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Energy Strategy of Ukraine for the Period until 2030                                           IV. Strategy of the Nuclear Power Industry Development

IV. STRATEGY OF THE NUCLEAR POWER INDUSTRY DEVELOPMENT
4.1. 
Description of the Present Condition and Development of Nuclear Power Plants

As of 2005, the country has four nuclear power plants (NPP) in operation with 15 nuclear units in total; these units have been in operation, on the average, about half of their design service life. Recent initiatives have made it possible to significantly improve technical-and-economic performance indicators of the NPPs. For the year of 2005, the consolidated electricity generation by NPP reached 88.8 billion kWh that made up 47.9% of the total electric power generation in the country. The Installed Capacity Factor (ICF) reached 79.5% in 2004; however, in 2005 the ICF sagged down to 75% due to transmission capacity restrictions in the power transmission lines.

The Strategy assumes that the NPP share in the total national power generation reached in 2005 will be maintained on the same level during the period of 2006 to 2030 (that is about a half of the total annual electric power generation in Ukraine).

Decision on the above assumption was made primarily on the following grounds: availability of domestic uranium deposits; stable operations of the existing NPPs; and good potential opportunities for expansion of the power generation capacities at the NPPs, with due consideration for the present operational, financial and environmental problems faced by the thermal power engineering.

Annual Electric Power Generation in Ukraine for the period of 2005 to 2030, billion kWh
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The forecasted NPPs generation of 219.0 billion kWh by the year of 2030 will require 29.5 GW of installed capacity operating with ICF of 85%.

Construction of new generation facilities at the NPPs in the period up to 2030 will depend on the number of existing nuclear units that may be kept in operation during this period, with consideration for the upgrade options intended to extend service lives of the units by 15 years. By the year of 2030, nine of the existing nuclear power units will still stay in operation, including 7 nuclear units with extended (over designed) service life (namely: Units #3, 4, 5 and 6 of Zaporizhska NPP, Unit #3 of Rivnenska NPP, Unit #1 of Khmelnitska NPP and Unit #3 of Yuzhno-Ukrainska NPP) and 2 power units that were newly commissioned in 2004 (namely: Unit #2 of the Khmelnitska NPP and Unit #4 of the Rivnenska NPP). Therefore, the objectives of the Strategy geared to address the current power generation challenges will be attained only if 20 to 21 GW of replacing and new power generation facilities are commissioned at the existing NPPs for the period up to 2030.

The best internationally accepted experience of the nuclear powers operators and the local experience in water-cooled reactor operations in Ukraine suggest that when it comes to the projects to build up new units, the country should opt for pressurized water reactors of PWR/VVER type as apparently the best possible option. The expected capacity of the newly constructed nuclear power generation units should be within the range of 1000 to 1500 MW. A specific decision on the design capacities and types of the new power units will be made from 2007 to 2008 based on the following main considerations and prerequisites:

· thorough additional assessments of the actual conditions of the Ukraine’s power system;

· comparative analyses of the relevant engineering and economic indicators;

· studies and assessments of the designing and operation of nuclear units in other countries.

When selecting a type of the newly constructed power generation units for selected construction site, the decision-makers should ensure that the selected units are of the same type. The same-type principle will be of special importance in the transitional period of 3 to 5 years.

It is expected that Power Units #3 and #4 of the Khmelnitska NPP will be put into operation by the end of 2016. Manufacturers of these nuclear units will be selected within the period of 2006 to 2007, with special consideration being given to the available well-developed infrastructure at the Khmelnitska NPP site and great scope of completed construction works on the main project facilities.

Generation facilities construction and commissioning schedules will be based on the power unit construction cycle - approximately 12-year period that will cover all stages of the process, beginning from the feasibility study (including project design, construction and putting into operation) to the relevant licensing and permitting procedures to be complied at each of the above mentioned stages. It may be pertinent to mention that this process cycle will be shorter by 2 to 3 years for the power units slated for commissioning by the year of 2021.

Construction and Commissioning of Nuclear Units (1000 MW and 1500 MW units)
with Use of Sites Adjacent to the Existing NPP’s
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To provide for practical implementation of the Strategy, it is important to improve the nuclear fuel efficiency by having completed the ongoing transition to the 4-year fuel cycle with further transition to the 5-year fuel cycle, to cut-down the time for scheduled and preventive maintenance works through better management, efficient scheduling of the works and improvement of their quality standards. It will be most important to upgrade and rehabilitate main process equipment and systems of the existing NPPs and complete every task under the service life extension initiatives, with a special attention being given to those system elements that cannot be replaced at all or the replacement is too expensive. Furthermore it is necessary to meet the decommissioning schedules for the power units that come close to the end of their design service lives, and take timely steps to design and construct new generation facilities as a replacement or addition to the nuclear units scheduled for decommissioning.

