Overview of the irradiation facilities at EERRI reactors

1. CZECH REPUBLIC – Reactor LVR 15

	Facility
	BWR 1
	BWR 2
	RVS 3

	Type
	in-pile loop
	in-pile loop
	in-pile loop

	Purpose
	material irradiation
	material irradiation
	material irradiation

	
	material behaviour and radioactivity transport under BWR conditions
	material behaviour and radioactivity transport under BWR conditions
	material behaviour and radioactivity transport under PWR/VVER conditions

	Parameters:
	 
	 
	 

	medium
	water
	water
	water

	pressure
	11 MPa
	12 MPa
	16.5 MPa

	temperature
	310 °C
	310°C
	345°C

	volume
	62 l
	510 l
	210 l

	flow
	3000 kg/hr
	3000 kg/hr
	10000 kg/hr

	heat flux / heating capacity
	45 kW
	 
	100 kW

	Neutron flux:
	~1x1018 n/m2s
	~1x1018 n/m2s
	~1x1018 n/m2s

	Specimen space
	 
	specimen strained
	 

	Services
	· Investigation of materials mechanical properties degradation and corrosion behaviour under irradiation and BWR water chemistry conditions

· Investigation of radioactivity transport and behaviour under BWR conditions (eg. hydrogen water chemistry, zinc injection, etc.)

· Testing of high-temperature, high pressure sensors for water chemistry monitoring
	· Investigation of materials mechanical properties degradation and corrosion behaviour under irradiation and BWR water chemistry conditions

· Investigation of radioactivity transport and behaviour under BWR conditions (eg. hydrogen water chemistry, zinc injection, etc.)

· Testing of high-temperature, high pressure sensors for water chemistry monitoring
	· Investigation of structural materials mechanical properties degradation and corrosion behaviour under irradiation and PWR/VVER water chemistry and thermal-hydraulic conditions

· Investigation of behaviour (corrosion, hydriding) of fuel cladding materials under influence of irradiation, thermal flux and water chemistry conditions

· Investigation of radioactivity transport and behaviour under PWR/VVER conditions (eg. influence of water chemistry, pHT regime, zinc injection ammonia, etc.)
· Testing of high-temperature, high pressure sensors for water chemistry monitoring



	Facility 
	RVS 4
	CHOUCA
	FLAT IRRADIATION RIG

	Type
	in-pile loop
	irradiation rig
	irradiation rig

	Purpose
	material irradiation
	material irradiation
	material irradiation

	 
	material behaviour and radioactivity transport under PWR/VVER conditions
	neutron irradiation of constructional materials used for reactor vessel construction
	neutron irradiation of constructional materials used for reactor vessel construction

	Parameters:
	 
	 
	 

	medium
	water
	He / N / Ar
	He / N / Ar

	pressure
	15.7 MPa
	100 kPa
	100 kPa

	temperature
	311-322°C
	300 °C
	300 °C

	volume
	10 l
	30 l
	30 l

	flow
	2000 kg/hr
	
	

	heat flux / heating capacity
	60 W/cm2, heated length 560 mm
	6 x 2 kW
	8x800 W / 6x400 W

	Neutron flux:
	~1x1018 n/m2s
	~1x1018 n/m2s
	~1x1018 n/m2s

	Specimen space
	 
	Æ 56 x 400 mm
	50x120x500 mm, 20x60x260 mm

	Services
	· Investigation of structural materials mechanical properties degradation and corrosion behaviour under irradiation and PWR/VVER water chemistry and thermal-hydraulic conditions

· Investigation of behaviour (corrosion, hydriding) of fuel cladding materials under influence of irradiation, thermal flux and water chemistry conditions

· Investigation of radioactivity transport and behaviour under PWR/VVER conditions (eg. influence of water chemistry, pHT regime, zinc injection ammonia, etc.)

· Testing of high-temperature, high pressure sensors for water chemistry monitoring
	· Tensile specimen, CT specimen, round Cts, up to 40 Charpy-V specimens
	· Charpy-V specimens


2. HUNGARY – Budapest research reactor 
	Facility
	BAGIRA 1
	BAGIRA 2

	Type
	in-pile irradiation rig
	in-pile irradiation rig

	Purpose
	material irradiation
	material irradiation

	
	neutron irradiation of constructional materials used for reactor vessel construction
	neutron irradiation of constructional materials used for reactor vessel construction

	Parameters:
	
	

	medium
	He/Nitrogen
	He/Nitrogen

	pressure
	300 kPa
	300 kPa

	temperature
	150-500 °C
	70-150 °C

	volume
	5 l
	5 l

	flow
	-
	-

	heat flux / heating capacity
	80 W
	-

	Neutron flux:
	
