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I. Summary Project Information

1. Project Title and Taxonomy

	Full title:
	Study of fuel assemblies under severe accident top quenching conditions in the PARAMETER-SF test series

	Short title:
	Fuel Assemblies under Severe Accident

	Technology area:
	FIR-ENG, FIR-EXP, FIR-MOD, FIR-MAT

	Category of technology development:
	Basic Research, Applied Research


2. Project Manager

	Name:
	Nalivaev Vladimir Ivanovich

	Title:
	Ph.D.
	Position:
	Division Deputy Director

	Street address:
	Zheleznodorozhnaya 24

	City:
	Podolsk
	Region:
	Moscow

	ZIP:
	142100
	Country:
	Russian Federation

	Tel.:
	+7 (495) 715-9449
	Fax:
	+7 (4967) 54-8589

	E-mail:
	dvp@luch.podolsk.ru


3. Participating Institutions

3.1. Leading Institution

	Short reference:
	FSUE SRI SIA “LUCH”

	Full name:
	Federal State Unitary Enterprise Scientific Research Institute Scientific Industrial Association “LUCH”

	Street address:
	Zheleznodorozhnaya 24

	City:
	Podolsk
	Region:
	Moscow

	ZIP:
	142100
	Country:
	Russian Federation

	Name of Signature Authority:
	Chervyakov Leonid Dmitrievich

	Title:
	
	Position:
	Deputy General Director

	Tel.:
	+7 (495) 715-9546
	Fax:
	+7 (4967) 54-8589

	E-mail:
	dvp@luch.podolsk.ru

	Governmental Agency:
	Federal Atomic Energy Agency


3.2. Other Participating Institutions

Participant Institution 1

	Short reference:
	IBRAE RAS

	Full name:
	Nuclear Safety Institute of Russian Academy of Sciences

	Street address:
	B. Tulskaya 52

	City:
	Moscow
	Region:
	

	ZIP:
	115191
	Country:
	Russian Federation

	Name of Signature Authority:
	Bolshov Leonid Aleksandrovich

	Title:
	Prof., Corresponding member of RAS
	Position:
	Director

	Tel.:
	(495) 952-2421
	Fax:
	(495) 958-0040

	E-mail:
	bolshov@ibrae.ac.ru

	Governmental Agency:
	Russian Academy of Sciences

	Sub-manager:
	Kisselev Arkadi Evgenievich

	Title:
	Ph.D.
	Position:
	Head of Department

	Tel.:
	(495) 955-2324
	Fax:
	(495) 958-1151

	E-mail:
	ksv@ibrae.ac.ru


Participant Institution 2

	Short reference:
	FSUE EDO “GIDROPRESS”

	Full name:
	Federal State Unitary Enterprise Experimental and Design Organization “GIDROPRESS”

	Street address:
	Ordzhonikidze 21

	City:
	Podolsk
	Region:
	Moscow

	ZIP:
	142103
	Country:
	Russian Federation

	Name of Signature Authority:
	Stepanov Vladimir Sergeevich

	Title:
	
	Position:
	Deputy Director

	Tel.:
	(495) 502-7910
	Fax:
	(495) 71597-83

	E-mail:
	grpress@grpress.podolsk.ru

	Governmental Agency:
	Federal Atomic Energy Agency

	Sub-manager:
	Semishkin Valery Pavlovich

	Title:
	Ph.D.
	Position:
	Deputy Head of Department

	Tel.:
	(495) 502-7918
	Fax:
	(495) 715-9783

	E-mail:
	semish@grpress.podolsk.ru


4. Foreign Collaborators/Partners

4.1. Collaborators

	Institution:
	Forschungszentrum Karlsruhe

	Street address:
	Hermann-von-Helmholtz Pl. 1

	City:
	Eggenstein-Leopoldshafen
	Region/State:
	

	ZIP:
	76344
	Country:
	Germany

	Person:
	Stuckert, Juri

	Title:
	Dr.
	Position:
	Scientific Officer

	Tel.:
	+49 7247 82 2558
	Fax:
	+49 7247 82 2095

	E-mail:
	juri.stuckert@imf.fzk.de


	Institution:
	Forschungszentrum Karlsruhe

	Street address:
	Hermann-von-Helmholtz Pl. 1

	City:
	Eggenstein-Leopoldshafen
	Region/State:
	

	ZIP:
	76344
	Country:
	Germany

	Person:
	TROMM, Thomas- Walter

	Title:
	Dr.
	Position:
	Deputy Head Programme NUCLEAR

	Tel.:
	+49 7247 82 5509
	Fax:
	+49 7247 82 5508

	E-mail:
	walter.tromm@nuklear.fzk.de


4.2. Partners

None.

5. Project Duration

24 months

6. Project Location and Equipment

	Institution
	Location, Facilities and Equipment

	Leading Institution
	Building #1

Room #117 – section for assembly of fuel rod dummies, model fuel assemblies, and inspection tests of technical parameters.

Main equipment:

· Assembly racks – 2,

· Argon-arc welding device – 1,

· Electrocontact welding device – 1,

· Lathe – 1,

· Drilling machine – 1,

· Tool-grinding machine – 1,

· Electronic scales – 1, 

· Wiring table.

Room #115 – technological systems of PARAMETR facility: water treatment, steam generation, by-pass. 

Rooms #115а, 115б – technological systems of PARAMETR facility: containment, gas feeding, systems for commutation of test parameters.
Room #115в – technological systems of PARAMETR facility: high-temperature heat exchanger, mixer, sampler for gas analysis.

Room #211 – technological systems of PARAMETR facility: power supply, system of control of power supply of FA.

Room #304 – technological systems of PARAMETR facility: sampler for gas analysis, chromatograph.

Room #215 – control room. 4 PC computers.

Material research section:

Room #210 – X-ray diffractometer.

Room #212 – electronic microscope, optical microscope.

Rooms #301, 303 – sampling section.

Machines: cutting-off machine, pressing machine, grinding machine, polishing machine.

Building #116/1A

Rooms #813, 814 – calculation and theoretical department.

Equipment: 4 PC computers.

	Participant Institution 1
	Rooms #301, 302, 304, 306, 308

Main equipment: required computing machinery.

	Participant Institution 2
	Building #1

Rooms #601, 603, 608

Building #2

Rooms #502, 505, 615

Main equipment: 

· 12 Pentium IV PC;

· ALPHA-DEC work station.