Within the period of 2006 - 2010, the following works need to be completed:

· starting from 2006, to conduct surveys and appraisal studies to locate 3 to 4 new sites for construction of nuclear power plants;
· to complete feasibility studies for the projects to construct power units of 6 GW total capacity (within the period of 2013 – 2021) on the newly located sites;

· to substantiate and decide on the project of service-life-extension of Rivno #1 over designed service life.

Within the period of 2011 - 2030, the following works need to be completed:

· to commission, by the end of 2016, new power generation units with total capacity of 2 GW at Khmelnitska NPP (Power Units #3 and #4);

· to commission, within the period of 2019 - 2021, nuclear power generation facilities with total capacity of 6 GW on the new construction sites;

· to implement upgrade projects to extend the design service lives of Units #1, #2 and #3 of the Yushno-Ukrainska NPP; Units #1, #2, #3, #4, #5 and #6 of the Zaporizhska NPP; Units #2 and #3 of the Rivnenska NPP; and Unit #1 of the Khmelnitska NPP;

· to commission, within the period of 2024 - 2030, replacing and additional nuclear units with total capacity 12.5 GW;

· to start decommissioning of 6 nuclear power generation units when their extended service lives is over.

In addition, special efforts need to be taken within the period of 2027 - 2030 to launch construction of new 6.5 GW nuclear power generation facilities, to have them put into operation after 2030.
4.2. 
Environmental and Nuclear Power Plant Operational Safety 
Environmental Safety
Generally, the levels of environmental pollution by the operating NPP are relatively insignificant. The individual residential radiation dose relating to NPP operations does not exceed 80 μSv/y (micro-Sievert per year) that makes up less than 8% of the maximum permissible radiation dose that equals, as specified by the relevant regulatory provision, 1 mSv/y (milli-Sievert per year). Actual emissions and discharges of radioactive substances in the NPP operations are estimated at less than 10% of this quota. As a matter of fact, the actual cumulative expose dose received by the residents of Ukraine due to domestic power generation by TPPs is notably larger than that from the nuclear power generation.

Further improvement of the NPP environmental safety will be achieved through the following target initiatives: upgrade of the existing systems of local, regional and global monitoring and forecast of radiation situation; regular assessments of the environmental impacts of NPPs operations; and introduction of more strict radiation safety requirements.

Nuclear Power Plant Operational Safety

The NPP operational safety standards that have been lately achieved in Ukraine generally correspond to the operation safety standards of the similar type NPPs in other countries. However, it should be noted that the potential for improvement of the domestic NPPs operational safety standards is far from being fully exhausted.

In the next 3 to 5 years, top priority tasks in the field of the NPP operational and radiation safety improvement will be focused on achievement of guaranteed nuclear reaction controllability; improvement of cooling systems of reactor units; adequate storage and keeping of radioactive materials, to maintain the radioactivity levels within the permissible limits.
4.3. 
Spend Nuclear Fuel and Radioactive Waste Management

Preparation of nuclear units for decommissioning and the spent nuclear fuel (SNF) and radioactive waste (RW) management still remain among the top-priority challenges for the Ukrainian NPPs.

Radioactive Waste Management
No progress has been made in Ukraine so far to develop and implement a national Radioactive Waste Management Strategy. This is a primary reason why the current RW management activity is limited to the existing NPP sites. As of today, the problem of RW handover for disposal remains unsolved. Analyses of existing opportunities for RW disposal in temporary storage facilities at sites of each operating NPP and studies of the existing and developed RW management systems suggest that the year of 2020 should be a deadline for disposal of the operational RW. In case of the Zaporishska NPP, special additional decisions need to be made to establish a safe interim storage for solidified radioactive wastes.

Until late 2008, top-priority initiatives in the NPP operational RW management will be: modernization of existing and construction of new process lines designed for interim and full processing of solid and liquid RW at the NPP sites; efforts to be taken at the existing NPPs to remove the accumulated RW from temporary storage facilities and to have them processed; improvement of existing RW transportation systems; improvement and development of the existing pools of special vessels for RW collection, transportation and storage.
By 2010, fundamental engineering decisions must be developed as regards to the high-level RW management and long-term storage systems, and the top-priority steps need to be taken to provide for reception and management of RW produced by the SNF-processing systems, as these RW come back from the Russian Federation after processing.

