehouse, the HI-STORM shell storage area, the electrical 
equipment building; 

• a warehousing area in the central and northwestern parts of the site with the SNF cask 
storage area; 

• an area of holding and marshaling rail tracks for rail cars with the SNF along the eastern 
side of the site near checkpoint 2; 

• a security guard facilities area in the southwestern part of the site; 
• an area of auxiliary water supply and waste water disposal facilities in the southeastern 

part of the site; 
• an area of auxiliary structures for storage and maintenance of the transfer vehicle and 

the fleet (a garage, a filling station) near the warehousing and process areas. 
This functional zoning of the CSFSF site has been carried out on the basis of process links, 

sanitary and fire fighting requirements, logistics, and types of transport in accordance with paragraph 
3.3 of SNIP II-89-80 [50]. 

The total fenced area of the CSFSF site is 13.20 hectares. 
Two access roads are designed to the CSFSF site: the main one from the south and the 

service access from the north, as well as the rail access track on the northern side of the site. Site 
entrances have checkpoints and inspection platforms for cars/trucks and rail cars respectively. 

The reception building is located in the center of the site; it has  
a railway entrance gate and an entrance gate for the transporter that transfers HI-STORM casks with 
MPCs from the reception building to the storage area.  
 The zero absolute elevation of the reception building has been set at 139 m. 
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The storage area for HI-STORM casks with the SNF occupies the major portion of the 

CSFSF site. The cask storage area is intended for the long-term storage of MPCs in HI-STORM 
casks. It consists of cast-in-situ foundation slabs on which casks are placed. Between slabs, process 
access ways are provided for the cask transporter and other equipment, as well as for the 
personnel. The storage area is rectangular in shape and extends along the CSFSF site in north to 
south direction up to its central part. The cask storage area has its own wire-mesh fence with 
radiation control along perimeter and a set of the physical protection equipment. Holding and 
marshaling tracks run along the eastern side of the storage area. 

The building with a garage for the cask transporter maintenance and repair is also designed 
to accommodate four cars taking into account the cask transporter traffic flow chart in the immediate 
vicinity of the entrance of the SNF cask storage area and the reception building. A filling station is 
placed south of the garage at appropriate fire-gap distances of at least 30 m from the nearest 
buildings and structures (Table 1 from paragraph 1.9 of VSN 01-89 Automobile Maintenance 
Enterprises provides that the maximum distance from a filling station to process buildings and 
structures shall be 18 m; that to office and amenity buildings shall be 25 m). The filling station 
includes two underground fuel tanks of 5 cubic meters each, and a fuel dispenser installed on an 
open-air concrete ground. 

The storage of the at-hand reserve of empty MPCs and the maintenance of cars of the trains 
arriving at the CSFSF will take place in the maintenance building with the MPC warehouse located 
south of the reception building. The maintenance building has a rail entrance used to deliver shells 
of HI-STORM casks and MPC casks to the CSFSF site. 

Shells of HI-STORM casks will be stored on an open-air site near the maintenance building. 
The electrical equipment building and the office building are placed along the southern fence 

of the CSFSF site. 
Security structures include a guardhouse, a drill ground, a loading area, a dog kennel, etc.; 

they are surrounded by a dedicated mesh fence on the southwestern side of the site near the main 
entrance. 

Water supply and waste water disposal buildings and structures are located in the 
southeastern part of the CSFSF site. 

Paved access roads and turning areas have been designed to ensure access of the fire-
fighting machinery to all buildings and structures at the CSFSF site. 

Off-site and on-site motor roads have been designed in accordance with regulatory 
requirements of [50, 70, 71]. 

On-site motor roads and access passages are 7.0 m wide at the cask transporter routes with a 
minimum longitudinal slope; passages for automobiles are 6.00 or 4.50 wide. 
 

On-site railway tracks have been designed in accordance with regulatory requirements of 
[70, 72] for 1524 mm wide tracks, and [73] for 1520 mm wide tracks. 

On-site holding and marshaling tracks are one of the main areas where nuclear fuel is 
handled, MPCs with SFA are delivered in HI-STAR transportation casks, HI-STORM shells are 
supplied, unloading operations are performed, empty cars are accumulated and held, and shunting 
operations are carried out. 
 

Surface water will be drained from pavements the main access road, on-site roads and 
grounds via gutter inlets into the designed storm water disposal network. The drainage of motor 
roads is organized by means of longitudinal and transverse gradients, and the installation of curbs. 
On holding and marshaling railway tracks, water is drained via a system of gutters between tracks 
into the designed storm water disposal network. 

Designs of utility networks and services of the CSFSF site provide for the following main 



52 
 

systems: 
• a power supply system (with outside earthing, security and outside lighting); 
• a utility and drinking water supply system; 
• a fire water supply system;  
• a process water supply system; 
• a sanitary waste water disposal system; 
• a storm water disposal system; 
• a process waste water disposal system. 
Utility networks and services on the CSFSF site are designed to be laid underground. 
The following are the major ways of access to the CSFSF site: 
• personnel traffic ways; 
• cargo and materials transportation; 
• transportation of radioactive and non-radioactive waste; 
• cask transporter movement; 
• automobile traffic; 
• rail traffic; 
• traffic of the fire-fighting and emergency rescue machinery. 
Access ways and various functional routes on the CSFSF site have been designed to have 

the least possible number of crossings. The personnel access to working places, cask transporter 
routes, and routes of cargo delivery by rail are separated. 

Technical and economic specifications of the CSFSF site are as follows: 
• the fenced area of the site is 13.20 hectares; 
• the built-up area occupied by buildings and structures is 4.90 hectares; 
• the area of paved motor roads, passageways, and grounds is 3.54 hectares  

including the pavement of the cask storage area of 2.18 hectares; 
• the greenery area is 1.90 hectares; 
• the building density is 37%. 
Locations of buildings and structures under design, principal layout solutions,  

landscaping and utility network solutions, amenity and greenery solutions, and a layout of railway 
tracks are presented on drawings in Volume 2 “Master Plan and Transport”.
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7. SOLUTIONS FOR THE ENGINEERING PROTECTION OF THE 
SITE, AND THE PROTECTION OF BUILDINGS AND STRUCTURES 
AGAINST HAZARDOUS NATURAL AND ARTIFICIAL FACTORS 

 

Before the construction of the facility, the engineering protection of the site shall be carried out 
in order to prevent or mitigate negative consequences of natural or natural/artificial processes and 
factors with their interactions and mutual causality on the site with its buildings and structures. 
 

The engineering protection of the site, and the protection of buildings and structures against 
natural and artificial factors are designed on the basis of the engineering survey science and 
technology report [1], and in accordance with regulatory requirements of DBN V.1.1-3-97 [2], DBN 
V.1.1-24-2009 [3], DBN V.1.1-25-2009 [4]. 

7.1 Spatial and Layout Planning Solutions for the CSFSF Site, Landscaping, Site 
Preparation 

 

The CSFSF site shares a boundary with the Vector facility in the east, with a 110-kV aerial 
power transmission line in the west; it is bounded by a road access to the Vector facility in the south 
and a forest in the north. 

The site is 5 km away from Shepelychy railway station, 1 km away from Buriakivka radioactive 
waste disposal facility, and 12 km away from Chornobyl Nuclear Power Plant. 

The location of the site is shown on drawing 571402.201.002.GT-K1, Sheet 1, Situational Plan 
(Volume 2, “Master Plan and Transport”). 

The grade elevation of the CSFSF site is 139.0. 
The CSFSF comprises buildings and structures; most important of them make up dedicated 

functional zones. 
Two access roads are designed to the CSFSF site: the main one from the south and the 

service access from the north, as well as the rail access track on the northern side of the site. Site 
entrances have checkpoints and inspection platforms for cars/trucks and rail cars respectively. 

Surface water will be drained from pavements the main access road, on-site roads and 
grounds via gutter inlets into the designed storm water disposal network. The drainage of motor roads 
is organized by means of longitudinal and transverse gradients, and the installation of curbs. On 
holding and marshaling railway tracks, water is drained via a system of gutters between tracks into the 
designed storm water disposal network. 

The CSFSF site is landscaped taking into account the specific features of the facility and the 
terrain. 

At a preparatory stage, the work will be carried out to clear the construction site of the CSFSF 
site from forest and shrubs, and grade the area. 

Greenery planting and landscaping, construction of sidewalks, and installation of external 
lights will be carried out to ensure proper working conditions at the site. 

Sidewalks and pedestrian footpaths with a width ranging from 1.00 to 1.50 m have been 
designed for the pedestrian traffic on the site. 

Greenery planting on the site has been designed taking into consideration locations of utilities, 
service lines, and zoning. 

Lawn has been designed in the area free of any development or pavement; trees and bushes 
will be planted in areas free of utility networks. Types of trees and bushes have been chosen taking 
into account local climate. The soil in areas, where there is no lawn, will be graded and compacted. 

The greenery planting area does not exceed 15 percent of the total area within boundaries of 
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the design (paragraph 3.73 of SNIP II-89-80 [50]). 
Other than sidewalks, landscaping elements include rest areas, benches, and litter bins. 
Design of landscaping and greenery planting for the CSFSF site is presented on drawing 

571402.201.002-GT-K1, sheet 6, Landscaping and Greenery Planting Plan (Volume 2, “Master Plan 
and Transport”). 

7.2 Engineering Protection of the Site against Waterlogging and Floods 
The area of the CSFSF site is slightly sloping from north to south and is characterized by 

elevations from 142.00 to 139.00 m in the northern part and from 138.50 to 137.00 m in the south. 
The grade level for the CSFSF site in accordance with the master plan is 139.00 m. 

In view of this, rainfall runoff that accumulates in the neighboring area in the north will flow 
along the natural gradient toward the fence of the CSFSF site. CSFSF site engineering protection 
measures have been designed to protect the CSFSF site against floods. The design calls for 
arranging a strengthened drain ditch on the western side of the site designed to convey the rank 
overflow (a storm water runoff calculation 571402.216.022.RK00 has archived at PAO KIEP). 

The drain ditch has a rectangular cross section; it is 2 m wide at the bottom with 2 m high 
walls strengthened with reinforced concrete. The drain ditch bottom is covered with crushed rock and 
strengthened with geoweb and the grade of 0.0003 m. Since the CSFSF site consists of water-
permeable sandy soil with a low groundwater level, the collected runoff will be partly filtered into the 
soil. Reinforced concrete slabs are laid for discharging the runoff into the terrain. 

No waterlogging of the site with groundwater is expected in accordance with the geological 
survey [1] carried out on the site in 2015 because the underground water depth ranges from 12.2 to 
19.2 m. 

 

7.2.1 Engineering Protection of the Area, Protection of Buildings and Structures against 
Hazardous Geological Processes 

 

No physical, geological and hydrogeological processes and phenomena capable of affecting 
buildings and structures negatively have been found on the site in accordance with the geological 
survey [1] carried out on the site in 2015. Exogenous geological processes (EGP), such as swamp 
development, soil erosion, development of gullies and landslides, do not occur because of the 
insignificant difference between absolute elevations of the site (~2.0 m). In addition, the terrain will be 
graded, paved, and landscaped in the course of the construction. No changes in geological 
conditions are expected in the course of construction and operation of the storage facility. 

Foundations of buildings and structures have been designed in accordance with regulatory 
requirements of DBN V.2.1-10-2009 [6] and PiN AE-5,6 [7] taking into account physical properties of 
the soil. Foundations of buildings and structures are supported by the stable soil footing. 

During the preparatory period, the CSFSF construction site will be prepared (with more 
detailed information on this subjected provided in paragraph 7.1 “Recommendation on the 
Technology of the Main Construction and Installation Work, Volume 11, Construction Method 
Statement, 571402.201.011-POS); the preparation will include a number of measures, including the 
grading of the site (cutting and backfilling of up to 2.9 m) to the grade level of 138.800. 
As a result of the site preparation, the backfilled soil compacted with the consolidation rate of 0.95 
according to specifications provided below will serve as footing for foundations of some of the CSFSF 
buildings and structures being designed: 

• density at optimal humidity of 12%: ρ = 1.74 tonnes per cubic meter; 
• dry soil bulk density: ρ = 1.64 tonnes per cubic meter; 
• internal friction angle: φ =30°; 
• specific cohesion: C=1.9 kPa. 
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Local fine grained sand will be used for backfilling. Silty sands present in places to be 
excavated in accordance with the geological survey may only be used for backfilling in the areas free 
of CSFSF buildings (the silty sand must be outside the footprint of buildings under design at all times). 
Soil to be compacted may not contain trash, black humus soil, construction debris, organic inclusions, 
lumps of frozen soil. 

Existing backfilled soils (IGE-1a) shall be replaced with the graded soil that meets the following 
physical and mechanical specifications: 

• consolidation rate: 0.95; 
• density at optimal humidity of 12%: ρ = 1.74 tonnes per cubic meter; 
• dry soil bulk density: ρ = 1.64 tonnes per cubic meter; 
• internal friction angle: φ =30°; 
• specific cohesion: C=1.9 kPa. 

Before foundations are built in a pit, the subsoil shall be tested for meeting the required 
specifications. If not, the engineering solutions will have to be reviewed. 

A system of monitoring of the condition of foundations of buildings and structures will be 
implemented to study deformations of the subsoil under buildings and structures, to determine the 
condition of the subsoil, the nature of subsoil deformations, and compare actual building settling and 
tilt values with regulatory targets and design requirements. 

No further measures are required in the field of the engineering protection of the area, 
protection of buildings and structures against hazardous geological processes. 

7.3 Engineering Protection of the Area, Protection of Buildings and Structures 
against Natural/Artificial Impacts 

No natural/artificial processes and phenomena capable of affecting properties of the subsoil, 
as well as buildings and structures negatively have been found on the site in accordance with the 
geological survey [1] carried out on the site in 2015, namely: 
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- there are no undermining areas; 
• - there are no oil or gas production fields; 
• - there are no water-retaining structures; 
• - there is no intake of underground water directly under the site. 
No changes of natural/artificial (technology-induced) nature are expected in the course of 

construction and operation of the storage facility.
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8. OCCUPATIONAL SAFETY 
 
DP NAEK Energoatom is going to implement and operate an occupational safety 

management system at the CSFSF in accordance with the Law of Ukraine “On Occupational 
Safety” [8], Electrical Energy Sector Companies Occupational Safety System Policy approved 
by Order of the Ministry of Energy and Coal Industry No. 73 of 9 February 2015. According to 
the above Policy, the occupational safety policy must focus on: 

• maintaining good manufacturing practices; 
• improving the industrial safety level by means of the ongoing technical control 

over the condition of the production facilities, technologies, and equipment; the use of 
achievements of science and technology; 

• providing training, professional re-training and qualification development 
opportunities to personnel in the field of the occupational safety; 
 

• social protection of workers, restitution of damage to people affected by 
accidents and occupational diseases. 

• the Policy specifies objectives in the field of occupational safety, such as: 
• the prevention of accidents; 
• the reduction in the number of violations of requirements of occupational safety 

regulations; 
 

• the reduction in the level of risk for the most hazardous activities; 
• the reduction in the number of employees working under conditions that are not 

compatible with sanitary/hygiene norms; 
• the obtainment of the OSMS conformity certificate under DSTU OHSAS 

18001:2010 “Occupational Hygiene and Safety Management Systems. Requirements”. 
Since the CSFSF does not currently have any permanent personnel, the documents 

for the CSFSF OSMS, including the CSFSF OSMS Policy, are expected to be completed at 
the stage of the commissioning activities because the permanent personnel will be appointed 
to the CSFSF before the commissioning of the facility. 

In DP NAEK Energoatom, the occupational safety management is focused on 
providing safe working conditions at each working place on the basis of the following tenets: 

• the priority of human life and health of the personnel; 
• the responsibility of every employee for the occupational safety level at his 

working station; 
 

• the reduction in the number of violations of requirements of occupational safety 
regulations in the course of organizing and performing work; 

• the encouragement of the commitment to the good manufacturing and 
occupational safety practices. 

The above tenets will be implemented in the CSFSF occupational safety management 
system. 

8.1 List of Core Regulations 
Table 8.1 offers a list of the core occupational safety regulations applied by DP NAEK 

Energoatom and its separated subdivisions.
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Document Name Designation 

Law of Ukraine “On Occupational Safety”  

Main Radiation Safety Assurance Rules of Ukraine OSPU DSP 6 177-2005-09-02 

Radiation Safety Standards of Ukraine. State Health Standards (NRBU-
97) 

DHN 6.6.1-6.5.001-98 

Radiation Safety Standards of Ukraine. Amendment: Radiological 
Protection against Potential Exposures. State Health Standards (NRBU-
97/D2000) 

DHN 6.6.1-6.5.061-2000 

Occupational Noise, Ultrasound and Infrasound Sanitary Standards DSN 3.3.6.037-99. 

Hazardous and Harmful Process Factors. GOST 12.0.003-74* 
Classification (ST SEV 790-77) (COMECON 

standard) 
Production Premises Microclimate Sanitary Standards DSN 3.3.6.042-99. 

Electrical Installation Rules PUE 2009 in 2011 version 

General Sanitary and Health Requirements for the Working Zone Air GOST 12.1.005-88 SSBT 

Alternating Current Switchgears and 330, 400, 500, and 750 kV Aerial 
Power Transmission Lines. Rules of Protection of the Maintenance 
Personnel against the Electromagnetic Field Impact 

GKD 34.03.601-95 

Rules of Occupational Safety for the Operation of the Thermomechanical 
Equipment of Power Plants, Heating Networks, and Installations Using 
Thermal Energy 

NPAOP 0.00-1.69-13 

Rules of Installation and Operation of Fire Alarm and Evacuation 
Management Systems in Buildings and Structures 

NAPB A.01.003-2009 

Natural and Artificial Lighting DBN V.2.5-28:2006 

Rules of the Safe Operation of Electrical Installations of Consumers NAOP 40.1-1.21-98 

Rules of Occupational Safety of Working at Height NPAOP 0.00-1.15-07 

Sanitary Rules of the Organization of Processes and Hygiene 
Requirements for the Process Equipment 

SP 1042-73 (DNAOP 0.03-1.07-
73) 

Rules of Installation and Safe Operation of Pressure Vessels NPAOP 0.00-1.07-94 

Rules of Fire Safety in Ukraine NAPB A.01.001-2014 

DSANPIN. Health Categorization of Occupational Activities in Terms of 
Harmfulness and Hazard of the Process Environment Factors, Working 
Process Difficulty and Stress Level as approved by Order of the Ministry 
of Health of Ukraine No. 248 of 8 April 2014 

- 

Protective Electrical Safety Measures in Electrical Installations of 
Buildings and Structures 

DBN V.2.5-27-2006 

Rules of Safe Work with Electrical Power Tools and Accessories NPAOP 0.00-1.30-01 

Rules of Special Training and Education in the Technical Operation of 
Electrical Energy Sector Facilities 

GKD 34.12.102-2004 

Model Occupational Safety Instruction for the Work in Confined GKD 34.03.804-97 
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Document Name Designation 

Spaces  

Model Charter of the Occupational Safety Function NPAOP 0.00-4.21-04 

Model Procedure of Occupational Safety Training and Knowledge 
Testing 

NPAOP 0.00-4.12-05 

Procedure of Investigation and Record-keeping of Occupational 
Accidents, Occupational Diseases, and Process Emergencies 

- 

Procedure of the Provision of Special Clothing and Footwear, and 
Other Personal Protection Equipment to the Personnel 

NPAOP 0.00-4.01-08 

List of Elevated Hazard Work Activities NPAOP 0.00-2.01-05 

Procedure of Medical Examinations of the Personnel of Certain 
Categories approved by Order of the Ministry of Health of Ukraine 
No. 246 of 21 May 2007 

- 

 
 

8.2 Process Safety Measures 
The following processes will take place in the course of the operation of the CSFSF: 
• monitoring and maintenance of HI-STORM storage casks; 
• operation and maintenance of the thermomechanical and electrical equipment, and 

instrumentation equipment for keeping the facility safe; 
• operation and maintenance of buildings and structures of the CSFSF; 
• operation and maintenance (assessment) of load-lifting machinery; 
• transportation and process operations that involve handling of spent nuclear fuel 

transportation and storage casks; 
• operation of road and rail vehicles. 
The production process safety is ensured by implementing the following organizational 

and technical measures: 
• equipment, buildings, and structures shall be operated in strict conformity with 

operating instructions and requirements of the organizational and instructive documents of DP 
NAEK Energoatom, regulations, and requirements of the documentation of manufacturers; 

• assessment of working places (in terms of working conditions) for the conformity 
with requirements of regulations and documents of DP NAEK Energoatom aimed at detecting 
and eliminating conditions that can result in the deterioration of the health of personnel 
(Resolution of the Cabinet of Ministers of Ukraine No. 442 of 1 August 1992 “Procedure of 
Assessment of Working Places for Working Conditions”); 

• monitoring of the technical condition of equipment, buildings and structures in 
accordance with requirements, instructions, and operating regulations and documents of DP 
NAEK Energoatom; 

• control over the compliance of the personnel with requirements of occupational and 
labor safety regulations and documents of DP NAEK Energoatom; 

• organization of occupational safety training and knowledge tests and briefings of 
personnel in accordance with requirements of NPAOP 0.00-4.12-05 [9] and PL-S.0.26.029-05 
[10]. 

• provision of special clothing, PPE and PRPE to the personnel in accordance with 
the OSPU [12] and NPAOP 0.00-4.01-08 [13]; 

use of safety signage and posters in accordance with requirements of the Technical 
Regulation for Occupational Safety and Health Signage approved by Resolution of the Cabinet 
of Ministers of Ukraine No. 1262 of 25 January 2007. 
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8.3 Toxic, Fire/Explosion Safety Specifications of Materials, Semi-finished 
Products, Process Waste, and Control over Safety Requirements 

There are no toxic or fire/explosion-hazardous semi-finished products or process waste in the 
CSFSF. 

Design calls for the application of decontaminants permitted in Ukraine, having sanitary/health 
certificates, and efficient in different conditions, to decontaminate rooms in the reception building, the 
equipment, and the special vehicles. Decontaminants listed in Table 8.2 will be used. 
Table 8.2. List and Specifications of Decontaminants 
Agent 
Name 

 
 

Agent Description Agent Purpose Contamination Type Hazard Class 
under GOST 
12.1.005-88 

FRES-20 Fire-safe freon (halocarbon 
compound) and ethyl alcohol blend 
Non-toxic 

Decontamination of electrical 
equipment surfaces 
 
 

 - 

Selan-3 Water solution of polyvinyl alcohol 
and glycerin with surfactants and 
sequestrants. Fire and explosion 
safe. 
Non-toxic 

Dry decontamination of 
various surfaces of rooms and 
equipment (painted and non-
painted carbon and corrosion 
resistant steel surfaces; 
concrete and plastered 
surfaces painted with 
decontaminable chemical-
resisting enamel paints; 
organic and silicate glass 
surfaces; surfaces of self-
leveling floors on the basis of 
epoxy and polyester resins. 

Removal of alpha and 
beta-active 
contaminations at the 
ambient air 
temperature above 
zero and relative 
humidity up to 90 
percent 

- 

Selan-4 Water solution of polyvinyl alcohol 
and glycerin with surfactants and 
sequestrants. Fire and explosion 
safe. 
Non-toxic 

Dry decontamination of 
corroded metal surfaces 

Removal of strongly 
fixed alpha- and beta-
active contaminations 
at the ambient air 
temperature in the 
range from -15 °C to 
+40 °C, and relative 
humidity up to 90 
percent 
 

- 
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Agent Name 
 

 

Agent Description Agent Purpose Contamination Type Hazard Class 
under GOST 
12.1.005-88 

Baryer Powder blend of surfactants, 
leachable and acidic additives. Fire 
and explosion safe. 
Non-toxic 

Decontamination of metal 
building structures, equipment, 
and vehicles. 

 - 

 
 

Other agents listed hereinbelow may also be used for the decontamination. 
Fon and Raddez are aerosol foam standalone decontaminants. They are available in spray 

cans making it possible to decontaminate directly at a working place. These decontaminants are 
supplied as 0.5 dm3 spray cans in corrugated boxes. 

Fon-P (TU 6900-002-73039369-2004) decontaminant is used for the decontamination of 
various surfaces. It is a flavored solution of surfactants in an ethanol/water blend with a propellant, 
sequestrants, and organic acids. 

Fon-К (TU 6900-003-73039369-2004) is used for the decontamination of the human skin. It is 
a flavored solution of surfactants in an ethanol/water blend with a propellant, sequestrants, and 
organic acids. 

Fon-E (TU 6900-001-73039369-2004) is used to decontaminate electrical equipment and 
assembled devices. It is a saturated alcohol solution with special additives. 

Raddez-P (TU 95 2700-98) is used to decontaminate metal and polymer surfaces. It is a 
flavored solution of surfactants in an ethanol/water blend with a propellant, sequestrants, and organic 
acids. 

Raddez-D (TU 95 2701-98) is used for the decontamination of the human skin. It is a flavored 
solution of surfactants in an ethanol/water blend with a propellant, sequestrants, and organic acids. 

These decontaminants are non-toxic, fire and explosion-safe. 
Fire and explosion-hazardous materials are used at the filling station and in the garage; their 

specifications are specified in Table 8.3. 
Table 8.3. Specifications of Fire and Explosion-hazardous Materials 

Substance  

Description 

Fire or Explosion Hazard Hazard Class under GOST 
12.1.007-76 

Diesel fuel Diesel fuel is a flammable liquid with the autoignition 
temperature of 300 °C (L-branded summer fuel) or 310 °C (Z-
branded winter fuel). 
Ignition ranges are as follows: 69 to 119 °C (for L-branded 
summer fuel) and 62 to 105 °C (for Z-branded winter fuel. 

IV 

Engine oil Engine oils are a flammable viscous liquid with a flash point in 
the range of 165 to 235 °C, an autoignition range of 300 to 
350 °C; upper ignition limits of 193 to 225 °C and lower 
ignition limits of 154 to 187 °C. 

IV 

 
 

Control over compliance with safety requirements will be exercised by the nuclear, radiation 
and occupational safety inspector, and the engineer in charge of occupational safety in a process unit 
in accordance with the Electrical Energy Sector Companies Occupational Safety System Policy. 
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8.4 Description of Processing Areas, Calculation or Substantiation of 
Explosion and Fire Hazard Categories or PBE Classes 

Categories of CSFSF rooms in terms of the fire and explosion hazard level have been 
determined in accordance with NAPB B.03.002-2007 [14] and listed in Table 8.4. 
Table 8.4. Categories of CSFSF Rooms in Terms of Fire and Explosion Hazard 
Room  

Number 

Room Name Area, 
square 
meters 

Explosion/Fire 
and Fire 
Hazard 
Category 

Reception building 
114 Central Room (transport-technological operations room) 953.5 Д(E) 

103 Water metering room 18.8 Д(E) 
104 Machine repair shop 48.2 Г(D) 
105 Room for cleaning and decontamination machinery 9.1 Д(E) 

106 Decontamination chemicals store room 9.6 Д(E) 
107 Radiochemical laboratory 33.8 Д(E) 
109 Floor drain tanks room 46.7 Д(E) 

110 Monitoring tank room 28.1 Д(E) 
111 Special sewage pumps room 29.2 Д(E) 
116 Compressor room 24.8 Д(E) 
117 BOP 0.4 kV switchgear room 87.4 В(C) 
118 Plenum ventilation center 34.8 Д(E) 
125 Tools store room 7.3 Д(E) 
202 TLD dosimetry laboratory 17.0 Д(E) 
203 Electrical switchboard room 8.3 В(C) 
303 Control and management systems server room 32.5 Д(E) 
304 Server room 36.4 Д(E) 
305 Telecommunications room 30.1 Д(E) 
306 CSFSF centralized control and management systems 

room 

48.5 Д(E) 

321 Instrumentation workshop 36.8 Д(E) 
401 Plenum ventilation center 95.5 Д(E) 
402 Exhaust ventilation center (exclusion area) 106.3 Д(E) 
403 Exhaust ventilation center (normally occupied area) 23.5 Д(E) 
406 Radiation monitoring system room 16.6 Д(E) 
Maintenance building with an MPC warehouse 
101 Equipment maintenance and warehousing room 1300.0 Д(E) 

102 Mechanical workshop 74.25 Г(D) 
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Room  

Number 

Room Name Area, 
square 
meters 

Explosion/Fire 
and Fire 
Hazard 
Category 

103 Concrete laboratory 43.81 Д(E) 
104 Electrical switchboard room 10.52 В(C) 
105 Electrical workshop 24.71 Д(E) 
115 Spare parts store room 16.05 Д(E) 
203 Plenum ventilation chamber 23.47 Д(E) 
204 Exhaust ventilation chamber 22.5 Д(E) 
205 Spare parts store room 22.48 Д(E) 
209 Workshop (ventilation, water supply and waste water 

disposal systems) 

17.74 Д(E) 

Office building 
003 Filter and ventilation room 23.27 Д(E) 
016 Drinking water preparation plant room 82.32 Д(E) 

218 Ventilation chamber 17.65 Д(E) 
Electrical equipment building 
101 Water metering room 3.65 Д(E) 
102 BOP 0.4 kV switchgear 86.3 В(C) 
103 BOP 10 kV switchgear 49.5 В(C) 
104 Ventilation room 31.6 Д(E) 
106 Diesel power plant room 49.8 В(C), F-I 
Garage 
101 Covered parking lot 190.8 В(C), F-IIa 
102 Maintenance and repair section 102.6 В(C), F-IIa 
103 Washing and decontamination room 83.8 В(C), F-IIa 
104 Mechanical workshop 42.8 Г(D) 
105 Ventilation chamber 35.2 Д(E) 
106 Ventilation chamber 17.1 Д(E) 
107 Store room 17.1 В(C), F-I 
111 Garage for the transfer vehicle 216.0 В(C), F-IIa 
112 BOP 0.4 kV switchgear 102.6 В(C) 
Fire water supply pump station 
1 Motor room at -2.500 74.8 Д(E) 
1 Motor room at 0.000 20.8 Д(E) 
Guardhouse 
003 Ventilation chamber 19.7 Д(E) 
107 Armory 23.65 В(C), F-IIa 
121 Garage 71.68 В(C), F-IIa 
123 Study materials workshop and store room 11.23 Д(E) 
221 Ventilation chamber 11.06 В(C), F-IIa 
222 Ventilation chamber 19.35 Д(E) 
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8.5 Determination of the energy potential of explosion hazardous units, radiuses of potential 
destruction zones, actions to protect the personnel from injuries, and to arrange safe evacuation of 
workers in case of possible emergencies and fires 
 

There are no explosion hazardous units at CSFSF. 
In case of emergency response actions, operating personnel shall follow the guidelines on 

elimination of emergencies in the operation of the systems and equipment. A package of guidelines 
on elimination of emergencies at CSFSF pursuant to the practice utilized by SE NNEGC 
Energoatom will cover the entire list of operational occurrences and emergencies anticipated in the 
project. Emergency elimination guidelines identify the procedure of the personnel actions to ensure 
safety in case of emergencies. 

Personnel evacuation measures, gathering locations and escape routes in case of 
emergency will be determined in the Emergency Plan. 

For protecting the personnel in evacuation, pursuant to requirements set in EIC [16], Chapter 
5 of the Ukrainian Building Code Document DBN V.1.1-7-2002 [17], foresees the following 
measures: 
 evacuation is anticipated only via emergency exits; 
 clear height and width of the emergency exits (doors) shall be not less than 2.0 m, and 

the width - 0.8 m; 
 doors of the emergency exits and doors on escape routes open in the direction of the 

people’s escape; 
 doors of the emergency exits from the floor corridors and stairwells have no locks 

preventing their free opening from the inside without key; 
 corridors are free from equipment and utilities protruding from the wall pane at a height 

under 2 m, and have no pipelines carrying flammable substances; 
 current conducting parts of electric installations, as well as conductors of any purpose, 

satisfy requirements of the EIC [16] regarding their maximum permissible heating at all possible 
modes of the electric installation operation. 

Distance from the most remote workplace to the nearest emergency exit does not exceed 
20-30 m in the administrative and amenity buildings and premises and 50 m in the production 
buildings. 

Floors on the escape routes are arranged without level differences and edges. 
Walls and ceilings on escape routes are finished in accordance with requirements set in 

par.5.24 of DBN V.1.1-7-2002 [17] with use of materials having fire hazard index not higher than: 
 G2, B2, D2, T2 - for wall and ceiling finish in the corridors; 
 V2, RP2, D2, T2 - for flooring of the corridors. 
Emergency exit signs are anticipated with built-in rechargeable batteries. 
If the working lighting is off for any reasons, emergency (safety) lighting remains operational 

and enables to continue work at a permissible reduced illumination. Safety lighting is anticipated in 
premises without natural light, in main process areas, ventilation chambers, in MV SG premises, as 
well as in control panels. 

In case of failure of the working lighting, safety lighting shall create on the working surfaces 
in serviceable production premises the lowest illumination in 5%, rated for the working illumination 
from the total one, but not less than 2 lx. 
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Escape lighting is arranged on escape routes, in places dangerous for pedestrian traffic, in 

premises where leaving from the premise in case of emergency failure of the working lighting is 
connected with the injury risk in case the production equipment remains in operation. LED Exit signs 
are anticipated with built-in rechargeable baterries ensuring at least 1 hour of offline operation 
(par.6.1.23, EIC [16]). Escape lighting shall ensure the lowest illumination of 1 lx on the floor of main 
passages and on the steps of the stairs in the premises (par.6.11, EIC [16]). 

 
8.6 Data on illumination of workplaces, noise, vibration, methods of extraction and neutralization of 
wastes with hazardous properties 
 

Electrical lighting is executed in accordance with Chapter 6, EIC [16] and par.4, DBN V.2.5-
28-2006 [19]. 

Anticipated illumination by premises: 
 corridors - 50-100 lx; 
 clean room - 200 lx; 
 stairs - 100 lx; 
 electric premises, control and measurement instrumentation - 200 lx; 
 local switchboards - 300 lx; 
 ventilator premises - 100 lx; 
 area with casks (reception, rehandling) - 600 lx; 
 reloading of casks, treatment of assemblies, monitoring of casks, technical 

maintenance - 300-500 lx; 
 pump, diesel and compressor rooms - 200 lx; 
 radiation monitoring rooms – 150 lx 
 office space - 300 lx; 
 access control hall - 200 lx; 
 water closet rooms - 100 lx. 
Light sources are mainly luminaires with luminescent and mercury (sodium) lamps with 

power factors not below 0.9 and 0.85 respectively (par.6.2.1, EIC [16]). 
Combinated lighting - general and local - is anticipated in the premises. In case of the local 

lighting, luminaires are installed at workplaces in direct vicinity of the working zone. 
Required illumination in the premises is ensured by working and emergency lighting lamps 

thus ensuring required conditions both for normal operation and for cases of emergency failure of 
the main (working) power supply sources. 

Storage area for the casks is lit by floodlight towers combined with lightning rods, 
searchlights with sodium lamps. This ensures 30 lx illumination for performance of works during the 
dark hours, and 2 lx for illumination of railway tracks. 

Power supply for the working lighting of the storage area for the casks and of the railway 
tracks is fed from the reception building. The control is remote from the reception building (each 
tower separately) and local, from the lighting assembly installed at the entry to the cask storage 
area. 

For security lighting along the roads, luminaires with sodium lamps are installed on 
reinforced concrete poles. The poles are installed at a distance of 1 m from 
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the internal fence (in the exclusion zone) with the interval not more than 20 m. In this case, it will 
ensure illumination across the width of the exclusion zone of at least 15 lx during the dark hours 
(horizontal at the ground level and vertical on the fence pane). 

Security lighting of the cask storage area is arranged from floodlight towers combined with 
lightning rods, searchlights with sodium lamps. In this case, it will ensure illumination of at least 15 lx 
during the dark hours. 

 
Source of the noise that has impact on the environment is dry type 10/0.4kV 1000kVA 

transformers installed in separate premises: 
 reception building - two 1000kVA transformers; 
 garage for 4 cars and cargo carrier - one transformer, 1000kVA; 
 electrical equipment building - two transformers, 1000kVA. 
Noise characteristics of the transformers are given in Table 8.5. 

 
Table 8.5 - Noise characteristics of the transformers 

 
Measured value: Transformer noise level 

1000 kVA 
Average acoustic power level Lw(A), db(A) 73 

Average acoustic pressure level (at 1 m 
distance) Lp(A), dB(A) 

59 

 
Noise generated by the transformer doesn’t exceeds 80 dB and requires no special 

protective actions. 
There are no vibration sources leading to exceedance of the standard thresholds in 

premises with permanent personnel presence. 
There are no wastes with hazardous properties at CSFSF.  
During operation of CSFSF, LRW and SRW may form, which handling system is described 

below. 
Drain water storage and transportation system 
Drain water from flood traps of the active drains are fed under gravity to the sump of the 

premise with drain water tanks. Flood traps are arranged in every premise where decontamination is 
anticipated. From the drain sump drain waters are pumped into one of the drain water tanks. The 
plan anticipates two tanks with the capacity of 4 m3 each - one is operational, and one is backup. 
The tanks are connected by the joint manifold. Switching of the drain water arrival from one tank to 
another is performed by the operator according to the signal of the medium upper level in the 
receiver tank. 

For pumping the accumulated LRW out to a vehicle -  5 m3 tank truck for removal of LRW at 
Chernobyl NPP two pumps of the drain water tank are anticipated (one is operational and one is 
backup), each with the throughput of 12.5 m3/hour. Pressure conduit from the pump room leads to 
the central hall to which the motor vehicle access is ensured. Flowmeter is installed on the pump 
heads to control LRW volume pumped into the vehicle. 

In order to assess the activity of the LRW accumulated in the reception tank, stationary 
control of the drain water activity is performed. According to the results of such control, the following 
is assessed 
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actions to ensure radiation safety of the personnel during sampling and to coordinate reception of 
drain water at Chernobyl NPP. 

After the receiver tank is full, personnel will take samples, for which purpose the design 
provides for the sampling cupboard located in the laboratory. The laboratory analyses the tank 
medium for the isotopic composition and activity. Based on the control results, the personnel 
compiles the LRW batch passport and calls a vehicle from the Chernobyl NPP to transport LRW to 
the Chernobyl NPP. 

For control of the LRW handling system local console, on-the-spot control, and control from 
the central control and monitor panel are anticipated. On the central control and monitor panel most 
important system parameters (level in the drain water tanks, tank medium activity, status of the 
pumps operation (on/off), and readings of the flowmeter) are displayed. 

Shower water storage and transportation system 
The system is intended for reception, control and transportation of the water from showers 

and wash hand basins of the contamination control zone to the shower water control tanks. The 
system comprises manifolds, pipelines to connect manifolds and individual sources, as well as tanks 
and pumps of the shower water tanks. 

The system is designed to receive up to 4 m3/day of the shower water. The water is 
low-activity LRW or non-radioactive at all. 

Liquid wastes generated at CSFSF are considered radioactive if they satisfy the criterium of 
specific activity. With that said, it is considered that main radionuclides are 137Сs, 90Sr. Therefore, 
shower room water will refer to radioactive if their specific activity by 137Сs exceeds 107 Bq/m3, and 
that by 90Sr – 106 Bq/m3. 

At normal operation, water from the shower rooms and wash hand basins is fed under 
gravity to the control tanks (2 pcs.) of shower waters. One of these tanks is used as a receiver tank 
and the second is used as a feeder tank. The system provides for 2 pumps: main and backup. 

For the case of accidental spill of the water, there is a sump arranged, with the depth of 1 m 
and a drainage pump. Drain water can be pumped out into any of the control tanks. 

After one of the tanks is full, the personnel will switch discharge from the system to the 
neighboring tank. 
Samples are taken from the filled tank. The laboratory performs analysis of the specific 

activity of the samples. If the specific activity of the water in the tank by 137Сs does not exceed 106 

Bq/m3, and by 90Sr – 105 Bq/m3, then the water from the control tanks is discharged under gravity to 
the domestic sewage system. If the specific activity exceeds the indicated values, then the water will 
be transported for treatment to the Chernobyl NPP. Information on the results of the sample 
analysis by the lab technician is recorded in the LRW control and accounting system. 

If the water is radioactively contaminated, the shift supervisor approves its transportation to 
the Chernobyl NPP. After the reception is approved, LRW batch passport will be prepared. 

Solid radioactive waste storage and transportation system 
Low-activity and medium-activity SRW handling system is intended for handling of the solid 

radioactive wastes formed at the normal operation, at violations of the normal operation, and at 
design basis accidents at CSFSF. 

SRW generated at CSFSF are considered radioactive if they satisfy the criterium of specific 
activity. Classification of SRW categories by the specific activity criterium is given in Table 8.6. R
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Table 8.6 - Classification of SRW categories by the specific activity 

 
 
 
 
 
 
 
 

During the operation, solid radioactive wastes may form at performance of the scheduled 
works on radiation situation control, at decontamination, at equipment maintenance and repair and 
at replacement of the active ventilation filters. 

SRW are: 
 materials utilized at the maintenance and repair (M&R); 
 failed (used) and irreparable equipment; 
 used protective clothing that refers to radioactive wastes by the contamination criterium 

and is not subject to decontamination; 
 spent PPE; 
 wipe rags, wiping materials, swabs; 
 spent active ventilation filters; 
 contruction wastes. 
Handling of low- and medium-activity SRW is a set of technological operations, which 

includes: 
 collection in the generation locations, radiation control and packing in the primary 

packaging (PE bags); 
 delivery of the primary packages with SRW to the SRW collection and temporary storage

area; 
 КТ-0.2а cask identification in the RW control and accounting system by the RW 

handling operator; 
 packing of the primary packages into KT-0.2a cask under control of the dosimetrist and 

RW handling operator; 
 entry of the information about the wastes into in the RW control and accounting system; 
 closing of the KT-0.2a cask cap; 
 radiation control of the surface contamination of КТ-0.2а cask and local 

decontamination if required; 
 completion of a SRW batch passport at the control station of the RW control and 

accounting system; 
 loading of the transfer cask onto the vehicle and removal to the Chernobyl NPP. 
At each SRW collection point there are KT-0.2a casks installed, with the inserted primary 

plastic, PE package, and craft bags. Depending on the wastes activity, the casks are painted as 
follows: 

 for 1 category SRW - white color; 
 for 2 category SRW - blue color. 
In addition to stationary SRW collection areas, the provision is made for temporary - for the 

duration of the equipment repair - collection areas, where casks for different SRW categories are 
placed. Quantity of the casks and their types are determined during preparation for the repair and 
planning of the works. Temporary collection areas are arranged in the premises where repair is 
performed, in direct vicinity of the work locations. 
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RW categories 

Range of SRW specific activity values, kBq/kg 

Alpha radionuclides Group 
2 

Beta, gamma radionuclides 
Group 3 

1 Low-level radioactive >100<102 >101<103 

2 Medium-level ≥102<106 ≥103<107 
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The following shall be used for transporting Group I and II SRW from CSFSF to the 
Chernobyl NPP: 
 primary package - type KT-0.2a cask (200 dm3); 
 shipping package - protective transfer cask, type KTZ-3.0;  
 self-opening cask, 1.8 m3; 
 vehicle - special purpose vehicle. 

 
8.7 Means to prevent fires and explosions, and store and transport materials, semi‐finished products 
with hazardous and dangerous properties, performance of loading and unloading operations 
 

No storage and transportation of materials and semi-finished products with dangerous and 
hazardous properties are performed within the CSFSF. 

The following fire safety system are anticipated for the designed facility: 
 external fire safety water pipeline with installation of fire plugs, designed in accordance 

with DBN V.2.5-74:2014 [20] requirements; 
 internal fire safety water pipeline with installation of fire hose cabinets, designed in 

accordance with DBN V.2.5-64:2012 [46] requirements; 
 fire alarm system, designed in accordance with requirements set in DBN V.2.5-56:2014 

[21], DSTU-N CEN/TS 54-14:2009 [23]; 
 automatic gas and powder type fire suppression systems, designed in accordance with 

requirements set in DBN V.2.5-56:2014 [21], DSTU 4466-1:2008 [24], and DSTU 4466-8:2008 [25]; 
 public address and evacuation control system, designed in accordance with 

requirements set in DBN V.2.5-56:2014 [21], DSTU-N CEN/TS 54-14:2009 [23]; 
 alarm messaging system, designed in accordance with requirements set in DBN V.2.5-

56:2014 [21]; 
 smoke control systems, designed in accordance with requirements set in DBN V.2.5-

56:2014 [21]; 
 emergency lighting (escape, safety), designed in accordance with requirements set in 

DBN V.2.5-28-2006 [19]; 
 lightning protection, designed in accordance with requirements set in DSTU B V.2.5-

38:2008 [26]. 
The design also provides for equipping the facility area, buildings and structures with primary 

fire extinguishing means (fire safety boards placed within the facility area and equipped with fire 
extinguishers, boxes with sand, fire blanket of nonflammable materials, pike poles, crowbars, 
buckets, as well as fire extinguishers placed inside the facility buildings and structures) in 
accordance with requirements set in the regulatory documents NAPB A.01.001-2014 [27] and NAPB 
B.03.001-2004 [28]. 

For the purpose of localization of the fire source, alarm about its outbreak, control of fire 
annunciators, signal lines and buses, receipt and processing of the data, formation and issue of 
signals about fire and failure, the design makes provision for the analog addressing automatic fire 
safety and control system certified in Ukraine. 

Fire alarm and automatic fire suppression (AFSS) systems include 
: 

 fire alarm control unit (FACU) with address automatic and manual fire alarm boxes, 
controlled loop signal lines, 
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 control and protection modules, and programmable addressable control modules, 

installed - depending on the purpose - as close as possible to the protected object, which are 
responsible for execution of the algorithms of control and elaboration of control actions onto 
operating mechanisms, as well as data transmission to FACU. 

Fire alarm system control units are also responsible for generation of the Fire in CSFSF 
signal and its feeding to the centralized surveillance post. 

Fire safety of the cabling is ensured by means of the following actions: 
 use of the cables of all purposes (power, control, automatics, communications etc.) 

with flame-retardant insulation;  
 use of the power cables of the automatic fire alarm, suppression and public address 

systems with flame-retardant and fireproof insulation, with fire resistance of at least 30 mins IAW 
DBN V.2.5-56: 2014 [21]; 

 arrangement of passive fire proofing of the cabling. 
Passive fire proofing includes application of fire protective compound onto cable routes 

(assurance of flame retardance), creation of flame arresting belts on cable routes, and fire 
protection padding (closing) of cable passages (localization of fire within one route or premise). Fire 
prevention measures to ensure fire proofing (cable coating, flame arresting belts, fire protection 
padding of cable passages) shall be taken in accordance with requirements set in the Fire Proofing 
Rules (Order of the Ministry of Emergencies of Ukraine no.460 of 02 July 2007) and regulatory 
documents establishing requirements to installation of engineering utilities: DBN V.1.1.7-2002 [17], 
VBN V.1.1-034-03.307-2003 [29] and NAPB B.01.014-2007 [30]. 

The provision is made of the use of fire protective materials Siloterm EP-6 by 
ELOKS. 

The design provides for 10 kV cables and under 1 kV cables with class A flame-retardant 
insulation. 

After the tender, the Customer may choose other manufacturers of cable products and fire 
protective materials on condition if they are manufactured under the similar specification 
requirements and if there are UkrSEPRO conformity certificates as for the products, upon which fire 
safety requirements are imposed. 

 
Loading and unloading operations operations are performed by the personnel in accordance 

with requirements of NPAOP 0.00-1.01-07 [31], namely: 
 at the work site and on the load lifting cranes and machines no persons having no 

direct relation to the performed work are allowed; 
 in case of a need for inspection, repair, adjustment of mechanisms, electrical 

equipment, exit to the crane bridge deck, inspection and repair of hardware, crane operator shall 
switch the incoming switchgear off; 

 cargo slinging is arranged by means of slings matching the weight of a lifted load, with 
consideration of the number of branches and their inclination to the vertical axis; 

 general purpose slings are selected so as to ensure that inclination angle of the 
branches to the vertical axis does not exceed the permitted value; 

 prior to transportation, the load is preliminary lifted to a height from 200 mm to 
300 mm to check for proper slinging and reliable action of the brakes; 

 during the lifting, relocation and lowering of the load placed near the wall, column, pile 
etc, no people (including the workers who attach the load) are allowed between the lifted load and 
the indicated parts of the building or equipment; 
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 load is lifted, relocated and lowered in case there are no people under it. Slingsman 

may stay near the load during the lifting or lowering operation if the load is at a height of not more 
than 1 m from the site on which the slingsman stands; 

 the load is lowered down to a designated place where the load falling, tripping or sliding 
is excluded; 

 loading and unloading operations, load relocation and piling with use of load lifting 
cranes and machines at permanent depots, sites, bases, in production and other premises, shall be 
be carried out under the process flowcharts developed and approved in accordance with the 
established procedure; 

 load piping with use of load lifting cranes and machines is carried out at piping sites or 
in special places. This work may be performed only under the technology previously developed and 
approved by a company dealing with these operations, where order of operations, methods of load 
slinging, and measures on safe performance of works are determined. 

In order to exclude electrocution of the personnel, the respective measures on the grounding 
of load lifting machinery are implemented in power supply systems in accordance with par.4.9 of 
NPAOP 0.00-1.01-07 [31], and on the use of appropriate PPE. 

 

8.8 Actions to protect the workers from external and internal factors, availability of sanitary facilities 
and amenities, medical service 
 

Most dangerous of the factors established by GOST 12.0.003-74* [32] for the CSFSF 
personnel are the following: 

 electrocution; 
 falling from height; 
 increased noise level; 
 increased temperature of the equipment surface; 
 increased level of ionizing radiation in buildings and structures. 
To protect the workers from negative impact of the above-listed external and internal factors, 

the following primary electrical means are provided for at Rivne NPP SUs, in accordance with 
par.5.2.7 of NPAOP 40.1-1.01-97 [34]: 

 insulating rods; 
 insulating tongs; 
 personal shielding bundle, screens; 
 tong-test instruments; 
 voltage detectors; 
 insulating gloves (up to 1000 V); 
 tools with insulating coating (up to 1000 V). 
Additional electrical means (determined in the job order as required): 
 nonconducting footwear; 
 dielectric mats; 
 insulating pads and patches; 
 voltage alarm devices; 
 protective fencing; 
 portable grounding, posters and safety signs. 
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Connection of the electric equipment shall be carried out by the personnel having at least 

IIIrd qualification group by electrical safety. 
Protective means to prevent falling from height, in accordance with par 4.1.12 of NPAOP 

00.0-1.15-07 [33]: 
 safety belts; 
 hardhats; 
 lifelines; 
 safety climbing gears; 
 traps with vertical rope; 
 fencing, safety meshes etc. 
Personal protective equipment for protection from falling from height are ensured by a 

system of belts for their attachment to the worker’s body and a system to fasten to a reliable 
support. Before performance of the high altitude works, it is necessary to ensure strengh of supports 
to which the worker(-s) will be fastened by the safety belt sling, as well as that of climbing gear 
elements. They have to reliably withstand force that may appear at falling of the people. 

Means to protect workers from increased noise level (determined in the job order depending 
on the measured noise level): 

 ear protection; 
 ear plugs; 
 antinoise ear plugs. 
When in premises with the working power engineering equipment and in the repair area, all 

workers shall wear protective masks and hearing protection means. 
For handling of decontamination solutions and dust control means, the personnel shall have 

a set of the following PPE: 
 cotton fabric clothing; 
 underwear; 
 cap, socks, protective footwear; 
 rubber gloves in bundle with cotton fabric gloves; 
 appropriate personal respiratory protective equipment (PRPE) (to be indicated by the 

qualified specialist depending on a nature of a dangerous factor); 
 flexible PVC apron and protective sleeves; 
 flexible PVC overshoes or rubber boots; 
 full-facial shield and glasses; 
 hardhat; 
 suit for protection from the used chemicals; 
Type of the needed PPE is determined by the Safety Instruction specific for use of each 

individual chemical substance. 
For protection from the impact of increased temperature, the personnel, when handling the 

HI-STAR and HI-STORM casks, shall use protective means determined in par.2.7 of DSN 
3.3.6.042-99 [11], in particular: 

 for continuous work - felted safety suit; 
 for feet protection from heat radiation - special leather footwear; 
 for hands protection - woolen, canvas gloves, combinated, with leather palm pads; 
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 for head protection - felted caps, protective hardhats with liners, textolite or 

polycarbonate helmets; 
 for eyes and face protection - protective masks with transparent shield, heatproof 

shields. 
Protective clothing shall have protective properties excluding heating of its inner surfaces at 

any area to the temperature of 40°С IAW GOST 12.4.176-89 [36], GOST 12.4.016-87 [37]. 
Primary and additional packages of PPE shall be used to ensure personnel safety against 

radiation impact. In accordance with par.12.5.4 of the Principal Sanitary Safety Rules of Ukraine 
[12], primary PPE package includes: 

 overall or suit; 
 cap; 
 underwear and socks; 
 footwear; 
 gloves; 
 respiratory protection equipment depending on possible radiation contamination of the 

air. 
Additional PPE package includes: 
 open or closed type glasses; 
 arm and head pads, full-face shields; 
 protective gloves, aprons, sleeves, shields for hands and body protection, protective 

footwear etc. 
Additional PPE are selected at preparation of the joint job order and determined by the type 

of works and radiation conditions of these work performance sites. 
Medical aid to the personnel has to be rendered at a first-aid station located in the 

administrative building. 
For public catering a provision is made for a buffet designed for 50 visitors, in the 

administrative building, and in the guard building - mess room.  
In the acceptance building, on the 1st floor it is anticipated to locate sanitary facilities and 

amenities (locker room, showers, wash hand basins etc.) and sanitary control post for operational 
and attracted personnel of the controlled access zone. 

Structure of the sanitary facilities and amenities is determined depending on the number of 
the placed production personnel, its classification by appropriate groups of the production process, 
and their characteristics in accordance with requirements set in DBN V.2.2-28:2010 [35]. 

 
8.9 Information on benefits, permissibility of women’s and teenagers’ work 
 

At the CSFSF it is provided for provision of benefits and compensations for work in 
hazardous working conditions as per the valid laws, in particular: 

 right for preferential pension coverage per List 1 and 2 (decree no.10 of 26 January 
1991); 

 free healthful and dietary meals;  
 reduced working day and working week; 
 increased duration vacation; 
 free personal protective equipment; 
 sanitary and hygienic breaks. 
Exact list of benefits will be established after the facility is commission and after attesting 

and  hygienic classification of the labor by harmful exposure and 
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danger of production environment factors at workplaces are performed in accordance with the 
Decree no.442 of the Cabinet of Ministers of Ukraine dated 01 August 1998 On the Procedure of 
Workplace Evaluation with Respect to Working Conditions and the Document Hygienic 
Classification of Labor by Hazard and Danger of Production Environment Factors, and Working 
Process Difficulty and Intensity [38] approved by the Order of the Ministry of Public Health of 
Ukraine no.248 of 08 April 2014. 

Permissibility of women’s labor - in accordance with the valid laws. Attaction of persons 
under 18 as well as handicapped persons to the work is not anticipated. 
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9. PERSONNEL NEEDS 
 

In accordance with the Customer-provided data (letter from PC Atomproectenginiring, 
ref.no.03-46/260 of 17 February 2016), core activities at the CSFSF site will take place on a single-
shift basis, five days a week, 220 days per year. The shift duration is eight hours. 

Manpower of the personnel with indication of a group of production processes per DBN 
V.2.2-28:2010 [35] is provided in Table 9.1. 

 
Table 9.1 Manpower of the personnel with indication of a group of production processes 
 
 
 

Position 

 
 

Number 
per 

staffing 
plan 

 
 

Maximum shift 

Group of 
production 

processes per 
DBN V.2.2-

28:2010 [35] 
(Tab.4) 

 

Location of 
sanitary 

facilities and 
amenities 

ADMINISTRATION        
Director 1 1 1a AAB 

Principal Engineer 1 1 1a AAB 

Deputy Director for 
Physical Security (Service 
Chief) 

 
1 

 
1 

 
1a 

 
AAB 

Deputy Principal Engineer - 
Chief Mechanic 

 
1 

 
1 

 
1a 

 
AAB 

Chief Accountant 1 1 1a AAB 

Inspector for NRS, OS&H 1 1 1a AAB 

Inspector for Fire Safety 1 1 1a AAB 
Inspector for NM 
accounting and 

1 1 1a AAB 

HR Inspector 1 1 1a AAB 
Total 9 9    
ADMINISTRATION GROUP 
Group Manager 1 1 1a AAB 
Engineer 2 1 1a AAB 
Documentation Clerk 2 1 1a AAB 

Counsel 2 1 1a AAB 

PR Manager 1 1 1a AAB 

Total by the Group 8 5    
FINANCE AND ECONOMY UNIT 

Head of the Unit 1 1 1a AAB 

Accountant 1 1 1a AAB 
Cost Controller 1 1 1a AAB 
Total by the Unit 3 3    

PRODUCTION AND TECHNICAL UNIT 

Head of the Unit 1 1 1a AAB 
Environment Protection 1 1 1a AAB 
Civil Engineer 1 1 1a AAB 
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Position 

 
 

Number 
per 

staffing 
plan 

 
 

Maximum shift 

Group of 
production 

processes per 
DBN V.2.2-

28:2010 [35] 
(Tab.4) 

 

Location of sanitary 
facilities and amenities

Human Resource 
Training Engineer 

1 1 1a AAB 

Process Engineer 2 2 1a AAB 

Total by the Unit 6 6    

PHYSICAL SAFETY 
UNIT 

       

Head of the Unit 1 1 1a AAB 

Specialists, Engineers 17 6 1a 
AAB, Guardhouse, Checkpoint 

1 

Total by the Unit 18 7    

THERMAL        

Head of the Shop 1 1 1a AAB 

TE Area        

Foreman 1 1 1a Acceptance Building 

Engineer 1 1 1a Acceptance Building 

Harness and Finished 
Products Warehouse Fitter 

3* 1 1b 
Acceptance Building, Train 

Crew 

Crane Operator 2 2 2g Acceptance Building 

Slingsman 3* 1 2g 
Acceptance Building, Train 

Crew 

Welding Area        

Foreman 3* 1 1a 
Acceptance Building, Train 

Crew 

Engineer 1 1 1a Acceptance Building 

Fitter 3* 1 1b 
Acceptance Building, Train 

Crew 

Welder 3* 1 1b 
Acceptance Building, Train 

Crew 

Total by the Shop 21 12    

RADIATION SAFETY        

Head 1 1 1a AAB 

Dosimetrist 6 2 1c Acceptance Building 

Personal Dosimetry 2 1 1c Acceptance Building 

Total by the Shop 9 4    

AUXILIARY SYSTEMS SHOP 

Head 1 1 1a AAB 

Ventilation, Sewage and Heat Supply Area 

Foreman 1 1 1a Acceptance Building 

Engineer 1 1 1a Acceptance Building 

Maintenance Fitter 2 1 1b Acceptance Building 

Instrumentation Power Supply Area 

Foreman 1 1 1a Acceptance Building 
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Position 

 
 

Numb
er per 
staffin
g plan 

 
 

Maximum shift 

Group of 
production 

processes per 
DBN V.2.2-

28:2010 [35] 
(Tab.4) 

 

Location of 
sanitary 

facilities and 
amenities 

Engineer 1 1 1a Acceptance Building 

Electrical Fitter 
1 1 2d Acceptance Building 

Communication Operator 1 1 1a Acceptance Building 

Programming Engineer 1 1 1a Acceptance Building 

Maintenance 
Electrician 

6 2 1b Acceptance Building 

Instrumentation Technician 3 1 2d Acceptance Building 

DPP Operator 1 1 1a Acceptance Building 

Repair and Mechnical Works Area 

Foreman 1 1 1a Acceptance Building 

Engineer 1 1 1a Acceptance Building 

Fitter 7 7 1b Acceptance Building 

Machine Operator 1 1 1a Acceptance Building 

Technician 1 1 1b Acceptance Building 

Rail and Motor Transport Area 

Foreman 1 1 1a Acceptance Building 

Motor Vehicle Driver 
4 3 1a Acceptance Building 

Cargo Carrier Operator 2 1 1a Acceptance Building 

Rairoad Engineer 2 1 1a Acceptance Building 

Rolling Stock Repair 
Fitter 

4 2 1b Acceptance Building 

Technician 2 1 1a Acceptance Building 

Total by the Shop 42 33    

OPERATING PERSONNEL 

Shift Supervisor 6 1 1b Acceptance Building 

Engineer 6 1 1b Acceptance Building 

Lineman 20** 4 2d Acceptance Building 

Total operating 
personnel 

32 6    

ADMINISTRATIVE AND MAINTENANCE UNIT 

Head of the Unit 1 1 1a AAB 

Production Area Cleaner 
5 5 1a AAB 

Storekeeper 1 1 1a AAB 

Medical Nurse 2 1 1a AAB 

Total by the Unit 9 8    

LABORATORY        

Head 1 1 1a Acceptance Building 

Laboratory Assistant 2 1 1a Acceptance Building 

Total by the Laboratory 3 2    
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Position 

 
 

Numb
er per 
staffin
g plan 

 
 

Maximum shift 

Group of 
production 

processes per 
DBN V.2.2-

28:2010 [35] 
(Tab.4) 

 

Location of 
sanitary 

facilities and 
amenities 

TOTAL CSFSF 161 95    
* the number is determined by non-exceedance of the individual yearly radiation exposure dose and 
clarified under precommissioning works results 
** the number is determined by non-exceedance of the individual yearly radiation personnel exposure 
dose with consideration of the designed capacity of the storage; number of the personnel increases 
incrementally with filling of the storage 

 
 
 

Personnel numbers indicated in the table is subject to confirmation and adjustment prior to 
putting the facility into operation. 

In addition to the CSFSF personnel, in accordance with the National Guard of Ukraine, at the 
facility there may be up to 58 servicemen of the National Guard of Ukraine at the regular mode of 
service, and up to 68 servicemen in case of enhanced service mode. The National Guard personnel 
shall be deployed in the guardhouse and checkpoint 1 buildings. 
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10. NUCLEAR AND RADIATION SAFETY 
 

CSFSF designing, construction and operation activity shall be carried out in accordance with 
the laws of Ukraine and other statutory acts regulating relations in the area of the use of nuclear 
energy, spent nuclear fuel and radioactive waste handling. 

Requirements of the following documents were accounted at development of the CSFSF 
design: 
 International Treaties, ratified in Ukraine; 
 laws of Ukraine; 
 Presidential decrees and Resolutions/Decrees of the Verkhovna Rada and the Cabinet of 

Ministers of Ukraine; 
 regulatory documents of Ukraine on nuclear and radiation safety; 
 hygienic normatives applied in the Chernobyl NPP exclusion zone. 
ICRP and IAEA recommendations are used in that of their extent which do not contradict 

with the requirements of the above documents and are aimed at reduction of radiation impact on the 
personnel, population and natural environment. 

 

10.1 Safety Assurance Principles 
 

Main regulatory technical document that establishes principles and criteria of the CSFSF 
safety, classification of the CSFSF systems and elements, and requirements to assurance of the 
safety at all stages of the CSFSF life cycle (choice of the site, construction, commissioning, 
operation and decommissioning) is The Main Provisions on Assurance of the Safety of Intermediate 
Storages for the Spent Dry Type Nuclear Fuel. (NP 306.2.105-2004) [39]. 

Pursuant to NP 306.2.105-2004 [39], the CSFSF satisfies the safety requirements if at 
normal operation, operational occurrences and design basis accidents individual exposure doses do 
not exceed dose limits established by the valid norms in respect to the personnel and the dose limit 
quota for the population, and emissions and discharges of radioactive substances into the 
environment at all stages of the CSFSF life cycle don’t exceed permissible levels established by the 
valid norms. 

According to NP 306.2.105-2004 [39], the CSFSF safety is ensured by implementation of the 
principle of the defense-in-depth, which is based upon the use of the system of successive physical 
barriers on the route of proliferation of radioactive substances and ionizing radiation into production 
premises and environment, as well as of the system of technical and organizational measures to 
protect the barriers and preserve their efficiency in case of radiation accidents. 

SNF storage system shall provide for at least 2 barriers on the route of proliferation of 
radioactive materials and 1 barrier on the route of proliferation of ionizing radiation [39] (permissible 
is to combine radiactive material localization barrier with biological protection, and in this case fuel 
matrix of the SNF may not be considered as a barrier for localization of radioactive materials). 

For ensuring the CSFSF safety, the system of technical and organizational measures forms 
4 tiers of the defense-in-depth. 

Tier 1 - creation of conditions, which prevent operational occurrences: 
 assessment and selection of the site suitable for CSFSF placement; 
 development of the design on the basis of conservative approach; 
 quality assurance for the CSFSF systems and elements, and the performed works; 
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 CSFSF operation in accordance with the requirements of the regulatory documents, 

technical specifications, and operation manuals; 
 maintenance of safety-critical systems and elements in good working order; 
 selection of the CSFSF personnel and assurance of its necessary qualification level for 

normal operations, operational occurrences, accidental situations, and accidents; 
 buildup of the safety culture. 
Tier 2 - prevention of design-basis accoidents, development of the design-basis accidents 

and their transformation into beyond design basis via:  
 timely localization of deviations from the design-established limits and normal operation 

conditions, and elimination of these deviations; 
 efficient management of the system of technical and organizational measures in order to 

eliminate causes, which led to operational occurrences; 
Tier 3 - management of beyond design basis accidents via: 
 prevention of the uncontrolled development of beyond design basis accidents and 

mitigation of their effects; 
 protection of physical barriers against destruction and maintenance of their operability in 

case of beyond design basis accidents; 
 recovery of the CSFSF into the controlled state at which permanent cooling of the SNF 

and retention of radioactive substances by protective barriers are ensured 
Tier 4 - planning of the personnel and population protection measures and actions 

via: 
 establishment of the protected zone and surveillance zone around the CSFSF; 
 preparation and implementation, as required, of the actions plan for personnel and 

population protection in case of radiation accidents. 
Requirements to radiation safety and radiation protection of the personnel and population 

during practical activity at the CSFSF and in case of critical events are built upon principles of 
justifiability, non-exceedance and optimization in accordance with NRBU-97 [101] and NRBU-97/D-
2000 [102]. 

Technical and organizational solutions on ensuring the CSFSF safety at the designing, 
operation, retrofitting and upgrade of the systems and equipment shall be proved by past 
experience or tests, appropriate research, positive practice of operation of prototypes or pilot 
installations, and comply with the valid norms, rules and standards on nuclear and radiation safety. 

At the CSFSF there shall be provided system for accounting and control of nuclear materials 
in accordance with the Treaty between Ukraine and IAEA on the Guarantees in relation with the 
Nuclear Non-Proliferation Treaty, Regulation on the State Nuclear Materials Accounting and Control 
System, and Rules of Accounting and Control of Nuclear Materials at the Facility. 

The CSFSF shall have efficient physical protection system in accordance with requirements 
of the Law of Ukraine on Physical Protection of Nuclear Installations, Nuclear Materials, Radioactive 
Wastes, Other Sources of Ionizing Radiation and the Rules of Physical Protection of Nuclear 
Materials and Nuclear Installations. 

At the CSFSF there shall be ensured collection, processing and storage in the electronic 
database of the information on conditions of the use of nuclear fuel in the reactor and storage of the 
SNF in the spent fuel pools, which is transmitted from the NPP, from which the SNF is transported 
to the CSFSF for the long-term storage. 
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Pursuant to NP 306.2.105-2004 [39], the CSFSF systems and elements are broken down to 

the following classes, depending on their impact on the safety: 
 safety-critical systems and elements - systems and elements, which failure, with 

consideration of a single error/fault of the personnel, may lead to the accident; 
 systems and elements not affecting the safety. 

 

10.2 General Design Safety Criteria and Requirements 
 

Pursuant to NP 306.2.105-2004 [39]: 
 the CSFSF project shall utilize the defense-in-depth principle; 
 during designing of the CSFSF it is necessary to provide for sanitary and hygienic and 

organizational and technical measures to ensure radiation protection of the personnel and 
population; 

 during designing of the CSFSF values of the parameters and characteristics of the 
CSFSF systems and elements and their states for normal operations, operational occurrences, 
accidental situations, and accidents are established; 

 compliance of the designed CSFSF with the requirements and norms of the nuclear and 
radiation safety for normal operation and accidents is justified in PSAR. 

 the design provides for technical and organizational measures and actions aimed at 
prevention of the personnel faults and mitigation of their affects during operation and maintenance of 
the CSFSF systems and elements; 

 when designing the CSFSF systems and elements it is necessary to prefer systems and 
elements which functioning is based on passive action principle; 

 it is necessary to provide for in the CSFSF design technical and organizational measures 
and actions aimed at prevention of design basis accidents and mitigation of their effects, in particular 
- at non-exceedance of the permissible levels of the personnel and population radiation exposure 
and levels of discharges and emissions into the environment; 

 it is necessary to provide for in the CSFSF design technical and organizational measures 
and actions aimed at safe transportation of the SNF within the CSFSF site; 

 it is necessary to provide for in the CSFSF design measures and actions on 
decommissioning of the facility. 

 

10.3 Design Basis 
 

10.3.1 SNF Characteristics 
Characteristics of the nuclear fuel, which after its use in active zones of VVER reactors and 

storage in the NPP spent fuel pools, is subject to long-term storage at the CSFSF are given in 
Tables 10.1 - 10.4. 

VVER-1000 reactors of the Ukraine’s NPPs have used and provide for the use of fuel 
assemblies (FA) of the following modifications: FA-М и FAА (manufactured by TVEL OJSC), FA-W 
(LTA), FA-W and FA-WR (manufactured by Westinghouse). Main characteristics of these FAs and 
absorber rods of the control and protection system (CPSAR) are given in Tables 10.1 - 10.3. 

Generation 1 and 2 fuel assemblies are used in the active zones of VVER-440 reactors of 
the Rivne NPP Units 1 and 2. Fuel assemblies 
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VVER-440 consist of assemblies of 2 types: FA and working cartridges (WC). Number of the control 
and protection system cartridges (CPSC) consisting of the FA and follower is 37 pcs. Adjusting rod 
(follower) is the absorbing part of the CPS cartridge. Adjusting rod (follower) is an assembly 
consisting of the head, casing, bottom nozzle, internal cylinder tube and hexagon-shaped inserts. 
Insert material is borated stainless steel. Material of all remaining parts of the follower is stainless 
steel. Their main characteristics are given in Table 10.4. 

 
Table 10.1- Main design parameters of VVER-1000 reactor FA subject to storage at the 
CSFSF [140, 145] 

Description FAM FAA FA-W, 
FA-WR 

FA-W 
(LTA) 

Size of the turnkey FA, mm 234 234 234 234 

Fuel elements qty, pcs 312 303/306/312 306 312 
(48 pellet-
integrated 
burnable 

absorbers 
(PIBA)*) 

FAG qty, pcs - 9/6/0 6 - 

FA height, mm 4570 4570 4583 4583 

FA element height, mm 3830; 3837 3837; 3842 3898,13 3898,13 

Height of new fuel column in 
cold state, mm 

3530 3530 3530 
(central zone 
3225.3 and 2 

blankets 152.4 
each 

3530 
(central zone 
3225.3 and 2 

blankets 152.4 
each 

FA weight, kg 670 710-714 755/760 743 

Weight of UO2in FA, kg 455,52±4.50 491,4±4.5 
494,5±4.5 

550,4±5 536±5 

Mass content of uranium isotope 
mix in FA elements, % 

87.9 87.9 87.9 87.9 

Mass content of 235U in uranium 
isotope mix in FA elements (fuel 
enrichment), % 

1.6÷4.4 1.3-4.4 2.0 – 4.2 
(central zone), 
0.71 (blanket) 

3.0 – 4.4 
(central zone), 
0.71 (blanket) 

Mass content of gadolinium 
oxide in FAG, % 

- 5 5 - 

Mass content of 235U in uranium 
isotope mix in FAG (fuel 
enrichment), % 

- 2.4 – 3.6 2.0 – 3.6 3.65 

Fuel density (UO2), g/cm 10.4 – 10.7 10.4 – 10.7 10.96 10.96 

Burnable absorber rod used yes - - - 

Max. permissible average depth 
of fuel/FA element/FAG burning, 
MW*day/kgU 

49/-/- 55/59.1/- -/62/- -/62/- 

Average depth of unloaded fuel 
burning, MW*day/kgU 

42 (44 after 
introduction 

of FAA) 

51 Expected - 50 43.69 

Pressure of FA element filler 
gas, at 20ºС, MPa 

2 2 1.896 1.896 (0.689 – 
in FA elements 

with PIBA) 
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Description FAM FAA FA-W, 

FA-WR 
FA-W 
(LTA) 

Spacing between FA elements, 
mm 

12.75 12.75 12.75 12.75 

Fuel element cladding diameter 
(inner/outer), mm 

9.1/7.72 9.1/7.73 9.144/8.001 9.14/8.00 

Filling gas Helium Helium Helium Helium 

Fuel used in fuel elements UO2 UO2 UO2 UO2 

Fuel used in FAG - UO2+Gd2O3 UO2+Gd2O3 UO2+ZrB2 

Fuel pellet diameter, mm 7.57 7.57 7.844 7.84 

Diameter of the center hole in a 
FE/FAG fuel pellet, mm 

2.35 and 1.5 1.5 and 1.4 - - 

Diameter of the guide channel 
(GC), outer/inner, mm 

12.6/11 12.6/10.9 12.6/11.0 12.6/11.0 

Diameter of the central core 
(CC), outer/inner, mm 

11.2/10.6 13.0/11.0 12.6/11.0 12.6/11.0 

Qty of the spacer grid (SG) 15 15 16 16 

Material of 
FE/FAG cladding 

Alloy E110 Alloy E110 Alloy ZIRLOTM Alloy ZIRLOTM 

Structural materials: 
- Head and bottom nozzle parts 

 
Steel 

08Х18Н10Т 
12Х18Н10Т 

 
Steel 

08Х18Н10Т 

 
Steel CF3, 
304, 304L 

 
Steel 304 

- Guide channels Steel 
08Х18Н10Т 
12Х18Н10Т 

Alloy E635 Alloy ZIRLOTM Alloy ZIRLOTM 

- Central core Alloy Zr-
1%Nb 

Alloy E635 Alloy ZIRLOTM Alloy ZIRLOTM 

- Spacer grids (SG) Steel Alloy E110 (13 pcs. - Zr- 1 - Zr-1%Nb 
08Х18Н10Т   1%Nb 14 – Alloy 718 

  12Х18Н10Т   3 pcs. – Alloy  
      718)  
- Framework angle elements - Alloy E635 - - 

- Tension clips ХН77ТЮР EK 173-ID, 
ХН77ТЮР 

Alloy 718 Alloy 718 

Permissible FE cladding 
temperature, ºС 

    At  At  

    At burnup ≤45 At burnup ≤45 

    GW*day/tU GW*day/tU 

- at storage 350 350 400 400 

- at short-term transient modes 
(total 

450 450 570 570 

of up to 8 hours)        
Note: *Test FA-W (LTA) manufactured by Westinghouse consists of 312 fuel elements, of which 48 FEs are 
with PIBA, filled in as 
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Table 10.2 - Main technical characteristics of VVER-1000 reactor burnable absorber rods [140, 
145] 

Parameter or characteristic Value 
BAR qty, pcs 18 

Absorbing material Chromium diboride in aluminum matrix 
(CrB2+Al) 

Density of the absorbing material by boron 
(nominal), g/cm 

 
0.020 – 0.065 

Height of the absorbing material column 
(nominal), mm 

 
3550 

Nominal weight, kg 21 

BAR height, mm 4250 

Cladding material Zr-1%Nb 

BAR outer diameter, mm 9.1 

 
Table 10.3 - Main technical characteristics of VVER-1000 reactor control and protection 
system absorber rods (CPSAR) [140, 145] 

Parameter or characteristic Value 
1 AE qty, pcs 18 

2 Absorbing material  

2.1 Mark (AE upper part) Boron carbide (В4С) 

2.1.1 Density, g/cm3, at least 1.7 

2.1.2 Height of the boron carbide column in cold 
state, nominal, mm 

 
3200 

2.2 Mark (AE lower part) Dysprosium titanate 
(Dy2O3·TiO2) 

2.2.1 Density, g/cm3, at least 4.9 

2.2.2 Height of the dysprosium titanate column in 
cold state, nominal, mm 

 
300 

2.3 Total height of the absorbing material column in 
cold state, nominal, mm 

 
3500 

3 AE cladding material:  

- in CPSAR 0401.12.04.000 496.00.070 Steel 06Х18Н10Т 

- in CPSAR 0401.12.04.000-01;-03 496.00.070-
01.02 

Alloy 42XHM 

4 Outer diameter of AE cladding, mm 8.2 

5 Thickness of AE cladding, mm 
- of steel 06Х18Н10Т 

 
0.6 
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Description FAM FAA FA-W, 
FA-WR 

FA-W 
(LTA) 

with standard fuel pellets and with pellets with absorber (ZrВ2). Fuel pellets with coating of such absorber 
are similar to pellets of enriching uranium dioxide with the exclusion that cylindrical surface of the pellets is 
additionally coated with a thin layer of zirconium boride (ZrВ2) with a thickness of less than 0.025 mm. 
Pellets with this coating are in the central part of the fuel pellet column. Total length of the active (fuel) part 
of the fuel element is 3550 mm. Fuel elements with PIBA contain in the central part the column of pellets 
with ZrВ2  coating and length of 2905 mm. Between the central column and blankets there are two columns 
of standard (uncoated) pellets with the length of 160.1 mm each 
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- of alloy 42XHM 0.5 or 0.55 

6 Weight, kg:  

- CPSAR 0401.12.04.000;-03 496.00.070;-02 18.5 ± 0.5 

- CPSAR 0401.12.04.000-01 496.00.070-01 18.5-1.1 

7 Max. service life, eff.hours  

- CPSAR 0401.12.04.0001), 496.00.0701) in the 15150 

- CPSAR 0401.12.04.000, 496.00.070 in the group 52750 

- CPSAR 0401.12.04.000-1; -032), 496.00.070-01;-0 
2) 

75600 

Notes: 1) Operation of CPSAR 0401.12.04.000, 496.00.070 in the NR group after their use in the AZ group 
and vice versa is not permitted. 
2) Including, in the NR group - not more than 25,500 eff.hours. Regulation on relocation of CPSAR 
0401.12.04.001-01; -03, 496.00.070-01; -02 from the NR group to AZ group and vice versa is determined 
by the Consumer. It is allowed to calculate operating time in the NR group by actual duration of CPSAR 
location below the upper terminal disconnect switch. 