7. Total Project Effort

	Total number of participants
	74

	Number of weapon scientists and engineers
	36

	Total project effort (person*days)
	15263

	Total project effort of weapon scientists and engineers (person*days)
	7828


8. Financial Information

8.1. Estimated Project Costs

	Estimated total cost of the project (US $)
	600000

	Including:
	

	Payments to Individual Participants
	335120

	Equipment
	84300

	Materials
	81580

	Other Direct Costs
	19000

	Travel
	45000

	Overhead
	35000


8.2. Funding Sources
	Estimated total cost of the project (US $)
	600000

	Financial Sources:
	

	Requested from the ISTC
	600000

	Other financial source 1
	0

	Non-Financial Sources:
	

	Non-financial source 1
	0


9. Summary of the project

In terms of consequences the most serious accident at NPP with WWER (PWR) is beyond design basis accident (BDBA) with loss of coolant (LOCA) – severe accident (SA), that could lead to core melting, damage of reactor plant (RP) vessel, release of hydrogen, release of fission radioactive products into the containment and the environment.

The main method of SA analysis is the numerical modeling using computer codes. The complexity, consistency of the physical processes and phenomena, accompanying the accident scenario, including the stage of temperature escalation and the core reflooding, require the comprehensive verification of the calculated models. Moreover, it is necessary to have a good representation of the core behavior control in the course of accident and of possible techniques of its cooling down to make the justified solutions on accident management and bringing the reactor into a safe state. In this respect, the study of the initial stage of BDBA with the investigation of a possibility of cooling down the overheated core as a possible way of accident management is of particular importance. Detailed data on fuel rods behavior under the conditions of reflooding are required both at the stage of elaboration of symptom-oriented EOP and SAMG, and during verification of the proposed procedures. Obtaining such information requires, in its turn, the detailed experimental studies of fuel rods assemblies, including studies at ex-reactor test facilities.

In general cases the reflooding of WWER core can be performed by water injection from “bottom” – into the space under the core, from “top” – into the space above the core, and in a combined way – “from top and bottom”.

In the considered proposal, that logically proceeds from a number of experiments performed earlier at СОRA and PARAMETER facilities, a task is formulated on studying the behaviour of the fuel assembly (FA) under the severe accident conditions with top flooding as the less studied.

The analysis of results of PARAMETER-SF1 test, performed at the test facility PARAMETER within the framework of ISTC project #3194 using the 19-fuel rod model FA of WWER, completed with standard structural materials of WWER-1000, under simulated conditions of severe accident, including the stage of low-rate top flooding with water, allowed to identify the following typical processes:

1) During top quenching it was observed that there was quick cooling (during 3-5 s) of the model assembly upper part, as well as water blockage in the assembly middle part, fast assembly heating-up, damage of its middle part with water bypassing and cooling of the assembly lower part in 400-600 s while moving the cooling front from bottom to top;

2) In the course of the assembly degradation the oxidation and melting of fuel rod claddings occurred, as well as melting flowing down to the assembly middle part, accompanied with its heating up and fuel rod cladding damage in this area, solidification of melting (U, Zr, O) in the assembly cold part. No regions of considerable damage of fuel pellets (debris) were observed that is caused by presence of the frame of intact heaters of fuel rod simulators.

The obtained results showed the necessity of more detailed study of the effects observed. Due to this fact the objective of the proposed Project is the study of behaviour of two 19-fuel rod model FAs of WWER-1000 reactor completed with standard reactor structural materials, and namely, with fuel rod claddings of alloy Zr+1%Nb, fuel pellets of uranium dioxide, spacing grids and shroud of alloy Zr+1%Nb, under the conditions of the initial stage of severe accident with top quenching.

The project is executed by three organizations:

- FSUE EDO “GIDROPRESS” – the leading organization of Federal Atomic Energy Agency on NPP safety justification;

- IBRAE RAS – the leading institute of Russian Academy of Sciences engaged in safety analyses of nuclear power objects;

- FSUE SRI SIA “LUCH” – the organization possessing a unique complex of test facility PARAMETER, with experience in performing the ex-reactor tests of model FAs of WWER-1000 followed by material studies.

The following results are expected in the course of the project execution:

- obtaining and systematization of information on FA behaviour under the conditions of the initial stage of sever accident with top quenching;

- study of moving the cooling front of the assembly heated up to temperature 1800 оС WWER under top flooding;
- broadening the database on verification of severe accident computer codes (SOCRAT/В1, ATHLET, ICARE-CAТHARE, etc.).

The obtained results can be used for safety justification of WWER and PWR type reactors, as well as for elaboration of methods and means of the control and protection system, capable to fulfill their functions under accident conditions.

The scope of activities within 24 months includes preparation and performing the two ex-reactor experiments (PARAMETER-SF test series) at the test facility PARAMETER in FSUE SRI SIA “LUCH” – the tests of two model FAs of WWER-1000 under severe accident continuations with top quenching that is a continuation of studies of FA behaviour in experiments PARAMETER-SF1 and SF2 under ISTC project #3194:

· PARAMETER-SF3 – tests of the model FA with 18 heated and central unheated fuel rods under the conditions of severe accident with top quenching at the assembly temperature less than 1600(С;

· PARAMETER-SF4 – tests of the model FA with 16 heated fuel rods and 3 passive fuel rods, located in the second row, with top quenching at temperature (1800(С.
Besides, the proposed complex of activities will include the post-test material analysis of the assembly, tested in the experiment SF2 under the conditions of the initial stage of severe accident with top and bottom flooding.

The proposed methodological approach to the Project execution is provided by:

- elaboration of a realistic scenario of experiments on the basis of numerical simulation of the initial stage of severe accident at RP of WWER-1000 using computer codes TECH-M and MELCOR;

- calculated simulation of the experiments with the use of computer code package SOCRAT/В1;

- completing the fuel assembly simulator with the standard structural materials of fuel rods and FA of WWER-1000 (fuel rod claddings of alloy Zr+1%Nb, fuel pellets of uranium dioxide, spacing grids and shrouds of alloy Zr+1%Nb);

- simulation of residual power in fuel rods with indirect heating up the fuel rod by the internal electrical heater.

The proposed Project meets the objectives and tasks of ISTC because its execution will involve scientists and specialists of the defense industry, and the results of the Project execution will contribute to the increase in reliability and safety of nuclear power reactors both under operation and those under design.