Spent Nuclear Fuel Management

SNF management, as well as the RW management process, is a subject that is always in the focus of public attention. For SNF of the Ukraine’s NPPs, it envisaged to implement the so-called “deferred” option that implies long-term (up to 50 years or even longer) storage of SNF until a final decision on its processing and/or disposal is made and approved.

In addition, it is important to provide the following: safe operation of the storage site for “dry” spent nuclear fuel (DSNF) at Zaporizhska NPP; establishment of a central DSNF storage facility designed for the SPF produced by VVER-440- and VVER-1000-type reactors of the existing NPP and for the SNF of new nuclear power units, with an objective to have the central DSNF storage facility commissioned in the period of 2009 - 2010; development of a strategy and techniques for safe SNF management after their long-term storage is over.

4.4.
Nuclear Power Industry: Description of the Present Condition and Development Potential

4.4.1.
Fuel Supply Situation and the Description of the Domestic and Foreign Supply Options

It is the Russian contractors that now dominate on the market of nuclear fuel supplies for the Ukrainian NPPs. To diversiby fuel supply opportunities, in August 2005 Ukraine launched a pilot project at Power Unit #3 of the Yuzhno-Ukrainska NPP to test operation of 6 assemblings manufactured by a US-based Westinghouse Company. In case that the outcomes of the pilot project are found successful, Ukraine will have an opportunity to acquire fuel for its NPP on competitive basis from at least two potential suppliers that offer fuel licensed for use at Ukrainian NPPs. To further diversify the supplies and attract other manufacturers of fuel elements to the Ukraine’s market, Ukraine will have to wait another 5 to 7 years until the alternative fuel for the Ukraine’s nuclear power reactors are designed and licensed for operation.

In view of proportion of nuclear power industry in the overall electric power generation in Ukraine, significant domestic resources of raw materials for the industry and the available national industrial, research and engineering potential it was decided to scale down the national dependence on the fuel imports through development of domestic nuclear fuel production capacity that will supply fuel for the Ukraine’s nuclear power plants. The Cabinet of Ministers of Ukraine approved the relevant Program by its Regulations #267 and #634-8 dated April 12, 1995 and June 6, 2001, respectively.

The Nuclear Fuel Cycle Development Program for the period of 1995 to 2004 set forth the following major objectives:

· to expand the existing domestic production of uranium concentrate to reach 100% coverage of the Ukraine’s NPP demand for uranium;

· to develop the domestic zirconium production to fully meet the demand of nuclear power sectors of Ukraine and the Russian Federation for this product;

· to start in Ukraine a production of metallic zirconium and fuel elements accessories to satisfy the demand of Ukraine’s NPP.

However, the NFCD Program was hitherto funded to the extent of only 20% of its planned amount, and the shortage of funds was the main reason why the Program objectives have not been attained.

Generally, the international experience suggests three basic options of nuclear fuel procurement:

· Nuclear fuel procurement on the world markets;

· Nuclear fuel production by domestic production facilities;

· Nuclear fuel production in cooperation with foreign manufacturers.

A country that is willing to acquire the whole technological cycle of nuclear fuel production will face not only engineering and economic problems but certain political resistance as well. In fact, every handover of materials, equipment or technology that may be used in nuclear industry is subject to the international system of export control over dual-purpose equipment, materials and technologies. Members of the Nuclear Supply Group have virtually introduced a moratorium on transfers of uranium-enrichment equipment and technologies. At present some proposals, relating to establishment of International Nuclear Fuel Cycle Centers based on the existing nuclear fuel infrastructure and a broader international cooperation, are under consideration. 

With establishment of the Centers, the countries that operate nuclear power plants will no longer need to create expensive uranium-dressing facilities on their own. They will have an opportunity to benefit from the practical experience and services of other countries which possess the uranium enrichment and spent-nuclear-fuel processing technologies. The existing opportunities and established market mechanisms provide a sound basis and all necessary guaranties for nuclear fuel procurement adequate to meet the demand. With regard to the above, the new Nuclear Fuel Production Strategy of Ukraine sets forth the following objectives:

· to develop the existing uranium production to meet the demand of the Ukrainian NPP for uranium concentrate; 

· to develop the production of zirconium, zirconium alloys and zirconium parts for production of nuclear fuel elements;

· to build up a nuclear fuel assembling production plant.