 

Table 10.4- Main technical characteristics of VVER-440 reactor FA subject to 
storage at the CSFSF [140, 145] 

Description FA 2nd Gen FA 
WC FA WC FA 

Size of the turnkey FA, mm 145 144 145 

FA qty in reactor, pcs. 276 (Rivne NPP-1) 
312 (Rivne NPP-2) 

37 276 (Rivne NPP-1) 
312 (Rivne NPP-2) 

37 

FE qty in FA, pcs. 126 126 120 

Qty of FE with gadolinium - 6 

FA height, mm 3217 3200 3217 3200 

FE/FAG height, mm 2536 / - 2601.5 / 2540 

Height of new fuel column in cold 
state, mm 

2420 / - 2320 / - 2480 / 2360 

FA weight, kg 215 220 219 220 

Fuel type UO2 UO2/UO2+5%Gd2O3 

Weight of UO2 in FA, kg 136.96 131.17 143.8 136.7 

Mass content of uranium isotope 
mix in fuel, % 

87.9 87.9 

Uranium (isotope mixture) weight 120.2±2.5 115.2±2.5 126.3±1.9 120.3±1.
9Mass content of uranium-235 in 

the uranium isotope mix 
(enrichment), % 

1.6 – 4.4 1.6 – 4.6 

Mass content of gadolinium oxide 
in fuel, % 

- 3.35 

Mass content of uranium-235 in 
the uranium isotope mix in FE 
with gadolinium (enrichment), % 

- 4 

Fuel density 10.4 – 10.7 10.4 – 10.7 

Cartridge-average designed 
burnout of fuel in max.burnt 

53.5 42 58 57.5 
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Description FA 2nd Gen FA 
WC FA WC FA 

cartridge, MW*day/kgU        

Average depth of unloaded fuel 
burning, MW*day/kgU 

39 No data 

Pressure of FE filling gas, MPa 0.5 – 0.7 0.5 – 0.7 

Spacing between FE in FA, mm 12.2 – 12.3 12.3 

Thickness of FA, WC case, mm 1.5 2.0 1.5 

Fuel element cladding diameter 
(inner/outer), mm 

9.1 / 7.73 9.1 / 7.73 

Fuel pellet diameter, mm 7.54 - 7.57 7.57 – 7.60 

Diameter of the center hole in a 
fuel pellet, mm 

1.4 and 1.5 1.2 

Qty of the spacer grids 10 12 

Central core 1 1 

Diameter of the central core 
(outer/inner), mm 

10.3 / 8.8 10.3 / 8.8 

FE cladding material Alloy E110 
(Zr-1%Nb) 

Alloy E110 
(Zr-1%Nb) 

Structural materials: Stainless Steel Stainless Steel 

- Head and bottom nozzle parts 12Х18Н10Т 12Х18Н10Т 

- Central core (CC) 
- Spacer grids (SG) 
- Case 

 
Alloy E110 

Zirconium alloy H1 
Alloy E125 

08Х18Н10Т  
Alloy E110  
Alloy E110  
Alloy E125 

Permissible FE cladding 
temperature: 

   

   
- at storage 350 350 

- at short-term transient modes (up 
to 8 hrs in total), ºС 450  450 

 
 

10.3.2 Design Features of the CSFSF 
The CSFSF is intended for the long-term storage of the SNF from units Nos. 1 and 2 of Khmelnitskyi NPP, 
units Nos. 1 to 4 of Rivne NPP, and units Nos. 1 to 3 of Yuzhoukrayinska NPP.  
 
The CSFSF operation period shall be 100 years  
The capacity of the CSFSF is 16,529 SFA, including 12,010 SFA from VVER-1000 reactors and 4,519 
SFA from VVER-440 reactors 
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The CSFSF is based on the technology by Holtec International (hereinafter — Holtec). 

Main elements of the technology: 
 MPC — multi-purpose cask; 
 HI-STAR 190 UA (hereinafter—HI-STAR)—transportation cask; 
 HI-STORM 190 UA (hereinafter—HI-STORM)—storage cask; 
 HI-TRAC 190 UA (hereinafter—HI-TRAC)—transfer cask; 
 cask transfer facility (CTF); 
 cask transfer device (CTD); 
 vertical cask transporter (VCT); 
 car transporter for the HI-STAR. 
The project provides for the reception of HI-STARs with an MPCs, concrete-casting of the 

HI-STORMs’ shells, transfer of the MPCs from the HI-STARs to HI-STORMs, and the storage of the 
HI-STORMs, filled with spent nuclear fuel on the territory of the CSFSF. 

 

10.3.3  Criteria conditioned by the environment, natural phenomena and man‐induced impacts 
 

CSFSF is to be located on the site between the villages of Stara Krasnytsia, Buryakivka, 
Chystogalivka and Stechanka in Kyiv Region within the exclusion zone with radioactive 
contamination after the Chernobyl disaster 

In accordance with NP 306.2.105-2004 [39] and PiN AE-5.6 [7], safety-critical CSFSF 
systems and elements shall be designed with consideration of potential accident events occurring 
under special external natural and man-induced impacts. 

Loads and impacts on the buildings and structures referring to safety non-critical systems 
and elements (SNCS) are adopted by the loads regulated by the general construction norms and 
rules, and in the part of seismic impacts - by DBN V.1.1-12:2014 [167]. 

Table 10.5 displays classification of buildings and structures by their impact on the safety. 
Table 10.5 - Classification of the buildings and structures 

Loc. on 
the 

Master 
Plan 

Description of the 
building/structure 

Safety 
specification IAW 

NP 306.2.105- 
2004 [39] 

Object category by 
liability for radiation 
and nuclear safety 
IAW PiN AE-5.6 [7] 

Seismic stability 
IAW PNAE G-5-

006-87 [124] 

1 Acceptance Building SCS I I 

2 
Cask storage area SCS 

I 
I 

 
3 

Maintenance building 
with an MPC 
warehouse 

SNCS  
III 

III 

4 
Office building 
(subject to civil 
protection) 

SNCS 
III 

III 

 
5 

Electrical equipment 
building 

SCS  
III 

I 

6 Garage SNCS III III 
7 Filling station SNCS III III 

8.1 
Fire water supply 
pump 

SNCS 
III 

III 
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Loc. on 
the 

Master 
Plan 

Description of the 
building/structure 

Safety 
specification IAW 

NP 306.2.105-
2004 [39] 

Object category by 
liability for radiation 
and nuclear safety 
IAW PiN AE-5.6 [7] 

Seismic stability 
IAW PNAE G-5-

006-87 [124] 

  water supply      
 
8.2 

Fire water tanks SNCS  
III 

III 

9.1 
Guardhouse (subject to 
civil protection) 

SNCS 
III 

III 

10.1 CHECKPOINT 1 SNCS III III 
10.2 CHECKPOINT 2 SNCS III III 

 

11.1 

Accumulating tanks for 
the polluted storm water 

SNCS  

III 

III 

 
11.2 

Accumulating tanks for 
the clean storm water 

SNCS  
III 

III 

11.3 
Storm water treatment 
facilities 

SNCS 
III 

III 

 
12 

Household 
wastewater pump 
station 

SNCS  
III 

III 

 
14 

Telecommunication tower 
with a modular building 

SNCS  
III 

III 

15 Automated radiation 
monitoring system post 

SNCS III III 

 

External natural processes, phenomena and factors which impacts on the buildings and 
structures of the facility are the initial events for accident situations and their consequences are 
referred to special ones. 

 
10.3.3.1 Special natural impacts 

 
List of the special natural processes and their impacts with consideration of which safety 

critical structures are designed is determined pursuant to the regulatory requirements of NP 
306.2.105-2004 [39] and PiN AE-5.6 [7]. Parameters of the special impacts, as well as their loads 
on the structures in accordance with which the safety critical systems and elements are designed, 
are determined under the regulatory requirements of DSTU-N B.V.1-1-27 [168], DBN V.1.2-2:2006 
[166] and under PiN AE-5.6 [7] in a conservative manner, as well as in accordance with the 
engineering survey data. 

Extreme wind 

Pursuant to DBN V.1.2-2:2006 [166] and PiN AE-5.6 [7], extreme designed wind load is: W0 

х КП = 0.45 х 2.5 = 1.125 kPa. 

Extreme snowfall 

Pursuant to DBN V.1.2-2:2006 [166] and PiN AE-5.6 [7], extreme designed snow load is: S0 

х КП = 1.59 х 2 = 3.18 kPa. 
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Extreme Air Temperature 

Pursuant to DSTU-N B V.1.1-27-2010 [168] 
 absolute minimum of the air temperature is minus 40°С 
 absolute maximum of the air temperature is 40°С 

Tornadoes and tsunamis 

Pursuant to the Main Regulatory Requirements and Design Characteristics of Tornadoes for 
the Chernobyl NPP Site [169], Class 3 tornado will be taken as a basis for the design criteria at the 
CSFSF construction site. 

Design characteristics of tornadoes with the indicated reliability of 1х106 are specified in 
Table 10.6. 
Table 10.6 

Design characteristics of tornadoes Value for the tornado with 
reliability of 1·10-6 

Design tornado probability class, kp 3.0 
Exceedance probability (event/year) 110-6 

Maximum rotational speed of the funnel, Vp , m/s 81 
Tornado progressive motion speed, Up 

(m/s) 
 

20.3 
Pressure difference between the center and the 
periphery of the tornado funnel, ∆Рр (hPa) 

 
81 

Length of the tornado path, Lp  (km) 28.6 
Width of the tornado path, Wp  (km) 0.29 

 

There is no such natural phenomenon as tsunami encountered at the site. 
 

Maximum design earthquake (MDE) 

Earthquake intensity for the CSFSF site is adopted in accordance with the Main Regulatory 
Requirements and Design Characteristics of Earthquakes for the Chernobyl NPP Site. Letter 
of the State Construction Committee of Ukraine no.3/19-19 of 08.07.05, Annex C [170]. 
Pursuant to DBN V.1.1-12:2014 [167], intensity of earthquakes in the Chernobyl NPP and 

CSFSF region is characterized by: 
5 intensity (OSR-2004-A map, recurrence - every 500 yrs); 
intensity 5 (OSR-2004-B map, recurrence - every 1000 yrs); 
6 intensity (OSR-2004-C map, recurrence - every 5000 yrs). 
Soil characteristic by seismic properties IAW DBN V.1.1-12:2014 [167]: 
Chernobyl NPP and SFSF-2 sites - class III; 
CSFSF site - class II. 
Design characteristics of earthquakes for application in assessment of seismic resistance of 

the buildings and structures at the Chernobyl NPP site are given in [170]. Development [170] bases 
upon results of seismic microzoning (Order no.10 of 21 January 1998 by the State Committee of 
Ukraine for Construction and Architecture: On Approval of the Map of Seismic Microzoning of the 
Chernobyl Nuclear Power Plant Production Site) and is performed with consideration of 
requirements set in the regulatory documents SNiP II-7-81*, PN AE G-5-006-87, PiN AE-5.6, and 
IAEA recommendations (## NS-G-1.6 and  SSG-9) on the need to account the value of peak 
acceleration of the accelerogram (PGA) of MDE earthquake not less than 0.1g. Data [170] for MDE 
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are characterized by PGA=0.127g, which exceeds I=intensity 7. The document accounts for 
increase of the intensity in δΙ=1 for class III soils by seismic properties. 

Increase of intensity for the CSFSF site for seismic class II soils is not required. 
Therefore, application of the design characteristics of earthquakes mentioned in [170] for the 

CSFSF complies with requirements of the valid regulations of Ukraine and IAEA recommendations, 
and application of such characteristics for CSFSF is conservative. 

Flooding and underflooding 

There are no external natural phenomena such as floods and underflooding at the CSFSF 
construction site. 

 
10.3.3.2 Special  external man-induced events 

 
List of external man-induced initial events is determined pursuant to the regulatory 

requirements set in NP 306.2.105-2004 [39] and based upon the conservative approach under PiN 
AE-5.6 [7]. 

Special man-induced events at the construction site are conditioned both by technological 
processes at the facility and by human activity at the site and outside the construction site on the 
neighboring objects. 

Parameters of the special man-induced impacts are determined by the technological 
requirements, and conservatively - by requirements set in the regulatory documents PiN AE-5.6 [7] 
and the Recommendations on Assessment and Mitigation of Consequences of External Accidents 
Impacts on the Nuclear Power Plants [171], and by the original data obtained from Ukraine’s state 
Authorities (Annexes A, B, Volume 4.2.1). 

Design-basis accident 

There are no external man-induced initial events for calculation of consequences of design 
basis accidents, which may occur during technological operations, on the site. 

Air blast 

The need for accounting the impact of explosions on the buildings and structure may appear 
if there are potential sources of explosion hazard on the construction site or around it. They are 
divided into: 

 stationary (explosion hazardous productions, warehouses etc.); 
 mobile (all types of transport).  
On the CSFSF site. 
Pursuant to the technological process, on the CSFSF site there are no objects that may be 

potential sources of explosion hazard. 
Outside the CSFSF site. 
In accordance with [171], preliminary criterion for selection of potential sources of explosion 

hazard is safety radius under table 3 [171]. Safety radius for the class of our objects is Rs = 0.39 km. 
At such distunce, potential excessive pressure in the airblast front does not exceed 10 kPa. 

According to the initial data obtained from the State Agency of Ukraine for the Exclusion 
Zone Control with letter no.01-2429/1.4.2 of 04 Nov 2015 (Annex A, Volume 4.2.1): 

 all stationary objects, which may be potential sources of explosion hazard, are located in 
the town of Chernobyl and in the town of Pripyat at the distance of about 10 km. This distance is by 
2 magnitude orders larger than the safety radius, which makes up Rs 

= 0.39 km < 10 km. Due to this, load of the air blast from the stationary 
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potential sources is low as compared with the loads in case of tornado, so it is not considered in the 
calculation justifications. 

 mobile potential sources of explosion hazard, in particular roads, which may be used for 
transportation of explosion hazardous cargoes, are located at the distance of more than 10 km from 
the CSFSF site, and the roads located within the safety radius are not used for transportation of the 
explosion hazardous cargoes. So, the nearest road to Vektor complex, which is located at the 
distance of 0.27 m from the site, is used for RW transportation only. 

Airplane fall 

Pursuant to NP 306.2.105-2004 [39], it is necessary, for the CSFSF, to consider as the initial 
accident event - airplane fall on the facility. 

In accordance with the data received from the State Enteprise for Servicing of the Air Traffic 
of Ukraine - letter no.5.18-844 of 21 September 2015 (Annex B, Volume 4.2.1): 

 there are no airfields within the radius of 40 km from the CSFSF site; 
 within the radius of 10 km from the CSFSF construction site there are sections of the air 

traffic routes of airplanes of various types (Table 10.7); 
 average daily frequency of the flights is up to 12 airplanes per day; 
 main characteristics of the aircrafts are given in Table 10.7. 

Table 10.7 

Aircraft type Takeoff weight (max), t 

Airbus A320 77 

Boeing 767-300 159 

Boeing 737-500 52 

Boeing 737-300 56 

Bombardier Dash 8 Q400 26 

Bombardier Canadair Regional Jet 100 22 

Bombardier Canadair Regional Jet 200 24 

Bombardier Canadair Regional Jet 900 37 

Bombardier Challenger 300 18 

Bombardier Global Express  42 

Embraer ERJ 145 21 

Embraer ERJ 190 48 

 
 

 

10.3.4  Design criteria of mechanical loads 
 
 

10.3.4.1 Loads and impacts on building structures 
 

Design criteria of mechanical loads and impacts of the building structures are determined: 
 by the structural failure consequence class IAW DBN V.1.2-14-2009 [49]; 
 by the class of responsibility for nuclear and radiation safety IAW PiN AE-5.6 [7]. 
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For buildings with the consequence class SS3 and class I responsibility under PiN AE-5.6 [7], 
limit values of the design criteria are given in Table 10.8. 
For buildings with the consequence class SS3 and class II responsibility under PiN AE-5.6 
[7], limit values of the design criteria are given in Table 10.9. 

 
Table 10.8 - Limit values of the criteria for the Acceptance Building 

Criterion 
Limit value 

Limitation of vertical motion of the foundation Smax,U  
100 mm IAW PiN AE-5,6 [7] 

Limitation of the relative difference of vertical motion of 

the foundation , where L = distance between two 
points of the motion difference ∆S 

 
 
< 0.003 

Restriction of vertical stress in the basis σ z with the 
value of the design soil resistance R 

DBN A.2.2-10-2009 [6] 

Strength DBN A.2.6-98:2009 [177] 
 

Limitation of the crack opening width 

Wmax = 0.4 mm; 
Wmax = 0.3 mm 
DBN V.2.6-98:2009 [177], 
DSTU B.V.2.6-156:2010 Tab. 5.1 [178] 

 
Table 10.9 - Limit values of the criteria for the Cask Storage Area 

 

Criterion 
Limit value 

Limitation of vertical motions of the foundation Smax,U  
150 mm IAW PiN AE-5,6 [7] 

Limitation of the relative difference of vertical motions 

of the foundation  , L – distance between the 
foundations 

 

< 0.003 (Annex I, DBN V.2.1-10-2009 [6]) 

Restriction of the design pressure z , by the design soil 
resistance R 

 
DBN V.2.1-10-2009 [6] 

Foundation strength DBN V.2.6-98:2009 [177] 
 

Limitation of the crack opening width 

Wmax = 0.4 mm; 
Wmax = 0.3 mm 
DBN V.2.6-98:2009 [177], 
DSTU B.V.2.6-156:2010 Tab. 5.1 [178] 

 
In accordance with DBN V.1.2-14-2009 [49], the established and accident design situation 

shall be considered. 
In the established design situation loads shall be determined in accordance with 

recommendations of DBN V.1.2-2:2006 [166]. The following loads are taken into account: weight of 
the structures, weight of the equipment; snow; wind; crane; climate temperature. In the established 
design situation accounted are loads with the characteristic duration of the implementation of the 
same order as the established service life of the facility - Tef=100 years. Limit states of group 1 and 
2 are studied with consideration of the responsibility coefficient γn=1.25 for group I limit states and 
1.05 - for group II states. 
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In the design accident events it is necessary to consider group 1 limit states with accounting 

of the loads with typically low probability and duration of the implementation but which are important 
from the standpoint of potential failure consequences, responsibility coefficient γn=1.05. 

Joint action of the loads: 
 main for checking the structures in the established situation; 
 emergency for checking the structures in the design accident events. 
For checking the group I ultimate states used are main combinations, which include 

permanent loads with limit values, limit design values of variable impacts. 
For checking the group II ultimate states used are main combinations, which include 

permanent impacts with with operational values, operational design values of variable impacts. 
The accident combination, in addition to permanent and variable impacts, may include only 

one accident (special) load. 
For main combinations, which include permanent and at least 2 variable loads, variables are 

adopted with the combinations coefficient ψ=0.95 for long-term loads and ψ=0.90 for short-term 
loads.  

For accident combinations, which include permanent and at least 2 variable loads, variables 
are adopted with the combinations coefficient ψ=0.95 for long-term loads and ψ=0.90 for short-term 
loads, and the accident load is adopted with the combination coefficient ψ=1.00.  

At calculation of the distributed control system the existing logical links between individual 
loads are taken to account - mutual exclusion, associated and simultaneous loads. The load may 
also be characterized as the alternate load. 

Permanent loads are considered in all combinations. 
 

10.3.4.2 Cask strength criteria 
 

During the analysis the following has been reviewed in [139] for the normal conditions of HI-
STAR-190 operation: 
 Loads during transportation and technological operations. For hoisting gear HI-STAR 190 

cask has stress limits anticipated by NUREG-0612 [172] document, which requires that total stress 
in the lifting point shall be less than 1/10th of the material strength limit, provided that the lifted cargo 
is under additional dynamic load. These ultimate values are applicable to the lifting pins of the 
container and threaded joints in the covers. Intensity of the stresses of the cask bottom forging 
during HI-STAR 190 lifting operation was also taken into account. The loads on the bottom forging 
being reviewed represent own weight of this bottom forging, as well as weight of MPC canister, fuel 
basket and fuel. For assessment of eligibility 15% strengthening of the load and ultimate values of 
the stress intensity were utilized. 

Loads during transportation under normal conditions. Loads during transportation under 
normal conditions, which serve as a basis for the strength analysis, are determined in [123, 172], 
and include: 

- reduced external pressure 60 kPa; 
- increased external pressure 150 kPa; 
- free falling from height of 0.3 m onto a hard horizontal surface at most vulnerable 

positioning of the cask; 
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- standard vibration loads typical for transportation; 
- standard operation conditions (pressure and temperature). 

Loads referring to the accident conditions of HI-STAR 190 operation are determined in  [123, 
172]. Such conditions, which are considered in [139], are: 

 Free fallng from height of 9 m (30 feet); 
 Perforation. Performation is divided into 2 potential extreme scenarios, in particular: 

- lateral perforation: this event includes free falling (shock absorbers are neglected) 
from the height of 1 m onto a fixed vertically installed rod of soft steel with the diameter of 15 
cm with the edge radius (upper edge) of 6 mm. It is anticipated that the rod is of such length 
that will lead to maximum damage to the cask. The cask is believed to be falling in a 
horizontal position, and the point of penetrating force is located in the middle of the cask 
length; 

- top perforation: this event is similar to the previous one, except for the point that 
penetrating force is supposedly acting on the center of the cask cover. Due to the vicinity of 
bolted joints this case is considered as the extreme for the butt end penetration. 
 Fire at the temperature of 800ºC; 
 Submersion at the height of the water head at least 15 m; 
 Deep water submersion under 200-meter head. 

 
HI-STORM 190 system is designed for on-site storage throughout the entire design service 

life. Respectively, the cask system is designed to withstand normal and accident conditions of 
storage, as well as environmental conditions. 

During the analysis the following has been reviewed in [139] for the normal conditions of HI-
STORM 190 operation: 
 Dead weight of the structure. HI-STORM 190 shall withstand static loads conditioned by 

weights of all of its components. 
 Loads caused by transportation and technological operations. HI-STORM 190 shall 

withstand loads appearing during the normal transportation and technological operations. Pursuant 
to standard [176], in order to include any dynamic effects for account of the lifting operations, loads 
shall be increased by 15%. 

 Pressure. HI-STORM 190 cask is uncapable of preserving the internal pressure due to its 
open design and, respectively, pressure of the environment and hydrostatic pressure are the only 
pressures it may sustain. External design pressure at normal conditions is established for the 
standard ambient pressure minus 1 atmosphere. 

 Temperature. Design temperatures of HI-STORM 190 components are given in Table 
10.10. 

 Snow loads. Design snow loads are given in Table 10.11. 
During the analysis the following has been reviewed in [139] for the abnormal conditions of 
HI-STORM 190 operation: 
 Tripping. Free standing HI-STORM 190 maintains kinematic stability at the design 

environmental phenomena (tornado, earthquake etc.). 
 Fire. 
 Tornado. HI-STORM 190 shall withstand pressure, wind loads and impact of the flying 

objects, which appeared as a result of tornado. Characteristics of the tornado and flying objects are 
given in tables 10.12 and 10.13. 
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 Flooding. HI-STORM 190 system shall withstand flooding-associated pressure and 

hydrostatic forces. In case of the flooding, loads on HI-STORM 190 system include buoyancy 
effects, static pressure loads, and dynamic pressure due to the water speed. It is anticipated that in 
case of flooding HI-STORM 190 system will submerge deeply under water. Maximum depth of water 
submersion and water flow rate are given in table 10.11. 

 Earthquake. 
During justification of preservation of integrity of the auxiliary equipment under normal 

operating conditions, the following types of loads were determined - dead weight, loads during 
transportation and technological operations, temperature: 

 Dead weight. Auxiliary element shall withstand static load appearing in the assembled 
system. 

 Loads during transportation and technological operations. Hoisting gear shall withstand 
loads, which appear during performance of transportation and technological operations in the normal 
mode. In this case loads are skewed upward by 15% in order to account for possible dynamic 
effects, which appear during cargo lifting operations. 

 Temperature. Values of mechanical parameters, which are taken into consideration 
during analyzing the strength of auxiliary equipment, shall correspond to the maximum average 
temperature by thickness of the metal under normal operating conditions. 

 
Table 10.10 - Design temperatures of HI-STORM 190 components 

HI-STORM 190 
components 

Design ultimate values of long-term 
temperatures under normal 

conditions (lasting events), °C 

Ultimate temperature 
values under accident 
conditions (short-term 

events), °C 
Outer protective 
container concrete 

149 343 

Outer protective container 
cover 

232 371 

Remaining part of the 
steel structure of the 
outer protective container 

177 371 

 

Table 10.11 - Design temperatures of HI-STORM 190 components 
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Snow load, kPa Normal 4.8 
Maximum water submersion 
depth at flooding, m 

Accident 38.1 
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  Water flow rate, m/s Accident 4.572 
External pressure on outer 
protective container, kPa 

Accident 68.95 (pressure drop max for 1 s) 34.47 (pressure 
drop in a steady state) 
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Table 10.12 - Characteristics of the tornado 

Conditio Value 
Horizontal wind speed, m/s 101 
Tornado progression speed, m/s 20.3 
Route length, km 28.6 
Route width, km 0.29 
Pressure difference, hPa 10411 

 
Table 10.13 - Flying objects tha appeared as a result of tornado 

Description of the flying object Weight, Speed, m/s 
Vehicle 1800 203 
Hard solid steel cylinder with 200mm diameter 125 203 
Hard sphere with 25mm diameter 0.22 203 

10.3.4.3 Protective barriers tightness criteria 
 

Confinement, which prevents release of the radioactive content of the MPC, is its completely 
welded design. Localizing MPC casing has no bolted joints or mechanical sealings. 

Localizing MPC casing consists of the following components: 
 MPC shell (internal and external) 
 MPC bottom (internal and external) 
 MPC cover (internal and external) 
 MPC drain and ventilation opening covers (internal) 
 Appropriate welds 
MPC is built tight [140] in accordance with the ANSI N14.5 [163] definition: “tightness is 

defined as the degree of package containment assured by a shell that practically rules out any 
substantial leakage of the radioactive material. The attainment of this degree of containment must 
be demonstrated by the leakage velocity that equals, or is less than, 1×10-7 cm3/s, in terms of air, 
with a pressure of 1 atm within the shell and a pressure of 0.01 atm or lower outside the shell”. 
Thus, the design of the MPC makes sure that leakage velocity never exceeds 1×10-7 cm3/s with the 
pressure differential of 100 atm between the inner space of the MPC and the environment. MPC 
compliance with the structural requirements was shown in the course of analytical studies described 
in the document [139]. 

MPC is the localizing vessel of the HI-STORM 190 system. MPC design provides for 
ensuring the confinement for all radionuclides under normal operating conditions, at operational 
occurrences, and under conditions of the accident. Three main components of the MPC casing are 
shell, internal bottom and cover. Welding of the shell and its welding to the bottom is carried out a 
the manufacturing plant. The remaining welded joints of the localizing casing are executed at the 
NPP power units. 

MPC cover consists of two sections welded together (referred to as the upper and lower 
sections). Only the upper part of the cover is considered as the localizing casing. The cover is 
intentionally made thick-walled by adding the lower part of the cover in order to minimize radioactive 
irradiation of the workers during MPC closing operations. 
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10.3.5  Heat criteria  
 

HI-STAR 190 and HI-STORM 190 are significantly different in respect to the geometry, 
structural materials, design loads and design criteria, as well as requirements of the regulatory 
documents applicable to them. 

General requirement to HI-STAR 190 and HI-STORM 190 casks is the requirement not to 
exceed maximum permissible temperatures of FE casings at normal operating conditions, 
opperational occurrences and design basis accidents. The following design criteria are established: 

 Maximum permissible FE cladding temperature for the normal operating conditions is: 
- for FAМ and FAА - 350°С; 
- for FA-W, FA-W, FA-WR, FA-W(LTA) - 400°С; 

 For short-term transient and accident modes (up to 8 hrs), maximum permissible FE 
cladding temperature is: 

- for FAМ and FAА - 450°С; 
- for FA-W, FA-W, FA-WR, FA-W(LTA) - 570°С; 

In this case, maximum design basis residual heat emission of the cask is: 
 38 kW for MPC-31; 
 33 kW for MPC-85; 
Pursuant to the design, transport package HI-STAR 190 (consists of HI-STAR 190 cask, 

MPC-31 or MPC-85 multipurpose cask and shock absorbing devices) in type B (U) package under 
PBTRM-2006 [123]. The following design requirements are set for HI-STAR 190 in accordance with 
[123]: 

 HI-STAR 190 shall be designed for the range of ambient temperatures from -40°С t0 
+38°С (normal operating conditions), with consideration of exposure to sunlight; 

 HI-STAR shall be designed for a fire with duration of 30 min at the flame temperature 
equal to 800°С (accident conditions); 

 HI-STAR shall be designed in such a way that the temperature on accessible surfaces of 
the package at the ambient temperature of 38°С and with no exposure to sunlight is not exceeding 
85°С; 

Design thresholds of the temperatures and pressures for HI-STAR 190 in accordance with 
[137] are given in tables 10.14 – 10.16. 

 
Table 10.14 - Design thresholds of HI-STAR 190 elements temperatures 
 
Description of the element Material Design 

temperature limit 
for normal 
operating 

conditions, °С 

Design temperature 
limit for abnormal 

operating 
conditions, °С 

Fuel basket Metamic-HT 400 50
Support structures and solid 
plates 

Aluminum alloy 400 50
0 

MPC shell Stainless steel. 316 42
MPC cover Stainless steel 316 42
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Description of the element Material Design 

temperature limit 
for normal 
operating 

conditions, °С 

Design temperature 
limit for abnormal 

operating 
conditions, °С 

MPC bottom Stainless steel 316 427 
Internal MPC shell Cryogenic steel 232 371 

Flange, bottom forging Cryogenic steel 232 371 (accidents affecting 
the strength properties) 
788 (fire) 

Cask cover Cryogenic steel 232 371 (accidents affecting 
the strength properties) 
788 (fire) 

Steel of the remaining 
elements of the cask 

Carbon steel 232 371 (accidents affecting 
the strength properties) 
788 (fire) 

 

Table 10.15 - Design thresholds of HI-STAR 190 elements temperatures 
Element Material Temperature limit for 

normal operating 
conditions, °С 

Temperature limit for 
abnormal operating 

conditions, °С 

Cover 
sealings 

Stainless steel 
/ Elastic 
sealing 

120 ≤ 20 h: 170 
≤ 3 h: 210 

Neutron 
protection 

Holtite-B 204 Preservation of the integrity of the 
neutron protection material in the 
inflammation scenario is not 
considered. During the fire it is 
conservatively anticipated that 
there is no reduction of Holtite-B 
material heat conductivity 
coefficient, and after the fire it is 
conservatively anticipated to 
replace Holtite-B with air 

Gamma Lead 316 (600) 316 
Shock absorbers Crumple 

aluminum 
127 (260) Strength properties of the crumple 

material are not calculated at or 
after the accident associated with 
fire. 
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Table 10.16 - Design thresholds of the pressure for HI-STAR 190 

Conditis Threshold pressure values, kPa 
Normal transportation conditions 690 for MPC 

345 for 
Hypothetic accidents 1379 for MPC 

690 for 
 
 

In accordance with the design for HI-STORM 190 storage system (consists of HI-STORM 
190 cask and MPC-31 or MPC-85 multipurpose cask) the following design requirements are set: 

 not to exceed maximum permissible temperatures of FE casings at normal operating 
conditions, opperational occurrences and design basis accidents; 

 pressure in MPC shall not exceed 690 kPa for normal operating conditions (long-term 
storage) and 1379 kPa for short-term transient and accident conditions [137]; 

Design thresholds of the temperatures of HI-STORM 190, in accordance with [137], are 
given in Table 10.17. 

 
Table 10.17 - Design thresholds of HI-STORM 190 temperatures 

HI-STORM 190 element Temperature thresholds for 
long-term storage 

conditions, °C 

Temperature thresholds 
for abnormal operating 
conditions, °С 

 

Storage container concrete 149, Concrete section average 
temperature value 

343, Local concrete 
(bioprotection) temperature, 
except for fire 

 

Upper and lower plates of 
the storage container cover 

232 371  

Remaining parts of the steel 
structure 

177 371  

MPC shell 316 427  

MPC basket 400 500  

MPC basket support 
structures 

400 500  

MPC cover 316 427  

MPC lock ring 260 427  

MPC bottom 316 427  
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10.3.6  Nuclear safety assurance criteria 
 

Main requirements valid in Ukraine as to assurance of the nuclear safety at all stages of the 
CSFSF life cycle are set in the regulatory and technical documents [39, 69, 146, 147, 123, 134]: 

 NP 306.2.105-2004. Principal Dry-type Spent Nuclear Fuel Interim Storage Facilities 
Safety Guidelines; 

 PNAE H-14-029-91. Safety Rules for Nuclear Fuel Storage and Transfer at Nuclear 
Energy Sites; 
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 PBYa-06-08-77. Nuclear Safety Rules at Transportation of the Spent Nuclear Fuel; 
 PBYa-06-00-88. Main Nuclear Safety Rules at Processing, Storage and Transportation of 

Nuclear Hazardous Fissionable Materials; 
 NP 306.6.124-2006. Nuclear and Radiation Safety Rules at Transportation of Radioactive 

Materials (PBPRM-2006); 
 RD 306.8.02/2.067-2003. Recommendations on Structure and Contents of Spent Nuclear 

Fuel Storage Facility Safety Analysis Reports. 
Main requirements of the Ukrainian RD [39, 69, 146] on nuclear safety applicable to the 

CSFSF systems: 
 at SNF storage subcriticality of the systems and elements which contain fissionable 

materials shall be mainly ensured by the geometry of SNF location; 
 for the systems and elements which contain fissionable materials, effective coeffic of 

neutron breeding Кeff at normal operating conditions, operational occurrences and at design basis 
accidents shall not exceed 0.95 (Кeff ≤ 0,95); 

 if Кeff ≤ 0.95 conditions cannot be fulfilled only due to the SNF location geometry, 
additional means and measures are provided for in the design to ensure subcriticality, in particular 
fixed neutron absorbers or fuel burnout accounting; 

 when analyzing the nuclear safety it is necessary to neglect the presence of the 
absorbing elements in SFA or SFA case structures, if such are not fixed, their absorbing properties 
cannot be determined or if their efficiency deteriorates due to the initial events; 

 analysis of the nuclear safety shall be carried out with the account for the factors at which 
the SNF storage and handling system has maximum Кeff at normal operating conditions, operational 
occurrences and design basis accidents; 

 it is necessary to consider errors in the methods of calculation of Кeff , concentration and 
isotope composition of neutron absorbers, as well as tolerances for the manufacture; 

 if there is nuclear fuel with different enrichment degrees, it is necessary to consider the 
fuel with maximum degree of enrichment; 

 spent nuclear fuel shall be considered as new if Кeff at burning reduces, except for the 
cases when the burnout depth is used as a nuclear safety parameter and is controlled by means of 
special devices; 

 when analyzing the subcriticality assurance, it is necessary to consider presence of the 
neutron reflector; 

 subcriticality assurance analysis shall be performed for the maximum design capacity of 
the system; 

 equipment for the spent nuclear fuel storage shall be designed in such a manner that 
effective coefficient of neutron breeding does not exceed 0.95 even if the storage is filled with water, 
and at such volume, distribution and density of the water as a result of the initial events, which lead 
to the maximum Кeff ; 

 in case of the temperature change at normal operating conditions and at initial events of 
the accidents it is necessary to consider such SNF state, which leads to the maximum Кeff . 
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10.3.7  Radiation safety and protection criteria 
 

Main requirements valid in Ukraine as to assurance of the nuclear safety at all stages of the 
VVER CSFSF life cycle are set in the regulatory and technical documents [39, 123, 110]: 

 NP 306.2.105-2004. Principal Dry-type Spent Nuclear Fuel Interim Storage Facilities 
Safety Guidelines; 

 DHN 6.6.1-6.5.001-98. Ukrainian Radiation Safety Standards. NRBU-97; 
 DHN 6.6.1-6.5.001-98. Radiation Protection Against Potential Irradiation Sources. NRBU-

97/D-2000; 
 DSP 6.177-2005-09-02. State Sanitary Rules “Main Ukrainian Radiation Protection 

Sanitary Rules”. OSPU; 
 NP 306.6.124-2006. Nuclear and Radiation Safety Rules at Transportation of Radioactive 

Materials (PBPRM-2006); 
 RD 306.8.02/2.067-2003. Recommendations on Structure and Contents of Spent Nuclear 

Fuel Storage Facility Safety Analysis Reports; 
 Core Reference Levels, Release Levels, and Action Levels with Regard to Radioactive 

Contamination of the Exclusion Zone and the Compulsory Evacuation Zone. DAZV of Ukraine 
no.800/53-13. 

Radiation safety (RS) and radiation protection with respect to practical activity, in conditions 
of the current and potential exposure to radiation, in accordance with requirements set in NRBU-97, 
NRBU-97/D-2000 and OSPU-2005 [101, 102, 110] are ensured with use of the following principles: 

 justifiability principle, in accordance with which any practical activity that is accompanied 
by the people exposure shall not be carried out if it is not a major asset for the exposed individuals 
or the society in general if compared with the harm it causes; 

 optimization principle, in accordance with which individual dose levels and/or number of 
radiation-exposed individuals with respect to each source of the radiation mush be as low as 
practically possible with consideration of economic and social factors. 

 non-exceedance principle, in accordance with which levels of radiation exposure from all 
significant types of practical activity shall not exceed the established limits of the doses. 

In accordance with NRBU-97 [101], the following categories of radiation-exposed individuals 
are established: 
 category A (personnel) - persons who permanently or temporary work in direct vicinity of 

the ionizing radiation sources; 
 category B (personnel) - persons who directly are not dealing with the ionizing radiation 

sources but in relation with their workplaces location in the premises and on production sites of the 
facilities with radiation and nuclear technologies may be exposed to additional radiation; 

 category C - all population. 
Values of effective and equivalent dose limits for category A and B personnel and values of 

permissible levels of yearly entry of significant radionuclides via respiratory organs, as well as 
permissible concentration of radionuclides in the working zone air for category A personnel, are 
regulated by NRBU-97.  

Numerical values of dose limits are established at levels, which exclude the possibility of 
appearance of determinated radiation exposure factors and, at the same time, guarantee so low 
probability of appearance of stochastic effects 
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of the exposure that it is acceptable both for individuals and for the society in general. 

For category A and B persons, dose limits are established in terms of individual yearly 
effective dose, external and internal radiation exposure, and equivalent doses of external exposure 
(limit of the yearly effective dose and limits of the equivalent dose of external exposure). Limitation 
of radiation exposure for category C persons (population) is ensured by introduction of limits of 
yearly effective and equivalent doses in the critical group of category C persons. The latter means 
that values of the yearly radiation exposure of persons which are on the critical group shall not 
exceed the dose limit established for category C. 

Dose limits are given in table 10.18. 
 

Table 10.18– Dose limits [101] 
 

Organs or tissues Categories of 
exposed persons 

  А1), 2) B1) C1) 

       
DLE (effective dose limit), mSv/year 203) 2 1 

       
Limits of the equivalent dose of external 
exposure: 

     

DLlens (for crystalline lens), mSv/year 150 15 15 

       
DLskin (for skin), mSv/year 500 50 50 

       
DLextrim (for hands and feet), mSv/year 500 50 - 

 
Note: 
Distribution of the radiation exposure dose during the calendar year is not regulated; 
For women of child-bearing age (until 45 years old) and for pregnant women there are restrictions in force in 
accordance with par.5.6 of NRBU; 
On average for any 5 successive years but not over 50 mSv for an individual year (DLmax) 

 
 
 
 
 
 

Design total dose of the external and internal current exposure of the personnel shall not 
exceed the dose limit established for the personnel, and for the population - quota of the dose limit 
established for this company/facility [110]. 

Quota of the dose limit for the CSFSF, in accordance with [101], is 40 mcSv/year for account 
of emissions, 10 mcSv/year for account of the critical type of water use, and 80 mcSv/year - total 
quota for account of the air and water ways of the dose buildup. 

Also, for category A personnel NRBU [101] establishes permissible levels of skin exposure 
to beta particles (permissible density of the flow and specific maximum equivalent dose), as well as 
permissible levels of radioactive contamination of the work surfaces, skin (during the work shift), 
special clothing and PPE by alpha- and beta-emitting nuclides. 

Values of the reference risks of potential exposure not exceeding the admissibility level are 
established in [102] and are 2×10-4 year-1 for personnel and 5×10-5 year-1 for population. Value of 
‘neglectibly low’ risk is 5×10-7 year-1. 

According to [101], personnel protection from the radiation exposure shall be designed with 
2-time reserve for the design by yearly effective and equivalent doses of the current and potential 
exposure 
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Pursuant to requirements set in [110], the CSFSF design shall establish design reference 

levels of the personnel exposure. With that said, RL values shall not exceed 70% [110] of the values 
of permissible levels established in NRBU [101]. 

The CSFSF will be built within the Chernobyl NPP exclusion zone contaminated with 
radionuclides after the accident of 26 April 1986. In this area valid are reference levels [112], which 
shall be considered when planning the measures related with the CSFSF construction and 
operation. 

According to the document [112], category A personnel is all persons permanently working 
within the exclusion zone, regardless of the nature of the performed works. Based on this, all 
personnel performing works on the CSFSF site refers to category A under NRBU-97 [101]. 

Category C is the population living outside the Chernobyl NPP exclusion zone and 
compulsory evacuation zone. 

Considering the above and with consideration of requirements set in [110, 112], the design 
establishes the following design reference levels of the personnel exposure (effective dose): 

 11.0 mSv/year for account of external exposure; 
 3.0 mSv/year for account of internal exposure. 
Additionally, for works performed at the construction stage, established is the design 

reference level of the single-time (shift) effective dose - 0.08 mSv/shift. According to the Customer’s 
data, during the CSFSF construction works shift duration is 10 hours. 

In addition of the above criteria, the document [123] establishes design criteria of biological 
protection assurance during SNF transportation for HI-STAR 190 transport and storage container, 
which is classified under PBPRM-2006 [123] norms as a type B(U) package. According to these 
requirements, dose rate for HI-STAR 190 shall not exceed: 

 2 mSv/hour at any point of the package surface at normal operating conditions; 
 0.1 mSv/hour at any point at the distance of 2 m from the package surface at normal 

operating conditions; 
 at accident conditions radiation rate at the distance of 1 m from the package surface shall 

not exceed 10 mSv if there is maximum radioactive content. 
 

10.3.8  Fire and explosion protection 

 
According to GOST 12.1.004-91 [179], fire safety of the facility is ensured by fire prevention 

and fire protection systems, to include organizational and technical actions and measures. Fire 
safety systems shall exclude fire breakout and ensure fire safety of the people. 

Fire prevention is ensured by prevention of formation of combustible medium and/or 
prevention of formation of (or introduction) ignition sources in the combustible medium. 

Prevention of the combustible medium formation is achieved through: 
 maximum possible use of non-combustible and fire resistant substances and materials; 
 maximum possible limitation of the weight and/or volume of combustible substances and 

materials and maximum safe method of their positioning; 
 isolation of the combustible medium, maintenance of the safe concentration, temperature 

and pressure of the combustible medium, at which flame propagation is excluded; R
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 maximum automation of the technological processes associated with combustible 

substances handling; 
 installation of fire-safe equipment in isolated premises and at open areas; 
 use of protective devices to safeguard the production equipment with combustible 

substances from damages and accidents, installation of tripping/disconnecting devices. 
Prevention of formation of ignition sources in the combustible medium is achieved by 

application of one of the following methods or their combination: 
 use of machinery, mechanisms, equipment and devices which operation does not 

causes formation of the ignition sources; 
 use of electric equipment in accordance with its fire hazard and explosion hazard rating 
 use fast-action protective tripping devices for potential ignition sources in the design; 
 use of the technological process and equipment satisfying the requirements on 

electrostatic intrinsic spark safety; 
 arrangement of lightning protection for buildings, structures, and equipment; 
 maintenance of the temperature of heating of the surfaces of machinery, mechanisms, 

equipment, devices, substances, and materials which may come in contact with the 
combustible medium at a leve lower than maximum permissible which is 80% of the 
lowest temperature of the fuel self-ignition; 

 elimination of conditions for thermal and chemical self-combustion of the circulating 
substances and materials; 

 use of non-sparking tools when working with easily combustible liquids and combustible 
gases; 

 reduction of the determining size of the combustible medium below the maximum 
permissible value in terms of combustibility; 

 observance of the valid building norms, rules, and standards. 
Limitation of the weight/volume of combustible substances and materials, as well as the 

safest method of their placement is achieved by application of one of the following methods or their 
combination: 

 reduction of the weight/volume of combustible substances and materials which are 
simultaneously kept in premises and at open sites; 

 arrangement of the emergency drainage system for fire hazardous fluids from the 
machinery; 

 periodic cleaning of the site, premises, utilities, equipment from combustible wastes, 
deposits, dust etc.; 

 removal of fire hazardous wastes generated during operation of the facility; 
 maximum possible replacement of easily combustible and combustible liquids with non-

combustible ones. 
Fire protection is achieved by application of one of the following methods or their 

combination: 
 use of fire suppression means and appropriate types of fire protection machinery; 
 use of fire alarm and automatic fire suppression (AFSS) system; 
 use of main building structures and materials, to include those used for cladding of the 

structures, wit the rated values of fire hazard; 
 application of fire protection paints (compounds) on the surfaces of building structures; 
 appliances which ensure limitation of the fire development; 
 organization, with use of technical means including automatic ones, of the timely warning 

and evacuation of people; 
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 use of collective and personal protective means to safeguard people from dangerous fire 

factors; 
 use of smoke protection means. 
Limitation of the fire development is achieved by application of one of the following methods 

or their combination: 
 arrangement of fire protection barriers; 
 establishment of standard-permitted areas for fire safety compartments (sections), 

number of floors in the buildings and structures; 
 arrangement of emergency tripping and switching of installations and utilities; 
 use of the means preventing or restricting spoilage and spreading of combustible fluids 

at fire; 
 use of fire-stop assemblies on the equipment. Organizational and technical measures 
include: 
 organization of fire guard; 
 organization of the workers’ training on the fire safety rules, 
 development and implementation of fire safety rules and norms, manuals on handling of 

fire hazardous substances and materials, on observance of fire safety regime and 
actions of people in case of a fire; 

 manufacture and use of visual aids on assurance of the fire safety; 
 norming of the number of people at the site in accordance with their safety conditions in 

case of fire; 
 development of measures on the management and personnel actions in case of a fire 

and organization of evacuation of people; 
 equippage of the facility with fire fighting machiner that ensures efficient fire 

(inflammation) fighting. 
According to par.2.15 of DBN V.1.1-7-2002 [17], buildings and premises of the production 

and storage purpose are classified in accordance with their explosion and fire hazard rating. 
Determination of the categories of buildings, premises, structures and outdoor installations is 

performed on the basis of methods and requirements laid down in NAPB B.03.002-2007 [14]. 
 

10.3.9  Control criteria 
 

The design provides for the CSFSF control and management system (CMS) that ensures 
comprehensive control and management of the technological processes on receipt and storage of 
casks with the spent nuclear fuel, as well as control and management of auxiliary systems. 

CMS integrates separate primary systems into a single system thus allowing to perform 
comprehensive processing, display and storage of information in a single place - at the central 
control and monitor panel (CCMP). 

CMS ensures maintenance of radiation and general technical safety at receipt of SFA and 
their storage. CMS executes the function of the information support for the personnel in a form 
convenient for perception and analysis in order to determine negative trends in a change of the 
state of hazard sources at the CSFSF and arrange measures to prevent development of these 
trends. 

The following design criteria were used as the basis for the control and management system: 
 reliability (to be achieved through the use of high-reliability components and optimal 

system structure, and hardware-based fault detection capabilities); 
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 openness of the system (to be achieved by means of additional components and 

subsystems as well as by means of integration with other information systems). 
The design shall set up control over the safety barriers in case of long term SNF storage at 

the CSFSF. One of the control types shall provide for control over heat removal process. Heat 
removal process control during the SNF storage in HI-STORM is ensured by the system for remote 
control of the cask storage process, which structurally is a part of the CMS. 

 

10.3.10 Criteria of the SNF extraction from the CSFSF 
 

Criteria of the SNF extraction from the CSFSF: 
 Normal operation - after expiry of the design period of the SNF storage at the CSFSF, 

i.e. in 100 years; 
 Abnormal conditions - failure of the safety barriers during the storage. According to the 

results of the storage process control in case safe operation limits are exceeded. 
The SFA management technology in the CSFSF is not anticipated. At normal operation, 

accident events and accidents anticipated is handling of the MPC that contains SFA. 
 

10.3.11 Criteria or Guarantees and Physical Protection Assurance 

 
The nuclear materials (NM) are subject to national and international control (IAEA) and 

inspections. 
The CSFSF shall have a system to control and account nuclear materials in accordance with 

NP 306.7.122-2006 [180]. 
Nuclear Material Recordkeeping and Control Rules: 
 nuclear materials shall be subject to the state recordkeeping and control starting from 

their minimum quantity established by the Rules [180]; 
 nuclear materials shall be classified according to their categories in order to ensure 

differential approach to determination of the recordkeeping and control procedures and methods; 
 licensee shall coordinate with the SNRIU material balance areas (MBA) within the 

nuclear plant or nuclear material storage site; 
 in each MBA determined should be reference measurement points (RMP) for nuclear 

materials; 

 nuclear materials are covered by construction and design documents which confirms 
reliability of previous measurements of quantitative properties and attributes of the nuclear 
materials; 

 recordkeeping of the nuclear materials shall base upon the results of measurements of 
nuclear materials quantitative properties. 

Nuclear materials recordkeeping and control criteria at the CSFSF are assurance of the 
ongoing control of the available quantity of nuclear materials, facilitation in localization of potential 
losses, prevention of unauthorized use or theft of these materials. 

Main principle for the recordkeeping and control is timely recording of every relocation of a 
nuclear material and every change in the NM inventoried quantity. R
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Unit of measurement for the recordkeeping purposes is a batch of fissionable nuclear 

material. 
In the CSFSF recordkeeping system, unit of measurement of NM is a batch of nuclear 

material contained in one MPC. 
In accordance with the Law of Ukraine on Physical Protection of Nuclear Materials, Nuclear 

Installations, Radioactive Wastes, and Other Sources of Ionizing Radiation (hereinafter - Law on 
Physical Protection) [181] and the Law of Ukraine no.638-15 on Anti-Terrorism [182], CSFSF 
physical security system (PSS) is created at the CSFSF. 

The following principles were accounted during the PSS design process: 
 physical security actions shall not impede observance of the process regulations of the 

CSFSF; 
 physical security actions shall not deteriorate nuclear, radiation, fire and other types of 

the CSFSF security. 
PSS is designed for detection of attempts and prevention of unuauthorized entry to the 

CSFSF site, which may lead to willful actions aimed at incapacitation of the PSS engineering and 
technical means and, especially, critical CSFSF technical elements, as well as prevention of 
unuauthorized relocation outside the facility of any radioactive substances and nuclear materials, to 
include prevention of sabotage acts, in accordance with the IAEA requirements INFCIRC/225/Rev.5 
[183] and INFCIRC/274/Rev.4 [184], to include Convention of Physical Security of Nuclear Materials 
and Nuclear Plants, as amended in accordance with the Law of Ukraine no.356-VI of 03.09.2008 
[185]. 

 

10.4 Nuclear Safety 
 
 

10.4.1  Technical solutions on assurance of the nuclear safety 

 
Nuclear and radiation safety during transportation and technological operations on the SNF 

is ensured by the structural solutions of the equipment and presence on the site of the system for 
monitoring of the state of HI-STORM with MPC. 

Detailed description of the SNF handing operations is given in Part 1, Volume 3 of this 
design. 

To confirm fulfillment of the requirements of Ukraine’s regulatory documents (RD) with 
respect to nuclear safety assurance, Holtec International has performed necessary calculations 
[134-142]. 

Detailed justification of nuclear safety at normal operating conditions, opperational 
occurrences and accidents is given in the PSAR. 

According to requirements of the regulatory documents [36, 69, 146], nuclear safety of the 
CSFSF is ensured by: 

 limitation of the spacing between FAs in the MPC; 
 limitation of the weight of fissionable materials in one MPC; 
 use of heterogenic absorbers of thermal neutrons (installation and attachment of 

Metamic-HT neutron absorber in the MPC); 
 control of technological parameters of the complex of nuclear fuel storage and handling 

systems. 
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 Technical solutions associated with the design and materials of the MPC, HI-STAR and HI-
STORM 
 

SNF handling technology presented by Holtec anticipates that SNF is directly kept in 
multipurpose casks (MPC). MPC is double-walled tight welded cases made of stainless steel and 
filled with helium. 

MPC is built tight [140] in accordance with the ANSI N14.5 [163] definition: “tightness is 
defined as the degree of package containment assured by a shell that practically rules out any 
substantial leakage of the radioactive material. The attainment of this degree of containment must 
be demonstrated by the leakage velocity that equals, or is less than, 1×10-7 cm3/s, in terms of air, 
with a pressure of 1 atm within the shell and a pressure of 0.01 atm or lower outside the shell”. 
Thus, the design of the MPC makes sure that leakage velocity never exceeds 1×10-7 cm3/s with the 
pressure differential of 100 atm between the inner space of the MPC and the environment. MPC 
compliance with the structural requirements was shown in the course of analytical studies described 
in the document [139]. 

Inside the MPC there is a basket for installation of FA, made of aluminum and structural 
material which is a neutron absorber (Metamic material). 

Metamic is a compound metal matrix made of 99.5% pure aluminum reinforced with boron 
carbide. Minimum content of В4С in the material is 9%. Burnout of neutron absorber 10В during 100-
year storage is neglectibly low and Metamic preserves its properties during the design CSFSF 
operation period, what is justified in the documents [137, 140]. 

MPC basket materials are aluminum and Metamic and ensure the required heat removal 
from the SNF. Presence of the inert atmosphere in the MPC (helium filling) ensures protection 
against corrosion of FE cases, what preserves their integrity during long-term storage. Inert 
atmosphere inside the MPC is maintained due to the reliability of tight and sealed MPC barriers. 
Tightness of the MPC within the design service life, at all design modes, is justified in the document 
[140]. 

HI-STAR and HI-STORM casks execute the function of MPC protection against external 
impacts [139, 143] and also radiation protection function [141, 143]. HI-STAR cask is made primarily 
of steel and Holtite material which contains 2% В4С and serves, among other, as a neutron 
absorber. HI-STORM cask is made primarily of steel and concrete. Design and materials of HI-
STAR and HI-STORM casks ensure MPC protection against external impacts [139, 143] and 
sufficient conditions of the SNF cooling in the MPC [138] at normal operating conditions, operational 
occurrences and at design basis accidents. 

 
 Technical solutions in the CSFSF acceptance building 

 
In the acceptance building, technical solutions associated with assurance of the nuclear 

safety are aimed at reduction of the probability of mechanical damage to the MPC and exclusion of 
water access to SFA in case of accident MPC containment failure. It is related with the point that 
nuclear safety is primarily ensured by the MPC design. 

To reduce the probability of mechanical damage to the MPC, it is anticipated to use in the 
acceptance building equipment of the seismic resistant design with enhanced reliability rating. 
Moreover, the design solutions ensures that handling with the MPC will occur only within the cask 
transfer facility (CTF) with use of the cask transfer equipment (CTE) what excludes MPC falling with 
destruction of barriers. The design also provides for ensuring the integrity and stability of the 
acceptance building as the object/facility 
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referring to class I of responsibility for nuclear and radiation safety IAW PiN AE-5.6 [7]. 

For excluding the possibility of SFA contact with water in case of a hypothetic event with 
malfunction of the tightness barriers, there are no water supply in the acceptance building and the 
CTF. 

No water is used in these premises when the fire safety systems are designed. 
Throughout the entire process chain in the acceptance building ensures are at least 2 

engineering barriers which prevent from water penetration to the SFA - tight casing of the MPC, 
cask casing or HI-STAR or HI-STORM. 

Ensured is remote surveillance of all process operations and control of neutron radiation in 
that part of the acceptance building where MPC acceptance and transfer operations are performed. 

HI-STAR used in the CSFSF is designed for falling from 9-m height without damaging its 
content. Maximum height of HI-STAR cask lifting in the acceptance building is 7 m. 

Detailed description of the SNF handing operations and equipment in the acceptance 
building is given in Volume 3.1 of this design. 

 
10.4.1.3 Technical solutions during on-site transportations 

 
On-site transportation of HI-STORM which contains MPC with SFA inside is carried out by 

the on-site wheeled vehicles (OWV).  Main element that ensures nuclear safety at transportation of 
SNF by the transporter is HI-STORM. Main technical solutions on assurance of the nuclear safety at 
on-site transportation are aimed at ensuring the protection of HI-STORM from mechanical damages 
during transportation. 

The following technical solutions are implemented to ensure nuclear safety during on-site 
transportation of the spent nuclear fuel: 

 transporter carries only one HI-STORM container with MPC during one trip, i.e. quantity 
of the transported nuclear material is limited by the design of the used equipment; 

 transporter design and transporter route has no provisions for the use of water, what 
excludes hypothetic possibility of water contact with SFA; 

 transporter design ensures lifting of the cask at the height of not more than 28 cm, what 
excludes damaging of HI-STORM in case of falling down during the transportation (HI-STORM is 
designed for falling from the height of 30 cm without any damage to the container and the contents); 

 master plan of the site is developed in such a manner as to reduce the route of the 
transporter travel with HI-STORM from the acceptance building to the storage area and exclude 
crossing of the routes of the loaded transporter and other cargo transporters within the CSFSF site, 
what reduces the probability of accidents during transportation; 

 transporter design excludes high-speed motion what excludes possiible personnel’s 
faults in relation to the transporter traffic regulations and, respectively, reduces the probability of the 
container falling during transportation. 

Detailed description of the equipment and technological process of the SNF transportation to 
the storage area is given in Volume 3.1 of this design. 
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10.4.1.4 Engineering solutions at the storage area in the CSFSF 

 
The following technical solutions are implemented to ensure nuclear safety during the 

storage of the spent nuclear fuel: 
 for MPC storage used in HI-STORM Protective container which design is rated for 

extreme impacts up to the aircraft fall. Even in this case the container and, respectively, MPC 
remain undamaged; 

 to exclude flooding of the storage area the provision is made for the storm water drainage 
system intended for removal of water from the maximum daily precipitation rate in the CSFSF area; 

 permanent uninterrupted control of the temperature at the entry and exit of HI-STORM 
ventilation channels, which reflect the state of the MPC heat release and, respectively, state of the 
MPC; 

 selected area for construction of the CSFSF has low level and amplitude of groundwater 
level fluctuations what excludes initial accident event with flooding of the site and, respectively, 
water penetration to the MPC via HI-STORM ventilation channels; 

 selected area for construction of the CSFSF is located far from water basins and rivers 
what excludes initial accident event with flooding of the site and, respectively, water penetration to 
the MPC via HI-STORM ventilation channels; 

 the storage area is located inside of the secured CSFSF perimeter and is separated into 
an extremely important zone which prevents access of unauthorized personnel; 

 the provision is made for the scheduled patroling of the storage area by the CSFSF 
personnel for detecting any possible clogging of HI-STORM ventilation channels and their timely 
cleaning; 

 materials used during designing of the storage area are such non-combustible materials 
which exclude such initial event as fire. 

Detailed description of the HI-STORM container servicing operations in the storage area is 
given in this design, Volume 3.1 “Technological Part. Part 1. Spent Fuel Handling Description of the 
CSFSF Master Plan is given in Volume 2. Detailed description of the control and management 
system (control of the temperature at the entry and exit of HI-STORM ventilation channels) is given 
in Volume 6 of the design. 

 

10.4.2  Subcriticality assessment 
 

Holtec International has performed calculations [136] which assess subcriticality of HI-
STORM 190 and HI-STAR 190 systems for the spent nuclear fuel storage and transportation for the 
CSFSF (the copy is attached in Volume 1.2.2). These calculations confirms non-exceedance of the 
maximum value of the effective coefficient of neutron breeding eff  0.95 for HI-STAR 190 casks and 
HI-STORM 190 storage module with MPC-31 and MPC-85 for transportation and storage of the 
undamaged VVER-1000 and VVER-440 spent nuclear fuel at normal operating conditions, 
operational occurrences and at design basis accidents. 

The document [136] provides assessment of subcriticality of the spent nuclear fuel in the 
following types of the casks: 

 HI-STAR 190 - transport cask, type B(U)F, made of steel, lead and Holtite material; 
 HI-STORM 190 - storage cask, made of steel and concrete; 

R
e

p
l. 

R
e

f.
n

o
.  

S
ig

n
a

tu
re

, D
a

te
 

 

O
ri

g
. R

e
f.

 n  

           

571402.201.001-PZ01 
Shee

            102



Size А4 

111 
 

 

    111 
571402_201_001_PZ01_Rev.2 

 
 HI-TRAC 190 - transfer cask, made of steel and lead, also contains water in the water 

jacket. 
The above casks may be loaded with the following modifications of the multipurpose cask 

(MPC): 
 MPC-31 with 31 storage cells built with consideration for VVER-1000 undamaged 

spent fuel (fuel material - UO2) with the rated maximum enrichment for 235U; 
 MPC-85 with 85 storage cells built with consideration for VVER-440 undamaged spent 

fuel (fuel material - UO2) with the rated maximum enrichment for 235U; 
Assessment of subcriticality of the casks in the paper [136] was performed with use of 

MCNP5 computer code - 3D-code of general purpose based on Monte-Carlo method developed by 
Los Alamos National Laboratory in the USA. 

 
10.4.2.1 Methods 

 
HI-STAR 190 - hereinafter HI-STAR - is the main element of the transport package designed 

for transportation of multipurpose casks loaded with VVER-1000 and VVER-440 SNF. HI-STORM 
190 - hereinafter HI-STORM - is a thick-walled cask, partially made of concrete, for long-term 
storage of the SNF at the CSFSF. HI-TRAC 190 - hereinafter HI-TRAC - is a transfer cask used for 
loading of SNF into MPC (MPC is filled with water inside HI-TRAC) as well as for transferring the dry 
MPC into HI-STAR. MPC fuel basket is built in such a way that fixed neutron absorber in its 
structure preserves its efficiency during the storage over 100 years, and it should be mentioned that 
there are no reliable mechanisms which could reduce or deteriorate its efficiency. Respectively, 
there is no need for actions to monitor and control long term efficiency of the neutron absorber. 
Three used casks (HI-STAR, HI-STORM, and HI-TRAC) differ only by the external reflector material, 
what insignificantly affects the breeding properties. Respectively, analysis results for the cask of one 
type are applicable to other types as well. Therefore, most calculations for justification of the nuclear 
safety during transportation and storage of the spent nuclear fuel were carried out only for one of 
three containers, namely for HI-STAR. Nevertheless, calculations for assessment of the nuclear 
safety was also performed for HI-TRAC and HI-STORM what is mentioned in Chapter 7.4. 

HI-STAR localization system is represented by 2-walled multipurpose cask (MPC) with flat 
bottoms and flat welded covers (internal barrier) and metal package cask with bolted cover (external 
barrier). Therefore, multibarrier tight localization system is ensured, in which the metal package 
cask with bolted cover ensures only the external barrier. Inside the MPC the SFA are located in the 
basket cells which ensure their permanent position. At normal and accident conditions of 
transportation HI-STAR transport cask is in dry state (without moderator) due to which breeding 
capability of the system is very low (Keff < 0.50). 

Nuclear safety during transportation and storage depends on the following main design 
parameters: 

1. Geometry of the fuel baske inside MPC; 
2. Permanent fixed neutron absorber in the composition of the fuel basket. The basket is 

completely made of Metamic-HT - composite material consisting of 
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aluminum and B4C. Therefore, all SFAs are completely surrounded by neutron absorbing material; 

3. Specified limit for the maximum fuel enrichment; 
4. Capability of the system to prevent water penetration at accident conditions. 
Due to this capability of the system any possible modification of the fuel configuration at 

accident conditions will have no consequences from the standpoint of nuclear safety. 
For identification of the degree of the impact of tolerances and deviations during 

manufacture of the fuel and MPC basket on Кeff  of the system, sensitivity analysis was carried out in 
the paper [136]. For calculations used was the worst combination of tolerances and alignments, i.e. 
such combination that leads to increase of the system’s breeding properties. 

Assessment of subcriticality of the casks in the paper [136] was performed with the following 
conservative assumptions, which comply with the criteria [39]: 

 considered were systems with maximum design capacity of SFA loading; 
 MPC basket is completely loaded with the fuel with maximum breeding properties; 
 formed was the combination of the worst conditions from the point of tolerances and 

alignments; 
 performed were analysis for cases of absence and presence of the water as the 

moderator and external reflector. Varied were water density inside the cask, water level inside the 
cask at vertical and horizontal flooding, water density outside the cask, presence or absence of the 
neighbor casks, as well as distance to the neighbor casks. As a result, the conditions, which lead to 
maximum breeding properties of the system, were taken as the final ones; 

 analysis was performed for loading of the new fuel with maximum enrichment; 
 in the new fuel presence of 234U and 236U, which are additional neutron absorbers, was 

not considered; 
 presence of the burnable absorbers was not considered; 
 calculations of the flooding with the moderation used water which temperature matches 

the maximum breeding capability of the system; 
 absorbing properties of the FA structural elements were neglected; 
 during creation of the design diagram of HI-STAR casks and HI-STORM storage module 

materials absorbing the neutrons, such as Holtite and steel beyond Holtite, were not considered. 
 

10.4.2.2 Calculation Results 
 

Max Кeff values calculated with 95% confidence level are provided in Table 10.19 for all 
casks used during SNF storage and transportation. Results of additional calculations for HI-STAR 
cask are given Table 10.20. Generally, the results confirm that neutron breeding coefficient (Кeff), 
with consideration of all calculation errors and uncertainties, with 95% confidence level, does not 
exceed 0.95 value at all conditions of normal operation, operational occurrences and accidents. 

Results of the performed analysis of the nuclear safety of HI-STAR 190 transport systems 
and HI-STORM 190 storage systems for the spent nuclear fuel demonstrated provision of the 
subcriticality state at all normal conditions, operational occurrences and accident conditions. 
Analysis of the endless array of HI- STAR casks with various parameters of external and internal 
moderation demonstrates that maximum value of Кeff is significantly less than the established 
standard limit of 0.95. 
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Table 10.19 - Max Кeff values for all casks used during SNF storage and transportation [136] 

 

FA 
Enrichment, 
mass % 235U 

Maximum value kэф 1 
ф 

HI-STAR HI-TRAC HI-STORM 
MPC-31 

VVER-1000, 
FA-А 

4.45 0.9449 0.9448 0.9434 

VVER-1000, 
FA-M 

4.45 0.9428 0.9435 0.9415 

VVER-1000, 
FA-W 

4.25 0.9387 0.9390 0.9378 

VVER-1000, 
FA-W (LTA) 

4.45 0.9420 0.9426 0.9409 

MPC-85 
VVER-440, 
WC 

4.45 0.8918 0.8924 0.8917 

VVER-440, WC 
(2nd Gen) 4.65 0.9007 0.9007 0.8998 

1 “Maximum Кeff value” means the maximum possible effective neutron breeding coefficient with consideratio of
the error, uncertainty and rated statistics, which is determined for most unfavorable combination of
manufacture tolerances. Mean square deviation (σ) of the calculations is about 0.0003 

 
Table 10.20 - Results of additional Кeff calculations for HI-STAR [136] 
 

 
Configuration 

% density of 
the internal 
moderator 

% density of 
the external 
moderator 

Max. Keff value 

MPC-31 
Separate cask without 
reflector 

100% % 0.9449 

Separate cask, full 
reflector 

100% 100% 0.9447 

Localizing shell, full 
reflector 

 
100% 

 
100% 

 
0.9440 

Separate cask with 
damages 

0% 100% 0.4093 

MPC-85 
Separate cask without 
reflector 

100% 0% 0.9007 

Separate cask, full 
reflector 

100% 100% 0.9006 

Localizing shell, full 
reflector 

 
100% 

 
100% 

 
0.9000 

Separate cask with 
damages 

0% 100% 0.4071 
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More detailed justification of the subcriticality at normal operating conditions, operational 
occurrences and accidents is provided in PSAR. 

 

10.5 Analysis of Thermal Conditions 
 

According to requirements [39], Holtec International has performed thermal analysis [137] of 
HI-STAR 190 package and HI-STORM 190 storage system, which contain MPC with VVER SNF 
(the copy is enclosed in Volume 1.2.2). 

 

10.5.1  Methods 

 
During thermal analysis of HI-STAR 190 the document [137] made the following 

conservative assumptions: 
 Absence of the contact between MPC fuel basket and shell as well as between the MPC 

shell and the cask, i.e. fuel basket and MPC are in a suspended state (have no contact). 
 Convective heat transfer in the cask cavity was not considered. 
 It was assumed that external surfaces absorb 100% of the solar energy falling onto them. 
 Values of the heat conductivity of the materials of the shield protecting from neutron 

radiation, Metamic-HT and shock absorbing assemblies were significantly lowered. 
 Heat transfer in axial direction via fuel pellets was not considered. 
 Maximum design heat release was assumed in all SFA storage cells. 
 Effect of the dust, fog, tilt angle and latitude, reducing impact of the sun heat flow was not 

considered. 
 Conservative provision was that residual heat release of the SNF is unevenly distributed 

along the entire SFA length with maximum value in the middle of the active part length. 
 Heat dissolution via the SFA spacer grids was not considered. 
During thermal analysis of HI-STORM 190 the document [137] made the following 

conservative assumptions: 
 Absence of the contact between MPC fuel basket and shell as well as between the MPC 

shell and the cask, i.e. fuel basket and MPC are in a suspended state (have no contact). 
 It was assumed that external surfaces of the cask absorb 100% of the solar energy falling 

onto them. Shadowing of the cask surface by other neighboring casks was not considered. 
 The assumption was that the bottom part of the cask is isolated. 
 Heat transfer in axial direction via fuel pellets was not considered. 
 Maximum design heat release was assumed in all SFA storage cells. 
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 Maximum hydraulic resistance was conservatively adopted during simulation of the flow 

via MPC. 
 Conservative provision was that residual heat release of the SNF is unevenly distributed 

along the entire SFA length with maximum value in the middle of the active part length. 
 Heat dissolution via the spacer grids and joining parts in the upper and lower parts of the 

cask was not considered. 
 

10.5.2  Analysis Results  
 

Analysis Results [137] for HI-STAR 190 are given in tables 10.21 – 10.25. 
 

Table 10.21 - Maximum temperature of the fuel shell for normal conditions of HI-STAR 190 
transportation 

Cask Temperature, °C Temperature limit for 
normal operating 

conditions, °С 

MPC-31 340 350 
MPC-85 337 350 

Table 10.22 - Maximum values of the temperature for normal conditions of HI-STAR 190UA 
transportation for MPC-31 and MPC-85 

Material/Element MPC-31 temperature, °C MPC-85 temperature, °C 
Fuel element cladding 340 337 
Fuel basket 327 316 
MPC shell 214 229 
Neutron protection 151 156 
Internal TPC shell 158 165 
External TPC shell 126 130 
Cover sealings 91 112 
TPC cover 93 116 
Shock absorber 83 72 

Table 10.23 - Maximum working pressure of HI-STAR 190 
Conditions Excessive pressure, kPa. 

MPC-31 MPC-85 
Maximum working pressure in the MPC internal cavity 

Normal Operating 
Conditions 

640.3 645.9 

3% damage of FE 654.1 653.4 
Ring gap between MPC and HI-STAR 190 

Normal Operating 
Conditions 

190.2 173.0 

 
Table 10.24 - Maximum values of HI-STAR 190 elements temperature at a fire-associated 
hypothetic accident 

Material/Element Initial condition, °С Fire, °С 
Fuel element cladding 340 340 
Fuel basket 327 327 
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Material/Element Initial condition, °С Fire, °С 
MPC shell 214 214 
Internal TPC shell 158 172 
Neutron protection 151 Not indicated as the neutron protection 

material integrity during or after the fire is 
not guaranteed 

Cover sealings 91 106 
TPC cover 93 102 
External TPC shell 126 788 

 

Table 10.25 - Maximum pressure of HI-STAR 190UA transport cask at a fire-associated hypothetic 
accident 

Description Excessive pressure, kPa. 
Maximum working pressure in the MPC internal cavity 

Without FE damaging 683.1 
100% damage of FE 1162.8 

Ring gap between MPC and HI-STAR 190 
Pressure in the cavity 214.4 

 
The document [137], for HI-STAR 190, with consideration of conservative assumptions, 

justifies non-exceedance of the maximum permissible temperatures of FE casings at normal 
operating conditions, opperational occurrences and design basis accidents. The same document 
proves non-exceedance of the design pressure limits and non-exceedance of the permissible 
temperature on external surfaces of HI-STAR 190. 

Analysis Results [137] for HI-STORM 190 are given in tables 10.26 – 10.34. 
 

Table 10.26 - Maximum values of SFA FE casing temperature in HI-STORM 190 cask during 
storage 

Storage scenario Temperature, °C Temperature limits, °C 

MPC-31 314 350 
MPC-85 333 350 

Table 10.27 - Maximum temperatures in the MPC at long-term storage 

Element Temperature, °C  
MPC-31 MPC-85  

Fuel cladding 314 333  
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Basket support structures 241 269  

MPC cover – average by section 231 225  

Internal MPC shell 218 245  

External MPC shell 203 224  

S
ig   MPC bottom – average by section 158 174  

 

O
ri

g
. R

e
f.

 n
o

.  

           

571402.201.001-PZ01 
Sheet 

            108 
Amd. Nr.a Sheet Doc.# Sig. Date 

 



Size А4 

117 
 

 

    117 
571402_201_001_PZ01_Rev.2 

 
Table 10.28 - Maximum HI-STORM 190 temperatures at long-term storage 

Element Temperature, °C 
MPC-31 MPC-85 

Internal shell of the storage cask 147 163 
External shell of the storage cask 81 81 
Storage cask housing concrete:    

– Average by section 103 121 
- Maximum 146 163 
Storage cask cover concrete:    

– Average by section 108 121 
- Maximum 121 141 
Lower plate of the storage cask cover 121 142 
Upper plate of the storage cask cover 83 83 
Storage cask bottom – average by section 153 49 

 
 

Table 10.29 - Maximum HI-STORM 190 storage cask temperatures at the increased ambient 
temperatures 

 
Element Temperature, °C 

MPC-31 MPC-85 
Fuel cladding 325 344 
Fuel basket 303 324 
Basket support structures 252 280 
MPC cover – average by section 242 236 
Internal MPC shell 229 256 
External MPC shell 214 235 
MPC bottom – average by section 169 185 
Internal shell of the storage cask 158 174 
External shell of the storage cask 92 92 
Storage cask housing concrete 157 174 
Storage cask cover concrete 132 152 
Lower plate of the storage cask cover 132 153 
Upper plate of the storage cask cover 94 96 
Storage cask bottom – average by section 164 60 

 
Table 10.30 - Maximum HI-STORM 190 storage cask temperatures at the extreme ambient 
temperatures 

Element Temperature, °C 
MPC-31 MPC-85 

Fuel cladding 326 345 
Fuel basket 304 325 
Basket support structures 253 281 
MPC cover – average by section 243 237 
Internal MPC shell 230 257 
External MPC shell 215 236 
MPC bottom – average by section 170 186 
Internal shell of the storage cask 159 175 
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Element Temperature, °C 
MPC-31 MPC-85 

External shell of the storage cask 93 93 
Storage cask housing concrete 158 175 
Storage cask cover concrete 133 153 
Lower plate of the storage cask cover 133 153 
Upper plate of the storage cask cover 95 97 
Storage cask bottom – average by section 165 61 

 
Table 10.31 - Maximum HI-STORM 190 storage cask temperatures at 50% clogging of the vent 
inlets 

Element Temperature, °C 
MPC-31 MPC-85 

Fuel cladding 319 338 
Fuel basket 298 319 
Basket support structures 247 275 
MPC cover – average by section 237 231 
Internal MPC shell 224 251 
External MPC shell 210 231 
MPC bottom – average by section 163 179 
Internal shell of the storage cask 155 171 
External shell of the storage cask 83 83 
Storage cask housing concrete 154 171 
Storage cask cover concrete 129 149 
Lower plate of the storage cask cover 129 150 
Upper plate of the storage cask cover 85 87 
Storage cask bottom – average by section 159 55 

 
Table 10.32 - Maximum HI-STORM 190 storage cask temperatures at 100% clogging of the vent 
inlets 

Element Temperature, °C  
MPC-31 MPC-85  

Fuel cladding 440 440  

Fuel basket 428 429  
Basket support structures 380 389  
MPC cover – average by section 338 313  
Internal MPC shell 359 368  
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External MPC shell 344 350  

MPC bottom – average by section 298 293  
Internal shell of the storage cask 307 307  
External shell of the storage cask 158 142  
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  Storage cask housing concrete 306 307  
Storage cask cover concrete 210 215  

Lower plate of the storage cask cover 211 218  
Upper plate of the storage cask cover 112 104  
Storage cask bottom – average by section 296 172  
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Table 10.33 - Time of achievemen of the temperature limit for FE shell after beginning of the 
complete clogging of the vent inlets and outlets 

MPC type Temperature, °C Time of achievement of the temperature limit, 
MPC-31 350 18.1 

440 82.0 
MPC-85 350 9.0 

440 56.5 
 

Table 10.34- Pressure in the MPC at operational conditions 
Condition Average temperature 

across the MPC cavity 
volume, °C 

Excessive pressure of 
the MPC cavity, kPa 

MPC-31 MPC-85 MPC-31 MPC-85 
Long-term storage conditions: 
- Without FE damaging 
- At 1% damage of FE 

 
245 
245 

 
259 
259 

 
629.3 
633.4 

 
648.6 
651.4 

Increased ambient temperature 256 270 644.4 664.5 

Extreme ambient temperature 257 271 645.8 665.9 

50% clogging of the vent inlets 251 266 637.6 659.0 
Accident - 100% clogging of the vent 
inlets and outlets 

380 375 819.6 812.7 

Accident - 100% damage of FE 245 259 1076.0 891.9 

 
The document [137] for HI-STORM 190 shows that calculated values of FE shell 

temperature values and the respective internal pressure in the MPC at normal operating conditions 
and at abnormal (50% clogging of the vent inlets) and accident conditions (100% clogging of the 
vent inlets) are below the permissible limits for temperature and pressure. 

Mode detailed justification of the thermal conditions at normal operating conditions, 
operational occurrences and accidents is provided in PSAR. 

 

10.6 Strength Analysis 
 

Holtec has performed calculations to determine strength properties of HI-STAR 190 UA, HI-
STORM 190 systems and auxiliary equipment utilized for transportation, storage and handling of the 
spent nuclear fuel at the CSFSF. Strength analysis outcomes are provided in the document [138] 
(the copy is enclosed in Volume 1.2.2). 

The document [138] displays the following justifications: 
 Assessment of the compliance of HI-STAR 190 package with the requirements of the 

documents [39, 123, 164] in terms of strength properties for normal transportation conditions and for 
hypothetic accident situations. 