The joint work with foreign collaborators from FZK, GRS, EdF, IRSN, CEA, which is being fruitfully fulfilled within the framework of Project #3194, will be continued during execution of the Project. The continuation of the tests of PARAMETER-SF series was approved by the participants of the 10-th meeting of СEG-SAM, held on September 4-8, 2006, in Kurchatov, Kazakhstan Republic, and of the 12-th Symposium QUENCH, held on October 23-29, 2006, in Karlsruhe, Germany.
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II. Detailed Project Information

1. Introduction and Overview

In terms of consequences the most serious accident at NPP with WWER (PWR) is beyond design basis accident with loss of coolant (LOCA) – severe accident, that could lead to core melting, damage of reactor plant vessel, release of hydrogen, fission radioactive products into the containment and the environment.

Special measures (accident management) shall be taken to mitigate the consequences of severe accident. Elaboration of adequate technical solutions and measures on accident management is based on the knowledge of the laws of accident scenario and response of the reactor to interference (actions on accident management) into the natural course of accident process. One of the urgent measures on accident management is the reflooding of the overheated core. Thereupon, experimental and computational studies of physical-chemical processes, occurring in the overheated core during quenching, are relevant. And one of the most important tasks can be considered the integral experiments aimed at checking the effectiveness of accident management measures.

WWER-1000 is the main reactor type operated in Russia and abroad. Elaboration of measures on accident management is directly connected with the reactor design and equipment capabilities. WWER-1000 is a loop reactor. The reactor coolant system includes the reactor and four circulation loops, each consisting of steam generator, reactor coolant pump set, main gate valves on the hot and cold legs, and main coolant pipelines connecting the equipment of loops to the reactor. The reactor coolant system provides heat removal from the reactor core by water circulation in the closed circuit and heat transfer to the secondary circuit. Water supply from the emergency core cooling system (ECCS) and other accumulators during accident can be done simultaneously from top and bottom, that will make possible to avoid the situations when the whole amount of the supplied water is entrained into leak.

As the event that could result in the core drying and, with severe failures, could lead to severe accident, the primary circuit coolant leak is considered. The initiating event is the primary leak with superimposing of additional failures, for example, under complete failure of ECCS active part, that could lead to the core uncovering. In WWER-1000 there is a possibility to restore the core cooling. One of the given RP design features is a possibility of the core reflooding from top and bottom.

The difference between quenching from top and from bottom (Fig.1) is that during bottom quenching the pressure chamber is filled first, and only on its filling the boiling is started and the core is cooled with steam and then with water after fuel rods wetting. During top quenching the water is supplied to the reactor collection chamber, distributed over the core cross-section, and then moves downwards with cooling the core. Consequently, the core cooling under top quenching can be done a little sooner than under bottom quenching.

The efficiency of the reactor core cooling with water moving from top to bottom is a question of study in the given Project.

Thus, two processes govern WWER-1000 core cooling:

1. water supply to the reactor collection chamber during top quenching, distribution over the core cross-section and passing through the core with its cooling;

2. increase in water level in the reactor pressure chamber due to direct supply of water to the chamber during bottom quenching; with this, the pressure chamber may be filled during top quenching due to partial bypass.

Two processes also govern PWR core cooling during severe accident (Fig. 2):

1. return of steam, condensed in SG steam tubes, to the core through the hot path;

2. partial getting of water flow into the core, which entered the hot path from the emergency cooling system.

“This Proposal considers cooling of FA selected fragment by nonequilibrium steam flow under given values of steam flowrate and water drops.”

The objective of the proposed Project is the study of behaviour of two 19-fuel rod model FAs of WWER-1000, completed with standard reactor structural materials (fuel rod claddings of alloy Zr+1%Nb, fuel pellets of uranium dioxide, spaсing grids and shroud of alloy Zr+1%Nb), under the initial stage of severe accident with top quenching.
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Fig. 1. Diagram of core flooding by two low-pressure pumps: top flooding through the reactor collection chamber (RCC) and bottom flooding through the reactor pressure chamber (RPC).

[image: image4.emf]
Fig. 2. Diagram of PWR cooling during severe accident*).

_________________________

*) Estelle Brunet-Thibault, Serge Marguet (EDF Electricité de France). Top Flooding Modeling With MAAP4 Code. // International Conference ”Nuclear Energy for New Europe 2006”/

This project is a continuation of the PARAMETER-SF test series at PARAMETER test facility, initiated under ISTC project #3194. Analysis of the results of experiment PARAMETER-SF1 (see the Protocol of PARAMETER-SF1 experiments results, performed on April 15, 2006) has revealed two interactive processes:

1) movement of the model assembly cooling front under top flooding;

2) degradation of assembly structural components.

The first process was characterized by cooling of the assembly upper levels (z=1250-1500 mm) 3-5 s before (130(С and (150 s before (50(С, and of the assembly lower part (z=0-600 мм) in 400-600 s during cooling front movement (to (100(С) from the bottom to top at a rate of (10 degree /s.

The complex character of the cooling front motion under top flooding is caused by violation of the model assembly geometry and blocking of the assembly flow area by the formed melting regions.

The main mechanisms of the assembly degradation process in experiment SF1 were:

- oxidation and melting of fuel rod cladding;

- dissolution of fuel pellets by melt;

- melt flowing down into the assembly middle part.

The specific features of the assembly degradation were the water bypassing of melted part of bundle and absence of damage zones (debris) of pellets due to the presence of the frame of the fuel rod simulator heaters.

For qualitative and quantitative study of damage of fuel pellets of WWER fuel rods with formation of the debris zones under the conditions of top flooding in one of а two proposed tests (PARAMETR-SF4) it was proposed to arrange three fuel rods without heaters in the second assembly row that simulate more of the core degradation under the conditions of the initial stage of severe accident of WWER RP.
The project is executed jointly by the leading organizations of Federal Atomic Energy Agency and Russian Academy of Sciences:

· FSUE SRI SIA “LUCH” – performing the experiments, post-test calculation and material analysis;

· IBRAE RAS – construction of experiment scenarios, pre-test and post-test calculation analysis;

· FSUE EDO “GIDROPRESS” – construction of experiments scenarios, analysis of modelability of the experiment, pre-test and post-test calculations.

Competence of the Project participants is confirmed by publications:

FSUE SRI SIA “LUCH”

Deniskin V.P., Nalivaev V.I., Fedik I.I., Ponomarev-Stepnoi N.N. (RRC “Kurchatov institute”), Dragunov Yu.G. (FSUE EDO “Gidropress”). Bench simulation of the stages of loss-of-coolant accidents for WWER reactor plant – Atomnaya Energiya, 2004, v. 96, edition 4, p. 247-255.

