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1. Introduction

The VVER and PWR fuel assemblies consist of 
components that are under the effect of mechani-
cal stress, reactor emission, temperature and ag-
gressive water coolant. These components are the 
FA top nozzle springs and spacer grids. To assess 
possible changes in the operating stress under the 
effect of neutron flux and tendency to the stress 
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corrosion cracking (SCC), JSC “SSC RIAR” has 
developed and evaluate methods and devices for 
loop tests of structural materials and FA compo-
nents under the stress-strain state, the key opera-
tional conditions being simulated. At that, in some 
cases, the test time decreases as compared to the 
operation duration and the fast neutron (E>1MeV) 
flux density increases.

The experiments will result in the data on the 
stress relaxation and changes in the strength 
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Figure 1 – IR designs to test structural material samples (Fig.1 a, b) and FA full-size components 

(Fig.1c) in the MIR reactor LF 
1 – thermocouple; 2 – tested sample; 3 – fuel rods. 

 
To install samples heightwise the core, the non-uniformity of the neutron flux density is taken 

into account (Fig.1a). To achieve the coolant temperature typical for the standard NPP unit, the IR 
design may have heating elements, for instance, fuel rods (Fig.1b). 

In case the accelerated neutron fluence (damage dose) is required, the IR design is used where 
the tested samples are located inside an FA with fuel rods (Fig. 1c). This concept allows increasing 
the fast neutron (E>1MeV) flux density and provide the required coolant temperature.  

To control the coolant temperature, the IRs are equipped with thermocouples. The sampling 
frequency of the LF parameters and thermocouples readings may achieve 1Hz. The experience in 
similar experiments shows that to have representative results under the test stationary conditions, it 
is enough to record the parameters once an hour.  

The IR designing also includes testing of its operation practice to allow for the remote 
replacing of the IR components and, if necessary, materials and items under testing.   
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Figure 1. IR designs to test structural material samples (Fig.1 a, b) and FA full-size components (Fig.1c) in 

the MIR reactor LF. 1 – thermocouple; 2 – tested sample; 3 – fuel rods
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structural materials and their resistance of to SCC 
under specific conditions. 

The structural materials and FA full-size com-
ponents can be tested in the MIR reactor loop fa-
cility (LF). Unlike capsule tests, the water chem-
istry typical for VVER and PWR can be provided 
in the MIR reactor LF in the refreshed coolant by 
means of specific reagents batching systems and 
ion-exchange filters. In addition, different thermo-
hydraulic and neutronic test conditions can be im-
plemented, sampling rate being high.  

In addition to the standard equipment to con-
trol of LF coolant parameters, the irradiation rigs 
are equipped, if necessary, with thermocouples 
and neutron-activation detectors.

Equipment is used to carry out interim exami-
nations of samples both in the reactor cooling pool 
and hot cell [1]. The interim examinations include 
the visual inspection and, if necessary, the load 
force measurement to assess the effect of the tem-
perature and neutron fluence on the stress-strain 
state of an item.

At present, JSC “SSC RIAR” has experience 
in carrying out such tests. The applied methods 
are being improved to solve more comprehensive 
tasks.  

2. Irradiation rigs design features

the irradiation rig (IR) design development is a 
stage in the test preparation. The IR design is de-
veloped by means of up-to-date design tools al-
lowing testing all the proposed deigns using 3D 
models. The conformity of the IR design to the 
required irradiation parameters (neutron flux den-
sity, test temperature), as well as to the safety re-
quirements, is assessed using calculation codes. 
If necessary, the IR design is modified on the re-

sults of irradiation parameters calculations. Figure 
1 shows the designs of some IRs to test structural 
material samples (Fig.1 a, b) [2, 3] and FA full-size 
components (Fig.1c) in the MIR reactor LF. 

To install samples heightwise the core, the 
non-uniformity of the neutron flux density is taken 
into account (Fig.1a). To achieve the coolant tem-
perature typical for the standard NPP unit, the IR 
design may have heating elements, for instance, 
fuel rods (Fig.1b).

In case the accelerated neutron fluence (dam-
age dose) is required, the IR design is used where 
the tested samples are located inside an FA with 
fuel rods (Fig. 1c). This concept allows increasing 
the fast neutron (E>1MeV) flux density and pro-
vide the required coolant temperature. 