 Assessment of the preservation of the integrity of HI-STORM 190 storage cask (which 
determines tightness of the shell localizing the radioactive contents, assurance of the nuclear safety 
and radiation protection, as well as preservation of the possibility of the SNF extraction) under 
impact of all probable loads at normal operating conditions, operational occurrences and design 
basis accidents and extreme natural phenomena in accordance with the requirements of the 
documents [39, 123, 165]. 
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 Assessment of preservation of integrity of the auxiliary equipment under normal operating 

conditions. 
 

10.6.1  Methods 
 

Analysis of HI-STAR 190 strength under PBPRM-2006, SSR-6 and Regulatory Guide 7.6 
[123, 172, 174] was performed for normal accident operating conditions. 

ANSYS Mechanical and LS-DYNA computer applications were used to perform strength and 
mechanical numerical calculations. 

When analysing the strength of HI-STAR 190 UA and HI-STORM 190, the following main 
issues are considered: 
 Determination of the strength characteristics of the casks and elements of the systems. 
 Identification of materials used in the systems 
 Determination of loads on the system elements during transportation and technological 

operations, at normal operating conditions, operational occurrences, accident situations and 
accidents. Determination of parameters of most unfavorable design conditions such as fire or water 
submersion. 

 Determination of the criteria of permissibility of the systems behavior under impact of 
the specified various operating conditions on the basis of ASME standard criteria and criteria of 
other regulatory documents. 

 Determination of the margin of strength and safety of the systems under impact of the 
loads at various operating conditions. 

When analysing the strength of safety critical auxiliary equipment, the following main issues 
are considered: 

 Strength properties of the auxiliary equipment. 
 Determination of loads acting on auxiliary equipment under normal operating 

conditions. 
 Determination of the criteria of acceptability of operation of the auxiliary equipment at 

normal conditions in accordance with ASME standard and other standards. 
 Analysis to determine the margin of strength of the auxiliary equipment at normal 

operating conditions. 
 

10.6.2  Analysis Results 

 
Performed analyses [139] resulted in justification that equipment used at the SNF handling 

will preserve its functionality throughout the entire design service life, at all design modes. 
Results provided in [139] show that HI-STAR 190 UA complies with requirements of par.659, 

727 and 729 of SSR-6 and PBRM-2006 standard. Results of the simulation of falling from 9-meter 
height are performed with the use of the upper limit value of the production tolerance for aluminum 
material of the cellular structure (i.e. 110% of the nominal value), to ensure maximum value of 
braking during the impact. During assessment, values of the shock absorbers collapse strength 
were reduced to 90% of the respective nominal values in order to check that lower limit value of the 
production tolerance will not result in ‘failure’ of the shock absorber due to extensive displacements 
at the collapse. Considered were also 2 penetration events and determined consequences. 
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For conditions of hypothetic accident at transportation all reliability coefficients are over 1.0, 
tightness function was preserved for all postulated events. Respectively, at hypothetic accident 
conditions of transportation HI-STAR 190 UA has sufficient strength to satisfy requirements SSR-6 
and PBRM-2006 documents as to subcriticality, tightness, protection and temperature.  

HI-STAR 190 UA and MPC containments are preserved tight and sealed in case of 
submersion in accordance with par.733 of SSR-6 and PBRM-2006, which follows the free falling, 
perforation and fire. 

Opening between the cover and flange will be sealed by 2 sealings in completely pressed 
state. 

Average warping of the basket panel in the fuel zone is less than the standard limit. 
Local plastic deformation in case of penetrating concentrated impact from a soft steel rod will 

lead to a surface dent and not to a deep penetration, and will not be a cause of the loss of integrity 
of the protective shell. 

More detailed description of the strength analysis at normal operating conditions, 
opperational occurrences and accidents is provided in PSAR. 

 

10.7 Radiation Safety 
 

Actions to ensure radiation safety at all stages of the CSFSF operation come down to 
assurance of the safety at normal operation and at accidents. 

Observance of the RS principles is achieved through selection of optimal technical solutions 
and performance at all stages of the CSFSF life cycle (construction, commissioning, operation and 
decommissioning) of the set of actions on radiation protection. These actions can be conditionally 
divided into the following groups: 

 technical (shielding, dust suppression, decontamination, active ventilation and active gas 
treatment, use of remotedly controlled mechanisms, CCTV etc.); 

 radiation and hygienic (establishment of the sanitary and protection zone and 
surveillance zone, establishment of the reference levels, assessment of personnel exposure doses, 
premises and territory planning, airlocks, use of PPE and PRPE, radiation control etc.); 

 organizational (preparation of workplaces, permit to perform works, control and 
supervision of teh activity, organization of medical aid etc.). 

The list of exact actions/measures is developed and regulated for each stage of the CSFSF 
life cycle: 

 by the design documentation to include construction design, instructions and provisions 
of the Exclusion Zone - CSFSF construction phase; 

 program of putting into operation, commissioning program, instructions and provisions of 
the Exclusion Zone - CSFSF commissioning phase; 

 operation and technical documents and technological regulation of the CSFSF, as well as 
the Manual on the RW Handling of the Exclusion Zone - operation phase; 

 by the CSFSF decommissioning program, instructions and provisions of the Exclusion 
Zone - decommissioning phase. 

Further, in the following sections there is detailed description of the actions to ensure 
radiation safety adopted in the design for all stages of the CSFSF life cycle. 

Detailed justification of the radiation safety is provided in PSAR. 
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10.7.1  Radiation Safety at Construction 
 

The CSFSF construction will be carried out on the territory of the exclusion zone and 
compulsory evacuation zone (Exclusion zone) which is characterized by the radioactive pollution 
caused by the consequences of the Chernobyl accident in 1986. In this area valid are reference 
levels [112], which shall be considered when planning the measures related with the CSFSF 
construction and operation. 

In order to improve the radiation safety in accordance with [112], the exclusion zone is 
divided into three radiation-regime zones, namely: 

 Zone I (the 10-kilometer zone) — the area within a 10-km radius around the Chernobyl 
Nuclear Power Plant. In this area, the radiation-hazardous works are carried out on the basis of 
programs agreed with the regulatory authorities in accordance with the requirements of the current 
normative-legal acts on radiation safety in Ukraine. The strict radiation monitoring procedures are 
implemented in this zone. 

 Zone II (the buffer zone) — the territory from the border of the 10-kilometer zone to the 
outer edge of the exclusion zone (except the city of Chernobyl). In this area, constant radiation 
monitoring is implemented. 

 Zone III (the residential zone) — this zone comprises a part of the territory of Chernobyl 
and the surrounding sites where there are dormitories and administrative building of the State 
Agency of Ukraine for the Exclusion Zone Management, the public catering facilities and retail 
outlets, the social, cultural, health-care institutions, and the access roads. 

The CSFSF construction site is located in Zone I, its territory is almost completely occupied 
by the pine forest (forest occupies 17.2 hectares out of 18.2 ha). 

 
During construction of the CSFSF, radiation exposure of the personnel are primarily related 

with the preliminary preparation of the construction site which area refers to the radiation 
contaminated lands. The following works are provided for during preparation of the construction site: 

 arrangement of fire protection lines along the perimeter of the construction site occupied 
by the forest; 

 removal of the forest plantation to include removal of trees and underwood, logging of the 
cut timber, stump extraction and removal of the remaining roots (area - 17.2 ha); 

 removal of the upper soil layer with organic inclusions to a depth of 0.2 m, with further 
transportation to the storage site (area - 18.2 ha); 

 planning of the territory with consideration of the soil mass balance and removal of the 
excessive soil to backfill the basis of the access railroad; 

 planning of the territory for construction of the access motor road to the construction site) 
 construction of the access railroad from Shepelichi station to the construction site; 
 arrangement of the fencing along the perimeter of the site and construction of the 

checkpoint. 
The site area is currently slightly slopy from north to south and is characterized by altitudes 

from 142.00 to 139.00 m in the northern part and from 138.50 to 137.00 m in the south. 
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Organization of the relief anticipates for the entire leveling of the territory. 

Estimated grade elevation of the site is 138.50 m. 
Forest cut down during the preparation of the site territory does not refer to radioactive 

wastes, requires no burial and will be transferred to a specialized organization for the use within the 
10-km zone. 

During preparation of the CSFSF site territory the works, which by its complexity are divided 
into characteristic groups, are performed. List of the works is given in tables in Table 10.35. 

 
Table 10.35 – List of the performed works with breakdown to typical groups [148] 

 
Groups of 

works 
List of performed works 

 

Works performed in the contaminated territory of 
the CSFSF site, which do not anticipate active 
impact on radiactively contaminated soil. 

 removal of the forest plantation to 
include removal of trees and underwood; 

 arrangement of the fencing along the 
perimeter of the site; 

 erection of temporary contractor’s 
buildings. 

Works performed in the contaminated territory of 
the CSFSF site, which do anticipate active 
impact on radiactively contaminated soil 

 arrangement of fire protection lines 
along the perimeter of the construction site 
occupied by the forest; 

 logging of the cut timber, and stump 
extraction; 

 removal of the upper soil layer with 
organic inclusions to a depth of 0.2 m, with 
further transportation; 

 planning of the territory with 
consideration of the soil mass balance (to 
include removal of the excessive soil to backfill 
the base of the access railroad); 

 planning of the territory for 
construction of the access motor road to the 
construction site; 

 planning of the territory for 
construction of the on-site railway tracks; 

 planning of the territory of the access 
railroad from Shepelichi station to the 
construction site; 

 installation of poles/supports for the 
fencing along the perimeter of the site; 

 construction of the checkpoint. 

 
 
 

Division of the works into typical groups enables differentiated approach to selection of 
measures aimed at protection of the personnel and environment. 
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So, for works with active impact on radioactively contaminated soil, use of additional PPE is 
required (protection from the personnel inhalation exposure), measures on dust suppression 
(protection of the personnel and environment) and control of radioactive contamination of the air on 
the construction site borders (environmental protection). 

According to [149], hygienic classification of labor by working process complexity values at 
performance of preparatory works on the CSFSF construction site will be classified as Class 2 
(admissible labor conditions). 

During performance of these works possible is short-term increase of the volume 
concentration of radionuclides in the near-surface layer of the atmosphere for account of dust lifting, 
what will lead to the building personnel radiation exposure and additional surface contamination of 
adjacent areas, to include motor roads and neighboring facilities, first of all - Vektor CPS. 
Considering the fact that the entire adjacent territory is radioactively contaminated in the same 
extent as the earthwork sites, no significant additional contamination of this territory will occur. 

Since the main scope of construction works will be performed on already decontaminated 
construction site, no further radiation exposure during construction is assumed. Decontamination of 
the construction site before the main scope of the construction works means the entire scope of 
works on preparation of the site, which also anticipate removal of the soil for the purpose of creation 
of the grade elevation of the CSFSF site. 

Detailed description of the organization of works during construction is provided in 
Volume 11 (Organization of Construction) of the present design. 

 
10.7.1.1 Radiation situation and radiation exposure sources 

 
Main source of the personnel radiation exposure during construction of the CSFSF is 

radioactive contamination of the construction site which is determined by gamma radiation dose 
rate, radioactive contamination of the soil cover and plantations, as well as the near-surface layer of 
the atmosphere. 

Gamma radiation dose rate 

Gamma radiation dose rate on the CSFSF construction site and adjacent territory is primarily 
generated by the radioactively contaminated soil and determined by the 137Сs radiation. Contribution 
of 137Cs that has migrated into other environments (air, water, biological objects) is insignificant 
[148, 150] мигрировавшего в другие среды (воздух, вода, биологические объекты), 
незначителен [148, 150]. 

The document [148] provides results of gamma radiation dose rate measurements on the 
CSFSF construction site. Gamma radiation dose rate measurement was performed by the grid of 
25x25 m at the height of 1m and 0.1m with use of MKS-07 “Poisk” dose rate meter. 

Gamma surveying revealed areas with increased (abnormal) values of the dose rates. In this 
areas gamma radiation dose rate was measured by the grid of 10x10 m at the height of 1m and 
0.1m. Figure 10.1 shows the map of the EDR distribution at 1-m height (left) and 0.1-m height 
(right). 
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Figure 10.1 - Interpretative map of EDR distribution at the height of 1 m (left) and 0.1 m 
(right) on the CSFSF construction site 

After analyzing the map data, the following conclusions can be made [148]: 
 EDR decreases with increase of the distance from the soil; 
 Maximum EDR value equals to 0.70 mcSv/h at the height of 0.1 m and 0.66 mcSv/h at 

the height of 1 m; 
 Average EDR value on the site equals to 0.41 mcSv/h at the height of 0.1 m and 0.37 

mcSv/h at the height of 1 m; 
 area of the site with the EDR exceeding 0.5 mcSv/h is relatively small and concentrated 

mainly near the northern border of the site. 

Radiation contamination of the soil cover 

Emergency radioactive contamination of soils in the exclusion zone is represented by the 
mix of radionuclides  90Sr, 137Cs, 154Eu, 238-241Pu and 241Am, which are in various physical and 
chemical forms and relations [148].  
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Currently, in most landscape conditions 90 to 95% of the total activity of accidental contamination is 
concentrated at the depth of 5-10 cm from the soil surface [148]. 

The document [148] provides results of contamination density measurements of the soil 
cover on the CSFSF construction site. 

According to the data [148] shown in Figures 10.2 and 10.3, density of 90Sr contamination in 
the entire area of the construction site does not exceed 40 kBq/m2, and density of 137Cs 
contamination near three borders of the site exceeds 80 kBq/m2. Distribution of the density of the 
surface contamination of TUE in the area of the CSFSF construction site is displayed in Figure 10.2 

 

 

Figure 10.2 - Density of the surface 137Cs contamination 
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Figure 10.3 - Density of the surface 90Sr contamination 
 

 

Figure 10.4 - Density of the surface 239, 240Pu contamination of the CSFSF 
construction site area 
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According to the results of the measurements [148], the beta-particles flux density on the 

territory of the site does not exceed 120 ppm cm–2 min–1. Most often values are within the scope of 
50 – 80 ppm·cm-2·min-1. 

The average specific activity of 137Cs and 90Sr in the survey area, in accordance with the 
results of determination of the specific activity of these radionuclides, for the 20-centiimeter soil 
layer does not exceed 2.35 kBq/kg and 1.36 kBq/kg respectively. In the most contaminated area, 
the values are around 3 kBq/kg and 2 kBq/kg respectively. 

According to the document [148], values of the specific activity of beta-, gamma emitting 
radionuclides do not exceed the level of extraction - 10 kBq/kg, and values of the specific activity of 
transuranium alpha-emitting radionuclides do not exceed the level of extaction - 0.1 kBq/kg, which 
are established by the state sanitary rules [110]. Therefore, at 20-cm thickness of the removed soil 
the wastes formed as a result are not radioactive. 

Radioactive pollution of the boundary layer of the atmosphere 

The existing radioactive pollution of the atmosphere [148] within the exclusion zone is 
formed due to the secondary air migration of radioactive accidental precipitations of 1986, which are 
deposited in various natural and man-made objects. In this case value of the volume-specific activity 
of the boundary layer of the atmosphere is formed under impact of multiple factors, having natural or 
natural and man-made origin. Most significant of them are the following influencing factors: 

 current weather (wind speed, precipitations) and season; 
 man-induced activity causing the dust lifting; 
 density of the surface contamination of the soil cover in the area; 
 radionuclide, physical and chemical and dispersion composition of the primary accidental 

radioactive fallout; 
 relief of the neighboring terrain; 
 properties and current state of the soil cover; 
 dangerous natural and natural and man-induced phenomena (forest fires, turf deposit 

combustion, dust storms etc.). 
In each certain situation, significance of any of the above factors for formation of the 

magnitude of the air pollution may vary significantly, what leads to a high dynamics of the values of 
radioactive pollution of the air in time and space. 

At the present time [148], the main factor facilitating the increase of the level of radioactive 
pollution of the air is man-induced activity within the exclusion zone. 

According to the data provided in [148] under results of the research conducted on the 
CSFSF site, the following concentrations of long-lived radionuclides of the Chernobyl origin (137Cs, 
90Sr+90Y) in the boundary layer of the atmosphere: 

 2.3·10-5 5.3·10-5 Bq/m3 (measurements of 28.10.2014); 
 4.5·10-5 1.2·10-5 Bq/m3 (measurements of 4.11.2014). 
Obtained results do not exceed the reference levels established by appropriate regulation 

[112]. 
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Radioactive contamination of the vegetation 

The CSFSF construction area is almost completely occupied by the pine forest. The 
document [148] provides results of radioactive contamination of timber on the CSFSF construction 
site. According to the data[148], surface contamination does not exceed: bark - 118 beta-
particles/cm2 min, debarked timber – 25 beta-particles/cm2 min, trunk section – 38 beta-particles/cm2 

min. Specific activity of the timber does not exceed 1.2 Bq/kg. 
According to the criteria laid down in the document [110], unbarked timber on the CSFSF 

construction site does not refer to the radioactive waste by the exemption level for beta- and 
gamma-emitting radionuclides of Group 3 (10 kBq/kg). 

According to the criteria laid down in the regulatory document [112], timber to be obtained 
after removal of the forest on the CSFSF construction site does not exceed the reference levels of 
radioactive contamination for their limited release and use in the industry. 

 
10.7.1.2 Normal conditions of the construction 

 
Calculation of the personnel exposure doses was performed in accordance with the 

document [151] approved by the Ministry of Public Health of Ukraine in 2004. 
Choice of this method for assessment of the personnel dose loads during preparatory works 

on the CSFSF construction site is conditioned by the point that nature of this site contamination 
almost doesn’t differ from the similar characteristics for the materials localized near the Shelter 
Facility and on the adjacent territory. 

The following information (for each operation) was used as initial data for calculation of the 
personnel dose loads: 

 labor costs (manhours quantity); 
 activity type; 
 radiation situation in the WA; 
 category of the performed works by physical load; 
 calculated values, IAW regulatory documents (geometry of external exposure, coefficient 

of transition from expositional dose of the external exposure to the effective dose of the external 
exposure, type of the used PRPE and their corresponding value of the effective protection 
coefficient - kEP); 

 coefficient “effective dose rate per unit of total concentration of beta-nuclides in the air”. 
Data on the radiation situation in the work performance areas are shown in Chapter 10.7.1.1. 
Description of the parameters used at calculations, and their values, are given in Table 

10.36. 
The calculation used averaged value of the dose rate for operations which labor efforts were 

evenly distributed in the work performance areas. In this case more sophisticated detalization of the 
work episodes will not lead to significant change of the results of calculation of collective and 
individual exposure doses of the personnel. 

Averaged EDR values for specific types of works are given in Table 10.37. 
The design collective effective dose of the personnel external exposure was determined by 

the formula: 
SP = КDM × КЕ × EDR × ТRHC, man.-mSv, (10.1) 
where КDM – design margin coefficient; 
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КЕ - coefficient of transition from expositional dose of the external exposure to the effective 

dose of the external exposure, mSv/R; 
EDR - design value of expositional dose rate of the external exposure in the work area, R/h; 
ТRHC – labor efforts for performance of a certain type of works in radiation hazardous 

conditions, man-hours. 
The design collective effective dose of the personnel internal exposure was determined by 

the formula: 
Sinhal = (КDM× gЕβ × Cβ × ТRHC)/КEP, man-mSv, (10.2) 
where КDM and ТRHC – see formula 10.1; 
КEP - effective protection coefficient if PRPE is used; 
Сβ – averaged value of the total concentration of beta-emitting radionuclides in the work area 

zone, Bq/m3; 
gЕβ - coefficient “effective dose rate per unit of total concentration of beta-nuclides in the air”, 

mSv*h-1·Bq-1·m3. Values of this coefficient are adopted IAW the methodology approved by the 
Ministry of Public Health of Ukraine, for typical characteristics of the Shelter Facility aerosols [151] 
determined depending on the category of works. Choice of the category of works under the design 
depends on the degree of physical load and is made in accordance with the Order of the Ministry of 
Public Health of Ukraine no.248 of 08.04.2014 [149]. 

 
 

Table 10.36 – Values of the parameters adopted during calculation of the current exposure 
doses 
Parameters considered at calculation of doses Adopted values 

Design margin coefficient, KDM; 2 
 
Coefficient of the 
increase of PRPE use, KIT 

 
labor effors at 

1.1 - at the use of semi-facial filtering respiratory 
mask (earthworks and for the personnel in cabines 

of the building machinery) 

Coefficient of transition from expositional dose of the 
external exposure to the effective dose of the external 
exposure, mSv/R 

 
11 - for all activity 

Averaged value of the total concentration of beta-
emitting radionuclides in the work area zone 
(according to Chapter 4 hereof) 

 
0.0011 Bq/m3 

 

 
1) 

 

Effective protection coefficient of PRPE, KEP КEP = 20 
Complexity category 2) of the performed works (by 
complexity) 

Cat II 

Coefficient “effective dose rate per unit of total 
concentration of beta-nuclides in the air”, 
(mSv·m3)/(m·Bq) 

1.410-3 – for Cat II works and ‘typical’ 
characteristics of aerosols 

Reference level of the single-time (shift) individual 
dose , RLS, mSv/shift under 0.08 mSv - for all works 3) 

1) According to data [“Reference on the Radiation Condition of the Environment in the Exclusion Zone in 
December 2012”, Chernobyl Spetskombinat SE”], the maximum value of the volumic activity of 137Cs in the 
boundary layer of the atmosphere at ARMS checkpoint no.38 in the territory of NWBF “Buryakovka”. 
2) Cat II works (physical works of medium complexity) are works associated with walking, 
relocation or carriage of loads under 10 kg in the standing or sitting position, and accompanied by 
moderate physical stress (reference energy costs of a man are within 175-290 W). 
3) Shift is 10 hours 
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Labor efforts for performance of a certain type of works in radiation hazardous conditions 
(ТRHC) were determined by formula: 

ТRHC = Т × KUT, man.-h, (10.3) 
where T - labor efforts for performance of a certain type of works (without considering the 

specifics of the works in radioactive contamination conditions); 
KUT – coefficient that accounts increase of labor efforts in case PRPE is used. 
Duration of the work performance (tP) was determined by formula: 
tР = ТRHC / NTM, h, (10.4) 
where NTM - number of workers in one team. 
Total number of workers’ teams (n) necessary for performance of a certain work is 

determined based on the values of reference levels of the shift exposure dose with rounding to the 
higher side: 

n = (SP + Sinhal )/(RLS × NTM), (10.5) 
where RLS – reference level of the shift exposure dose. 
Total number of the workers participation for performance of a certain work (NTOT) 

was determined according to formula: 
NTOT = NTM × n, man.-part. (10.6) 
Actual duration of one team work (tTM) was determined by formula: tTM= tР / n, h (10.7) 
Collective effective dose of the personnel exposure at performance of a certain work was 

determined by the formula: 
STOT = SP + Sinhal, man.-mSv. (10.8) 
Planned individual single-time (shift) dose of one worker exposure at performance of a 

certain work with consideration of the dose received on the way to the workplace and back (Е0) was 
determined by formula: 

Е0 = STOT / NTOT, mSv. (10.9) 
Assessment of the collective and individual doses of the personnel internal and external 

exposure was performed on the basis of the methodology [151]. 
Results of assessment of the personnel dose loads at performance of works on preparation 

of the site to the CSFSF construction are given in table 10.37. 
As a result of the performed calculation on the labor efforts and collective effective exposure 

dose of the personnel participating in the CSFSF construction site preparatory works the following 
final data were obtained: 

 number of man.- participations over the entire period of works – 10167; 
 total labor input - 84282 man-hours; 
 total collective effective dose of the personnel exposure was about 146 men-mSv of 

which inhalation component (internal exposure) is less than 1%. 
Analysis of the performed calculations displays that reference levels of the personnel 

exposure will not be exceeded during works on preparation of the CSFSF construction site. 

R
e

p
l. 

R
e

f.
n

o
.  

S
ig

n
a

tu
re

, D
a

te
 

 

O
ri

g
. R

e
f.

 n  

           

571402.201.001-PZ01 
Shee

            123 



Size А4 

132 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 132 

Table 10.37 - Results of assessment of the personnel dose loads at performance of preparatory works on the CSFSF construction site 
 

Description of works 

Scope of works T, man-
hours 

КUT Тrhc, 
man-
hours 

Ntm 
persons 

tR, 
hours 

EDR on 
RM, R/h 

SR, 
man- 
mSv 

n, 
particip 

ttm, 
hours 

Ntot 
man-

particip 

Sinhal, 
man- 
mSv 

T, days Тtot, 
man-
hours 

Stot, 
man-
mSv 

Eо, mSv RL ind., 
mSv 

UoM 
Qty 

Forest clearing with stump extraction pcs/h
a

23492/ 
18.7 28747 1.1 31621.7 30 1054 4E-05 27.8 106 10 3180 1E-01 105.4 

31621, 
7 27.924 0.009 

0.08 

Removal of the technogenic soil layer, 0.2m thick ha/m3 
18.7/ 
34516 1540 1.1 1694.0 4 424 4E-05 1.5 43 10 172 3E-04 42.4 1694.0 1.491 0.009 

0.08 

Planning of the territory with backfilling, soil compaction in the fill, 
and strengthening of slopes 

m3/m2 
91893 / 
175750 5928 1.1 6520.8 8 815 4E-05 5.7 82 10 656 1E-03 81.5 6520.8 5.739 0.009 

0.08 

Arrangement of reinforced concrete fencing of the territory m 1950 7552 1.1 8307.2 7 1187 4E-05 7.3 119 10 833 1E-03 118.7 8307.2 7.312 0.009 0.08 

Construction of access onsite and temporary onsite motor 
roads, walkways 

km 3 7983 1.1 8781.3 8 1098 4E-05 14.539 110 10 880 1E-03 109.8 8781.3 14.541 0.017 
0.08 

Laying of temporary water supply systems of steel pipes m 1271 5906 1.1 6496.6 11 591 4E-05 1.454 60 10 660 2E-02 59.1 6496.6 1.474 0.002 0.08 

Arrangement of temporary domestic sewage system utilities and 
construction of the septic tank (V=15m3) 

m 139 1199 1.1 1318.9 7 188 4E-05 15.993 77 2 539 4E-03 18.8 1318.9 15.997 0.030 
0.08 

Arrangement of temporary onsite networks of fire water supply 
systems and construction of fire water reservoirs (V=3x80 m3) 

 
m 

 
228 

 
2129 

 
1.1 

 
2341.9 

 
7 

 
335 

 
4E-05 

 
17.45 

 
84 

 
4 

 
588 

 
7E-03 

 
33.5 

 
2341.9 

 
17.454 

 
0.030 

0.08 

Arrangement of temporary off- and onsite power supply networks 
and installation of transformer substation 

 
km 

 
1.3 

 
1846 

 
1.1 

 
2030.6 

 
11 

 
185 

 
4E-05 

 
33.44 

 
102 

 
2 

 
1122 

 
6E-03 

 
18.5 

 
2030.6 

 
33.447 

 
0.030 

0.08 

Arrangement of temporary networks of outdoor lighting of motor 
roads and security lighting of the site 

km 7.5 9717 1.1 10688.7 11 972 4E-05 9.4 98 10 1078 3E-02 97.2 
10688. 

7 9.439 0.009 
0.08 

Assembly of the module unit of the checkpoint, 3.0 t weight, pcs, with 
arrangement of foundations of concrete slabs (12 pcs) pcs. 1 143 1.1 157.3 5 31 4E-05 0.1 4 8 20 5E-04 3.1 157.3 0.139 0.007 

0.08 

Assembly of the sanitary and amenities buildings (4 pcs) of 
module units, 4.5 t weight, with arrangement of foundations of 
concrete slabs (100 pcs) 

 
pcs. 

 
24 

 
1189 

 
1.1 

 
1307.9 

 
7 

 
187 

 
4E-05 

 
1.2 

 
19 

 
10 

 
133 

 
4E-03 

 
18.7 

 
1307.9 

 
1.155 

 
0.009 

0.08 

Construction of warehouse premises m2 288 2741 1.1 3015.1 9 335 4E-05 2.7 34 10 306 9E-03 33.5 3015.1 2.663 0.009 0.08 

Sub-total     76620   84282       139     10167 0.186   84282 138.8    

Control and supervision, 5%     3831.0   4214.1       6.9     508.4 0.009   4214.1 6.9    

Total:     80451   88496       145.5     10675 0.195   88496 145.7    
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10.7.1.3 Measures to Ensure Radiation Safety While Building CSFSF 
 

Radiation protection of the personnel during performance of works on preparation of the 
CSFSF construction site is ensured by a set of organizational, radiation-sanitary and technical 
measures. 

Organizational Arrangements 

To ensure the proper level of radiation safety, the following arrangements are planned the project: 
 human resource training; 
 providing for safety of work; 
 monitoring and supervision during performance of works. 

The personnel performing the works on the territory of the exclusion zone is subject to high 
external and internal exposure due accidental radioactive contamination of the surrounding 
environment, and in accordance with [112] is classified as Category A staff. 

In accordance with the requirements of [152], the following persons are permitted to work 
within RZ&CRZ: 

 persons aged 18 and older who do not have medical contraindications for wok in contact 
with the ionizing radiation sources (IRS) or causation of disease and disability to the previously 
performed works on liquidation of consequences of the Chernobyl accident; 

 the personnel who have received instruction, training and passed testing of knowledge of 
RS, OS and FS within the scope of their job descriptions and qualifications. 

Specific arrangements providing for radiation safety during works are as follows: 
 appointment of persons responsible for the safety of operations; 
 briefings on RB, OS and FS; 
 organization and monitoring of the use of PPE (including RPE); 
 issuing permits for works and supervision of safety of works; 
 registering breaks and end of work; 
 maintenance and timely repair of equipment involved in the implementation of the project. 
It should be noted that production of permit to perform works on the CSFSF construction site 

is not necessary, because the radiation conditions in the WA do not meet the established criteria of 
particularly dangerous works as regards the radiation dose rate (DR) (MD does not exceed 
12 mSv/h) [152]. 

The monitoring and supervision of compliance with the RS, FS and OS regulations are 
carried out by the Customer’s and Contractor’s compliance supervision services, within their 
competences, in accordance with the laws of Ukraine and applicable regulations. 

Radiation-Hygienic And Technical Measures 

To ensure the appropriate level of RS during the work on preparation of the CSFSF 
construction site, the following activities are planned: 

 dosimetry and medical monitoring of personnel; 
 use of personal protective equipment (PPE), including respiratory protective equipment 

(RPE); 
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 organization of sanitary access control; 
 dust suppression and decontamination. 
Radiation monitoring is an integral part of the entire system of RS in the course of project 

implementation. 
Personal dosimetry monitoring implies: 
 monitoring the radiation situation, including: 

- monitoring of DER in the WA, temporary buildings and traffic routes; 
- monitoring of radioactive contamination of the equipment, vehicles, internal 

surfaces of temporary structures; 
- monitoring of volume activity of radioactive substances in the air in the working 

areas during execution of works; 
- monitoring of the volume activity of radioactive substances in the air at the border of 

the CSFSF construction site during felling and earthworks; 
 control of contamination of the PPE and skin; 
 personal dosimetric monitoring (IDM) of the personnel, including: 

- PDM of external exposure; 
- PDM of internal exposure; 

 radiation monitoring during handling of radioactively contaminated materials and 
structures.   

Medical services and rehabilitation of the personnel involved in the works include: 
 medical examinations; 
 first medical aid; 
 disease prevention and treatment (if necessary); 
 rehabilitation procedures (if necessary). 
Medical examination of personnel and first aid will be available in SOHF-126 (Chernobyl). 

The workers’ locker rooms located on-site in the trailers must be equipped with places with first aid 
kits. 

According to the requirements of [152], the work in the exclusion zone are permitted only 
with the use of appropriate personal protective equipment. The staff is dressed in overalls, while the 
personal clothing is stored in the on-site dormitory (Chernobyl). Working in personal working 
clothing is strictly prohibited. 

The personnel involved in the project will be provided with basic and additional PPE, 
including the sets of protective clothing and footwear for work and travel. 

The content of the basic set of personal protective equipment is regulated by Cl. 3.9 of [152]. 
The basic set of PPE includes: 

 cotton coveralls; 
 headdress; 
 cotton underwear; 
 cotton socks; 
 shoes; 
 sweatshirt or jacket (depending on the weather conditions). 
Additional PPE include: 
 plastic protective clothing (sleeves, aprons, shoe covers, splash coats, bib and brace 

overalls, etc.); 
 gloves (rubber, vinyl chloride, cotton); 
 various helmets and protective goggles; 
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 hearing protection equipment and RPE. 
Selection of additional PPE is dependent on the type of activity. 
Furthermore, according to Paragraph 3.9.5 of [152], during travel from the place of residence 

(city Chernobyl) to the place of execution of works the personnel will use the transport kit of PPE, 
which must be marked with letter "T" (transport clothes) on the left side of the upper garment. The 
working kit of basic PPE should be marked with letter "P". 

Compliance with these requirements and proper monitoring will provide for sufficient level of 
protection from radiation effects on the organs of hearing, respiratory, and skin of the workers. 

Felling and earthworks on the CSFSF construction site are the works with open sources of 
ionizing radiation that imply the providing of temporary (for the period of preparation of the CSFSF 
site) sanitary inspection station, which should provide for the following: 

 dressing rooms for the personnel and temporary (during the work shift) storage for the 
transport clothes; 

 storage of clean sets of working clothes and other personal protective equipment; 
 place for intermediate storage of contaminated clothing and used disposable PPEs 

before dispatch to the laundry (for deactivation) or for disposal; 
 equipped room for washing (decontamination) hands and other exposed parts of the 

body; 
 storage for bottled drinking water. 
The project provides for the organization of temporary sanitary inspection station on the 

basis of semi-detached residential trailers, divided into two parts — "clean" and "dirty" — with a 
vestibule with small a washing trailer in between. The staff will pass the temporary sanitary 
inspection station, leave the transport clothing in the "clean" part, and pass through the sanitary 
barrier to the "dirty" part to put on the working clothing and additional PPE. In the reverse direction, 
from the "dirty" part to the "clean” part, the staff will be provided with the opportunity to wash the 
open skin (hands and face) in the attached washing trailer with the water supply system and the 
waste water collector. 

The project provides for the monitoring of radioactive contamination of clothing and the body 
surface of the personnel at the radiation monitoring station provided. The radiation monitoring 
station will be located in a separate residential trailer adapted for this purpose. If the contamination 
levels of personal clothing and footwear exceed the established threshold, they are subject to 
decontamination, and in case decontamination is impossible, they are disposed of under certificate. 

Radiation monitoring of vehicles and cargoes will be carried out at the dosimetry monitoring 
stations (DMS) when traveling beyond the borders of the first and second zones — "Lelev" and a 
“Dytyatki", respectively. If necessary, pursuant to the provisions of [152], decontamination of 
vehicles is carried out at the sanitization station "Lelev" (SS "Lelev"). In addition, the Contractor, on 
a contractual basis, can perform decontamination of vehicles at the facilities of enterprises located 
near the CSFSF construction site (Complex "Vector" and NWBF “Buryakovka”). 

Exit of vehicles from the exclusion zone is carried out with mandatory radiation monitoring on 
the DMS "Dityatki" and is allowed only if the the established clearance radiation level is not 
exceeded. 
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  Loads transported outside the exclusion zone shall be subject to mandatory radiation monitoring 
and registration. 

Dust suppression is the most effective measure to minimize the generation of radioactive 
aerosols in the air in the working areas. 

The need for dust suppression in the WA, as well as its frequency and amounts are 
determined by the types of activity, season and current weather conditions (rain, wind, etc.). Various 
formulations are used, depending on the desired period of dust control. 

Dust suppression is provided for in the performance of works related to high dusting — 
hauling cut trees, uprooting stumps, grading the surface of construction plots and other earthworks. 
Depending on the initial situation, the dust control may be performed prior to the commencement of 
works and periodically during operation. 

During the works (if necessary) the decontamination of the following is to be provided for: 
 open skin of the staff; 
 temporary structures on the construction site; 
 construction and transport equipment; 
 small equipment and tools; 
 PPE and work footwear. 
The necessity and frequency of decontamination of the facilities mentioned above depend 

on the results of radiation monitoring. 
Selection and equipment of the station for decontamination of the construction and transport 

equipment, as well as small equipment and tools, are carried out by the Contractor. 
Washing the open skin of the staff will be carried out in the wash basins, located in the 

premises of temporary sanitary inspection station. 
Washing of work shoes in trays with decontamination solution will be carried out in places 

where they are installed. 

Measures For The Prevention Of Potential Radiation Accidents And Minimizing Their 
Consequences During Construction Of The CSFSF 

The most important measures for the prevention of potential radiation accidents and 
minimization of their effects to be taken during preparation of the CSFSF construction site are as 
follows: 

 dust suppression during performance of the works related to high dusting — hauling cut 
trees, uprooting stumps, other earthworks; 

 fire prevention; 
 prevention of failure of radiation monitoring means; 
 prevention of failure of personal protective equipment (PPE); 
 prevention of human errors. 

Minimization Of Dusting During Performance Of Earthworks 

Intense dusting is expected in the performance of works on preparation of the construction 
site — hauling cut trees, grubbing of stumps and planning of the surfaces. 

Measures to prevent this event are: 
 dust control before and during the works that can cause substantial dust rise from the 

surface of the ground; 
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 monitoring of correct and consistent implementation of technological operations; 
 execution of works in the most favorable time in terms of season (spring, autumn) and 

weather conditions (absence of strong winds, moderate rainfall, high soil moisture, etc.); 
 issuing work permits to certified and qualified staff, instruction before works, in particular, 

on radiation and other conditions of work, most dangerous places, etc.; 
 providing for temporary (mobile) station for the monitoring of the volume activity of air on 

the border of the CSFSF construction site during hauling cut trees, grubbing of stumps, planning of 
the surfaces, and other earthworks. 

Fire Prevention 

Most fire hazardous works on the preparation of the CSFSF construction site are 
deforestation and stubbing of stumps, because there is a probability of forest fires and fires of the 
forest bed leading to significant additional radiation exposure to personnel and the environment. 

The most effective interventions for prevention of fire when working on the preparation of the 
CSFSF construction site are as follows: 

 exclusion techniques using fire works; 
 working during the seasons of low fire risk (if possible); 
 timely cleaning of the site from forest residues (after logging) and uprooted stumps; 
 ensuring reliability, operability, compliance with the rules of operation of technical 

equipment, failure of which may cause ignition; 
 strict implementation of the fire safety and electrical safety regulations by the staff; 
 providing staff with primary fire extinguishing means (fire racks); 
 setting up of fire-protection mineralized belts around around the construction site and 

temporary structures of the Contractor; 
 providing for reliable communication among the staff that monitors the safety of works 

and is directly involved in the works; 
 issue of work permits only to qualified and certified personnel, instruction before works, 

relevant training to extinguish local fires. 
During construction works, the fire may occur in the presence of combustible materials in the 

WA and the possibility of fire, failure of equipment or human error, as well as in case of violation of 
the fire safety requirements. 

The most effective measures to prevent possible fires are as follows: 
 minimizing the volume of hot works; 
 preparation of WAs to eliminate (reduce) the fire risk, in particular exclusion of 

combustible materials, their timely removal; 
 monitoring of correct and consistent implementation of technological operations; 
 issue of work permits only to qualified and certified personnel, instruction before works. 
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Prevention Of Failure Of Radiation Monitoring Means 

Measures to prevent this event are: 
 preparation and implementation of the rules of radiation monitoring to ensure sufficient 

control of potential emergency situations and accidents; 
 provision with serviceable, reliable technical means of radiation monitoring (in particular, 

regular operability checks before works) and compliance with the rules of their operation; 
 provision of the technical means of radiation monitoring with reliable power supply; 
 radiation monitoring using certified and qualified personnel in compliance with the rules of 

radiation control. 

Prevention Of Failure Of Personal Protective Equipment (PPE) 

Measures to prevent this event are: 
 providing the staff with additional PPE; 
 compliance with the rules of use of additional personal protective equipment, in 

particular, in accordance with the terms and conditions of works, for which the PPE is intended; 
 enforcement of monitoring of the integrity and serviceability of additional PPE; 
 monitoring of contamination of basic and additional personal protective equipment; 
 issue of work permits only to qualified and certified personnel, instruction before works, 

proper training to use the PPE. 

Prevention Of Human Errors 

Measures to prevent this event are: 
 training of the staff to perform certain works; 
 preparation for works and ensuring safety conditions in the workplaces; 
 providing for reliable communication among the staff that monitors the safety of works 

and is directly involved in the works; 
 monitoring of correct and consistent implementation of technological operations; 
 creating the conditions for mandatory compliance with the rules of radiation, fire and 

industrial safety of the personnel; 
 provision of radiation monitoring in the work areas and at the borders 

of zones; 
 provision of personnel with reliable PPE according to the conditions of works; 
 issue of work permits only to qualified and certified personnel, instruction before works, 

proper training. 
The implementation of the above measures is expected to ensure acceptable levels of 

radiation safety. 
 

10.7.1.4 Accidents During Construction 
 

All original events during construction associated with falling of cargo or equipment failure do 
not lead to the exposure of personnel to radiation. As regards the possible external source of 
accidents on the construction site, the only critical event that can lead to significant radiation 
exposure to the CSFSF construction staff is forest fire in the early stages of preparatory works (prior 
to removal of vegetation).  
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This is due to the fact that the major part of construction and installation works will be carried out on 
an already treated area, so significant radiation exposure to personnel in such accidents as falling of 
cargo, cranes, etc. is not expected. 

Fires are quite common in the Chernobyl exclusion zone. According to "Chernobylles" 
(Forestry) [153], 60-100 fires are registered annually, the vast majority of which occur in the areas 
not covered by forests (deposits). Given that the site preparation for the construction of CSFSF will 
include a set of activities to remove the stands on the construction site and building of access roads, 
the risk of fire and wood litter burning during such activities is quite high. 

The fires in such conditions are of creeping type, when the litter, grass and shrub burns. In 
the process of development of such fires, the radionuclides emitted with smoke and soot and 
deposited on the wood and litter, will be distributed in the atmosphere leading to additional 
contamination of soil and increase of the concentration of radionuclides in the surface air layer. This 
process results in concentration of radionuclides in the ash litter and the release of radioactive 
aerosols into the air. 

The initial data on fractional composition and biomass stock of forest vegetation on the 
CSFSF construction site are based on the experimental data presented in Tables 10.38 and 10.39. 

 
Table 10.38 — Fractional Composition Of Biomass Of Forest Stands On The CSFSF 
Construction Site 

 
 
 
 

Table 10.39 shows the fractional composition and biomass stock in the 30-40 year old forest 
stands, growing on the territory of the CSFSF construction site (in tonnes of absolutely dry 
substance per 1 hectare) [154]. 

The values of specific activity, in terms of 137Cs, of the components of forest phytocenosis 
have been identified on the basis of the transition coefficient presented in [155]. 

Table 10.12 shows the content of 137Cs in the components of the Scotch pine’s biomass 
(Bq/kg) at the contamination density of soil (230 kBq/m2), taken into account in the assessment on 
the CSFSF construction personnel exposure. 

 
Table 10.39 — Accumulation Of 137Сs In The Components Of Pine Phytocenosis, Bq/kg 

 
 
 
 
 

The calculations use the data on the litter contamination density set out in [156] based on 
the results of field experiments. In [156], it was found that creeping fires in the 30-40 year old pine 
phytocenoses burn the upper (AoL) and enzymatic (AoF) layers of litter. The humus layer (AoH) of 
the litter (which contains the bulk supply of radionuclides deposited in the litter) does not burn in 
creeping fires, and hence the radionuclides that have been deposited in it are not involved in the 
processes of the secondary transfer. 
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Phytocenosis Component Trunk Branches Leaves, 
Needl

Leaves Bed 
Wood Bark АоL AoF+AoH 

Phytomass Stock, t/ha 111 22 23 4 7 11 

Trunk Branch
es 

Leaves, 
Needl

Leaves Bed 
Wood Bark АоL AoF+AoH 

56 111 223 270 170 21800 



Size А4 

140 
 

 

  140 
571402_201_001_PZ01_ред.2 

 
Numerous observations of the flow of creeping fire show that, after the initial phase, during 

which the fire area grows spontaneously, there comes the state of dynamic equilibrium, where the 
area is preserved in time: instead of burnt forest areas, there appear new plots of equivalent size 
[157]. 

The estimates show that the greatest danger is fire, which may occur during the construction 
in the northern part of the site with surface contamination values of about 160 kBq/m 2 137Cs, 40 
kBq/m2 90Sr and 4 kBq/m2 α-active TUE. 

The propagation velocity of surface fire front in the direction of wind may be from 0.5 to 3 
m/min (the propagation velocity in the opposite direction is 6-10 times lower). At the average wind 
speed in the region (3.3 m/s at 10 m), the propagation velocity of creeping fire will be about 0.7 
m/min. It is conservatively assumed that the velocity of propagation of fire is 1 m/min, the wind 
direction — in the direction of Chernobyl, and the point of fire — on the track axis. 

In this case, the 4-hour fire will burn the total area of about 72 thousand m2, which will lead to 
the total emission of about 10.8×108 Bq of 137Cs, 2.9x108 Bq of 90Sr and 2.9x108 Bq of alpha-active 
TUE. Here the time, t, during which complete combustion of forest litter to the state of dynamic 
equilibrium occurs is about 1000 seconds [157], the area of intense burning — about 5 thousand m2, 
the rate of release — about 3.8x106 Bq/s for 137Cs, 2.0x106 Bq/s for 90Sr and 4.0x104 Bq/s for alpha-
active TUE. 

The modeling of radionuclide transfer process during creeping fire was based on a modified 
Gaussian model [158]. The impurity plume rise was calculated according to [160] with regard for the 
ultimate fire area [159] and the flame radius [161]. 

The calculations showed that the highest surface contamination will be observed at the 
distance of about 4000 meters from the site of fire and will amount to 4 Bq/m2 for 137Cs, 0.9 Bq/m2 
for 90Sr, and 0.1 Bq/m2 for alpha-emitting TUE. 

The maximum volume activity of 137Cs radionuclides in the air will be observed at the 
distances of ~4-5 km from the site of fire, and will not exceed 0.04 Bq/m3. The maximum volume 
activity of 90Sr in the air will not exceed 0.008 Bq/m3, and the maximum value of volumetric activity 
of alpha-emitting TUE will not exceed 0.01 Bq/m3. 

The individual effective dose for the personnel at the distance of maximum surface 
concentration (approximately 4000 m) will be from 5 to 35 uSv, depending on the weather 
conditions, which does not exceed the dose limits established in NRBU-97. 

It should be noted that the additional surface contamination and individual effective dose for 
the staff calculated using this method are conservative. The forest fire alert and suppression 
systems currently available in the Chernobyl exclusion zone can reduce the damage arising from 
forest fires. 

The estimates show that the localization time for the forest fire under consideration 
(detection, departure of fire brigades, deployment, start extinguishing and localization of fire in the 
area where combustion occurs) is about 30 minutes. During this time, burn about 10% of forest 
plantations in the CSFSF area may burn. In addition, this approach assumes that the staff who will 
carry out the construction of CSFSF, will be in the zone of radioactive aerosols throughout the time 
of fire (about 4 hours). During the development of the construction project, 
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it is planned to elaborate on the measures to evacuate the personnel in case of accidents during the 
construction. 

It should be borne in mind that the fires in the exclusion zone may not be related to the 
CSFSF construction as well. To reduce or eliminate the risk of fire the measures to ensure fire 
safety were proposed. 

 
10.7.2 Radiation Safety During CSFSF Operation 
 

Radiation safety during operation of the CSFSF will be ensured, if the radiation impact on 
the personnel, population and environment is kept within normal operating conditions of the CSFSF, 
in case of violation of normal operating conditions and during design basis accidents that do not 
result in exceeding the established dose limits of radiation for workers and the public, the standards 
for emissions, discharges, content of radioactive substances in the environment, and will be limited 
during beyond design basis accidents. 

 
10.7.2.1 Radiation Situation In The Territory And In The Premises Of CSFSF 

 
The radiation situation in the territory and in the premises of CSFSF is determined by the 

factors that can be divided into two groups: 
 the factors not associated with the CSFSF operation; 
 the factors caused by the operation of CSFSF. 
The main factor not related to the CSFSF operation, but forming the radiation situation is the 

ionizing radiation from the surface contamination of the territory as a result of the accident at the 
Unit 4 of the Chernobyl Power Plant in 1986. The value of the background radiation during operation 
of CSFSF will depend on the effectiveness of decontamination activities (removal of the surface 
layer of soil) carried out during the construction phase. The expected radiation contribution to the 
total dose after construction and installation works is significantly less than today. 

The main sources of radiation in the territory and in the premises of CSFSF are the factors 
caused by the operation of CSFSF, namely MPC SFA during cargo transfer from HI-STAR to HI-
STORM, and the HI-STARs and the HI-STORMs, loaded with MPCs with SFAs. 

The CSFSF site, in terms of radiation hazard, is subdivided into the following areas: 
 high-security zone — the territory, buildings and separate premises where the radiation 

exposure of personnel is determined by both the accidental pollution and the factors caused by the 
operation of CSFSF; 

 free regime zone — the territory, buildings and separate premises where the radiation 
exposure of personnel is determined only by the accidental pollution, and where the sources of 
ionizing radiation, caused by the operation of CSFSF, are not handled; 

The ionizing radiation sources, caused by the operation of CSFSF include: 
 MPCs with SFA placed in the HI-STAR cask; 
 MPCs with SFA in CTD during transfer from HI-STAR to HI-STORM; 
 MPCs with SFA placed in the HI-STORM; 
 equipment and filters of the exhaust ventilation system; R
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 RW casks; 
 radioactively contaminated surfaces of equipment and facilities; 
 radioactively contaminated PPE, kept in the sanitary inspection station; 
 radioactively contaminated additional PPE. 
At the specified division of the CSFSF territory into zones depending on the possible radiation 

exposure of personnel, the high-security zone comprises as follows: 
 reception building premises listed in Table 10.40; 
 storage area for HI-STORM casks; 
 Automated Radiation Monitoring System station at the entrance to the casks storage 

facility; 
 internal railway tracks and track №6 for holding HI-STAR cask cars with SFA. 
The rest of the territory, buildings and separate premises of the CSFSF belong to the free 

regime zone. 
 

Table 10.40 — Reception Building Premises Within The High Security Zone 
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Room 
No. 

Room Name 

  Mark 0.000 
114 Central Room (transport-technological operations) 
104 Machine repair shop 
105 Room for cleaning and decontamination of machinery 
106 Decontamination chemicals storage facility 
107 Radiochemical laboratory 
108 Vestibule 
109 Floor drain tanks room 
110 Monitoring tank room 
111 Special sewage pumps room 
112 Corridor 
113 Staircase 
115 PPE room 
119 Lavatory 
120 Cargo elevator well 
123 Service room 
124 Lobby 
125 Tools storage facility 

  Mark 4.200 
222 KRB room 
223 Wiping room 
224 Shower room 
225 Male locker room for overalls (sanitary inspection station) 
226 Lavatory 
227 Dirty overalls room 
231 KRB room 
232 Wiping room 
233 Shower room 
234 Female locker room for overalls (sanitary inspection station) 
235 Lavatory 
236 Dirty overalls room 
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Detailed description of the zoning of the territory and premises of CSFSF is supplied in Part 

1 “Architectural-Construction Solutions. Architectural Solutions”, Volume 4. 
 

10.7.2.2 Characteristics Of IRS 
 

SFA are delivered to the CSFSF in sealed multipurpose casks — MPC. The main sources of 
ionizing radiation source in MPC is SFA. The CSFSF is expected to keep the SNF VVER-1000 and 
VVER-440 units. 

Company Holtec International calculated [140, 142] the radiation protection of HI-STORM 
190 and HI-STAR 190 spent nuclear fuel storage and transportation systems, the doses of MPC for 
CSFSF under normal, violations of normal operation and design base accidents. 

The analysis of biological protection can be divided into two parts. The first part is the 
calculation of the radiation characteristics of spent nuclear fuel with the corresponding values of 
burnout and holding time. The second part is modeling of penetration of particles through the 
biological protection to assess the dose values at various points. 

The calculations of radiation protection [140, 142] were made using the following computer 
codes: 

 SAS2H/ORIGEN-S (software modules of SCALE 4.4) — for the calculation of 
accumulation and decay of nuclides in the fuel assembly, the radiation characteristics of spent 
nuclear fuel and residual energy after discharge from the reactor assembly. 

 MCNP5 version 1.40 — general purpose code based on the Monte Carlo method, used 
to calculate the transfer of individual particles (neutrons, photons, electrons) and the joint transfer of 
particles (neutron/photon/electron). 

MPC is a sealed cask with two sealing barriers. Tightness of the MPC is provided by design 
and quality of workmanship as in [139]. Based on this, the internal exposure doses for personnel in 
the course of handling of spent nuclear fuel under normal operating conditions of the CSFSF are 
absent. 

The doses of external radiation during handling of SNF on the CSFSF are determined by the 
gamma and neutron radiation from the spent nuclear fuel. 

The gamma radiation of the spent nuclear fuel comes from three separate sources. The first 
is the sources of gamma radiation in the active (fuel) zone of SFA resulting from decay of fission 
products and actinides. The structure of this source � of radiation consists of 163 main 
radionuclides — fission products and radionuclides — actinides present in the spent fuel. The 
second source is the radionuclides of 60Co in the steel structural materials of the fuel assembly, 
which are located above and below the fuel portion of the fuel assembly. The main source of 
gamma radiation in the structural materials of the VVER SFA is 60Co.  

R
e

p
l. 

In
v

. N
o

.  

S
ig

n
a

tu
re

, D
a

te
 

 

O
ri

g
. 

In
v

. N
o

.  

      

571402.201.001-PZ01 
Shee

      135 
Amd. Nr.a

d
Sheet Doc. Nº Sig. Date 

 

Room 
No. 

Roon Name 

238 Corridor 
239 KRB with washroom 
240 Room for shift dosimetrist 
241 Dirty overalls room 
242 PPE room 

  Marks 7.800, 11.000 
402 Exhaust ventilation room 
405 Corridor 
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Inclusions of 59Co contained in the stainless steel of the head and shank of the FA, under neutron 
radiation, are activated into radioactive 60Co with half life of 5.27 years. In order to calculate the 
content of inclusions of 59Co in the steel structural elements, it is conservatively assumed at four 
times the content in the stainless steel. The third is the gamma radiation as a result of (n, γ) 
reactions. 

The neutron radiation includes spontaneous fission and (α,n) reactions of the actinides, such 
as 238Pu, 242Cm and 244Cm. 

[140] contains the analysis of the characteristics of VVER-1000 and VVER-440 fuel 
assemblies, and the selection of maximum values of the parameters in terms of radiation. In order to 
select the maximum (in terms of radiation characteristics) parameters, different characteristics of 
SFA were analyzed: UO2 weight, diameter of the tablet, enrichment tolerances, burning, exposure 
time, etc., resulting in a defined set of characteristics that lead to the maximum dose values. 

When calculating the radiation characteristics, the following key assumptions were 
considered: 

 A single full fuel cycle exposure until required burnout was assumed. 
 The content of 59Co inclusions in the steel elements of the FA was assumed at 1 g/kg. 

This assumption is conservative, since the content of 59Co in the steel grades used for the core 
structures is 0.25 g/kg. 

 The temperature of the fuel cladding for VVER-1000 and VVER-440 was assumed at 607.8 
K. 

 For VVER-440, the fuel portion length in the "hot" state was assumed at 2500 mm, for 
VVER-440, the fuel portion length in the "hot" state was assumed at 3550 mm. 

The calculations of maximum values of initial fuel enrichment using MCNP5 code: fuel 
enriched to 4.34% 235U for VVER-440 with maximum depth of burn of 55000 MW*d/t(U) and FA 
enriched to 4.6% of 235U for VVER-1000 with the maximum depth of burn of 58000 MW*d/t(U) [140]. 

Tables 10.41-10.44 show the parameters of MPC, HI-STAR 190 and HI-STORM 190 used in 
the calculations of biosecurity [140, 142]. 

 
Table 10.41 — Features Of MPC-31 For VVER-1000 Spent Fuel Assemblies [140] 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 10.42 — Features Of MPC-85 For VVER-440 Spent Fuel Assemblies [140] 
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Component and Parameter Value 

Fuel basket  
Number of cells, pcs 31 
The total height of the basket, mm 4400 
Inner cell diameter, mm 243.6 

Hermetic casing  

Inner diameter, mm 1835 
Outer diameter, mm 1924 
Height of the internal cavity, mm 4618 

Overall height, mm 5047 

Component and Parameter Value 

Fuel basket  
Number of cells, pcs 85 
The total height of the basket, mm 3185 
Inner cell diameter, mm 155 

Hermetic casing  

Inner cavity diameter, mm 1875 
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Table 10.43 — Features Of HI-STAR 190 Cask [140] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 10.44 — Features Of HI-STORM 190 Cask [140] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The radiation characteristics, assumed while calculating the doses [140, 142], are shown in 
Tables 10.45, 10.46 and 10.47. 

Table 10.48 contains the data [140] on the isotopic composition of the fuel for the isotopes, 
whose contribution to the total activity is at least 0.1%. 
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Component and Parameter Value 

Outer cavity diameter, mm 1924 
Height of the internal cavity, mm 3278 

Overall height, mm 5074 

Component and Parameter Value, mm 

Overall height 5657.8 
Outer diameter 2708 
Inner cavity diameter 1933.6 
Depth of cavity 5057 

Cask body  

Inner diameter of the neutron shielding 2365.4 
Outer diameter of the neutron shielding 2683 

Journals  

Diameter 266.7 
Cap  

Total thickness 200 
Outer diameter 2190.8 

Damping device  

Outer diameter of the shock ring 3251 

Component and Parameter Value, mm 

Overall height 5403.12 
Outer diameter (at bottom) 3556 

Cask body  

Height of the inner and outer shells 5097 
Inner diameter of the inner shell 2057.4 
Outer diameter of the inner shell 2095.6 
Inner diameter of the outer shell 3492.6 
Outer diameter of the outer shell 3530.8 

Bottom and top plate  

Bottom diameter 3556 
Thickness of the upper plate 25.4 
Bottom thickness 76.2 

Cap  

Total thickness 273.1 
Outer diameter 3178.2 
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Table 10.45 — Range Of Gamma Radiation On The SFA [140] 

 
 
 
 
 
 
 
 
 
 
 
 

Table 10.46 — Range Of Neutron Radiation On The SFA [140] 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 10.47 - Activity Of Construction Materials Of The SFA [140] 
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Min. 
energy 

Max. 
energy 

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 6 
years 

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 7 
years 

VVER-440 SFA, 
burning of 53,500 

MW*d/t(U), ageing — 5 
years 

(MeV) (MeV) (MeV/s) (photons/s) (MeV/s) (photons/s) (MeV/s) (photons/s) 
4.50E-01 7.00E-01 2.21E+15 3.85E+15 1.98E+15 3.44E+15 5.94E+14 1.03E+15 
7.00E-01 1.00E+00 6.85E+14 8.06E+14 5.07E+14 5.96E+14 1.83E+14 2.15E+14 
1.00E+00 1.50E+00 2.32E+14 1.86E+14 1.96E+14 1.57E+14 4.98E+13 3.98E+13 
1.50E+00 2.00E+00 1.25E+13 7.15E+12 1.04E+13 5.92E+12 3.35E+12 1.91E+12 
2.00E+00 2.50E+00 3.00E+12 1.33E+12 1.34E+12 5.96E+11 7.15E+11 3.18E+11 
2.50E+00 3.00E+00 1.61E+11 5.85E+10 8.17E+10 2.97E+10 3.93E+10 1.43E+10 

Total 3.14E+15 4.85E+15 2.69E+15 4.20E+15 8.30E+14 1.29E+15 

 
Min. 

energy 

 
Max. 

energy 

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 6 
years 

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 7 
years 

VVER-440 SFA, burning 
of 53,500 MW*d/t(U), 

ageing — 5 years 

(MeV) (MeV) (neutron/s) (neutron/s) (neutron/s) 
1.0E-01 4.0E-01 5.25E+07 5.06E+07 1.55E+07 
4.0E-01 9.0E-01 1.14E+08 1.10E+08 3.38E+07 
9.0E-01 1.4 1.14E+08 1.10E+08 3.37E+07 

1.4 1.85 9.12E+07 8.78E+07 2.69E+07 
1.85 3.0 1.70E+08 1.64E+08 5.01E+07 
3.0 6.43 1.54E+08 1.49E+08 4.55E+07 

6.43 20.0 1.47E+07 1.42E+07 4.34E+06 
Total 6.23E+08 7.11E+08 6.85E+08 2.10E+08 

 

Excl
usio

n

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 6 
years 

VVER-1000 SFA, 
burning of 55,000 

MW*d/t(U), ageing — 7 
years 

VVER-440 SFA, burning 
of 53,500 MW*d/t(U), 

ageing — 5 years 

Unit (photons/s) (photons/s) (photons/s) 
FA head 1.82E+13 1.60E+13 5.48E+12 
Plenum 2.79E+12 2.44E+12 - 

Fuel portion 1.42E+14 1.24E+14 - 
FA shank 2.55E+13 2.24E+13 1.05E+13 
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Table 10.48 - Isotopic Composition Of Fuel (g) In The SFA [140] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The maximum dose rates, obtained in [140], which were used in calculation of the personnel 
radiation exposure, are set out in Tables 10.49-10.50. 

Table 10.49 shows the results of calculation of the maximum dose rates [140] for the MPC-
31, from the center of the surface of the MPC-31 top cap. Table 10.50 shows the dose rates for 
MPC-85 with the same geometry [140]. 

 
Table 10.49 — Maximum Dose Rate As A Function Of Distance From The Center Of The MPC-
31 Cap [140] 

 
 
 
 
 
 
 
 

Table 10.50 — Maximum Dose Rate As A Function Of Distance From The Center Of The MPC-
85 Cap [140] 

 
 
 
 
 
 
 
 

Table 10.51, according to [140], shows the maximum dose rates of HI-STAR 190 with MPC-
31 under normal operation and accident conditions. Falling and fire were assumed as two possible 
events leading to deterioration of the properties of biological protection of the HI-STAR 190 casks. 
The borderline case was analyzed for both of these situations using the configuration in which the 
cask has no neutron protection — material Holtite. 
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Isotope 

VVER-1000 SFA, burning of 
55,000 MW*d/t(U), ageing — 6 

years 

VVER-1000 SFA, burning of 
55,000 MW*d/t(U), ageing — 7 

years 

VVER-440 SFA, burning of 
53,500 MW*d/t(U), ageing — 6 

years 

241Pu 9.13E+02 8.7E+02 2.44E+02 
137Cs 8.51E+02 8.31E+02 2.31E+02 

137mBa 1.30E-04 1.27E-04 3.52E-05 
90Sr 3.40E+02 3.31E+02 9.22E+01 
90Y 8.83E-02 8.61E-02 2.40E-02 

134Cs 1.64E+01 1.17E+01 4.36E+00 
147Pm 2.11E+01 1.62E+01 5.39E+00 
106Ru 2.15E+00 1.09E+00 5.23E-01 
144Ce 1.04E+00 4.26E-01 2.46E-01 
144Pr 4.40E-05 1.81E-05 1.040E-05 

244Cm 6.31E+01 6.07E+01 1.82E+01 
85Kr 1.23E+01 1.15E+01 3.30E+00 

154Eu 1.77E+01 1.64E+01 4.88E+00 
238Pu 2.53E+02 2.51E+02 7.41E+01 
125Sb 1.50E+00 1.17E+00 3.47E-01 
241Am 3.51E+02 3.93E+02 9.56E+01 

Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) SNF 

gamma 
(mSv/h) 

N-
gamma 
(mSv/h) 

 
Total (mSv/h) 

0 0.585 4.705 0.354 0.006 5.650 
1 0.197 1.280 0.048 0.002 1.527 
2 0.103 0.675 0.075 0.001 0.854 

Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) SNF 

gamma 
(mSv/h) 

N-
gamma 
(mSv/h) 

 
Total (mSv/h) 

0 1.257 3.412 2.313 0.010 6.991 
1 0.447 0.734 1.150 0.004 2.334 
2 0.211 0.501 0.570 0.002 1.284 
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Table 10.52 shows the maximum dose rates of HI-STAR 190 with MPC-85 under normal 

operation as described for HI-STAR 190 with MPC-31 above. 
 

Table 10.51 — Maximum Dose Rates On The Surface Of HI-STAR 190 With MPC-31 [140] 
 
 
 
 
 
 
 
 

Table 10.52 — Maximum Dose Rates On The Surface Of HI-STAR 190 With MPC-85 [140] 
 
 
 
 
 
 
 
 

Table 10.53 shows the maximum dose rates of HI-STORM 190 with MPC-31 (lateral 
surface) according to [140], and Table 10.54 shows the maximum dose rates of HI-STORM 190 with 
MPC-85. The dose rates stated in Tables 10.53 and 10.54 are for normal operation. 

Due to highly reliable design of the storage unit in HI-STORM 190, considered in [140] in 
accordance with [39], the hypothetical accident (flood, fire, earthquake, hit by flying object) will not 
affect the biological protection performance of the cask. Accidents involving rollover of the storage 
unit of HI-STORM 190 are excluded by the design requirements. In some emergency situations 
(blockage of ventilation ducts, flooding, debris accumulation), the values of the dose rate of the cask 
will be lower than under normal conditions. Accordingly, the normal conditions of storage with the 
design fuel inside are the boundary conditions that also cover contingencies and emergency storage 
conditions. 

 
Table 10.53 — Maximum Dose Rate Of The Lateral Surface 
Of HI-STORM 190 Loaded With VVER-1000 Fuel (MPC-31) [140] 
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Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) SNF gamma 

(mSv/h) 
N-
gamma 
(mSv/h)

Subtotal 
(mSv/h) 

Normal Operation 

0 (at the surface) 1.027 0.067 0.050 0.015 1.159 

Emergency Conditions 
1 5.985 0.030 0.071 0.016 6.102 

Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) SNF gamma 

(mSv/h) 
N-
gamma 
(mSv/h)

Subtotal 
(mSv/h) 

Normal Operation 

0 (at the surface) 0.796 <0.0001 0.038 0.081 0.914 

Emergency Conditions 
1 6.318 0.026 0.077 0.014 6.435 

Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) 

 
SNF 

gamma 
(mSv/h) 

 
N-
gamma 
(mSv/h) 

 
Subtotal 

(mSv/h) 

0 (at the surface) 0.024 0.115 0.264 0.028 0.429 
1 0.010 0.052 0.135 0.013 0.211 
2 0.006 0.038 0.084 0.007 0.134 
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Table 10.54 - Maximum Dose Rate Of The Lateral Surface 
HI-STORM 190, When Loading VVER-440 Fuel (MPC-85) [140] 

 
 
 
 
 
 
 
 
 
10.7.3 Estimated Doses Under Normal Operation  
 

The doses received by the personnel during normal operation will be determined mainly by: 
 handling of HI-STAR and HI-STORM casks in the central transfer room; 
 maintenance of the storage facility. 
This section provides enlarged estimate of the dose rates affecting the CSFSF personnel 

while performing works, as provided by Holtec. The detailed evaluation of radiation dose rates 
should be given in the PSAR. 

 
10.7.3.1 Evaluation Of The Dose Rates During Handing Of MPCs In The CSFSF 

 
The received dose rate estimate depends on the following initial conditions: 
 the team that conducts works in the central room of the building and the reception team 

that performs works on power units is the same team; 
 according to the Customer's data, the maximum expected number of HI-STAR casks with 

spent nuclear fuel received by the CSFSF is 16 pieces a year; 
 the dose rates for the vehicle drivers are not taken into account, as drivers perform on 

the works related to transportation to the CSFSF; 
 the specific location of personnel is not taken into account, it is believed that the 

personnel involved in the operation is affected by the same dose rate; 
 in order to perform the works according to the data by Holtec’s technology developers, 

the team should consist of five (operators 1-5), who can perform all the necessary operations; 
 it is assumed that 50% of the allowable individual dose rate is received by the personnel 

while loading at the reactor units, another 50% — during transfer at the CSFSF. 
The estimation of dose rates for the personnel while handling the spent fuel in the reception 

building is presented in Table 10.55. 
 
Table 10.55 — Estimated Dose Rates For The Personnel In Case Of Transfer Of MPCs At The 
CSFSF 
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Distance, m Neutron 
radiation 
(mSv/h) 

 
60Со (mSv/h) 

 
SNF 

gamma 
(mSv/h) 

 
N-
gamma 
(mSv/h) 

 
Subtotal 

(mSv/h) 

0 (at the surface) 0.027 0.001 0.427 0.030 0.485 
1 0.010 0.023 0.199 0.012 0.243 
2 0.005 0.027 0.107 0.006 0.145 

Works Operations 
Duration, h 

Average 
Dose Rate, 

mSv/h 

Maximum 
Annual Dose 

Rate For 
Operation  

(16 Casks Per 

Reception of the transporter rail car with the HI STAR transport cask, 
loaded with MPC with SFA 

- removal of the personnel barrier 
(protective cover); 

0.3 1.16 5.57 
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Works Operations 
Duration, h 

Average 
Dose Rate, 

mSv/h 

Maximum Annual 
Dose Rate For 

Operation 
(16 Casks Per 

Year), mSv/year 

- removal of fixing ties from the HI-
STAR; 

0.17 1.16 3.16 

- removal of the dampers. 0.17 0.31 0.84 

SUBTOTAL 9.57 

Preparation of HI-STAR for transfer of the MPC to the HI-STORM 

- tipping of the HI-STAR cask 
from the horizontal to vertical 
position and unloading of the HI-
STAR cask from the rail car to a 
special work platform; 

0.17 1.16 3.16 

- sampling of the gas from 
the annular gap of the HI-STAR; 

0.1 0.31 0.50 

- HI-STAR lid removal; 0.4 0.31 1.98 

- installation of the lifting device 
(accessory) to the MPC; 

0.3 5.65 27.12 

- alignment of the CTD and the HI-
STAR. 

0.04 0.85 0.54 

SUBTOTAL   33.30 

Transfer of the MPC to the HI-STORM 

- removal of spindles 
(stops), CTD; 

0.04 0.85 0.54 

- installing stops, CTD; 0.04 0.43 0.28 

- alignment of the MPC lifting 
yoke; 

0.04 0.43 0.28 

- CTD stops extension; 0.4 0.43 2.75 

- disconnecting the MPC lifting 
device. 

0.2 5.65 18.08 

SUBTOTAL   21.93 

Transfer of the HI-STORM cask from the reception and handling building to the storage area by a special 
vehicle 

- installation of the cap on the HI-
STORM cask; 

0.33 0.4 2.11 

- attaching VCT lifting 
lugs to the HI-STORM; 

0.08 0.43 0.55 

- fixing of the HI-STORM to the VCT 
using hydraulically tensioned hold-

down belts; 

0.08 0.43 0.55 

- transfer of the HI STORM to the 
storage site; 

0.5 0.21 1.68 

- disconnection of HI-STORM 
from the VCT on the 
permanent 

0.17 1.08 2.94 
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Given that the team spends most of the year at the CSFSF located in the exclusion zone, 
the assessment of the individual dose rates is based on the reference level of external exposure in 
the exclusion zone, i.e. 11 mSv/year. 

Thus, for the team performing the operations set out in Table 10.28, the individual dose rate 
limit is estimated at 5.5 mSv/year. 

In order to prevent the exceedance of the individual annual dose, the number of staff 
performing the transfer at the power units and at the CSFSF should be: 75.4/5.5=13.7 or 14 people. 
Thus, it is proposed to provide for three teams of 5 people. 

 
10.7.3.2 Evaluation Of Doses During Maintenance Of The Cask Storage Area 

 
The received dose rate estimate depends on the following initial conditions: 
 the maintenance of storage site is performed by the following staff not involved in other 

radiation-hazardous operations: 
- the lineman performs inspection, physical activities, drives motor vehicles, cleans 

the territory; 
- the control and instrumentation technician services the temperature control system; 
- the electrician services the electrical systems. 

 the dose assessments is performed for the most loaded storage site — the design capacity 
is 458 casks; 

 when working with a HI-STORM cask, a set of works (checking ventilation ducts, external 
examination) is performed; 

 the vehicular traffic speed on the site is limited — no more than 5 km/h; 
 it is assumed that as a result of daily work around by car, in case of blockage of the duct or 

presence of debris near the duct, the inspector will call for additional staff to such a cask. 
Therefore, the dose rate during cleaning of the ventilation ducts are not considered; 

 checking and calibration of the temperature control system — no more than once in three 
years; 

 checking the grounding system — no more than once a year; 
 removal of garbage, snow, leaves — no more than once a month; 
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Works Operations 
Duration, h 

Average 
Dose Rate, 

mSv/h 

Maximum Annual 
Dose Rate For 

Operation (16 Casks 
Per Year), mSv/year 

storage site;      

oval of the lid fasteners from the 
HI-STORM cask; 

0.08 1.08 1.39 

- checking the temperature 
control system, replacement of the 
IAEA seals. 

0.08 1.08 1.39 

SUBTOTAL     10.61 
e annual dose, mSv/year     75.4 
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 remote monitoring of the MPC state using video cameras is performed via upper air ducts 
during inspection of the upper air ducts — not more than once every four years; 

 external inspection of the site is carried out daily by car; 
 the assessing of the doses rate does not provide for the maintenance of the radiation 

monitoring system sensors, as they are located in the places not affected by the casks in 
the storage. 

The estimation of dose rates for the personnel while handling the spent fuel in the reception 
building is presented in Table 10.56. 

The following special equipment is planned for maintenance operations: 
 mobile cradle for servicing output air ducts and control devices located at a height; 
 snow-fighting vehicle. 

 
Table 10.56 — Assessment Of Doses During Maintenance Of The Cask Storage Area 
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Works Operations 
Duration, h 

Average 
Dose Rate, 

mSv/h 

Number Of 
Operations 

Per Year 

Maximum Annual 
Dose For The 

Operation, 
mSv/year 

Inspector 

Visual inspection 0.5 0.68 365 124.10 

Removal of snow, 
garbage, leaves 

1.5 0.68 12 12.24 

Inspection of the outer 
surface of the HI-STORM 
and MPC 

0.33 0.68 114.5 25.69 

Driver for the control and 
instrumentation 
technician 

0.5 0.68 153 51.91 

SUBTOTAL       213.94 

Control and instrumentation operator 

Checking and calibration 
of the temperature 
control system: 

       

on the HI-STORM cover 0.33 0.161 153 8.11 

on the HI-STORM lateral 
surface 

0.17 0.68 153 17.65 

SUBTOTAL       25.76 

Electrician 

Grounding check 8 0.68 1 5.44 

SUBTOTAL       5.44 
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In order to meet the criterion of individual dose rate of 11 mSv/year established for the 

maintenance of the storage site, the following personnel is required: 
 Inspector: 213.94/11=19.44 or 20 people; 
 Control and instrumentation technicians: 25.76/11=2.34 or 3 people; 
 Electrician: 5.44/11=0.5 or 1 person. 

 
10.7.3.3 Measures To Ensure Radiation Safety Under Normal Operation Of The 
CSFSF 

 
Radiation safety of the operating and maintenance personnel is ensured by a set of 

organizational, technical and radiation-hygienic arrangements. 

Organizational Arrangements 

Before the beginning of operation and periodically during operation, it is expected to conduct 
the following activities: 

 preparation of workplaces; 
 admission to the production of works; 
 human resource training; 
 monitoring and supervision; 
 organization of health care. 
Staff training is aimed at gaining knowledge in the field of radiation, general technical and 

fire safety regulations when working on the CSFSF, both in normal operation and in case of possible 
accidents, as well as the knowledge and practical skills in the technological processes of MPC 
handling during their transportation, preparation for storage and storage. 

Staff training includes the study of regulatory and technical documentation on operation of 
the enterprise, the rules of conduct in the exclusion zone, as well as action during emergencies and 
accidents to the extent required by the job descriptions and assigned responsibilities. Upon 
completion of training, the staff will undergo testing of knowledge with the issue of certificates. 

Staff training will be carried in accordance with the specially developed programs, which 
include the study of the following materials: 

 The rules of conduct in the territory of the CSFSF, including: 
- the rights and duties of CSFSF staff; 
- the order of CSFSF site entrance and exit; 
- the procedure for obtaining and use of personal dosimeters; 
- the procedure for the passage through the radiation monitoring stations. 

 The fundamentals of dosimetry, radiation hazardous of the CSFSF, the methods of 
protection against ionizing radiation, as well as the parameters of the radiation situation in places of 
works. 

 The rules of use of personal protective equipment (PPE), including: 
- components of the basic set of personal protective equipment and respiratory 

protective equipment; 
- procedure for the use of PPE. 

 Procedures for possible emergencies and accidents, including: 
- actions in the event of emergency; 
- escape routes in case of an accident; 
- first aid to the victim, etc. 
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Professional training is carried out according to the employee's specialization in the form of 

theoretical study of production schedules of works, assigned duties, and developing practical skill 
using simulator. After checking the knowledge gained as a result of theoretical training and work 
with simulators, the staff practices using empty MPCs to acquire practical skills in the production 
situation. Upon receipt of positive results, the employee is allowed to carry out certain 
manufacturing operations under the supervision of an experienced instructor with gradual extension 
of the scope of operations as experience is gained. 

To improve the safety of works, additional targeted training is planned. The procedure for 
conducting targeted training of the staff is determined in accordance with the requirements of the 
regulatory documents. 

Monitoring and supervision is carried out to improve the safety of work and to prevent 
violations of regulations in the performance of manufacturing operations that may lead to 
emergency situations and unnecessary overexposure of personnel. 

Medical care is offered to the personnel by the medical station localed in he administrative 
building. 

The organizational arrangements are set out in Section 8, “Occupational Safety”, of Volume 
1. 

Technical Measures 

The main technological protection measures to ensure radiation safety under normal 
operating conditions are as follows: 

 shielding; 
 use of remotely controlled mechanism (described in detail in Volume “Technological Part. 

Spent Nuclear Fuel Handling”); 

 decontamination (described in detail in Volume 3.2, “Technological Part. Waste 
Management During Operation”); 

 special ventilation and special gas treatment (described in detail in Volume 7, “Heating, 
Ventilation, Air Conditioning”). 

The radiation safety of the CSFSF is built on the principle of multi-barrier protection. 
The MPC barrier is an obstacle to the mechanical spread of radioactive substances into the 

environment, which practically does not prevent the spread of ionizing radiation. The barriers that 
have the function of protection against radiation are cask handling unit for casks transfer, the HI-
STAR cask — during transportation, the HI-STORM cask — during storage. 

One of the main measures in radiation protection is shielding that reduces radiation 
exposure based on the ALARA principle to the level stipulated by the regulations. 

The design is based on the differentiated approach to shielding with due regard for the 
following: 

 the specifics of the technological process; 
 the need for the presence of personnel during implementation of certain operations; 
 the time spent by the personnel in various areas. 
The ventilation of premises where the casks are processed is an additional dynamic barrier 

to the spread of radioactive substances into the environment. 
Ventilation is arranged in such a way that the air from the dirty rooms does not get into the 

room where the staff stays permanently. The air removed from the technological 
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premises is cleaned by aerosol filters prior to release into the surrounding air. 