Deniskin V.P., Nalivaev V.I., Semishkin V.P. (FSUE EDO “GIDROPRESS”), Parshin N.Ya. Experiment-calculated simulation at the test facility PARAMETER of WWER fuel rods behaviour at the initial stage of LB LOCA. – Report at the Conference "SMIRT-18", China, August 2005.

Nalivaev V.I., Nigmatulin B.I., Sidorov A.S. – Experimental studies of behavior of model assemblies of fuel rod simulators under accident conditions at the test facility PARAMETR. - Proceedings of ICONE4 – 4th ASME/JSME International Conference On Nuclear Engineering March 10-14 1996 New Orleans.

IBRAE RAS

Veshchunov M.S., Kiselev А.Е., Strizhov V.F. Development of computer code package SVECHA for modeling of in-vessel stage of beyond design-basis accident of water-water reactor // Izvestiya Akademii Nauk. Ser. Energetika. –No. 2. -2004. -P.6-21.

Kiselev A.Ye., Strizhov V.F., Voltchek A.M., Porracchia A., Gonzalez R., Chatelard P.. Assessment of the Modified ICARE2 Code Oxygen Diffusion Model for UO2/Zr (solid)/H2O Interactions. // IAEA Technical Committee on Behavior of LWR Core Materials under Accident Conditions, Dimitrovgrad. IAEA-TECDOC-921. -1995. -P.217-228.

FSUE EDO “GIDROPRESS”

Shchekoldin V.V., Fil N.S., Semishkin V.P. (FSUE EDO “GIDROPRESS”), Konstantinov V.S., Parshin N.Ya., Popov E.B. (FSUE SRI SIA “LUCH”) Calculation of experiments at PARAMETR test facility. – Report at the 4-th international Scientific and Technical Conference “Safety Assurance of NPP with WWER”, Podolsk, May 23-24, 2005.

Y.G. Dragunov, V.V. Shchekoldin (FSUE EDO “GIDROPRESS”), I.I. Fedik, N.Ya. Parshin (FSUE SRI SIA “LUCH”). Computational analysis of PARAMETER facility experiments, Proc. The 11th International Topical Meeting on Nuclear Reactor Thermal-Hydraulics, Avignon, France, October 2-6, 2005.

2. Expected Results and Their Application

The proposed project “Study of fuel assemblies under severe accident top quenching conditions in the PARAMETER-SF test series” belongs to the category “Applied Research”.

The following will be done within the framework of the project:

· Information will be obtained and systematized on behaviour on model FA under severe accident during top quenching. 

· Database for verification of severe accident codes (SOCRAT/В1, ATHLET, ICARE-CAТHARE etc) will be broadened.

· Moving of the cooling front of the assembly, heated below 1800 оС will be studied.

The obtained results can be used for safety justification of WWER (PWR) type reactors, as well as for development of the methods and means of control and protection system, capable to fulfill their function under accident conditions.

2.1. Sustainability Implementation Plan

2.1.1. Results to be promoted

Scientific and technical reports, reference books (data bases) and papers containing information on behaviour and properties of structural components and materials of WWER-1000 reactor core under bench conditions simulating the initial stage of severe accident with top flooding are the project results related to commercial activities.

2.1.2. Uniqueness of results

Uniqueness of results means that such series of experiments are performed for the first time to study the behaviour of WWER-1000 FAs completed with standard structural materials, including fuel pellets of uranium dioxide, at the initial stage of severe accident with top flooding.

2.1.3. Demand for results

Potential demand for the results of the project is caused, in the first place, by the fact that while operating WWER type reactors in RF and in a number of Eastern and Western European countries and in Asian countries one should take into consideration the probability of occurrence of accidents, namely, loss of coolant accidents. Therefore the experimental data are required in RP projects while considering the methods of reactor core cooling under severe accident in order to develop effective measures to prevent further development of accident and to bring the reactor to the safe state.

2.1.4. Expected income

Income can be expected from using the results of the Project when designing of water-water nuclear power reactors, or when mitigating the consequences of severe accidents at NPP. Recommendations will be developed on the basis of the analysis of Project work results that will be included into the normative-technical and operational documentation. At the given stage of the Project it is not possible to estimate the income in terms of money.

2.1.5. IPR situation

The scientific ideas, originated during execution of the project, will be confidential till elaboration on their basis the technical solutions with patentability criteria. Patentable technical solutions will be protected by obtaining patents in compliance with legislation of RF, standards and rules of ISTC, as well as in compliance with the Patent law of world countries if needed. The scientific and technical reports on the results of work under the Project will be protected as copyright in compliance with the law of RF No. 5351-1 of 09.07.1993. There are no live patents on the design of PARAMETER test facility. The methods of experiments will be developed on the basis of the tasks stated in the agreement. No patents have been revealed that could prevent using the results of the present project from the analysis of patent files of RF and leading foreign countries.

2.1.6. Additional developments

The supposed results of the Project – the experimental data on FA behaviour at WWER reactors, being operated or constructed, under the conditions simulating the initial stage of severe accident with top quenching – are themselves the articles of trade in the world market. The analysis of the project results with issue (development) the recommendations on the use of the analysis results in designing and in normative-technical documentation will considerably increase the value of the project results.
2.1.7. Plan of implementation

One of the main scenarios of getting income from the project results can be licensing of copyrights for the methods of performing the experiments and the results of the experiments that will be stated in scientific and technical reports. 

2.1.8. Additional licenses or permits

FSUE SRI SIA “LUCH” has a license for carrying out scientific and technical work with nuclear materials, no other licenses are required for implementation of the project. In addition, the registration of license contracts in Rospatent may be required for implementation of the project results.

2.1.9. Business network

The leading research institutes and organizations of RF in the field of nuclear power engineering are involved in the process of implementation of the project results: FSUE EDO “GIDROPRESS”, IBRAE RAS, A.A. Bochvar FSUE VNIINM, A.I. Leipunsky SRC RF - IPPE, RRC “Kurchatov institute”, ICP MAE, who carry out an analysis of the project results and elaborate recommendations to Rosatom, JSC “TVEL”, etc. on expediency of their application in designing WWER type reactors and in elaboration the normative-technical and operational documentation. Foreign collaborators from FZK, GRS (Germany), EdF, IRSN, CEA (France), interested in obtaining data on the behaviour of model FA of WWER at the initial stage of severe accident with top quenching, will participate in the project.

