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Abstract. Operation of the critical facility at the Kazakhstan Institute of Nuclear Physics was started in 1972. The critical facility core is composed of fuel assemblies with hexagonal tubular fuel elements. Meat of a tubular element is made of uranium dioxide in aluminum matrix, clad is made of aluminum alloy. Light water serves both as a reflector and moderator. The original fuel was enriched to 36% of Uranium-235. The maximum level of the thermal flux in experimental channels is 3∙109 cm-2∙s-1.
In 2012, the critical facility core was converted to fuel enriched to 19.7% of Uranium-235. Due to forthcoming conversion of the WWR-K research reactor, new core fully models the reactor future LEU core. Preliminary, neutron-physical characteristics of the core have been studied.
This work presents results of physical startup of the critical facility with low-enriched fuel.
Introduction
Up to 2012 VVR-C type fuel assemblies with fuel enriched to 36% in U-235 were used in the core of the critical assembly.

Keeping Nonproliferation principles, Kazakhstan changes high-enriched uranium (HEU) fuel at research reactors in favor of low-enriched (LEU) one in frame of the well-known RERTR program.

The critical facility of the Kazakhstan Institute of Nuclear Physics is the Kazakhstan first nuclear installation where HEU fuel has been changed to the fuel enriched to 19.7% in Uranium-235, so-called LEU fuel [1].
Description of the critical facility
The critical facility is low-power thermal nuclear reactor operates with light-water moderator and light-water/beryllium reflector. Critical assembly (see fig.1) of the facility makes it possible to reproduce and to study cores of water-water reactors of various configurations. 

The critical facility was put into operation in 1972. 

The critical facility is applied for the studies on substantiation of safety for water-water research reactor cores and some components of cores for reactors of other types, for treating various reactor techniques, for modeling of the experiments to be carried out at the WWR-K reactor, in order to identify relevant safe conditions.

The main features of the critical facility are as follows.
· Maximum permitted thermal power: 100 W.

· Side reflector: desalted water and/or beryllium. Top/bottom reflector:  water

· Moderator: desalted water.

· Temperature of moderator is defined by temperature of a room where critical assembly is allocated.
· Fuel composition:  UO2+Al; enrichment in U-235: 19.7 %.
· Two types of the VVR-KN fuel assemblies (FA) are used. FA-1 and FA-2 include, respectively, eight and five fuel elements.
· Maximum value of the thermal neutron flux density in experimental channels of the core is 3.7•109 cm-2 s-1.
· Diameters of experimental channels: 65, 96 and 140 mm.
Control and protection system includes:
· three emergency protection rods with boron carbide (В4С ) as absorbing material;
· six reactivity-compensating elements with boron carbide as absorbing material;

· an automatic regulation rod, made of stainless steel;

· three channels of control and emergency protection by power level and power increase level;
· instrumentation for automatic power support;

· recording/archiving devices;

· digital indicators of positions of control rods.
Every control rod is equipped by a small-size drive, which is installed directly on its   channel; this feature makes it possible to change rod position from one cell of the core to any another one, if needed.
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Fig.1. 3D model of the critical assembly
Specially developed fuel assemblies with LEU fuel are the so-called “VVR-KN FAs” of two types: eight-tube fuel assemblies (FA-1) and five-tube fuel assemblies (FA-2). FA-1 and FA-2 are shown schematically in Fig.2 (a) and (b). Control rods of control and protection system are installed inside FA-2.

 Fuel composition is uranium dioxide dispersed in aluminum matrix. Uranium density of the fuel meat is 2.8 g/cm3. Every fuel element is three-layer structure: clad – meat – clad. Thickness of meat is 0.7 mm, thickness of clad is 1.6 mm; so the net thickness of fuel element is 1.6mm. Length of the active part of fuel elementа is 600 mm. Clad material is SAV-1 alloy.
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	(a) FA-1
	(b) FA-2


Fig.2. VVR-KN FAs
New core in the critical assembly
Physical startup of critical assembly with low-enriched uranium fuel was carried put in 2012. Safe succession of critical mass buildup, along with relevant values of the effective neutron multiplication factor (Keff), is shown in Table 1.
Table 1 – Succession of the FA loading to the core and relevant experimental values of Keff 

	#
	Loaded portion of FAs
	Amount of FAs in the core
	Keff

	1
	3 FA-2
	3
	0.14

	2
	3 FA-2
	6
	0.27

	3
	1 FA-2
	7
	0.34

	4
	1 FA-2
	8
	0.33

	5
	2 FA-2
	10
	0.37

	6
	1 FA-1
	11
	0.44

	7
	1 FA-1
	12
	0.50

	8
	1 FA-1
	13
	0.58

	9
	1 FA-1
	14
	0.71

	10
	1 FA-1
	15
	0.74

	11
	1 FA-1
	16
	0.78

	12
	1 FA-1
	17
	0.82

	13
	1 FA-1
	18
	0.85

	14
	1 FA-1
	19
	0.90

	15
	1 FA-1
	20
	0.97

	16
	1 FA-1
	21
	1.00


The core maps for the constructed critical-state core and the work-load core are shown in figures 3 and 4.
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	Fig.3. Core map of the core critical configuration (11 FA-1 and 10 FA-2)
	Fig.4. Core map of work load (16 FA-1 and 10 FA-2)

	Notations used in core maps
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The measured main neutron-physical characteristics of these configurations are given in Tables 2 and 3.
Table 2 – Main neutron-physical characteristics of the LEU core
	Core configuration
	Amount of FAs in the core
	Keff
	Excess reactivity, 

βeff
	Subcriticality,
βeff

	Criticality
	21
	1.0030
	0.4
	-

	Work load
	26
	1.0790
	9.3
	3.8


Table 3 – Worthies of CPS CRs for work load (16 FA-1 and 10 FA-2)
	Control rod
	AR
	1KO
	2 KO
	3 KO
	4 KO
	5 KO
	6 KO
	1AZ
	2AZ
	3AZ

	Efficiency,

βeff
	0.29
	1.31
	2.09
	2.97
	1.45
	1.59
	3.38
	1.32
	1.53
	1.03


Characteristics of the neutron-fields measured in experimental channels by means of activation detectors, are presented in Table 4.
Table 4 – Values of the neutron flux density in experimental channels
	Channel ID
	Neutron flux density

	
	thermal (En<0.4 eV)
	fast (En>1.15 MeV)

	9-9
	(3.4±0.1)·109
	(6.4±0.2)·108

	11-9
	(3.5±0.1)·109
	(7.1±0.2)·108

	10-8
	(3.7±0.1)·109
	(7.1±0.2)·108


The calculated and measured distributions of the thermal neutron flux density over the core height are shown in figures 5 and 6.
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	Fig. 5. Axial distribution of the thermal neutron flux density. Channel 9-9
	Fig. 6. Axial distribution of the thermal neutron flux density in the FA inter-tube gap 


New core reproduces fully future core of the WWR-K research reactor with low-enriched fuel [2]. Results of the studies, which have been carried out in the critical facility, are used to substantiate conversion of the WWR-K reactor.
Conclusion
· In course of conversion of the critical facility to low-enriched fuel, its systems have been upgraded, assuring more safe operation and more accurate experimental data.
· The obtained experimental information is applied for substantiation of safety for conversion of the WWR-K reactor to low-enriched fuel.
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