The performance of works during SNF processing with the use of remotely controlled 
mechanisms and video surveillance. If necessary, decontamination of facilities and equipment is 
also provided for. 

Radiation-Hygienic Measures 

The main planned radiation-hygienic measures during normal operation are as follows: 
 establishment of the sanitary protection zone and the surveillance zone; 
 assessment of exposure dose rates of personnel and the establishment of reference levels; 
 introduction of sanitary and access control; 
 zoning of premises and territories; 
 use of PPE and RPE; 
 radiation monitoring. 
In accordance with the requirements of [39], the CSFSF is surrounded by a sanitary 

protection zone and a surveillance zone. 
According to NRBU-97 [101], the sanitary protection zone is understood as an area around a 

radiation/nuclear facility where the human exposure level under normal operating conditions can 
exceed the quota of the dose limit for population (1 mSv/year). Individuals are prohibited from 
residing within the SPZ, while productive activities not related to the radiation/nuclear facility are 
restricted and radiation monitoring is exercised [101, 110]. 

Based on the criterion of non-exceeding the dose of 1 mSv/year under normal operation of 
the CSFSF, the SPZ boundary is set at a distance of 100 meters from the boundaries of the CSFSF 
production site (when the storage is completely filled with 459 HI-STORM casks). 

In accordance with NRBU-97 [101], the surveillance zone is the territory, where there is 
possibility of radioactive discharge and emission from the CSFSF and where radiation monitoring is 
carried out. 

The CSFSF project provides for the establishment of the surveillance zone at a distance of 
600 m from the site boundaries. 

Justification of the sizes of SPZ and SA is set out in EIA. 
According to [112], all the personnel permanently working in the exclusion zone, regardless 

of the nature of the works, belong to the Category A staff pursuant to NRBU-97 [101]. With this in 
mind, taking into account the requirements of [110, 112], the draft project establishes the following 
reference levels (RL) of exposure of the CSFSF staff (effective dose rates): 

 11.0 mSv/year from external radiation; 
 3.0 mSv/year from internal radiation. 
Sanitary and access control will be implemented at the CSFSF. 
The sanitary and access control is necessary for physical protection and to prevent the 

transfer of radioactive contamination beyond the CSFSF site, PPE and skin contamination control, 
overalls changing and sanitary treatment of personnel, collection and dispatch of contaminated PPE 
for decontamination and disposal. Detailed description of sanitary and access control is provided in 
Section 8 of “Occupational Health”, Volume 1. 

The territory, buildings and premises of the CSFSF, in terms of degree of radiation hazards, 
are divided into the following areas: 

R
e

p
l. 

In
v

. N
o

.  

S
ig

n
a

tu
re

, D
a

te
 

 

O
ri

g
. 

In
v

. N
o

.  

      

571402.201.001-PZ01 
Shee

      147 
Amd. Nr.a

d
Sheet Doc. Nº Sig. Date 



Size А4 

156 
 

 

  156 
571402_201_001_PZ01_ред.2 

 
 high-security zone — the territory, buildings and separate premises where the radiation 

exposure of personnel is determined by both the accidental pollution and the factors caused by the 
operation of CSFSF; 

 free regime zone — the territory, buildings and separate premises where the radiation 
exposure of personnel is determined only by the accidental pollution, and where the sources of 
ionizing radiation, caused by the operation of CSFSF, are not handled; More detailed zoning of the 
CSFSF is set out in paragraph 10.4.1.1. 

During performance of works at the CSFSF, the staff, if necessary, will use PPE and RPE 
[110]. The use of PPE and RPE is detailed in Section 8. 

In order to monitor the the radiation exposure of personnel, population and the environment 
under normal operating conditions of the CSFSF, violations of conditions of normal operation and 
design-basis accidents at the CSFSF, the radiation monitoring system (RMS) is planned. Its 
operation will provide the staff with the possibility to keep pollution levels and the radiation exposure 
dose rates of the workers and the public reasonably below the regulated limits. 

Radiation Monitoring System (RMS) consists of the following subsystems: 
 technological process radiation monitoring (PRC); 
 radiation dosimetric monitoring (RDM); 
 individual dosimetric monitoring (IDM); 
 environmental radiation monitoring (ERM); 
 radiation monitoring of spread of radioactive contamination. Depending on the 
nature of the work, radiation monitoring includes: 
 monitoring of the dose rates of ionizing radiation, beta and alpha flux density of particles 

in the workplace, industrial premises and the territory of the sanitary protection zone and the 
surveillance zone; 

 monitoring of radioactive gases and aerosols in the production and administrative 
premises; 

 monitoring of the level of contamination of production facilities, equipment surfaces, skin 
and clothing of the personnel; 

 monitoring of release of radioactive substances into the atmosphere; 
 monitoring of collection and handling of solid and liquid radioactive waste; 
 vehicles contamination monitoring. 
The CSFSF radiation monitoring systems is described in detail in Volume 6, “Monitoring And 

Control System”. 
 
10.7.4 Radiation Safety In Case Of Accident  
 

In accordance with the requirements of NP 306.2.105-2004 [39], a detailed analysis of 
accidents at the CSFSF is set out in PSAR. 

Holtec International have analyzed accidents and presented the results in “Report On The 
Analysis Of Accidents”. Holtec International HI-2083899 [142] (a copy is supplied in Volume 1.2.2). 
The accident analysis report by Holtec International contains a list of initiating accidents that were 
determined on the basis of the requirements of NP 306.2.105-2004 [39], PNAE G-14-029-91 [69], 
and RD 306.8.02/2.067-2003 [134]. 

The Report HI-2083899 [142] deals with the following initiating events giving rise to the 
disturbance of regular operating conditions and design-basis accidents corresponding to the 
requirements of NP 306.2.105-2004 [39]: 
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 natural phenomena: 

- flooding; 
- tornadoes and objects carried by tornadoes; 
- earthquake; 
- extreme snowfall; 
- extreme increase in ambient temperature; 

 technology-related external events: 
- fire or explosion at a neighboring facility (a passing vehicle); 
- blackout; 
- airplane fall on a HI-STORM cask; 

 technology-related internal events: 
- fire; 
- flying objects generated by other accidents; 
- human error; 
- failures of fuel management and storage systems; 
- fall of objects; 
- clogging of HI-STORM vents; 
- rollover of the storage unit of HI-STORM; 
- accident during transportation; 
- MPC jamming during transfers. 

A brief description of results of the probable accident and emergency situation development 
analysis based on the initiator events is provided hereinbelow in Table 10.57 on the basis of 
materials of HI-2083899 [142]. 

The report of the results of analysis of accidents HI-2083899 [142] shows that all the 
reviewed disturbances of regular operating conditions and design-basis accidents will not exceed 
safe operation limits and will not give rise to the discharge of radioactive substances into the 
environment. 
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Table 10.57 — Analysis Of Emergencies And Accidents In Accordance With The Report [142] 

Initiator Event (IE) IE Parameters 
Reception Criteria Used for 

Analysis 
Analysis Results 

Design-basis natural IEs 
Earthquake The spectra of seismic responses for the CSFSF 

site (corresponding to the spectra of ChNPP, 
received in the NAEC letter № 03-46/340 of March 
12, 2015) 

HI-STORM 190 cask 
should remain stable 
without tipping 

Analysis of HI-STORM 190 stability 
and docking mechanism strength 
analysis confirmed that the 
acceptance criterion is amply met. 

Tornadoes and objects carried 
by tornadoes 

Tornado parameters: in accordance with the letter 
of NAEC No. 03-46/1440 of September 29, 2015, 
"Tornado parameters for the CSFSF area" 
Objects carried by tornado: 

- a 1800 kg car at a speed of 203 kph; 
- a 125 kg, D200 mm steel cylinder at a 
speed of 203 kph; 
- a 0.22 kg, D25 mm steel cylinder at a 
speed of 203 kph. 

The cask should not trip. The 
collision with objects carried by a 
tornado must not result in the 
damage that will increase the 
exposure rate at the site 
boundary. 

The analysis of the stability and 
the impact of flying objects 
confirmed that the simultaneous 
impact of an extreme wind and a 
flying object impact would not 
knock over a HI-STORM 190 cask 
and reduce efficiency of the 
containment shell for the MPC, 
and, accordingly, would not 
increase the exposure rate at the 
site boundary. 

Extreme increase in ambient 
temperature 

from –40 °C to +40 °C The fuel element shell 
temperature must not exceed 
the maximum level. Fuel 
element temperatures must not 
exceed limits set for accident 
conditions. 

The thermal analysis confirmed 
that the temperature behavior of a 
HI-STORM 190 cask filled with 
spent nuclear fuel from VVER 
reactors with the design-basis heat 
output in a MPC-31 or MPC-85 
would ensure that all the design-
basis temperature limits are met at 
extreme values of the ambient 
temperature. 

Extreme snowfall Snow load: 4.8 kPa (100 lbs per square foot). 
Complete clogging of vents 

The container system must 
remain structurally integral. Fuel 
element temperatures must not 
exceed limits 

The snow load considered is 
negligible in comparison with other 
loads under review; for this reason 
no additional strength 
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Initiator Event (IE) IE Parameters 
Reception Criteria Used for 

Analysis 
Analysis Results 

    set for accident conditions. analysis for the snow load is called 
for. The thermal analysis of the HI-
STORM 190 storage system in 
case of the clogging of vents 
demonstrated that temperature 
values would not exceed the 
allowed limit even in case of the 
conservative overstatement of the 
time needed for unclogging vents. 

Flooding Water level increase velocity: 4.57 meters per 
second (15 feet per second). Water level increase 
height: 109.9 m 

The cask should not trip. The 
fuel element shell temperature 
must not exceed the maximum 
level. 

The strength analysis and the 
stability analysis demonstrated that 
flooding would not knock over or 
displace a HI-STORM 190 cask. 
Flooding would not affect thermal 
properties of the system 
negatively. The heat abstraction 
will improve. 

Design-basis technology related initiator events (external) 
Fire or explosion at a neighboring 
facility, passing of a vehicle with 
flammable or explosive cargo 

A loaded HI-STORM 190 is moved to the CSFSF 
storage area by a VCT. An assessment of the 
impact of the ignition/explosion of combustible 
substances available in a VCT has been carried out 

The fuel element shell 
temperature must not exceed 
the maximum level. 
Fuel element temperatures must 
not exceed limits set for accident 
conditions. 
The event must not result in a 
substantial increase in the 
exposure rate at the site 
boundary 

The thermal analysis 
demonstrated that the fire would 
not affect the integrity of the 
containment shell of the MPC and 
the shell of a fuel element. The 
stability analysis confirmed that the 
explosion would not knock over a 
HI-STORM 190 cask. 

Blackout Suspended operation of electrically driven 
mechanisms, such as cranes; stopped process 
operations 

The fuel element shell 
temperature must not exceed 
the maximum level. 

A blackout would not result in the 
development of emergency 
conditions or 
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Initiator Event (IE) IE Parameters 
Reception Criteria Used for 

Analysis 
Analysis Results 

      design-basis accident. There 
would be no impact on the 
exposure rate at the site boundary; 
there is no hazard to human 
safety. 

Airplane fall on a HI-STORM 190 
cask 

Airplane velocity, mass, angle of entry, and amount 
of fuel aboard 

Preserved integrity of the 
containment shell of the MPC 

The strength and thermal analysis 
for a fall of a 20-tonne airplane at 
an impact velocity of 215 meters 
per second demonstrated the lack 
of substantial damage to the cask 
and the preservation of its 
functional integrity. 

Design-basis technology related initiator events (internal) 
Partial clogging of fresh air inlets 50% of the area of fresh air inlets are clogged The fuel element shell 

temperature must not exceed 
the maximum level. 
Fuel element temperatures must 
not exceed limits set for accident 
conditions. 

The thermal analysis confirmed the 
conformity with the temperature 
and pressure limits for deviations 
from normal conditions 

Complete clogging of vents 100% clogging of vents with debris The fuel element shell 
temperature must not exceed 
the maximum level. 
Fuel element temperatures must 
not exceed limits set for accident 
conditions. 

The thermal analysis 
demonstrated that temperature 
values would not exceed the 
allowed limit even in case of the 
conservative overstatement of the 
time needed for unclogging vents 
(30 hours). 

Fuel element rupture Complete (100%) fuel element rupture The fuel element shell 
temperature must not exceed 
the maximum level. 
Fuel element temperatures must 
not exceed limits 

Thermal analysis and analysis of 
pressure inside the MPC 
confirmed that the MPC is resistant 
to the accident 
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   Flying objects generated by other 
accidents 

Site conditions An impact of a flying object must 
not result in the damage that will 
increase the exposure rate at 
the site boundary. 

The impact of such an event is 
lower than the impact of flying 
objects carried by a tornado 
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  Sticking of spent fuel assemblies Fuel basket cell size and spent fuel assembly size Making sure that a spent fuel 
assembly fits basket cells easily 

Taking into account the MPC 
geometry and manufacturing 
tolerances, it can be concluded 
that this event is not probable. 
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Z

01 

Operator’s mistake when loading 
spent fuel assemblies 

Incorrect positioning of a spent fuel assembly in the 
fuel basket 

The fuel element shell 
temperature must not exceed 
the maximum level. 

Thermal analysis of a HI-
STORM 190 cask for incorrect 
positioning conditions confirms that 
the temperature and pressure 
limits are met 

Falling objects Potential collapses of building structures and 
process equipment 

The impact of the object fall 
must not result in the damage 
that will increase the exposure 
rate at the site boundary. 

The impact of falling objects on HI-
STORM 190 in case of the long-
term storage is less unfavorable 
than the impact from flying objects 
carried by a tornado 

Failure of load gripping 
mechanisms when moving spent 
fuel assemblies 

Load lifting capacity and duplication Assurance of the necessary load 
lifting capacity and duplication 

No need to analyze this accident 
because lifting and crane 
equipment is protected against 
once-off failures 

Falling of HI-STORM 190 Lifting devices and HI-STORM 190 are designed to 
prevent falling 

Preserved integrity of the 
containment shell of the MPC. 

Falling of HI-STORM 190 will not 
lead to 
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Measures For Prevention Of Emergencies And Accidents 

Prevention of emergencies and accidents at the CSFSF if primarily ensured by: 
 design of MPC, HI-STAR, and HI-STORM; 
 design solutions for the transportation and technological operations with SNF at the 

CSFSF; 
 selection of equipment involved in the SNF management operations, in accordance with 

the regulatory requirements; 
 prevention of human errors; 
 reliability of structures of the acceptance building and storage platforms to meet the 

requirements for seismic loads [124]; 
 implementation of regulations and instructions on the CSFSF operation. 
Technical solutions relating to the design and materials of the MPCs, HI-STARs and HI-

STORMs are described in para 10.4.1.1 of this Section. 
All the equipment involved in the SNF management at the CSFSF is classified as important 

for the safety of operations. It is designs with significant reserve and/or its security functions are 
duplicated in order to prevent new initiating events and limit their consequences. 

The design solutions for the transportation and technological operations with SNF at the 
CSFSF are set out in Part 1, “Technological Part. Spent Nuclear Fuel Handling”, Volume 3 of this 
project. 

The preparation of the instructions for handling operations is based on the experience of 
Holtec in SNF management. In order to prevent human error, organizational measures will be taken 
in combination with the experience of previous situations. 

Reception building is classified as Category 1 structure in terms of nuclear and radiation 
safety according to PiN AE 5.6 [7] and seismic Category 1 under PNAEG 5-006-87 [124]. It is 
designed to withstand the loads during MDE (once in 10,000 years), which corresponds to the 
magnitude 6 earthquake at the CSFSF site. Thus, in accordance with the definition set out in 
PNAEG 5-006-87, the structures of seismic Category 1 must retain their protective and containment 
functions after the magnitude 6 earthquake. 

[142] shows that the HI-STORM storage cask can withstand the load during the magnitude 7 
earthquake without tipping and loss of protective properties. 

During operation of the CSFSF, in order to ensure compliance with regulations and 
operating instructions, certain organizational arrangements will be implemented. The organizational 
arrangements are set out in Section 8. 

The sufficiency of measures for prevention of emergencies and accidents is substantiated in 
the PSAR. 

Out of beyond-design-basis accidents listed as initiator events in NP 306.2.105-2004 [39], 
only an initiator event associated with the development of a self-sustained chain reaction is 
applicable to CSFSF. 

The subcriticality of the spent nuclear fuel management at the CSFSF subject to all 
conservative assumptions stated in requirements of NP 306.2.105-2004 [39] has been 
demonstrated in Report On The Results Of Accidents Analysis HI-2083899 [142] and Report On 
The Subcriticality Analysis HI-2083899 [136]. More details on the BDBA at the CSFSF are supplied 
in the PSAR. 

In order to limit and mitigate the consequences of the BDBA, the emergency plan for the 
CSFSF is implemented to meet the requirements of NRBU-97 [101]. 
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The emergency plan should at least include measures to create the necessary emergency supplies, 
including: 

 dosimetric and radiometric equipment; 
 emergency PPE kits, respiratory protective equipment; 
 emergency stock of directly indicating dosimeters; 
 vehicles and supply of fuels and lubricants; 
 pharmacological means of radiation protection; 
 communication and management means; 
 decontamination means. 
To reduce the risk of BDBA, measures related to physical protection of the nuclear units, 

consisting of a set of organizational, legal, operational, investigative, and technical activities. 
 
10.7.5 Radiation Safety During Decommissioning  
 

Radiation safety during decommissioning of the CSFSF will be ensured by the following 
design solutions. 

The dry type storage eliminates the formation of large amounts of liquid radioactive waste 
and, accordingly, the possibility of contamination of the premises is not expected. 

The SFAs are stored in sealed MPCs, so contamination of HI-STORM and, respectively, 
radiation exposure of personnel during dismantling will be minimal. The use of cask storage limits 
the possibility of contamination of large areas even in the event of depressurization of individual 
MPCs. 

The surfaces in the premises in the areas of MPC management will be covered with easily 
decontaminated materials, so periodic decontamination of the premises will effectively minimize the 
radiation exposure of personnel during decommissioning. 

The effective special ventilation system will prevent the spread of radioactive substances in 
the premises of the reception building during normal operation and possible accidents. 

The technological process does not involve the use of toxic and other potentially hazardous 
non-radioactive substances. 

Due to the fact that the main impact on the staff in the operation of the CSFSF is from the 
external gamma-radiation, the radiation dose rates for the personnel during decommissioning (after 
removal of the SFA) will be significantly lower than the dose rates during operation. Basic radiation 
dose rates can be obtained due to decontamination of premises and equipment in the high security 
zone located in these areas. 

After work on decontamination of the contaminated equipment and premises, the radiation 
dose rates will be significantly reduced. 

Decommissioning concept must be included in a separate section at the design stage to 
adequately substantiate the design, organizational and technical solutions to ensure 
decommissioning of the CSFSF with lowest possible radiation exposure to personnel, population 
and the environment. The concept will consider the general aspects of decommissioning as defined 
in NP.306.1.02/1.004-98 [162], with possible detailing at the design stage. 

It will include the optimization of layout of premises and arrangement of systems and 
components of the installation with regard for the need to remove large fragments of HI-STORMs, 
free remote disconnection and transfer of the MPCs, and placement of the equipment for 
decommissioning. 
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The basic equipment needed for radiation protection during decommissioning will include: 
 equipment required to prevent contamination of the premises (including local ventilation 

and filtering systems); 
 equipment for radiation dosimetric monitoring; 
 equipment for monitoring the dose rates and surface contamination in the workplaces, 

contamination of components and materials during dismantling; 
 equipment required to monitor the volume activity of aerosols in the workplaces. 
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11. ENGINEERING AND TECHNICAL MEASURES OF CIVIL 
PROTECTION (CIVIL DEFENSE) 
 

The centralized storage of spent nuclear fuel from VVER nuclear power plants of Ukraine, in 
accordance with the Resolution No. 6 of the Cabinet of Ministers of Ukraine dated 09.01.2014 [51], 
is classified as facility, designing of which is to be carried out in view of the requirements for 
engineering means of civil protection. 

In accordance with the requirements of paragraph 6.1 of DSTU B.A.2.2-7:2010 [52], Section 
ETM of CP was developed as a separate volume as part of the project documentation — Volume 
10, “Engineering And Technical Measures Of Civil Protection (Civil Defense)”, consisting of Part 1 
“Executive Summary” (571402.201.010-GO01) and Part 2, “Structures Of Civil Protection (Civil 
Defense)” (571402.202.010-GO02). 

The engineering measures of CP developed based on the specification for development of 
ETM section on CP (hereinafter — Task) issued by GSChS of Ukraine (Annex to the letter № 16-
4231/162 of 23.06.2015) taking into account the requirements of the relevant regulations and legal 
acts. The specified task is set out in Annex A, Volme 10.1, “Engineering And Technical Measures Of 
Civil Protection (Civil Defense)”. Part 1. Executive Summary. 

 
In accordance with the task, the site under design is not classified in terms of civil protection. 

After the completion of the facility, the site will be considered as of Civil Protection category in 
accordance with the procedure No. 227dsk defined by the Cabinet of Ministers of Ukraine of 
02.03.2010. 

The territory, in which the designed site is located (Kiev region, Ivankiv district, zone of 
exclusion as a result of the Chernobyl disaster), in accordance with the Resolution No. 87-2 of 
Cabinet of Ministers of Ukraine of 25.02.2015 is not classified as civil defense means (Task, 
paragraph 2). 

At a distance of 20 km from the construction site, there is SSE "Chornobyl NPP", classified 
as the site of the first category of civil protection in accordance with the Order No. 1dsk of the State 
Agency of Ukraine for the Exclusion Zone Management of 07.05.2014, which, pursuant to 
paragraph 1.4 of DBN V.1.2-4-2006 [53], substantiates the location of the site under design within 
the boundaries of the possible hazardous radiation contamination zone (Task, paragraphs 3, 4). 

 
On the basis of the Task requirements and DSTU B.A.2.2-7:2010 [52] as part of the project 

documentation, a set of technical measures of CP, detailed in Volumes 10.1 and 10.2 under the 
design solutions in the field of civil protection (civil defense), in accordance with the requirements of 
DBN V.1.2-4-2006 [53], and the design solutions aimed at prevention of technological and natural 
emergency situations, including as follows: 

 on the basis of materials of the Task, taking into account the requirements of DBN 
V.1.2-4-2006, the substantiation of classification of the facilities under design and the surrounding 
objects in terms of Civil Protection and identified of possible zones of hazard have been produced; 

 based on the requirements of DBN V.1.2-4-2006 [53], the minimum acceptable 
degrees of fire resistance for the production, storage and office buildings of the facilities under 
design; 
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 construction of two shelters of Class A-IV with a capacity of 100 people each equipped 

with ventilation systems designed to operate in 1 and 2 modes for civil protection (civil defense); 
 equipment of the facilities under design with a local warning system; 
 measures to prevent unauthorized interference with the activities at the facility; 
 blackout procedures; 
 measures to prevent the accidents at potentially dangerous facilities (storage of 10 m3 

of HFL); 
 measures to control the radiation situation and meteorological factors on the CSFSF 

site; 
 the development of project documentation is based on the requirements of construction 

in seismic areas (MDE of magnitude 6). 
In accordance with Art. 31 of the Law of Ukraine “On Regulation In Urban Planning” [54], 

Section of ETM CP is subject to expert examination under design documentation in accordance with 
the procedure established by DSTU-NB A.2.2-10:2012 [55]. 
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12. RELIABILITY AND SECURITY PROVISIONS 
 
 

12.1 General Site Security Provisions 
 

Operational safety of buildings and structures, in accordance with paragraph 5 of DBN 
V.1.2.-9-2008 [56], is provided for by the implementation of measures to exclude (prevention) 
injuries or death of personnel resulting from: 

 drop as a result of sliding, stumbling, entanglement of changes in elevation; 
 injury or death as a result of contact with construction site or its parts; 
 burns as a result of contact with parts of the construction site or equipment; 
 electric shock as a result of lightning strikes or overvoltage of power supply systems; 
 accidents related to moving vehicles. 
Excluding of personal injuries as a result of falling after slipping or entanglement is achieved 

by: 
 exclusion of elevation differences and obstacles in the passages used by the personnel; 
 installation fences along the roof perimeters in accordance with paragraph 6.13 of 

DBN B.1.1-7-2002 [17]; 
 use of flooring materials that exclude sliding and slipping; 
 lighting in accordance with the requirements of paragraph 6 of PUE [16]; 
 providing of necessary slope, size and tread of stairs in accordance with paragraph 5 of 

DBN B.1.1-7-2002 [17]. 
Prevention of injury or death by contact with the building structures is ensured through the 

elimination (preventing) of sharp and cutting edges and the use of appropriate protection means 
(GOST 12.4.059-89 [57]) during repairs. 

Lightning protection is provided in accordance with DSTU B V.2.5-38:2008 [26]. 
Provision of levels I and II of protection with the sufficient reliability of protection against 

direct lightning strikes of probability 0.99 and 0.95, respectively. 
For outdoor casks and refueling stations separate lightning rods (of level II protection) are 

planned. 
Lightning protection of buildings by means of grounding metal structures of buildings or 

through lightning protection grid on the roofs of buildings (level II protection). 
The lightning protection grid is to be made of round steel with a diameter of 8 mm, with a 
mesh of 

10x10 m. 
Current taps (round steel with a diameter of 8 mm) from the lightning protection grid are to 

be laid along the walls of buildings along the perimeter at a distance of no more than 15 m from 
each other and attached to the outer grounding contour. 

Earthing devices of lightning protection are combined with protective grounding of the 
buildings and structures. 

To protect against secondary effects of lightning (introduction of high potentials) and static 
electricity, all the surfaces and underground communications at the entrance to the structures are 
connected to earthing devices. 

To ensure safe operation and maintenance of electrical installations, all metal dead parts, 
which are normally not energized, but which can become live in the event of insulation fault, must be 
grounded by attaching to the protective conductor of the mains zero. 
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Earthing must comply with the requirements of Chapter 1.7 of PUE [16] and SNiP 3.05.06-85 [60]. 

For the 0.4 kV network of power consumers, including lighting, the TN-C-S earthing system 
is adopted. Protective earthing of the lighting system is provided according to the requirements of 
PUE [16]. 

Protection against electric shock is provided by the protective circuit breakers in the 
electrical installations. The circuit breakers provide protection against electric shock in the following 
cases: 

 decrease in electric insulation resistance below the specified limit; 
 connection of the phase conductor to the appliance casing; 
 person touching live parts of electrical installations. 
In order to prevent accidents due to movement of transport, the following measures are 

implemented: 
 vehicles movement is carried on strictly established routes approved by the site 

management; 
 road pavement is expected to eliminate the possibility of slippage of the vehicles and 

its diversion to the footpaths; 
 road signs are designed to warn about the required reduction in speed within the site; 
 footpaths and roads marked by appropriate traffic signs and markings are planned for 

the personnel. 
In the period of low temperatures, the roadways and footpaths should be cleared of snow 

and ice. 
 

12.2 Ensuring Of Compliance With The Requirements Of Safe Operation Of The 
Facility At The Stage Of Development Of Design Documentation 
 

Given the fact that, currently, there are no buildings, structures and facilities in operation on 
the site, there is no need for operation safety measures/ 

 

12.3 Reliability And Structural Safety Of Buildings And Structures 
 

According to paragraph 4.1.3 of DBN V.1.2-14:2009 [49], the main requirement in 
determining the reliability of the construction site is its fitness for purpose and the ability to maintain 
the required performance for a set period of operation. These include: 

 assurance of safety of human health and life, property and the environment; 
 preserving of the integrity of the site and its major parts as well as compliance with 

other requirements ensuring the use of the site for its intended purpose and proper functioning of the 
technological processes, including the reliability of building structures and foundations, heat and 
sound insulation properties of enclosures, their tightness, and acoustic characteristics; 

 enabling development of the site (for example, extension without reinforcement of 
existing structures or increase of production capacity) and its adaptation to changing technical, 
economic or social conditions; 
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 providing for the necessary level of convenience and comfort for the users and 

operating personnel, including the requirements for climatic conditions in the rooms (ventilation, 
temperature, humidity, lighting, etc.), as well as the accessibility for inspection, repairs, replacement 
and upgrading of separate elements; 

 risk limitation by meeting the requirements of fire resistance and reliability of safety 
devices, life-support facilities, and engineering structures. 

The compliance with these requirements is ensure by the following means: 
 implementation of OSMS at the CSFSF; 
 training and testing of staff on labor protection; 
 providing of the working places with necessary documentation in accordance with the 

requirements of organizational and administrative procedures of DP NAEK Energoatom; 
 development of guidelines and emergency plans, training and instruction of the staff on 

the actions of emergency procedures and situations; 
 arrangement for systematic monitoring of technical state of structures, buildings and 

facilities; 
 arrangement for periodic maintenance and technical inspection of equipment systems; 
 certification of workplaces for compliance with the working environment’s requirements 

according to the regulatory documentation, development (if necessary) of optimization measures. 
While building a centralized storage facility for spent nuclear fuel, certain design solutions 

are applied to ensure safe performance of technological operations with a view to ensuring the 
reliability and structural safety of buildings and structures. 

Reliability, including the durability and survivability, is provided by simultaneous compliance 
with the requirements regarding the selection of materials, design and volume-planning decisions, 
methods of calculation, design and quality control of the works. 

 

12.4 Specific Features Of Enforcement Of Requirements As To Operational Safety 
During Design Of Structures Located In The Areas With Unfavorable Natural And 
Technological Phenomena 
 

Within the CSFSF site, no physical/geological processes and phenomena that would affect 
the condition of the area negatively have been observed. The erosion of soil, gullies  and landslides 
is absent due to the minor difference between absolute ground surface elevations (within 2.0 m) and 
dense vegetation. No swamp development and waterlogging of the area have been observed 
(underground waters occur at depths of 12.2 to 19.2 meters). 

Since the surveyed area in geological terms consists of well permeable sandy soils, the 
design level of underground waters was assumed to be 1.0 m higher than the level recorded during 
the survey to account for seasonal fluctuations. Temporary water table of the perched water may 
form in the thick deposits on top of the impermeable layers of clay soils during periods of intensive 
rainfall or in case of leakage from water lines. 

In terms of the complexity of soil conditions, the construction site is categorized as Category 
II in accordance with Annex Zh to DBN A.2.1-1-2008 [61]. 

No changes in geological conditions are expected in the course of construction and 
operation of the storage facility. 
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Compliance with the requirements of DBN V.1.1-3-97 [2] as to engineering protection of the 

CSFSF construction site is ensured by a number of activities, namely: 
 provision for required quality of materials, structures, products and works during 

construction of external and internal water-bearing networks by means of initial, current and final 
acceptance control; 

 high-quality waterproofing of foundations of buildings and structures, including 
underground structures; 

 collection and diversion to storage tanks of rainwater and wastewater from all the areas 
and paved roads. 

 

12.5 Safety Barriers And Prevention Of Accidents In Buildings And Structures 
 

According to the requirements set out in Section 4.5.2 of DBN V.1.2-14:2009 [49], the 
security of the site is ensured by implementation of the principle of defence in depth based on the 
use of barriers that are sequentially activated and operate independently performing the following 
functions: 

 prevention of the occurrence of overloads, failures and accidents; 
 provision for emergency handling of overloads and ensuring durability and functioning 

(possibly with the deterioration of the quality parameters or after renovation) of the main part of the 
site; 

 prevention of explosive ruptures and failures as well as localization of consequences of 
the accident. 

At the design stage, the implementation of the principle of defense in depth is carried out 
through the following organizational and technical measures: 

 site selection for the object; 
 establishment of sanitary-protection zone and surveillance zone around the facility, 

provision of fire breaks, etc.; 

 development of the project on the basis of revised data on the possibility of the 
emergence and nature of catastrophic impacts; 

 use of special safety systems; 
 provision for required quality of materials, structures, products and works by means of 

initial, current and final acceptance control; 
 operation of the facility in accordance with the operational documentation; 
 provision of good condition of important security-related elements, devices and 

systems by means of proper maintenance; 
 timely diagnosis, assessment of technical conditions and implementation of necessary 

measures to eliminate the detected defects and damage; 
 measures to prevent possible causes of accidents, and in the event of accidents — 

localization of consequences; 
 preparation and implementation (if necessary) of emergency plans at the facility and 

beyond, including the activities involving the population; 
 ensuring the required level of staff training. 
According to the experience of operation in the operational phase, the maintenance of 

security barriers in good condition is to be provided by the following activities: 
 ensuring the required quality of works by means of quality system implementation; 
 operation of the facility in accordance with the operational documentation; 
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 provision of good condition of important security-related elements, devices and 

systems by means of proper maintenance maintenance and repair according to maintenance 
schedules approved by the enterprise management; 

 timely diagnosis, assessment of technical conditions and implementation of necessary 
measures to eliminate the detected defects and damage; 

 measures to prevent possible causes of accidents, and in the event of accidents — 
localization of consequences in compliance with the acting guidelines for emergency situations; 

 preparation and implementation of emergency plans at the facility and beyond, 
including the activities involving the population, as stated in the “Emergency Plan”. 

 

12.6 Specific Features Of Assurance Of Safe Operation Of The Architectural Object 
At The Stages Of Construction And Installation 
 

Construction of the CSFSF will be performed within the perimeter of temporary fencing, 
which will be built during the preparatory period. To ensure safety of the construction site and to 
prevent possible illegal actions within the facility, the following will be provided: 

 installation of temporary checkpoints with round the clock security at the entrance gate 
and places of passage of the construction personnel; 

 security lighting on the construction site and along the perimeter fence to provide for 
necessary visibility of the area, perimeter zones of the building and production area at night. 

To ensure security at the stage of construction and installation works in accordance with the 
requirements of Section 6 of NPAOP 45.1-1.12-01 [62], the following activities should be performed: 

 fencing and installation of safety signs to inform the workers on the borders of the 
construction and installation work sites; 

 establishment of routes to work places for the staff; 
 definition and allocation of transportation means, establishment of traffic routes. The 

speed of traffic on the construction site should not exceed 10 km/h; when cornering and while 
moving in reverse, the speed should be no more than 5 km/h; 

 compliance with health and hygiene standards in accordance with the procedures 
established for the existing enterprise; 

 identification of premises for temporary storage and domestic purposes; 
 identification of places and routes for dumping of excavated soil and debris. 
All construction and installation works must be carried out strictly in accordance with the 

specially designed project of works in compliance with the safety regulations set out in DBN A.3.2-2-
2009 [63]. 
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12.7 Operating Safety Requirements At The Stage Of Use Of The Site For Its 
Intended Purpose Within The Prescribed Period Of Operation 
 

Safety of operation of the facility during its intended use is ensured by the implementation of 
a system of maintenance of buildings, structures, equipment, systems, as well as systematic 
monitoring of the territory condition. 

The purpose of maintenance and repair work is to ensure safe operation of the systems 
during the design service life of the CSFSF — 100 years. 

The main objects of maintenance in the systems are: 
 buildings and structures; 
 thermal and mechanical equipment of the technological systems; 
 transport and processing equipment; 
 storage area and HI-STORM 190 UA storage casks; 
 electrical engineering systems; 
 control and monitoring systems. 
The maintenance tasks are as follows: 
 operational control/monitoring of the systems and their components; 
 timely performance of repairs; 
 timely implementation of measures to ensure the security of the CSFSF; 
 development of proposals, conducting of work on improving the CSFSF technical 

operation, as well as the quality of all types of repairs. 
At the CSFSF, it planned to implement a preventative maintenance system. The system of 

preventive maintenance of the CSFSF will be a set of organizational and technical measures to 
ensure supervision, care and all types of repairs carried out routinely. It is expected that the planned 
maintenance of the systems and component will take 2-3 working days a month. Once a year, the 
main works at the CSFSF will be suspended for maintenance and repair of the main technological 
equipment. It is assumed that the current repair of the equipment once a year will be combined with 
the terms of preventative maintenance. Current inspection rounds will be carried out once every 
shift. 

 
In order to ensure adequate operational and sanitary condition of the territory, the buildings 

and structures, as well as the compliance with the environmental requirements of Section 6.1 of 
GKD 34.20.507-2003 [64], the following systems and components should be kept in good condition: 

 surface and groundwater drainage system all over the site, including the building and 
structures; 

 dust, radioactive gases and aerosols emission treatment systems; 
 facilities for treatment of polluted wastewater and oily sewer; 
 water-supply, sewerage, and drainage systems; 
 railroad tracks and crossings, roads, fire driveways, access to fire hydrants, crosswalks 

and other; 
 basic and operational benchmarks and station marks; 
 piezometers and monitoring wells to monitor groundwater regime; 

R
e

p
l. 

In
v

. N
o

.  

S
ig

n
a

tu
re

, D
a

te
 

 

O
ri

g
. 

In
v

. N
o

.  

      

571402.201.001-PZ01 
Shee

      165 
Amd. Nr.a

d
Sheet Doc. Nº Sig. Date 



Size А4 

174 
 
  174 

571402_201_001_PZ01_ред.2 

 
 radiation monitoring systems on the territory of the sanitary protection zone and the 

surveillance zone; 
 set engineering and technical means of protection (fencing, lighting, security 

checkpoints, office premises); 
 lightning protection and grounding systems. 
Furthermore, landscaping and land improvement should be carried out systematically. 

 
The industrial buildings and facilities of the CSFSF must be kept in good condition to provide 

for long-term reliable use for intended purposes in compliance with the requirements of sanitary 
norms and occupational safety regulations. 

In accordance with the existing practice of DP NAEK Energoatom, the safe operation of 
buildings and structures is provided by the following means: 

 organization and conducting daily rounds and inspections; 
 organization of periodic general supervision; 
 organization of planned surveys of structures; 
 organization and carrying out repairs. 
Twice a year (in spring and autumn), along with the systematic monitoring of the CSFSF, the 

specialized committee should carry out overall technical inspection of buildings and structures to 
detect defects and damages, and in case of disasters (hurricane winds, large showers or snowfalls, 
fires, earthquakes, etc.) or accidents — extraordinary inspection of the facilities should be 
conducted by the persons responsible for their operation. 

Technical inspection in spring should specify the volumes of repair of buildings, structures 
and plumbing systems during summer, as well as the volumes of overhaul to be included into the 
plans for the next year. In autumn, the technical inspection shall verify the preparation of buildings 
for winter. 

The monitoring of buildings, structures and foundations should involve the monitoring of the 
state of bearings, expansion joints, welded, riveted and bolted joints in steel structures, joints and 
fixings precast in concrete, rebar and concrete in the reinforced concrete structures (for corrosion or 
deformations), crane structures and sites subject to dynamic and thermal loads and impacts. In 
case of detection of cracks, fractures and other signs of damage of structures, such structures 
should be monitored with the use of marks and instrumental measurements. The information about 
detected defects should be registered in the technical condition logs of the buildings and structures 
with the indication of terms of elimination of defects detected. 

Roofs of buildings in spring and autumn should be cleaned of debris; the rain water 
collection systems should be cleaned and their performance should be checked. 

Building structures of the main production buildings and facilities on the list approved by the 
head of the CSFSF, are subject to technical inspection by a specialized organization once every five 
years, as provided for in paragraph 6.2.3 of GKD 34.20.507-2003 [64]. 

 
Monitoring of the condition of the foundations, in accordance with the requirements of 

paragraph 6.2.5 of GKD 34.20.507-2003 [64], shall be carried out as follows: 
 in the first year of operation — three times a year; R
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 in the second year — twice a year; 
 further on and until stabilization of the foundation — once a year; 
 after stabilization (yield of 1 mm a year or less) — once every five years. 
In spring, all the water-diversion networks and devices should be inspected and prepared for 

the meltwater passage; the cable and pipe ducts, ventilation ducts in the walls of buildings must be 
sealed, and the pumps should be ready for use. 

The groundwater regime monitoring — the monitoring of water levels in the monitoring wells 
(piezometers) — should be carried out as follows: 

 during the first year of operation — at least once a month; 
 in the following years — depending on the groundwater level changes, but at least 

once a quarter. 
The water temperature measurements and water sampling from wells for chemical analysis 

should be carried out in accordance with the instructions. 
The groundwater radioactivity monitoring should be carried out in accordance with the 

instructions issued by the department (service) of radiation safety and the sanitary requirements 
established by the supervisory bodies. The results of observations should be entered in a special 
register. 

Te railroad tracks must be kept in good condition and maintained in accordance with the 
regulations on technical operation of the railways. 

 
The maintenance of thermal mechanical equipment involves the following procedures: 
 current maintenance; 
 current repairs; 
 overhaul. 
Current repairs and overhaul to be carried out in accordance with the requirements of RG-

D.027.412-10 [65], namely: 
 maintenance and current repair of equipment — once every year; 
 overhaul — once every four years. 
The frequency of maintenance and repair of transport and technological equipment, in 

accordance with the requirements of RG-D.027.412-10 [67], may be assumed as follows: 
 routine maintenance — at least once a year; 
 current repairs — at least once every eight years; 
 overhaul — at least once every 16 years. 
Hoisting machinery, equipment and accessories should pass technical inspection in the 

amount determined by paragraphs 7.3, 7.4 of NPAOP 0.00-1.01-07 [66]. 
 

For electrical equipment, the maintenance and repair intervals may be adopted in accordance 
with the requirements of RG-D.027.412-10-02 [67], namely: 

 factory-assembled switch-gear (cabinets, transformers, switches): 
- current repairs — once a year; 
- overhaul — once every six years; 

 cable lines: 
- routine maintenance — once a year; 
- current repairs — once every three years; 
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- overhaul — basing on the results of high-voltage tests, the technical condition of 

cable lines, and standard service life of the cables of the type; 
 cable ducts and steel structures: 

- routine maintenance — once a year; 
- current repairs — once a year; 
- overhaul — once every 20 years; 

 alerting devices: 
- current repairs of lighting fixtures — once a year; 
- overhaul of voltage stabilizers — basing on the results of high-voltage tests, the 

technical condition of cable lines, and standard service life of the equipment of the type; 
 UPS devices (the periodicity is based on the current practice for the Ukrainian nuclear 

power plants in accordance with RG-D.027.412-10-02 [67]): 
- maintenance 1 — once a month; 
- maintenance 2 — once a year; 
- maintenance 3 — once every 15 years. 

For the elements of monitoring and control systems, the following maintenance and repair 
periodicity (in accordance with RG-0.05-412-11-01 [68]) can be accepted: 

 computing systems (servers, workstations, desktops, gateways and so on) 
- maintenance 1 — once a month; 
- maintenance 2 — once every three months; 
- maintenance 3 — twice a year; 
- maintenance 4 — once a year; 
- the need for repair of computer systems is determined based on the results of 

technical condition monitoring, carried out during routine maintenance or when 
troubleshooting failures. The recommended range of works for maintenance 1-4 for the 
computer systems components is set out in Annex to M RG 0.05-412-11-01 [68]: 
 instrumentation components: 

- maintenance — twice a year; 
- current repairs — once a year; 
- overhaul — once in 6-10 years (only for those items, for which this type of repair is 

provided for in accordance with the manufacturer's instructions); 
 instrument panels and cabinets: 

- maintenance — twice a year; 
- current repairs — once a year; 
- calibration of measuring channels — once a year; 
- checks of resistance of the cable insulation — once every four years. 

The periodicity of maintenance and repair of equipment and the range of works to be 
confirmed/determined in accordance with the manufacturer/supplier’s documentation. 

Maintenance of the HI-STORM 190 UA casks is to be performed in accordance with the 
requirements for maintenance and operation developed by Holtec and approved under Special 
Program. 

The scope of HI-STORM maintenance comprises: 
 monitoring of the state of HI-STORM, including: 

- cleaning of the input ventilation ducts of dust, snow, etc.; 
- cleaning of the output ventilation channels; 
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- maintenance of temperature sensors (replacement for inspection and calibration); 
- inspection of the outer surfaces of HI-STORM coating; 
- monitoring and maintenance of radiation monitoring tools installed on the storage 

site; 
- clearing of the site of foreign objects (snow, leaves). 

Periodicity of service: 
 visual inspection of the storage area is to be conducted daily; 
 monitoring of the temperature measuring equipment — according to the passports of 

devices, but not less than 1 time in 3 years; 
 remote monitoring of the MPC condition using video cameras through upper air ducts 

during inspection of the upper air ducts — not more than once every four years. 
Inspection and testing of the equipment at the spent fuel storage facility are carried out 

according to the operating instructions by the manufacturers of equipment in compliance with the 
schedule of technical condition checks for transport and technological equipment. 

Support Of Maintenance Works 

The following repair shops will be provides for servicing the CSFSF equipment: 
 electrical and mechanical workshop for clean equipment, not contaminated by 

radioactive substances in the maintenance building; 
 workshop for equipment contaminated with radioactive substances in the reception 

building; 
 workshop for maintenance of road transport in the garage. 
The workshops will be equipped with the appropriate machine tools and instrumentation. 

The workshops will be equipped with manual hoists for mechanization of repair works. 
In order to provide for repair, the temporary working lighting using ~12 V (sockets network) is 

planned to be installed in the following buildings and structures of the CSFSF: 
 reception building; 
 maintenance building with the MPC storage facility; 
 electrical equipment building; 
 guardhouse; 
 administrative building; 
 fire water supply pumping station; 
 garage. 
The temporary working lighting is provided in the premises of ventilation chambers, 

transporter parking location, maintenance and repair workshops, electrical rooms, machinery rooms, 
where additional lighting is needed during inspection or repair of the technological equipment. 
Power supply is provided from the main lighting network of the related facilities through step-down 
transformers installed in the appropriate boxes. 

Detailed description of the power supply systems is presented in Volume 5, 
“Electrical Part” of this project. 

In order to meet own needs for compressed air at the CSFSF site, a system of compressed 
air is envisaged. 

The consumers of compressed air are located in the following buildings: 
 the reception building; 
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 maintenance building with an MPC warehouse; 
 garage (for the transporter and automobiles). 
Preparation and delivery of compressed air is intended to provide reliable supply of 

compressed air of required quality, pressure and flow for the pneumatic drives of the technological 
equipment provided by Holtec, as well as for repairs. 

Detailed description of the compressed air system is shown in Volume 3.3 “Technological 
Part”, Part 3 "Utilities" of this project. 

Storage facilities for tools and spare parts will be provided in the maintenance building with 
the MPC warehouse and in the reception building. 

 

12.8 Providing For Security During The Facility Commissioning 
 

The fully complete objects should be accepted for operation in accordance with “The 
Procedure For Acceptance For Operation Of Completed Construction Objects”, approved by 
Resolution № 461 of the Cabinet of Ministers of Ukraine of April 13, 2011. 

For the period of construction, installation and commissioning, the Customer (consumer) 
shall provide qualified technical supervision and interim acceptance of the units of equipment and 
facilities, including the hidden works. 

The construction company is to supply the Customer with the following technical 
documentation: 

 design and estimate documentation (as-built drawings, cost estimates); 
 work logs; 
 statements of interim acceptance and inspection; 
 statements of acceptance of hidden works; 
 other mandatory documents required under DBN. 
In accordance with the requirements of Section 8 of PNAE G-14-029-91 [69], the 

commissioning of the CSFSF will be carried out with the permission of the State supervisory 
authorities. 

The completeness of the storage facility prior to putting into operation will be checked by: 
 the working commission of the CSFSF; 
 the state supervisory authorities. 
The working commission of the CSFSF appointed by order of the head of inspection, will 
check: 
 compliance of the work performed with the project; 
 availability of equipment, equipment test reports and certificates of completion of 

commissioning works; 
 availability of the necessary documents in accordance with Section 7 
 of PNAE G-14-029-91 [69] and their compliance with the design; 
 level of training of the personnel, the availability of exam protocols and the order on 

admission to works. 
The resolution of the commission is produced in the form of a statement. 
The bodies of state supervision shall check the CSFSF readiness, personnel and 

documentation, and present the inspection test results in due course. 
DP NAEK Energoatom will grant the permit for operation of the CSFSF on the basis of 

statement of commissioning by the State Acceptance Commission provided there are relevant 
documents produced by the State supervision authorities. 

The documents of CSFSF commissioning as well as all the construction and assembly 
documentation must be kept at the facility during the entire life cycle of the CSFSF. 
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13. IDENTIFICATION OF POTENTIALLY HAZARDOUS FACILITIES 
 
 

13.1 General Provisions 
 

The risk of emergencies of technological nature is largely determined by the condition of 
potentially hazardous facilities. 

Identification of potentially hazardous facilities (PHF) is performed in all enterprises owning 
or using facilities for use, production, processing, storage or transportation of hazardous 
substances. PHF identification is also done for all enterprises that have intention to start 
construction of such facilities. 

The legal basis for the identification of PHF are the Code of Civil Defence of Ukraine [74], 
the Law of Ukraine “On Hazardous Facilities” [75], the rules of technological safety in the field of civil 
protection in enterprises, organizations, institutions, and hazardous areas [76]. 

PHF identification implies analysis of the structure of the facility and the nature of its 
operation. An important task at the stage of PHF identification is to determine the characteristics 
(properties) of PHF in terms of possible adverse impact on the production, population and the 
environment. 

The process of identification shall consider and taken into account internal and external 
sources of potential hazard. 

Internal sources determine the danger of buildings, structures, equipment, processes, 
objects and substances circulating in the facility. 

External hazards that are not directly related to the operation of the facility, but may cause 
emergency situations and have a negative impact on their development. External sources include 
natural phenomena and accidents on the nearby facilities. 

The analysis allows to establish the presence or absence of hazards, which in certain 
circumstances may cause emergencies, as well as to determine their possible levels. 

The facilities are identified as potentially hazardous, if they contain at least one source of 
hazard that may result in emergency situation of facility-specific, local, regional or state level. 

PHF identification is carried out in accordance with the Methodology For Identification Of 
Potentially Hazardous Facilities [77]. 

In the case of identification of facility as potentially hazardous, the high-risk factor is also 
identified. 

Identification of the high-risk factor (HRF) is performed in accordance with the Procedure For 
Identification And Registration Of High-Risk Factors [78]. 

 

13.2 Identification Of Potentially Hazardous Facilities 
 

PHF identification is carried out in accordance with the Methodology For Identification Of 
Potentially Hazardous Facilities [77] and involves the following stages: 

 selection of emergency codes, the occurrence of which is possible at the facility; 
 analysis of indicators of emergency signs and determination of threshold values; 
 determination of the results of analysis of hazards, which under certain conditions 

could cause emergency situations; 
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 definition of hazards for each of the specific sources; 
 determination of a list of hazardous substances used at the facility, their amounts and 

hazard classes; 
 evaluation of the distribution zone and possible consequences of emergency situations; 
 establishment of the most probable emergency levels; 
 determination of proper state registers (inventories) to register the hazardous facilities; 
 determination of the compliance of the facility with the regulations in hazardous 

facilities determination. 
 

13.2.1 Selection Of Emergency Classification Codes, The Occurrence Of Which Is Possible At The 
Facility  
 

Selection of the code of emergency at the facility is carried out in accordance with the 
Classifier of Emergencies (DK 019:2010) [79]. Emergency Codes selected for the facility under 
design are listed in Table 13.1. 

 
Table 13.1 — Emergency Codes Of Possible Hazards 
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Emerge
ncy 

Name Of 
Emergency 

10000 MAN-MADE EMERGENCY 
10100 MAN-MADE EMERGENCY OR DISASTER ON TRANSPORT (EXCEPT 

FIRE AND EXPLOSION) 
10110 Emergency on transport with the release (threat of release) of hazardous and 

harmful 
10112 Emergency on transport with the release (threat of release) of radioactive 
10200 EMERGENCIES DUE TO FIRE, EXPLOSIONS 
10210 Emergencies due to fire, explosions in buildings and structures 
10211 Emergencies due to fire, explosion in buildings, on technological lines or 

technological equipment of industrial facilities 
10212 Emergencies due to fire, explosion in non-residential buildings 
10220 Emergencies due to fire, explosion at the facility for exploration, extraction, 

processing, transportation or storage of flammable, combustible and 
explosive substances 

10230 EMERGENCIES DUE TO FIRE, EXPLOSIONS ON TRANSPORT 
10231 Emergencies due to fire, explosion on railways 
10250 Emergencies due to fire, explosion on radiation, chemically or biologically 

hazardous facility without spillage (release) of hazardous substances 
10500 EMERGENCIES WITH THE RELEASE (THREAT OF RELEASE) OF 

RADIOACTIVE SUBSTANCES 
10520 Emergencies with the release (threat of release) of radioactive substances at 

the enterprises of nuclear-fuel cycle (except nuclear power plants) 
10600 Emergencies due to sudden destruction of buildings and structures 
10610 Emergencies due to destruction of elements of transport infrastructure 
10620 Emergency due to destruction of buildings or structures of industrial 

purpose 
20000 NATURAL EMERGENCIES 
20100 GEOPHYSICAL EMERGENCIES 
20110 Emergencies related to earthquakes 
20300 METEOROLOGICAL EMERGENCIES 
20310 Meteorological emergencies related to precipitation 
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13.2.2 Indicators Of Emergency Signs And Determination Of Threshold Values 
 

Analysis of signs of emergency, selected in the previous step, and definition of their 
threshold values was performed using the classification features of emergencies [80]. The results 
are set out in Table 13.2. 

 
Table 13.2 - Indicators Of Emergencies And Their Thresholds 
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Emerge
ncy 

Name Of 
Emergency 

20320 Meteorological emergencies, temperature-related 
20330 Meteorological emergencies, other 
20700 MEDICAL-BIOLOGICAL EMERGENCIES 
20720 Emergencies related to poisoning of people 
20721 Emergencies related to poisoning of people as a result of use of 

poor-quality food 
20722 Emergencies related to poisoning of people as a result of use of 

poor-quality water 
20723 Emergencies related to the poisoning of people with toxic or other substances 

(individual cases) 
30000 SOCIAL EMERGENCIES 
30100 ARMED ATTACKS, SEIZURE AND RETENTION FACILITIES OF STATE 

IMPORTANCE (MOST IMPORTANT AND IMPORTANT STATE FACILITIES) OR 
REAL THREATS OF SUCH ACTIVITIES 

30170 Armed attacks, seizure and retention of nuclear power plants, chemical industry 
facilities and facilities used to produce and store biohazardous materials or the 
threat of such actions 

30500 EMERGENCIES INVOLVING DISAPPEARANCE OR THEFT OF WEAPONS 
AND HAZARDOUS SUBSTANCES FROM THE FACILITIES OF STORAGE, 
USE, PROCESSING OR DURING TRANSPORT 

30510 Emergencies related to the disappearance or theft of firearms technical items from 
the facilities of storage, use, processing or during transport 

30520 Emergencies related to the disappearance or theft of ammunition from the 
facilities of storage, use, processing or during transport 

30530 Emergencies related to the disappearance or theft of armored vehicles 
from the facilities of storage, use, processing or during transport 

30560 Emergencies related to the disappearance or theft of radioactive substances (also 
devices, equipment containing radioactive substances) from the facilities of 
storage, use, processing or during transport 

30600 EMERGENCIES RELATED TO ACCIDENTS WITH PEOPLE 
30610 Emergencies related to accidents in the performance of job duties 

40000 MILITARY EMERGENCIES 

Indicator No. Description Thresholds Value 

1 Man-made emergency 
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Indicator 
No. 

Description Thresholds Value 

1.1 Death or injury to people (staff) due to 
explosions and fires (except in cases of fires 
and explosions in residential buildings and 
structures), destruction of underground 
structures (including the collapse of roofs in 
mines 

2 or more people killed, 5 or more 
people injured. 

1.2 Death or injury to people (staff) due to accidents, 
emergency events (except in cases of road 
traffic accidents) and other hazardous events 
(including casualties) 

3 or more people killed, 10 or 
more people injured. 

1.6 Immediate threat to life from hazardous 
(affecting) factors of emergency situation 
(accident event) leading to emergency 
evacuation of more than 50 people. 

1 event 

1.7 Emission dangerous chemicals of appropriate 
hazard class (corresponding to the level of 
toxicity), including dangerous goods (release 
from the technological equipment of the facility), 
which can create or creates affecting factors for 
vehicle (facility) personnel, the public or other 
environmental object 

For dangerous chemicals of 
Hazard Class 3 — 0.1 t; 
for dangerous chemicals of 
Hazard Class 4 — 0.5 t. 

1.8 Emission of radioactive substances from vehicles 
or damage to radioactive cargo (packaging, cask, 
etc.) related to traffic accidents (accident, fire or 
other hazardous event) 

1 event 

1.10 Accident on the railways (including subways), 
which lead to the collision of passenger or freight 
trains with other trains or rolling stock, running off 
the track of rolling stock of passenger or freight 
trains on hauls and stations, as well as death 
and/or injury of people 

3 or more people killed, 10 or 
more people injured. 
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Indicator 

No. 
Description Thresholds Value 

 
 
 
 

 
1.11 

Accident on the railways (including subways), 
which lead to the collision of passenger or 
freight trains with other trains or rolling stock, 
running off the track of rolling stock of 
passenger or freight trains on hauls and 
stations, as well as damage to rolling stock to 
the extent of its decommissioning 

3 or more items 

 
 

1.12 

Explosion (fire) during movement of a vehicle 
with explosive (flammable) substances, 
hazardous chemicals or petroleum products 
(with damage to containers (tanks, casks, 
packaging, etc.) of the dangerous goods 

1 event 

 
 
 

 
1.25 

Fire (explosion), for the elimination of which, in 
addition to the forces and means of fire-rescue 
units or other emergency services, additional 
forces and resources involved in other groups of 
civil protection are required, and direct damages 
(estimated in accordance with the legislation) 
caused by fire (explosion) exceeded 0.5 
thousand minimum wages 

1 event 

 
 

 
1.40 

Accident at the facility, where nuclear materials 
are used, sources of ionizing radiation or 
radioactive wastes are stored, resulting in 
(possible) employees exposure to the effective 
radiation dose of more than 2 mSv/year 
(category A workers — more than 50 mSv/year) 

1 event 

 
 
 
 
1.41 

Radioactive contamination of the environment 
due to radiation accident at the facility, where 
nuclear materials are used, sources of ionizing 
radiation or radioactive wastes are stored, 
resulting in (possible) population exposure to the 
effective radiation dose of more than 1 mSv/year 

1 event 

 
 

1.45 

Nuclear or radiological accident, which 
represents a threat to Ukraine, reportable in 
accordance with the International 
Convention on Early Notification of Nuclear 
Accidents or pursuant to bilateral 
intergovernmental agreements 

1 event 
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Indicato

r No. 
Description Thresholds Value 

 
 
1.47 

The collapse of more than 10% of a building or 
structure (bearing structures of the building) of the 
main production facility leading to consequences 
(responsibility) of Class CC2 or CC3 

1 event 

 
 

 
1.48 

Failure of more than 10 percent of the total 
amount of main technological equipment on a 
manufacturing enterprises of strategic 
economical or state security importance due to 
the destruction (damage) of its buildings and 
structures 

1 event 

 
 

1.49 

Suspension of production activities of the 
enterprises of strategic economical or state security 
importance due to the destruction of its buildings 
and structures used for production purposes 
(including transport infrastructure) 

12 or more hours 

2 Natural emergencies 
 

2.1 

Death or personal injury (disease, poisoning) 
due to natural hazards or events of medical 
and biological nature 

3 or more people killed, 10 or 
more people hospitalized. 

 

2.2 

Immediate threat to life from hazardous (affecting) 
factors of emergency situation of natural origin 
leading to emergency evacuation of more than 50 
people. 

1 event 

2.3 
Earthquakes in excess of background 
seismicity by 1 point 

1 event 

 
2.4 

Earthquakes with intensity of more than 5 points 
on the MSK-64 scale in the places of location of 
high-risk facilities 

1 event 

 
 
2.31 

Contraction of dangerous infectious diseases by 
people: dysentery and other intestinal infectious 
diseases of established or unknown etiology, 
salmonellosis, viral hepatitis A 

3 or more people in organized 
communities within 3 days. 

 
2.35 

Cases of poisoning of 10 or more people with 
industrial dangerous chemicals or other 
hazardous substances 

10 to 25 people — individual 
poisoning, 26 or more people 
— group poisoning; 

 
 

 
2.36 

Simultaneous poisoning of people of the same 
group as a result of consumption of food or water: 
- botulism, 
- same type toxicants, 
- wild mushrooms and plants or combination of 
toxicants of two or more species 

 
 

 
1 or more people. 
10 or more people. 
5 or more people. 
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13.2.3 Identification Of Hazards That May Be Sources Of Emergencies  
 

According to the analysis of hazard sources, which under certain conditions (accident, 
violation of operating conditions, occurrence of natural hazards, etc.) can give rise to emergencies, 
relevant sources of hazard listed in Table 13.3 have been identified using the List of the main 
sources of hazards inherent in potentially dangerous facilities (Appendix 2 to Methods Of 
Identification Of Potentially Hazardous Objects [77]). 

 
Table 13.3 — Sources Of Emergency Situations 
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Indicato
r No. 

Description Thresholds Value 

3 Social emergencies 

 
3.1 

Death or personal injury due to hazardous events 
(including accidents on the water) 

3 or more people killed, 10 or 
more people injured. 

3.4 
Armed attacks, capture and holding of building 
of law enforcement bodies 

1 event 

 
3.8 

Armed attacks or unauthorized actions by 
individuals with regard to nuclear facilities 

1 event 

 
3.13 

Disappearance or theft of firearms of Destruction 
Categories 1 and 2 with ammunition 

1 event 

 
3.15 

Disappearance or theft of grenades, artillery 
shells, mines, bombs or explosive charges 

1 event 

3.16 Disappearance or theft of armored vehicles 1 event 
 

3.21 

Disappearance or theft of dangerous chemicals, 
which can create or create affecting factors for 
facility personnel or other environmental objects 

For dangerous chemicals of 
Hazard Class 3 — 0.2 t; 
for dangerous chemicals of 
Hazard Class 4 — 2 t; 

Hazard Source Name Hazard Source Analogue 

Tanks with diesel fuel Tanks, reservoirs, bottles and other containers with 
hazardous substances 

Fuel dispenser Technological equipment, associated with the use, 
production, processing or transportation of hazardous 
substances 

Canisters with motor oils Tanks, reservoirs, bottles and other containers with 
hazardous substances 

MPC, HI-STAR, HI-STORM, HI-
TRAC casks 

Nuclear installations, facilities for radioactive waste 
management, sources of ionizing radiation 

Lifting machinery Stationary equipment for loading and unloading, 
lifting machinery 
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13.2.4 Definition Of Hazards Factors For Specific Sources Of Hazards 
 

For each of the identified sources of hazard, the types of hazard have been identified on the 
basis of Annex 3, Methods Of Identification Of Potentially Dangerous Facilities [77]. See Table 13.4. 

 
Table 13.4 — Sources Of Emergency Situations 

 
 
 
 
 
 
 
 
 
 
 

 
13.2.5 Definition Of A List Of Hazardous Substance Used At The Facility, Their Amounts And 
Hazard Classes 
 

For the facility in design, a list of hazardous substances used in the operation of the facility, 
their amounts and hazard classes have been identified according to GOST 12.1.007-76 [81] and 
GOST 19433-88 [82]. The results are set out in Table 13.5. 

 
Table 13.5 — List Of Hazardous Substances 
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Hazard Source Name Hazard Source Analogue 

Railway facilities within the area Station tracks and turnouts of railway stations, switching and 
crossing devices, cargo and passenger handling devices, 
marshalling yards, locomotives, wagons, and storage 
facilities 

Hazard Source Name Hazard Type 
Tanks with diesel fuel Explosion, fire, chemical, environmental hazards 
Fuel dispenser Explosion, fire, chemical, environmental hazards 
Tanks with diesel fuel for diesel power plants Explosion, fire, chemical, environmental hazards 
Canisters with motor oils Fire, chemical, environmental hazards 
MPC, HI-STAR, HI-STORM, HI-TRAC casks Radiation hazard 

Lifting crane Physical hazard 
Railway facilities within the area Explosion, fire, chemical, environmental, 

radiation, physical hazards 

Hazardous Substance 
Name 

Amount, 
tonnes 

Hazard Class Under 
GOST 12.1.007-76 

[81] 

Hazard Class & 
Subclass Under 
GOST 19443-88 

Diesel fuel* 8.06 4 (paragraph 5.1 of 
DSTU 3868-99 [83]) 

3, 3.3 (paragraph 
4.3.1 of DSTU 3868-

99 [83]) 

Motor oil* 0.07 4 (paragraph 7.5 of 
GOST 10541-78 [84]) 

- 

Spent nuclear fuel 5648 (ТМ) - 7 

* — without regard for presence of hazardous substances (fuels and oils) in the railway 
rolling stock, technology and road transport serving the CSFSF 
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13.2.6 Evaluation Levels Of Possible Emergencies  
 

Based on the previously obtained data, the evaluation of distribution area in case of 
emergency for different identified initial hazards, possible consequences of emergencies and the 
highest possible levels of emergency have been made. The evaluation results are summarized in 
Table 13.6. 

Evaluation of the zone of possible disaster was made using a conservative method and is to 
be refined on the basis of the materials developed pursuant to Order No. 122 of State Agency for 
Occupational Safety Supervision of 17.06.1999 [85] on Plans Of Localization And Liquidation Of 
Emergencies And Accidents. 

Assessment of possible consequences of emergency situations for each of the identified 
hazard sources (in terms of number of dead and injured) was made on the basis of threshold values 
for the previously defined emergency situations. 

The level of emergency for each of the hazard sources is established in accordance with the 
Procedure For Classification Of Emergency Situations By Levels [86] and the Classification Of 
Emergency Situations Of Natural And Man-Made Origin (Annex 4 to Methods Of Identification Of 
Potentially Hazardous Facilities [77]). 

 
Table 13.6 — Assessment Of Possible Consequences And Hazard Levels 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
13.2.7 Identification Of State (Sectoral) Registers (Cadastres) Used For 
Registration Of The Facilities 
 

Table 13.7 Lists the relevant registers (cadastres) used/not used for registration of the 
facilities under design in accordance with the List Of Approved State (Sectoral) Registers Of 
Ukraine (Annex 5 to Methods Of Identification Of Potentially Hazardous Facilities [77]). 
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Hazard Source 
Name 

Propagation Number Of 
Lethal 
Cases, 

Number 
Injured, 
people 

Emergency Level 

Tanks with 
diesel fuel 

Within the facility 
territory 

2 or more 5 or more Local 

Fuel dispenser Within the facility 
territory 

2 or more 5 or more Local 

Tanks for motor 
oil 

Within the facility 
territory 

2 or more 5 or more Local 

MSC, HI-STAR, HI-
STORM, HI-TRAC 
casks 

Emergency 
beyond the 

territory of the 

- - National 

Lifting crane Within the facility 
territory 

3 or more 10 or more Regional 

Railway facilities 
within the area 

Within the facility 
territory 

3 or more 10 or more Regional 
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Table 13.7 — List Of State (Sectoral) Registers (Cadastres) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
13.2.8 Identification Of The Facility’s Relation To The Acting Regulations 
 

The results of identification of relation to the regulations (need to meet the corresponding 
thereof) listed in paragraphs 14, 15 of Methods Of Identification Of Potentially Hazardous Facilities 
[77] are presented in Table 13.8. 

 
Table 13.8 — Relation Of The Facility To Certain Regulations 
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Name Of State (Sectoral) Register 
(Cadastre) 

Registration Number (If Any) 

State Register Of Potentially Hazardous 
Facilities 

Not registered, subject to registration 

State Register Of High-Risk 
Facilities 

Not subject to registration 

Register Of Accident-Prone Production 
Buildings And Structures 

Not subject to registration 

State Register Of Ionizing Radiation 
Sources 

Not registered, subject to registration 

State Register Of Radioactive Waste Not subject to registration 

State Register Of Radioactive Waste 
Storage Facilities 

Not subject to registration 

State Cadastre Of Radioactive Waste 
Storage Facilities 

Not subject to registration 

Register Of Waste Generation, Treatment 
And Disposal Facilities 

Not subject to registration 

Register Of Waste Disposal Facilities Not subject to registration 

Facility Covered (Not Covered) By RI RI Title 

Covered for identification 
 
Paragraph 1 (to the extent concerning 
compliance with Annex 2 to Regulatory 
Threshold Masses Of Toxic 
Substances In Identification Of HRF) 

Procedure For Identification And 
Recording Of High-Risk Facilities 

Resolution No. 956 of the Cabinet of 
Ministers of Ukraine of 14.07.2002 “On 
Identification And Declaring Of High-Risk 
Facilities Safety”. 

Covered 
 
Paragraph 3 — nuclear installations; 
Paragraph 13 — construction of railways 
and structures; 
Paragraph 21 — automobile refuelling stations. 

List Of Activities And Facilities Of 
Increased Ecological Hazard. 

Resolution No. 554 of the Cabinet of 
Ministers of Ukraine of 27.07.2995 “On The List 
Of Activities And Facilities Of Increased 
Ecological Hazard”. 
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13.2.9 Conclusion On The Results Of Identification Of PHFs  
 

According to the results of identification, the CSFSF is a potentially hazardous facility as 
defined by Paragraph 17 of Methods Of Identification Of Potentially Hazardous Facilities [77]. The 
maximum level of emergency in accordance with the Procedure For Classification Of Emergency 
Situations By Levels [86] is defined as “national”. The facility is subject to 
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Facility Covered (Not Covered) By RI RI Title 

Covered 
 
Paragraph 1 — equipment associated with the 
use, manufacture, processing, storage, 
recycling or disposal of hazardous and 
harmful substances; 
Paragraph 14 — electrical equipment 
intended for use (application) in hazardous 
areas; Paragraph 19 — cranes and lifting 
machines, elevators, escalators, moving 
walks, cable cars, ski lifts, in particular used 
in construction, and funiculars. 

List Of Machines, Facilities, Mechanisms 
And Equipment Of High-Risk. 

Resolution No. 1107 of the Cabinet of 
Ministers of Ukraine of 26.10.2011 “On 
Approval Of Procedure For Issue Of Permits 
For High-Hazard Works And For Operation Of 
(Use) Of Machines, Mechanisms, And 
Equipment Of High Risk”. 

Covered 
 
State enterprise NAEK Energoatom; 
State Specialized Enterprise “Chernobyl 
Nuclear Power Plant” 

List of Highly Hazardous Enterprises-
debtors, the termination of which requires 
implementation of special measures to prevent 
possible harm to the life and health of citizens, 
property, structures, and the environment. 
Resolution No. 339 of the Cabinet of Ministers 
of Ukraine of 15.05.2013 “On Implementation of 
Article 85 Of the Law of Ukraine ‘On 
Rehabilitation of Debts’ Solvency 
or Recognition as Insolvent’” 

Covered 
 
Exclusion zone and Compulsory resettlement 
zone, 
 including 
“Shelter” facility and other potentially 
hazardous facilities of the specialized 
enterprises located in these zones 

List of facilities and separate territories 
subject to continuous and compulsory servicing 
on a contractual basis by the state emergency 
and rescue services. 

Resolution No. 1214 of the Cabinet of 
Ministers of Ukraine of 04.08.2000 “On 
Approval of Separate Territories Subject to 
Continuous and Compulsory Servicing on a 
Contractual Basis by the State Emergency and 
Rescue Services” 
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registration in the State Register Of Potentially Hazardous Facilities and the State Register Of 
Ionizing Radiation Sources. 

 

13.2.10 Identification Of The Facility Under Design In Terms Of High Hazard 
 

The facility, identified as potentially hazardous pursuant to Paragraph 1 of Procedure For 
Identification And Registration Of High-Risk Factors [78], is subject to identification for the purpose 
of its classification as the facility of high hazard. 

At the same time, on the basis of Paragraph 1 of Procedure For Identification And 
Registration Of High-Risk Factors [78]б the PHF is subject to identified only in relation to its 
components containing hazardous substances listed in the Annexes 1 and 2 to Regulation on 
Threshold Masses of Hazardous Substances for the Identification of High Risk [78], and can not be 
identified as PHF on the condition of presence of RASs. 

 
13.2.11 List Of Potentially Hazardous Facilities With Hazardous Substances, Isolated For 
Identification  
 

For identification of the facilities under design in terms of hazard, the following objects (sites) 
with the presence of hazardous substances, as defined in Annexes 1 and 2 to Regulation on 
Threshold Masses of Hazardous Substances for the Identification of High Risk [78], are listed in 
Table 13.9. 

The classification of hazardous substances under certain categories in terms of types of 
possible accidents is based on the classification set out in paragraphs 1 and 2 to Regulation on 
Threshold Masses of Hazardous Substances for the Identification of High Risk [78]. 

 
Table 13.9 — List Of Potentially Hazardous Facilities With Hazardous Substances, Isolated For 
Identification Purposes 
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PHF Name, 
Isolated For 

Identification, And 
Its Composition 

Location 
of 

PHF 

Name, Weight 
Of Hazardous 
Substance Or 

Group Of 
Hazardous 
Substances 
Used In The 

Facility 

Name Or 
Category Of 
Hazardous 

Substance Or 
Group Of 

Hazardous 
Substances 

Used For Facility 
Identification 

Identification 
Results 

(Belonging Of 
The HRF To 

Some Hazard 
Class) 

Filling station CSFSF site Diesel fuel — 
7.31 t 

Category 2 (GZh), 
Groups 1 and 2 
(explosion, fire) 

Non classified as 
HRF* 

Garage (warehouse) CSFSF site Motor oil — 0.03 
t* 

Category 2 (GZh), 
Group 2 (fire) 

Non classified as 
HRF* 
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Other potentially hazardous facilities of high risk, except for the above, are not established. 
 
 
13.2.12 Mass of Hazardous Substances Located At PHFs  
 

For each potentially hazardous facility specified in Table 13.9, each production site, shop, 
unit, appliance being part of it, the hazardous substances have been identified wit determination of 
weight of each and the total weight. The data is set out in Table 13.10. 

 
Table 13.10 — List Of Hazardous Substances, Their Amounts And Hazard Categories 
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PHF Name, 
Isolated For 

Identification, And 
Its Composition 

Location 
of 

PHF 

Name, Weight 
Of Hazardous 
Substance Or 

Group Of 
Hazardous 
Substances 
Used In The 

Facility 

Name Or 
Category Of 
Hazardous 

Substance Or 
Group Of 

Hazardous 
Substances 

Used For Facility 
Identification 

Identification 
Results 

(Belonging Of 
The HRF To 

Some Hazard 
Class) 

Electrical equipment 
building (diesel power 
plant premises) 

CSFSF site Diesel fuel — 
0.75 t, motor oil 
— 0.04 t. Total 

— 0.79 t. 

Category 2, (GZh) 
Groups 1 and 2 
(explosion, fire) 

Non classified as 
HRF* 

* — for substantiation see Section 13.2.12. 

PHF Name Description of 
production 

(sites, 
installations, 
apparatuses, 
etc.) as parts 

of PHF 

Hazardous 
substance 
name and 
weight, t 

Weight of individual hazardous substance 
and mass of hazardous substances of each 

category to which it can be attributed 
according to the standards as to threshold 

weights, t 
Separate 
substanc
e 

1 2 3 4 5 6 7 8 9 10

Filling station Undergroun
d tanks (2х5 
m3) 

Diesel fuel — 
7.31 t 

- - 7.31 - - - - - - - - 

Garage 
(warehouse) 

Canisters with 
motor oils (6х5 
l) 

Motor oil — 0.03 - - 0.03 - - - - - - - - 

Building for 
electrical 
engineering 
devices (DPP) 

Service tank 
(839 l) 

Diesel fuel — 
0.75 

- - 0.75 - - - - - - - - 

Oil system 
(26.4 l) 

Motor oil — 0.04 - - 0.04 - - - - - - - - 
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In accordance with Art. 1 of the Law of Ukraine “On Hazardous Facilities” [75] and paragraph 
4 of the Procedure For The Identification And Recording Of High-Risk Facilities [78], the PHF 
belongs to HRF of the corresponding class, if the value of total mass of hazardous substance or 
several substances used, produced, processed, stored or transported is equal to or exceeds the 
standard threshold mass. 

Based on the fact that the mass of individual hazardous substances and their total mass is 
below the threshold established for hazardous substances, i.e. the facility actually handles 8.13 
tonnes of hazardous substances (flammable liquids) while the minimum threshold value for the 
Class 2 HRF is 5,000 tonnes (Annex 2 to Procedure For The Identification And Recording Of High-
Risk Facilities [78], Category 2), in accordance with paragraph 4 of Procedure For The Identification 
And Recording Of High-Risk Facilities [78], the identified potentially dangerous facility is not 
classified as of high risk. 

 
13.2.9 Conclusion On The Results Of Identification Of HRFs  
 

According to the results of identification, the facility under does not belong to the sites of 
increased danger and is not subject to registration in the State Register Of High-Risk Facilities and 
declaring of safety of high-risk facility. 
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PHF Name Description of 
production 

(sites, 
installations, 
apparatuses, 
etc.) as parts 

of PHF 

Hazardous 
substance 
name and 
weight, t 

Weight of individual hazardous substance 
and mass of hazardous substances of each 

category to which it can be attributed 
according to the standards as to threshold 

weights, t 
Separate 
substanc
e 

1 2 3 4 5 6 7 8 9 10

TOTAL - - 8.13 - - - - - - - - 
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14. ENVIRONMENTAL IMPACT ASSESSMENT 
 

The state policy of Ukraine, as provided for in the Constitution of Ukraine, [87] is aimed to 
ensure the environmental safety and maintenance of the ecological balance on the territory of 
Ukraine. 

For this purpose, Ukraine carries out, on its territory, ecological policy aimed at maintaining 
safe environment for the living and inanimate nature, protection of life and health of the population 
from the negative effects caused by the environmental pollution, to achieve a harmonious 
interaction between the society and the nature, protection, rational use and restoration of the natural 
resources [87, 89]. 

CSFSF designing process shall be performed in three stages. Assessment of the CSFSF 
environmental impact was carried out at the first stage of the design, as part of the investment 
feasibility study. The EIA results were approved by Decree of the Cabinet of Ministers of Ukraine 
No. 131-r of 04 February 2009 on the basis of the comprehensive conclusion (positive) issued by 
Ukrderzhbudekspertyza SE on 26 August 2008 under  
№84 / 54 / 288o. 

EIA as part of the CSFSF project (second approvable design stage) was carried out with 
consideration of: 

 refinement of design solutions of the technology provider; 
 raw data, regulated by the Law of Ukraine on Regulation of the Town Planning Activity; 
 requirements of the normative-legal acts in the field of environmental protection, which 

became effective following the provision (26.08.2008) of the comprehensive conclusion of the state 
examination of the CSFSF investment feasibility study [115]. 

The presented section of the EIA is based on the requirements of DBN A.2.2-1-2003 [90], 
the Ukrainian environmental and sanitary legislation, as well as on some specific conditions of the 
design object in the exclusion zone, and the unconditional (obligatory) resettlement — the exclusion 
and compulsory resettlement zone [97]. 

The materials of Environmental Impact Assessment are available in Volumes 12.1, 
“Environmental Impact Assessment. Part 1. EIA Materials”, and 12.2, “Environmental Impact 
Assessment. Part 2. Annexes”. 