To control the coolant temperature, the IRs are 
equipped with thermocouples. The sampling fre-
quency of the LF parameters and thermocouples 
readings may achieve 1Hz. The experience in 
similar experiments shows that to have represen-
tative results under the test stationary conditions, it 
is enough to record the parameters once an hour. 

The IR designing also includes testing of its 
operation practice to allow for the remote replacing 
of the IR components and, if necessary, materials 
and items under testing.  

3. Ways to create stress in samples 
under testing

A specific device is used create the required level 
of mechanical stress in the tested items with the 
account of their initial mechanical properties.

Four-point bending is a widely used technique 
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Four-point bending is a widely used technique to load samples. The bending test is often used 

to assess the mechanical properties of material under the corrosion effect (stress corrosion) as well 
as the plasticity and quality of welded joints. This test reproduces mechanical stress typical for 
many design elements and allows revealing the properties of surface layers, the most stressed under 
fracture. Such kinds of tests were done in the Kurchatov Institute (reactor MR) [4], in ANL (reactor 
EBR-2) [5, 6] and AECL, Chalk River (reactor NRU, Canada) [7]. 

Figure 2 demonstrates the four-point bend technique implemented in a specific case [2]. This 
technique allows creating the required levels of mechanical stress in flat samples (with the account 
of their initial mechanical properties) by applying strain provided by parameter “y” of the case 
(Fig.2). At that, the stress levels for each case may vary in a wide range.    

  
 
 
 
 

 
 

 
 
 
 
 
 
 

Figure 2 – Stress scheme (a) and loading case (b): 
1 – loading supports; 2 – tested sample; 3 – pins to fix it in the IR 

(L – distance between inner supports, 
a- distance between inner and outer support). 

 
When applying the four-point bending presented in Figure 2, parameter “y” has to be defined. 

The accuracy of its definition depends directly on the accuracy of stress provision. For this purpose, 
the sample overall dimensions (thickness, width), its initial mechanical characteristics (elasticity 
modulus) are used as initial data as well as distance between the supports (a and L, Fig.2). In this 
case, parameter “y” is calculated by formula (1) that is true only for a stress region corresponding to 
elastic strain.   
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where: σ – set stress to test samples; а – distance between the inner and outer supports of the 
loading case (Fig. 2); L – distance between inner supports (Fig. 2); h – sample width; Е – elasticity 
modulus in the unirradiated state.  

The correctness of the case geometry (parameter “y”) is confirmed by ANSYS [8] 
calculations using the method of finite elements. The initial data are the geometry of the sample and 
case with the account of its as-fabricated properties. Figure 3 presents an example of the 
computational pattern and result of modeling by the method of finite elements.  
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Figure 2. Stress scheme (a) and loading case (b):
1 – loading supports; 2 – tested sample; 3 – pins to fix it in the IR
(L – distance between inner supports,
a- distance between inner and outer support).
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to load samples. The bending test is often used 
to assess the mechanical properties of material 
under the corrosion effect (stress corrosion) as 
well as the plasticity and quality of welded joints. 
This test reproduces mechanical stress typical for 
many design elements and allows revealing the 
properties of surface layers, the most stressed un-
der fracture. Such kinds of tests were done in the 
Kurchatov Institute (reactor MR) [4], in ANL (reac-
tor EBR-2) [5, 6] and AECL, Chalk River (reactor 
NRU, Canada) [7].

Figure 2 demonstrates the four-point bend 
technique implemented in a specific case [2]. This 
technique allows creating the required levels of 

mechanical stress in flat samples (with the ac-
count of their initial mechanical properties) by ap-
plying strain provided by parameter “y” of the case 
(Fig.2). At that, the stress levels for each case may 
vary in a wide range.   

When applying the four-point bending present-
ed in Figure 2, parameter “y” has to be defined. 
The accuracy of its definition depends directly 
on the accuracy of stress provision. For this pur-
pose, the sample overall dimensions (thickness, 
width), its initial mechanical characteristics (elas-
ticity modulus) are used as initial data as well as 
distance between the supports (a and L, Fig.2). In 
this case, parameter “y” is calculated by formula 

 4 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 3 – Computational pattern (a) and results of ANSYS modeling (b) of stress  
in a four-point bent sample. 