4.4.2. 
Uranium Production

At present, the domestic production of uranium meet only 30% of the demand of nuclear power industry of Ukraine. Therefore, the uranium production industry of Ukraine considers the increase in uranium concentrate production to the level that will satisfy at least the national demand for this product as one of its top-priority objectives.
On its territory Ukraine has one of the world-largest deposits of uranium ores. Despite the fact that the local ores have relatively low specific contents of uranium, the produced uranium concentrate is still competitive on the world market due to a few benefits relating to production peculiarity, as follows:
· large uranium deposits enable mining companies to use highly-efficient ore mining and production technologies;

· no need to use roof-holding and reinforcement works when stripping and working out in the process of long-run mine working due to solid enclosing rocks;

· water inflows are relatively modest and easily controllable in the mining areas;

· radioactive protection measures are relatively simple due to the low contents of uranium in the ores.
It was estimated that the proved reserves of natural uranium in Ukraine are enough to meet the demand of national nuclear power industry for more than hundred years. In case of conversion of the nuclear power industry to fast-neutron reactors, the potential service life of domestic uranium reserves will be extended some 60 to 70 times.
Location of the Nuclear Fuel Cycle Facilities in Ukraine 
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Capital investments for the development of the uranium production industry are dozens times lower than that needed for adequate development of coal mining industry. For example, 46 ТWh of electric power per year may be generated of uranium produced from the Europe-largest Novokostantinovsky Mine, provided that it is put into operation. Generation of the same amount of electric power by TPPs would require additional 28 to 30 coal mines put into operation, provided the production of each of the mines totals around 1 million tons of coal per year.

Inadequate funding of the uranium production industry in 1995 to 2005 has resulted in crisis situation in the sector and delays in putting new mines into operation. The existing mines have failed to comply with the startup schedules for new horizons, and the production equipment they use have approached the critical wear-out. 

Ukraine has good potential to become one of the world largest producers of natural uranium, provided that the country succeeds in maintaining stable operation of the existing production facilities followed by a gradual build-up of the uranium production capacities. Three of the active uranium mines – the Vatutinske, Michurinske and Central Mines – are scheduled for working-out their reserves. Closure of mines under operation are scheduled for the period of 2020 - 2025.

The further production growth is expected to be achieved through the development of new deposits. As a matter of top priority, it is planned to complete construction and commission of the integrated industrial system for development of the Novokostantinovske deposit. According to the schedule, the production will start up in 2008 and the mine will reach its design productivity within the period of 2014 - 2015. The present demand of the Ukraine’s nuclear power industry for uranium concentrate will be met by new mining facilities scheduled for construction at the Severinovske and some other selected deposits, by working-out Safonivske and a few other sandy type deposits where a well outwash technology will be applied for production.

4.4.3. 
Zirconium production

The USA, Russia, France, the United Kingdom, Germany and Canada that are considered today as the world-largest manufacturers of zirconium products. Ukraine also has good opportunities for development of the national zirconium production as it has its own raw materials reserves (developed by the state-owned Company Volnogirsky Mining-and-Metallurgical Works, Dnipropetrovsk Oblast) and research production facilities (experimental production of high-quality zirconium alloys of nuclear-industry standards by the State Research-and-Production Company “Zircony”). The insufficient financing of the Nuclear Fuel Cycle Development Program in the period of 1995 to 2005 has enabled only to maintain the capital assets of the SRPC “Zircony” and start up, in the year of 2003, pilot works to produce zirconium tetrafluoride (TFZ). The design production capacity of the SRPC “Zircony” - 250 tons of TFZ per year, was scheduled to be reached in 2006, thus it will cover 100% of the demand of the nuclear fuel element production for Ukrainian nuclear power plants.

Further development of the zirconium production will heavily depend on selection of manufacturing technology for rolled zirconium materials and pipe shell. Scheduling of the nuclear fuel production process is linked to the progress of domestic zirconium production, availability of nuclear fuel production technology and economic justification of the time to start up the production.

4.4.4. 
Environmental Contamination
Within the period of 1949 - 1991, a Dniprodzerzhinsk-based PHZ Production Association processed blast-furnace slag, uranium-containing concentrates and uranium ore. For this period, the Association formed 9 tailing dumps within and beyond its area where uranium production waste, estimated at 42 million tons, are stored on the total area of 2.68 million square meters, and their total radioactivity reaches as much as 75 000 Кі. The total area of radioactive contamination (within production site of PHZ) with exposure dose of gamma-activity of more than 100 μR/h, covers 250 000 square meters. Some of the buildings and installations of the Association are also radioactively contaminated.

Regulation #1846 of the Cabinet of Ministers of Ukraine dated November 26, 2003 endorsed a 10-year program to have the PHZ production facilities totally cleaned up to the environmentally safe standards and to protect the local residents from harmful effects of ionizing radiation.