 

14.1 Description Of Activities 
 

The Central Spent Fuel Storage Facility (CSFSF) is a nuclear facility of national importance. 
The CSFSF is intended to store spent nuclear fuel (SNF) from VVER reactors installed in 

units Rivne 1 to 4, Khmelnitsky 1 to 2, Yuzhnoukrainska 1 to 3 by means of the gradual increase in 
the capacity, equipping with the systems providing for preparation, for storage, transportation and 
safe storage. 

The CSFSF uses the technology of “dry” storage of spent nuclear fuel in special casks, 
namely: 

 the storage of spent nuclear fuel to be used is a surface “dry” storage with double-
barrier insulation system; 

 CSFSF lifetime — 100 years; 
 CSFSF capacity — 16529 SFAs, including: 12,010 pcs of VVER-1000 SFAs and 

4,519 pcs of VVER-400. 
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The CSFSF is based on the technology by Holtec International (hereinafter — Holtec). 
The system developed by Holtec comprises the following components: 
 MPC — multi-purpose cask; 
 HI-STAR 190 UA (hereinafter—HI-STAR)—transportation cask; 
 HI-STORM 190 UA (hereinafter—HI-STORM)—storage cask; 
 HI-TRAC 190 UA (hereinafter—HI-TRAC)—transfer cask; 
 cask transfer facility (CTF); 
 cask transfer device (CTD); 
 vertical cask transporter (VCT); 
 a rail car transporter for the HI-STAR. 

 

14.2 Service Life 
 

The planned service life is up 100 years, including the active period (accumulation and 
storage of casks with SFAs) of up to 50 years and the subsequent passive period (storage of casks 
with SFAs). 

 

14.3 Socio And Economic Need For The Proposed Activity 
 

The social and economic need for the planned activity is the assurance of sustained long-
term operation of Ukraine’s nuclear power plants. 

The CSFSF construction will make it possible to make use of own spent nuclear fuel storage 
facilities, and avoid dependence from spent nuclear fuel storage services provided abroad. 

 

14.4 Need For Resources During Construction And Operation 
 
 

14.4.1 Land Resources 
 

In order to implement the planned activities, the land plot of 18.2 hectares was allocated for 
permanent use. The intended purpose of the land plot, in accordance with the Classifier [99], is 
“1.10.5, Construction of the Central Spent Fuel Storage Facility for the VVER Reactors of Nuclear 
Power Plants of Ukraine.” 

 
14.4.2 Primary Resources 
 

Basic structures and materials, precast concrete and reinforced concrete elements, metal 
structures, concrete, rubble, sand, bricks, concrete blocks, cement and other materials will be 
supplied from specialized enterprises in Kiev and Zhitomir regions of Ukraine. 

 

14.4.3 Energy Resources  
 

The CSFSF uses one type of fuel — diesel fuel. 
Fuel consumption on the site during construction of the CSFSF is 94.254 t/year. 
The total annual fuel consumption by the CSFSF site during the operation is 25 m³/year. 
The annual energy consumption during construction of the CSFSF is 1671.06 thousand 

kWh/year. 
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The annual energy consumption during operation of the CSFSF is 4,750.98 thousand 

MWh/year. 
 

14.4.4 Water Resources  
 

The annual water consumption during construction of the CSFSF is 7,233 m3/year. 
The annual water consumption during operation of the CSFSF is 3,309.5 m3/year. 

 

14.4.5 Human Resources  
 

Construction will be carried out by the Ukrainian construction and assembly companies. The 
maximum demand for human resources 430 people per day, including the biggest shift of 280 
people (70% of the total staffing requirements). 

The number of the CSFSF staff is preliminarily assessed at 161 people of permanent staff 
and 95 people in the maximum shift. 

Beside the personnel of the CSFSF, according to the National Guard of Ukraine, there will 
be up to 58 servicemen of the National Guard in ordinary daily duty, and up to 68 servicemen in 
strengthened duty. 
 

 
14.4.6 Transport  
 

The transport resources available during construction and operation are as follows: 
 rail transport (general-purpose and specialized transport) — a network of public and 

on-site railway tracks; 
 road transport (civil and passenger transport) — existing roads. 

 

14.5 Process Waste and Opportunity for Their Reuse, Recycling, Decontamination 
or Safe Disposal 
 

The process waste and the opportunity for their reuse, recycling, utilization, decontamination 
or safe disposal: non-radioactive waste will be disposed of in public dumps, radioactive waste will be 
collected, stored temporarily and sent to the specialized facilities for recycling/disposal. 

 

14.6 Environmental And Other Constraints On The Proposed Activity 
 

The ecological and sanitary-epidemiological restrictions applied to the construction and 
operation of the CSFSF are aimed at the implementation of the proposed activity and operation 
without deterioration of the existing environmental performance around the CSFSF, taking into 
account the compliance with the limits of radiation-hygienic parameters established by DGN 6.6.1- 
6.5.001-98 [101] and DGN 6.6.1-6.5.061-2000 [102]. 
 

Also, the environmental and sanitary-epidemiological limits are determined by the presence 
of control limits, threshold levels and levels of action as to the radioactive contamination of the sites 
for the exclusion and compulsory resettlement zone [112]. 
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Moreover, the environmental and sanitary-epidemiological limits are determined by the 

presence of the sanitary protection zone around the designed site, according to DSP-173-96 [100]. 
The size of the sanitary protection zone and a surveillance zone defined in CSFSF TEOI 

CSFSF [104]. 
 the sanitary protection zone — within 100 m from the border of the site, taking into 

account the geometry of the CSFSF site; 
 the CSFSF control zone — within 600 m from the storage site. 
As part of the fire safety design for object, the following restrictions are established: 
 the buildings and structures are located on the site of the enterprise with regard for the 

minimum required distances (fire breaks) between them, as established by SNIP II-89-80* [50]. 
 the limitations concerning the fire resistance of the buildings and structures (degree of 

fire resistance) stipulated by the fire resistance classes of the building structures established by 
DBN V.1.1-7-2002 [17]. 

 the number of storeys and the floor areas of buildings within the fire compartments are 
limited by the requirements of SNiP 2.09.02-85 [118], SNiP 2.11.01-85 [119], DBN V.2.2-28:2010 
[120]. 

 the restrictions as to the equipment of the enterprise territory, the buildings and 
structures, the systems, indoor and outdoor fire water supply, fire-protection systems (fire alarm, 
automatic fire suppression, fire warning and evacuation, smoke detection, centralized fire 
monitoring, lightning protection), as well as the implementation of the measures in fire protection of 
the engineering systems not related to the fire-protection system (heating and ventilation systems, 
electrical systems, emergency lighting systems, etc.) are set by DBN V.2.5-56:2014 [22], DBN V.2.5-
64:2012 [46], DBN V.2.5-67:2013 [121], DBN V.2.5-74:2013 [20], DBN V.2.5-28:2006 [21], DSTU B 
V.2.5-38:2008 [26], NPAOP 40.1-1.32-01 [122], PUE [16] and others. 

 during operation of the enterprise, the restrictions are applied in terms of performance 
of a set of organizational and technical measures to ensure fire safety conditions and in accordance 
with the requirements of NAPB A.01.001-2014 [27]. 

Fire safety restrictions are described in Volume 9 (571402.201.009-PB). 
The planning terms and restrictions are provided in Appendix D, Volume 12.2. 

Environmental Impact Assessment. Part 2. Annexes. 
 

14.7 Public Participation 
 

For the purpose of informing the public about the proposed activity, taking into account the 
requirements of the Convention On Access To The Information, Public Participation In Decision-
Making And Access To Justice In The Environmental Matters” [58] ratified by Ukraine on July 06, 
1999 [59], the following actions were take at the feasibility study stage: 

 publication of the Statement of Intent (25.01.2007); 
 holding of a public consultation process on the construction of the central storage 

facility for nuclear fuel from the VVER nuclear power plants of Ukraine (after 06.02.2008); 
 holding of a round table in Slavutych on the construction of the CSFSF (28.02.2008); 
 holding of a round table in Ivankiv on the construction of the CSFSF (01.03.2008); R
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 public hearings on the planned activity in Slavutych, Kyiv Region (22.03.2008); 

publication of the Environmental Impact Statement (07.03.2007). 
Following the principles of the environmental policy of National Nuclear Energy Generating 

Company “Energoatom” and in accordance with the requirements of the legislation of Ukraine, the 
information on the proposed activity is kept up to date on the website of the National Nuclear Energy 
Generating Company “Energoatom”. The links to the materials on the public relations under the 
CSFSF project are posted on the official website of the National Nuclear Energy Generating 
Company “Energoatom” as shown in Table 14.1. 

 
Table 14.1 — Links To The Materials On Public Relations Under The CSFSF Project 

 
 
 
 
 
 

 
For the purpose of informing the public about the planned activity, the Project stage involves 

the following actions: 
 publication of the Environmental Impact Statement; 
 information update on the website of National Nuclear Energy Generating Company 

“Energoatom”. 
 

14.8 Assessment Of Impact Of Construction, Operation And Accidents At The 
CSFSF On The Territory Of The Neighboring States 
 

On stage IFS stage [104], in accordance with the Convention on Environmental Impact 
Assessment in a Transboundary Context [115], ratified by Ukraine on 19 March 1999 [117], the 
activities in the neighbouring states in raising awareness about the possible impact of the CSFSF 
were held. 

 

14.9 Obligations In Relation To Environmental Safety 
 

General designer — Public Joint Stock Company “Kyiv Research and Design Institute 
‘Energoproect’”(PJSC KIEP) will supervise the compliance of the activities with the design solutions. 

Operating organization — Energoatom National Nuclear Energy Generating Company — will 
ensure: 
 safe operation in accordance with the regulations, operating instructions, and 

technological regulations valid in Ukraine; 
 appropriate management structure, and maintenance personnel qualification; 
 continuous monitoring during operation, ensuring the implementation of environmental 

safety measures. 
 

14.10 Results Of The Environmental Impact Assessment Of The Planned Activity 
 

No thermal pollution or evaporation is expected during operation of the CSFSF. The CSFSF 
operation does not affect the sunlight exposure intensity, temperature, wind velocity, 
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humidity, atmospheric inversions, fog duration, and other climate features. With that being said, there 
is no impact on the climate and microclimate. 

Under normal conditions of work and in case of accidents, additional radiation exposure is 
extremely insignificant. 

Due to a sufficient distance from the site to the territories with controlled levels of the living 
environment, the pollutant emissions will not have negative impact on health and lifestyle of the 
population of the adjacent areas. Analysis of the results of the calculations of surface pollutant 
concentrations shows that implementation of this project is performed with adherence to the 
respective sanitary and hygienic standards for each pollutant considered. 

In terms of air pollution, the operation of the facility is permissible. 
The acoustic effects of the operation of the facility will be permanent and will accompany the 

activities on the site during the whole operation period. Analysis of the obtained results of the 
calculations of acoustic effects show that the noise discomfort zone of the technological equipment 
does not exceed the boundaries of the SPZ and will not affect the formation of further sound field. 

Operation of the facility, in terms of expected noise, is acceptable. 
The impact of electric and electromagnetic fields during operation of the facility will be 

permanent during the whole operation period. The impact of electrical equipment (transformers, 
generators, electrical drives, diesel generator power units) is absent. The impact of radio antennas 
is permissible. Due to a quite large distance from the facility to the territories with controlled quality 
of the living environment, the site operation will not result in exceeding the sanitary and hygienic 
standards. Electromagnetic field generated around the radio facilities (radio antennas) is safe for the 
human health. 

Operation of the facility, in terms of electric and electromagnetic impact, is acceptable. 
There are no active karst and karst-suffosion processes, as well as landslides and shifts that 

could lead to disruption of normal operation of the facility. 
Implementation of this project gives no direct discharges into the aquatic environment. 

 
Results of the environmental impact assessment are provided in the project with 

consideration of refinement of the CSFSF technology, equipment and infrastructure and with 
consideration of requirements of normative-legal acts in the field of environmental protection, and 
confirm the EIA results represented in the investment feasibility study. Environmental impact of the 
planned activity is acceptable. 

Radiation contamination risk assessment 
 the impact on the environment does not exceed the current state of the environment, 

does not exceed the exposure standards valid for the E&CRZ, and can be considered acceptable 
(according to the reference levels) 

Assessment of the human health risk from air pollution by chemicals 
 the risk of non-carcinogenic effects is extremely low, the likelihood of adverse effects 

increases pro rate to the increase of the hazard coefficients for certain substances; 
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 the risk of carcinogenic effects is conditionally acceptable; 
 the social risk of the planned activities is conditionally acceptable. 
Analysis of the results obtained from the performed calculations and assessment of the 

CSFSF radiation impact shows that the risk of the facility for the environment and public health is 
acceptable. 

Analysis of the results obtained from the performed calculations during assessment of the 
risk of the air pollution with chemical contaminants to the public health shows that the risks of the 
planned activity impact on the environment are assumed acceptable. 

Upon the assessment of the risks, implementation of this project is not subject to any 
restriction. 
The analysis of the design values of radiation impact on the components of the environment 

in the border areas of the Republic of Belarus as a result of construction, normal operation and 
accidents at the CSFSF, carried out and the design stage, proves the conclusions state in the IFS 
as to the transboundary impact of the CSFSF. 

According to the results of analysis, the environmental impact of the planned facility during 
construction and operation is considered acceptable. 

The materials of environmental impact assessment are available in Volumes 12.1, 
“Environmental Impact Assessment. Part 12.1. EIA Materials”, and 12.2, “Environmental Impact 
Assessment. Part 1. Materials 12.2 EIA and environmental impact assessment. Part 2. Annexes.” 
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15 ASSESSMENT OF SAVINGS FROM IMPLEMENTATION OF 
ENERGY-EFFICIENCY MEASURES 

An assessment of efficiency of the measures to save energy has been carried out in 
conformity with DBN B.2.6-31:2006 [44] State Building Regulation. 

In order to determine whether the existing walls and coverings meet the requirements 
of DBN B.2.6-31:2006 [44], thermotechnical calculations of enclosing structures have been 
conducted for  the buildings as follows: 

 acceptance building; 
 administrative building (CD facility); 
 maintenance building with МPC storage room;  
 security facilities complex; 
 guard building (CD facility); 
 checkpoint 1; 
 checkpoint 2; 
 electrical equipment building; 
 fire pump station; 
 garage. 

Design of heating, ventilation and air conditioning systems for CSFSF construction 
buildings includes the measures that, when meeting quality and operational requirements, 
will contribute to an efficient use of thermal energy and minimize heat losses to the 
environment. 

 
15.1  Source Data 

 
Design parameters of outside air for heating and ventilation systems have been 

assumed as per DSTU-H B B.1.1-27:2010 State Standard “Building Climatology” [106]: 
 temperature of the cold period for calculating heating and ventilation systems is minus 22oC; 
 temperature of the warm period for calculating ventilation systems is minus +23oC; 
 temperature of the cold period of year for calculating air conditioning systems is +28oC; 
 average annual relative humidity is 74%. 

 

15.2 Thermotechnical Calculation of Enclosing Structures for Offuice Building 
(CD Facility), Guard Building (CD Facility), Checkpoint 1 and Checkpoint 2 

 
As required by Item 2.1 of DBN B.2.6-31:2006 [44], it is mandatory for enclosing 

structures that the following condition is met: 
 
 RΣred≥Rqmin    (15.1) 
 
where RΣred is a reduced resistance to heat transfer of the enclosing  structure, 

m2.K/W; 
Rqmin is a minimum allowable resistance to heat transfer of the enclosing  structure, 

m2.K/W. 
As required by Item 2.2 of DBN B.2.6-31:2006 [44], the minimum allowable value of 

resistance to heat transfer of the enclosing structure Rqmin , m2.K/W, for civil buildings should 
be established according to Table 1 of DBN B.2.6-31:2006 [44] depending on: 
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 the temperature in the facility operation area as per Appendix B [44]; 
 heat-to-humidity conditions as per Appendix G [44]. 

As follows from Appendix B to DBN B.2.6-31:2006 [44], the construction object is 
located in the operation temperature area I. 

As follows from Appendix G to DBN B.2.6-31:2006 [44], at the preset temperature of 
inside air in the cold period (+18oC), a normal heat-to-humidity condition for the premises is 
designed with a relative humidity of inside air not exceeding 60%. 

Under normal heat-to-humidity conditions in keeping with Appendix K [44], we assume 
“B” conditions for operation of material in the enclosing structures. 

For the wall cladding of buildings in the operation temperature area I, a minimum 
allowable resistance to heat transfer must be: 
 Rqmin = 3.3 (m2 x K)/W (Table 1, [44]). 
 A minimum thickness δ (m) of thermal covering was derived from the boundary 
condition to meet the requirement of (1) RΣred≥Rqmin, i.e. for the condition of: 
 (RΣred=Rqmin) (15.2) 
 As the condition (1) is verified, the reduced resistance to heat transfer of the enclosing 
structure, RΣred m2.K/W, is calculated as per Appendix I (Item 2.10 [44]) by (I.1): 
 

          (15.3) 
 
 where αB = 8.7 W/(m2 x K) is a heat transfer coefficient, W/(m2.K), of the inner surface of 
enclosing structure ([44], Appendix E); 
 α3 = 23 W/(m2 x K) is a heat transfer coefficient for winter conditions, W/(m2 x K), of the 
outer surface of enclosing structure ([44], Appendix E); 
 δi is the thickness of the i-th layer of the structure, m; 
 λi is the heat conductivity, W/(m.K), of the i-th layer of the structure under the rated duty, 
according to Item 2.11 and Appendix Л [44]. 
 

 15.2.1 Office Building (CD Facility) 
 
 Wall cladding is composed as follows: 

 ventilated façade from 4 mm thick composite panels (neglected for the calculation); 
 IZOVAT-80 mineral wool slabs, density of 80 kg/m3, thickness is to be defined by design, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.041 W/(m.K); 
 walls are made from foam concrete blocks D700 600x400x300 DSTU B B.2.7.137:2008 [107], density of 

630-740 kg/m3, thickness of 400 mm, an estimated heat transfer coefficient for operational conditions 
B is λB = 0.27 W/(m.K) (Table 1 of DBN B.2.6-31:2006 [44]). 
 
 For the wall cladding of buildings in the operational temperature area I, a minimum allowable 
resistance to heat transfer must be: 

Rqmin = 3.3 (m2 x K)/W (Table 1, DBN B.2.6-31:2006 [44]). 
For a multi-layer structure, resistance to heat transfer, Rconst (m2.K/W), is calculated by (5) 

DBN B.2.6-31:2006 [44]: 
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The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found by 

(I.1): 

 
 

 A minimum thickness, δ (m), of the thermal covering is found from the boundary condition: 
(RΣred=Rqmin) 
(RΣred = 1.639 + δ/0.041) = (Rqmin= 3.3) 
1.639 + δ/0.041 = 3.3 
δ/0.041 = 3.3 – 1.639 
δ = (3.3 – 1.639) x 0.041 = 0.0681 m 
Assume δ = 100 mm considering slab fabrication conditions. 
The requirements of Item 2.1 DBN B.2.6-31:2006 [44] regarding the mandatory compliance 

with the condition (1) with the designed thickness of the heat-insulation layer being 100 mm are 
met: 

[RΣred = 4.078 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-80 

mineral wool slabs (density of 80 kg/m3). 
 
Basement is made of the following materials: 

 10 mm thick ceramic granite tile (neglected for the calculation); 
 Ceresit CT 17 bonding aggregate (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness being defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 walls made from foam concrete blocks D700 600x400x300 DSTU B B.2.7.137:2008 [107], density 

of 630-740 kg/m3, thickness of 300 mm, an estimated heat transfer coefficient for operational 
conditions B is λB = 0.27 W/(m.K) (Item 56 of Table Л.1 [44]). 

 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable resistance to heat transfer must be: 

Rqmin = 3.3 (m2 x K)/W (Table 1, DBN B.2.6-31:2006 [44]). 
For a multi-layer structure, resistance to heat transfer, Rconst (m2.K/W), is found by: 
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 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found by (I.1): 

 
 A minimum thickness, δ (m), of the thermal covering is found from the boundary condition: 

(RΣred=Rqmin) 
(RΣred = 1.639 + δ/0.045) = (Rqmin= 3.3) 
1.639 + δ/0.045 = 3.3 
δ/0.045 = 3.3 – 1.639 
δ = (3.3 – 1.639) x 0.045 = 0.075 m 
Assume δ = 100 mm considering slab fabrication conditions. 
The requirements of Item 2.1 DBN B.2.6-31:2006 [44] regarding the mandatory compliance 

with the condition (1) with the designed thickness of the heat-insulation layer being 100 mm are met: 
[RΣred = 3.861 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Roof covering is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane mounted mechanically (neglected for the calculation);  
 50 mm thick insulant – 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 
 insulant – 1 layer of IZOVAT mineral wool slabs, thickness to be determined by the calculation, 

density of 110 kg/m3, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs, density of 110 kg/m3, average thickness of 100 mm 
(neglected for the calculation); 

 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 200 mm thick reinforced concrete plates, an estimated heat transfer coefficient for operational 

conditions B is λB = 2.04 W/(m.K). 
For the roof covering of buildings in the operational temperature area I, a minimum allowable 

resistance to heat transfer must be: 
Rqmin = 4.95 (m2 x K)/W (Table 1, DBN B.2.6-31:2006 [44]). 
For a multi-layer structure, resistance to heat transfer, Rconst (m2.K/W), is found by (5) DBN B.2.6-
31:2006 [44]: 
 

 
 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 
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 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.342 + δ/0.042) = (Rqmin= 4.95) 
1.342 + δ/0.042 = 4.95 
δ/0.042 = 4.95 – 1.342 
δ = (4.95 – 1.342) x 0.042 = 0.151 m 
Assume δ = 200 mm considering slab fabrication conditions. 
The requirements of Item 2.1 DBN B.2.6-31:2006 [44] regarding the mandatory compliance 

with the condition (1) with the designed thickness of the heat-insulation layer being 200 mm (0.2 m) 
are met: 

[RΣred = 6.1 m2.K/W] ≥ [Rqmin = 4.95 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 200 mm (0.2 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 
Thermotechnical calculations for enclosing structures of the guard (CD facility), checkpoint 1 

and checkpoint 2 buildings have been carried out in a similar manner. Results of the calculations are 
given in Table 15.1. 

 

15.2.2 Guardhouse (CD Facility) 
 
Wall cladding is made from the materials as follow: 

 ventilated façade from 4 mm thick composite panels (neglected for the calculation); 
 IZOVAT-80 mineral wool slabs, density of 80 kg/m3, thickness is to be defined by design, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.041 W/(m.K); 
 walls are made from foam concrete blocks D700 600x300x300 DSTU B B.2.7.137:2008 [107], 

density of 630-740 kg/m3, thickness of 400 mm, an estimated heat transfer coefficient for operational 
conditions B, λB, is 0.27 W/(m.K) (Item 56 of Table Л.1 of DBN B.2.6-31:2006 [44]). 

After the calculation has been carried out basing on the slab fabrication condition, we assume 
δ to be 100 mm. 

The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 
with the designed thickness of the heat-insulation layer being 100 mm (0.1 m) are met: 

[RΣred = 3.708 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-80 

mineral wool slabs (density of 80 kg/m3). 
 

Basement is made of the following materials: 
 10 mm thick façade ceramic granite tile (neglected for the calculation); 
 Ceresit CT 17 bonding aggregate (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
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 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 
estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 

 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 walls made from foam concrete blocks D700 600x300x300 DSTU B B.2.7.137:2008 [107], density of 

630-740 kg/m3, thickness of 300 mm, an estimated heat transfer coefficient for operational 
conditions B is λB = 0.27 W/(m.K) (Item 56 of Table Л of DBN B.2.6-31:2006  [44]). 

 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 100 mm. 
The requirements of Item 2.1 of DBN B.2.6-31:2006   [44] regarding the mandatory 

compliance with the condition (1) with the designed thickness of the heat-insulation layer being 100 
mm (0.1 m) are met: 

[RΣred = 3.491 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Roof covering is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted mechanically (neglected for the 
calculation);  

 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 
heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 

 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 
by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs, density of 110 kg/m3, average thickness of 100 mm 
(neglected for the calculation); 

 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 200 mm thick reinforced concrete plates, an estimated heat transfer coefficient for operational 

conditions B is λB = 2.04 W/(m.K). 
 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 200 mm. 
The requirements of Item 2.1 of DBN B.2.6-31:2006   [44] regarding the mandatory 

compliance with the condition (1) with the designed thickness of the heat-insulation layer being 200 
mm (0.2 m) are met: 

[RΣred = 5.88 m2.K/W] ≥ [Rqmin = 4.95 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 200 mm (0.2 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.2.3 Checkpoint 1 
 
Wall cladding is made from the materials as follow: 

 ventilated façade  (neglected for the calculation); 
 IZOVAT-80 mineral wool slabs, density of 80 kg/m3, thickness is to be defined by design, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.041 W/(m.K); 
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 walls from foam concrete blocks D700 600x300x300 DSTU B B.2.7.137:2008 [107], density of 630-
740 kg/m3, thickness of 350 mm, an estimated heat transfer coefficient for operational conditions B, 
λB, is 0.27 W/(m.K) (Item 56 of Table Л.1 [44]). 

After the calculation has been carried out basing on the slab fabrication condition, we assume 
δ to be 100 mm. 

The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 
with the designed thickness of the heat-insulation layer being 100 mm (0.1 m) are met: 

[RΣred = 3.893 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-80 

mineral wool slabs (density of 80 kg/m3). 
 
Basement is made of the following materials: 

 10 mm thick façade ceramic granite tile RAL 7004 (neglected for the calculation); 
 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 walls from foam concrete blocks D700 600x300x300 DSTU B B.2.7.137:2008 [107], density of 630-

740 kg/m3, thickness of 350 mm, an estimated heat transfer coefficient for operational conditions B 
is λB = 0.27 W/(m.K) (Item 56 of Table Л.1 [44]). 

 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 100 mm. 
The requirements of Item 2.1 of DBN B.2.6-31:2006   [44] regarding the mandatory 

compliance with the condition (1) with the designed thickness of the heat-insulation layer being 100 
mm (0.1 m) are met: 

[RΣred = 3.491 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Roof covering is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted mechanically (neglected for the 
calculation);  

 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 
heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 

 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 
by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs, density of 110 kg/m3, average thickness of 100 mm 
(neglected for the calculation); 

 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
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 200 mm thick reinforced concrete plates, an estimated heat transfer coefficient for operational 
conditions B is λB = 2.04 W/(m.K). 

 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 200 mm. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the designed thickness of the heat-insulation layer being 200 mm (0.2 m) are met: 
[RΣred = 5.88 m2.K/W] ≥ [Rqmin = 4.95 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 200 mm (0.2 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.2.4 Checkpoint 1 
 
Wall cladding is made from the materials as follow: 

 ventilated façade  (neglected for the calculation); 
 IZOVAT-80 mineral wool slabs, density of 80 kg/m3, thickness is to be defined by design, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.041 W/(m.K); 
 walls from foam concrete blocks D700 600x300x300 DSTU B B.2.7.137:2008 [107], density of 630-

740 kg/m3, thickness of 350 mm, an estimated heat transfer coefficient for operational conditions B, 
λB, is 0.27 W/(m.K) (Item 56 of Table Л.1 [44]). 

 
After the calculation has been carried out basing on the slab fabrication condition, we assume 

δ to be 100 mm. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the designed thickness of the heat-insulation layer being 100 mm (0.1 m) are met: 
[RΣred = 3.893 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-80 

mineral wool slabs (density of 80 kg/m3). 
 
Basement is made of the following materials: 

 10 mm thick façade ceramic granite tile RAL 7004 (neglected for the calculation); 
 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 2 mm thick Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 walls from foam concrete blocks D700 600x350x300 DSTU B B.2.7.137:2008 [107], density of 630-

740 kg/m3, thickness of 350 mm, an estimated heat transfer coefficient for operational conditions B 
is λB = 0.27 W/(m.K) (Item 56 of Table Л.1 [44]). 

 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 100 mm. 
The requirements of Item 2.1 of DBN B.2.6-31:2006   [44] regarding the mandatory 

compliance with the condition (1) with the designed thickness of the heat-insulation layer being 100 
mm (0.1 m) are met: 

[RΣred = 3.491 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
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The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-145 
mineral wool slabs (density of 145 kg/m3). 

 
Roof covering is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC membrane mounted mechanically (neglected for the calculation);  
 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 
 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 

by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 grade D400 light concrete on the slope, 20-150 mm thick, an estimated heat transfer coefficient for 

operational conditions B is λB = 0.23 W/(m.K). 
 200 mm thick reinforced concrete plates, an estimated heat transfer coefficient for operational 

conditions B is λB = 2.04 W/(m.K). 
 
After the calculation has been carried out basing on the slab fabrication condition, we 

assume δ to be 200 mm. 
The requirements of Item 2.1 of DBN B.2.6-31:2006 [44] regarding the mandatory 

compliance with the condition (1) with the designed thickness of the heat-insulation layer being 200 
mm (0.2 m) are met: 

[RΣred = 5.97 m2.K/W] ≥ [Rqmin = 4.95 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 200 mm (0.2 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.3 Thermotechnical Calculation of Enclosing Structures for Acceptance 
Building  
 
The acceptance building consists of two structural blocks: 

 Acceptance building (within axes 1-8, A-B): central block (a space for transport and service 
operations); 

 Acceptance building (within axes 1-8, A-D): auxiliary block. 

 
15.3.1 Thermotechnical Calculation of Enclosing Structures for Acceptance Building (within 
Axes 1-8, A-B) 

 
 As required by Item 2.1 of DBN B.2.6-31:2006 [44], it is mandatory for outer fences that 
the following condition is met: 

 
 RΣred≥Rqmin    (15.1) 
 
where RΣred is a reduced resistance to heat transfer of the enclosing  structure, 

m2.K/W; 
Rqmin is a minimum allowable resistance to heat transfer of the enclosing  structure, 

m2.K/W. 
As required by Item 2.4 of DBN B.2.6-31:2006 [44], the minimum allowable value of 

resistance to heat transfer of the enclosing structure Rqmin , m2.K/W, for production buildings 
should be established according to Table 2 of DBN B.2.6-31:2006 [44] depending on: 
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 the temperature in the facility operation area as per Appendix B [44]; 
 heat-to-humidity conditions as per Appendix G [44]; 
 thermal inertia of the enclosing structure D that is found by the formula (4) [44]. 

As follows from Appendix B [44], the construction object is located in the operation 
temperature area I. 

As follows from Appendix G [44], at the given (≤12oC) temperature of inside air in the 
cold period (≤12oC), a normal heat-to-humidity condition for the premises is assigned with a 
relative humidity of inside air not exceeding 75%. 

Under normal heat-to-humidity conditions in keeping with Appendix K [44], conditions 
“B” are assumed for operation of material in the enclosing structures. 

The thermal inertia for the structure assumed using the formula (4) of DBN B.2.6-
31:2006 [44] will be: 

  

  
 
where Ri is a thermal resistance, m2.K/W, of a layer in the multi-layer enclosing 

structure; 
Si is an estimated heat absorption coefficient for a separate layer of the enclosing 

structure given operating condition B, W/(m2.K), according to Appendix L [44]. 
 For buildings in the operational temperature area I, a minimum allowable heat 

transfer resistance (under a normal  heat-to-humidity condition for premises where D>1.5 
must be: 

 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for wall cladding; 
 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for basement; 
 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for roof covering. 

 A minimum thickness δ (m) of thermal covering was derived from the boundary 
condition to meet the requirement of (1) RΣred≥Rqmin, i.e. for the condition of: 
 (RΣred=Rqmin)  
 As the condition (1) is verified, the reduced resistance to heat transfer of the enclosing 
structure, RΣred m2.K/W, is calculated as per Appendix I (Item 2.10 of DBN B.2.6-31:2006 
[44]) by (I.1): 

  
             
 where αB = 8.7 W/(m2 x K) is a heat transfer coefficient, W/(m2.K), of the inner surface of 
enclosing structure ([44], Appendix E); 
 α3 = 23 W/(m2 x K) is a heat transfer coefficient for winter conditions, W/(m2 x K), of the 
outer surface of enclosing structure ([44], Appendix E); 
 δi is the thickness of the i-th layer of the structure, m; 
 λi is the heat conductivity, W/(m.K), of the i-th layer of the structure under the rated duty, 
according to Item 2.11 and Appendix Л [44]. 
 

Wall cladding is made from the materials as follow: 
 corrugated sheet (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
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 300 mm thick reinforced concrete wall, an estimated heat transfer coefficient for operational 

conditions B, λB, is 2.04 W/(m.K) (Item 81 of Table Л.1 of DBN B.2.6-31:2006 [44]). 

 
The thermal inertia for the structure assumed using the formula (4) of DBN B.2.6-

31:2006 [44] will roughly be: 

  
 

 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under a normal  heat-to-humidity condition for premises 
where D>1.5 must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by (5) of  

DBN B.2.6-31:2006 [44]: 
 

   
 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

 
 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 0.305 + δ/0.045) = (Rqmin= 1.7) 
0.305 + δ/0.045 = 1.7 
δ/0.045 = 1.7 – 1.305 
δ = (1.7 – 0.305) x 0.045 = 0.062775 m 
δ is accepted as 70 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the assigned thickness of the heat-insulation layer being 70 mm (0.07 m) are met: 
[RΣred = 1.861 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 70 mm (0.07 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Roof covering is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1 layer - 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted mechanically (neglected 
for the calculation); 
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 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 
 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 

by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 200 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]). 
 
The thermal inertia for the structure assumed using the formula (4) of DBN B.2.6-

31:2006 [44] will roughly be: 
 

 
 
For the roof covering of buildings in the operational temperature area I, a minimum 

allowable heat transfer resistance (under a normal  heat-to-humidity condition for premises 
where D>1.5 must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) of DBN B.2.6-31:2006 [44]: 
 

   
 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 
 

 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.174 + δ/0.042) = (Rqmin= 1.7) 
1.174 + δ/0.042 = 1.7 
δ/0.042 = 1.7 – 1.174 
δ = (1.7 – 1.174) x 0.042 = 0.02209 m 
δ is accepted as 50 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1 [44] of DBN B.2.6-31:2006 regarding the mandatory 

compliance with the condition (1) with the assigned thickness of the heat-insulation layer being 50 
mm (0.05 m) are met: 

[RΣred = 2.364 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
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15.3.2 Thermotechnical Calculation of Enclosing Structures for Acceptance 
Building (within Axes 1-8, B-D) 
 

Wall claddings (within axes 1-8, B-D) are made from the materials as follow: 
 corrugated sheets (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 300 mm thick foam concrete wall, D700 600x300x300 DSTU B.2.7-137:2008, density of 630-740 

kg/m3, an estimated heat transfer coefficient for operational conditions B, λB, is 0.27 W/(m.K) (Item 
56 of Table L.1 [44]). 

 
 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance must be: 

Rqmin = 3.3 (m2 x K)/W (Table 1 [44] 
A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 

condition to meet the requirement (1) (RΣred≥Rqmin), i.e. for the condition: 
(RΣred=Rqmin) 
To verify the condition (1), the reduced heat transfer resistance of the enclosing structure, 

RΣred (m2.K/W), is found in accordance with Appendix I [44], Item 2.10, using the formula (I.1): 
 

    
 where αB = 8.7 W/(m2 x K) is a heat transfer coefficient, W/(m2.K), of the inner surface of 
enclosing structure ([44], Appendix E); 
 α3 = 23 W/(m2 x K) is a heat transfer coefficient for winter conditions, W/(m2 x K), of the 
outer surface of enclosing structure ([44], Appendix E); 
 δi is the thickness of the i-th layer of the structure, m; 
 λi is the heat conductivity, W/(m.K), of the i-th layer of the structure under the rated duty, 
according to Item 2.11 and Appendix L [44]. 

 For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the 
formula (5) [44]: 
  

  
 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 
  

 
 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.269 + δ/0.045) = (Rqmin= 3.3) 
1.269 + δ/0.045 = 3.3 

  



Size А4 

213 
 

 
δ/0.045 = 3.3 – 1.269 
δ = (3.3 – 1.269) x 0.045 = 0.0914 m 
δ is accepted as 100 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the assigned thickness of the heat-insulation layer being 100 mm (0.1 m) are met: 
[RΣred = 3.491 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 100 mm (0.1 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Wall basement (within axes 1-8, B-D) is made from the following materials: 

 10 mm thick façade ceramic granite tile, an estimated heat transfer coefficient for the operational 
conditions B (λB = 1.1 W/(m.K) (Item 80, Table L.1 [44]; 

 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B is λB = 0.27 W/(m.K) (Item 56 of Table L, [44]). 

 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance must be: 
 Rqmin = 3.3 (m2 x K)/W (Table 1 [44] 

 For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the 
formula (5) [44]: 
  

 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

 
 
A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 
 (RΣred=Rqmin) 
 RΣred = 1.269 + δ/0.045) = (Rqmin= 3.3) 
 1.269 + δ/0.045 = 3.3 
 δ/0.045 = 3.3 – 1.269 
 δ = (3.3 – 1.269) x 0.045 = 0.0914 m 
 δ is accepted as 100 mm basing on the slab fabrication conditions. 
  



Size А4 

214 
 

 The requirements of Item 2.1 [44] regarding the mandatory compliance with the 
condition (1) with the assigned thickness of the heat-insulation layer being 100 mm (0.1 m) 
are met: 
[RΣred = 3.491 m2.K/W] ≥ [Rqmin = 3.3 m2.K/W]. 

The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 
mineral wool slabs (density of 110 kg/m3). 
 
 Roof covering (within axes 1-8, B-D) is made from the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted  mechanically (neglected for the 
calculation);   

 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 
heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 

 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 
by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 300 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]) 

 
For the roof covering of buildings in the operational temperature area I, a minimum 

allowable heat transfer resistance must be: 
Rqmin = 4.95 (m2 x K)/W (Table 1 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) [44]: 

  
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.1256 + δ/0.042) = (Rqmin= 4.95) 
1.1256 + δ/0.042 = 4.95 
δ/0.042 = 4.95 – 1.1256 
δ = (4.95 – 1.1256) x 0.042 = 0.161 m 
δ is accepted as 200 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the assigned thickness of the heat-insulation layer being 200 mm (0.2 m) are met: 
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[RΣred = 5.88 m2.K/W] ≥ [Rqmin = 4.95 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 200 mm (0.2 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.4 Thermotechnical Calculation for Heated Portion of Maintenance Building 
with MPC Storage Room 
 

As required by Item 2.1 of DBN B.2.6-31:2006 [44], it is mandatory for outside 
enclosing structures that the following condition is met: 

RΣred≥Rqmin 
 where RΣred is a reduced resistance to heat transfer of the enclosing  structure, m2.K/W; 

Rqmin is a minimum allowable resistance to heat transfer of the enclosing  structure, 
m2.K/W. 

As required by Item 2.4 of DBN B.2.6-31:2006 [44], a minimum allowable value of 
resistance to heat transfer of the enclosing structure Rqmin , m2.K/W, for production buildings 
should be established according to Table 2 of DBN B.2.6-31:2006 [44] depending on: 

 the temperature in the facility operation area as per Appendix B [44]; 
 heat-to-humidity conditions as per Appendix G [44]. 
 thermal inertia of the enclosing structure D that is found by the formula (4) [44]. 

As follows from Appendix B [44], the construction object is located in the operation 
temperature area I. 

As follows from Appendix G [44], at the given temperature of inside air in the cold 
period (+5oC), a normal heat-to-humidity condition is assigned for the space with a relative 
humidity of inside air not exceeding 75%. 

Under normal heat-to-humidity conditions in keeping with Appendix K [44], we 
assume “B” conditions for operation of material in the enclosing structures. 
  

Wall claddings are made from the materials as follow: 
 corrugated sheets (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, an 

estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 Wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B, λB, is 0.27 W/(m.K) (Item 56 of Table L.1 [44]). 

 
 The thermal inertia for the structure assumed using the formula (4) [44] will 

roughly be: 

  
 

 where Ri is a thermal resistance, m2.K/W, of a layer in the multi-layer enclosing 
structure; 

Si is an estimated heat absorption coefficient for a separate layer of the enclosing 
structure given operating condition B, W/(m2.K), according to Appendix L [44]. 
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 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under normal heat-to-humidity condition for premises 
where D>1.5) must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 

condition to meet the requirement (1) (RΣred≥Rqmin), i.e. for the condition: 
(RΣred=Rqmin) 
To verify the condition (1), the reduced heat transfer resistance of the enclosing structure, 

RΣred (m2.K/W), is found in accordance with Appendix I [44], Item 2.10, using the formula (I.1): 
  

 
 where αB = 8.7 W/(m2 x K) is a heat transfer coefficient, W/(m2.K), of the inner surface of 
enclosing structure ([44], Appendix E); 
 α3 = 23 W/(m2 x K) is a heat transfer coefficient for winter conditions, W/(m2 .K), of the 
outer surface of enclosing structure ([44], Appendix E); 
 δi is the thickness of the i-th layer of the structure, m; 
 λi is the heat conductivity, W/(m.K), of the i-th layer of the structure under the rated duty, 
according to Item 2.11 and Appendix L [44]. 

For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 
(5) [44]: 

    
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 
   

 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.269 + δ/0.045) = (Rqmin= 1.7) 
1.269 + δ/0.045 = 1.7 
δ/0.045 = 1.7 – 1.269 
δ = (1.7 – 1.269) x 0.045 = 0.019395 m 
Following the calculation, δ is accepted as 50 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1,  DBN B.2.6-31:2006 [44], regarding the mandatory compliance 

with the condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 

[RΣred = 2.380 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
Wall basement  is made from the following materials: 

 10 mm thick façade ceramic granite tile, an estimated heat transfer coefficient for the operational 
conditions B (λB = 1.1 W/(m.K) (Item 80, Table L.1 [44]; 

 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
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 Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B is λB = 0.27 W/(m.K) (Item 56 of Table L, [44]). 

 
Following the calculation, δ is accepted as 50 mm basing on the slab fabrication 

conditions. 
 The requirements of Item 2.1 [44] regarding the mandatory compliance with the 

condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 
[RΣred = 2.389 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 

The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 
mineral wool slabs (density of 110 kg/m3). 

Roof covering is made from the following materials: 
 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 

calculation); 
 1 layer - 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted  mechanically (neglected 

for the calculation);   
 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 
 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 

by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 220 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]) 

 
After the calculation has been completed, δ is accepted as 50 mm basing on the slab 

fabrication conditions. 
The requirements of Item 2.1 [44] regarding the mandatory compliance with the condition (1) 

with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) are met: 
[RΣred = 2.326 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
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15.5 Thermotechnical Calculations of Wall Claddings for Electrical 
Equipment Building, Fire Pump Station and Garage 
 

As required by Item 2.1 of DBN B.2.6-31:2006 [44], it is mandatory for outside 
enclosing structures that the following condition is met: 

RΣred≥Rqmin 
 where RΣred is a reduced resistance to heat transfer of the enclosing  structure, 
m2.K/W; 

Rqmin is a minimum allowable resistance to heat transfer of the enclosing  structure, 
m2.K/W. 

As required by Item 2.4 of DBN B.2.6-31:2006 [44], a minimum allowable value of 
resistance to heat transfer of the enclosing structure Rqmin , m2.K/W, for production 
buildings should be established according to Table 2 of DBN B.2.6-31:2006 [44] 
depending on: 

 the temperature in the facility operation area as per Appendix B [44]; 
 heat-to-humidity conditions as per Appendix G [44]. 
 thermal inertia of the enclosing structure D that is found by the formula (4) [44]. 

As follows from Appendix B [44], the construction object is located in the operation 
temperature area I. 

As follows from Appendix G [44], at the given temperature of inside air in the cold 
period (≤12oC), a normal heat-to-humidity condition is assigned for the space with a 
relative humidity of inside air not exceeding 75%. 

Under normal heat-to-humidity conditions in keeping with Appendix K [44], we 
assume “B” conditions for operation of material in the enclosing structures. 

The thermal inertia for the structure assumed using the formula (4) DBN B.2.6-
31:2006 [44] will roughly be: 

      
where Ri is a thermal resistance, m2.K/W, of a layer in the multi-layer enclosing 

structure; 
Si is an estimated heat absorption coefficient for a separate layer of the enclosing 

structure given operating condition B, W/(m2.K), according to Appendix L [44]. 
 
 For the buildings in the operational temperature area I, a minimum allowable heat 
transfer resistance (under normal heat-to-humidity condition for premises where D>1.5) 
must be: 

 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for wall cladding; 
 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for basement; 
 Rqmin = 1.7 (m2 x K)/W (Table 2 [44] for roof covering. 

 A minimum thickness, δ (m), of the covering heat insulation is found from the 
boundary condition to meet the requirement (1) (RΣred≥Rqmin), i.e. for the condition: 
(RΣred=Rqmin) 
 To verify the condition (1), the reduced heat transfer resistance of the enclosing 
structure, RΣred (m2.K/W), is found in accordance with Appendix I [44], Item 2.10, using 
the formula (I.1): 
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 where αB = 8.7 W/(m2 x K) is a heat transfer coefficient, W/(m2.K), of the inner surface of 

enclosing structure ([44], Appendix E); 
 α3 = 23 W/(m2 x K) is a heat transfer coefficient for winter conditions, W/(m2 .K), of 
the outer surface of enclosing structure ([44], Appendix E); 
 δi is the thickness of the i-th layer of the structure, m; 
 λi is the heat conductivity, W/(m.K), of the i-th layer of the structure under the rated 
duty, according to Item 2.11 and Appendix L [44]. 
 
15.5.1 Calculation of Wall Claddings for Electrical Equipment Building, Fire 
Pump Station and Garage 
 
The wall claddings are made from the materials as follows: 
 
Electrical equipment building: 

 corrugated sheets (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, 

an estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 Wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B, λB, is 0.27 W/(m.K) (Table L.1 [44]). 
  
Fire pump station: 

 corrugated sheets (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, 

an estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 Wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B, λB, is 0.27 W/(m.K) (Item 56, Table L.1 [44]). 

 
Garage: 

 corrugated sheets (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness is to be defined by calculation, 

an estimated heat transfer coefficient for operational conditions B is λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 Wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B, λB, is 0.27 W/(m.K) (Table L.1 [44]). 

 
The thermal inertia for the structure assumed using the formula (4) [44] will 

roughly be: 
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 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under normal heat-to-humidity condition for premises 
where D>1.5) must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) DBN B.2.6-31:2006 [44]: 

  
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 
  

 
 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.269 + δ/0.045) = (Rqmin= 1.7) 
1.269 + δ/0.045 = 1.7 
δ/0.045 = 1.7 – 1.269 
δ = (1.7 – 1.269) x 0.045 = 0.019395 m 
δ is accepted as 50 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1,  DBN B.2.6-31:2006 [44], regarding the mandatory compliance 

with the condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 

[RΣred = 2.380 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 
15.5.2 A Calculation of Wall Basement for Electrical Equipment Building, Fire Pump 
Station and Garage 
 
The wall basement is made from the materials as follows: 
 
Electrical equipment building: 

 10 mm thick façade ceramic granite tile RAL 7004, an estimated heat transfer coefficient for the 
operational conditions B (λB = 1.1 W/(m.K) (Item 90, Table L.1 [44]; 

 Ceresit Cm 17 bonding aggregate; 
 Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
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 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B is λB = 0.27 W/(m.K) (Item 56 of Table L, [44]). 

 
Fire pump station: 

 10 mm thick façade ceramic granite tile RAL 7004, an estimated heat transfer coefficient for the 
operational conditions B (λB = 1.1 W/(m.K) (Item 90, Table L.1 [44]; 

 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B is λB = 0.27 W/(m.K) (Item 56 of Table L, [44]). 
 
Garage: 

 10 mm thick façade ceramic granite tile RAL 7004, an estimated heat transfer coefficient for the 
operational conditions B (λB = 1.1 W/(m.K) (Item 90, Table L.1 [44]; 

 Ceresit Cm 17 bonding aggregate (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 reinforcing fiberglass mesh (neglected for the calculation); 
 Ceresit CT 190 mortar (neglected for the calculation); 
 IZOVAT-145 mineral wool slabs (density of 145 kg/m3), thickness to be defined by calculation, an 

estimated heat transfer coefficient for the operational conditions B (λB = 0.045 W/(m.K); 
 Ceresit CT 190 mortar for bonding heat-insulation slabs (neglected for the calculation); 
 wall from 300 mm thick foam concrete blocks, density of 700 kg/m3, an estimated heat transfer 

coefficient for operational conditions B is λB = 0.27 W/(m.K) (Item 56 of Table L, [44]). 
 
The thermal inertia for the structure assumed using the formula (4) DBN B.2.6-

31:2006 [44] will roughly be: 
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 For the wall cladding of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under normal heat-to-humidity condition for premises 
where D>1.5) must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) DBN B.2.6-31:2006 [44]: 
  

 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

  
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.278 + δ/0.045) = (Rqmin= 1.7) 
1.278 + δ/0.045 = 1.7 
δ/0.045 = 1.7 – 1.278 
δ = (1.7 – 1.278) x 0.045 = 0.01899 m 
δ is accepted as 50 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1,  DBN B.2.6-31:2006 [44], regarding the mandatory compliance 

with the condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 

[RΣred = 2.389 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-145 

mineral wool slabs (density of 145 kg/m3). 
 

15.5.3 A Calculation of Roof Covering for Electrical Equipment Building and Fire Pump 
Station  
 
The roof covering is made from the materials as follows: 
 
Electrical equipment building: 

 10 mm thick pebble-dash (pebble sized 3 to 10 mm) (neglected for the calculation); 
 1 layer - 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted  mechanically (neglected 

for the calculation);   
 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 

heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 
 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 

by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 
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 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 220 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]). 

 
Fire pump station 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted  mechanically (neglected for the 
calculation);   

 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 
heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 

 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 
by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 220 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]) 

 
The thermal inertia for the structure assumed using the formula (4) DBN B.2.6-

31:2006 [44] will roughly be: 

 
 For the roof covering of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under normal heat-to-humidity condition for premises 
where D>1.5) must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) DBN B.2.6-31:2006 [44]: 

  
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

  
 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.136 + δ/0.042) = (Rqmin= 1.7) 
1.136 + δ/0.042 = 1.7 
δ/0.042 = 1.7 – 1.136 
δ = (1.7 – 1.136) x 0.042 = 0.023688 m 
δ is accepted as 50 mm basing on the slab fabrication conditions. 
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The requirements of Item 2.1,  DBN B.2.6-31:2006 [44], regarding the mandatory compliance 

with the condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 

[RΣred = 2.326 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.5.4 Calculation of Garage Building Roof Covering 
 
The roof covering is made of the following materials: 

 10 mm thick pebble-dash for the roof covering (pebble sized 3 to 10 mm) (neglected for the 
calculation); 

 1.2 mm thick PVC PROTAN membrane (Ukraine-made) mounted  mechanically (neglected for the 
calculation);   

 40 mm thick insulant - 1 layer of IZOVAT mineral wool slabs, density of 200 kg/m3, an estimated 
heat transfer coefficient for operational conditions B is λB = 0.046 W/(m.K); 

 insulant – 1 layer of IZOVAT mineral wool slabs, density of 110 kg/m3, thickness to be determined 
by the calculation, an estimated heat transfer coefficient for operational conditions B is λB = 0.042 
W/(m.K); 

 sloping from IZOVAT mineral wool slabs (density of 110 kg/m3, neglected for the calculation); 
 vapor seal – 200 µ thick polyethylene film (neglected for the calculation); 
 foundation - 220 mm thick reinforced concrete plate, an estimated heat transfer coefficient for 

operational conditions B is λB = 2.04 W/(m.K) (Item 81, Table L.1 [44]) 

 
The thermal inertia for the structure assumed using the formula (4) DBN B.2.6-

31:2006 [44] will roughly be: 

 
 For the roof covering of buildings in the operational temperature area I, a minimum 
allowable heat transfer resistance (under normal heat-to-humidity condition for premises 
where D>1.5) must be: 

Rqmin = 1.7 (m2 x K)/W (Table 2 [44] 
For a multi-layer structure, the heat transfer resistance Rconst (m2.K/W) is found by the formula 

(5) DBN B.2.6-31:2006 [44]: 

 
 
 The reduced heat transfer resistance of the enclosing structure, RΣred (m2.K/W), is found 
by (I.1): 

 
 
 A minimum thickness, δ (m), of the covering heat insulation is found from the boundary 
condition: 

(RΣred=Rqmin) 
(RΣred = 1.353 + δ/0.042) = (Rqmin= 1.7) 
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1.353 + δ/0.042 = 1.7 
δ/0.042 = 1.7 – 1.353 
δ = (1.7 – 1.353) x 0.042 = 0.014574 m 
δ is accepted as 50 mm basing on the slab fabrication conditions. 
The requirements of Item 2.1,  DBN B.2.6-31:2006 [44], regarding the mandatory compliance 

with the condition (1) with the assigned thickness of the heat-insulation layer being 50 mm (0.05 m) 
are met: 

[RΣred = 2.543 m2.K/W] ≥ [Rqmin = 1.7 m2.K/W]. 
The accepted thickness of the heat-insulation layer is 50 mm (0.05 m) for IZOVAT-110 

mineral wool slabs (density of 110 kg/m3). 
 

15.6 Conclusions 
 
During the designing process, an economic effect from the use of enclosing structures of the 

buildings having façade heat insulation is attained  through increased thermal resistance of the 
enclosing structures and minimized heat losses. 

For the design of CSFSF buildings and facilities, the enclosing structures have been chosen 
basing on the thermotechnical calculations that would minimize heat losses when the CSFSF 
buildings and facilities are in operation and optimize them when under construction. 

Thicknesses of heat insulation layers for the buildings’ enclosing structures have been 
adopted on the basis of the thermotechnical calculations. Results of the thermotechnical calculations 
are shown in Table 15.1 below. 

 
Table 15.1. Results of a Thermotechnical Calculation of Enclosing Structures 

Description Values of Thermotechnical Calculation Parameters 
D Rqmin RΣred Insulant δ 

 Administrative building (CD 
facility): 
- outside walls 

 
- 

 
3.3 

 
4.078 

 
IZOVAT 80 

 
100 

- outside walls 
basement 

- 3.3 3.861 IZOVAT 145 100 

- roof covering - 4.95 6.1 IZOVAT 110 200 
 Guard building (CD 

facility): 
- outside walls 

 
- 

 
3.3 

 
3.708 

 
IZOVAT 80 

 
100 

- outside walls 
basement 

- 3.3 3.491 IZOVAT 145 100 

- roof covering - 4.95 5.88 IZOVAT 110 200 
 Checkpoint 1: 

- outside walls 
 
- 

 
3.3 

 
3.893 

 
IZOVAT 80 

 
100 

- outside walls 
basement 

- 3.3 3.491 IZOVAT 145 100 

- roof covering - 4.95 5.88 IZOVAT 110 200 
 Checkpoint 2: 

- outside walls 
 
- 

 
3.3 

 
3.893 

 
IZOVAT 80 

 
100 

- outside walls 
basement 

- 3.3 3.491 IZOVAT 145 100 

- roof covering - 4.95 5.97 IZOVAT 110 200 
 Acceptance building: 
 within axes 1-8, A-B: 

 
 

   
 

 

- outside walls 2.79 1.7 1.861 IZOVAT 145 70 
- roof covering 3.457 1.7 2.364 IZOVAT 110 50 

 within axes 1-8, B-D:      
- outside walls - 3.3 3.491 IZOVAT 145 100 
- outside walls 

basement 
- 3.3 3.491 IZOVAT 145 100 

- roof covering - 4.95 5.88 IZOVAT 110 200 
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Description Values of Thermotechnical Calculation Parameters 
D Rqmin RΣred Insulant δ 

 Heated portion of 
maintenance building with 
MPC storage room: 
- outside walls  

 
 

4.42 

 
 

1.7 

 
 

2.380 

 
 

IZOVAT 145 

 
 

50 

- outside walls basement 4.54 1.7 2.389 IZOVAT 145 50 
- roof covering 2.714 1.7 2.326 IZOVAT 110 50 

 Electrical equipment 
building: 
- outside walls 

 
4.42 

 
1.7 

 
2.380 

 
IZOVAT 145 

 
50 

- outside walls basement 4.54 1.7 2.389 IZOVAT 145 50 
- roof covering 2.714 1.7 2.326 IZOVAT 110 50 

 Fire pump station: 
- outside walls 

 
 

4.42 

 
 

1.7 

 
 

2.380 

 
IZOVAT 145 

 
 

50 
- outside walls basement 4.54 1.7 2.389 IZOVAT 145 50 
- roof covering 2.714 1.7 2.326 IZOVAT 110 50 

 Garage: 
- outside walls 

 
4.42 

 
1.7 

 
2.380 

 
IZOVAT 145 

 
50 

- outside walls basement 4.54 1.7 2.389 IZOVAT 145 50 

- roof covering 2.884 1.7 2.543 IZOVAT 110 50 

Note: The following conventions for the parameters are used in Table: 
D – thermal inertia for the structure accepted 
Rqmin – a minimum allowable resistance to heat transfer of enclosing structure, m2.K/W 
RΣred – reduced resistance to heat transfer of enclosing structure, m2.K/W 
δ – the insulant thickness assumed by rounding the design value upward to the nearest value of 
the insulant standard size manufactured, mm 

 
From an analysis of the numerical values of the calculation results presented in the Table 

15.1, it may be concluded that all the chosen heat insulation structures and materials 
characteristically meet the requirement to the basis inequations of the calculation, i.e. the reduced 
heat transfer resistance of all the types of enclosing structures RΣred is greater than the minimum 
allowable values of resistance to heat transfer of the enclosing structures Rqmin. Thus, the design 
options on the heat insulation for all of the CSFSF buildings and facilities will provide for minimum 
allowable heat losses during the entire calendar year that will allow compliance with the required 
regulatory and legal documents for energy efficiency. 

 

15.7 Annual Heat Consumption by Heating Systems 
 
A value of estimated annual heat consumption by the heating system of the guard building, 

Qann, GJ, should be defined by the formula: 
 

Qann heat = [0.086 x Qheat x Sheat x a x b x c] / (ti – to)              15.4 
 

where to = minus 22oC is the temperature of outside air (temperature of the coldest five-day 
stretch having a reliability of 0.92 according to Table 2 of DSTU-H B.1.1-27:2010 [5]; 

ti = 18oC is an estimated averaged temperature of inside air, oC, that is accepted as 
required by the design standards for variable-purpose premises whilst considering a temperature 
buildup versus a ceiling height; 
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Sheat = 3185.6 is a number of degree-days in the heating period that are found by: 
 

Sheat = (ti – theat per)Zheat per                                   (15.5) 
 

where theat per = -0.1 is a mean temperature, oC, of a period having a mean daily air 
temperature which is lower than or equal to 8oC, DSTU-H B.1.1-27:2010 [106]; 

Zheat per = 176 is a duration, days, of a period having a mean daily air temperature which is 
lower than or equal to 8oC, DSTU-H B.1.1-27:2010 [5]; 

Sheat = (18 + 0.1) x 176 = 3185.6 degree-days; 
a = 0.8 is a coefficient which is to be taken into consideration if a heating system is 

equipped with automatic devices for lowering heating capacity in non-duty hours (a = 1 in this 
case); 

b = 0.9 is a coefficient which is to be taken into consideration if the heating units are 
equipped with heat regulators; 

c = 1 is a coefficient which covers absence of an automatic façade-to-façade regulation for 
the system; 

Qheat is an estimated heating capacity, kW, of a heating system. 
 
The estimated heating capacity of the heating system for the guard building, Qheat, kW, is 

found by the formula: 
Qheat = Q1 x b1 x b2 x b3 +Q2 – Q3                   (15.6) 

 
where Q1 = 46 kW is estimated heat losses in the building through the enclosing structures; 
b1 = 1.11 is an averaged coefficient for metering an additional heat flow in the heating units 

installed; 
b2 = 1.02 is a coefficient for metering additional heat losses by the heating units installed 

near outside enclosures; 
b3 = 1.1 is a coefficient which should be taken into account once the heating units are 

equipped with heat regulators; 
Q2 is estimated heat losses, kW, in the pipelines which pass through non-heated spaces. 

This value is neglected in the calculation since the electric heating system is used; 
Q3 is the heat flow which regularly comes from lighting, people, etc. This is not included in 

the calculation due to its minor value. 
The estimated heating capacity of the heating system is then as follows: 
Qheat = 46 x 1.11 x 1.02 x 1.1 = 57.29 kW. 
The value of the estimated annual heat consumption by the heating system, Qann, GJ, is 

found as follows: 
Qann heat = [0.086 x 57.29 x 3185.6 x 1 x 0.9 x 1] / (18 + 22) = 353.14 GJ x 1000 x 0.000278 

= 98.17 MW. 
The heat consumed annually for heating inlet air for through-flow ventilation system which 

is in one-shift operation, kJ/yr, is found by: 
Q = 0,143nmcGn∆tM1K3K1                          (15.7) 

where n = 5 is the number of working days in a week; 
m = 8 is the duration of a shift, hr; 
c is an air specific heat which is 1.005 kJ/kgoC; 
Gn is a maximum consumption of inlet air, kg/hr; 
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where tave cold is a mean air temperature in the coldest month that is found from DSTU-HB.1.1-
27:2010; 

Acold is a mean temperature amplitude, oC, in the year’s coldest month that is found for 
temperature from Appendix 2 to DSTU-HB.1.1-27:2010; 

K1 is a coefficient defined using Table 2 of Guide 9.91 to SNiP 2.04/05-91(Construction 
Rules and Regulations) depending on the duration of the system service during a day; 

K2 is a coefficient defined using Table 2 of Guide 9.91 to SNiP 2.04/05-91(Construction 
Rules and Regulations) depending on the time that falls on the middle of the system’s daily work 
period; 

M1 = 219 is duration of the period when the air heater of the ventilation system consumes 
heat, days; 

M1 = 182.5(∆tk/∆tk,g)0.5                        (15.10) 
 
∆tk,g) is for a through-flow ventilation system 

 
∆tk = tg – tcold                   (15.11) 

 
K3 and K4 are the coefficients defined using Table 3 in Guide 9.91 to SNiP 2.04/05-

91(Construction Rules and Regulations) depending on the duration of the heat-consuming period. 
For the garage: 
Q=0.143x5x8x1.005x5150x1.2x21.08x230x1.06x1.615=112296149.18 kJ/g=31.22 MW 
The calculation has been accomplished for all the buildings under design. The results are 

summarized in Table 15.2. 
 

Table 15.2. Results of Calculations of Annual Heat Consumption by Heating Systems 
  

Building Estimated 
averaged 
inside air 
temper. 

Degree-
days in 

construct. 
Period 

(heating) 

Heat 
losses of 
building, 

kW 

Estimated 
annual heat 
consumption 
by building 

heating 
system, 

Qann, MW 

Inlet air 
temper., 

oC 

Inlet air 
consumed, 

m3/hr 

Estimated 
annual 
heat 

consumed 
by building 
through-

flow 
ventilat. 

Systems, 
Qann, MW 

Acceptance 
building 

18 3185.6 246.0 525.01 10 20000 58.18 
16 5980 31.12 
18 8905 53.98 

Maintenance 
building with 
MPC storage 
room 

16 2833.6 55.0 109.91 16 2740 14.26 
18 1250 7.58 

Administrative 
building (w/o 
CD) 

18 3185.6 47.0 100.31 18 5180 31.40 

Administrative 
building (with 
CD) 

10 1777.6 5.0 7.44 5 1110 1.53 

Electric 
equipment 
building 

10 1777.6 6.0 8/93 16 2840 14.78 

Garage 10 1777.6 97.5 145.14 18 5150 31.22 
24 9500 80.26 
16 13000 66.88 

Fire pump 
station 

5 897.6 18/0 16.04 - - - 

Guard building 
(w/o CD) 

18 3185.6 46.0 98.17 18 1895 51.77 
18 1560 9.46 
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Guard building 
(with CD) 

10 1777.6 4.5 6.70 5 1110 1.53 

Checkpoint 1 18 31.85.6 33.0 70.43 18 1000 27.32 
Checkpoint 2 18 3185.6 7.0 14.94 - - - 
Module building 
(container unit) 

10 1777.6 2.0 2.98 - - - 

Total for the site: 1106.00   481.27 
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16 AVAILABILITY OF CSFSF FOR MOBILITY IMPAIRED 
PEOPLE 

 
The activities at CSFSF relate to those with harmful work environment (a letter from 

Separated Enterprise Atomproektinzhiniring No 03-46/388 dated 20.03.2015). 
As required by Article 169 of the Ukraine Labor Code, the personnel that will be engaged in 

the activities at CSFSF must attend a medical examination through a procedure specified in The 
Procedure for Medical Examinations for Workers of Certain Categories. The Procedure was 
approved by the Ukraine Ministry of Health under its Order No 246 of 21.05.2007 and registered by 
Ukraine Ministry of Justice under No 846/14113 of 23.07.2007. 

In compliance with the customary practice and policy of DP NAEK ENERGOATOM, 
admittance to work at CSFSF is given to personnel having appropriate qualification characteristics, 
a required level of education and not having medical and psychophysical counter-indications 
concerning professions. 

Characteristics of the personnel employed must meet the qualification requirements put in 
given position. 

Mobility impaired people are not thought to be involved in the CSFSF activities.  
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17 PERFORMANCE INDICATORS 
 
Performance indicators are given in Table 17.1.  
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Table 17.1. Performance Indicators 
Indicator Unit of 

measurement 
Quantity Including Start-Up Facilities (SUF) 

Total SUF-1 SUF-2 SUF-3 SUF-4 SUF-5 
Type of Construction – New Construction 

Site area ha 18.2 18.2 - - - - 
Development area ha 4.9 4.9 - - - - 
Life year 100 - - - - - 
Capacity, including: HI-STORM cask 458 4 33 33 24 32 
For VVER-100 reactor HI-STORM cask 388 3 28 29 21 27 
For VVER-440 reactor HI-STORM cask 70 1 5 4 3 5 
Total estimated cost of construction 
in current prices as at 10.11.2016 

K UAH 37 217 475.533 4 760 662.161 2 494 340.966 2 481 843.368 1 806 127.136 2 257 073. 
918 

including:        
 construction work K UAH 445 456.808 415 173.660 2 194.832 2 194.832 1 602.412 2 134.991 
 equipment K UAH 30 455 845.778 3 440 685.221 2 076 288.009 2 065 873.344 1 503 400.129 1 878 624.997 
 others K UAH 6 316 172.947 904 803.280 415 858.125 413 775.192 301 124.595 376 313.930 
Additionally, cost of social-purpose 
facilities (10% of total construction 
estimate) 

 
K UAH 

 
3 721 747.553 

 
476 066.216 

 
249 434.097 

 
248 184.337 

 
180 612.714 

 
225 707.392 

Construction labor input K man-hour 1756.57931 1685.00748 5.103 5.103 3.7113 5.06417 
Number of jobs created job 95 95 - - - - 
 newly created jobs, incl.: job 95 95 - - - - 
Total number of workmen man 161 161 - - - - 
Construction duration month 198 30 12 12 12 12 
Annual needs for:        
 water K m3 3.31 - - - - - 
 power K kW/yr 4750.98 - - - - - 
 oil products (Diesel fuel) t 19.7 - - - - - 
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Table 17.2. Performance Indicators (continued) 
Indicator Unit of measurement Quantity Including Start-Up Facilities (SUF) 

SUF-6 SUF-7 SUF-8 SUF-9 SUF-10 
Site area ha - - - - - 
Development area ha - - - - - 
Life year - - - -  
Capacity, including: HI-STORM cask 32 32 34 32 32 
For VVER-100 reactor HI-STORM cask 27 27 26 27 27 
For VVER-440 reactor HI-STORM cask 5 5 8 5 5 
Total estimated cost of construction in 
current prices as at 10.11.2016 

K UAH 2 257 073.918 2 257 073.918 2 404 327.816 2 257 073.918 2 257 073.918 

including:       
 construction work K UAH 2 134.991 2 134.991 2 270.755 2 134.991 2 134.991 
 equipment K UAH 1 878 624.997 1 878 624.997 2 001 193.246 1 878 624.997 1 878 624.997 
 others K UAH 376 313.930 376 313.930 400 863.815 376 313.930 376 313.930 
Additionally, cost of social-purpose facilities 
(10% of total construction estimate) 

 
K UAH 

225 707.392 225 707.392 240 432.782 225 707.392 225 707.392 

Construction labor input K man-hour 5.06417 5.06417 5. 40147 5.06417 5.06417 
Number of jobs created job - - - - - 
 newly created jobs, incl.: job - - - - - 
Total number of workmen man - - - - - 
Construction duration month 12 12 12 12 12 
Annual needs for:       
 water K m3 - - - - - 
 power K kW/yr - - - - - 
 oil products (Diesel fuel) t - -  - - 
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Table 17.3. Performance Indicators (continued) 
Indicator Unit of measurement Quantity Including Start-Up Facilities (SUF) 

SUF-11 SUF-12 SUF-13 SUF-14 SUF-15 
Site area ha - - - - - 
Development area ha - - - - - 
Life year - - - - - 
Capacity, including: HI-STORM cask 32 32 34 34 38 
For VVER-100 reactor HI-STORM cask 27 27 29 29 34 
For VVER-440 reactor HI-STORM cask 5 5 5 5 4 
Total estimated cost of construction in 
current prices as at 10.11.2016 

K UAH 2 257 073.918 2 257 073.918 2 397 423.605 2 397 423.605 2 675 809.450 

including:       
 construction work K UAH 2 134.991 2 134.991 2 270.755 2 270.755 2 533.870 
 equipment K UAH 1 878 624.997 1 878 624.997 1 995 439. 737 1 995 439.737 2 270 151.376 
 others K UAH 376 313.930 376 313.930 399 713.113 399 713.113 446 124.204 
Additionally, cost of social-purpose 
facilities (10% of total construction 
estimate) 

 
K UAH 

 
225 707.392 

 
225 707.392 

 
239 742.360 

 
239 742.360 

 
267 580.945 

Construction labor input K man-hour 5.06417 5.06417 5.40147 5.40147 6.00093 
Number of jobs created job - - - - - 
 newly created jobs, incl.: job - - - - - 
Total number of workmen man - - - - - 
Construction duration month 12 12 12 12 12 
Annual needs for:       
 water K m3 - - - - - 
 power K kW/yr - - - - - 
 oil products (Diesel fuel) t - - - - - 
       

 
 



Size А4 

235 
 

 

18 R&D SUPPORT 
 

18.1 Methodological Support and Work Objective 
 
CSFSF is a nationwide nuclear unit. According to Appendix B to DBN B.1.2-5:2007 [105], 

the nuclear energy facilities of categories I and II of responsibility for nuclear safety are subject to 
mandatory R&D support.  

As per Atomic Energy Standard 5.6 [7], the category I and II facilities include, among other 
CSFSF units: 

 Acceptance building – ranked to the nuclear safety category I as per Atomic Energy 
Standard 5.6 [7], 

 Cask storage area - ranked to the nuclear safety category II as per Atomic Energy Standard 
5.6 [7]. 

 The rest of the buildings and facilities pertain to the nuclear safety category III as 
per Atomic Energy Standard 5.6 [7]. 
 At CSFSF, a “dry” technique for SNF storage in inert atmosphere is utilized using 
the Holtec technology (USA). It is for the first time that a technology like this is 
implemented in Ukraine. A technology similar to the CSFSF one was implemented at 
Zaporizzhya NPP’s Dry Spent Fuel Storage Facility (DSFSF). Differences in the 
technologies do not allow full-scale application of DSFSF experience to CSFSF. 
 A service life designed for CSFSF is 100 years. CSFSF is intended to accept SNF 
from Rivne NPP, Khmelnitsky NPP and  Yuzhoukrainsk NPP. That is, delivery of SNF to 
CSFSF will be provided in special transport containers by using general-use railway 
services.     

CSFSF site is a location surrounded by the villages of Staraya Krasnitsa, 
Buryakovka, Chistogalovka and Stechanka, Kiev Region, in the exclusion zone which is 
contaminated radioactively due to Chernobyl disaster.  

A primary goal of the R&D support is to tackle the problems which are not covered 
by regulatory documents and which can spring up at various stages of the construction 
facility’s lifespan. 

A main task of the R&D support is to address design and construction problems 
with a minimum risk of errors in the conditions that are not regulated by applicable 
standards and rules and in the absence of sufficient expertise or direct implications in the 
domestic practice. 

 Basic efforts under the R&D support include examinations, scientific survey, 
observation of the facility’s technical state, surveys, study of building materials 
characteristics, verification of compliance with requirements of the construction standards 
and technical documentation of certain structures and accepted construction solutions, 
engineering survey, analyses of technical concepts for compliance with established 
requirements, and  others. 

 

18.2 Source Data  
 

A CSFSF isometric diagram is shown in Fig. 18.1. 
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Fig. 18.1 CSFSF Isometric Diagram 
 

Engineering surveys for the design stage have been completed in full. Currently, there is a 
forest growing on the site. Following preparatory work, it is necessary for category I and II buildings 
as per standard 5.6 [7] to carry out additional survey along the perimeter of building envelope with 
a grid of reference as required by the applicable survey standards.  

In order to clarify layout options for the site, a need will be to take a more detailed 
topographic survey as it is impossible to show a site level exactly after the is deforested and 
stumped out.  

Holtec International, a U.S. company, is a developer of the equipment for handling SNF for 
CSFSF. The development is carried out in accordance with the U.S. standard requirements with 
due account for the Ukrainian regulatory documents. The equipment includes metal, non-metal, 
reinforced concrete and concrete elements. The equipment designer has no experience in the 
equipment handling SNF from VVER reactors, however, they have a considerable experience in 
handling SNF from PWR reactors. The equipment design uses US-made materials including 
concrete.  

HI-STORM storage cask design uses biological protection concrete which should retain its 
properties for as long as 100 years. Research is required to develop the composition of the 
concrete with Ukraine-made components to be used.  

A cask transfer facility is to be designed for reloading MPCs from HI-STAR transport casks 
to HI-STAR storage casks. The cask transfer facility is being designed to U.S. standards using US-
made materials (concrete, metal, reinforcement). The facility will be installed and on and connected 
with the foundation plate of the acceptance building. The acceptance building is designed in 
compliance with the requirements of the Ukrainian regulatory documents with Ukraine-made 
materials to be used. Additional facilities will have to be designed to link the acceptance building’s 
foundations with the transfer facility.  

The HI-STORM storage cask manufactured and painted in the USA will be operated in the 
Kiev Region conditions with SNF from VVER reactors at Ukraine’s NPPs. It will be required to 
conduct cycles of observations in different seasons of the year in order to decrease likely failures 
and elaborate maintenance charts. 

At the design stage, dimensioning calculations of buildings and facilities have been made in 
regard to extreme loads for buildings and facilities of categories I and II on responsibility for nuclear 
safety according to standard 5.6 for nuclear power plants [7]. Holtec is to deliver the main 180/20 t 
crane for the acceptance building. The crane is being designed to European regulatory documents. 
After a crane manufacturer is selected, it will be required for the next design stage to carry out 
checking calculations of the building with the crane manufacturer’s data taken into account.  
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For developing a CSFSF operating procedure, it will be needed to develop process charts 

for operations to be undertaken with Holtec equipment and SNF from VVER reactors. In order to 
prevent personnel from being affected by dose loads as the operating charts are worked out, there 
will be a need for equipment models.  

Weight of a HI-STORM storage cask filled with MPCs containing spent fuel assemblies 
(SFA) is up to 180 t. A total number of casks on the site is 458. The casks are put upon foundation 
plates that are 180 and 170 m long and 9 m wide. Roads having a width of up to 9 m are provided 
between the foundation plates for wheeled transport. The design envisions expansion joints after 
each 15 m to prevent influence of sequence in setting the casks upon the foundation plates. 
Confirmation of the design solution will require observation over yield of the plates.  

The cask transfer facility inside the acceptance building is separated from the main 
foundation plate with expansion joints. Work to be done to build this unit will require development 
of a special design for the works and eventually monitor the yields. 

 

18.3. List of Work Items for R&D Support  
 

Nos R&D Support Work Items Life Cycle Potential 

Contractor 

1 Engineering survey for acceptance building 

and cask site 

Design KIZI 

2 Topographic survey of CSFSF site after 

deforesting and stumping 

Design KIZI 

3 Analysis of Holtec equipment for compliance 

with applicable regulatory documents 

Design  

4 Analysis of materials used for Holtec 

equipment 

Design  

5 Analysis of main crane for compliance with 

Ukrainian regulatory documents 

Design  

6 Interaction of acceptance building structures 

with transfer facility 

Design KIEP 

7 Building structures monitoring program Design KIEP 

8 Checking calculations of acceptance building 

considering crane selected 

Design KIEP 

9 Development of special design for work on 

transfer facility in acceptance building 

Design  

10 Development of individual prices for 

commissioning works with Holtec equipment 

Design  
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Nos R&D Support Work Items Life Cycle Potential 

Contractor 

11 Research “Development of Concrete Having 

Higher Special Operating Properties” 

Construction Ukrditsement 

State Research 

Institute 

11.1 Selection and analysis of scientific and 

technical literature and other information 

materials; Development of analytical review; 

Development of operational plan 

 

Construction 

 

Ukrditsement 

State Research 

Institute 

11.2 Development of algorithms for calculating and 

modeling procedures for selection of concrete 

composition; Preliminary development of 

special beton recipe including studies of raw 

materials for special concrete 

 

 

Construction 

 

Ukrditsement 

State Research 

Institute 

11.3 Manufacture of exploratory prototypes and 

related tests for durability, thermal stability and 

resistance to radiation; Generalization and 

assessment of findings; Refinement of special 

beton recipe 

 

Construction 

 

Ukrditsement 

State Research 

Institute 

11.4 Development of standard technical and 

process documentation on concretes having 

higher special operating properties basing on 

the research performed including 

determination of required equipment, 

machines, mechanisms and their technical 

characteristics 

 

 

Construction 

 

Ukrditsement 

State Research 

Institute 

12 Observation over acceptance building yields  Construction  

13 Observation over storage site yields Construction  

14 Development of equipment models for process 

charts 

Construction  

15 Development of process charts for operations Construction  

16 Observation over storage cask Operation  
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17 Observation over storage site foundations Operation  

18 Monitoring of HI-STORM emissions Operation  

18.1 Development of observation program Operation  

18.2 Observations depending on ambient conditions 

Operation 

  

 
 
 

18.4 Arrangement of R&D Support Activities 
 
The R&D support work is to be performed in accordance with the R&D support program 

that is to be developed taking into consideration the applicable regulatory documents and should 
generally contain the following sections: 

 Justification for the support activities; 
 Objective and intent of the support activities; 
 Source data for the activities; 
 Work Contractors; 
 Work stages and deadlines; 
 A list of materials to be provided to the Customer at work stages and after completion of 

work; 
 A procedure for accepting the R&D support activities. 