3. Meeting ISTC Goals and Objectives

According to ISTC objectives and tasks the implementation of work under the project will allow:

· to convert for peaceful activities a part of the Russian specialists who formerly were involved in weapons programs;

· to use the obtained results for safety justification of WWER (PWR) type reactors, as well as for elaboration of methods and means of control and protection system, capable to fulfill their function under accident conditions;

· to improve reliability and safety of nuclear power reactors both operated, and being design.
4. Scope of Activities

The activities on the Project include preparation and performing of two experiments at PARAMETER test facility on studying the two model FAs of WWER-1000:

1) with 18 heated fuel rods and central unheated rod (PARAMETER-SF3 experiment);

2) with 16 heated fuel rods and 3 unheated rods arranged in the 2-nd row (PARAMETER-SF4).
In experiment SF3 the FA maximum temperature before flooding is no more than 1600(С, water flowrate of top flooding is 40 g/s, all the rest of time and temperature parameters are similar to those in experiment QUENCH-06.

In experiment SF4 the FA maximum temperature before flooding is (1800(С, water flowrate of top flooding is 40 g/s, all the rest of time and temperature parameters are similar to those in experiment SF1.
Three main tasks are implemented in executing the Project:

Task 1

	Task description and main milestones
	Participating Institutions

	1. Post-test material analysis of WWER-1000 model FA, subjected to tests in experiment PARAMETER-SF2 under severe accident with top and bottom quenching
	1-FSUE SRI SIA “LUCH”

	Description of deliverables

	1
	R&D report


Task 2

	Task description and main milestones
	Participating Institutions

	2. Study of peculiarities of cooling and change in the structure of materials of FA of WWER-1000 under severe accident during top quenching of the assembly heated to the temperature below 1600(С (PARAMETER-SF3):

2.1. Preparation and conduction of PARAMETER-SF3 experiment.

2.2. Post-test material analysis.

2.3. Processing of the results of PARAMETER-SF3 experiment.
	1-FSUE SRI SIA “LUCH”
2-IBRAE RAS

3-FSUE EDO “GIDROPRESS”

	Description of deliverables

	1
	First model FA

	2
	PARAMETER-SF3 experiment protocol


Task 3

	Task description and main milestones
	Participating Institutions

	3. Study of debris formation during top quenching of WWER-1000 FA heated to (1800(С (PARAMETER-SF4):

3.1. Preparation and conduction of PARAMETER-SF4 experiment.

3.2. Processing of the results of PARAMETER-SF4 experiment.

3.3. Preparation and issue of R&D final report.
	1-FSUE SRI SIA “LUCH”
2-IBRAE RAS

3-FSUE EDO “GIDROPRESS”

	Description of deliverables

	1
	Second model FA

	2
	PARAMETER-SF4 experiment protocol

	3
	R&D final report


5. Role of Foreign Collaborators/Partners
· Information exchange in the course of project implementation.

· Joint review (expertise) of scientific and technical reports.

· Joint workshops, meetings and consultations.

· Verification of results with the use of independent methods and/or equipment.

· Shared use of test materials and specimens.

· Joint verification of results obtained through the Project.

· Consultations on the intellectual property rights in case of a joint invention.

6. Technical Approach and Methodology

The Project Methodology includes solution of three tasks. 

The following activities will be carried out within the framework of the first task:

· fragmenting of model FA, subjected to tests in PARAMETER-SF2 experiment under ISTC project #3194; 

· preparation of templates;

· optical and electronic microscopy;

· X-ray structure analysis;

· analysis of the obtained results and preparation of scientific and technical report.

The second and third tasks, SF3 and SF4 experiments, include the following main stages (subtasks):

(  Preparation and performing the experiment:

· development of the scenario and main goals of the experiment;

· development of the calculated model and carrying out the calculations of test conditions and parameters of the experiment on the basis of computer codes SOCRAT/В1, PARAM-TG, TECH-М, RELAP/SCADSIM, ICARE – CATHARE;

· assembling, mounting of model FA and preparation of technological systems of the test facility for performing the experiment;

· complex preoperational work (functional check of the process and information-measuring systems of the test facility systems, adjustment of testing conditions for the process systems and technical parameters of model FA);

· performing the experiment.

(  Post-test material analysis:

· fragmenting of model FA, subjected to tests in the experiment, and preparing of templates;

· optical and electronic microscopy;

· X-ray structural analysis.

(  Processing the experiment results and issuing the protocol.

(  Preparation and issuing the R&D final report.

Technical implementation of the Project is tasks is accomplished at test facility PARAMETER of FSUE SRI SIA “LUCH”, intended for studying the behaviour of WWER model FA under the conditions simulating various stages of LOCA type accidents.

The object of tests under the Project is a fragment of WWER-1000 FA with a height of 1275 mm. The main parameter, whose meeting is obligatory during the experiment, is a change in the cladding temperature with time.

Peculiarities of the experiment – water supply from top (droplet cooling with the flowrate assigned by calculation) and steam supply from bottom, also due to water accumulation in the assembly lower part from the droplets coming from top.

“Fitting” parameter, whose value is chosen to ensure the requirements of modelability of the test (heating area), – fuel rod power.

Parameters measured:

· temperature of fuel rod cladding in various points over the height and cross-section of the assembly;

· pressure inside fuel rods;

· coolant temperature;

· amount of hydrogen generated;

· water flowrate for top flooding;

· coolant flowrate. 

Tests of the model FAs are performed by the scenario, developed on the basis of design calculations on safety justification of WWER reactors using the computer code TECH-M, with calculated modeling of experiments as per the certified computer code complex SOCRAT/В1 considering the results of QUENCH-06 experiment (see the Table).

Parameters and characteristics studied after the experiments:

· condition of fuel rods and spacing grids;

· flow area of the assembly in various coordinates over the assembly height;

· degree of oxidation and hydrogenation of fuel rod cladding.