Furthermore, a Program of Sustainable Development of the Region of Production and Primary Processing of Uranium Raw Material for the Period of 2006 - 2030 has been developed and now under implementation; this Program was approved by Resolution #1691 of the Cabinet of Ministers of Ukraine dated December 16, 2004, and provides measures for improvement of the environment conditions.

4.5
Innovative Nuclear Technologies for the Long-Term Development of Nuclear Power Industry of Ukraine: Analysis and Selection

To have the opportunity to study and select the most promising designs of reactor units and nuclear fuel cycles for the national nuclear power sector, Ukraine participates in implementation of the International project for Innovation Nuclear Power Reactors Operation (INPRO) that includes a nuclear fuel cycle research component and is being implemented under the umbrella of the International Atomic Energy Agency (IAEA). In this context Ukraine is also expected to participate in implementation of the International Thermonuclear Experimental Reactor (ITER).

4.6. 
Legal and Regulatory Framework for the Development of the Nuclear Power Industry

One of the most important challenges for the scheduled period is to improve of the existing legal and regulatory provisions for development of the national nuclear power industry. Current legal-and-regulatory framework to a great extent supports the present operation and development of the industry, though some changes and amendments are critically needed in order to:

· bring the national laws and regulations close to and harmonize with that of EU countries and other countries that have advanced nuclear power sectors, with consideration for the internationally accepted criteria and concepts of nuclear/ radioactive safety;

· allow for recommendations of IAEA, WANO, ICR and other international organizations;

· implement new concepts of financial and economic activity in the nuclear power sector, including the best internationally accepted bidding practice (tested by the national sector operator) as a tool for implementation of large-scale projects in the nuclear power sector;

· ensure good regulation of the financial and economic activities in the nuclear power sector, including development of predictable scheme and policy of funding large-scale power projects;

· codification of the legal and regulatory framework for the nuclear power sector.

Summary
The Strategy sets forth the following provisions for the benefit of the national energy security:

1. In the context of 2.2 rise of the total national consumption of electricity, to ensure the proportion of electricity generated by nuclear power plants on the level of about 50% of the overall national electricity generation through extension of the service life of existing and construction of new facilities at the NPPs.

2. To develop uranium and zirconium production, to form a basis for fabrication of nuclear power fuel production in future.

The Strategy requires an upward adjustment of the existing tariff for electricity produced by NPPs to support implementation of the nuclear power sector development program and address the critical problems faced by the sector today. This tariff must include a provision for nuclear power units decommissioning and radioactive waste disposal projects. Furthermore, it requires developing a long-term investment program to support the national nuclear power sector development. Targeted and timely efforts to create favorable conditions for investments in the nuclear power sector development projects will have critical importance in this context.

Investment Required for the Development of Nuclear Power Sector of Ukraine, by periods

	Items
	2006-2010
	2011-2020
	2021-2030
	Total

	Installed capacity*, GW 
	13,84
	21,84
	29,5
	

	Installed Capacity Factor (ICF) %
	82,8
	85
	85
	

	Electric power generation, ТWh (by periods)
	488,3
	1 185,7
	1 837,0
	3 511,0

	Electric power sales, ТWh (by periods)
	459,1
	1 114,8
	1 727,2
	3 301,0

	Spendings breakdown**, UAH mln
	
	
	
	

	Upgrade, rehabilitation, safety and ICER improvement
	3 822
	9 570
	13621
	27 014

	Service life extension
	3 281
	7 435
	996
	11 711

	New construction***
	4 525
	61 955
	103 024
	169 504

	Total****, UAH mln
	11 628
	78 960
	117 641
	208 229


* As of December 31 of the period last year;

** Prices as of 2005, disregarding inflation;

*** Including UAH 700 mln required to complete the TGNPP construction project, and UAH 2880 mln for the spent nuclear fuel disposal facilities;

**** In the year of 2005, power generation tariff of the SC “NAEC Energoatom” was inadequate to fund the following: Spend Nuclear Fuel and Radioactive Waste Management Programs; extension of nuclear power unit service life; setting up financial provision for the power units decommissioning; construction of replacing and new capacities; and the efforts to create components of the national nuclear fuel cycle.

Investment Required for the Development of Nuclear Industry for the Period of 2006-2030

	Periods
	Average investment requirement per annum,

UAH mln
	Total, UAH mln

	2006 – 2010
	807
	4037

	2011 – 2015
	1862
	9314

	2016 – 2020
	792
	3964

	2021 – 2025
	660
	3303

	2026 – 2030
	213
	1065

	Total for the period of 2006 to 2030
	21700
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