 The support activities must be executed under contracts between the Customer and 
the Contractor on bidding conditions. 
 The work may be performed by the main Contractor who may engage 
subcontractors for individual works or the Customer will develop an R&D support program 
to order services under separate contracts with Contractors. 
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19 CALCULATION OF A CONSEQUENCE (RESPONSIBILITY) 
CLASS AND A DIFFICULTY CATEGORY 
  
 The consequence class and difficulty category have been calculated in conformity 
with DSTU H B.1.2-16:2013 Standard “Determination of Consequence (Responsibility) 
Class and Difficulty Category for Construction Projects” [131]. 
 According to Item 4.4 of DSTU H B.1.2-16:2013 [131], a consequence 
(responsibility) class is determined for each building and facility separately. For CSFSF, 
the consequence class is determined basing on the greatest characteristics of possible 
consequences. 
 Below are the source data for evaluating a consequence class: 

 A number of personnel who are permanently inside a building/facility, i.e. those who are 
there for not over 8 hours a day and not over 150 days a year is given in Table 19.1. 

 A number of personnel who are periodically inside a building/facility, i.e. those who are 
there for not over 8 hours a day and not over 150 days a year (in total of  45 to 1200 
hours/year) is given in Table 19.1. 

 A number of people who are outside CSFSF and for which violation of vital activity for more 
than three days is considered is presented in the letter by DAVZ No o1-2369/142 dated 
28.10.2015 that is 274 persons, including: 
- in the radius of 3 km: Buryakovka RWDF – 35 persons, KP VEKTOR – 164 persons; 
- in the radius of 10 km: motor transport column - 28 persons, guard team No 3- 42 

persons; 
- in the radius of 10 km in the former residential areas: temporary “self-settlers” – 2 

persons in the village of Ilyintsy and 3 persons in Lubyanka. 
 The CSFSF buildings and facilities do not relate to objects of cultural heritage in 

compliance with the Ukraine Law “On Protection of Cultural Heritage” No 1805-III of 
08.06.2000 with amendments as of 12.02.2015 [129]: 

 The CSFSF buildings and facilities do not relate to objects of engineering and transport 
infrastructure. 

 For assessment of economic damages due to termination of operation or loss of integrity of 
the building or facility, data from facility-level estimates in Vol. 15.1 “Estimate Documents. 
Part 1. Estimate Summary and Facility-Level Estimates” was used. 

 Service lives of buildings and facilities are given in Table 19.1. 
 Minimum wages established under Article 8 of the Ukraine Law “On the State Budget of 

Ukraine for 2016” No 928-VIII of 25.12.2015 [128] are 1378 UAH since January 1. 
 The list of buildings and facilities is in line with the breakdown of buildings and facilities in 

the project general plan (Vol. 2 “General Plan and Transport”). 
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19.1. Calculation of Consequence Class and Difficulty Category for a Facility in Total 
Building/Facility Specified 

period for 
operation of 
fixed assets 

Depreciation 
charge factor 

Number of 
people 

permanent-
ly present 
in building 

Number of 
people 

periodically 
present in 
building 

Number of 
people 
present 
outside 

CSFSF (in 
10 km 
zone). 
person 

Cost of fixed 
assets, UAH 

Possible 
material 

damage, UAH 

Possible 
economic 
damage, 

min. 
wages 

Conse
- 

quenc
e class 

Difficu-
lty 

catego-
ry 

Acceptance 
building 

100 0.01 70 108 274 1 831 951 074 412 188 991.7 284 268 CC3 V 

Cask storage site 100 0.01 0 13 274 23 965 453 628 5 392 227 066.3 3 718 777 CC3 V 

Maintenance 
building with MPC 
storage room (with 
storage site and 
HI-STORM 
shoulder ring 
concreting bay 

 

 

50 

 

 

0.02 

 

 

0 

 

 

5 

 

 

274 

 

 

197 112 610 

 

 

44 350 337.3 

 

 

30 586 

 

 

CC2 

 

 

IV 

Administrative 
building 

50 0.02 38  274 22 987 137 5 172 105.8 3 567 CC2 III 

Electric equipment 
building 

50 0.02 0 2 274 27 538 810 6 196 232.3 4 273 CC2 III 

Garage 50 0.02 0 4 274 126 037 654 28 358 472.2 19 558 CC2 IV 

Petrol filling station 30 0.03 0 2 274 422 579 95 080.3 66 CC1 I 

Fire pump station 50 0.02 0 4 274 7 431 993 1 672 198.4 1 153 CC1 I 

Fire water tanks 50 0.02 0 2 274 1 313 853 295 616.9 204 CC1 I 

Guard facilities 100 0.01 32 52 274 35 230 778 7 926 925.1 5 467 CC2 III 

Checkpoint 1 50 0.02 18 50 274 16 790 312 3 777 820.2 2 605 CC2 III 

Checkpoint 2 20 0.05 2 4 274 10 136 078 2 280 617.6 1 573 CC1 II 
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Building/Facility Specified 
period for 

operation of 
fixed assets 

Depreciation 
charge factor 

Number of 
people 

permanent-
ly present 
in building 

Number of 
people 

periodically 
present in 
building 

Number of 
people 
present 
outside 

CSFSF (in 
10 km 
zone). 
person 

Cost of fixed 
assets, UAH 

Possible 
material 

damage, UAH 

Possible 
economic 
damage, 

min. 
wages 

Conse
- 

quenc
e class 

Difficu-
lty 

catego-
ry 

Rainfall runoff 
facilities 

30 0.03 0 3 274 8 655 505 1 947 488.6 1 343 CC1 I 

Sewerage pumping 
station 

30 0.03 0 3 274 388 689 87 455.0 60 CC1 I 

Oil collector 
(separator) 

30 0.03 0 2 274 220 775 49 674.4 34 CC1 I 

Telecommunication 
tower with module 
building 

20 0.05 0 2 274 107 531 857 24 194 667.8 16 686 CC2 IV 

ARMS control 
station 

20 0.05 0 1 274 2 305 492 518 735.7 358 CC1 I 

In-site railroads 30 0.03 0 9 274 679 441 149 152 874 258.5 105 431 CC2 IV 
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 A possible economic damage was estimated as per Item 4 of DSTU-H B.1.2-16:2013 
[131] by the formula: 

       (19.1) 
 where c is a coefficient which  accounts for the relative portion of fixed assets that will 
completely be lost during a failure. The value is assumed to be 0.45;  
 Pi, UAH is the cost of fixed assets pursuant to data from facility-level estimate 
calculations of the summarized estimate calculation; 
 Tef, years is an established service life of fixed assets; 
 Ka, I = 1/Tef is a depreciation charge factor; 
 1450 UAH is minimum wages according to [128]. 
  
 Conclusion: From the results of the calculation, a consequence class of the 
construction  target is generally determined by the characteristics of the cask storage site 
and acceptance building. Basing on the material damage, the consequence class is CC3 
and the difficulty category is V for the facility.  
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 20 SCHEDULE OF QUANTITIES 
 The schedules of quantities are given in each Project volume by fields of specialization. 
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Abbreviations and Acronyms 
 

ARMS Automated Radiation Monitoring System 
NPP Nuclear Power Plant 
VVER Water-Water Power Reactor (a reactor of PWR type) 
VCT Vertical cask transporter (transfer vehicle) 
BV Waste holdup unit 
LM Lifting machinery 
CP Civil protection 
CD Civil defense 
DP NAEK ENERGOATOM State-owned Enterprise “Energoatom National Nuclear Energy 

Generating Company” 
State-owned Specialized 
Enterprise Chernobyl NPP 

State-owned Specialized Enterprise “Chernobyl Nuclear Power Plant” 

CRZ Compulsory resettlement zone 
SPTA Spare parts, tools and accessories 
SA Supervised area 
RZ Resettlement zone 
WA Work area 
LRW Liquid radioactive waste 
PDM Personal dosimetry monitoring 
IRS Ionizing radiation source 
ETM Engineering and technical measures 
DMS Dosimetry monitoring station 
I&A Instrumentation and automation 
KP VEKTOR Vektor Production Facilities 
Checkpoint Checkpoint 
RL Reference level 
HFL Highly flammable liquid 
DI Dose intensity 
MHU Ministry of Health of Ukraine 
ICRP International Commission on Radiological Protection 
MPC Multipurpose cask 
EDR Exposure or equivalent dose rate, as appropriate 
HS Hazardous substance 
EIA Environmental Impact Assessment 
HRF High-risk facility 
OS Occupational safety 
SFA Spent fuel assembly 
SNF Spent nuclear fuel 
LLW Low-level radioactive waste 
RD Regulatory documents 
NRBU Ukrainian Radiation Safety Standards 
RI Regulatory instrument 
OP API Separated Enterprise Atomproektinzhiniring 
SNF Spent nuclear fuel 
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RWDF Radioactive waste disposal facility 
PSAR Preliminary Safety Analysis Report 
PHF Potentially hazardous facility 
CMS Construction Method Statement 
RW Radioactive waste 
RS Radiation safety 
RAS Radioactive substance 
RN Radionuclides 
SPZ Sanitary protection zone 
PPE Personal protective equipment 
PRPE Personal respiratory protective equipment 
SOHF Specialized occupational health facility 
OSMS Occupational safety management system 
CMS Control and management systems 
OSH Occupational safety and health 
FA Fuel assembly 
TOR Terms of Reference 
M&R Maintenance and repair 
SRW Solid radioactive waste 
TE Transuranium elements 
RW Radioactive waste 
Emergency Emergency 
CSFSF Central Spent Fuel Storage Facility 
CTF Cask transfer facility 
NRS Nuclear and radiation safety 
NF Nuclear fuel 
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Terms and definitions 
Gas-aerosol discharge 
(discharge) 

shall be understood as the ingress of radioactive substances into 
the atmospheric air from process loops and ventilation systems of 
a plant (NRBU-97) 

Absorbed dose shall be understood as the average dose absorbed in an organ or 
tissue calculated according to the formula 
where ___ is the aggregate energy released in an organ or tissue, 
___ is the mass of an organ or tissue 

Dose equivalent shall be understood as a value defined as a product of the dose 
absorbed in a specific organ or tissue T by the radiation weighting 
factor wR 

Effective dose shall be understood as a sum of products of equivalent doses NT 
in specific organs and tissues by the appropriate tissue weighting 
factors wT 

Allowed level shall be understood as a derivative allowance for the ingress of 
radionuclides into a human organism over a calendar year, 
equivalent dose intensity, radionuclides concentration in the air, 
potable water and food, particle fluence rate, etc. averaged over a 
year and calculated for reference exposure conditions on the 
basis of dose limits 

Radioactive contamination shall be understood as the presence or propagation of radioactive 
substances in excess of their natural content in the environment 
and/or human body 

Beyond-design-basis 
accident 

shall be understood as an accident caused by accident initiator 
events not considered for design-basis accidents or an accident 
accompanied by additional failures of safety systems or personnel 
errors in comparison with design-basis accidents 

Compulsory resettlement 
zone 

shall be understood as an area subjected to the intensive 
contamination with the long-lived radionuclides with the soil 
contamination density exceeding the pre-accident level 

Controlled zone shall be understood as an area subjected to the intensified 
dosimetry monitoring 

Supervised area of a facility shall be understood as an area of the potential impact of 
radioactive discharges and emissions of a radiation/nuclear 
facility where technology processes are monitored to ensure 
radiation safety or a radiation/nuclear facility 

Exclusion zone shall be understood as an area of the evacuation of the 
population in 1986 (Law of Ukraine “On Legal Regime of the Area 
Subjected to Radioactive Contamination as a Result of the 
Chernobyl Disaster” # 791a-XII). 

Reference levels shall be understood as radiation hygiene regulations of Group 
One whose numeric values are set on the basis of the actual level 
of the radiation welfare attained at the radiation/nuclear facility or 
area in question. The RL value is specified by the management of 
the plant in concurrence with State Sanitary/Epidemiological 
Supervision agencies in order to keep exposure of personnel 
and/or population below dose limits and carry out radiation 
dosimetry control. 

Critical event shall be understood as an event which directly results in the 
materialization of a potential exposure. A critical event may be a 
combination of a number of particular ctitical events (NRBU-97/D-
2000). 
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K-factor 
Exposure 

shall be understood as the effective neutron multiplication factor 
shall be understood as the human exposure to the ionizing 
radiation from sources outside the human organism (external 
exposure) or from sources inside the human organism (internal 
exposure) 

Potential exposure 
 

shall be understood as the exposure of personnel and population 
considered during the design of practical activities and 
materializing after a certain critical event not covered by the 
regular technological process with the probability of occurrence 
below 1 × 10-2 per year 

Design-basis accident shall be understood as an infrequent event that can be expected 
at least once over the service life of the storage facility 

Contaminated land shall be understood as areas requiring radiation protection 
measures and other special interventions to be undertaken to limit 
the additional exposure caused by the Chernobyl accident and 
support regular economic activity 

Reference probability of a 
critical event 

shall be understood as a probability of occurrence of a critical 
event securing the non-exceedence of reference risks at various 
potential exposure dose levels 

Risk (generalized risk) shall be understood as a measure of the health hazard for a 
person affected by the exposure which is numerically equivalent 
to a product of two values: 
the exposure probability per unit time (year) and the probability of 
materialization of radiological stochastic and non-stochastic 
impact on the health of persons that can be subjected to the 
exposure in question 

Acceptable risk shall be understood as risk levels underlying the dose limits and 
threshold dose levels for termination of intervention for the 
population as prescribed by NRBU-97 

Reference risk shall be understood as numeric values of risks set for limiting 
potential exposure of the personnel and population which do not 
exceed acceptable risk levels 

Buffer area (SZZ) of a facility shall be understood as an area around a radiation/nuclear facility 
where the human exposure level under normal operating 
conditions can exceed the quota of the dose limit for population 
(Category B). 
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          STATE NUCLEAR REGULATORY COMMITTEE OF UKRAINE 
 
                              ORDER 
 
                     30.08.2006 N 132 
 
                                       Registered in the Ministry 
                                       Justice of Ukraine 
                                       September 18, 2006 
                                       by N 1056/12930 
 
 
 
                 On Approval of Rules of nuclear 
               and radiation safety during transportation of  
                      radioactive materials 
                            (PBPRM 2006) 
 
According to the Regulations of the State Committee for Nuclear 
regulation Ukraine approved by the Decree of President of Ukraine 
March 6, 2001 N 155 (155/2001) and in order to bring 
regulations on transportation of radioactive materials to 
requirements of "regulations for the safe transportation of radioactive 
materials. 
Edition 2005. A series of IAEA safety standards, N TS-R-1 " 
 ORDER hereby: 
 
 
1. The Regulations on nuclear and radiation safety of 
Transportation of Radioactive Materials (PBPRM 2006) (hereinafter - 
Rules) attached. 
 
     2. Office of guarantees and security of transportation (in face of 
Lopatin S.D.) should present this order in the prescribed manner to 
State Ministry of Justice of Ukraine. 
 
     3.. Office of guarantees and security of transportation (in face of 
Lopatin S.D.) should provide proof to the attention of stakeholders 
Information on the entry into force of the Rules. 
 
     4. The State Enterprise "State Scientific and Technical Center of 
Nuclear and Radiation Safety "(in face of Vasil'chenko V.M.)  
Should provide replication of Regulation in a month 
of the state registration. 
 
     5. Control over the execution of the order is conducted by the Deputy 
Chairman - Chief Inspector of Nuclear Safety Ukraine 
Demyanenko A.I. 
 
 Chairman O.A.Mykolaychuk 
 
 APPROVED: 
   
 Minister of Health 
 Ukraine                      Yu.V.Polyachenko 
 
 Minister of transport 
 of Ukraine                   V.V. Bondar 
 
 Minister of Ukraine for 
 Emergencies Affairs and 
 Protection from the Consequences of  



 Chernobyl disaster               V.I.Baloha 
   
 
                                     APPROVED 
                                       State Committee 
                                       Nuclear Regulation of Ukraine 
                                       30.08.2006 N 132 
 
                                       Registered in the Ministry 
                                       Justice of Ukraine 
                                       September 18, 2006 
                                       by N 1056/12930 
 
 
  
                             RULES 
 
                   Of nuclear and radioactive safety 
             During transportation of radioactive material 
                            (PBPRM 2006) 
 
                         Chapter 1. Introduction 
 
                        General Terms 
 
     1.1. The Rules are developed within the frame of the Program of 
Integration of Ukraine to the European Union (n0001100-00), approved by 
Decree of President of Ukraine from September 14, 2000 N 1072 (1072/2000) 
with the changes comply with the Laws of Ukraine "On 
Nuclear Energy and Radiation Safety "(39/95-VR)," On protection 
man from ionizing radiation "(15/98-VR) 
requirements of state sanitary norms "Norms of Radiation 
Ukraine Security (NRBU-97) "(v0062282-97), approved by the 
Ministry of Health of Ukraine from 14.07.97 N 208 (v0208282-97), typed in 
effect from   01.01.98 Resolution of the Chief Medical Officer 
Ukraine from 01.12.97 N 62 (v0062282-97) (hereinafter - NRBU- 97) and 
Basic sanitary rules of radiation safety of  
Ukraine, approved by the Ministry of Health of Ukraine of 02.02.2005 N 54 
(Z0552-05), registered with the Ministry of Justice of Ukraine 
20.05.2005 for N 552/10832. 
 
     Rules meet the document "Regulations of safe 
Transportation of radioactive materials. Edition 2005. Series of  
safety standards N TS-R-1. IAEA "(" Regulations for the Safe 
Transportation of Radioactive Material. 2005 Edition. Safety Standards 
Series N TS-R-1. IAEA "). 
     These Regulations establish standards of safety which provide 
acceptable level of control of radiation, as well as related 
criticality and heat danger to personnel and property and  
environment during transportation of radioactive materials. 
In these Rules the principles set out in the publication 
"Radiation protection and safe management of sources 
radiation. - A series of publications on safety N 120, IAEA, Vienna 
(1996) "and the publication" International basic safety standards for 
protection against ionizing radiation and for the safety of sources 
radiation. - A series of publications on safety N 115, IAEA, Vienna 
(1996) ". 
 
1.2. These rules are supplemented by guidelines on safety and 
documents with security practices that meet 
IAEA document: "References to the IAEA Regulations 0n  
the safe transportation of radioactive materials. A series of rules 
IAEA N TS-G-1.1 (ST-2) "," Planning and management 



readiness in case of transportation accidents involving 
radioactive materials. A series of IAEA safety standards N TS-G-1.2 
(ST-3), "" Enforcing the Rules of safe transportation of 
radioactive materials. A series of IAEA safety standards N TS-G-1.4 " 
and the document "Quality Assurance for the Safe Transportation of 
radioactive materials. A series of IAEA safety standards N TS-G-1.3 ". 
 
     1.3. In some sections of the Regulations is attributed to 
implementation of specific measures, but responsibility for their 
implementation is not relies on a legal entity. Distribution of this 
liability is determined by the current legislation of Ukraine. 
 
      
 
                                    Goal 
 
     1.4. The purpose of this Regulation - to ensure the protection of 
persons and property and  
environment from radiation exposure during 
transportation of radioactive material. This protection is achieved 
by mandatory use of: 
     a) protective cover (hermetic sealing of) for radioactive 
content;  
     b) control of external radiation levels; 
     c) measures to prevent criticality; 
     d) measures to prevent damage due to heat 
exposure. 
     Meeting these requirements is provided: 
     a) by applying degree approach to contents limits 
packaging and means of transportation, as well as regulations of 
constructions characteristics of packagings depending on 
the danger posed by the radioactive contents; 
     b) by establishing requirements for the construction and operation and  
packaging and maintenance of packagings, including 
taking into account the nature of the radioactive contents; 
     c) by requiring the application of measures of 
administrative control, including, where appropriate, 
approvals by the competent authorities. 
          1.5. When transporting radioactive material security of individual 
People or professional people or workers (personnel) is 
ensured by compliance. This is achieved 
through quality assurance programs and programs for 
compliance with the Rules. 
 
                        Scope of application 
 
     1.6. These rules apply to the transportation of radioactive 
materials by road, rail, sea, river and 
air transport, including transportation related to 
the use of radioactive material. Transportation includes all 
operations and conditions associated with the movement of radioactive 
material, and is this process, including: 
     design, manufacture, maintenance and repair 
packaging; 
     preparation, loading, dispatch, transport, 
including transit storage, unloading and receipt at 
final destination and transport of radioactive materials 
packages. 
     In carrying out these rules shall apply stepwise 
approach that can be characterized by three general levels of 
difficulty: 
     a) normal transportation conditions (no incidents); 
     b) Normal conditions of carriage (minor accident); 



     c) accident conditions of carriage. 
 
1.7. These rules do not apply to: 
     a) radioactive material that is an integral part of the means 
transportation; 
     b) radioactive material moved within any 
institutions and are subject to the validity of appropriate security which  
operate in the establishment, where the movement does not use public 
highways or railways; 
     c) radioactive material implanted or introduced into 
humans or animals for diagnosis or treatment; 
     d) radioactive materials contained in consumer products, 
admitted by the regulatory body for use after their 
sale to the end user; 
     e) natural material and ores containing natural 
radionuclides that either are in their natural state, or have been 
processed for purposes other than for extraction of the radionuclides, and 
which is not expected to process in order to use these 
radionuclides provided the specific activity of the material that does not 
exceeds more than 10 times the value specified in paragraphs 4.2b 
and 4.7 or calculated in accordance with paragraphs 4.3, 4.5 and 4.6; 
     f) non-radioactive solid objects with radioactivity that 
present on any surfaces in quantities not exceeding 
levels defined in paragraph 2.25. 
 
          1.8. These rules do not provide such controls as 
route selection or the physical protection that can 
be implemented for reasons not related to radiation safety. 
Any such controls should consider radiation and 
non-radiation hazard without deviation from the norms of security 
established by these Rules. 
 
     1.9. For radioactive material with additional 
danger and during the transportation of radioactive materials 
along with other dangerous goods in addition to these Rules 
should apply the rules of transportation of dangerous 
loads that act on this form of transport. 
 
     Structure 
 
     1.10. As part of its structure, these rules include: 
     Chapter 2: The terms and definitions used in 
Regulation; 
     Section 3: General provisions for radiation protection, 
emergency measures to ensure the quality, ensure compliance with 
Rules, Rules of discrepancy, the special conditions of education; 
     Section 4: definition, classification and requirements for radioactive 
materials; 
     Section 5: definition, classification and requirements for packaging 
sets; 
     Chapter 6: preparation of radioactive materials for transportation, 
including selection of appropriate packaging, packing, 
categorization, labeling and marking of danger, 
filling transport documents; 
     Chapter 7: requirements for administration, transportation, 
transit storage of packaging; 
     Section 8: requirements for testing; 
     Chapter 9: Approval requirements and administrative 
control. 
 
                                                      
 
                  



 
Section 2. Terms and Definitions 
 
--------------- 
     1) For convenience, the brackets are also English terms 
language. 
 
     In these Rules the following definitions are used: 
 
     Alpha emitters of low toxicity (Low toxicity alpha 
emitters) 
 
     2.1. Alpha emitters of low toxicity - natural 
Uranus; depleted uranium; natural thorium; uranium-235 or uranium-238; 
thorium-232; thorium-228 and thorium-230 contained in ores or 
form of physical and chemical concentrates; or alpha emitters with 
half-life of less than 10 days. 
 
     Load (Consignment) 
 
     2.2. Load - any packaging or any packaging or 
Any consignment of radioactive material provided 
shipper for carriage. 
 
     Cargo Container (Freight container) 
 
 
2.3. Cargo container - transport equipment 
constructed to facilitate transportation of packaged or 
unpackaged goods by one or more modes of transport without 
intermediate reloading cargo placed in it that  
should not open illegally, must be sufficiently rigid and 
durable recyclable and must be equipped with 
devices that improve usability, especially when 
transfer from one transport to another or from one 
mode of transport to another. Small cargo container - is 
container, any External dimensions not exceeding 
1.5 m, or an internal volume of which is less than 3 cubic meters 
Any other freight container is considered large cargo 
container. 
 
     The shipper (Consignor) 
 
     2.4. Shipper - any physical or legal person, 
which prepares the goods for carriage. 
 
     The consignee (Consignee) 
 
     2.5. The consignee - any physical or legal person, 
receiving goods. 
 
     Exclusive use (Exclusive use) 
 
      
2.6. Exclusive use - the use of only one 
shipper transportation vehicle or large freight 
container, for which all initial, intermediate and final 
loading and unloading operations are carried out in 
accordance with the instructions of the shipper or 
consignee. 
 
     Enforcement of Regulations (Compliance assurance) 
 



     2.7. Enforcing the Rules - a program of systematic 
measures taken by the competent authority to ensure 
the provisions of the Regulations in practice. 
 
     Quality (Quality assurance) 
 
     2.8. Quality - a program of systematic measures 
monitoring and inspections carried out by any organization or 
body involved in the transport of radioactive materials 
and aims to provide reasonable assurance that 
safety standards that are attributed to these Rules to follow 
practice. 
 
     Tool carriage (Conveyance) 
 
 
     2.9. Tool transportation means: 
     a) for transport by road or rail - any 
vehicle; 
     b) to transport waterway - any vessel or 
any hold, compartment or marked deck of the ship; 
     c) for air transport - any aircraft. 
 
     Approval (Approval) 
 
     2.10. Multilateral approval (Multilateral approval) - 
approval of the competent authority of the country of origin 
construction or transport where appropriate, as well as 
Where the goods should be transported through the territory or into 
the territory of any other country, approval by the competent 
authority of that country. In terms of "through or into" 
not specifically included in the term "over the territory", ie requirements 
on the approval and notification should not extend to the country, 
on whose territory, the radioactive material is transported on board of 
aircraft provided that this country is not expected 
scheduled landing. 
 
    2.11. Unilateral approval (Unilateral approval) - 
design approval required from the competent authority 
only of the country of origin of the design. 
 
     The competent authority (Competent authority) 
 
     2.12. The competent authority - any national or 
international regulatory body or entity endowed 
authority for any purpose in connection with these Terms or 
otherwise recognized as such. 
     According to the Regulations of the State Committee for Nuclear 
regulation Ukraine approved the Decree of President of Ukraine 
March 6, 2001 N 155 (155/2001), the functions of the competent 
body performs State Nuclear Regulatory Committee of Ukraine 
(Hereinafter - the State Nuclear Regulatory Committee of Ukraine). 
 
     Construction (Design) 
 
  
     2.13. Construction - description of radioactive material of special 
Form, radioactive material with low capacity for 
scattering, packaging or packaging that allows 
fully identify them. This description may include specifications, 
engineering and technical documentation (drawings), reports 
confirm compliance with regulatory requirements and other 
appropriate documentation. 



 
      Container Intermediate bulk cargo 
(Intermediate bulk container) 
      
2.14. Container Intermediate bulk 
cargo (IBC) - portable packaging that: 
     a) has a volume of less than 3 cubic meters; 
     b) has a structure that allows you to make loading 
transactions using lifting mechanisms; 
     c) resistant to stress arising during cargo 
operations and freight as defined tests for 
verification of performance; 
     d) designed according to the rules set forth in section 
recommendations containers dedicated to Secondary 
bulk containers (IBC), paper 
"Recommendations on the Transport of Dangerous Goods, Ninth 
Revised Edition (ST / SG / AC.10 / 1 / Rev.9), UN, New York and Geneva 
(1995) ". 
 
     The maximum normal operating pressure (Maximum normal 
operating pressure) 
 
2.15. The maximum normal operating pressure - maximum 
pressure above atmospheric pressure at sea level, which can 
have a containment system for one year 
under temperature conditions and solar radiation corresponding 
environmental conditions, without venting excess 
pressure, external cooling by means of additional system or 
without operational controls during transport. 
 
     Non-irradiated uranium (Unirradiated uranium) 
 
     2.16. Non-irradiated uranium - uranium containing not more 
    June 3 
2x10 Bq of plutonium per gram of uranium-235, not more than 9x10 Bq products 
                                          -3 
division per gram of uranium-235 and not more than 5x10 g of uranium-236 per 
gram 
uranium-235. 
 
     Non-irradiated thorium (Unirradiated thorium) 
 
     2.17. Non-irradiated thorium - thorium containing not more 
  -7 
10 g of uranium-233 per gram of thorium-232. 
 
     Unfixed contamination (Non-fixed 
contamination) 
 
2.18. Unfixed contamination - radioactive 
contamination that can be removed from the surface under normal conditions 
transportation. 
 
      The carrier (Carrier) 
 
      2.19. The carrier - any physical or legal person 
transporting radioactive material by any type 
transport. 
 
      Specific activity (Specific activity) 
 
 
2.20. Radionuclide volume activity - activity unit 



mass of the radionuclide. The specific activity material - Activity 
per unit mass of material in which the radionuclides are mainly 
distributed evenly. 
 
     Aircraft (Aircraft) 
 
     2.21. Cargo aircraft (Cargo aircraft) - Any 
aircraft, other than passenger aircraft 
carrying goods or property. 
 
     2.22. The passenger aircraft (Passenger aircraft) - 
aircraft carrying any person, except members of 
crew, staff working in the carrier and that 
are on duty authorized 
representative of the national authority or person 
accompanying the shipment. 
 
     Marked of the deck (Defined deck area) 
 
    2.23. Marked of the deck - part of the upper deck of 
vessel or vehicle deck of the ship or  
ferry, where there is space for placing radioactive 
materials. 
 
     Radiation Protection Program (Radiation Protection 
Programme) 
 
     2.24. Radiation Protection Program - the systematic measures 
whose purpose is to ensure proper planning and accounting activities on  
radiation protection. 
 
     Radioactive contamination (Contamination) 
 
     2.25. Radioactive contamination - presence of radioactivity in 
surface in quantities in excess of 0.4 Bq / cm for beta and 
gamma emitters and alpha emitters low 
toxicity or 0.04 Bq / cm for all other alpha emitters. 
 
     Radioactive contents (Radioactive contents)  
 
     2.26. Radioactive content - radioactive material 
with any radioactively contaminated or activated solid 
substances, liquids and gases contained in the packaging 
kit. 
 
     Tank (Tank) 
 
     2.27. Tank - tank-container, mobile tank 
tanker, rail tanker or receiving capacity capacity 
at least 450 liters of liquids, powders, granules, mixtures or 
solids when filling are gaseous or 
liquid form and then hardens, and at least 1,000 liters for 
emissions. Tank containers must be suitable for 
transportation by land and waterways, and to fill 
emptying without removal of its structural equipment shall 
have stabilizing elements and external fastening devices and 
be eligible for recovery in the filled state. 
 
     The level of radiation (Radiation level) 
 
 
 



 
2.28. The level of radiation - on the dose, 
expressed in millisieverts per hour. 
 
     Containment system (sealing) (Containment system) 
 
     2.29. Containment system (sealing) – system of 
components of the packaging, as defined by the designer 
system for keeping radioactive material in 
transportation. 
 
     Localization system (Confinement system) 
 
     2.30. System of location - System placing fissile 
material and packaging elements defined 
designer and approved by the competent authority as the system 
designed to ensure the safety criticality. 
 
     Special conditions (Special arrangement) 
 
      
 
2.31. Special conditions - conditions approved by the competent 
authority under which cargo may be carried, not 
meet all applicable requirements of these Regulations. 
 
     The vessel (Vessel) 
 
     2.32. The ship - any seagoing vessel or means for swimming 
inland waterways used for transportation 
cargo (non-self-propelled or floating structures that 
used or can be used as a means to 
freight). 
 
     The vehicle (Vehicle) 
 
     2.33. Vehicle - Motor-Road transport means 
(Drawn vehicle that is articulated, 
inclusive) or railway platform or a railway wagon. Every 
trailer should be considered as a separate vehicle. 
 
     The transport package (Overpack) 
      
 
      2.34. Transport Package - a (shell), such as a box, 
box or bag, designed to accommodate one and conclusion 
of more packages to form a single unit load, 
one shipper used for convenience when 
cargo operations and transportation. 
 
      Transportation (Shipment) 
 
      2.35. Transportation - special movement of goods 
From place of origin to destination. 
 
      Natural uranium, depleted, enriched (Uranium - natural, 
depleted, enriched) 
 
2.36. Natural uranium - uranium (which may be chemically 
Dedicated) containing the natural mixture of uranium isotopes (approximately 
99.28% uranium-238 and 0.72% uranium-235 by mass). Depleted Uranium - 
uranium containing a lesser amount in percentage of uranium-235 
by weight compared to natural uranium. Enriched uranium - uranium 



listing the number of uranium-235 in percentage by weight 
more than 0.72%. In all cases there is a very small percentage 
terms of the mass amount of uranium-234. 
 
     Fixed contamination (Fixed contamination) 
 
     2.37. Fixed contamination - radioactive 
Pollution that is not unstable radioactive contamination. 
 
                   Section 3. General Provisions 
 
                        Radiation protection 
 
     3.1. Individual doses of radiation should not exceed 
appropriate dose limits. Protection and safety shall be optimized 
so that the magnitude of individual doses, the number of persons 
subject to exposure and the likelihood of exposure to refrain 
low as reasonably achievable, taking into account economic and 
social factors, within limits, which is to ensure that 
doses are individuals subject to the limit 
doses. It is necessary to apply the structural and systemic approach, 
which takes into account the relationship with other modes of transportation 
activity. 
 
3.2. For transportation of radioactive materials should be 
developed a program of radiation protection. The nature and extent of 
measures envisaged in the program, depending on the size and 
the likelihood of exposure. The program should take into account 
requirements 
set out in paragraphs 3.1, 3.3-3.5 and 3.11. Document 
must be available on request for inspection, conducted by 
Nuclear Regulatory Committee of Ukraine. 
 
     3.3. In the case of occupational exposure during the work, 
associated with transportation when under the total effective assessment 
dose can reach: 
     a) 1-6 mSv a year - must perform dose assessment program 
by radiation monitoring or individual jobs 
radiation monitoring; 
     b) over 6 mSv per year - should be carried out individually 
dosimetric control. 
     Individual monitoring or dose 
control of working places should be documented in accordance with 
the requirements of paragraph 14.5 of Basic sanitary rules of 
Radiation Safety of Ukraine (z0552-05). 
 
 
 
 
 
                         Emergency measures 
 
     3.4. In the event of accidents or incidents during transportation of  
radioactive materials it is a must comply installed on 
procedures in case of accidents relevant national and / or international 
organizations to protect people, property and 
environment. Instructions for these procedures are contained in 
Provisions concerning planning and actions in case of accidents during 
transport of radioactive materials approved by 
Nuclear Regulatory Committee of Ukraine of 07.04.2005 N 38 (z0431-05), 
registered in the Ministry of Justice of Ukraine on 22.04.2005 
N 431/10711. 
 



 
3.5. Emergency procedures should consider the possibility of 
the formation of other dangerous substances due to the interaction of 
content 
cargo with the environment in case of accident. 
 
      
                       Ensurance of quality 
 
     3.6. Quality Assurance Programme should be developed and 
be made regarding the design, manufacture, testing, 
design documentation, use, maintenance and inspections 
for all radioactive material of special form, radioactive 
materials with low dispersible and packaging, as well as 
on transport operations and transit storage for 
enforcement of the relevant provisions of this Regulation. Producer, 
consignor or user shall provide possibility to 
Nuclear Regulatory Committee of Ukraine to carry out checks during 
manufacture or use and to demonstrate that: 
     a) methods used for manufacturing and materials 
meet the specifications for the approved design; 
     b) all packagings are periodically tested at 
necessary, repaired and maintained in good order to 
continue to meet all relevant requirements and specifications 
even after repeated use. 
     If approved under paragraph 9.2 
SCNS Ukraine should be considered at 
quality assurance program and its adequacy. 
 
                  Enforcing the rules 
 
     3.7. SCNS of  Ukraine is responsible for ensure compliance with these 
Rules. Means of implementation of these 
responsibilities include the development and implementation of control 
programs 
for the design, manufacture, testing, inspection and 
maintenance of packagings radioactive materials of 
special form, radioactive material with low capacity for 
scattering, and the preparation of packaging, documentation, 
processing and signing packages and shippers 
carriers to confirm the provisions of the Regulations on 
practice. 
 
     3.8. Ministry of Health of Ukraine (hereinafter - MoH 
Ukraine) and SCNS Ukraine carry out selective control of radiation doses 
received in connection with transportation of 
radioactive materials, in order to ensure that the system of 
safety and protection meets NRBU- 97 (v0062282-97). 
 
                          Inconsistency rules 
 
     3.9. In the case of non-compliance of radiation levels or 
Radioactive contamination of any limits set by these 
Regulations (except accidents during transportation): 
     a) the consignor shall be informed about 
discrepancy: 
     i) the carrier if the non-compliance found during 
transportation; 
     ii) the consignee if the non-compliance is found at 
receipt of the goods; 
     b) the carrier, consignor or consignee 
according to their competence should: 
    i) take immediate action to reduce the consequences of 



non-compliance; 
     ii) investigate the non-compliance and its causes, circumstances and 
consequences; 
     iii) take appropriate steps to address the causes and 
the circumstances that led to inconsistencies and prevent 
repetition; 
     iv) notify the State Nuclear Regulatory Committee of Ukraine causes of 
non-compliance and corrective or preventive measures were 
to be taken; 
     c) notice of non-compliance should be sent to 
SCNS shipper and Ukraine as soon as possible in 
Whenever there was or there is Disaster 
 
 
                         Special conditions 
 
     3.10. Loads for which can not be practically achieved 
compliance with these Rules must be transported only 
under special conditions. If Ukraine Nuclear Regulatory Committee recognized 
that 
compliance with these Rules is almost impossible to achieve and 
established by these Rules required safety standards are met 
through the application of alternative provisions hereof, 
SCNS that Ukraine may approve transactions 
transportation for special conditions of individual goods or planned 
a series of multiple loads. The overall level of security during 
transportation 
must be at least equivalent to the level that would have ensured 
if all the applicable requirements. For international transport 
this type require multilateral approval. 
 
                             Teaching 
 
     3.11. Professional employees (staff) should have 
appropriate training on radiation protection, including safeguards 
measures to be followed in order to reduce 
occupational exposure to which they are exposed, exposure and other 
persons who might be affected by their actions. 
 
     3.12. Persons involved in the transportaion of radioactive 
materials should be trained on the requirements of the Regulation 
of which relate to the responsibilities of these individuals. 
 
     3.13. Persons that : 
     classify radioactive materials; 
     packaged radioactive material; 
     applied markings and labels on packaging; 
     prepare travel documents for radioactive materials; 
     sending or receiving radioactive materials 
transportation; 
     move or handle radioactive materials in 
transportation; 
     mark or put warning signs or load 
unload packaging / or means of transport; 
     fill packaging or freight containers; 
     otherwise directly involved in transportation 
radioactive materials as defined by the competent authority, 
must undergo such training: 
     a) general education training: 
     i) each person must undergo training, which involves 
review the terms hereof; 
     ii) such training should include a description of radioactive 
materials; requirements for the application of labels, labeling, 



warning signs; requirements for packagings and to 
division when placing radioactive materials; description and objectives 
content of transport documents to radioactive materials; description 
Documents available to respond to emergency situations; 
     b) functionally specialized training: 
     each person must go through a detailed study, which concerns 
specific requirements for the carriage of radioactive material 
applicable to the activities of that person; 
     c) training on safety: 
     the risk of exposure to radioactive leak case 
Materials and duties, each person must go 
training: 
     i) methods and procedures to be applied for 
accident avoidance, such as proper use of freight 
equipment and appropriate methods of laying radioactive 
material; 
     ii) information on emergency response and its use; 
     iii) common potential hazards associated with different types of 
radioactive materials and methods of preventing exposure at 
such perils, including, if necessary, the use of 
Personal protection equipment; 
     iv) Immediate procedures to be applied in the case 
accidental release of radioactive material, including 
any procedures for immediate response to the emergency situation in 
that person is responsible, as well as procedures for personal protection, 
to be followed. 
 
     3.14. Training required in accordance with paragraph 3.13, 
must be provided or confirmed the appointment on 
positions related to transport of radioactive materials, 
shall be amended in accordance with retraining 
satisfaction. 
     Training programs should be coordinated with 
Nuclear Regulatory Committee of Ukraine. 
 
           Chapter 4. Requirements for radioactive material 
 
                Definition of radioactive material 
 
      4.1. Radioactive material - any material containing 
radionuclides, in which specific activity and full activity 
cargo exceed the values specified in paragraphs 4.2-4.7. 
 
                The basic values for radionuclide 
 
     4.2. Table. 1 shows the following basic values for individual 
radionuclides: 
     a) A and A in TBq, 
         February 1 
     where A - activity value of radioactive material 
         1 
special form that indicated in the Table. 1, or determined in accordance 
with 
the provisions of paragraphs 4.3-4.7 and used to determine the boundaries 
activity to the requirements of these Regulations, 
     A - other activity value of radioactive material 
      2 
(Radioactive materials other form) which is indicated in Table. 1 or 
determined in accordance with the provisions of paragraphs 4.3-4.7 and 
used to determine the activity limits for the requirements of 
Regulations; 
     b) specific activity for the materials covered by the full 
release in Bq / g; 



     c) activity limits for goods covered by the full 
release in Bq. 
 
          Determination of basic values for radionuclide 
 
     4.3. Regarding individual radionuclides not listed in 
Table. 1, identifying key values referred to in 
Point 4.2 requires multilateral approval. You 
use value A, calculated using dose 
                           2 
Unit inhalation (dose factor respectively 
to the table. II and III of the document "International Basic Safety 
Standards 
for Protection against Ionizing Radiation and for the Safety of 
Radiation Sources, Safety Series No. 115, IAEA, Vienna (1996) ") 
reference to the relevant type of system revenues according to 
recommendations of the International Commission on Radiological Protection, 
the 
provided that taken into account the chemical form of each radionuclide as 
in normal and emergency conditions in transportation. Alternatively without 
approval of the competent authority may be used 
values for radionuclides are given in Table. 2. 
 
 
     4.4. In calculating the values of A and A for radionuclide not 
                                  1     2 
indicated in the table. 1, a chain of radioactive decay, which 
radionuclides are present in natural proportions and in which no 
child radionuclide with a half-life greater than or 
10 days, or the half-life of the parent radionuclide 
should be considered as one radionuclide; Despite the activity and 
value that is used, A or A shall comply 
                                  February 1 
activity and the value of the parent radionuclide chain. 
For radioactive decay chains in which any child 
radionuclide has a half-life greater than 10 days, or 
the half-life of the parent radionuclide parent 
radionuclide and daughter radionuclides are to be considered as a mixture of 
different radionuclides. 
 
 
4.5. If mixtures of radionuclides basic values, which 
paragraph 4.2 are defined as follows: 
 
                                  1 
                          X = --------, 
                           m f (i) 
                                S ---- 
                                  X (i) 
 
     where f (i) - fraction of activity or activity concentration of the i-
th 
radionuclide mixture; 
     X (i) - the corresponding value of A or A or under 
                                       February 1 
Activity concentration for the material, which extends the full 
exemption or limit the activity of the cargo, which extends 
Full release about the meaning of i-radionuclide; 
     X - the original value of A or A concentration or activity 
      m 2 January 
for the material, which extends the full release, or limit 
activity for goods for which exemption applies in respect of 
mix; 



     S - token amount. 
 
 
     4.6. If each radionuclide is known but not known 
Individual activity some of them, these radionuclides can 
combine in groups and in the formulas set out in paragraphs 4.5 and 6.13, 
can be used according to the smallest value 
radionuclides in each group. Groups may be made on the basis of 
full alpha activity and total beta, gamma activity, if 
they are known, using the smallest values according to 
alpha emitters or beta, gamma emitters. 
 
            Table 1 - Basic radionuclides values 
 
 
 
------------------------------------------------------------------ 
| Radionuclide |     A     |    A     |   Specific  |Limit of     | 
|   (atonic   |      1    |     2     |activity      activity     | 
|    number)    |           |         |     for     |for material,| 
|              |           |          |material, on| on which   | 
|              |           |          |    which    |extend | 
|              |           |          | extend      |complete    | 
|              |           |          | complete    | realease   | 
|              |           |          | release     |            | 
|--------------+-----------+----------+-------------+------------| 
|              |   (ТБк)   |  (ТБк)   |   (Бк/г)    |    (Бк)    | 
|--------------+-----------+----------+-------------+------------| 
| Actinium (89)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -3  |        1    |       4    | 
|Ac-225 (a)    |   8x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -5  |        -1   |       3    | 
|Ac-227 (a)    |   9x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        1    |       6    | 
|Ac-228        |   6x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Silver (47)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ag-105        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |      1      |     6      | 
|Ag-108m (a)   |   7x10    |  7x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        1    |       6    | 
|Ag-110m (a)   |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        3    |       6    | 
|Ag-111        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Aluminum (13) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        1    |       5    | 
|Al-26         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Americium (95) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       4    | 
|Am-241        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 



|              |       1   |      -3  |      0      |     4      | 
|Am-242m (a)   |   1x10    |  1x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -3  |      0      |     3      | 
|Am-243 (a)    |   5x10    |  1x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Argon (18)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        6    |       8    | 
|Ar-37         |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        7    |       4    | 
|Ar-39         |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        2    |       9    | 
|Ar-41         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Arsen (33)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        1    |       5    | 
|As-72         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|As-73         |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|As-74         |   1x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        2    |       5    | 
|As-76         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|As-77         |   2x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Astatine (85)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|At-211 (a)    |   2x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Gold  (79)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Au-193        |   7x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Au-194        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       7    | 
|Au-195        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Au-198        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Au-199        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Barium (56)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ba-131 (a)    |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ba-133        |   3x10    |  3x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Ba-133m       |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      1      |     5      | 
|Ba-140 (a)    |  5x10     |  3x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Beryllium (4)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Be-7          |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        4    |       6    | 
|Be-10         |   4x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|Вісмут (83)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Bi-205        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Bi-206        |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Bi-207        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        3    |       6    | 
|Bi-210        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -2  |        1    |       5    | 
|Bi-210m (a)   |  6x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      1      |     5      | 
|Bi-212 (a)    |  7x10     |  6x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Berkeley (97)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       4    | 
|Bk-247        |   8x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|Bk-249 (a)    |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Bromine (35)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Br-76         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Br-77         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Br-82         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Carbon (6)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|C-11          |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|C-14          |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Calcium (20)  |           |          |             |            | 



|--------------+-----------+----------+-------------+------------| 
|              |  non limited         |        5    |       7    | 
|Ca-41         |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|Ca-45         |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Ca-47 (a)     |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Cadmium (48)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       6    | 
|Cd-109        |   3x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|Cd-113m       |   4x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Cd-115 (a)    |   3x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        3    |       6    | 
|Cd-115m       |   5x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Cerium (58)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ce-139        |   7x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       7    | 
|Ce-141        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        2    |       6    | 
|Ce-143        |   9x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |      2      |     5      | 
|Ce-144 (a)    |   2x10    |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| californium  |           |          |             |            | 
|(98)          |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Cf-248        |   4x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       3    | 
|Cf-249        |   3x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Cf-250        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       3    | 
|Cf-251        |   7x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -3  |        1    |       4    | 
|Cf-252        |  1x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        2    |       5    | 
|Cf-253 (a)    |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -3   |      -3  |        0    |       3    | 
|Cf-254        |  1x10     |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Chlorine (17)     |           |          |             |            | 



|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        4    |       6    | 
|Cl-36         |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Cl-38         |  2x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|Curium (96)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        2    |       5    | 
|Cm-240        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Cm-241        |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        2    |       5    | 
|Cm-242        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -3  |        0    |       4    | 
|Cm-243        |   9x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Cm-244        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       3    | 
|Cm-245        |   9x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       3    | 
|Cm-246        |   9x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -3  |        0    |       4    | 
|Cm-247 (a)    |   3x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -2   |      -4  |        0    |       3    | 
|Cm-248        |  2x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Cobalt (27)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Co-55         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Co-56         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       6    | 
|Co-57         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Co-58         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       7    | 
|Co-58m        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Co-60         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Chrome (24)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Cr-51         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| cesium (55)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 



|              |       0   |      0   |        2    |       5    | 
|Cs-129        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       6    | 
|Cs-131        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       5    | 
|Cs-132        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       4    | 
|Cs-134        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       5    | 
|Cs-134m       |   4x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|Cs-135        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Cs-136        |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |      1      |     4      | 
|Cs-137 (a)    |   2x10    |  6x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Copper (29)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Cu-64         |   6x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Cu-67         |   1x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Dysprosium (66)|           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Dy-159        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Dy-165        |  9x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Dy-166 (a)    |  9x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Erbium (68)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|Er-169        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|Er-171        |  8x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Europium (63)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Eu-147        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Eu-148        |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       7    | 
|Eu-149        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|Eu-150        |       0   |      -1  |        3    |       6    | 



|( short-      |   2x10    |  7x10    |    1x10     |   1x10     | 
| existing)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|Eu-150        |      -1   |      -1  |        1    |       6    | 
|( long -       |  7x10     |  7x10    |    1x10     |   1x10     | 
| existing)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Eu-152        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|Eu-152m       |  8x10     |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Eu-154        |  9x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       7    | 
|Eu-155        |   2x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Eu-156        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Fluorine (9)      |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|F-18          |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Ferro (26)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Fe-52 (a)     |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       6    | 
|Fe-55         |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Fe-59         |  9x10     |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       5    | 
|Fe-60 (a)     |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Gallium (31)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ga-67         |   7x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Ga-68         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Ga-72         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| gadolinium (64)|           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Gd-146 (a)    |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Gd-148        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       7    | 
|Gd-153        |   1x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 



|              |       0   |      -1  |        3    |       6    | 
|Gd-159        |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Germanium (32) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Ge-68 (a)     |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       8    | 
|Ge-71         |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Ge-77         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Hafnium (72)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Hf-172 (a)    |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Hf-175        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Hf-181        |   2x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |        2    |       6    | 
|Hf-182        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Mercury (80)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Hg-194 (a)    |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Hf-195m (a)   |   3x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       7    | 
|Hg-197        |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Hg-197m       |   1x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       5    | 
|Hg-203        |   5x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Holmium (67)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       5    | 
|Ho-166        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Ho-166m       |  6x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Iodine (53)      |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|I-123         |   6x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|I-124         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        3    |       6    | 
|I-125         |   2x10    |  3x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|I-126         |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited     |        2    |       5    | 
|I-129         |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|I-131         |   3x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|I-132         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|I-133         |  7x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|I-134         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|I-135 (a)     |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Indium (49)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|In-111        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|In-113m       |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|In-114m (a)   |   1x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|In-115m       |   7x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Iridium (77)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       7    | 
|Ir-189 (a)    |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Ir-190        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     0     |      -1  |        1    |       4    | 
|Ir-192        | 1x10  (c) |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Ir-194        |  3x10     | 3 x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 Potassium (19)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|K-40          |  9x10     |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|K-42          |  2x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|K-43          |  7x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Krypton (36)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 



|              |       1   |      1   |        4    |       7    | 
|Kr-81         |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        5    |       4    | 
|Kr-85         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        3    |       10   | 
|Kr-85m        |   8x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        2    |       9    | 
|Kr-87         |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 Lanthanum (57)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        3    |       7    | 
|La-137        |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|La-140        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 lutetium (71)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Lu-172        |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Lu-173        |   8x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Lu-174        |   9x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       7    | 
|Lu-174m       |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Lu-177        |   3x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Magnesium (12)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Mg-28 (a)     |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Manganese (25)|           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Mn-52         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limiteded    |        4    |       9    | 
|Mn-53         |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Mn-54         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Mn-56         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Molybdenum (42) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       8    | 
|Mo-93         |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Mo-99 (a)     |   1x10    |  6x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
| Nitrogen (7)      |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       9    | 
|N-13          |  9x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| natrium (11)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Na-22         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Na-24         |  2x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Niobium (41)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       7    | 
|Nb-93m        |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Nb-94         |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Nb-95         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Nb-97         |  9x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Neodymium (60)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Nd-147        |   6x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|Nd-149        |  6x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Nickel (28)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |        4    |       8    | 
|Ni-59         |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        5    |       8    | 
|Ni-63         |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Ni-65         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Neptunium (93) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Np-235        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|Np-236        |       1   |      0   |        3    |       7    | 
|short existing   2x10    |  2x10    |    1x10     |   1x10     | 
|  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|Np-236        |       0   |      -2  |        2    |       5    | 
|long existing |   9x10    |  2x10    |    1x10     |   1x10     | 
| |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |      0      |     3      | 
|Np-237        |   2x10    |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 



|              |       0   |      -1  |        2    |       7    | 
|Np-239        |   7x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Osmium (76)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Os-185        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       7    | 
|Os-191        |   1x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Os-191m       |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Os-193        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Os-194 (a)    |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Phosphorus (15)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       5    | 
|P-32          |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        5    |       8    | 
|P-33          |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| protactinium  |           |          |             |            | 
|(91)          |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -2  |        1    |       6    | 
|Pa-230 (a)    |   2x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |        0    |       3    | 
|Pa-231        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       7    | 
|Pa-233        |   5x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| plumbum (82)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Pb-201        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       6    | 
|Pb-202        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Pb-203        |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |        4    |       7    | 
|Pb-205        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -2  |      1      |     4      | 
|Pb-210 (a)    |   1x10    |  5x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      1      |     5      | 
|Pb-212 (a)    |  7x10     |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Palladium (46) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       8    | 



|Pd-103 (a)    |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |        5    |       8    | 
|Pd-107        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        3    |       6    | 
|Pd-109        |   2x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Promethium (61) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Pm-143        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Pm-144        |  7x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Pm-145        |   3x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|Pm-147        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Pm-148m (a)   |  8x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        3    |       6    | 
|Pm-149        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Pm-151        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Polonium (84)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        1    |       4    | 
|Po-210        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| praseodymium (59)|           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Pr-142        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        4    |       6    | 
|Pr-143        |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Platinum (78)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Pt-188 (a)    |   1x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Pt-191        |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       7    | 
|Pt-193        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Pt-193m       |   4x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Pt-195m       |   1x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|Pt-197        |   2x10    |  6x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Pt-197m       |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Plutonium (94) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Pu-236        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Pu-237        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       4    | 
|Pu-238        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       4    | 
|Pu-239        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       3    | 
|Pu-240        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        2    |       5    | 
|Pu-241 (a)    |   4x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       4    | 
|Pu-242        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -3  |        0    |       4    | 
|Pu-244 (a)    |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Radium (88)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -3  |      2      |     5      | 
|Ra-223 (a)    |   4x10    |  7x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -2  |      1      |     5      | 
|Ra-224 (a)    |   4x10    |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -3  |       2     |       5    | 
|Ra-225 (a)    |   2x10    |  4x10    |   1x10      |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -3  |      1      |     4      | 
|Ra-226 (a)    |   2x10    |  3x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -2  |      1      |     5      | 
|Ra-228 (a)    |   6x10    |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Rubidium (37)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Rb-81         |   2x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Rb-83 (a)     |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Rb-84         |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Rb-86         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited |    |        4    |       7    | 
|Rb-87         |                      |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |        4    |       7    | 
|Rb (natural)|                        |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Rhenium (75)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Re-184        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Re-184m       |   3x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        3    |       6    | 
|Re-186        |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |    non limited       |        6    |       9    | 
|Re-187        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       -1  |      -1  |        2    |       5    | 
|Re-188        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Re-189 (a)    |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited    | |        6    |       9    | 
|Re (natural)|                        |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Rhodium (45)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Rh-99         |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Rh-101        |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Rh-102        |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Rh-102m       |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       8    | 
|Rh-103m       |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       7    | 
|Rh-105        |   1x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Radon (86)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -3  |      1      |     8      | 
|Rn-222 (a)    |  3x10     |  4x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
 Ruthenium (44)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Ru-97         |   5x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Ru-103 (a)    |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Ru-105        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 



|              |      -1   |      -1  |      2      |     5      | 
|Ru-106 (a)    |  2x10     |  2x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
| Sulfur (16)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        5    |       8    | 
|S-35          |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Trumpet (51)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       4    | 
|Sb-122        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Sb-124        |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Sb-125        |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sb-126        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Scandium (21)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sc-44         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Sc-46         |  5x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        2    |       6    | 
|Sc-47         |   1x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sc-48         |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Selenium (34)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Se-75         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        4    |       7    | 
|Se-79         |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Silicon (14)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Si-31         |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|Si-32         |   4x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Samarium (62)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        2    |       7    | 
|Sm-145        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     | non limited              1    |       4    | 
|Sm-147        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       8    | 
|Sm-151        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 



|              |       0   |      -1  |        2    |       6    | 
|Sm-153        |   9x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Tin  (50)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |       0  |        3    |       7    | 
|Sn-113 (a)    |   4x10    |   2x10   |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Sn-117m       |   7x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Sn-119m       |   4x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Sn-121m (a)   |   4x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Sn-123        |  8x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Sn-125        |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sn-126 (a)    |  6x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Strontium (38) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sr-82 (a)     |  2x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Sr-85         |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Sr-85m        |   5x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Sr-87m        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Sr-89         |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      2      |     4      | 
|Sr-90 (a)     |  3x10     |  3x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Sr-91 (a)     |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Sr-92 (a)     |   1x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 Tritium (1)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        6    |       9    | 
|T (H-3)       |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Tantalum (73)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|Ta-178        |       0   |      -1  |        1    |       6    | 
|(long  
existing       |   1x10    |  8x10    |    1x10     |   1x10     |     |           
|          |             |            | 



|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|Ta-179        |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       4    | 
|Ta-182        |  9x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 terbium (65)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       7    | 
|Tb-157        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Tb-158        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Tb-160        |   1x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Technetium (43) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Tc-95m (a)    |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Tc-96         |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       7    | 
|Tc-96m (a)    |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|                      non limited|        3    |       8    | 
|Tc-97         |                    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        3    |       7    | 
|Tc-97m        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Tc-98         |  8x10     |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        4    |       7    | 
|Tc-99         |   4x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       7    | 
|Tc-99m        |   1x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Tellurium (52)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Te-121        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Te-121m       |   5x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Te-123m       |   8x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Te-125m       |   2x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       6    | 
|Te-127        |   2x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Te-127m (a)   |   2x10    |  5x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       6    | 
|Te-129        |  7x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Te-129m (a)   |  8x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Te-131m (a)   |  7x10     |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       7    | 
|Te-132 (a)    |  5x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 Thorium (90)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        1    |       4    | 
|Th-227        |   1x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -3  |      0      |     4      | 
|Th-228 (a)    |  5x10     |  1x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -4  |      0      |     3      | 
|Th-229        |   5x10    |  5x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -3  |        0    |       4    | 
|Th-230        |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -2  |        3    |       7    | 
|Th-231        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited    | |        1    |       4    | 
|Th-232        |                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      3      |     5      | 
|Th-234 (a)    |  3x10     |  3x10    |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited    |     |      0      |     3      | 
|Th (natural)|                        |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
 titanium (22)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|Ti-44 (a)     |  5x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Thallium (81)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Tl-200        |  9x10     |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      0   |        2    |       6    | 
|Tl-201        |   1x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Tl-202        |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        4    |       4    | 
|Tl-204        |   1x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
 Thulium (69)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Tm-167        |   7x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 



|              |       0   |      -1  |        3    |       6    | 
|Tm-170        |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       8    | 
|Tm-171        |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+--------- 
 Uranium (92)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-230 (rapid 
Acquisitions by 
lungs)          |       1   |      -1  |      1      |     5      | 
|              |   4x10    |  1x10    |  1x10  (b)  | 1x10  (b)  | 
|              |           |          |             |            | 
|(a) (d)       |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-230 (medium 
Acquisitions by 
lungs)         |       1   |      -3  |        1    |       4    | 
|              |   4x10    |  4x10    |    1x10     |   1x10     | 
|              |           |          |             |            | 
|(a) (e)       |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-230         |       1   |      -3  |        1    |       -4   | 
|(slow         |   3x10    |  3x10    |    1x10     |   1x10     | 
| Acquisitions by 
lungs          |           |          |             |            | 
|        )     |           |          |             |            | 
|(a) (f)       |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-232 (rapid  |       1   |      -2  |      0      |     3      | 
| Acquisitions by 
lungs              4x10    |  1x10    |  1x10  (b)  | 1x10  (b)  | 
|          (d) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-232 (medium 
|   Acquisitions 
 by 
lungs              1   |      -3  |        1    |       4    | 
|              |   4x10    |  7x10    |    1x10     |   1x10     | 
| (e)          |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-232         |       1   |      -3  |        1    |       4    | 
|(slow         |   1x10    |  1x10    |    1x10     |   1x10     | 
| Acquisitions by 
lungs                      |          |             |            | 
|          (f) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-233 (rapid |       1   |      -2  |        1    |       4    | 
| Acquisitions by 
lungs          |   4x10    |  9x10    |    1x10     |   1x10     | 
|          (d) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-233 (medium |       1   |      -2  |        2    |       5    | 
| Acquisitions by 
lungs              4x10    |  2x10    |    1x10     |   1x10     | 
|          (e) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-233         |       1   |      -3  |        1    |       5    | 
|(slow         |   4x10    |  6x10    |    1x10     |   1x10     | 
| Acquisitions by 
lungs          |           |          |             |            | 
|          (f) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 



|U-234 (rapid |       1   |      -2  |        1    |       4    | 
| acquisitions by    
lungs          |   4x10    |  9x10    |    1x10     |   1x10     | 
| (d) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-234 (medium |       1   |      -2  |        2    |       5    | 
| acquisitions  
   by lungs    |   4x10    |  2x10    |    1x10     |   1x10     | 
|          (e) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-234         |       1   |      -3  |        1    |       5    | 
|(slow         |   4x10    |  6x10    |    1x10     |   1x10     | 
acquisitions by  
    lungs) (f) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-235 (all types  
 of acquisitions  
by lungs    |     non limited    |        |      1      |     4      | 
|          |  |                          1x10  (b)  | 1x10  (b)  | 
| 
 (a)           |           |          |             |            | 
|(d) (e) (f)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-236 (rapid |     non limited     |        1    |       4    | 
| acquisitions  
by lungs 
               |                           1x10     |   1x10     | 
|   (d) |      |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-236 (medium |       1   |      -2  |        2    |       5    | 
| acquisitions  
by lungs       |   4x10    |  2x10    |    1x10     |   1x10     | 
|          (e) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-236         |       1   |      -3  |        1    |       4    | 
|(slow         |   4x10    |  6x10    |    1x10     |   1x10     | 
| acquisitions 
 by lungs      |           |          |             |            | 
|          (f) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|U-238 (all types 
 of     |            non limited      |      1      |     4      | 
| acquisitions  
     by lungs 
               |                         1x10  (b)  | 1x10  (b)  | 
| 
 |             |          |             |            | 
|(d) (e) (f)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited      |      0      |     3      | 
|U (natural) |                        |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|U (|fortified     non limited              0    |       3    | 
|up to 20% o   |                      |    1x10     |   1x10     | 
|less ) (g)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited              0    |       3    | 
|U (|depleted                      |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|Ванадій (23)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       5    | 
|V-48          |  4x10     |  4x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       7    | 
|V-49          |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Tungsten (74) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|W-178 (a)     |   9x10    |  5x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       7    | 
|W-181         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        4    |       7    | 
|W-185         |   4x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|W-187         |   2x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|W-188 (a)     |  4x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Xenon (54)   |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       9    | 
|Xe-122 (a)    |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       9    | 
|Xe-123        |   2x10    |  7x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        3    |       5    | 
|Xe-127        |   4x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        4    |       4    | 
|Xe-131m       |   4x10    |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      1   |        3    |       4    | 
|Xe-133        |   2x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        3    |       10   | 
|Xe-135        |   3x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
yttrium (39)    |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Y-87 (a)      |   1x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        1    |       6    | 
|Y-88          |  4x10     |  4x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       5    | 
|Y-90          |  3x10     |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        3    |       6    | 
|Y-91          |  6x10     |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Y-91m         |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Y-92          |  2x10     |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |        2    |       5    | 
|Y-93          |  3x10     |  3x10    |    1x10     |   1x10     | 



|--------------+-----------+----------+-------------+------------| 
 ytterbium (70)  |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       7    | 
|Yb-169        |   4x10    |  1x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       1   |      -1  |        3    |       7    | 
|Yb-175        |   3x10    |  9x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
| Zinc (30)     |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        1    |       6    | 
|Zn-65         |   2x10    |  2x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        4    |       6    | 
|Zn-69         |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        2    |       6    | 
|Zn-69m (a)    |   3x10    |  6x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
Zirconium (40) |           |          |             |            | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      0   |        2    |       6    | 
|Zr-88         |   3x10    |  3x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |     non limited       |      3      |     7      | 
|Zr-93         |                      |  1x10  (b)  | 1x10  (b)  | 
|--------------+-----------+----------+-------------+------------| 
|              |       0   |      -1  |        1    |       6    | 
|Zr-95 (a)     |   2x10    |  8x10    |    1x10     |   1x10     | 
|--------------+-----------+----------+-------------+------------| 
|              |      -1   |      -1  |      1      |     5      | 
|Zr-97 (a)     |  4x10     |  4x10    |  1x10  (b)  | 1x10  (b)  | 
------------------------------------------------------------------  
 
--------------- 
     (A) A and / or A for these parent radionuclides shall include 
          2          1 
Contribution from contribution from subsidiaries radionuclides with a half 
life of less 
10 days listed below: 
------------------------------------------------------------------ 
|Mg 28         |Al 28                                            | 
|--------------+-------------------------------------------------| 
|Ar 42         |K 42                                             | 
|--------------+-------------------------------------------------| 
|Ca 47         |Sc 47                                            | 
|--------------+-------------------------------------------------| 
|Ti 44         |Sc 44                                            | 
|--------------+-------------------------------------------------| 
|Fe 52         |Mn 52m                                           | 
|--------------+-------------------------------------------------| 
|Fe 60         |Co 60m                                           | 
|--------------+-------------------------------------------------| 
|Zn 69m        |Zn 69                                            | 
|--------------+-------------------------------------------------| 
|Ge 68         |Ga 68                                            | 
|--------------+-------------------------------------------------| 
|Rb 83         |Kr 83m                                           | 
|--------------+-------------------------------------------------| 
|Sr 82         |Rb 82                                            | 
|--------------+-------------------------------------------------| 
|Sr 90         |Y 90                                             | 



|--------------+-------------------------------------------------| 
|Sr 91         |Y 91m                                            | 
|--------------+-------------------------------------------------| 
|Sr 92         |Y 92                                             | 
|--------------+-------------------------------------------------| 
|Y 87          |Sr 87m                                           | 
|--------------+-------------------------------------------------| 
|Zr 95         |Nb 95m                                           | 
|--------------+-------------------------------------------------| 
|Zr 97         |Nb 97m, Nb 97                                    | 
|--------------+-------------------------------------------------| 
|Mo 99         |Tc 99m                                           | 
|--------------+-------------------------------------------------| 
|Tc 95m        |Tc 95                                            | 
|--------------+-------------------------------------------------| 
|Tc 96m        |Tc 96                                            | 
|--------------+-------------------------------------------------| 
|Ru 103        |Rh 103m                                          | 
|--------------+-------------------------------------------------| 
|Ru 106        |Rh 106                                           | 
|--------------+-------------------------------------------------| 
|Pd 103        |Rh 103m                                          | 
|--------------+-------------------------------------------------| 
|Ag 108m       |Ag 108                                           | 
|--------------+-------------------------------------------------| 
|Ag 110m       |Ag 110                                           | 
|--------------+-------------------------------------------------| 
|Cd 115        |In 115m                                          | 
|--------------+-------------------------------------------------| 
|In 114m       |In 114                                           | 
|--------------+-------------------------------------------------| 
|Sn 113        |In 113m                                          | 
|--------------+-------------------------------------------------| 
|Sn 121m       |Sn 121                                           | 
|--------------+-------------------------------------------------| 
|Sn 126        |Sb 126m                                          | 
|--------------+-------------------------------------------------| 
|Te 118        |Sb 118                                           | 
|--------------+-------------------------------------------------| 
|Te 127m       |Te 127                                           | 
|--------------+-------------------------------------------------| 
|Te 129m       |Te 129                                           | 
|--------------+-------------------------------------------------| 
|Te 131m       |Te 131                                           | 
|--------------+-------------------------------------------------| 
|Te 132        |I 132                                            | 
|--------------+-------------------------------------------------| 
|I 135         |Xe 135m                                          | 
|--------------+-------------------------------------------------| 
|Xe 122        |I 122                                            | 
|--------------+-------------------------------------------------| 
|Cs 137        |Ba 137m                                          | 
|--------------+-------------------------------------------------| 
|Ba 131        |Cs 131                                           | 
|--------------+-------------------------------------------------| 
|Ba 140        |La 140                                           | 
|--------------+-------------------------------------------------| 
|Ce 144        |Pr 144m, Pr 144                                  | 
|--------------+-------------------------------------------------| 
|Pm 148m       |Pm 148                                           | 
|--------------+-------------------------------------------------| 
|Gd 146        |Eu 146                                           | 
|--------------+-------------------------------------------------| 



|Dy 166        |Ho 166                                           | 
|--------------+-------------------------------------------------| 
|Hf 172        |Lu 172                                           | 
|--------------+-------------------------------------------------| 
|W 178         |Ta 178                                           | 
|--------------+-------------------------------------------------| 
|W 188         |Re 188                                           | 
|--------------+-------------------------------------------------| 
|Re 189        |Os 189m                                          | 
|--------------+-------------------------------------------------| 
|Os 194        |Ir 194                                           | 
|--------------+-------------------------------------------------| 
|Ir 189        |Os 189m                                          | 
|--------------+-------------------------------------------------| 
|Pt 188        |Ir 188                                           | 
|--------------+-------------------------------------------------| 
|Hg 194        |Au 194                                           | 
|--------------+-------------------------------------------------| 
|Hg 195m       |Hg 195                                           | 
|--------------+-------------------------------------------------| 
|Pb 210        |Bi 210                                           | 
|--------------+-------------------------------------------------| 
|Pb 212        |Bi 212, Tl 208, Po 212                           | 
|--------------+-------------------------------------------------| 
|Bi 210m       |Tl 206                                           | 
|--------------+-------------------------------------------------| 
|Bi 212        |Tl 208, Po 212                                   | 
|--------------+-------------------------------------------------| 
|At 211        |Po 211                                           | 
|--------------+-------------------------------------------------| 
|Rn 222        |Po 218, Pb 214, At 218, Bi 214, Po 214           | 
|--------------+-------------------------------------------------| 
|Ra 223        |Rn 219, Po 215, Pb 211, Bi 211, Po 211, Tl 207   | 
|--------------+-------------------------------------------------| 
|Ra 224        |Rn 220, Po 216, Pb 212, Bi 212, Tl 208, Po 212   | 
|--------------+-------------------------------------------------| 
|Ra 225        |Ac 225, Fr 221, At 217, Bi 213, Tl 209, Po 213,  | 
|              |Pb 209                                           | 
|--------------+-------------------------------------------------| 
|Ra 226        |Rn 222, Po 218, Pb 214, At 218, Bi 214, Po 214   | 
|--------------+-------------------------------------------------| 
|Ra 228        |Ac 228                                           | 
|--------------+-------------------------------------------------| 
|Ac 225        |Fr 221, At 217, Bi 213, Tl 209, Po 213, Pb 209   | 
|--------------+-------------------------------------------------| 
|Ac 227        |Fr 223                                           | 
|--------------+-------------------------------------------------| 
|Th 228        |Ra 224, Rn 220, Po 216, Po 212, Bi 212, Tl 208,  | 
|              |Po 212                                           | 
|--------------+-------------------------------------------------| 
|Th 234        |Pa 234m, Pa 234                                  | 
|--------------+-------------------------------------------------| 
|Pa 230        |Ac 226, Th 226, Fr 222, Ra 222, Rn 218, Po 214   | 
|--------------+-------------------------------------------------| 
|U 230         |Th 226, Ra 222, Rn 218, Po 214                   | 
|--------------+-------------------------------------------------| 
|U 235         |Th 231                                           | 
|--------------+-------------------------------------------------| 
|Pu 241        |U 237                                            | 
|--------------+-------------------------------------------------| 
|Pu 244        |U 240, Np 240m                                   | 
|--------------+-------------------------------------------------| 
|Am 242m       |Am 242, Np 238                                   | 



|--------------+-------------------------------------------------| 
|Am 243        |Np 239                                           | 
|--------------+-------------------------------------------------| 
|Cm 247        |Pu 243                                           | 
|--------------+-------------------------------------------------| 
|Bk 249        |Am 245                                           | 
|--------------+-------------------------------------------------| 
|Cf 253        |Cm 249                                           | 
------------------------------------------------------------------  
 
--(B) The following are the parent radionuclides and their subsidiaries 
Products included in the balance of age: 
---------------------------------------------------------------- 
|Sr-90         |Y-90                                             | 
|--------------+-------------------------------------------------| 
|Zr-93         |Nb-93m                                           | 
|--------------+-------------------------------------------------| 
|Zr-97         |Nb-97                                            | 
|--------------+-------------------------------------------------| 
|Ru-106        |Rh-106                                           | 
|--------------+-------------------------------------------------| 
|Ag 108m       |Ag 108                                           | 
|--------------+-------------------------------------------------| 
|Cs-137        |Ba-137m                                          | 
|--------------+-------------------------------------------------| 
|Ce-144        |Pr-144                                           | 
|--------------+-------------------------------------------------| 
|Ba-140        |La-140                                           | 
|--------------+-------------------------------------------------| 
|Bi-212        |Tl-208 (0,36), Po-212 (0,64)                     | 
|--------------+-------------------------------------------------| 
|Pb-210        |Bi-210, Po-210                                   | 
|--------------+-------------------------------------------------| 
|Pb-212        |Bi-212, Tl-208 (0,36), Po-212 (0,64)             | 
|--------------+-------------------------------------------------| 
|Rn-222        |Po-218, Pb-214, Bi-214, Po-214                   | 
|--------------+-------------------------------------------------| 
|Ra-223        |Rn-219, Po-215, Pb-211, Bi-211, Tl-207           | 
|--------------+-------------------------------------------------| 
|Ra-224        |Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0,36),   | 
|              |Po-212 (0,64)                                    | 
|--------------+-------------------------------------------------| 
|Ra-226        |Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210,  | 
|              |Bi-210, Po-210                                   | 
|--------------+-------------------------------------------------| 
|Ra-228        |Ac-228                                           | 
|--------------+-------------------------------------------------| 
|Th-228        |Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208   | 
|              |(0,36), Po-212 (0,64)                            | 
|--------------+-------------------------------------------------| 
|Th-229        |Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213,  | 
|              |Pb-209                                           | 
|--------------+-------------------------------------------------| 
|Th-природ.    |Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216,  | 
|              |Pb-212, Bi-212, Tl-208 (0,36), Po-212 (0,64)     | 
|--------------+-------------------------------------------------| 
|Th-234        |Pa-234m                                          | 
|--------------+-------------------------------------------------| 
|U-230         |Th-226, Ra-222, Rn-218, Po-214                   | 
|--------------+-------------------------------------------------| 
|U-232         |Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212,  | 
|              |Tl-208 (0,36), Po-212 (0,64)                     | 
|--------------+-------------------------------------------------| 



|U-235         |Th-231                                           | 
|--------------+-------------------------------------------------| 
|U-238         |Th-234, Pa-234m                                  | 
|--------------+-------------------------------------------------| 
|U-природ.     |Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222,  | 
|              |Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210,  | 
|              |Po-210                                           | 
|--------------+-------------------------------------------------| 
|Np-237        |Pa-233                                           | 
|--------------+-------------------------------------------------| 
|Am-242m       |Am-242                                           | 
|--------------+-------------------------------------------------| 
|Am-243        |Np-239                                           | 
------------------------------------------------------------------  
(C) number can be determined by measuring 
decay rate or the level of radiation at a given distance from 
source. 
     (D) These values apply only to the United uranium 
acquire chemical form of UF, UO F and UO (NO) than normal, 
                           6 2 2 2 3 2 
and accident conditions of carriage. 
     (E) These values apply only to the United uranium 
acquire chemical form of UO, UF and UCl, and hexavalent 
                             3 4 4 
combinations, both normal and accident conditions of carriage. 
     (F) These values apply to all combinations of uranium, other than 
as provided in paragraphs "d" and "e". 
     (G) These values apply only to unirradiated 
uranium. 
4.7. In case of the absence of relevant data for specific 
radionuclide or mixture of radionuclides must use 
values given in Table. 2. 
 
 
      
Table 2 - Key values for unknown 
                     radionuclides or mixtures 
 
------------------------------------------------------------------ 
| Radioactive contents | A   |  A   |   Specific | Limit of activity  
|                      |  1  |   2  | activity   |for materilas| 
|                      |     |      for materials    to whicjh apply       | 
|                      |     |      |            |  complete release    | 
|                      |     |       to which apply  
                                     complete  
                                     release  
| 
|----------------------+-----+------+------------+---------------| 
|                      |(ТБк)|(ТБк) |   (Бк/г)   |     (Бк)      | 
|----------------------+-----+------+------------+---------------| 
|                      | 0,1 | 0,02 |        1   |         4     | 
|                      |     |      |    1x10    |     1x10      | 
|We know that there  
| Only beta or  
| Gamma emitters  
| radionuclides 
 
 
          |     |      |            |               | 
|----------------------+-----+------+------------+---------------| 
|                      | 0,2 |    -5|       -1   |         3     | 
|                |     |9x10  |   1x10     |     1x10      | 
We know that there  



| Only alpha  Emitters  
| Radionuclides, but not  
| Emitters  
 
 
 
           |     |      |            |               | 
|----------------------+-----+------+------------+---------------| 
|                      |0,001|    -5|       -1   |         3     | 
|                      |     |9x10  |   1x10     |     1x10      | 
| We know that there are  
| Radionuclides  
| Emit neutrons  
Or relevant data  
| no 
 
 
 
 
 
 
             |     |      |            |               | 
------------------------------------------------------------------  
 
              Classification of radioactive material 
 
     4.8. Depending on the characteristics of radioactive materials 
in these Rules established this classification: 
     a) the degree of potential risk: 
     radioactive materials with very low radiological risk; 
     radioactive materials with a limited radiation risk; 
     radioactive materials with a significant radiation risk; 
     b) the form or physical state: 
     radioactive material  of special form; 
     other radioactive materials; 
     c) the physical properties: 
     indivisible radioactive materials; 
     fissile materials and fissile-material released. 
                   
 
Radioactive materials with too 
                  low radiological risk 
 
     4.9. Radioactive material with too low 
radiological risk include: 
     radioactive material in limited quantities; 
     radioactive materials contained in the devices or other 
industrial products; 
     products made from natural uranium, depleted uranium or 
natural thorium. 
 
     Radioactive material in limited quantities 
 
     4.10. Radioactive material in limited quantities 
are indivisible and divisible-released radioactive materials 
special form or other form of activity that does not exceed 
corresponding limits specified in the table. 3. 
 
