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	FSUE “Alexandrov Research Institute of Technology”, Sosnovy Bor, Leningrad region, Russia.


Purpose of KMS:

· Experimental simulation of heat- and mass transfer processes, steam-air, hydrogen, gas, and aerosol flows inside containment, heat fluxes to environment after external injection of steam and non-condensable gases;
· Verification of containment codes;
· Testing of spray systems and condensers;
· Testing of equipment components, devices, systems, valves, instruments, cables, etc. under realistic emergency conditions inside containment;
· Testing of the metal shell stress-strained state under thermal and mechanical loads. 



KMS characteristics

The KMS containment model is shown schematically in fig. 1. The test facility comprises:
· protective metal shell shaped as cylinder with hemispherical dome; 
· containment compartments;
· passive containment cooling system (PCCS);
· spent fuel cooling system;
· spray system;
· systems for injecting air, steam, and helium into containment.

The main technical characteristics of KMS are given in Tables 1-5.
[bookmark: _Ref528317139]
Table 1
Containment characteristics
	Description
	Parameter value
	Unit of measurement
	Note

	Protective shell:
	
	
	

	 material
	Steel Ст 09Г2С
	-
	Corrosion-resistant coating

	 thickness
	25.0/18.0
	mm
	

	 diameter
	12.0
	m
	

	 height of cylinder
	10.9
	m
	

	 volume (air)
	1920,0
	m3
	

	 number of compartments
	11
	-
	

	Maximum pressure
	0.54
	MPa
	

	Maximum temperature of atmosphere
	150.0
	С
	Momentary rises to 200С

	Total weight of metal structures
	126.0
	ton
	Including metal shell
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[bookmark: _Ref528317055]Fig. 1.  KMS containment test facility

Table 2 
Injection systems
	Description
	Parameter value
	Unit of measurement 
	Note

	Steam
 maximum flow rate
 pressure
 temperature
	
10.0
0.5
152.0
	
t/h
MPa
оС
	
Supplied from NITI boiler

	Air
 maximum flow rate 
	
500.0
	
nm3/h
	Supplied from NITI compressor

	Helium
 maximum flow rate 
	
5.0
	
nm3/h
	Helium header
(240 nm3)


 

Table 3 
Spray system
	Description
	Parameter value
	Unit of measurement 
	Note

	Coolant:
 rated flow rate
 pressure
 maximum temperature
	· 
10.0
0.7
70.0
	· 
t/h
MPa
оС
	· 
Maximum of 15 t/h

At pump suction

	Number of sprays
	4
	-
	· 




Table 4
Spent fuel assembly cooling system  
	Description
	Parameter value
	Unit of measurement 
	Note

	Coolant:
 rated flow rate
 pressure
 maximum temperature 

	· 
30.0
0.7
70.0
	
t/h
MPa
оС
	


At pump suction 
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Table 5
Passive Containment Cooling System (PCCS)
	Description
	Parameter value
	Unit of measurement 
	Note

	Water-cooled area
Height of NC circuit
Number of emergency feedwater system tanks (ERWS)
Coolant inventory in a tank

	112
11.5
4

17.5
	m2
m
-

m3
	



Containment compartments and penetrations
Containment space (fig. 2) is divided into several compartments (boxes) separated by steel walls, floors, and equipment (models of emergency cooling and fuel storage pools).The boxes are connected through penetrations of different size. 
[bookmark: _Toc198204212]								Table 6
Size of boxes inside containment
	Box No.
	Volume, m3
	Description

	[bookmark: _Hlk183763485]1
	223
	«Emergency cooling pool»

	2
	208.5
	«Reactor equipment»

	3
	208.5
	

	4
	208.5
	

	5
	837
	«Dome space»

	6
	199
	«Annular channel»

	7
	37.7
	«Fuel cooling pool»

	Total:
	1922
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[bookmark: _Toc198279458]Fig. 2. KMS boxes 
Metal structures inside containment are the following:
· crane base model (metal shell);
· fuel storage pool model;
· horizontal floors consisting of supporting beams, removable panels, and steel decks;
· vertical steel columns, stairs, and ladders;
· steel plate lining of emergency cooling and fuel storage pools. 
The total weight of the metal structures is 65.4 tons without the weight of steel lining.
[bookmark: _Toc191719385][bookmark: _Toc192069166][bookmark: _Toc198441142]The main characteristics of PCCS for NPP-2006 project
The PCCS model layout is presented in fig. 3. This configuration is designed for conducting forced circulation experiments in PCCS circuit.  
The PCCS model is comprised of the following components:
·  heat-exchangers - condensers (9…16);
· evaporator tank BB1 (30);
· circulating pump АР1 (24);
· piping and valves.