Table 

Supposed scenario of the experiment

	Stage No. 
	Stage 
	Main parameters

	
	
	FA temperature, оС
	Medium
	Rate of heating/cooling 
	Time, s

	1
	Heating in argon flow 
	500 
	argon with flowrate

3(2)* g/s 
	0.16 degree /s 
	0-3000 

	2
	Heating in the steam and argon flow 
	500 
	steam and argon with flowrates 3/3(2) g/s
	0
	3000-5000

	3
	FA heating 

(phase I)
	500-1200 
	steam and argon with flowrates 3/3(2) g/s
	(0.2 degree /s
	5000-8500

	4
	Preoxidation 
	(1200 
	steam and argon with flowrates 3/3(2) g/s
	0
	8500-11500

	5
	FA heating 

(phase II)
	1200-1600(1800)** 
	steam and argon with flowrates 3/3(2) g/s
	0.1-0.3 degree /s
	1000-1200

	6
	Top flooding ((5 s after reaching the maximum temperature)
	to saturation temperature 
	water with flowrate 

40 g/s
	100-10 degree /s
	(300


Note:    *) argon flowrate in SF4 experiment;

                         **) assembly temperature in SF4 experiment.

7. Technical Schedule

	
	Quarter 1
	Quarter 2
	Quarter 3
	Quarter 4
	Quarter 5
	Quarter 6
	Quarter 7
	Quarter 8
	Person*days

	Task 1
	
	
	
	R&D report
	
	
	
	
	

	Person*days
	315
	327
	200
	200
	
	
	
	
	1042

	Task 2
	
	
	Assembling the first model FA
	PARAMETER-SF3 experiment protocol
	
	
	
	
	

	Subtask 1
	
	
	
	
	
	
	
	
	

	Subtask 2
	
	
	
	
	
	
	
	
	

	Subtask 3
	
	
	
	
	
	
	
	
	

	Person*days
	1775
	1770
	1784
	1770
	
	
	
	
	7099

	Task 3
	
	
	
	
	
	
	Assembling the second model FA
	PARAMETER-SF4 experiment protocol

R&D final report
	

	Subtask 1
	
	
	
	
	
	
	
	
	

	Subtask 2
	
	
	
	
	
	
	
	
	

	Subtask 3
	
	
	
	
	
	
	
	
	

	Person*days
	
	
	
	
	1784
	1784
	1784
	1770
	7122

	TOTAL
	2090
	2097
	1984
	1970
	1784
	1784
	1784
	1770
	15263


8. Personnel Commitments

8.1. Individual participants

Leading Institution: FSUE SRI SIA “LUCH”

Category I (weapon scientific and technical personnel)

	Name
	Birth

Year
	Scientific Title
	Weapon

Expertise Ref.
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	Fedik Ivan Ivanovich
	1936
	Prof., Corresponding member of RAS
	1.1
	Scientific Adviser of the Project. Participation in development of the methodology for thermal-mechanical tests and material studies
	35
	44
	1540

	Nalivaev Vladimir Ivanovich
	1939
	Ph.D.
	1.1
	Project Manager. Participation in justification of model nature and development of experimental studies programs, analysis of experimental results
	35
	342
	11970

	Deniskin Valentin Petrovich
	1939
	Ph.D.
	1.1
	Deputy Project Manager (Experimental studies). Participation in metrological justification of the Project, development of experimental studies programs, analysis of experimental results
	30
	345
	10350

	Parshin Nikolay Yakovlevich
	1940
	Ph.D.
	1.1
	Calculation justification of rig experiment models, development of experiment programs, analysis of experimental results
	30
	294
	8820

	Popov Evgeny Borisovich
	1937
	Ph.D.
	1.1
	Calculation of parameters and modes of experiments, analysis of experimental results
	30
	194
	5820

	Konstantinov Vladimir Sergeevich
	1950
	
	1.1
	Methodological justification of experiments, development of experiment programs, participation in processing of experimental results. Preparation of the reports
	20
	440
	8800

	Turchin Valery Nikolaevich
	1939
	Ph.D.
	1.1
	Development of program and methodology of material studies, participation in post-test material studies
	30
	194
	5820

	Afanasiev Pavel Grigorievich
	1933
	
	1.1
	Preparation of the rig process systems, participation in experiments
	20
	100
	2000

	Shmatkov Oleg Dmitrievich
	1939
	
	1.1
	Development and preparation of instrumentation and controls, participation in the experiment and instrumentation and controls data processing
	20
	200
	4000

	Degtyareva Larisa Sergeevna
	1948
	
	1.1
	Participation in preparation of technological systems, participation in analysis of experimental results. Preparation of the reports
	20
	440
	8800

	Mizin Pavel Petrovich
	1948
	
	1.1
	Drafting of deliverables, information exchange and interaction with foreign Collaborators
	25
	320
	8000

	Miroshkin Leonid Vladimirovich
	1938
	
	1.1
	Revealing and protecting the intellectual property objects, patent examination, and export control 
	20
	200
	4000

	Romanov Sergey Vladimirovich
	1960
	
	1.1
	Preparation of  technological systems, electrotechnical support of experimental researches
	20
	400
	8000

	Melnikov Gennady Nikolaevich
	1942
	Ph.D.
	1.1
	Development of operating programs and participation in preparation of experiments
	30
	200
	6000

	Egorov Aleksandr Alekseevich
	1947
	
	1.1
	Participation in development of programs and experiments, generalization of the studies results and assessment of VVER FA behavior under beyond design basis accident conditions
	25
	288
	7200

	Zvonarev Yury Alekseevich
	1951
	Ph.D.
	4.9
	The analysis and generalization of results of calculations
	30
	200
	6000

	Volchek Alexander Mikhailovich
	1956
	Ph.D.
	4.9
	Development of the calculation scheme. Realization of calculations on the code ICARE/CATHARE
	30
	134
	4020

	Kobzar Vadim Leonidovich
	1967
	
	4.9
	Preparation of input datas and fulfillment of calculations on a code ICARE/CATHARE
	20
	200
	4000

	Sidorov Ivan Vladimirovich
	1947
	Ph.D.
	1.1
	Participation in development of the programs and analysis of the post-test studies results
	30
	136
	4080

	Salatov Aleksandr Viktorovich
	1956
	
	1.1
	Participation in development of post-test studies programs, a priory calculation analysis of thermal-mechanical and corrosion behavior of fuel rods, analysis of studies results 
	20
	200
	4000

	Nechaeva Olga Artemievna
	1954
	
	1.1
	Participation in development of post-test studies programs and analysis of studies results of post - test researches
	20
	80
	1600

	Sokolov Aleksandr Nikolaevich
	1954
	
	1.1
	Preparation of the rig process systems, participation in the experiment and processing of experimental results
	20
	340
	6800

	Ganin Michael Ivanovich
	1954
	
	1.1
	Export control of final reports, registration of admittance of foreign ISTC representatives and Collaborators to the Institute
	20
	200
	4000

	Chukov Victor Yurievich
	1957
	
	1.1
	Developing plans of measures on protecting the state secret and control of putting them into effect. Examination of the reports from the point of view of an opportunity of its including into information exchange
	20
	120
	2400