          Table 3 - Limits for radioactive activity 
                 material in limited quantities 
 
 
------------------------------------------------------------------ 



| Physical state                | Limits of activity for materials 
|-------------------------------+--------------------------------| 
|Hard materils:              |                                | 
|                               |              -3                | 
|of special form                |            10   A              | 
|                               |                  1             | 
|                               |                                | 
|                               |              -3                | 
|other form                     |            10   A              | 
|                               |                  2             | 
|                               |                                | 
|-------------------------------+--------------------------------| 
|                               |              -4                | 
|Liquids                        |            10   A              | 
|                               |                  2             | 
|-------------------------------+--------------------------------| 
|Gas:                          |                                | 
|                               |               -2               | 
|  Tritium                       |           2x10   A             | 
|                               |                   2            | 
|                               |                                | 
|                               |              -3                | 
|ofspecial form                 |            10   A              | 
|                               |                  1             | 
|                               |                                | 
|other form                      |              -3                | 
|                               |            10   A              | 
|                               |                  2             | 
------------------------------------------------------------------  
 
     Radioactive materials contained in the device or other 
industrial products 
 
     4.11. It is indivisible and divisible-released radioactive 
Materials of special form of radioactive material or other form, 
contained in instruments or other commercial products, or have 
their part, with activity not exceeding the limits for individual 
items listed in the table. 4. In this case: 
     radiation level at a distance of 10 cm from any point 
the outer surface of any device or unpacked products are not 
more than 0.1 mSv / h; 
     each device or object marked "radioactive" 
(RADIOACTIVE), except: 
     i) appliances with clocks or radiolyuminestsentnym coating; 
     ii) consumer products that either have been admitted regulator 
authority in accordance with paragraph 1.7d, or individually not 
exceeds the limit for cargo activity, which extends the full 
exemption specified in the table. 1 (column 5), provided that such 
goods are transported in a package that has the marking "RADIOACTIVE" 
(RADIOACTIVE) on the inner surface so that a warning 
the presence of radioactive material can be seen after 
opening the package; 
     active material is completely closed inactive elements 
(A device whose sole function is to accommodate within it 
radioactive material shall not be regarded as a device or 
industrial product). 
 
 
 
 
           Table 4 - Limits of activity radioactive 
            materials in appliances and industrial products 
 



  
| Physical state                | Limits of activity for materials 
------------------------------------------------------------------ 
|          | 
|-------------------------------+--------------------------------| 
|Hard materils   :              |                                | 
|                               |              -2                | 
|of special form                |            10   A              | 
|                               |                  1             | 
|                               |                                | 
|                               |              -2                | 
|other form                     |            10   A              | 
|                               |                  2             | 
|-------------------------------+--------------------------------| 
|                               |              -3                | 
|liquids                        |            10   A              | 
|                               |                  2             | 
|-------------------------------+--------------------------------| 
|gas:                          |                                | 
|                               |               -2               | 
| Tritiu                        |           2x10   A             | 
|                               |                   2            | 
|                               |                                | 
|                               |              -3                | 
|special form                |            10   A              | 
|                               |                  1             | 
|                               |                                | 
|other form                    |              -3                | 
|                               |            10   A              | 
|                               |                  2             | 
------------------------------------------------------------------  
 
     Products manufactured from natural uranium, depleted uranium or 
natural thorium 
 
      4.12. This industrial products in which the only radioactive 
Non-irradiated material is natural uranium, depleted Non-irradiated 
Non-irradiated natural uranium or thorium in any quantity. 
These products may be empty packagings which are not 
used for the transport of radioactive materials. 
The outer surface of the uranium or thorium shall be covered with an 
inactive 
shell, made of metal or other solid material. 
 
 
 
                Radioactive material with limited 
                        radiation risk 
4.13. Radioactive materials with a limited radiation 
risk include: 
     radioactive materials with a low specific activity (LSA); 
     objects with surface contamination (SCO); 
     special form radioactive material and other radioactive 
materials with activity not exceeding A and A respectively. 
                                  1         2 
 
     Radioactive material with a low specific activity (LSA) 
 
     4.14. From low specific activity (Low specific 
activity material - LSA) - a radioactive material which by its 
nature has a limited specific activity, or radioactive 
material, which limits established by applicable average 
specific activity. Materials for external security surrounding 



material LSA, in determining the average specific set 
activities should not be taken into account. 
      
 4.15. LSA materials are one of three groups: 
     a) LSA-I: 
     i) uranium and thorium ores and concentrates of such ores, and 
other ores containing naturally occurring radionuclides and 
intended for processing in order to use these 
radionuclides; 
     ii) natural uranium, depleted uranium, natural thorium or their 
a compound or mixture provided that they are irradiated and are 
in solid or liquid form; 
     iii) radioactive material for which no value A 
                                                             2 
limited, with the exception of fissile materials; 
     iv) other radioactive material in which the activity 
distributed throughout the volume and average specific set 
activity does not exceed more than 30 times the value 
activity concentration specified in paragraphs 4.2-4.7, except 
fissile materials. 
     b) LSA-II: 
     i) water with tritium concentration up to 0.8 TBq / l; 
     ii) other material in which the activity is distributed throughout 
volume, and set the average specific activity does not exceed 
  -4 -5 
10 A / g for solid and gaseous substances and 10 A / g for 
      1    2 
liquid. 
     c) LSA-III: 
     solid materials (such as associated waste activated 
substances) other than powders, in which: 
     i) the radioactive material is distributed throughout the volume 
of solid material or solid objects or preferably 
evenly distributed in hard solid material that 
binding (eg concrete, bitumen, ceramic, etc.); 
     ii) the radioactive material is relatively insoluble, or 
structural contained in a relatively insoluble matrix, so even 
the destruction of the packaging of radioactive leakage 
material per package due to leaching at 
stay in water for seven days would not exceed 0,1 A; 
                                                            2 
     iii) established the average specific activity of the solid material 
excluding any shielding material does not exceed 
    -3 
2x10 A / h. 
        2 
 
 
Requirements for LSA-III material 
 
      4.16. LSA-III material must be solid and have the 
Properties that during these tests in paragraph 8.3 
all internal contents of the package are not water activity 
exceed 0,1 A. 
                   2 
 
      Test of material LSA-III 
 
 
      
     
 
4.17. LSA-III material shall be subjected to the test 



leaching under paragraph 8.3 of the Rules. 
 
     Objects with surface contamination 
 
     4.18. Objects with surface contamination 
(Surface contaminated objects - SCO) - solid objects that are not 
itself radioactive but containing radioactive material 
distributed on their surface. 
 
     4.19. SCO belong to one of two groups: 
     a) SCO-I: solid objects, in which: 
     i) non-fixed contamination on the accessible 
surface, averaged over an area of 300 kv.sm (or the entire surface, 
if its area is less than 300 kv.sm) does not exceed 4 Bq / cm for beta 
and gamma emitters and alpha emitters of low toxicity 
or 0.4 Bq / cm for all other alpha emitters; 
     ii) the fixed contamination on the accessible surface, 
averaged over an area of 300 kv.sm (or the entire surface if its area 
                                         4 
kv.sm less than 300) does not exceed 4x10 Bq / cm for beta and 
gamma emitters and alpha-emitters low 
                             3 
toxicity or 4x10 Bq / cm for all other 
alpha emitters; 
     iii) non-fixed contamination plus the fixed 
contamination on the inaccessible surface averaged at 
300 kv.sm area (or the entire surface if its area is less 
                                    4 
Kv.sm 300) does not exceed 4x10 Bq / cm for beta and 
gamma emitters and alpha-emitters low 
                            3 
toxicity or 4x10 Bq / cm for all other 
alpha emitters; 
     b) SCO-II: solid objects, which fixed or unfixed 
surface contamination exceeds the relevant limit, 
specified for SCO-I above, paragraph "a", in which: 
     i) non-fixed contamination on the accessible 
surface, averaged over an area of 300 kv.sm (or the entire surface, 
if its area is less than 300 kv.sm) does not exceed 400 Bq / cm for 
beta and gamma emitters and alpha emitters low 
toxicity or 40 Bq / cm for all other alpha emitters; 
     ii) the fixed contamination on the accessible surface, 
averaged over an area of 300 kv.sm (or the entire surface if its area 
                                        5 
kv.sm less than 300) does not exceed 8x10 Bq / cm for beta and 
gamma emitters and alpha-emitters low 
                            4 
toxicity or 8x10 Bq / cm for all other 
alpha emitters; 
     iii) non-fixed contamination plus the fixed 
contamination on the inaccessible surface averaged at 
300 kv.sm area (or the entire surface if its area is less 
                                   5 
Kv.sm 300) does not exceed 8x10 Bq / cm for beta and 
gamma emitters and alpha-emitters low 
                          4 
toxicity or 8x10 Bq / cm for all other 
alpha emitters. 
 
 
      
      
 



 
Radioactive material of special form 
 
     4.20. Radioactive material of special form (Special form 
radioactive material) - solid radioactive material that is not 
scattered or closed capsule containing radioactive 
material and design is approved by the competent authority. 
 
     Requirements for special form radioactive material 
 
     4.21. Radioactive material is a special form shall be as 
a minimum size of at least 5 mm. 
 
     4.22. Radioactive material should have a special form 
or the properties should be such that when tested, 
referred to in paragraphs 8.4-8.11 were made following requirements: 
     a) it must not break or crumble when tested 
crash, punch and bend specified in paragraphs 8.5, 
8.6, 8.7 and 8.9a; 
     b) it should not melt or disperse in the heat 
tests specified in paragraphs 8.8 or 8.9b; 
     c) water activity when tested in accordance leaching 
paragraphs 8.10 and 8.11 should not exceed 2 kBq; or for 
the degree of leakage of sealed sources after appropriate testing 
volumetric leakage assessment method listed in document ISO 9978 
"Radiation Protection - Sealed Radioactive Sources - Leakage Test 
Methods ", shall not exceed the corresponding allowable threshold 
GOST 27212-87 set "Sources of radiation yonyzyruyuscheho 
Closed radyonuklydnыe. General specifications Requirements ". 
 
     4.23. If part of radioactive material 
special form is sealed capsule, the capsule should be 
made so that it can be opened only by 
destruction. 
 
     Tests of special form radioactive material 
 
     4.24. Samples of the radioactive material of special form 
Designs that simulate radioactive material special form, 
shall be tested: 
     on collision 
     to strike 
     bend, 
     thermal, 
     to leaching 
     in accordance with paragraphs 8.5-8.10 hereof. 
 
 
     Other radioactive materials 
 
      4.25. Other radioactive materials (radioactive materials of  
other form) - a radioactive material that does not meet 
requirements for special form radioactive material. 
 
                Radioactive material with significant 
                        radiation risk 
 
    4.26. Radioactive material with significant radiation 
risk include: 
     special form radioactive material and other radioactive 
more active materials A and A respectively; 
                               2 1 
     radioactive materials with low dispersible. 



 
     Radioactive material with low dispersible 
 
     4.27. Radioactive material with a low capacity for 
scattering (Low dispersible radioactive material) - hard 
radioactive material or a solid radioactive material in 
a sealed capsule, that has limited capacity for dispersion and not 
is in powder form. 
 
     Requirements for radioactive material, low capacity for 
scattering 
 
     4.28. Radioactive material with a low capacity for 
scattering - is a radioactive material, the total number 
whose packaging satisfies the following requirements: 
     a) the radiation level at 3 m from unprotected 
radioactive material does not exceed 10 mSv / h; 
     b) in tests mentioned in paragraphs 8.36 and 
8.37, released into the atmosphere in gaseous and aerosol forms 
particles with an aerodynamic equivalent diameter of 100 microns not 
more than 100 A. Each test can be used 
               2 
a separate specimen; 
     c) during the test specified in paragraph 8.3, water activity 
less than 100 A. In conducting this test has 
                   2 
taken into account the devastating impact tests mentioned above, 
paragraph "b". 
 
     Tests of radioactive material with a low capacity for 
scattering 
 
     4.29. Samples of radioactive material with a low capacity for 
or scattering samples that simulate radioactive material 
low dispersible exposed: 
     enhanced thermal test in accordance with paragraph 8.36, 
     crash tested in accordance with paragraph 8.37, 
     leaching test in accordance with paragraph 8.3. 
 
                        Подільні матеріали  
 
     4.30. До подільних матеріалів належать: 
     уран-233, уран-235,  плутоній-239,  плутоній-241 або будь-яка  
комбінація цих радіонуклідів. 
     Під це визначення не підпадають: 
     a) неопромінений природний уран або збіднений уран; 
     b) природний уран або збіднений уран,  опромінений  тільки  в  
реакторах на теплових нейтронах.  
 
                   Fissile-materials released 
 
      4.31. Fissile material that meets one of the provisions, 
the following shall be exempt from the requirements that apply to 
fissile material during transportation. For each load 
allowed only one type of release. 

a) weight limit for cargo is given by   formula 
  mass of uranium - 235 (g)   mass of other fissile material (g) 
  -------------------- + --------------------------------- < 1, 
           X                             Y  
 
     where X and Y - mass limits defined in Table. 5, provided that 
the smallest external dimension of each package is not less than 
10 cm and that: 



 
     i) each individual package contains not more than 15 g of fissile 
material; if the material is unpacked quantitative restriction 
should apply to cargo carried inside 
means of transport or on it, or 
     ii) fissile material is a homogeneous solution containing 
hydrogen or a mixture where the ratio of fissile radionuclides hydrogen 
less than 5% wt., or 
     iii) in any 10 liter volume of material contained no 
more than 5 g of fissile material. 
     Neither beryllium nor deuterium shall not be in quantities 
exceeding 1% of the applicable limits load mass specified in 
Table. 5, except for deuterium in natural concentration in hydrogen. 
 
           Table 5 - Limits to release cargo weight from 
      the requirements for packages containing fissile material 
 
  
------------------------------------------------------------------ 
|   Fissile     | Weight (g) of fissile |  WEIGHT ( G) OF  
                                          FISSIBLR MATERIALS  
                                         MIXED WITH OTHER SUBSTANCES  
|   | material   |materila mixed with    IN WHICH AVERAGE DENSITY OF  
                                         HYDROGEN IS higher density  
                                          of water 
                  other substances, in  
                   which | 
| |               Average density of  
                  hydrogen lower or equal 
 | |               density of water 
|                |   
| 
|----------------+----------------------+------------------------| 
|Uranium-235 (X)    |         400          |           290          | 
|Other fissible 
 material |                      |                        | 
| (Y)    |         250          |           180          | 
------------------------------------------------------------------  
 
    b) Uranium enriched in uranium-235 to a maximum of 1% wt., of 
total content of plutonium and uranium-233, not more than 1% 
mass of uranium-235, provided that the fissile material is distributed 
almost uniformly throughout the material. In addition, if uranium-235 
present in the form of metal, oxide or carbide, it should not 
located in an ordered lattice. 
     c) Liquid solutions uranilnitratu enriched uranium-235 
a maximum of 2% wt., with a total content of plutonium and uranium-233 
in an amount not to exceed 0.002% of the mass of uranium, and 
minimum atomic ratio of nitrogen to uranium (N / U), equal to 2. 
     d) Packages containing individually total mass of plutonium 
less than 1 kg, of which not more than 20% by weight. may consist of 
plutonium-239, plutonium-241 or any combination of these 
radionuclides. 
 
 
            Chapter 5. Requirements for packagings 
 
             Definition and types of packagings 
 
     5.1. Packaging (Packaging) - a set of elements 
required to complete the placement and retention of radioactive 
content. In particular, it may include one or more receivers 
containers, materials, sinks, designs, providing 



distance from the radiation protection and service equipment 
for filling, emptying, venting and discharge pressure device 
cooling, depreciation mechanical shocks, handling and 
lining, thermal insulation, and service devices 
are one with the packaging. Packing 
kit can be in the form of wooden boxes, barrels or similar 
receptacle, but may also be a freight container, 
tank or container for medium-duty 
bulk. 
     Package (Package) - packaging of its 
radioactive contents in the provided form for transportation. Type 
determined by the type of packaging and its packaging 
radioactive contents. 
 
 
     5.2. In these Rules, the following types of packaging 
Included: 
     a) exempt packagings; 
                                                               1) 
     b) industrial packaging sets of type 1 (Type IP-1) 
Type 2 (Type IP-2), Type 3 (Type IP-3); 
     c) packaging sets type A; 
     d) packaging sets type B (U); 
     e) packaging sets type B (M); 
     f) packaging sets of type C; 
     g) packagings for fissile material IF, AF, 
B (U) F, B (M) F, CF; 
     h) packing kits uranium hexafluoride H (U), H (M). 
 
--------------- 
     1) Hereinafter IP - acronym definition in English 
"Industrial packaging" 
                  General requirements for the design 
                all types of packagings 
 
     5.3. The packaging should be designed with 
considering its mass, volume and shape so ensured 
simplicity and safety of its transportation. In addition, construction 
the packaging must be such that in the transportation 
the package can be properly secured to vehicle traffic 
or inside it. 
 
     5.4. The design of the packaging must be such 
to any device placed on the packaging for 
his rise will not fail when properly dealing with them, and 
if their failure - not deteriorated packaging capacity 
set to meet the other requirements of this Regulation. The design 
must be considered appropriate factors of safety on 
in case of recovery of the packaging jerk. 
 
     5.5. Devices and any details on the external surface 
packaging that can be used for its 
lift must be designed to withstand 
its mass in accordance with the requirements of paragraph 5.4 or could be 
withdrawn or 
otherwise resulted in no usable condition at the time 
transportation. 
 
 
5.6. As far as practicable, the packaging 
must be designed and processed so that external 
surface had parts that act, and could easily be 
deactivated. 



 
     5.7. As far as practicable, the finish 
the packaging must be done so that it does not 
accumulated water is not maintained. 
 
     5.8. Any devices that are attached to the packaging 
kit during transportation, which is not part of the packaging 
kit should not make it less safe. 
 
     5.9. The packaging should have the ability 
to counteract the impact of any acceleration, vibration or resonance 
vibration that can occur in normal traffic, 
without any deterioration in the effectiveness of various locking devices 
containers or integrity of the packaging in general. 
In particular, nuts, bolts and other fasteners should be 
are designed to prevent the possibility of their 
arbitrarily reduce or even after disconnection 
repeated use. 
 
     5.10. Packaging materials and any elements 
or structures shall be physically and chemically compatible with each 
other and with the radioactive contents. It is necessary to consider their 
behavior under the influence of radiation. 
 
     5.11. All valves through which the radioactive contents could leave 
outside, must be protected from unauthorized actions. 
 
     5.12. The design of the packaging must develop 
taking into account the temperature and pressure in the external 
environment, 
can occur under normal conditions of carriage. 
 
     5.13. The design of the packaging, designed to 
radioactive materials having other dangerous properties, these 
Properties should be considered (see. paragraphs 1.9 and 6.25). 
 
     5.14. Also released packagings design 
all types of packagings must provide 
not exceeding the level of radiation on the surface of the package 2 mSv / 
h. 
 
     Additional requirements for packagings intended 
for transportation by air 
 
     5.15. The temperature on the surface of packaging available 
kits containing radioactive material shall not 
exceed 50 ° C at ambient temperature 
38 ° C without the insolation. 
 
     5.16. The packaging must be designed, 
to external temperatures ranging from -40 ° C to +55 ° C 
containment integrity is not violated. 
 
     5.17. Packaging containing radioactive 
materials must withstand without leakage an internal pressure that 
creates a pressure differential of not less than maximum normal operating 
pressure plus 95 kPa. 
 
      
 
                  
 
 



Design requirements for released 
                       Packagings 
 
5.18. The design of dismissed packaging must meet the general requirements 
for the design of all types 
packagings of paragraphs 5.3-5.17. 
 
      5.19. The design of the packaging should provide not exceeding the 
radiation level at 
surface of the package 5 mSv / h. 
 
      5.20. Freed packaging for transportation 
fissile-material released must have a least common 
out-at least 10 cm. 
 
      
 
Requirements for the construction industry 
              packaging sets of type 1 (Type IP-1) 
 
      5.21. Construction of industrial packaging Type 1 
(Type IP-1) comply with the general requirements for the design 
all types of packagings referred to in paragraphs 5.3-5.17. 
 
      5.22. The smallest overall external dimension packaging 
Kit must be at least 10 cm. 
                 
                Requirements for the construction industry 
             packagings Type 2 (Type IP-2) 
 
     5.23. Industrial design packaging type 2 
(Type IP-2) must meet the requirements for packaging 
Type IP-1 and be tested in free fall and 
stacking accordance with paragraphs 8.22 and 8.23. After 
trials packaging IP-2 should prevent: 
     a) leakage or dispersal of the radioactive contents; 
     b) increased more than 20% the maximum level 
radiation on any external surface of the packaging 
 
 
 
                Requirements for the construction industry 
             packagings Type 3 (Type IP-3) 
 
     5.24. Industrial design packaging type 3 
(Type IP-3) shall meet the requirements for packaging 
Type IP-1 and, in addition, the requirements of paragraphs 5.25-5.37 
specified 
lower. 
 
     5.25. On the outer surface of the packaging must 
be a device such as a seal, which is difficult to damage and 
intact is an indication that the packaging is not 
disclosed. 
 
     5.26. Any device to mount that is on the packaging 
Included should be designed so that both normal 
and accident conditions of carriage, the forces in 
These devices do not impair the ability of the packaging 
satisfy the requirements of the Regulations. 
 
 
 



  5.27. The design of the packaging should be 
designed for a temperature range from -40 ° C to +70 ° C 
items for packaging. Particular attention should be 
pay at the freezing point of the liquid and deterioration 
of packaging materials in specified 
temperature range. 
 
     5.28. The design and fabrication techniques must comply 
national or international standards, or other requirements, acceptable 
to the competent authority. 
 
     5.29. The design shall include a containment system 
securely closed circuit device for which no 
able to open accidentally or under pressure, which may 
arise within the package. 
 
     5.30. Radioactive material can form special 
considered as part of the containment system. 
 
     5.31. If the containment system is a separate part 
packaging, it should be closed tightly for reliable device 
circuit, not dependent on any other part of the packaging 
kit. 
 
     5.32. The design of any element of the defense system 
shell where appropriate, should be taken into account the possibility 
radiolytic decomposition of liquids and other vulnerable materials and 
the generation of gas due to chemical reactions and radiolysis. 
 
     5.33. Containment system should hold 
radioactive content at lower ambient pressure to 60 kPa. 
 
     5.34. All valves, other than pressure for discharge must 
equipped with a device for the maintenance of any leakage through 
valve. 
 
     5.35. Radiation protection that surrounds an element of packaging that 
defined as part of the containment system should be 
is designed to prevent the accidental release of this 
component from the shield. If radiation protection and an element 
within it form a separate unit, the radiation 
protection should be firmly closed for reliable device 
circuit, not dependent on any other structures 
packaging. 
 
     5.36. Packaging type IP-3 shall be subject 
test of water spray, free drop, making 
stack and get into pursuant to paragraphs 8.19-8.24 and not 
allow: 
     a) loss or dispersal of the radioactive contents; 
     b) increase of more than 20% the maximum level 
radiation on any external surface of the packaging 
kit. 
 
     5.37. The design of the packaging, designed to 
Liquid radioactive material must be provided 
availability untouched additional amount to compensate for changes 
temperature of the contents, dynamic effects and filling dynamics. 
 
 
               Alternative requirements for industrial 
            packaging sets type IP-2 and IP-3 type 
 



    5.38. Any packagings can be used 
as industrial packaging sets type IP-2 provided that: 
     a) they meet the requirements for the packaging type 
IP-1 specified in paragraphs 5.21, 5.22; 
     b) they are designed according to the standards set out in 
Section 9 of the "Recommendations on the Transport of Dangerous Goods", 
or subject to other requirements at least equivalent to the said 
regulations; 
     c) after the tests required for groups 
package I or II of the UN, they would prevent: 
     i) the expiration or dispersal of the radioactive contents; 
     ii) increased more than 20% the maximum level 
radiation on any external surface of the package. 
 
     5.39. Tank-containers can also be used as 
Industrial packaging sets type IP-2 or Type IP-3, provided 
what: 
     a) they meet the requirements for the packaging type 
IP-1 specified in paragraphs 5.21, 5.22; 
     b) they are designed according to the standards set out in 
Chapter 12 "Recommendations on the Transport of Dangerous Goods", 
or subject to other requirements at least equivalent to the said 
standards and able to withstand a test pressure of 265 kPa; 
     c) They are designed so that any additional protection, 
that assumed was capable of withstanding the static and dynamic 
loads that occur during cargo operations normally 
conditions of carriage and prevent violations of integrity protection, which 
would lead to an increase of more than 20% of the maximum level 
radiation on any external surface 
tank-container. 
 
     5.40. Tanks that are not tank-containers, may also 
used as industrial package Type IP-2 or Type IP-3 
for liquids and gases LSA-I and LSA-II, as mentioned in 
Table. 8, provided that they meet the standards, at least 
equivalent to those specified in paragraph 5.39. 
 
     5.41. Cargo containers can also be used as 
Industrial package Type IP-2 or Type IP-3, provided that: 
     a) The radioactive contents are restricted to solid materials; 
     b) they meet the requirements for the packaging type 
IP-1 specified in paragraphs 5.21, 5.22; 
     c) They are designed according to the standards set out in 
document ISO 1496/1 "Series 1 Freight Containers - Specifications 
and Testing - Part 1: General Cargo Containers "or 
GOST 18477-79 "Universal Konteynerы. Types, Basic Options 
and Dimensions "in GOST 20259-80" Universal Konteynerы. Sharing 
Specifications "and GOST 20260-80" Universal Konteynerы. 
Terms pryemky. Methods trials "except size and 
classification. Freight containers must be designed, 
that after the tests referred to in these documents, 
and the accelerations occurring during routine conditions of carriage 
they prevent: 
     i) the expiration or dispersal of the radioactive contents; 
     ii) increased more than 20% the maximum level 
radiation on any external surface freight 
containers. 
 
     5.42. Metal containers for medium-duty 
bulk can also be used as industrial 
Packaging Type IP-2 or Type IP-3, provided that: 
     a) they meet the requirements for the packaging type 
IP-1 specified in paragraphs 5.21, 5.22; 



     b) They are designed in accordance with the rules set 
section 16 "Recommendations on the Transport of Dangerous Goods" 
packing group I or II, and after the trials that 
attributed to this document, in conditions when selecting such 
orientation in the fall, at which inflicted maximum 
damage, they should avoid: 
     i) the expiration or dispersal of the radioactive contents; 
     ii) increased more than 20% the maximum level 
radiation on any external surface of the container 
Intermediate bulk cargoes. 
 
  
       Design requirements Type A packagings 
 
     5.43. The design of packaging sets type A must 
meet the requirements for packaging sets type IP-3. 
 
     5.44. Packaging type A, designed to accommodate 
in which liquid radioactive material shall: 
     a) be tested for free fall from a height of 9 m, 
Penetration testing in accordance with paragraph 8.25 and 
prevent: 
     i) loss or dispersal of the radioactive contents; 
     ii) increased more than 20% the maximum level 
radiation on any external surface of the packaging 
set; 
     b) either: 
     i) contain sufficient absorbent material 
absorb twice the volume of the liquid contents. Such absorbent 
material should be placed so that in case of leakage 
carried his contact with the liquid or 
     ii) have a containment system composed of 
primary inner and secondary outer elements 
are designed to ensure retention of the liquid contents 
within the secondary outer containment components, even if leakage 
the primary inner components. 
 
     5.45. Packaging designed for gases shall 
tested in free fall from a height of 9 meters and testing 
Penetration in accordance with paragraph 8.25 and to prevent leakage 
or dispersal of the radioactive contents. packaging 
Type A, designed for tritium gas or inert 
gas is exempt from this requirement. 
 
 
                Requirements for packaging design 
                       sets of type B (U) 
 
     5.46. Packaging type B (U) should be 
designed to meet the requirements specified in 
paragraphs 5.24-5.36, with the exception of subparagraph 5.36a, and, in 
addition, 
the requirements of paragraphs 5.47-5.60. 
 
     5.47. The packaging must be designed so 
that in the environmental conditions specified in paragraphs 5.49 and 
5.50, heat generated inside the package radioactive 
contents in normal carriage, as confirmed 
tests under paragraphs 8.19-8.24, do not be provoked 
such an adverse effect on the packaging in which it will cease 
meet the appropriate requirements for containment and radiation 
protection if it is not served within one week. 
Particular attention should be paid to such action of heat, which may: 



     a) change the arrangement, the geometrical form or physical state 
radioactive contents or, if the radioactive material contained in 
containers or container (eg, fuel elements), 
cause deformation or melting, receptacle or 
radioactive material; 
     b) reduce the efficiency of the packaging through different 
thermal expansion, cracking or melting material 
Radiation Protection; 
     c) in combination with moisture, accelerate corrosion. 
 
     5.48. The packaging must be designed so 
that when external conditions mentioned in paragraph 5.49, and in 
absence of insolation temperatures on accessible surfaces of the package 
not exceed 50 ° C, unless the package is not shipped 
under exclusive use. 
 
     5.49. The ambient temperature must be taken equal to 38 hrad.C. 
 
     5.50. Terms of solar insolation be taken in accordance with 
values given in the table. 6. 
 
     5.51. Packaging that has a thermal protection for 
the requirements of the thermal test specified in paragraph 8.28, 
should be designed so that such protection will remain 
effectiveness in tests packaging that 
referred to in paragraphs 8.19-8.24, 8.27a and 8.27b and b or c 
in accordance. Any such protection, which is outside 
the packaging must not fail at putting any 
efforts to break, cut, sliding, friction or rough 
behavior. 
 
                 Table 6 - Parameters insolation 
------------------------------------------------------------------ 
| Case |    The shape and position of the surface |  Insolation  | 
|      |                                          |   during   | 
|      |                                          |   12 hours  
                                                     per shift 
|      |                                          |       | 
|      |                                          |   (Wt/square 
                                                      Meter)  | 
|------+------------------------------------------+--------------| 
|  1   | flat surface with the carriage in | | 
| |      Horizontal - down basis                  |              | 
|      |                                          |      0       | 
|------+------------------------------------------+--------------| 
|  2   | flat surface with the carriage in | | 
| |      Horizontal - up basis                    |              | 
|      |                                          |     800      | 
|------+------------------------------------------+--------------| 
|  3   | Surfaces during transportation vertical  
   |  
|       Position                                       
|      |                                          |     200      | 
|------+------------------------------------------+--------------| 
|  4   | Other base surface, directed down  
| |     (Not horizontal)                               
|                                                 |     200      | 
|------+------------------------------------------+--------------| 
|  5   | All other surfaces                       |           | 
|      |                                          |     400      | 
------------------------------------------------------------------  
 
--------------- 



     a) Alternatively, you can use a sinusoidal function of 
Absorption, but the effect of possible 
reflection from close located objects. 
 
     5.52. The packaging must be designed so 
after that: 
     a) tests provided in paragraphs 8.19-8.24, leakage 
                                                            -6 
radioactive contents restricted meaning, no more than 10 A 
                                                                 2 
per hour; 
     b) tests provided in paragraphs 8.26, 8.27b, 8.28 and 
8.29, and tests provided in paragraphs: 
     i) 8.27c packaging with a mass less than 500 kg, the total 
density of no more than 1000 kg / m determined by external 
dimensions, and radioactive contents above 1000 A, which 
                                                            2 
not a special form of radioactive material; 
     ii) 8.27a for all other packages 
it meets the following requirements: 
     i) retain sufficient shielding to ensure that at 1 m 
Packaging of surface radiation level not more than 10 mSv / h 
if the maximum radioactive contents which 
designed packaging; 
     ii) limit the total leakage of radioactive contents 
within one week of not more than 10 A for krypton-85 and not 
                                           2 
more A - for all other radionuclides. 
        2 
     Where mixtures of different radionuclides should 
apply the provisions set out in paragraphs 4.5-4.7, except 
Krypton-85, which can be used for effective value 
A (i), equal to 10 A. In the case referred to above in point 
 February 2 
"A", should be considered when evaluating the external boundaries 
radioactive contamination, provided for in paragraph 7.4. 
 
5.53. Packaging for radioactive contents, 
                               5 
activity greater than 10 A, should be designed 
                                  2 
so that in case of test by water immersion 
paragraph 8.30 was not the destruction of the defense 
shell. 
 
     5.54. Compliance with the permitted activity release limits shall 
depend neither upon filters nor on a mechanical cooling system. 
 
     5.55. Packaging should not include a system 
pressure relief of the containment system which would allow out 
radioactive material into the environment under conditions 
tests provided in paragraphs 8.19-8.24 and 8.26-8.29. 
 
     5.56. The packaging must be designed so 
to the maximum normal operating pressure conditions 
tests specified in paragraphs 8.19-8.24 and 8.26-8.29, mechanical 
tension in the containment system has not reached levels that 
may adversely affect the packaging, resulting in 
then it ceases to meet the relevant requirements. 
5.57. The maximum normal operating pressure in the package is not 
exceed the excess (gauge) pressure, equal 
700 kPa. 
 



     5.58. With the exception of the requirements of paragraph 5.15, in case 
packages 
transported by air, the maximum temperature in 
any easily accessible by transportation surface of the package in terms of 
exclusive use shall not exceed 85 ° C at 
absence of insolation in the environmental conditions specified 
in paragraph 5.49. To protect personnel may be provided 
barriers or screens, but the need for any 
No recent test. 
 
     5.59. Packaging containing radioactive material 
low dispersible must be designed 
so that any elements added to radioactive material 
low dispersible, which are not part of it, 
or any internal components of the packaging could not 
adversely affect the characteristics of radioactive material 
low dispersible. 
 
     5.60. The packaging should be designed with 
based on the ambient temperature range of 
-40 ° C to +38 hrad.C.       
  
Design requirements for packagings of type B (M) 
 
     5.61. Packaging type B (M) should meet 
requirements for type B (U), which are indicated in paragraph 5.46. However, 
packages shipped only within Ukraine or only between 
certain countries, instead of the conditions outlined in paragraphs 5.27, 
5.49, 5.50, 5.53-5.60, may be assumed with the 
Ukraine and SNRCU approved by the competent authorities 
these countries. Despite this, the requirements for packages of type B (U), 
listed 
in paragraphs 5.53-5.60, must be performed to the extent that it 
practicable. 
 
     5.62. Non periodic venting 
overpressure packages of type B (M) for the carriage 
provided that the operational controls for venting 
or drop SCNS acceptable for Ukraine.       
 
 
Design requirements for Type C packagings 
 
     5.63. Type C packaging must be designed 
so as to meet the requirements specified in paragraphs 5.24-5.36, the 
except subparagraph 5.36a, and the requirements of paragraphs 5.47-5.50, 
5.54-5.60 and, in addition, the requirements of paragraphs 5.64-5.66 
specified 
lower. 
 
     5.64. Packaging must meet criteria 
valuation attributed for tests in paragraphs 5.56 and 5.52b, 
after burial in an environment characterized by 
thermal conductivity of 0.33 W / (m * K) and a temperature of 38 ° C to 
steady state. The initial terms of the evaluation should be 
accepted that any thermal insulation packaging not 
damaged packaging is in conditions of maximum 
the normal operating pressure and temperature of the environment 
is 38 hrad.C. 
 
     5.65. The packaging must be designed so 
that at the maximum normal operating pressure and after 
carrying out: 



     a) the tests specified in paragraphs 8.19-8.24, leakage 
                                                -6 
radioactive contents of it did not exceed 10 A per hour; 
                                                    2 
     b) a series of tests specified in paragraph 8.34, he replied 
following requirements: 
     i) retain sufficient shielding to ensure that at 1 m 
from the packaging surface radiation level not 
more than 10 mSv / h with the maximum radioactive contents which 
designed packaging; 
     ii) the aggregate limit leakage of radioactive contents 
within 1 week of not more than 10 A for krypton-85 and not 
                                        2 
more A - for all other radionuclides. 
        2 
     Where mixtures of different radionuclides should 
apply paragraphs 4.5-4.7, but for krypton-85 
can be applied effective value of A (i), equal to 10 A. 
                                         February 2 
In the case referred to above in paragraph "a", in the evaluation are 
taken into account the external contamination that 
referred to in paragraph 7.4. 
 
     5.66. The packaging must be designed so 
that there is no breach of the containment system after 
testing, according to water immersion 
§ 8.30.                 
 
Requirements for packaging design 
            kits containing fissile material 
 
     5.67. Packaging for fissile materials should 
be designed to: 
     a) Maintain subcriticality under normal and emergency conditions 
transportation in particular, should take into account such contingencies 
cases: 
     i) water leaking into the package or from them; 
     ii) reduce the effectiveness or mounted sinks 
neutron moderator; 
     iii) redistribution or contents inside the package, or 
because of his exit package; 
     iv) reduction of spaces within or between packages; 
     v) packages immersion in water or snow; 
     vi) temperature changes; 
     b) meet the requirements: 
     i) paragraph 5.22 for packages containing fissile material; 
     ii) attributed to the other provisions of these Rules concerning 
Radioactive material properties; 
     iii) points 5.68-5.77. 
 
     Description of content evaluation packages containing 
fissile material 
 
     5.68. If a chemical or physical form, isotopic composition, mass 
or concentration or density factor slowing or 
geometric configuration is unknown, estimates referred to in paragraphs 
5.72-5.77 should be made on the assumption that every unknown 
parameter has the value at which the neutron multiplication 
reaches a maximum level corresponding to certain conditions and 
the parameters of the estimates. 
 
     5.69. For irradiated nuclear fuel the assessments of 
paragraphs 5.72-5.77, must be based on an isotopic composition that 



shows: 
     a) The maximum neutron multiplication during 
or exposure 
     b) a conservative estimate of the neutron multiplication for evaluation 
packages. After irradiation but prior to shipment, to be 
conducted measurements to confirm the conservatism of the 
isotopic composition. 
 
 
 
     Requirements for configuration and temperature 
 
     5.70. Packaging following the tests specified in 
paragraphs 8.19-8.24, must prevent the entry of a cube with an edge 
10 cm. 
 
     5.71. The packaging should be designed with 
taking into account the range of ambient temperature 
-40 ° C to +38 ° C unless the competent authority in the certificate 
the approval issued by the package design, will not 
otherwise indicated. 
 
     Evaluation of individual packaging unit 
 
     5.72. For packaging unit shall be assumed that 
Water can penetrate into all cavities packaging, including inside 
the containment system, or, alternatively, to come out of them. However, 
if the design incorporates special features to prevent such 
water penetration into certain amounts of free water or out of them 
even in the case of human error, we can assume that for 
these cavities are no leaks. Special conditions should include: 
     a) Multiple high standard water barriers, each of which 
would remain watertight if the package were subjected 
test set out in paragraph 5.77b, high degree of 
quality control in the manufacture, maintenance and repair 
packagings and tests to demonstrate the 
closure of each package before each shipment; 
     b) For packages containing uranium hexafluoride only 
maximum uranium enrichment 5 mass percent uranium-235: 
     i) the packaging, which, following the tests 
referred to in paragraph 6.82b, there is no direct physical 
contact between the valve and any other component of the packaging 
set except the original mounting points, and in which, in addition to 
addition, following the test prescribed in paragraph 8.28, 
valves remain resistant to leakage; 
     ii) a high degree of quality control in the manufacture, 
maintenance and repair of packagings coupled with 
tests to demonstrate the closure of each package before 
each shipment. 
 
     5.73. Another assumption has to be that close reflection 
confinement system shall at water layer thickness of at least 20 cm 
or such greater reflection as may be additionally created 
the outside of the packaging material. However, when 
can confirm that the confinement system remains 
intact within the packaging following the 
testing referred to in paragraph 5.77b, 5.74c can point to 
make the assumption of the package close reflection 
in the water layer at least 20 cm. 
 
     5.74. Packaging should remain subcritical under the conditions 
in paragraphs 5.72 and 5.73, and the conditions under which 
is packaging must be such that the maximum 



neutron multiplication consistent with: 
     a) Routine conditions of carriage (incident free); 
     b) the test provided for in paragraph 5.76b; 
     c) the test provided for in paragraph 5.77b. 
 
     5.75. For packages to be transported by air: 
     a) package shall be subcritical under the conditions that 
meet the test package Type C, provided for in 
paragraph 8.34, with the assumption that performs the function of the 
reflection layer 
Water a minimum thickness of 20 cm, and the package stores 
water resistance; 
     b) in the assessment under paragraph 5.74 assumptions 
special facilities specified in paragraph 5.72, shall not be taken into 
consideration if the results of tests of packages type C, 
mentioned in paragraph 8.34, and then test and 
water resistance specified in paragraph 8.33, it is impossible to prevent 
water penetration into cavities or leakage of water from them. 
 
 
     Evaluation of set of packages under normal conditions of carriage 
 
     5.76. There must be a certain number of "N" packages at 
a fivefold increase is stored for subcriticality of 
this configuration of set and conditions for packages that lead to 
maximum neutron multiplication consistent with the following: 
     a) the gaps between packages should remain blank, 
reflection and features for this configuration of set of packages 
there shouldbe water layer that make thickness of at least 20 cm of 
surrounding set of  
packaging on all sides; 
     b) The state of the packages should be appreciated 
actual condition after the tests specified in 
paragraphs 8.19-8.24. 
 
     Evaluation of set of packages that are in emergency conditions 
Of transportation 
 
     5.77. There must be a certain number of "N" packages at 
two times saved for this subcriticality 
configuration of set and conditions for packages that lead to 
maximum neutron multiplication consistent with the following: 
     a) the gaps between the packages must be filled 
retarders, which contains hydrogen and reflection for this function 
party packaging configuration should perform water layer thickness 
at least 20 cm surrounding set of  packages on all sides; 
     b) after the tests referred to in paragraphs 8.19-8.24, 
those made of the following tests that impose 
tighter restrictions: 
     i) test specified in paragraph 8.27b, and tests 
or listed in paragraph 8.27c for packages having a mass not exceeding 
500 kg and an overall density, determined by external 
dimensions, is not more than 1000 kg / m, or 
8.27a point for all other packages; then held 
test specified in paragraph 8.28 and completed by the 
tests specified in paragraphs 8.31-8.33, or 
     ii) the test specified in paragraph 8.29; 
     c) in the case where leaking any part 
fissile material outside the containment system due 
testing referred to in paragraph 5.77b, should be 
It is suggested that leakage of fissile material is 
each package in the party, and the configuration and deceleration for all 
fissile material such that the result is 



The maximum neutron multiplication, in which the function close 
reflection layer of water surrounding performs a minimum thickness of 20 cm. 
 
                Requirements for packaging design 
             kits containing uranium hexafluoride 
 
     5.78. Packaging designed to hexafluoride 
Uranium must meet the requirements specified in other paragraphs of 
Regulations concerning the properties of radioactivity and fission material. 
Except as provided in paragraph 5.81, hexafluoride 
uranium in quantities of 0.1 kg or more should be packaged and 
transported in accordance with ISO 7195 document 
"Packaging of Uranium Hexafluoride (UF6) for Transport" and claims 
5.79-5.80 points. 
 
     5.79. Each packaging intended for placement 
it 0.1 kg or more of uranium hexafluoride shall be 
designed so that it meets the following requirements: 
     a) withstand without leakage and unacceptable stress, as 
indicated in the document ISO 7195 "Packaging of Uranium Hexafluoride 
(UF6) for Transport ", test design specified in 
paragraph 8.18; 
     b) withstand without leakage or scattering hexafluoride 
Uranium Free drop test specified in paragraph 8.22; 
     c) withstand without breach containment heat 
test specified in paragraph 8.28. 
 
     5.80. Packaging designed to contain 
0.1 kg or more of uranium hexafluoride must not have devices 
pressure relief. 
 
5.81. Subject to approval by the competent authority of the package, 
designed to contain 0.1 kg or more hexafluoride 
uranium be carried if: 
     a) packing kits are designed in accordance with the 
international or national standards other than ISO 7195 
"Packaging of Uranium Hexafluoride (UF6) for Transport" [15], the 
provided that provided an equivalent level of safety; 
     b) packing kits are designed to withstand 
without leakage and unacceptable stress a test pressure 
less than 2.76 MPa as specified in paragraph 8.18; 
     c) to packagings intended to contain 
are 9000 kg or more of uranium hexafluoride, the packages do not 
meet the requirements of 5.79c. 
     In all other respects the requirements specified in 
paragraphs 5.78-5.80, must be satisfied. 
 
                Chapter 6. Preparation of radioactive 
                    materials to transportation 
 
                        Terms 
 
     6.1. When preparing to transport radioactive material 
shipper must perform the following operations: 
     radioactive material classified under Section 4; 
     taking into account the use of radioactive material 
packaging under paragraphs 6.2-6.21; 
     pack radioactive material under 
6.22-6.25 points; 
     determine the category of packaging under paragraphs 6.26-6.36; 
     put on the packaging labels and other necessary signs 
in accordance with paragraphs 6.3-6.44; 
     apply labeling under paragraphs 6.45-6.51; 



     fill in transport documents under 
6.52-6.58 points. 
 
        Packaging for the transport of radioactive 
        materials with very low radiological risk 
 
     6.2. For transportation of radioactive materials with too 
low radiological risk should apply released 
packaging. 
 
     Borders released the contents of packagings 
 
     6.3. For radioactive material contained in the device or 
other industrial products (such as a clock or electronic 
equipment, etc.) or a part thereof, and for a limited 
amount of radioactive material released packaging 
must not contain radioactive material with activity 
exceeds the limits specified in the table. 7. 
 
                                                           
       Table 7 - Limits of activity for released  packages 
 
| The device or subject |  
 
------------------------------------------------------------------ 
|  Physical state  |  The device or subject Limited number of 
                                             material   
|  
|      of contents |                       |            | 
|------------------+-----------------------+---------------------| 
|hard materials:   |                       |                     | 
|                  |                       |         -3          | 
|of special form   |          A            |       10   A        | 
|                  |           1           |             1       | 
|                  |                       |                     | 
|                  |                       |         -3          | 
|other form        |          A            |       10   A        | 
|                  |           2           |             2       | 
|------------------+-----------------------+---------------------| 
|                  |          -1           |         -4          | 
|Liquids           |        10   A         |       10   A        | 
|                  |              2        |             2       | 
|------------------+-----------------------+---------------------| 
|Gas:             |                       |                     | 
|                  |           -1          |          -2         | 
|       Tritium       2x10   A        |      2x10   A       | 
|                  |               2       |              2      | 
|                  |                       |                     | 
|                  |          -2           |         -3          | 
|Special form   |        10   A         |       10   A        | 
|                  |              1        |             1       | 
|                  |                       |                     | 
|                  |          -2           |         -3          | 
|Other form       |        10   A         |       10   A        | 
|                  |              2        |             2       | 
------------------------------------------------------------------  
 
--------------- 
     a) With respect to mixtures of radionuclides see. 4.5-4.7 points. 
 
     6.4. For products manufactured from natural uranium, 
depleted uranium or natural thorium may exempt packaging 
contain any quantity of such material provided that the outer 



surface of the uranium or thorium is covered with an inactive sheath made of 
metal or 
other durable material. 
 
     6.5. Industrial production in which the only radioactive 
Non-irradiated material is natural uranium, depleted Non-irradiated 
Non-irradiated uranium or natural thorium may be carried as 
excepted package provided that the outer surface of the uranium or thorium 
covered with an inactive sheath made of metal or other 
durable material. 
 
     6.6. When sending mail complete each activity 
liberated package must not exceed one tenth 
corresponding limits specified in the table. 7. 
 
 
        Packaging for the transport of radioactive 
             materials with limited radiation risk 
 
      Packaging for transportation of LSA material and SCO 
 
      6.7. LSA and SCO materials must be transported in packaging 
sets type IP-1, IP-2, IP-3 under the table. 8, except 
as provided in paragraph 6.8. 
 
           Table 8 - Requirements for industrial use 
                 packages for LSA material and SCO 
 
 
------------------------------------------------------------------ 
| Radioactive content  |        Type of Indstrila packging       | 
|                      |-----------------------------------------| 
|                      |      Exclusve         Non exclusive use 
                                        use  | 
|                      |                     | 
|----------------------+---------------------+-------------------| 
|LSA-I                 |                     |                   | 
|               a)     |                     |                   | 
|Hard materials        |      Type IP-1       |     TypeIP-1      | 
|Liquide                |      Type IP-1       |    TypeIP-2      | 
|----------------------+---------------------+-------------------| 
|LSA-II                |                     |                   | 
|Hard materialsа       |      TypeIP-2       |    Type IP-2      | 
|Liquid and gas        |      TypeIP-2       |     Type IP-3      | 
|----------------------+---------------------+-------------------| 
|LSA-III               |      TypeIP-2       |     Type IP-3      | 
|----------------------+---------------------+-------------------| 
|SCO-I                 |      TypeIP-1       |     Type IP-1      | 
|----------------------+---------------------+-------------------| 
|SCO-II                |      TypeIP-2       |     Type IP-2      | 
------------------------------------------------------------------  
 
--------------- 
     a) Under the conditions specified in paragraph 6.8, materials LSA-I and 
SCO-I may be transported unpackaged. 
 
     6.8. Materials LSA and SCO, belonging to groups LSA-I and 
SCO-I, may be carried unpackaged under the following conditions: 
     a) all unpacked materials, except ores 
only natural radionuclides should be transported in 
way that under normal conditions of carriage there was no leakage 
radioactive contents from vehicle traffic or deterioration 
protection; 



     b) each way traffic should be in terms of 
exclusive use, except when traffic only SCO-I, 
in which contamination accessible and inaccessible surfaces 
does not exceed more than ten times the corresponding limit specified in 
paragraph 2.25; 
     c) in the case of SCO-I, for which there is reason to believe 
the presence of non-fixed radioactive contamination inaccessible 
surfaces exceeding the value specified in paragraph 4.19a, and, 
should apply measures that exclude hit 
means radioactive material in transport. 
 
     The boundaries of the content of industrial packagings IP-1, IP-2, 
IP-3 
6.9. Number of LSA material or SCO in a single industrial 
box type IP-1 industrial package Type IP-2, industrial 
box type IP-3 or an object or group of objects depending 
the case should be limited so as to: 
     external radiation level at a distance of 3 m 
unprotected substance or object or group of objects is not 
exceed 10 mSv / h; 
     not exceeded activity threshold for means of transportation, 
specified in paragraph 7.17. 
 
     6.10. A separate package of non-combustible solid materials 
LSA-II and LSA-III in case of transportation by air is not 
shall include activity that exceeds 3000 A. 
                                               2 
     Packaging for the transport of radioactive materials 
with activity not exceeding A, A 
                        1     2 
 
     6.11. For the transport of radioactive material with activity 
less than A, A must be used packagings 
           1  2 
type A. 
 
Borders of content of type A packagings 
 
      6.12. A packaging type should not contain 
activity exceeding the following values: 
      a) For special form radioactive material - A; 
                                                         1 
      b) For radioactive material other than radioactive 
special form material - A. 
                             2 
 
      6.13. Concerning mixtures of radionuclides, the composition and the 
corresponding 
whose activity is known to the radioactive contents of the packaging 
A set type used following condition: 
 
 
      
 
 
                      B(i)        C(j)  
                   S ------- + S ------- <= 1, 
                   i  A (i)    j  A (j)  
                       1           2  
 
    where B (i) - the activity of i-radionuclide as radioactive 
special form material, and A (i) - A value for the i-th 
                                     January 1 



radionuclide; 
      C (j) - Activity j-th radionuclide as radioactive 
other forms of material and A (j) - A value for the j-th 
                                2                  2 
radionuclide; 
      S - token amount. 
 
  
        Packaging for the transport of radioactive 
            materials with significant radiation risk 
 
     6.14. For the transport of radioactive material with activity 
more A, A and radioactive materials with low ability to 
     1   2 
scattering should apply packagings type 
B (U), Type B (M) and Type C. 
 
     Borders content packaging sets type B (U) and Type B (M) 
 
     6.15. Packaging type B (U) and Type B (M) should not 
include: 
     a) activity exceeding the values allowed for this 
packaging design; 
     b) radionuclides different from those authorized for 
the design of the packaging; 
     c) contents, form or physical or chemical state which 
different from those allowed for the design 
packaging that stated in their certificates 
approval. 
 
6.16. Packaging Type B (U) and Type B (M) in the carriage 
air must satisfy the requirements of paragraph 6.15 and not 
should include activities that exceed the following values: 
     a) For radioactive material with a low capacity for 
dissipation - meaning permissible for the design 
packaging that stated in the certificate 
approval; 
     b) For special form radioactive material - 3000 A or 
                                                             1 
100000 A - depending on which one is lower; 
        2 
     c) For all other radioactive material - 3000 A. 
                                                        2 
 
      
     Borders of content of packaging sets type C 
 
      6.17. Type C packaging must not contain: 
      a) activity exceeding the values allowed for this 
packaging design; 
      b) radionuclides different from those authorized for 
the design of the packaging; 
      c) contents, form or physical or chemical state which 
different from those allowed for the design 
packaging that stated in their certificates 
approval. 
 
               Packaging for transportation 
                       fissile material 
 
     6.18. Depending on the activity of fissile materials for their 
transportation shall apply to packagings 
fissile materials such as IP-2, Type IP-3, Type A, Type B (U), 



type B (M) and Type C, the construction of which meets 
5.67-5.77 points. 
 
     The boundaries of the content of packagings for fissile material 
 
     6.19. Except for-fissile material released, 
packagings of fissile material shall not contain: 
     a) the mass of fissile material that does not meet the allowed 
the design of the packaging, and activities that do not 
responsible permitted for this type of packaging; 
     b) any radionuclide or fissile materials are not 
allowed for the design of the packaging; 
     c) The contents, form, physical or chemical state or spatial 
placement does not meet the design allowed for 
packaging that stated in their certificates 
approval. 
 
               Packaging for transportation 
                        uranium hexafluoride 
 
     6.20. For transportation of uranium hexafluoride must 
packagings used, the design of which meets 
the requirements of paragraphs 5.78-5.81. 
 
     The boundaries of the content of packagings for the transport 
uranium hexafluoride 
 
     6.21. Packaging for the transport of uranium hexafluoride 
shall not include: 
     a) mass of uranium hexafluoride, which does not correspond to the 
allowed 
the design of the packaging; 
     b) the mass of uranium hexafluoride greater than the number that can 
cause an untouched volume of less than 5% 
maximum temperature of the package, which is specified for factory 
systems that will be used packaging; 
     c) uranium hexafluoride other than in solid form or 
uranium hexafluoride in internal pressure above atmospheric pressure 
upon presentation packaging for transportation. 
 
              Packaging of radioactive materials 
 
     Requirements to be performed before the first carriage 
 
     6.22. Before the first transport of any package should 
fulfill the following requirements: 
     a) If the design pressure of the containment system exceeds 
35 kPa (gauge), compliance must be ensured 
the containment system of each package approved design 
requirements relating to the capacity of the system 
maintain integrity at a given pressure; 
     b) for each package type B (U), Type B (M) and Type C, and 
for each package containing fissile material efficiency 
its radiation protection and containment and, where appropriate, 
heat transfer characteristics and the effectiveness of the localization 
must be within the limits applicable to or specified 
approved design; 
     c) for packages containing fissile material and which aim 
compliance with paragraph 5.67 specially equipped sinks 
neutrons as a component of the package is necessary to 
check to confirm the presence and distribution of 
neutron poisons. 
 



     Requirements to be performed before each shipment 
 
 
6.23. Before each shipment of any package should 
run the following requirements: 
     a) For any package must enforce 
all requirements contained in the relevant provisions of these Rules; 
     b) lifting devices which do not meet the requirements of paragraph 5.4, 
should be removed or otherwise reduced to a state that is not 
will use them for lifting the package, in accordance with 
§ 5.5; 
     c) On the packaging, which is approved 
Nuclear Regulatory Committee of Ukraine, the need to enforce 
all the requirements specified in the approval certificates; 
     d) Each package type B (U), Type B (M) and Type C shall be 
sustained for as long as the conditions will not be achieved equilibrium 
close enough to the relevant requirements of temperature and pressure, 
unless these requirements have not been taken in order unilateral 
approval; 
     e) for each package type B (U), Type B (M) and Type C shall 
be ensured by inspection and / or appropriate test 
proper closing of all closures, valves, and other openings in 
containment system through which leakage can occur 
radioactive contents and, if provided, their sealing 
so that was clearly confirmed by the requirements 
paragraphs 5.52 and 5.65; 
     f) For each special form radioactive material 
must be ensured that all the requirements specified in 
approval certificate and the relevant provisions of these Rules; 
     g) for packages containing fissile material, where appropriate 
cases are conducted measurements specified in paragraph 5.69b, and 
check to confirm the closure of each package according to 
the requirements of paragraph 5.72; 
     h) for each radioactive material with low resolution 
dispersible must ensure that all the requirements 
specified in the approval certificate and the relevant provisions 
hereof. 
 
      
     Transportation of other goods 
 
     6.24. Packaging must not contain any other items 
except for items needed for the use of radioactive 
material. The interaction between these items and the package under the 
conditions 
transportation, corresponding to the design, shall not reduce 
security package. 
 
     Other hazards of radioactive material 
 
     6.25. When packing, labeling hazards 
labeling and warning signs, storage and transportation, 
except radioactive properties and the ability to share, you must 
consider any other dangerous properties the package contents 
such as explosiveness, flammability, pirofornist, chemical 
toxicity and corrosion activity in order to ensure 
implementation of appropriate transport of dangerous goods 
each of the countries through or into which 
materials will be transported, and when applicable with 
compliance with the rules of international transport organizations and 
hereof. 
 
 



 
Categories of packaging 
 
     6.26. Also excepted packages, other packaging and transport 
packages must be assigned to one of the following categories: 
"I-WHITE" ( "I-WHITE"), "II-YELLOW" ( "II-YELLOW") or "III-YELLOW" 
( "III-YELLOW") - in accordance with the conditions specified in the table. 
9, and such 
requirements: 
     a) for the package or overpack when determining 
the relevant category should be considered as a transport 
index and radiation level at the surface. If the vehicle 
index satisfies the conditions of one category, and the radiation level 
satisfies the conditions on the surface of a different category, the package 
or 
overpack should be credited to higher 
category. For this purpose, category "I-WHITE" should be considered 
as the lowest category; 
     b) transport index should be determined in accordance with 
procedures listed in paragraphs 6.29 and 6.30; 
     c) If the surface radiation level exceeds 
2 mSv / h, the package or overpack shall be carried in 
under exclusive use and under the conditions specified in 
Points 7.22a, 7.24, 7.28, depending on the case; 
     d) a package transported under special conditions should 
be classified as "III-YELLOW", except 
covered by paragraph 6.27; 
     e) transport package containing packaging transported 
for special conditions to be classified as 
"III-YELLOW", except in cases covered by 
§ 6.27. 
      Table 9 - Categories of packages and overpacks 
------------------------------------------------------------------ 
|                             conditions                              | 
|----------------------------------------------------------------| 
| The transport index      The maximum level of      Category я  | 
|                    | radiation in any            |             | 
|                    |  point of the outer surface |             | 
|--------------------+-----------------------------+-------------| 
| a)                 |not more 0,005 мЗв/hour      |I-white    | 
|0                   |                             |             | 
|--------------------+-----------------------------+-------------| 
|  more then 0,       more 0,005 мЗв/hour, but not  
  But not more then 1  more 
 
|        a)          | 0,5 мЗв/hour                 |II-yellow          | 
|            |                                        | 
|--------------------+-----------------------------+-------------| 
|more then1 but not  
 more then 10       |more 0,5 мЗв/hour, but not   III-yellow  
                       more | | 
|                      | 2 мЗв/hour            |             | 
|--------------------+-----------------------------+-------------| 
|more then 10           |more 2 мЗв/hour but not  
                         more   10 мЗв/hour          |III-yellow b)     | 
------------------------------------------------------------------  
 
--------------- 
     a) If the measured TI is not greater than 0.05, the foregoing values 
may be zero in accordance with paragraph 6.29c. 
     b) There should also be carried under exclusive 
using. 
 



     6.27. For each package or overpack must 
be defined number of the United Nations (hereinafter - UN) and 
proper carrier name (see. Table. 11). In all cases, 
international transport of packages, for which approval is required 
construction or transport the competent authority when they can 
apply different types of approval in various countries, with 
related to the transportation, the UN number, proper transport 
name, category, labels and labeling must be 
according to certificates of origin of the design. 
 
 
      
------------------------------------------------------------------ 
|                        a)            |                         | 
|          size of cargo                | | conversion factor 
|--------------------------------------+-------------------------| 
|           size of cargo <= 1 кв.м   |            1            | 
|--------------------------------------+-------------------------| 
|  1 кв.м < size of cargo <= 5 кв.м   |            2            | 
|--------------------------------------+-------------------------| 
|  5 кв.м < size of cargo <= 20 кв.м  |            3            | 
|--------------------------------------+-------------------------| 
| 20 кв.м <  | size of cargo                       10           | 
------------------------------------------------------------------  
 
--------------- 
    Determination of transport index (TI) 
 
     6.28. The transport index (Transport index - TI) - the number, 
assigned to the package, overpack or freight container 
or unpackaged LSA-I or SCO-I, which is used to 
providing control over radiation exposure. 
 
     6.29. The value of the transport index for the package, 
overpack or freight container or 
unpackaged LSA-I or SCO-I shall be determined as follows: 
     a) Determine the maximum radiation level in units 
"Millisieverts per hour" (mSv / h) at a distance of 1 m from the external 
surfaces of the package, overpack, freight container 
or unpackaged LSA-I or SCO-I. The measured values must 
multiplied by 100 and the resulting number is the transport index. For 
uranium and thorium ores and concentrates their maximum level 
radiation anywhere at a distance of 1 m from the external 
surface load can be taken: 
     0.4 mSv / h - for ores and physical concentrates of uranium and 
thorium; 
     0.3 mSv / h - for chemical concentrates of thorium; 
     0.02 mSv / h - for chemical concentrates of uranium, other than 
uranium hexafluoride. 
     b) For tanks, freight containers and unpackaged 
LSA-I and SCO-I value, determined in accordance with the above 
subparagraph "a", shall be multiplied by the appropriate factor 
terms specified in the table. 10. 
     c) The value obtained in accordance with the above 
subparagraphs "a" and "b", shall be rounded upward to 
the first decimal place (eg 1.13 rounded to 1.2) 
The value of 0.05 or less may be considered to be zero. 
 
      Table 10 - conversion factor for tanks, 
       freight containers and unpackaged LSA-I and SCO-I  
 
 
 a) The largest cross-sectional area for cargo 



measurements. 
 
     6.30. The transport index for each overpack, 
cargo container or means of transport shall be determined 
or as the sum of the transport indexes of all the packages contained in 
overpack, freight container or vehicle to 
transportation, or by direct measurement of radiation level, the 
except in the case of non-rigid overpacks for which 
transport index shall be determined only as the sum 
transport index of all packages. 
 
     Determining the criticality safety index 
 
     6.31. Criticality safety index (Criticality safety 
index - CSI) - set for the package, overpack or 
freight container containing fissile material, the number that 
used to control the total number of packages 
overpacks or freight containers containing 
fissile material. 
 
     6.32. Criticality safety index (CSI) for packages 
containing fissile material, it is necessary to calculate by dividing 
number 50 on the lower of the two values of N, determined in accordance with 
paragraphs 5.76 and 5.77 (ie CSI = 50 / N). The index security 
Criticality may be zero, provided that an unlimited number 
packages is subcritical (ie N in both cases, in fact, 
equal to infinity). 
 
     6.33. Criticality safety index for each vehicle 
package or freight container shall be determined as the sum of CSI 
All packages contain. Similarly, should 
CSI to determine the total amount of cargo on board or vehicle 
transportation. 
 
     Limits values transport index, safety index 
criticality and radiation level for packages and vehicles 
package     
6.34. In goods transported under exclusive 
use, the transport index of any package or 
overpack shall not exceed 10, and the safety index 
criticality of any package or overpack not 
exceed 50. 
 
     6.35. In packages or overpacks transported 
under exclusive use by rail or road 
roads subject to the conditions set forth in subparagraph 7.22a, or 
under exclusive use or special conditions on board 
vessel or by air under the conditions specified 
respectively in paragraphs 7.24 or 7.28, the maximum level 
radiation in any part of the outer surface of the package 
(Other than excepted package) or overpack shall not 
exceed 2 mSv / h. 
 
     6.36. The maximum radiation level at any point 
the outer surface of the package or overpack under conditions 
exclusive use shall not exceed 10 mSv / h. 
 
     6.37. The level of radiation in any part of foreign 
surface excepted package shall not exceed 5 mSv / h. 
                     
 
 
 



Putting labels of danger 
 
     6.38. Responsibility for compliance labeling, 
applying labels, warning signs posted in 
7.31d paragraphs 6.39-6.52 and relies on the shipper. 
 
     6.39. Each package, overpack each and every 
cargo container must be labeled in accordance with 
samples shown in figures 1, 2 or 3 (za056-06) 
under the proper category except large trucks 
containers and tanks, which allowed 
Signs indicate in the alternative provisions of paragraph 6.44. In addition, 
each package, overpack each and every cargo 
container containing fissile material must have signs 
danger according to the pattern shown in Figure 4; Any 
labels, not related to the content, or deleted 
closed. In respect of radioactive material with other 
hazardous properties, see. § 6.25. 
 
     Fig. 1. The label category I-WHITE (za056-06). 
The background color of the label - white, the color of the main plate 
Radiation risk (shamrock) and inscriptions - Black color 
stripes, indicating the category - red. 
 
     6.40. Labels that meet the standards set out in 
Fig. 1, 2 or 3 (za056-06), should be fastened to two 
opposing external surfaces of the package or overpack, 
or to the external surfaces of all four sides of freight 
container or tank. Labels corresponding 
sample shown in Fig. 4, in appropriate cases should 
mounted next to the labels that meet the standards, 
as illustrated in Fig. 1, 2 and 3. These labels should not 
close marking specified in paragraphs 6.46-6.52. 
     Fig. 2. The labeling of category II-YELLOW (za056-06). 
The background color of the upper half of the label - yellow, bottom 
half - white, the color of the main radiation hazard sign 
(Shamrock) and inscriptions - Black color stripes denoting 
category - red. 
 
     Specifying information about radioactive contents on signs 
danger 
 
     6.41. Each label corresponding to samples 
as illustrated in Fig. 1, 2 and 3 (za056-06), should be specified 
the following information: 
     a) content: 
     i) the name (s) of the radionuclide (s) taken (i) from the table. 1, 
The recommended symbol there, except material 
LSA-I. When a mixture of radionuclides must be specified how 
This allows the size of the line, radionuclides, for which there are 
major restrictions. After the name of the radionuclide (s) should be 
specify a group of LSA or SCO. You must use 
the terms "LSA-II", "LSA-III", "SCO-I" and "SCO-II"; 
     ii) for LSA-I material need only the term "LSA-I", 
the name of the radionuclide is not required; 
     b) Activity: The maximum activity of the radioactive contents 
during carriage expressed in becquerels (Bq) with the appropriate 
prefix CI (annex). For fissile material instead 
activity can be specified weight fissile material in grams 
(G) or multiples thereof units; 
     c) For overpacks and freight containers in records 
boxes "content" ( "contents") and "activity" ( "activity") to sign 
danger must contain the information required under 



provisions accordingly sub 6.41a and 6.41b, and that 
summed across content overpack or freight 
container; but to label transport packages or 
freight containers containing mixed loading of packages 
different radionuclides may be made entry "See. transportation 
documents "(" See Transport Documents "); 
 
  d) transport index: see. paragraphs 6.29 and 6.30 
(Transport index for the category "I-WHITE" is not stamped). 
 
     Fig. 3. The labeling of category III-YELLOW (za056-06). 
The background color of the upper half of the label - yellow, bottom 
half - white, the color of the main radiation hazard sign 
(Shamrock) and inscriptions - Black color stripes denoting 
category - red. 
 
     Designation of information on safety criticality on signs 
danger 
 
     6.42. Each label corresponding to the sample, 
shown in Fig. 4 (za056-06), should be specified index 
criticality safety (CSI), specified in the certificate 
approval for special arrangement or the certificate 
approval of the package design issued 
competent authority. 
 
     Fig. 4. The labeling of the criticality safety index 
(Za056-06). The background color of the label - white, color labels - 
black. 
6.43. For transportation of packages and freight containers 
criticality safety index (CSI) on the label should 
be available the information required under the provisions of 
§ 6.42, prosumovana around the fissile content of transport 
package or cargo container. 
 
     Putting warning signs 
 
6.44. Large freight containers, which are transported 
packaging, except excepted packages, and tanks must 
have four warning signs that correspond to the sample 
Fig. 5 (za056-06). Signs must be attached vertically on 
each side as well as front and rear walls of the great 
cargo container or tank. Any signs that are not related 
with content should be removed. Instead of using a parallel 
labels and warning signs are allowed 
apply only increased labels under 
sample shown in Fig. 1, 2, 3 and 4, with a minimum size, 
listed in Fig. 5. 
 
     Fig. 5. Warning sign (za056-06). Except 
cases specified in paragraph 7.20, the minimum should 
the dimensions shown on the figure; using other 
size to keep appropriate proportions. Height digits 
"7" must be at least 25 mm. The background color of the upper half 
mark - yellow, lower half - white, the color of the main plate 
Radiation risk (shamrock) and inscriptions - black. 
The use of the word "RADIOACTIVE" ( "RADIOACTIVE") at the bottom 
not required that allows an option to use the mark 
for image corresponding UN number for the goods. 
 
     6.45. If the load in the cargo container or tank is 
unpacked LSA-I material or SCO-I or the goods that 
transported under exclusive use in freight 
container is packed with radioactive material with one number 
The UN, the UN number corresponding to this load (see. Table. 11) 
you must also put down a black figures a minimum height of 65 mm: 



     a) either on a white background in the lower half of the label shown in 
Figure 5 (za056-06); 
     b) or the mark shown in Fig. 6 (za056-06). 
     If you use the option "b" additional sign 
attached next to the main sign on all four sides 
cargo container or tank. 
      Fig. 6. marker individual image 
UN number (za056-06). The background color of the sign - orange frame and 
UN number - black. The "****" indicates the place where it should 
placed appropriate UN number for radioactive material 
according to Table. 11.                            
 
Labeling 
 
 
     6.46. Each package shall be on the outside 
the packaging is clearly and indelibly marked with the indication or 
consignor or consignee, or both of them. 
 
     6.47. Also excepted packages, the outer surface 
the packaging must be clearly and indelibly 
labeling stating the number of the UN (see. Table. 11), to which 
the letters "UN" (UN), as well as proper vehicle 
name (see. Table. 11). In the case of excepted packages except 
those accepted for international mailing should 
be only the UN number preceded by the letters "UN" (UN). To 
packages accepted for international mailing, 
should apply the requirements set out in paragraph 7.30. 
 
     6.48. Each package of gross mass exceeding 50 kg shall have 
on the outside of the packaging clear and indelible 
marking with indication of its permissible gross mass. 
             
Table 11 - Excerpt from the list of UN numbers 
           stating the appropriate transport items, 
               descriptions of goods and subsidiary risk 
 
 
Number | a) | More | 
| UN | GOOD TRANSPORT name and description | danger | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2910 | Radioactive material, excepted package - | | 
| | Limited number of materials | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2911 | Radioactive material, excepted package - | | 
| | INSTRUMENTS or ARTICLES | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2909 | Radioactive material, excepted package - | | 
| | Products manufactured from natural uranium or | | 
| | Depleted uranium or natural thorium | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2908 | Radioactive material, excepted package - | | 
| | BLANK packaging | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2912 | Radioactive material, low specific | | 
| | ACTIVITY (LSA-I), or indivisible | | 
| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3321 | Radioactive material, low specific | | 
| | ACTIVITY (LSA-II), or indivisible | | 
| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3322 | Radioactive material, low specific | | 
| | ACTIVITY (LSA-III), or indivisible | | 



| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2913 | Radioactive material, objects with surface | | 
| | Radioactive contamination (SCO-I or SCO-II), | | 
| | b) | | 
| | Indivisible or fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2915 | RADIOACTIVE MATERIAL, TYPE A PACKAGE, | | 
| | Non-exclusive forms, or indivisible | | 
| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3332 | RADIOACTIVE MATERIAL, TYPE A PACKAGE, | | 
| | Special form, or indivisible | | 
| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2916 | radioactive material, package Type B (U), | | 
| | b) | | 
| | Indivisible or fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2917 | radioactive material, package Type B (M), | | 
| | b) | | 
| | Indivisible or fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3323 | RADIOACTIVE MATERIAL, TYPE C PACKAGE, | | 
| | b) | | 
| | Indivisible or fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2919 | Radioactive material carried in | | 
| | Special conditions, indivisible or | | 
| | b) | | 
| | Fissile-fired | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2978 | radioactive materials, uranium hexafluoride, | corrosion | 
| | b), c) | (Class 8 | 
| | Indivisible or fissile-fired | UN) | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3324 | Radioactive material, low specific | | 
| | ACTIVITY (LSA-II), fissile | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3325 | Radioactive material, low specific | | 
| | ACTIVITY (LSA-III), fissile | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3326 | radioactive material objects with 
-3327 | RADIOACTIVE MATERIAL, TYPE A PACKAGE, | | 
| | Divisible, non-exclusive form | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3333 | RADIOACTIVE MATERIAL, TYPE A PACKAGE, | | 
| | Special form, divisible | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3328 | radioactive material, package Type B (U), | | 
| | Fissile | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3329 | radioactive material, package Type B (M), | | 
| | Fissile | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3330 | RADIOACTIVE MATERIAL, TYPE C PACKAGE, | | 
| | Fissile | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 3331 | Radioactive material transported in | | 
| | Special conditions, divisible | | 
| ------ + ------------------------------------------ ---- + ---------- | 
| 2977 | radioactive materials, uranium hexafluoride, | corrosion | 
| | c) | (Class 8 | 



| | Fissile | UN) |-------------------------------------------------------------
---- 
--------------- 
     a) proper transport TITLE indicated only in the 
of the column "proper transport name and description" that 
typed in CAPITAL LETTERS. In the case of UN 2909 N, N UN 2911, N 2913 
3326 N UN and the UN in respect of which the specified alternative appropriate 
transport name, separated by the conjunction "or" 
is only acceptable proper transport 
name. 
     b) The term "fissile-excepted" applies only if 
packages containing fissile-released material 
the requirements of paragraph 4.31. 
     c) In the case of unchallenged or fissile-released 
2978 N uranium hexafluoride UN proper carrier name, 
and the description "Radioactive material, uranium hexafluoride 
indivisible or fissile-excepted "have priority over other 
UN numbers used for undivided and 
fissile-released material. If unchallenged, or 
fissile uranium hexafluoride, released in 2977 N UN proper 
carrier name, and a description of "radioactive material 
Uranium hexafluoride, fissile "have priority over other 
UN numbers applicable to fissile material. 
 
6.49. Each package corresponding to: 
     a) the packaging design type IP-1, IP-2 or 
IP-3 should be on the outside of the packaging 
clear and indelible marking under "TYPE IP-1" ( "TYPE IP-1"), 
"TYPE IP-2" ( "TYPE IP-2") or "TYPE IP-3" ( "TYPE IP-3"); 
     b) the packaging design type A, should be on 
the outside of the packaging clear and indelible 
marking "Type A" ( "TYPE A"); 
     c) the packaging design type IP-2, IP-3 or 
Type A, should be on the outside of the packaging 
clearly and indelibly marked with the indication of the international 
registration code of the vehicle (code VRI) countries 
origin of design and either the name of the manufacturer or other 
identification of the packaging specified by the competent 
authority of the country of origin of the design. 
 
     6.50. Each package corresponding to structures that 
approved in accordance with paragraphs 9.5-9.14 or 9.16-9.17 should 
be on the outside of the packaging clear and indelible 
marked with: 
     a) the identification mark issued by the competent authority 
for the design; 
     b) the serial number for each individual label 
packaging, relevant data structures; 
     c) for the design of the packaging type B (U) or 
packaging type B (M) - the inscription "Type B (U)" ( "TYPE B (U)") 
or "Type B (M)" ( "TYPE B (M)"); 
     d) for the design of the packaging Type C - inscription 
"Type C" ( "TYPE C"). 
6.51. Each package corresponding to the design of packaging 
sets of type B (U), Type B (M) or type C, should be on 
the outer surface of the outer tank, resistant to fire and 
water, clear labeling method applied embossing, stamping and 
others resistant to fire and water ways, depicting 
sign of radiation danger in the form of trefoil (Fig. 7 
(Za056-06). 
 
     Fig. 7. The main sign of radiation hazard according to GOST 17925-72 
in a shamrock around the central circle of radius X 
(Za056-06). The minimum allowable size of X equal to 4 mm. 
 
     6.52. If materials LSA-I or SCO-I contained in containers or 



in packing materials and transported under exclusive 
under the provisions of paragraph 6.8, the outer surface 
these containers or packaging materials applied in accordance 
marking "RADIOACTIVE LSA-I" ( "RADIOACTIVE LSA-I") or 
"RADIOACTIVE SCO-I" ( "RADIOACTIVE SCO-I"). 
                 
 
Preparation of transport documents 
 
     Freight information 
 
     6.53. The consignor should Introduce to transport 
documents attached to each cargo identification 
consignor and consignee, which includes their 
name and address, and relevant information in the following 
sequence, namely: 
     a) proper carrier name as it appears in line 
the provisions of paragraph 6.27; 
     b) Class UN number of dangerous goods "7"; 
     c) assigned to this material UN number listed under 
the provisions of paragraph 6.27, preceded by the letters "UN" (UN); 
     d) the name or symbol of each radionuclide or, in the case of mixtures 
radionuclides, an appropriate general description or a list 
radionuclides for which there are major limitations; 
     e) description of the physical and chemical form of the material or 
recording that 
that the material is special form radioactive material or 
radioactive material, low dispersible. For 
chemical form acceptable overall chemical description; 
     f) the maximum activity of the radioactive contents during 
carriage expressed in becquerels (Bq) with the appropriate prefix CI 
(addition). For fissile material in place of activity can be 
Set fissile material mass, expressed in grams (g) or 
appropriate multiples thereof units; 
     g) category of the package, that "I-WHITE" ( "I-WHITE"), "II-YELLOW" 
( "II-YELLOW"), "III-YELLOW" ( "III-YELLOW"); 
     h) the transport index (for categories "II-YELLOW" and 
"III-YELLOW"); 
     i) criticality safety index - for loads containing 
fissile material, other than cargo containing fissile-released 
material; 
     j) token for each certificate 
approval of the competent authority (radioactive material 
special form radioactive material with a low capacity for 
scattering, special conditions or package design 
transportation), which is applicable to the given load; 
     k) information specified in paragraph 6.53a-j, which should 
available for each package - for loads containing more 
one package. For packages that are contained in the transport 
package, freight container or vehicle traffic, you 
provide a detailed description of contents of each package in transport 
package, freight container or vehicle traffic and, 
necessary, details contents of each overpack, 
cargo container or vehicle traffic. If the point 
interim relief package will extract it from 
overpack, freight container or vehicle 
transportation, they must be prepared in accordance transport 
documents; 
     l) note: "Carriage under exclusive use" 
( "EXCLUSIVE USE SHIPMENT"), if the goods required to carry 
under exclusive use; 
     m) All cargo activity as a value multiple of A - 
                                                               2 
for LSA-II, LSA-III, SCO-I and SCO-II. 
 