	

	thermal
	
	

	fast
	4x109 n/m2s
	3x109 n/m2s

	Specimen space
	20x30x300
	20x20x300

	Services
	· Charpy-V specimens, tensile specimens, CT specimens


	· Charpy-V specimens, tensile specimens, CT specimens 


3. POLAND – Maria research reactor

	Facility
	Neutron Transmutation Doping of Silicon

	Purpose
	silicon doping

	Parameters:
	

	number irradiation channels
	1 (3 channels facility passed out-reactor tests)

	diameter silicon ingots
	5 and 6 inches

	maximum loading space
	500 mm ( 2x250 mm height silicon ingots)

	neutron flux flattering
	rotation plus flux profile linearization

	standard target resistivity
	from 20 to 60

	potential production efficiency
	from 2000 (5 inches) to 2900 (6 inches)

	Services
	· Charpy-V specimens, tensile specimens, CT specimens


4. ROMANIA – Triga research reactor

	Facility
	Loop A
	C1&C2
	C5

	Type
	loop
	In pile capsules
	In pile capsule

	Purpose
	Irradiation tests of fuel elements and structural materials used in PHW reactors
	Irradiation tests of fuel elements

Two independent capsules for parametric testing
	Structural materials irradiation tests in inactive environment

	Parameters:
	
	
	

	medium
	Demineralised water
	Demineralised water
	Helium

	pressure
	13.5 MPa
	12 MPa
	0.6 MPa

	temperature
	3100 °C
	3300 °C on fuel clad
	2900 °C

	volume
	252 l
	30 l - convection
	

	flow
	3-7 m3/h
	4 m3/h
	-

	heating flux/ heating capacity
	100 kW
	30 kW
	10 kW

	Neutron flux:
	~3.2 x1018 n/m2s
	~2x1018 n/m2s
	~1017 n/m2s

	thermal
	See note 1)
	See note 1)
	See note 1)

	fast
	See note 2)
	See note 2)
	See note 2)

	Specimen space
	Testing section overall length: 300 -500 mm

Internal diameter of testing section: 54mm
	Testing section overall length: 500 cm,

Fuel element maximum diameter: 15 cm
	

	Services
	· Overpower type tests on fuel element

· Power ramp type tests on fuel element

· Corrosion and mechanical behavior studies on structural materials used in CANDU pressure tubes

· LOCA type tests

· On line and off line water chemistry control:

· pH: 6 – 10,5

· conductivity

· O2 – 20 – 100ppB

· H adition

· Solid residues

See note 3)
	· Fuel element dimensional measurement

· Fission products pressure – on line

· Power ramp

· Short-time irradiation for residual deformation of the cladding determination

· Central temperature measurement in the fuel element

· Fission gases release effects on the measured temperature during irradiation

· Fission gases composition for fuel element

· Densification - fuel element

See note 3)
	· Structural materials irradiation tests in inactive environment: Zircalloy-4, steel 403-M, Zr-2,5%Nb until 2,3X1022 nvt

· Irradiation and tensile test of Chorpy standard minisamples – maximum 30 samples per irradiation campaign

See note 3)



	Facility
	C6 
	C9 

	Type
	In pile capsule
	In pile capsule

	Purpose
	CANDU type fuel element tests in fast transient regimes in TRIGA ACPR reactor
	Cycling tests on fuel elements

	Parameters:
	
	

	medium
	Demineralised water
	Demineralised water

	pressure
	0.4 MPa
	10.7 MPa

	temperature
	500 °C
	3250 °C on fuel clad

	volume
	7.5 l
	3 l

	flow
	Stagnant water
	0 – 4 m3/h

	heating flux/ heating capacity
	20.000 MW peak power pulse
	21.5 kW

	Neutron flux:
	~2x1018 n/m2s
	~2x1018 n/m2s

	thermal
	See note 1)
	See note 1)

	fast
	See note 2)
	See note 2)

	Specimen space
	
	

	Services
	· Thermomecanical behavior of CANDU type fuel element in fast power transients

· Analysis of fuel elements clad failure limits and mechanisms for pellet clading interaction

· Determination of energy level for fuel element failure depending on its geometry and microstructural characteristics

· Studies on clad-fuel mechanical interactions

· Database development regarding fuel element behavior in transient regimes

See notes 3), 4) and 5)
	· Cycling tests on fuel elements that should confirm the fuel capacity to support a wide range of power cycling that occurs in normal operation of a CANDU reactor during power load following.

See notes 3) and 4)

	Notes:

1), 2) Thermal and fast neutron flux in experiments are computed for each configuration of samples.

3) All irradiation devices are equipped with digital control system.

4) The irradiation data are on line gathered and processed.

5) C6 irradiation device is equipped with fast data acquisition system for fast transient processes. 
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