	Chesnokov Yury Borisovich
	1959
	
	1.1
	Logistics of experiment
	20
	140
	2800

	Vishnevsky Vyacheslav Yurievich
	1946
	Ph.D.
	1.1
	Development of the rig hydrogen monitoring system and processing of experimental results
	30
	134
	4020

	Levshin Nikolay Ivanovich
	1938
	
	1.1
	Preparation of the rig process systems, participation in the experiment and processing of experimental results
	20
	200
	4000

	Senatorov Victor Alekseevich
	1954
	
	1.1
	Development of design and manufacture of main units of simulators of the fuel rods and FA
	20
	298
	5960

	Savostianov Evgeny Victorovich 
	1952
	
	1.1
	Participation in preparation of technological systems and model assembly to experiments
	20
	200
	4000

	Bogatov Vyacheslav Vladimirovich
	1951
	
	1.1
	Preparation of the rig process systems, participation in the experiment and processing of experimental results
	20
	200
	4000

	Total:
	6783
	162800


Category II (other scientific and technical personnel)

	Name
	Birth

Year
	Scientific Title
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	Soldatkin Dmitry Mikhailovich
	1975
	
	Development of dummy fuel rod and FA assembling, participation in the experiment and processing of experimental results 
	20
	400
	8000

	Fedotov Petr Vladimirovich
	1977
	
	Development of thermometering procedure, test programs and post-test studies
	20
	80
	1600

	Afonin Aleksandr Vladimirovich
	1981
	
	Participation in calculation of the experimental parameters and modes
	20
	140
	2800

	Ignatiev Dmitry Nikolaevich
	1980
	
	Electron microscope and micro-X-ray spectral analysis
	20
	350
	7000

	Gukov Mikhail Yurievich
	1980
	
	Metallographic analysis and mechanical tests
	20
	300
	6000

	Kofler Larisa Nikolaevna
	1971
	
	Participation in metallographic studies
	20
	200
	4000

	Evseev Kirill Aleksandrovich
	1980
	
	Development of the experiment ASNI program, processing of results
	20
	200
	4000

	Korolev Mikhail Aleksandrovich
	1976
	
	Preparation and knitting-up of dummy FAs with fuel pellets, accounting and storage of pellets
	20
	200
	4000

	Goryacheva Nadezhda Nikolaevna
	1957
	
	Project Financier
	20
	200
	4000

	Dyachuk Tatiana Anatolievna
	1977
	
	Bookkeeper
	20
	150
	3000

	Total:
	2220
	44400


Supporting Personnel

	Number of persons
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	3
	Fitter
	15
	1320
	19800

	1
	Fitter CMI&A
	15
	350
	5250

	1
	Turner
	15
	317
	4755

	1
	Worker of milling machine
	15
	317
	4755

	1
	Technical Secretary
	15
	224
	3360

	Total:
	2528
	37920


Participant Institution 1: IBRAE RAS

Category I (weapon scientific and technical personnel)

	Name
	Birth

Year
	Scientific Title
	Weapon

Expertise Ref.
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	Kisselev Arkadi Evgenievich
	1962
	Ph.D.
	4.9
	Deputy Project Manager (Calculation modeling of experiment). Participation in development of the calculation model of the dummy FA, calculation of experimental parameters and modes, preparation of the experimental program
	35
	260
	9100

	Vasiliev Aleksandr Dmitrievich
	1962
	Ph.D.
	4.9
	Development of the dummy FA calculation model, calculation analysis
	30
	225
	6750

	Vinogradova Tatiana Borisovna
	1947
	
	4.9
	Participation in development of the dummy FA calculation model, in calculation analysis
	20
	230
	4600

	Nosatov Vladimir Nikolaevich 
	1965
	
	4.9
	Participation in development of the dummy FA calculation model
	20
	100
	2000

	Filippov Aleksandr Srgeevich
	1954
	Ph.D.
	4.9
	Calculation assessments of experimental parameters and modes
	30
	80
	2400

	Kobelev Gennadi Volodarovich
	1957
	Ph.D.
	4.9
	Calculation assessments of experimental parameters and modes 
	30
	150
	4500

	Total:
	1045
	29350


Category II (other scientific and technical personnel)

	Name
	Birth

Year
	Scientific Title
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	Fokin Aleksei Leonidovich
	1965
	
	Participation in calculation assessments of experimental modes and parameters
	20
	97
	1940

	Tkachenko Aleksandr Viktorovich
	1951
	
	Participation in calculation assessments of experimental modes and parameters
	20
	112
	2240

	Yudina Tatiana Alekseevna
	1966
	
	Development of program - methodical documentation and analysis of experimental results
	20
	225
	4500

	Stepnov Vladimir Dmitrievich
	1944
	Ph.D.
	Development of recommendations of flooding of dummy FAs, development of the experiment program 
	30
	100
	3000

	Kasiyanov Sergei Yurievich
	1953
	Ph.D.
	Participation in calculation analysis and development of recommendations on flooding of dummy FAs
	20
	86
	1720

	Total:
	620
	13400


Supporting Personnel

	Number of persons
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	1
	Technical Secretary
	15
	150
	2250

	Total:
	150
	2250


Participant Institution 2: FSUE EDO “GIDROPRESS”

Category I (weapon scientific and technical personnel)

None.

Category II (other scientific and technical personnel)

	Name
	Birth

Year
	Scientific Title
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	Semishkin Valery Pavlovich
	1947
	Ph.D.
	Deputy Project Manager (Development of experiment scenario). Participation in development experiment programs and pre-test calculations. Preparation reports
	30
	303
	9090

	Frizen Evgeny Aleksandrovich
	1974
	Ph.D.
	Development of calculation models of  fuel rods and assembly behavior, calculation of damages to fuel rod cladding and other assembly components
	30
	183
	5490

	Makhin Valentin Mikhailovich
	1951
	Ph.D.
	Development of experiment scenario. Participation in development experiment programs. Analysis of experiment results and post-test calculations
	30
	168
	5040

	Shekoldin Vladimir Vladimirovich
	1976
	
	Development of experiment scenario. Pre- and post-test analysis of experiments on codes TECH-M and RELAP/SCADARSIM
	20
	185
	3700

	Zaitzev Sergey Ivanovich
	1945
	
	Calculated pre- and post-test analysis of experiments, analysis of model nature
	20
	86
	1720

	Zakutaev Maxim Olegovich
	1971
	
	Calculated pre- and post-test analysis of experiments on code KORSAR
	20
	85
	1700