     The declaration of the shipper 



 
     6.54. A shipper must include transport 
Declaration of the documents or equivalent wording: 
     "These state that the contents of the load completely and accurately 
reflected in the above proper transport 
naming it classified, packaged, labeled, 
provided with labels in all respects aligned 
proper condition for transportation (indicated (yutsya) corresponding (i) 
Type (s) of transport) in accordance with applicable international and national 
governmental regulations. " 
 
     6.55. If the content of the declaration are included in the conditions 
transportation, defined by some international 
Convention, the shipper is not required to provide such 
Declaration on the part of the carriage covered 
this convention. 
 
     6.56. The declaration must be signed by the consignor of 
stating the date. Fax signatures are allowed in cases 
when the relevant laws and regulations of recognized validity 
facsimile signatures. 
 
     6.57. The declaration must be in the same transport 
document containing information about the goods listed in 
Paragraph 6.53. 
      
Information for Carriers 
 
     6.58. A shipper must uklyuchaty in transport 
Documents indication of actions that are needed are obliged 
implement carrier. This indication must be made by the languages 
carrier or relevant authorities deem necessary, and should 
include at least the following elements: 
     a) additional requirements to boot, making, 
transportation, processing, packaging and unloading, transport 
package or container, including any special 
regulations regarding conclusion for the safe removal 
heat (see. § 7.14), or notification that such requirements 
not expected; 
     b) restrictions on the type of vehicle or means of transportation 
and any necessary instructions concerning the route; 
     c) measures in case of accident for the cargo. 
 
     6.59. Existing certificates issued by the competent authority, 
not necessarily bound together with the load. Consignor 
must provide them available to the carrier (s) to download 
and unloading. 
 
Message to  competent authorities 
 
     6.60. The first carriage of any package requiring 
approval of the competent authority, the shipper must 
ensure that copies of each applicable certificate that 
issued by the competent authority package design, 
the competent authority of each country through or into 
territory of which goods are transported. The consignor is not 
obliged to wait for confirmation from the competent authority 
a certificate and the competent authority is not obliged to give 
a confirmation. 
 
     6.61. On each carriage, which is specified in paragraphs "a", 
"B", "c" or "d" below shipper inform the competent 
authority of each country through or into which 
transported goods. Such notification must be received every 
the competent authority before the transport, preferably not less than 
7 days before it starts: 



a) packaging type C, containing radioactive material 
activity greater than 3000 A or 3000 A, depending on 
                                  February 1 
case, or 1000 TBq - depending on what value less; 
     b) package Type B (U), containing radioactive material 
activity greater than 3000 A or 3000 A, depending on 
                                  February 1 
case, or 1000 TBq - depending on what value less; 
     c) package Type B (M); 
     d) transportation in special circumstances. 
 
     6.62. The report of the goods must be: 
     a) information sufficient to identify this package or 
packages including all applicable certificate numbers and 
identifying marks; 
     b) information about the date of carriage, and the expected date of arrival 
route that is expected; 
     c) the names of radioactive material, or radionuclides; 
     d) a description of physical and chemical forms of the radioactive material 
or write that it is a special radioactive material 
form radioactive material or low ability to 
scattering; 
     e) information about the maximum activity of the radioactive contents 
the carriage expressed in becquerels (Bq) with an appropriate 
prefix CI (annex). For fissile material instead 
activity can be specified fissile material mass, expressed in 
grams (g) or multiples thereof units. 
 
     6.63. The consignor is not required to send a separate 
notification if the required information has been included in the application 
for 
shipment approval (see. § 9.22). 
 
     Availability of certificates and instructions 
 
 
6.64. The shipper before starting transportation 
under the terms of the certificates must have a copy of each 
the certificate required under section 9 of the Regulations, and 
a copy of the instructions for proper packaging and closure 
other measures to prepare for transportation. 
 
                Section 7. Requirements for dispatch 
         transportation, storage in transit packaging 
 
                        Terms 
 
     7.1. Tanks and containers Intermediate 
Bulk cargoes used for transportation 
radioactive material shall not be used for 
storage or transport of other goods unless they 
cleared of beta and gamma emitters and alpha-emitters 
low toxicity lower than 0.4 Bq / cm, and all 
other alpha emitters below 0.04 Bq / cm. 
 
     7.2. Allowed to transport other items with 
goods transported under exclusive use, 
if the organization that controlled traffic only 
shipper and not prohibited by other regulations. 
 
     7.3. Loads during transport should be separated 
from other dangerous goods in compliance with the relevant rules 
transportation of dangerous goods of each of the countries through 
or into which the materials will be transported, 
and, where applicable, in compliance with international rules 
transport organizations and these Rules. 



 
Requirements and controls for radioactive 
               pollution and leakage from packages 
 
     7.4. Non-fixed contamination on the external surfaces 
any package must be maintained at the lowest practical 
achievable level, and under normal conditions of carriage it should not 
exceed the following limits: 
     a) 4 Bq / cm for beta and gamma emitters and 
Alpha emitters of low toxicity; 
     b) 0,4 Bq / cm for all other alpha emitters. 
     These limits apply when averaged over any area 
300 kv.sm any part of the surface. 
 
     7.5. Except as provided in paragraph 7.10 level 
non-fixed radioactive contamination and outdoor 
Surface transport packages, freight containers, 
tanks, containers, intermediate bulk 
cargo and any means of transportation should not exceed 
limits specified in paragraph 7.4. 
 
     7.6. If it appears that the packaging is damaged or has 
leaking or if there is reason to believe that packaging has leakage 
or been damaged, access to such packaging should be 
limited and specialist as soon as possible should assess the 
radioactive contamination and radiation level of the package, 
resulting from leakage. Assessment must be subject to 
packaging, means of transportation, loading and surrounding area 
unloading and, if necessary, all other materials transported 
by the same means of transport. In order to overcome and reduce to 
minimize the consequences of such leakage or damage must be taken 
additional measures to protect people, property and the environment 
environment in accordance with emergency plans, and approved 
agreed in due course. 
 
     7.7. Packages damaged or leaking radioactive 
content that exceed the allowable limits for normal conditions 
transportation, can be removed to fit the intermediate object 
which is under control, but should not go further, 
before they will be repaired or brought in due 
state and deactivated. 
 
     7.8. Means of transportation and equipment permanently 
used for the transport of radioactive material shall 
periodically checked to determine the level of radioactive 
pollution. The frequency of such inspections should depend 
the probability of radioactive pollution and traffic volume 
radioactive materials. 
 
     7.9. Except as provided in paragraph 7.10, any means 
transport or equipment, or part of them that during 
transport of radioactive materials were contaminated above the limits 
referred to in paragraph 7.4, or the radiation level from which 
than 5 mSv / h at the surface should be as soon as possible 
Deactivated specialist and should not be used again until, 
unfixed until contamination is reduced to the level 
limits specified in paragraph 7.4, and the level of radiation 
creating a fixed surface contamination after 
decontamination not be less than 5 mSv / h at the surface. 
 
     7.10. Cargo container tank container medium 
bulk or means of transportation, 
designed to transport unpackaged radioactive materials 
under exclusive use shall be exempt from the requirements 
7.5 and 7.9 points only on their interior surfaces and 
just as long as they are in these exceptional circumstances 



using. 
   
 
Separation during transport and 
                     transit storage 
 
     7.11. Packaging, shipping packages and freight containers 
containing radioactive material and unpacked radioactive 
material during transport and storage in transit must 
be separated: 
     a) for the staff (Category A, B [NRBU- 97 (v0062282-97)]) in 
working areas of permanent residence distances calculated from 
using a dose criterion of 5 mSv in a year and conservative 
model parameters; 
     b) from members of the critical groups (category B [97 NRBU- 
(V0062282-97)]) in public places open access 
distances calculated using a dose criterion of 1 mSv 
a year and conservative model parameters; 
     c) from undeveloped photographic film distances calculated from 
using criteria radiation undeveloped photographic 
film due to the transport of radioactive material 
0.1 mSv per consignment of such film; 
     d) from other dangerous goods in accordance with paragraph 7.3. 
 
     7.12. Packaging or overpack category "II-YELLOW" 
or "III-YELLOW" should not be carried in compartments engaged 
passengers, except for places intended solely for persons specifically 
authorized to accompany such package or overpack. 
 
               Stowing cargo durng  the carriage 
                     And transit storage 
 
     7.13. Cargo must be securely stowed. 
 
     7.14. Packaging or overpack provided that the average 
heat flow at the surface does not exceed 15 W / m and the load, 
that directly surrounds them, not in sacks or bags, 
may be carried among packaged general cargo without 
compliance with any specific provisions on the conclusion, in addition to 
where the competent authority in the relevant certificate 
Approval may be due to special requirements. 
 
     7.15. Placement of cargo containers and storage 
packages, overpacks and freight containers must 
control as follows: 
     a) except exclusive use and transport 
material LSA-I, the total number of packages, transport packages and 
cargo containers on board a means of transport 
limited so that the total sum of the transport indexes 
on board means of transport does not exceed the values shown in 
Table. 12; 
     b) the level of radiation in normal conditions of carriage 
exceed 2 mSv / h at any point on the outside 
surface transportation means, and 0.1 mSv / h at 2 m from it, 
except goods transported under exclusive use 
by road or rail, for which the limits of radioactivity 
around the vehicle set in paragraph 7.22b, c; 
 
           Table 12 - Limits transport index (TI) 
         for transport containers and means of transportation, 
           not in the exclusive use 
------------------------------------------------------------------ 
Type of freight container or | Limit the amount of transport | 
| means of transport | index for freight | 
| | container or on board | 
| | means of transport | 



| ---------------------------------- + -------------- --------------- | 
| Cargo container - small | 50 | 
| ---------------------------------- + -------------- --------------- | 
| Freight containers - large | 50 | 
| ---------------------------------- + -------------- --------------- | 
| Vehicle | 50 | 
| ---------------------------------- + -------------- --------------- | 
| Aircraft | | 
| ---------------------------------- + -------------- --------------- | 
| Passenger | 50 | 
| ---------------------------------- + -------------- --------------- | 
| Cargo | 200 | 
| ---------------------------------- + -------------- --------------- | 
| Vessel for inland waterways | 50 | 
| ---------------------------------- + -------------- --------------- | 
| a) | | 
| Ship | | 
| ---------------------------------- + -------------- --------------- | 
| (1) hold, or compartment marked | | 
| Of decks: | | 
| ---------------------------------- + -------------- --------------- | 
| Packaging, transportation packages, small | | 
| Freight containers | 50 | 
| ---------------------------------- + -------------- --------------- | 
| Large freight containers | 200 | 
| ---------------------------------- + -------------- --------------- | 
| (2) A ship in general: | | 
| ---------------------------------- + -------------- --------------- | 
| Packaging, transportation packages, small | | 
| Freight containers | 200 | 
| ---------------------------------- + -------------- --------------- | 
| Large freight containers | Not limited | 
-------------------------------------------------- ---------------- 
a) Packages or overpacks carried on board 
Vehicles that comply with the provisions of paragraph 7.22, 
can be transported on board, provided they do not 
unloaded from the vehicle during the time 
stay on board the vessel. 
     c) the total sum of the criticality safety indexes in a freight 
container and aboard a means of transportation should not exceed 
values given in the table. 13. 
 
     7.16. Any package or any transport package 
transport index is over 10, or any consignment having 
criticality safety index over 50, must be transported 
only under exclusive use. 
 
     7.17. Total activity in a single hold or compartment for vehicles 
inland waterways or other means of transportation for 
transport of LSA material or SCO in packages type IP-1, type 
IP-2, Type IP-3 or without packaging shall not exceed the limits, 
indicated in the table. 14. 
 
      Table 13 - Limits of criticality safety index (CSI) 
         for transport containers and means of transportation, 
                  containing fissile material 
 
------------------------------------------------------------------ 
| Type of freight container or vehicle | Limit the amount of codes | 
| transportation | criticality safety for | 
| | cargo container or | 
| | on board the vehicle | 
| | transportation | 
| | --------------------------- | 
| | out | in terms | 
| | terms | exceptional | 



| | Exceptional | use | 
| | Use | | 
| ------------------------------------ + ------------ + -------------- | 
| Cargo container - small | 50 | No | 
| | | Applicable | 
| ------------------------------------ + ------------ + -------------- | 
| Freight containers - large | 50 | 100 | 
| ------------------------------------ + ------------ + -------------- | 
| Vehicle | 50 | 100 | 
| ------------------------------------ + ------------ + -------------- | 
| Aircraft | | | 
| ------------------------------------ + ------------ + -------------- | 
| Passenger | 50 | No | 
| | | Applicable | 
| ------------------------------------ + ------------ + -------------- | 
| Cargo | 50 | 100 | 
| ------------------------------------ + ------------ + -------------- | 
| Vessel for inland waterways | 50 | 100 | 
| ------------------------------------ + ------------ + -------------- | 
| a) | | | 
| Ship | | | 
| ------------------------------------ + ------------ + -------------- | 
| (1) hold, or compartment marked | | | 
| Of decks: | | | 
| ------------------------------------ + ------------ + -------------- | 
| Packaging, transportation packages, small | 50 | 100 | 
| Freight containers | | | 
| ------------------------------------ + ------------ + -------------- | 
| Large freight containers | 50 | 100 | 
| ------------------------------------ + ------------ + -------------- | 
| (2) A ship in general: | | | 
| ------------------------------------ + ------------ + -------------- | 
| Packaging, transportation packages, small | b) | c) | 
| Freight containers | 200 | 200 | 
| ------------------------------------ + ------------ + -------------- | 
| Large freight containers | No | c) | 
| | b) | Not limited | 
| | limited | | 
-------------------------------------------------- ---------------- 
a) Packages or overpacks carried on board 
vehicle and which comply with the provisions of paragraph 7.22, 
can be transported on board, provided they do not 
unloaded from the vehicle during the time 
stay on board the vessel. This shall apply 
value specified in the "under exclusive use". 
     b) The cargo should be handled and stowed so that 
the total sum of CSI in any group does not exceed 50 to 
loading / unloading and making each group were conducted 
division groups at a distance of at least 6 m. 
     c) The cargo should be handled and stowed so that 
the total sum of CSI in any group does not exceed 100, and that 
loading / unloading and making each group were conducted 
division groups at a distance of at least 6 m. The space between groups 
You can fill in other cargo in accordance with paragraph 7.2. 
 
       Table 14 - Limits on the means of transport activity 
              for LSA material and SCO in industrial 
                    packaging or without packaging--------------- 
------------------------------------------------------------------  
The nature of the material | Limit activity for | Limit activity for | 
| | means of transport, | hold or compartment | 
| | other than vehicles | vehicles for transportation | 
| | Inland | inland | 
| | waterways | ways | 
| ------------------ + ----------------------- + ------ --------------- | 
| LSA-I | Not limited | Not limited | 



| ------------------ + ----------------------- + ------ --------------- | 
| LSA-II and LSA-III | Not limited | 100 A | 
| (Flammable solids | | 2 | 
| Substances) | | | 
| ------------------ + ----------------------- + ------ --------------- | 
| LSA-II and LSA-III | 100 A | 10 A | 
| (Flammable solids | 2 | 2 | 
| Substance and all | | | 
| Liquids and gases) | | | 
| ------------------ + ----------------------- + ------ --------------- | 
| SCO | 100 A | 10 A | 
| | 2 | 2 | 
 
Separation packages containing fissile material, 
           during transport and storage in transit 
 
     7.18. Any group of packages, transport packages and 
freight containers containing fissile material, which 
are in transit storage in any particular place 
Storage should be limited so that the total 
the criticality safety indexes of these packages, transport 
packages or freight containers does not exceed 50. Each group 
such packages, overpacks or freight containers 
should be stored in a way that ensured separation 
at least 6 m from other such groups. 
 
     7.19. If the total sum of the criticality safety indexes on 
board means of transport or cargo container 50 as 
permitted under the table. 13, the storage must be 
organized in a way that ensured separation 
at least 6 m from other groups of packages, transport packages 
or freight containers containing fissile material or 
other means of transportation, which made transportation 
radioactive materials. 
 
 
            Additional requirements relating to the carriage 
             Rail and road transport 
 
     7.20. Rail and road vehicles, which 
shipped the package, overpack or freight containers, 
Bearing any sign of danger, as illustrated in Fig. 1, 2, 3, 
4 (za056-06), or goods transported under conditions 
exclusive use should be shown in Fig. 5 
warning sign on each: 
     a) the two external lateral walls in the case of rail 
vehicle; 
     b) the two external lateral walls and the external rear wall 
in the case of motor vehicle. 
     If the vehicle has side walls, 
Warning signs can be applied directly on the module, 
which carries the weight, provided that they are easily distinguished; 
concerning 
tanks or cargo containers large enough 
the presence of warning signs on most of these subjects. If 
the configuration of the vehicle does not cause signs 
larger, the size of the warning sign shown in 
Fig. 5 (za056-06), may be reduced to 100 mm. Any 
Signs not related to content, should be removed. 
 
     7.21. If the cargo on board the vehicle is 
materials unpacked LSA-I or SCO-I or the goods that 
transported under exclusive use, is packed 
radioactive material with a single UN number, the corresponding number 
UN (see. Table. 11) in the form of black digits minimum height of 65 mm 
also be marked: 



     a) either on a white background in the lower half warning 
sign, shown in Fig. 5 (za056-06); 
     b) or the mark shown in Fig. 6 (za056-06). 
     When you use the options provided in the above paragraph "b", 
assigned additional mark next to the main sign two 
side walls of a railway vehicle or two 
side and rear walls of the motor vehicle. 
7.22. For goods carried under exclusive 
use, the radiation level shall not exceed the following 
values: 
     a) 10 mSv / h at any point of the external surface of any 
packaging or overpack, and may exceed 2 mSv / h 
only provided that: 
     i) the vehicle is equipped with fencing that for 
normal conditions of carriage prevent access by unauthorized persons 
inside the enclosed area; 
     ii) provides for measures to consolidate the package or 
overpack so that their position within 
vehicle under normal conditions of carriage remained 
unchanged; 
     iii) not performed or no boot 
unloading during transport; 
     b) 2 mSv / h at any point of the outer surface 
vehicle, including the upper and lower surfaces, or 
if open vehicle - at any point 
vertical planes passing through the outer limits 
vehicle load on the upper surface and the bottom 
the outer surface of the vehicle; 
     c) 0,1 mSv / h at any point 2 m from 
vertical planes formed by the outer lateral surfaces 
vehicle, or if the load is carried in the open 
vehicle - at any point 2 m from 
vertical planes passing through the outer limits 
vehicle. 
 
     7.23. In the case of motor vehicles no one but 
the driver and his helpers (attendants) must not be at 
board vehicles carrying packages, transport 
packages or cargo containers filled with labels 
category "II-YELLOW" or "III-YELLOW."                    
 
 
Additional requirements related 
                  with the carriage on board vessels 
 
     7.24. Packaging or overpack having a level 
radiation on the surface of more than 2 mSv / h, unless 
transported in a vehicle under exclusive 
use in accordance with the requirements specified in the footnote "a" to 
Table. 12 shall be carried on board under special conditions. 
 
     7.25. Transportation of cargo on board a special 
purpose, constructed or freight conditions 
specially designed for the transport of radioactive materials 
exempt from the requirements of paragraph 7.15 the following conditions: 
     a) radiation protection program for transport should be 
approved by the competent authority of the country of registration of the vessel 
and, if 
appropriate, the competent authority of each port of call; 
     b) must be predefined conditions for making 
Only flight, in that those in respect of any goods that 
loaded at ports of call en route; 
     c) loading, transportation and unloading of cargo 
should be carried out by qualified professionals 
the transport of radioactive materials.              
 



Additional requirements related 
                  with the  transportation by air 
 
     7.26. Packaging Type B (M) and goods under exclusive 
use not permitted to carry on board passenger 
aircraft. 
 
     7.27. Packaging Type B (M) of the ventilation or discharge 
pressure, packaging, requiring external 
cooled by additional cooling, packaging, 
require operational controls during transport, and 
packages containing liquid pyrophoric materials are not allowed 
transport by air. 
 
     7.28. Packaging or overpack having a level 
radiation on the surface of more than 2 mSv / h, are not permitted 
transport by air, except 
transportation for special conditions. 
 
 
 
        Additional requirements associated with sending by mail 
 
     7.29. Freed packaging activity radioactive contents 
which does not exceed one tenth of the limits indicated in 
Table. 3, can be taken by national postal authorities to 
internal transfer, subject to the following additional 
requirements that can be set by those authorities. 
 
     7.30. Freed packaging activity radioactive contents 
which does not exceed one tenth of the limits indicated in 
Table. 3, can be taken to an international mailing 
subject to, inter alia, the following additional requirements attributed 
Acts of the Universal Postal Union: 
a) the administration should be transmitted only email service 
shippers, licensed for conducting activities 
transportation of radioactive materials; 
     b) sending want to forward the fastest route as 
usually by air; 
     c) the administration should have a clear outside and securely 
label with the words "RADIOACTIVE MATERIAL - NUMBER OF ALLOWED 
FOR mailing "(" RADIOACTIVE MATERIAL - QUANTITIES 
PERMITED FOR MOVEMENT BY POST "); these words must be crossed 
the return of empty packaging; 
     d) outside of the administration should be given the name and 
address of the consignor marked the return of the goods if 
it will not be delivered to the addressee; 
     e) in the domestic the packaging should be 
given name and address of the consignor and the contents of the cargo. 
 
 
 Requirements and controls for carriage 
                 empty packagings 
 
     7.31. Empty packaging which previously contained 
radioactive material may be carried as excepted package for 
provided that: 
     a) it is in good condition and securely closed; 
     b) the outer surface of any details of the uranium or thorium in 
its design is closed inactive sheath made from 
metal or any other durable material; 
     c) the level of internal non-fixed radioactive 
Pollution does not exceed more than a hundred times the levels specified in 
Paragraph 7.4; 
     d) Any labels that can be applied to 



the outer surface of the packaging according to 
§ 6.38 is no longer visible.                         
 
 
 Customs operations 
 
     7.32. Customs operations, including the control of radioactive 
content of the package, should be done only in places equipped 
appropriate means of control over radiation exposure, and 
the presence of qualified staff. Any packaging open 
at the request of the customs, before its subsequent departure 
consignee should be reduced to the previous state. 
 
                       Undelivered goods 
 
     7.33. If the goods can not be delivered to the addressee, his 
should be placed in a safe place, and this quickly 
inform the State Nuclear Regulatory Committee of Ukraine and ask user 
for further action. 
              
 
 
 
Умови перевезення матеріалів LSA та SCO  
                у 30-кілометровій зоні відчуження  
            та безумовного (обов'язкового) відселення  
 
     7.34. Матеріали  LSA та SCO можуть перевозитися автомобільним  
транспортом без упаковки при дотриманні таких умов: 
     a) усі  неупаковані  матеріали повинні транспортуватися таким  
чином,  щоб за звичайних  умов  перевезення  не  було  витоку  або  
розсіювання   радіоактивного  вмісту  із  засобу  перевезення  або  
погіршення захисту; 
     b) кожний  засіб  перевезення  повинен  перебувати  в  умовах  
виняткового використання; 
     c) рівень   випромінювання   не  повинен  перевищувати  таких  
значень: 
     i) 2   мЗв/год   у   будь-якій   точці   зовнішньої  поверхні  
транспортного засобу,  уключаючи верхню й нижню поверхні,  або,  у  
разі   відкритого   транспортного  засобу,  -  у  будь-якій  точці  
вертикальних   площин,   що   проходять   через   зовнішні    межі  
транспортного  засобу,  на  верхній  поверхні вантажу та на нижній  
зовнішній поверхні транспортного засобу; 
     ii) 0,1  мЗв/год  у  будь-якій  точці  на  відстані  2  м від  
вертикальних  площин,  утворених  зовнішніми  боковими  поверхнями  
транспортного засобу,  або, якщо вантаж перевозиться на відкритому  
транспортному засобі,  - у будь-якій точці на  відстані  2  м  від  
вертикальних    площин,   що   проходять   через   зовнішні   межі  
транспортного засобу.  
 
 
 
 
 
1411/5000 
Umovy perevezennya materialiv LSA ta SCO  
u 30-kilometroviy zoni vidchuzhennya  
ta bezumovnoho (obov'yazkovoho) vidselennya  
 
7.34. Materialy LSA ta SCO mozhutʹ perevozytysya avtomobilʹnym  
transportom bez upakovky pry dotrymanni takykh umov: 
a) usi neupakovani materialy povynni transportuvatysya takym  
chynom, shchob za zvychaynykh umov perevezennya ne bulo vytoku abo  



rozsiyuvannya radioaktyvnoho vmistu iz zasobu perevezennya abo  
pohirshennya zakhystu; 
b) kozhnyy zasib perevezennya povynen perebuvaty v umovakh  
vynyatkovoho vykorystannya; 
c) rivenʹ vyprominyuvannya ne povynen perevyshchuvaty takykh  
znachenʹ: 
i) 2 mZv/hod u budʹ-yakiy tochtsi zovnishnʹoyi poverkhni  
transportnoho zasobu, uklyuchayuchy verkhnyu y nyzhnyu poverkhni, abo, u  
razi vidkrytoho transportnoho zasobu, - u budʹ-yakiy tochtsi  
vertykalʹnykh ploshchyn, shcho prokhodyatʹ cherez zovnishni mezhi  
transportnoho zasobu, na verkhniy poverkhni vantazhu ta na nyzhniy  
zovnishniy poverkhni transportnoho zasobu; 
ii) 0,1 mZv/hod u budʹ-yakiy tochtsi na vidstani 2 m vid  
vertykalʹnykh ploshchyn, utvorenykh zovnishnimy bokovymy poverkhnyamy  
transportnoho zasobu, abo, yakshcho vantazh perevozytʹsya na vidkrytomu  
transportnomu zasobi, - u budʹ-yakiy tochtsi na vidstani 2 m vid  
vertykalʹnykh ploshchyn, shcho prokhodyatʹ cherez zovnishni mezhi  
transportnoho zasobu. 
Conditions of Carriage LSA material and SCO 
                a 30-kilometer exclusion zone 
            and unconditional (obligatory) resettlement 
 
     7.34. LSA and SCO materials can be transported by road 
transport unpackaged under the following conditions: 
     a) all unpacked materials must be transported in 
way that under normal conditions of carriage there was no leakage or 
dispersion of the radioactive contents of a means of transportation or 
deterioration of protection; 
     b) each way traffic should be in terms of 
exclusive use; 
     c) the radiation level shall not exceed the following 
values: 
     i) 2 mSv / h at any point of the outer surface 
vehicle, including the upper and lower surfaces, or, 
if open vehicle - at any point 
vertical planes passing through the outer limits 
vehicle load on the upper surface and the bottom 
the outer surface of the vehicle; 
     ii) 0,1 mSv / h at any point 2 m from 
vertical planes formed by the outer lateral surfaces 
vehicle, or if the load is carried in the open 
vehicle - at any point 2 m from 
vertical planes passing through the outer limits 
vehicle. 
 
 
          
Chapter 8. Test Procedure 
 
               Homologation 
 
     8.1. Conformity performance 
requirements set out in sections 4 and 5 should be 
any of the methods listed below or their combination: 
     a) testing on samples that are material LSA-III 
or radioactive material special form or radioactive 
material with low dispersible or prototypes, 
or models packagings, provided that the content of the sample or 
packaging for tests simulating as closely as possible 
the expected range of radioactive contents and sample 
the tested packaging or prepared in 
the form in which they are offered for transport; 
     b) reference to previous satisfactory confirmation 



similar nature; 
     c) testing on models of appropriate scale, 
Bearing that elements essential to the sample, which 
tested if the technical experience has shown results 
such tests suitable for construction purposes. At 
the use of scale models should take into account the need to 
adjusting certain test parameters, such as diameter 
punch or compression load; 
     d) calculation, or reasoned argument when 
reliable or conservative calculation methods and parameters 
acknowledged. 
 
     8.2. After the test sample, prototype or model 
should apply appropriate evaluation methods to confirm 
execution set out in this section in accordance with requirements 
acceptable norms and operating characteristics listed in section 4 
and 5. 
 
 
 Tests on leaching LSA-III material and radioactive material, low 
                     dispersible 
 
     8.3. The sample material in the solid state, which is full of contents 
Packaging must dive for 7 days in water at a temperature 
environment. The volume of water testing should be 
sufficient to ensure that at the end of 7-day residual test 
free volume of water that was not absorbed and unreacted 
was at least 10% of the volume of solid sample, 
tested. Initial pH of water should be 6-8, 
and a maximum conductivity - 1 mS / m at 20 hrad.C. After immersion 
7 Nights sample under test measured total activity 
free volume of water. 
 
                   Tests radioactive 
                    special form material 
 
     Terms 
 
     8.4. Samples are special form radioactive material 
or mimic, to be tested for collision 
the impact test, bending test and thermal 
testing, provided for in paragraphs 8.5-8.9. For each of 
these tests can be used by a single sample. After 
each test should evaluate sample 
leaching and determining the volume of leakage using 
method no less sensitive than the methods specified in paragraph 8.10 
for solid material that is not scattered or in paragraph 8.11 to 
material in the capsule. 
 
     test methods 
 
   8.5. Tests on collision. The sample looks like a target with 
height of 9 m. The target must meet the requirements of paragraph 8.17. 
 
     8.6. The impact test. The specimen shall be placed on 
lead plate lying on a smooth solid surface and the 
It is performed hit a flat surface with a mild steel billets 
a force that is equal to strike a mass of 1.4 kg at free 
falling from a height of 1 m. The lower part must have a diameter ingots 
25 mm from the edges with a radius of curvature (3.0 + -0.3) mm. 
Plate of 3.5-4.5 lead hardness for Vickers scale and thickness 
no more than 25 mm should be slightly larger surface area than 
support model. For each test must blow 



used a new surface lead. Beat the sample disc 
must be performed so as to cause maximum 
damage. 
 
     8.7. The bend test. This test must 
apply only to thin and elongated sources with 
length of 10 cm and the ratio of the width to the minimum 
at least 10. The sample should be rigidly fixed in 
horizontally so that half its length appeared 
outside space clamp. Regulation sample shall be such that 
He received the maximum damage when hitting a flat surface 
steel ingots on the free end of the sample. Shot Power blanks on 
the sample shall be equal to the strength strike a mass of 1.4 kg, 
free fall from a height of 1 m. The flat surface of the ingots must be 
25 mm diameter with the edges with a radius of curvature (3.0 + -0.3) mm. 
 
     8.8. Thermal tests. The specimen shall be heated to 
Air temperature to 800 ° C, during this last for 
temperature for 10 minutes and then freely 
cool. 
 
     8.9. Samples radioactive material in a sealed 
capsule, or mimic may be exempted from: 
     a) tests are specified in paragraphs 8.5 and 8.6, provided 
the mass of radioactive material special form: 
     i) less than 200 g and they instead be tested 
the effect of impact for 4th class, specified in the document ISO 2919 
                                             1) 
"Sealed Radioactive Sources - Classification";  
--------------- 
     1) Similar requirements are contained in document GOST 25926-90 
"Sources of radiation yonyzyruyuscheho radyonuklydnыe Closed. Norms 
zhestkosty degree at klymatycheskyh and mechanical impact. 
Classes and methods prochnosty trials. " 
 
     ii) less than 500 g and they instead be tested 
the effect of impact for the 5th grade, specified in the document ISO 2919 
"Sealed Radioactive Sources - Classification"; 
     b) test, which states in paragraph 8.8, provided that 
they instead be tested for the effect of temperature 
6th grade referred to in the document ISO 2919 "Sealed 
Radioactive Sources - Classification ". 
 
     Methods of assessment and evaluation leaching volumetric leakage 
 
     8.10. For samples that are solid material that is not 
scattered, or mimic, the assessment of leaching should 
held as follows: 
     a) the specimen shall be immersed for 7 days in water at 
the temperature of the environment. The volume of water for tests has 
be sufficient to ensure that at the end of 7-day trial 
remaining free volume of water that was not absorbed 
reacted, was at least 10% of the volume of solid sample 
being tested. The initial pH of the water should be 6-8, and 
maximum conductivity - 1 mS / m at 20 ° C; 
     b) the sample water heated to be 
(50 + -5) ° C, and the design must last for at this temperature 
4 hours; 
     c) thereafter should be measured water activity; 
     d) on the sample should last for at least 7 days without 
blowing air at a temperature of at least 30 ° C with 
relative humidity of at least 90%; 
     e) further sample should be immersed in water with parameters 



listed in paragraph a) above water with the sample should be heated 
to a temperature (50 + -5) ° C and maintained at this sample 
temperature for 4 hours; 
     f) should be measured after water activity. 
 
     8.11. For samples of radioactive material 
a sealed capsule or mimic, or should be done 
leaching assessment or volumetric leakage assessment as follows: 
     a) leaching assessment shall consist of the following stages: 
     i) the design must dive into the water at 
environment. The initial pH of the water should 
be 6-8 and a maximum conductivity - 1 mS / m at 
20 ° C; 
     ii) the water and specimen must be heated to 
(50 + -5) ° C, and the sample is kept at this temperature for 
4 hours; 
     iii) thereafter should be measured water activity; 
     iv) further sample shall be kept for at least 
7 days without blowing air at not less 
30 ° C with a relative humidity of at least 90%; 
     v) must repeat the steps in points i, ii and 
iii; 
     b) volumetric leakage assessment conducted instead, 
shall include any appropriate competent authority 
test with those provided document ISO 9978: 
"Radiation Protection - Sealed Radioactive Sources - Leakage Test 
Methods "or GOST 27212-87" Sources of radiation yonyzyruyuscheho 
Closed radyonuklydnыe. General specifications Requirements ". 
 
 
              Tests of radioactive material 
                low dispersible 
 
     8.12. Samples which radioactive material is low 
dispersible or mimic, subjected to enhanced 
thermal test specified in paragraph 8.36, and test 
on collision that specified in paragraph 8.37. For each of these 
Test can be used a separate sample. each 
the test sample should be subjected to the test 
leaching that specified in paragraph 8.3. After each test 
it is necessary to establish whether relevant requirements have been met 
specified 
in paragraph 4.28. 
 
               Testing of packagings 
 
     Preparation of samples for testing 
 
     8.13. To test all samples should be tested for the purpose of 
identification and registration of malfunctions or damage, including: 
     a) Divergence from the design; 
     b) defects in manufacture; 
     c) corrosion or other defects that impair quality; 
     d) strains. 
 
     8.14. It must be clearly marked containment system 
packaging. 
 
     8.15. External parts of the sample must be clearly defined, 
in order to be able to simply and clearly to any of its 
part. 
 
     Test system integrity and shielding 



and evaluating criticality safety 
 
     8.16. After each of the applicable tests specified in 
Points 8.18-8.37: 
     a) must be detected and fixed problems and 
damage; 
     b) must be established or continued integrity of 
containment and protection to meet the requirements of section 5 
the package under test; 
     c) for packages containing fissile material shall be 
determined whether the assumptions and conditions used in the 
assessments required under paragraphs 5.67-5.77 concerning 
one or more packages. 
 
 
The target for the drop tests 
 
     8.17. The target for the drop tests specified in 
Points 8.5, 8.22, 8.25a), 8.27, 8.35, to be flat, 
and a horizontal surface such that any increase in resistance 
displacement or deformation of the surface in the fall by the specimen is 
not 
led to a significant increase damage to the specimen. 
 
     Testing of packagings intended to 
uranium hexafluoride 
 
     8.18. Samples are either mimic packaging 
Kits are designed to contain 0.1 kg or more 
uranium hexafluoride, subjected to hydraulic test at 
the internal pressure of at least 1.4 MPa, but if a trial 
pressure is less than 2.8 MPa, the design required 
multilateral approval. For packagings that 
subjected to repeated tests, can be used any 
other equivalent non-destructive testing method provided 
multilateral approval. 
 
     Tests for demonstrating ability to withstand 
normal traffic conditions 
 
     8.19. These tests include: 
     water spray; 
     Free drop test; 
     test for making a stack; 
     penetration test (penetration). 
     Samples must be subjected packagings 
Free drop test, making the stack and penetration, 
and before each of these tests should be conducted 
water spray. For all tests can be used 
one sample, provided that the requirement of paragraph 8.20. 
 
     8.20. The time interval between the end of trial 
water spray and the next test should be such 
that the water has absorbed most visible without drying 
the outer surface of the sample. In the absence of any contraindications 
this interval is assumed to be about two hours if the water 
fed simultaneously from four directions. However, if the water 
sprayed sequentially on each of the four directions, no 
interval should not be. 
 
     8.21. Water spray test 
     The specimen shall be subjected to the test method 
water spray that simulates stay for at least 



one hour rainfall of approximately 5 cm per hour. 
     8.22. Free drop test 
     The specimen shall drop onto the target so that zavdavalasya 
Maximum security measures sorry packaging, 
tested: 
     a) drop height from the lowest point of the specimen to the top 
target surface must be at least the distance specified in 
Table 15 for the appropriate weight. The target must meet 
the requirements of paragraph 8.17; 
     b) For rectangular fibreboard or wood packages weighing not 
50 kg, a separate specimen shall be subjected to the test 
free fall from a height of 0.3 m on each corner; 
     c) For cylindrical fibreboard packages not exceeding 100 kg 
a separate specimen shall be subjected to the test of free fall 
a height of 0.3 meters per quarter edge of the cylinder at each base. 
 
      Table 15 - Height of free fall during testing 
             packages to normal conditions of carriage 
------------------------------------------------------------------ 
 
Package mass (kg) | Free fall height (m) | 
| ------------------------------ + ------------------ --------------- | 
| Package mass <5000 | 1,2 | 
| ------------------------------ + ------------------ --------------- | 
| 5000 <= Package mass <10000 | 0,9 | 
| ------------------------------ + ------------------ --------------- | 
| 10000 <= Package mass <15000 | 0,6 | 
| ------------------------------ + ------------------ --------------- | 
| 15000 <= Weight Packaging | 0,3 | 
-------------------------------------------------- ---------------- 
 
 
8.23. Tests on the conclusion stack 
     If the shape of the packaging does not preclude the conclusion 
stack, the sample is subjected to 24 hours of compression efforts, 
equal to or greater than: 
     a) The equivalent of 5 times the mass of the packaging; 
     b) The equivalent of 13 kPa vertical Square 
projection packaging. 
     The load must be distributed evenly to two 
opposite sides of the specimen, one of which must be the basis on which 
is packaging. 
 
     8.24. Penetration testing 
     The sample must be installed on a rigid horizontal 
flat surface that does not move during the test: 
     a) 3.2 cm diameter rod with a hemispherical end and a mass 
6 kg dropped in free fall in the upright position 
its longitudinal axis towards the center of the weakest part 
sample so that if it penetrates sufficiently 
deep hit the containment system. In conducting 
test rod shall not be significantly deformed; 
     b) the height of drop of the bar measured from its lower 
end to the intended point of impact on the upper surface of the sample must 
be 1 m. 
 
     Additional tests for packagings of Type A, 
designed for liquids and gases 
Переводчик Google для бизнеса –Инструменты переводчикаПереводчик 
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     8.25. A specimen or separate specimens shall be subjected to each of 
tests listed below, except when you can 



prove that one of the tests are more difficult to sample, 
studied than the other; in which case one specimen to 
more difficult challenge: 
     a) Free drop test. 
     The specimen shall drop onto the target so that was 
inflicted maximum damage containment. The height of drop 
measured from the lowest part of the specimen to the upper surface 
target shall be 9 m. The target must meet the requirements 
§ 8.17; 
     b) penetration test. 
     The sample should be subjected to the test, as provided for in 
paragraph 8.24, with the difference that the height of fall increases 
1 m to 1.7 m. 
 
     Tests to verify the ability to withstand emergency 
conditions of carriage 
 
     8.26. The specimen shall be subjected to cumulative exposure 
testing in accordance with paragraph 8.27 and paragraph 8.28 in specified 
sequence. After these tests, the same or a different pattern 
shall be subjected to the test at ducking, as indicated 
in paragraph 8.29, and, if applicable, as set out in paragraph 8.30. 
 
 
 
 8.27. Tests for mechanical damage 
     Tests for mechanical damage consists of three 
various drop tests. Each specimen shall be subjected to 
corresponding drop test in accordance with paragraph 5.52 or 
§ 5.77. Falls sample sequence should be such that 
after the test sample was mechanical damage 
caused such damage that would lead to the maximum 
damage in the thermal test which follows: 
     a) I like the fall must drop onto the target so 
that he received the maximum damage, and the height of the drop 
measured from the lowest point of the specimen to the upper surface 
target shall be 9 m. The target must meet the requirements 
§ 8.17; 
     b) in the fall II design must fall to the pin, hard 
mounted vertically on a target so that 
sample suffer maximum damage. The height of drop 
measured from the intended point of impact specimen to the upper surface 
the probe must be 1 m. Pin must be made of 
mild steel and circular section diameter (15.0 + -0.5) cm 
20 cm long unless at greater length probe will 
zavdavatysya more severe damage; in this case should 
used pin of sufficient length for the job 
maximum damage. The upper surface of the probe should be 
flat and horizontal radius of curvature of the edge is not more 
6 mm. Target, which set the probe must meet 
the requirements of paragraph 8.17; 
     c) the fall III specimen shall be subjected to the test 
the dynamic destruction by placing the specimen on the target so 
so that it got maximum damage on the fall 
his body weight 500 kg from a height of 9 m. The body should be 
made of mild steel as a solid plate size 
1x1 m and fall horizontally. The height of drop 
be measured from the bottom of the plate to the highest 
point of the sample. The target, which established pattern should 
comply with the requirements of paragraph 8.17. 
 
8.28. Thermal tests. It shall be in 
heat balanced state at ambient 



38 ° C environment in terms of solar insolation listed in 
Table. 6, and with a maximum design speed of formation 
internal heat inside the package from the radioactive contents. 
Alternatively allowed to any of these options had other 
importance to the trial and during it, provided that they are 
properly taken into account in assessing the behavior of the next package. 
     The thermal test shall further include: 
     a) placing the sample in 30 minutes in the thermal environment in 
which heat flow is at least equivalent to the heat 
flow in the hearth burning hydrocarbon fuel in air 
environment in which there are quite constant external conditions 
environment for the average emission factor 
flame of at least 0.9 with an average temperature of at least 800 ° C; 
flame completely covers the sample, and the coefficient of surface 
Acquisitions set equal to or 0,8 or that value which may 
be confirmed for the packaging, which is located in 
appointed burning cell and then 
     b) placing the sample in thermal environment with value 
38 ° C in the solar insolation conditions specified in Table 6, and 
at the maximum design speed of the internal allocation 
Heat radioactive contents within the package at a time, sufficient 
in order to make sure that the temperature in the sample 
all places are reduced and / or close to initial conditions 
steady state. Alternatively allowed to any of these 
parameters have different values following cessation of heating provided 
they will be properly taken into account at the next assessment 
behavior of the package. 
     During and after the test specimen shall not be 
artificially cooled and any combustion of materials of the specimen shall 
occur naturally. 
 
8.29. Tests immersion 
     It shall be under water of at 
at least 15 m for at least eight hours at a position that 
causes maximum damage. For demonstration purposes 
it is assumed that these conditions external gauge pressure 
at least 150 kPa. 
 
     Power immersion test packaging 
                                                            5 
sets of type B (U) and Type B (M), containing more than 10 A and 
                                                               2 
Type C packagings 
 
     8.30. Power immersion test 
     It shall be under water of at 
at least 200 m for at least one hour. With demo 
vvzhayetsya purpose that these conditions external gauge 
pressure of at least 2 MPa. 
 
     Waterproof packaging test kits, 
containing fissile material 
 
     8.31. From these tests should be exempt packing 
kits for which to assess conformity with the provisions 
listed in paragraphs 5.72-5.77, there was an assumption on the flow 
Water leak inside her and in volume, which leads to 
most of reactivity. 
 
     8.32. Before being subjected to the test provided below 
to the water sample must be subjected to the tests 
listed in paragraph 8.27b and or paragraph 8.27a, or 8.27c, according 
the requirements of paragraph 5.77, and the test specified in 



Paragraph 8.28. 
      
     8.33. It shall be under no water column 
less than 0.9 m at least eight hours in a position where expected 
maximum flow. 
 
     Test Type C packagings 
 
     8.34. Samples must be exposed to each of the following series 
tests conducted in the order listed: 
     a) the tests specified in paragraphs 8.27a, 8.27c, 8.35 and 
8.36; 
     b) test specified in paragraph 8.37. 
     For each of the series "a" and "b" are permitted to use 
Various samples. 
 
     8.35. Test puncture / tear 
     The specimen shall be subjected to the ravages of solid 
probe made of mild steel. The provisions regarding probe 
sample surface must be such as to cause maximum 
damage at the conclusion of a series of tests listed in 
paragraph 8.34a: 
     a) on the target should position like that is packing 
weighing less than 250 kg, and on it from a height of 3 m above the intended 
point 
blow pin falling weight of 250 kg. For this test the probe shall 
be in the form of a cylindrical rod with a diameter of 20 cm, stroke 
end of which forms a truncated right circular cone with 
dimensions: height 30 cm and a diameter of 2.5 cm from the top radius 
rounded edge of 6 mm. The target, which is located 
sample must meet the requirements of paragraph 8.17; 
     b) For packages weighing 250 kg or more base probe 
attached to the target, and the sample falls on the probe. The height of the 
fall, 
measured from the point of impact to the upper surface of the sample probe, 
should be at 3 m. For this test properties and dimensions 
the probe must meet the requirements of paragraph "a", except 
the length and weight of the probe should be such that nanosylosya 
maximum damage to the specimen. The target, which is fixed 
basis of the probe must meet the requirements of paragraph 8.17. 
 
     8.36. Enhanced thermal test 
     The conditions of this test must meet the requirements 
§ 8.28, except that of the sample in the heat 
environment should take 60 minutes. 
 
     8.37. Tests on collision 
     The specimen shall be subjected to contact with the target at a speed 
at least 90 m / s, and in a position to suffer 
maximum damage. The target must meet the requirements 
§ 8.17, except that the target surface may be present 
in any position, but it should be 
perpendicular to the trajectory of the sample. 
 
Chapter 9. Approval and administrative requirements 
 
                        Terms 
 
     9.1. For laid-off construction of packagings are 
does not require the issuance of a certificate SCNS Ukraine 
approval shipper shall provide on request to 
SCNS inspection documentation of Ukraine 
design meets all of the packaging 



applicable requirements. 
 
     9.2. Approval required SCNS Ukraine 
concerning: 
     a) structures: 
     i) special form radioactive material (see. paras 9.3, 
9.4 and 9.18); 
     ii) radioactive material with a low capacity for 
scattering (see. paragraphs 9.3 and 9.4); 
     iii) packagings containing 0.1 kg or more 
uranium hexafluoride (see. § 9.5); 
     iv) All packagings containing fissile 
material (except fissile-released) (see. paras 9.12-9.14, 
9.16 and 9.17); 
     v) packaging sets type B (U) and Type B (M) (see. paras 
9.6-9.11, 9.16 and 9.17); 
     vi) packaging sets of type C (see. paragraphs 9.6-9.8); 
     vii) packaging sets type IP-1, Type IP-2, Type IP-3 
(See. Paragraphs 9.6-9.8); 
     viii) packaging sets of type A (see. paragraphs 9.6-9.8); 
     b) special conditions (see. paragraphs 9.24-9.26); 
     c) some traffic (see. paragraphs 9.20-9.23); 
     d) radiation protection program for special vehicles 
purpose (see. § 7.25a); 
     e) calculating values for radionuclides not listed in 
Table. 1 (see. § 4.3). 
     Reconciliation of Ukraine SCNS necessary regarding: 
     technical specifications on the packaging, radioactive 
material special form radioactive material with low 
dispersible; 
     programs and testing methods packagings 
special form radioactive material, radioactive material 
low dispersible. 
 
 
  Approval of special radioactive material 
                Forms and radioactive material 
                low dispersible 
 
     9.3. The design of the special form radioactive material 
requires unilateral approval. The design of radioactive 
material with low dispersible requires 
multilateral approval. In both cases the application 
shall also include: 
     a) A detailed description of the radioactive material or, if 
capsule and its contents; particularly should be specified as the physical, 
and chemical status; 
     b) a detailed description of the design of any capsule to be 
used; 
     c) A statement of the tests and their results or 
results based on calculations that 
radioactive material able to meet accepted standards, or 
other data that the radioactive material, or special form 
radioactive material with low dispersible 
satisfy the requirements of these Regulations; 
     d) detailed description of the quality assurance 
used required under paragraph 3.6; and 
     e) a description of any measures taken to 
transportation, the cargo of radioactive material special 
form radioactive material or low ability to 
scattering. 
 



     9.4. Nuclear Regulatory Committee of Ukraine shall issue a certificate 
of 
approval stating that the design meets 
requirements for special form radioactive material or 
radioactive material, low dispersible, and 
assigns this design an identification mark. 
 
 
Approval of construction of packagings 
 
     Approval for construction of packagings 
uranium hexafluoride 
 
     9.5. Approval for construction of packagings that 
containing 0.1 kg or more of uranium hexafluoride, you need the following: 
     a) Each design that meets the requirements of paragraph 5.81, 
require multilateral approval; 
     b) Each design that meets the requirements 
5.78-5.80 points, requires unilateral approval 
the competent authority in the home design if 
multilateral approval in other cases not required 
compliance with these provisions; 
     c) The application shall include all information 
necessary to the competent authority that the 
design meets the requirements of paragraph 5.78, and detailed 
description appropriate quality assurance program as required in 
Paragraph 3.6; 
     d) Nuclear Regulatory Committee of Ukraine shall issue a certificate of 
approval stating that the design meets 
the requirements of paragraph 5.78, and assigns this design identification 
sign. 
 
     Approval of designs of packaging sets type IP-1, 
Type IP-2, Type IP-3, Type A, Type B (U) and Type C 
 
     9.6. For each design packaging type IP-1, 
Type IP-2, Type IP-3, Type A, Type B (U) and Type C is required 
unilateral approval, except for the fact that: 
     a) to design the packaging type IP-2, type 
IP-3, Type A, Type B (U), Type B (M) and Type C for fissile 
material, which is also subject to the requirements of paragraphs 9.12-9.14, 
require multilateral approval; 
     b) to design the packaging type B (U) to 
radioactive material, low dispersible 
require multilateral approval. 
 
     9.7. The application shall include: 
     a) A detailed description of the intended radioactive contents 
indicating its physical and chemical composition and nature 
radiation; 
     b) a detailed description of the design, including complete set 
engineering and technical documentation (drawings), lists of materials, 
used and methods of manufacture; 
     c) A statement of the tests and their results or 
based on calculations or other data showing that 
design adequately meets the applicable requirements; 
     d) the instruction manual and its packaging 
service during use; 
     e) if the packaging is designed for maximum 
Normal pressure gauge pressure greater than, equal 
100 kPa - detailed structural materials systems 
containment samples are to be taken, and the tests 
Proposed; 



     f) If the radioactive content that is assumed is irradiated 
fuel, the applicant must specify and justify any 
assumptions concerning the characteristics of the fuel, made during analysis 
security, and a description of any measurement front carriage 
required under paragraph 5.69b; 
     g) a description of any special conditions making needed to 
safe dissipation of heat from the package considering 
using different modes of transport and the type of vehicle or transportation 
cargo container; 
     h) a reproducible illustration, not larger 
more than 21x30 cm, illustrating the layout of the packaging; 
     i) detailed description of the quality assurance 
used required under paragraph 3.6. 
 
     9.8. Nuclear Regulatory Committee of Ukraine shall issue a certificate 
of 
approval stating that the design meets 
requirements for packaging sets type IP-1, Type IP-2, Type IP-3, 
Type A, Type B (U) or Type C, and assigns this design 
identification mark. 
 
  Approval of designs of packaging sets type B (M) 
 
     9.9. Each packaging design type B (M) 
including construction, designed for fissile material, which 
also fall under the force requirements of paragraphs 9.12-9.14 and for 
radioactive material, low dispersible, 
require multilateral approval. 
 
     9.10. In addition to the information required in paragraph 9.7 
for packaging sets type B (U), an application for approval 
packaging design type B (M) should include: 
     a) a list of the requirements specified in paragraphs 5.27, 5.49, and 
5.50 
5.53-5.60 how this packaging is not responsible; 
     b) details of any proposed supplementary 
operational controls to be applied during 
transportation, which, although not provided for in these Rules 
the usual way, but nevertheless required for 
security package or to compensate for shortcomings 
above in paragraph "a"; 
     c) a statement of any restrictions on the type of transport and 
of any special procedures for loading, transportation, 
unloading or handling; 
     d) The range of ambient conditions 
(Temperature, solar radiation) expected during transportation and 
taken into account in the design. 
 
     9.11. Nuclear Regulatory Committee of Ukraine shall issue a certificate 
of 
approval stating that the design meets 
applicable requirements for packaging sets type B (M) and 
assigns this design an identification mark. 
 
     Approval for construction of packagings 
fissile material 
 
     9.12. For each design of the packaging, 
designed for fissile material requires multilateral 
approval. 
 
     9.13. The application shall include all information 
necessary to the competent authority that the 



design meets the requirements of paragraph 5.67, and detailed 
description appropriate quality assurance program required 
in accordance with paragraph 3.6. 
 
     9.14. Nuclear Regulatory Committee of Ukraine shall issue a certificate 
of 
approval stating that the design meets 
the requirements of paragraph 5.67, and assigns this design identification 
sign. 
 
Provisions for transition 
 
     Packaging for which approval is required 
design by the competent authority in accordance with the provisions of 
IAEA regulations edition 1985, edition of 1985 (revised 
in 1990) 
 
     9.15. Released packagings, industrial packaging 
sets type IP-1, Type IP-2 and IP-3 type and packing 
sets type A, which is not required for design approval 
the competent authority and which meet the requirements of the IAEA 
regulations 
Edition 1985 or Edition 1985 (revised in 
1990) may continue to be used provided 
decision on them mandatory program of quality assurance 
accordance with paragraph 3.6 and compliance mentioned in Section 6 
activity limits and restrictions on materials. Any 
packing kit that modified unless it was 
done to improve safety, or manufactured after 
December 31, 2003, must fully meet the requirements of this 
Edition Rules. Packaging prepared for transport 
no later than 31 December 2003 in accordance with the requirements of the 
IAEA regulations 
Edition 1985 or Edition 1985 (revised in 
1990) may continue to be used for transportation. 
Packages prepared for transport after this date shall 
satisfy the requirements of this edition of the Rules. 
 
     Packaging approved under the provisions of 
IAEA regulations editions 1973, 1973 (revised) 
1985 and 1985 (revised in 1990) 
 
     9.16. Packaging made pursuant to 
design approved by the competent authority in accordance with 
the provisions of the IAEA regulations edition 1973 or 1973 edition 
(Corrected) can remain in service provided: 
multilateral approval of design of the packaging, 
decision against them mandatory program of quality assurance 
accordance with the applicable requirements of Section 3.6; compliance 
specified in 
Section 6 activity limits and restrictions on materials and for 
packaging containing fissile material and transported by air 
transport - compliance with the requirements of paragraph 5.75. Production 
of 
new packagings are not permitted. With this 
modification or design of the packaging and features 
the number of authorized radioactive contents which, according to 
the competent authority, would significantly affect safety must 
completely fulfilled the requirements of this edition of the Rules. Each 
the packaging must be serialized 
in accordance with the requirements of paragraph 6.50, which is applied to 
the outer 
each surface of the packaging. 



 
     9.17. Packaging made pursuant to 
design approved by the competent authority in accordance with 
provisions of the Rules Edition 1985 or Edition 1985 
(Revised in 1990) could be in operation by 
Conditions: multilateral approval of design packaging 
set, making them concerning the mandatory 
quality assurance in accordance with the requirements of paragraph 3.6; 
compliance 
mentioned in Section 6 activity limits and restrictions on materials and 
packaging containing fissile material and transported 
air - compliance with paragraph 5.75. With this 
modification or design of the packaging and features 
the number of authorized radioactive contents which, according to 
the competent authority, would significantly affect safety must 
fulfilled the requirements of this edition of the Rules. All packaging 
kits, production of which will begin after December 31, 2006 
must satisfy the requirements of this edition of the Rules. 
 
     Radioactive material is a special form approved 
according to IAEA regulations editions 1973, 1973 
(Revised), 1985 and 1985 (revised in 1990) 
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9.18. Radioactive material is a special form made 
in accordance with the design for which was received unilateral 
approval of the competent authority in accordance with IAEA regulations 
Edition 1973 Edition 1973 (revised) edition 1985 
year or edition of 1985 (revised in 1990) may 
continue to be used subject to the decision against him 
mandatory program of quality assurance in accordance with the 
applicable requirements of paragraph 3.6. Any radioactive material 
special form, made after December 31, 2003, should 
satisfy the requirements of this edition of the Rules. 
 
        Notice of serial numbers and their registration 
 
     9.19. By SCNS Ukraine should be sent 
message serial number of each packaging, 
manufactured under construction, approved in accordance with 
paragraphs 9.6, 9.9, 9.12 and 9.16-9.17. 
 
 
 Approval of transport 
 
     9.20. Multilateral approval is required for: 
     a) transport packaging type B (M), which does not comply 
§ 5.27 or design which provides an opportunity 
controlled periodic aeration; 
     b) transport packaging type B (M), containing radioactive 
material with activity as the case of 3000 A or more 
                                                             1 
3000 A, or 1000 TBq, depending on which of the smaller quantities; 
      2 
     c) transportation of packages containing fissile material if 
The sum of the criticality safety indexes in a freight packages 
container or in a single vehicle traffic over 50. The exception in 
this requirement is marine transportation vehicles, if the amount of codes 
criticality safety does not exceed 50 in any of the holds, compartments 
or on the deck of marked and the distance of 6 m between groups 
packages or overpacks as required in Table. 13, 
follows; 



     d) Radiation protection programs for shipments on vessels 
Special purpose under paragraph 7.25a. 
 
     9.21. The competent authority may authorize transport to 
through or into the country without approval 
transportation, uklyuchyvshy special provision in this paper on 
design approval (see. § 9.27). 
 
     9.22. An application for shipment approval shall include the following 
data: 
     a) duration of transport for which approval is sought; 
     b) The actual radioactive contents, modes of transport, 
provided, type of vehicle and the probable or transportation 
to get; 
     c) a detailed statement of the exercise precautions 
activities, and administrative or operational controls 
referred to in the design approval certificates 
packages issued in accordance with paragraphs 9.8, 9.11 and 9.14. 
 
     9.23. In approving transportation SCNS 
Ukraine shall issue a certificate of approval. 
 
 
Approval of transport in special circumstances 
 
     9.24. Each cargo is transported in special 
conditions should be provided multilateral approval. 
 
     9.25. An application for approval of transportation in special 
circumstances 
must contain all information necessary to 
the competent authority that that the overall level of security 
the carriage of at least equivalent to that ensured 
would be if all applicable requirements of these Regulations. Application 
for 
Approval must also include: 
     a) a list of deviations from the applicable requirements specifying 
reasons why traffic can not be satisfied in full 
compliance with these requirements; 
     b) A statement of any special precautions or 
special administrative or operational controls to 
to be employed during transport to compensate 
failure to comply with applicable requirements. 
 
     9.26. In approving transport in special circumstances 
Nuclear Regulatory Committee of Ukraine shall issue a certificate of 
approval. 
 
 
 
 
 Certificates of approval 
             issued SCNS Ukraine 
 
     9.27. Nuclear Regulatory Committee of Ukraine issues five types 
certificates of approval for special radioactive material 
form radioactive material with a low capacity for 
scattering on special conditions for transportation and the design 
packaging. Approval certificate 
the design of the packaging and the transportation can be 
combined into a single certificate. 
Competent authority identification mark 
 



     9.28. Each approval certificate issued 
Nuclear Regulatory Committee of Ukraine, assigned an identification mark. 
This sign has the general form: 
     VRI / number / type code 
     a) except as provided in paragraph 9.29b, VRI is 
international distinctive vehicle registration code 
the country that issued the certificate; 
     b) number is SCNS Ukraine, and specific 
construction or transport must have a special 
individual number. Approval identification mark 
transportation must have a clear link with the identification mark 
Approval of the design; 
     c) for certificates of approval issued should 
these types of codes used in the following order: 
 
    IP-1 - the packaging design type IP-1 
 
    IP-2 - the packaging design type IP-2 
              [IF - for fissile material] 
 
    IP-3 - the packaging design type IP-3 
              [IF - for fissile material] 
 
    A - the packaging design type A 
 
    AF - design the packaging for Type A 
              fissile material 
 
    B (U) - the design of the packaging type B (U) 
              [B (U) F - for fissile material] 
 
    B (M) - the design of the packaging type B (M) 
              [B (M) F - for fissile material] 
 
    C - the packaging design type C 
              [CF - for fissile material] 
 
    S - special form radioactive material 
 
    LD - radioactive material with low resolution 
              dispersible 
 
    T - transportation 
 
    X - special conditions. 
 
     In the case of construction of packagings for undivided 
material in the form of uranium hexafluoride or 
fissile-material released in the form of uranium hexafluoride, 
When not used any of the codes listed above, 
codes, the following types: 
     H (U) - unilateral approval; 
     H (M) - multilateral approval; 
     d) certificates of design approval 
packaging and special radioactive material 
form, other than those issued under paragraphs 9.16-9.18, 
as well as the approval certificates for radioactive material 
low dispersible type code to be added 
numbers "-96". 
 
9.29. These type codes shall be applied as follows: 
     a) Each certificate and each of the packaging must 
have appropriate identification mark, comprising the symbols 



referred to in paragraphs 9.28a, b, c and d, for the exception that 
concerning the packaging following the second stroke 
must affix the appropriate codes only type of construction 
numbers "-96", if applicable, that indexes "T" or "X" not 
are distinctive sign on the packaging. If 
Approval of the construction and transportation combined into a single 
, the applicable type codes are not to be repeated 
required. Example: 
 
 A / 132 / B (M) F-96: the design of the packaging type B (M) 
                  approved for fissile material, which 
                  requiring multilateral approval, for 
                  which the competent authority of Austria has assigned the 
number 
                  construction 132 (marked on both the 
                  the packaging and on the certificate 
                  design approval packing 
                  set); 
 
 A / 132 / B (M) F-96T: The shipment approval issued for a package 
                  having given up token 
                  (To be marked on the certificate only); 
 
 A / 137 / X: by the competent authority of Austria 
                  approval of special conditions which assigned 
                  Room 137 (to be marked only 
                  certificate); 
 
 A / 139 / IF-96: An industrial packaging 
                  for fissile material approved 
                  the competent authority of Austria, which assigned 
                  packaging design number 139 
                  (To be marked both on the packaging, 
                  and the certificate of approval 
                  the design of the packaging); 
 
 A / 145 / H (U) -96: approved by the competent authority of Austria 
                  design for packaging 
                  fissile-material released in the form of 
                  uranium hexafluoride, which assigned number 
                  design packaging 145 
                  (To be marked both on the packaging, 
                  and on the approval certificate 
                  the design of the packaging); 
 
     b) if the multilateral approval is effected 
by confirmation in accordance with paragraph 9.34, it shall 
used only the identification mark issued 
country in the design or performing 
transportation. Where multilateral approval is effected 
by issue of certificates by successive countries, each 
The certificate must bear the appropriate identification mark and 
the packaging, the design of which is approved this 
therefore, should have all the relevant markings. 
Example: 
     A / 132 / B (M) F-96 
     CH / 28 / B (M) F-96 
will be the hallmark of the packaging that initially 
Austria was approved, and then approved by 
issuance of a separate certificate Switzerland. Additional identification 
Signs affixed on the packaging the same way; 
     c) review of the certificate shall be indicated by a 
brackets after the identification mark on the certificate. Example, 



A / 132 / B (M) F-96 (Rev.2) would indicate revision 2 approved 
Austria Certificate to the design of the packaging; or 
A / 132 / B (M) F-96 (Rev.0) - approved the initial issuance of Austria 
certificate for the design of the packaging. If 
the initial issuance of the parenthetical entry is optional and instead of 
"Rev.0" 
can also be used by other records, such as "initial 
issued "(" original issuance "). The rooms viewing certificate 
can be established only country that issued the original 
certificate of approval; 
     d) Additional symbols (as may be required pursuant to 
national requirements) may be added in parentheses at the end 
distinctive sign, for example: A / 132 / B (M) F-96 (SP503); 
     e) change the identification mark on the packaging 
Each review certificate for this construction is not necessary. 
This change marks made only in cases where 
review certificate for the design of the packaging draws 
a change in the letter type codes for design of packing 
kit, following the second stroke. 
 
 
 
 
     The approval of radioactive material 
special form radioactive material and low capacity for 
scattering 
 
     9.30. Each approval certificate radioactive 
material is special form radioactive material or low 
dispersible shall include the following: 
     a) Type of certificate; 
     b) competent authority identification mark; 
     c) the date of issue and validity; 
     d) list of applicable national and international requirements, 
including the publication of IAEA Regulations for the Safe Transport 
radioactive material, under which approved 
special form radioactive material or radioactive material 
low dispersible; 
     e) identification of the special form radioactive material or 
radioactive material, low dispersible; 
     f) description of special form radioactive material or 
radioactive material, low dispersible; 
     g) Design specifications for radioactive material 
special form radioactive material or low resolution 
dispersible, which may include references to drawings; 
     h) specification of the radioactive contents which includes information 
about the 
its activity and may include a description of the physical and chemical 
forms; 
     i) a link to the software quality, 
used required under paragraph 3.6; 
     j) Reference to information provided by the applicant on 
special measures to be taken prior to shipment; 
     k) at the discretion of the competent authority - the name of the 
applicant; 
     l) Signature and identification of the certifying official. 
 
     The approval of special conditions 
 
     9.31. Each approval certificate for special conditions 
shall include the following: 
     a) Type of certificate; 
     b) competent authority identification mark; 



     c) the date of issue and validity; 
     d) the type or types of transport; 
     e) any possible restrictions on the modes of transport, such as 
means of transportation, freight container and any necessary 
instructions; 
     f) list of applicable national and international requirements, 
including the publication of IAEA Regulations for the Safe Transport 
radioactive material, under which approved 
special conditions; 
     g) the following statement: 
     "This certificate does not relieve the consignor from compliance 
any requirement of the government of any country through or 
whose territory will be transported packaging "; 
     h) References to certificates for alternative 
radioactive contents, other competent authority validation 
or additional technical data or information, as deemed appropriate 
competent authority; 
     i) description of the packaging by a reference to 
drawing or specification of the design. At the discretion of the competent 
Authority should be given also eligible to play graphic 
images no larger than 21x30 cm, illustrating the layout 
packaging, along with a brief description of the packaging 
kit, including description of construction materials, general 
mass, general outside dimensions and appearance; 
     j) specification of the authorized radioactive content, including 
any restrictions imposed on radioactive content and 
can not be from the nature of the packaging 
kit. This shall include the physical and chemical 
form, meaning activity (including, where appropriate, 
various isotopes), the amount in grams (for fissile 
material), and whether the material is radioactive material 
special form radioactive material or low resolution 
dispersible, if applicable; 
     k) except in respect of packages intended for fissile 
material: 
     i) a detailed description of the authorized radioactive contents; 
     ii) the index of criticality safety; 
     iii) reference to the documentation that proves safety content 
criticality; 
     iv) any special features, on which at 
criticality assessment was made assumptions about the lack of water 
certain cavities; 
     v) any allowance (based on the requirements of paragraph 
5.69b) for a change in neutron multiplication assumed in the 
criticality assessment on the basis of actual exposure; 
     vi) the ambient temperature range for which 
approved special conditions; 
     l) A detailed listing of any additional measures 
operational controls required for preparation, 
loading, transporting, unloading and handling, 
including any special conditions for the purpose of making 
safe dissipation of heat; 
m) at the discretion of the competent authority - the base for special 
conditions; 
     n) description of the compensating measures to be taken in 
Due to the fact that transportation will be by special 
conditions; 
     o) reference to information provided by the applicant on 
the use of the packaging or specific measures 
to be taken prior to shipment; 
     p) information on environmental conditions, taken 
the purpose of design if they meet the conditions 
paragraphs 5.49, 5.50 and 5.60, depending on what is applicable; 



     q) indication of any emergency measures that the competent 
authority considers necessary; 
     r) a link to the software quality, 
used required under paragraph 3.6; 
     s) at the discretion of the competent authority - the name of the 
applicant and 
carrier; 
     t) Signature and identification of the certifying official. 
 
     The approval transportation 
 
 9.32. Each approval certificate carriage issued 
the competent authority shall include the following: 
     a) Type of certificate; 
     b) competent authority identification mark; 
     c) the date of issue and validity; 
     d) a list of national and international regulations, including 
publication of the IAEA regulations for the safe transport of radioactive 
materials for which transportation is approved; 
     e) any restrictions on the modes of transport, such as 
means of transportation, freight container, and any 
necessary instructions; 
     f) the following statement: 
     "This certificate does not relieve the consignor from compliance 
any requirement of the government of any country through or 
whose territory will be transported packaging "; 
     g) A detailed listing of any additional measures 
operational controls required for preparation, 
loading, transporting, unloading and handling of cargo 
including any special conditions for the purpose of making 
safe dissipation of heat or the safety of 
criticality; 
     h) Reference to information provided by the applicant regarding 
special measures to be taken prior to shipment; 
     i) refer to the corresponding (i) certificate (s) of approval 
the design; 
     j) specification of the actual radioactive contents, including 
any restrictions on the radioactive contents which can not be 
from the nature of the packaging. It should 
include information about the physical and chemical forms, the total 
activity (including, where relevant, the activity of various 
Isotope), the amount in grams (for fissile material), and that, 
whether the material is special form radioactive material or 
radioactive material, low dispersible if 
applicable; 
     k) indication of any emergency measures that the competent 
authority considers necessary; 
     l) a reference to the program of quality assurance 
used required under paragraph 3.6; 
     m) at the discretion of the competent authority - the name of the 
applicant; 
     n) Signature and identification of the certifying official. 
 
     Certificate of packaging design approval 
Kit 
 
 
 
    9.33. Each approval certificate design 
packaging, issued by the competent authority shall 
include the following: 
     a) Type of certificate; 
     b) competent authority identification mark; 



     c) the date of issue and validity; 
     d) any possible restrictions on means of transport if 
it is necessary; 
     e) a list of national and international regulations, including 
publication of the IAEA regulations for the safe transport of radioactive 
material on which the design is approved; 
     f) the following statement: 
     "This certificate does not relieve the consignor from compliance 
any requirement of the government of any country through or 
whose territory will be transported packaging "; 
     g) References to certificates for alternative 
radioactive contents, other competent authority confirmation 
or additional technical data or information, as deemed appropriate 
competent authority; 
     h) provisions regarding the approval of transportation when 
shipment approval is required under paragraph 8.20, 
if deemed necessary; 
     i) Identification of the packaging; 
     j) description of the packaging by a reference to 
drawing or specification of the design. At the discretion of the competent 
Authority should be given also eligible to play graphic 
images no larger than 21x30 cm, illustrating the layout 
packaging, along with a brief description of the packaging 
kit, including description of construction materials, general 
mass, general outside dimensions and appearance species; 
     k) data structure with reference to the drawings; 
     l) specification of the authorized radioactive content, including 
any restrictions on the radioactive contents which can not be 
from the nature of the packaging. It should 
include information about the physical and chemical forms, the 
activity (including, where appropriate, the different activities 
Isotope), the amount in grams (for fissile material), and that, 
whether the material is special form radioactive material or 
radioactive material, low dispersible if 
applicable; 
     m) description of containment; 
     n) Additionally, for packagings intended for 
fissile material: 
     i) a detailed description of the authorized radioactive contents; 
     ii) description of containment; 
     iii) the index of criticality safety; 
     iv) references to documentation that proves safety of 
critical content packages; 
     v) any special features, on which at 
criticality assessment was made assumptions about the lack of water 
certain cavities; 
     vi) any allowance (based on requirements 
§ 5.69b relative change in neutron multiplication 
made in the criticality assessment, based on the true story 
exposure; 
     vii) the ambient temperature range for which 
approved packaging design; 
     o) for packaging sets type B (M) - indication of 
paragraphs 5.27, 5.49, 5.50 and 5.53-5.60, which this package 
is not responsible, and any additional information that may 
be useful to other competent authorities; 
     p) For packages containing more than 0.1 kg of uranium hexafluoride, 
specifying the provisions of paragraph 5.81 that are used, if any 
is, and any additional information that may be useful for 
other competent authorities; 
     q) A detailed listing of any additional measures 
operational controls required for preparation, 
loading, transporting, unloading and handling, 



including any special conditions for the purpose of making 
safe dissipation of heat; 
     r) Reference to information provided by the applicant in respect 
the use of the packaging or specific measures 
to be taken prior to shipment; 
     s) data environments taken to 
design if they meet the conditions 
paragraphs 5.49, 5.50 and 5.60, depending on what is applicable; 
     t) a link to the software quality, 
used required under paragraph 3.6; 
     u) an indication of any emergency measures that the competent 
authority considers necessary; 
     v) by the competent authority - the name of the applicant; 
     w) Signature and identification of the certifying official. 
 
 
 
  Confirmation certificates 
 
     9.34. Multilateral approval may be by 
confirm the original certificate issued by the competent 
authority of the country in which the design or exercises 
transportation. Such evidence may take the form of approval 
original certificate or the issuance of a separate endorsement, annex, 
additions, etc. the competent authority of the country through 
or into which the shipment is made. 
 
 Head of Security 
 traffic management guarantees 
 and transport safety V.V.Sakalo 
  
 
                                      Addition 
                                      §§ 6.41, 6.53, 6.62 
                                      nuclear Rules 
                                      and radiation safety 
                                      the carriage 
                                      radioactive materials 
                                      (PBPRM 2006) 
 
 
FACTORS 
                   CI ratio and prefixes 
  
 
     In these Rules the International System of units 
units (CI). Below are the rates for value 
Common Units. 
 
     Units of radiation 
 
     Activities in becquerels (Bq) or curie (Ci) 
                  10 
     Key 1 = 3,7x10 Bq 
                  -11 
     1 Bq = 2,7x10 Key 
     Equivalent dose in sievert (Sv) or Blessing 
                   -2 
     March 1 Sv = 1,0x10 
     1 Sv = 100 in March 
 
     Pressure 
 



     Pressure in Pascal (Pa) or (kgf / cm) 
                           4 
     1 kg / cm = 9,806x10 Pa 
                    -5 
     1 Pa = 1,020x10 kgf / cm 
 
     Conductance 
 
     Conductivity in siemens per meter (S / m) 
     or inverse ohms per centimeter (mo / cm) 
     10 mkmo / cm = 1 mS / m, or 
     1 IU / cm = 100 cm / m 
                -2 
     1 cm / m = 10 IU / cm 
 
     Prefixes and designation of units of CI 
 
     Desyatychni and Dolni multiple units can be 
formed by prefixes or symbols that are put before 
name or in front of the unit and have 
The following values: 
 
 
------------------------------------------------------------------ 
| 
------------------------------------------------------------------  
 
 Начальник відділу безпеки  
 перевезень Управління гарантій  
 та безпеки перевезень                                  В.В.Сакало  
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| Mnozhnyk | Prefiks | Poznachennya | 
|-------------------------------------+-------------+------------| 
| 18 | | | 
| 1 000 000 000 000 000 000 = 10 | eksa | E | 
|-------------------------------------+-------------+------------| 
| 15 | | | 
| 1000 000 000 000 000 = 10 | peta | P | 
|-------------------------------------+-------------+------------| 
| 12 | | | 
| 1 000 000 000 000 = 10 | tera | T | 
|-------------------------------------+-------------+------------| 
| 9 | | | 
| 1000 000 000 = 10 | hiha | H | 
|-------------------------------------+-------------+------------| 
| 6 | | | 
| 1000 000 = 10 | meha | M | 
|-------------------------------------+-------------+------------| 
| 3 | | | 
| 1000 = 10 | kilo | k | 
|-------------------------------------+-------------+------------| 
| 2 | | | 



| 100 = 10 | hekto | h | 
|-------------------------------------+-------------+------------| 
| 1 | | | 
| 10 = 10 | deka | da | 
|-------------------------------------+-------------+------------| 
| -1 | | | 
| 0,1 = 10 | detsi | d | 
|-------------------------------------+-------------+------------| 
| -2 | | | 
| 0,01 = 10 | santi | s | 
|-------------------------------------+-------------+------------| 
| -3 | | | 
| 0,001 = 10 | mili | m | 
|-------------------------------------+-------------+------------| 
| -6 | | | 
| 0,000 001 = 10 | mikro | mk | 
|-------------------------------------+-------------+------------| 
| -9 | | | 
| 0,000 000 001 = 10 | nano | n | 
|-------------------------------------+-------------+------------| 
| -12 | | | 
| 0,000 000 000 001 = 10 | piko | p | 
|-------------------------------------+-------------+------------| 
| -15 | | | 
| 0,000 000 000 000 001 = 10 | femto | f | 
|-------------------------------------+-------------+------------| 
| -18 | | | 
| 0,000 000 000 000 000 001 = 10 | atto | a 

| Multiplier | Prefix | Designation | 
| ------------------------------------- + ----------- - + ------------ | 
| 18 | | | 
| 1 000 000 000 000 000 000 = 10 | exa | E | 
| ------------------------------------- + ----------- - + ------------ | 
| 15 | | | 
| 1000 000 000 000 000 = 10 | PETA | AP | 
| ------------------------------------- + ----------- - + ------------ | 
| 12 | | | 
| 1 000 000 000 000 = 10 | tera | T | 
| ------------------------------------- + ----------- - + ------------ | 
| 9 | | | 
| 1000 000 000 = 10 | giga | G | 
| ------------------------------------- + ----------- - + ------------ | 
| 6 | | | 
| 1000 000 = 10 | mega | M | 
| ------------------------------------- + ----------- - + ------------ | 
| 3 | | | 
| 1000 = 10 | kilo | to | 
| ------------------------------------- + ----------- - + ------------ | 
| 2 | | | 
| 100 = 10 | hecto | g | 
| ------------------------------------- + ----------- - + ------------ | 
| 1 | | | 
| 10 = 10 | deck | yes | 
| ------------------------------------- + ----------- - + ------------ | 
| -1 | | | 
| 0.1 = 10 | deck | d | 
| ------------------------------------- + ----------- - + ------------ | 
| -2 | | | 
| 0.01 = 10 | Santi | s | 
| ------------------------------------- + ----------- - + ------------ | 
| -3 | | | 
| 0,001 = 10 | milli | m | 
| ------------------------------------- + ----------- - + ------------ | 
| -6 | | | 
| 0,000 = 10 001 | micro | mK | 
| ------------------------------------- + ----------- - + ------------ | 
| -9 | | | 
| = 0.000 000 001 10 | nano | n | 
| ------------------------------------- + ----------- - + ------------ | 
| -12 | | | 
| 0,000 000 000 001 = 10 | pico | n | 
| ------------------------------------- + ----------- - + ------------ | 
| -15 | | | 
| 0,000 000 000 000 001 = 10 | femto | f | 
| ------------------------------------- + ----------- - + ------------ | 



| -18 | | | 
| 0,000 000 000 000 000 001 = 10 | Atto | and 

  Head of Security 

  traffic management guarantees 

  and transport safety V.V.Sakalo 
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