[image: Модель СПОТn]
[bookmark: _Toc198279459]Fig. 3. KMS PCCS model
The PCCS heat-exchanger – condensers are represented by 8 condenser models which are arranged in pairs at 3.7 m level above the deck (20.1m elevation) in the containment dome.	
 The forced circulation circuit of the PCCS model consists of cold and hot legs which are connected in a loop-seal to the evaporator tank. 
The PCCS equipment and pipeline layouts are shown in figs. 4 and 5. 
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[bookmark: _Ref190851209][bookmark: _Toc198279467]Fig. 4. KMS PCCS piping
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[bookmark: _Ref183425735][bookmark: _Toc198279468]Fig. 5. KMS PCCS piping

Measurement system 

The system for measuring thermal-hydraulic parameters in containment tests is comprised of the following instrumentation subsystems (IS):   
· IS of containment volume and containment shell;
· IS of passive containment cooling system with forced circulation coolant circuit; 
· Gas analysis system.
Experimental measurements on PCCS are carried out with standard instruments produced by Russian or foreign companies. Verification of the measuring instruments is done according to applicable regulatory documents.  
The following parameters are measured in KMS containment:  
· steam-gas pressure;
· interior and exterior wall temperature of metal shell;
· steam-gas temperature and temperature of internal metal structures (floors and walls in the compartment (boxes);
· ambient temperature and pressure;
· condensate level in the lower box.
Temperatures are measured with Cr-Al thermocouples of 02.01-Т310 type (maximum permissible deviation from rated static characteristic is  1.5С) and  platinum resistance thermometers of ТСПТ 105-Pt100-А4-4.5 type (maximum permissible deviation from rated static characteristic is (0.15 + 0.0015·t)С). Pressure and level are measured with gauges of Метран-100-ДА,  Метран-100-ДИ, and Метран-100-ДД type (basic permissible error is  0.25% from the upper limit of measurement).
The thermocouples locations are shown in figs. 6 and 7. 
[image: Схема боксов контейнмента(2]
[bookmark: _Toc198279475]Fig. 6. Thermocouples locations along 0º - 180º axis  
[image: Схема боксов контейнмента2]
[bookmark: _Toc198279476]Fig. 8. Thermocouples locations along 90º - 270º axis   

The PCCS model is instrumented with sensing devices for measuring the following parameters: 
· temperature of coolant in the circulation circuit;
· external wall temperature of heat-exchangers - condensers;
· pressure and pressure difference in the circulation circuit;
· coolant flow rate in the circulation circuit;
· coolant level in the evaporator tank.

[bookmark: _Toc198441153]Gas analysis system
The KMS is equipped with an automated gas analysis system for identifying and measuring the steam-gas mixture components at 10 points inside containment.  
The gas analysis system measures water steam and non-condensable gas concentrations using mass-spectrometric analyzer and gas chromatograph. 
Helium is used as hydrogen simulant. 

Data acquisition system
The data acquisition system (DAS) of KMS performs the following functions: 
· collects data from sensors and converts it to digital form;
· records data on computer hard disk;
· represents data in user-friendly displays; receives commands from experimentalist and sends them to actuators;
· executes control algorithms;
· displays equipment status. 
Hardware:
· data record server;
· data representation server;
· visual surveillance server;
· control cabinet;
· communications cabinet;
· measurement cabinets;
· video cameras;
· networking equipment.
 The servers work in OS Windows XP Professional SP2 Rus. National Instruments’  LabVIEW 7.1 software is used for recording and displaying measured data. The visual surveillance system is based on SmartVideo II complex . 


CONCLUSIONS
1. The KMS systems and equipment are designed to support 3D experiments on heat- and mass-transfer processes in VVER (PWR) containments.   
Modeling scale 

	
	VVER-640
	VVER-1000
	VVER-1500

	Volume
	1:27
	1:36
	1:46

	Linear
	1:3
	1:3.3
	1:3.6



Provision is made to increase/decrease the number and modify the configuration of containment compartments. 
2. Simulated effects:
· steam-gas mixture convection;
· thermal and concentration stratification of containment atmosphere; 
· surface steam condensation in presence of non-condensable gases;
· volume condensation of steam;
· helium (hydrogen) distribution and build-up in compartments;
· heat accumulation in structures;
· stress-strained state of protective metal shell under thermal and mechanical loads. 
3.     The quantity and types of measuring instruments, as well as measurement accuracy requirements, data recording and display formats are chosen for each experiment series depending on experiment program.
The KMS design incorporates about 1000 measuring channels including temperature, pressure, flow rate, level, velocity, and heat flux density measurements. 
By now the KMS has been equipped with 153 temperature gauges, 12 pressure gauges, and 5 flow meters for testing PCCS model and measuring in-containment processes.
4. 	KMS is provided with an automated gas analysis system for measuring steam and gas concentrations at 10 points inside containment.
The quantity and locations of measuring/sampling points can be varied depending on experiment objectives.
5. The data acquisition system collects, records, and displays measured data and executes control algorithms based on up-to-date computing facilities and software.
The system has an open modular architecture which allows for scaling,  performance enhancement, capabilities extension, development, and modernization.   

APPENDIX
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KMS containment under construction (2000)
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Thermal insulation of the steel shell
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Heat-exchangers in the containment dome




Circulation pump and flow rate control system of PCCS
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Low pressure steam injection system
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Steam-gas injection system
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Control display terminals of the data acquisition system
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