	Merkun Oleg Grigorievich
	1976
	
	Development of calculation models of fuel rods and assembly behavior and software for numerical representation
	20
	225
	4500

	Sorokin Yury Stanislavovich
	1955
	
	Review of severe accident scenarios involving fuel damage typical of VVER-1000 reactors; development of experiment scenarios, Calculated analysis of experiments on codes TECH-M and MELCOR
	20
	115
	2300

	Volkov Vladimir Vasilievich
	1947
	
	Calculation of damages to fuel rod cladding and other assembly components
	20
	105
	2100

	Fil Nikolay Sergeevich
	1944
	Ph.D.
	Review of severe accident scenarios involving fuel damage typical of VVER-1000 reactors; development of experiment scenarios; assessment of results of the experiment calculation analysis
	30
	68
	2040

	Piminov Vladimir Aleksandrovich
	1957
	
	Development of calculation models of  fuel rod and assembly behavior
	20
	60
	1200

	Podshibyakin Aleksandr Kuzmuch
	1938
	Ph.D.
	Development of experiment scenarios, participation in justification of models and applicability analysis of the results of studies for severe accident management
	30
	44
	1320

	Lysakov Vyacheslav Nikolaevich
	1947
	
	Drafting of reporting documentation and support of interaction with foreign collaborators
	20
	90
	1800

	Total:
	1717
	42000


Supporting Personnel

	Number of persons
	Function in project
	Daily rate

(US$)
	Total days
	Total grants

(US$)

	1
	Interpreter
	15
	110
	1650

	1
	Design of graphic and animation materials
	15
	90
	1350

	Total:
	200
	3000


8.2. Managerial responsibilities
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9. Financial Information

9.1. Estimated Project Costs (US $)

	Estimated total cost of the project
	600000

	Leading Institution
	480000

	Participant Institution 1
	60000

	Participant Institution 2
	60000


9.1.1. Payments to Individual Participants (US $)

	Institution
	Category I
	Category II
	Supporting personnel
	Total

	Leading Institution
	162800
	44400
	37920
	245120

	Participant Institution 1
	29350
	13400
	2250
	45000

	Participant Institution 2
	0
	42000
	3000
	45000

	Subtotal:
	335120


9.1.2. Equipment

	Institution
	Equipment description
	Cost (US $)

	Leading Institution
	1. The generator of a direct current 30кW (1 pcs)

2. The converter of analog-digital of measuring system (4 pcs)

3. Gas mass spectrometer (1 pcs)
	84300

	Participant Institution 1
	None
	0

	Participant Institution 2
	None
	0

	Subtotal:
	84300


9.1.3. Materials

	Institution
	Materials description
	Cost (US $)

	Leading Institution
	1. Uranium dioxide pellets (30 kg)

2. Tantalum bar, 4х1300 mm dia (40 pcs)
3. Molybdenum bar, 6 mm dia (20 kg)
4. Brass bar, 6 mm dia (6 kg)
5. Zirconium tube Zr1%Nb, 9.13х7.73х3800 mm dia (40 pcs)
6. Thermal insulation Zirconia Fiber Board, Type ZYFB-3 12”x12” 1.5” thick (20 pcs)
7. Tantalum bar, 6х720 mm dia (40 pcs)
8. Spacing grid Zr1%Nb for 19 fuel rods (14 pcs)
9. Zirconium sheet, thickness 1.5 mm (17 kg)
10. Zirconium sheet, thickness 10 mm (42.5 kg)
11. Stainless steel sheet, thickness 1 mm (12 kg)
12. Stainless steel sheet, thickness 16 mm (210 kg)
13. Brass sheet, thickness 5 mm (10 kg.)
14. Stainless steel tube, 200х5 mm dia (4 m)
15. Stainless steel tube, 152х5 mm dia(4 m)
16. Stainless steel tube, 35х4 mm dia (3 m)
17. Wire WRe5-WRe20, 0.2 dia (100 m)
18. Epoxy (2 set)

19. Hardener (2 set)

20. Diamond disc No. 11-4610 set for cutting-off machine (3 set)

21. Abrasive paper (2880 set)
22. Diamond suspension (7 set)

23. Polishing material TRIDENT (10 set)

24. Burnishing powder Al2O3 (2 set)

25. Cathodes for electron microscope (1 set)
	81580

	Participant Institution 1
	None
	0

	Participant Institution 2
	None
	0

	Subtotal:
	81580


9.1.4. Other Direct Costs

	Institution
	Direct costs description
	Cost (US $)

	Leading Institution
	1. Technological Energy

2. Logistics/Customs
	18000

	Participant Institution 1
	Bank Fees
	500

	Participant Institution 2
	Bank Fees
	500

	Subtotal:
	19000


9.1.5. Travel costs (US $)

	Institution
	CIS travel
	International travel
	Total

	Leading Institution
	3000
	18000
	21000

	Participant Institution 1
	1500
	10500
	12000

	Participant Institution 2
	1500
	10500
	12000

	Subtotals:
	6000
	39000
	45000


9.1.6. Overhead (US $)

	Institution
	
	Amount

	Leading Institution
	
	30000

	Participant Institution 1
	
	2500

	Participant Institution 2
	
	2500

	Subtotal:
	35000


9.2. Funding Sources

	Estimated total cost of the project (US $)
	600000


9.2.1. Financial Sources
	Financial Source
	Written confirmation (Y/N)
	Amount

(US $)

	Requested from the ISTC
	
	600000

	Other financial source 1
	
	0


9.2.2. Non-Financial Sources

	Source
	Short description of contribution
	Written confirmation (Y/N)
	Estimated

amount

(US $)

	None
	
	
	0


9.2.3. Submitted for Funding to Program Beside the ISTC

None.

10. Intellectual Property Statement

The rights for intellectual property that are generated during the course of the project will be regulated by the laws of the Russian Federation and by the procedures, which have been developed by the ISTC.

The general conditions on Intellectual Property Rights as described in the Model Project Agreement will be observed.

11. Monitoring and Auditing Statement

In accordance with Article VIII of the ISTC Agreement, project recipients will give to the Center and to each Party which wholly or partly finances a project the right of access to carry out on-site monitoring and audit of all activities of the project. Project agreements will specify the portions of facilities, equipment, documentation, information, data systems, materials, supplies, personnel, and services which will concern the project and therefore will be made accessible for monitoring and audit. Project recipients shall have the right to protect those portions of facilities that are not related to the project.

12. Supporting Information

None.
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