 
The case fabrication process provides a rounding radius (R) of the loading supports about 

0.5mm. The stress value calculated by formula (1) differs from the modeled one in less than 2% 
because of the impossibility to account the case as-fabricated uncertainty. 

If it is necessary to test an FA full-size element in the MIR reactor LF, there can be installed 
several design elements manufactured by various technologies. Here, the required neutron flux 
density, water chemistry and coolant temperature are provided corresponding to those in the core of 
a standard NPP unit. Figure 4 shows devices to test the springs of the water-cooled reactor FA top 
nozzles. 
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Figure 3. Computational pattern (a) and results of ANSYS modeling (b) of stress at four-point bent sample
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Figure 4 – Devices to test the springs of the water-cooled reactor FA top nozzles: 1 – loading 
supports; 2 – FA top nozzle springs 

 
The FA fill-size components are stressed with the account of pre-determined strain (parameter 

“y”, Fig.4). 
Thus, the design solutions applied in the development of an IR to test FA components are able 

to provide a wide range of stresses simulating the operational ones.  
 
3. EQUIPMENT FOR INTERMEDIATE EXAMINATIONS  
In most cases, testing of structural materials and FA components is to go along with 

intermediate examinations to assess the stress relaxation dynamics and to reveal damages (cracks, 
etc) in the most stressed regions of a sample. For this purpose, JSC “SSC RIAR” has developed 
equipment that include an inspection stand, ultrasonic purification facility, relaxometer to measure 
stress relaxation in irradiated flat samples and backup equipment and fittings.  

 
3.1 Inspection stand  
The MIR reactor cooling pool inspection stand is used for intermediate examinations of the 

state of irradiated fuel rods and FA components [1].  
The inspection stand consists of: 
- skeleton to install the stand into the reactor cooling pool; 
- driven seat for the IR to be fixed and rotated; 
- two-axis table to locate measurement equipment and radiation-resistant camera; 
- driven carriage to move the two-axis table along the IR vertical axis. 
The radiation-resistant camera installed on the two-axis table is used to assess the state of the 

items surfaces and to reveal cracks. The minimal distance between the camera objective and the 
tested item makes up about 100mm. The camera resolution allows revealing a generating crack 
50µm in size.  

Figure 5 shows the layout and view of the inspection stand in the MIR reactor cooling pool.  
Under-water stepping motors are used to move the two-axis table vertically and horizontally 
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Figure 4. Devices to test the springs of the water-cooled reactor FA top nozzles: 1 – loading supports; 2 – 
FA top nozzle springs
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(1) that is true only for a stress region correspond-
ing to elastic strain.  
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where: σ – set stress to test samples; а – dis-
tance between the inner and outer supports of the 
loading case (Fig. 2); L – distance between inner 
supports (Fig. 2); h – sample width; Е – elasticity 
modulus in the unirradiated state. 

The correctness of the case geometry (param-
eter “y”) is confirmed by ANSYS [8] calculations 
using the method of finite elements. The initial data 
are the geometry of the sample and case with the 
account of its as-fabricated properties. Figure 3 
presents an example of the computational pattern 
and result of modeling by the method of finite ele-
ments. 

The case fabrication process provides a 
rounding radius (R) of the loading supports about 
0.5mm. The stress value calculated by formula (1) 
differs from the modeled one in less than 2% be-
cause of the impossibility to account the case as-
fabricated uncertainty.

If it is necessary to test an FA full-size element 
in the MIR reactor LF, there can be installed sever-
al design elements manufactured by various tech-
nologies. Here, the required neutron flux density, 
water chemistry and coolant temperature are pro-
vided corresponding to those in the core of a stan-
dard NPP unit. Figure 4 shows devices to test the 
springs of the water-cooled reactor FA top nozzles.

The FA fill-size components are stressed with 
the account of pre-determined strain (parameter 
“y”, Fig.4).

Thus, the design solutions applied in the de-
velopment of an IR to test FA components are able 
to provide a wide range of stresses simulating the 
operational ones. 

4. Equipment for intermediate 
examinations 

In most cases, testing of structural materials and 
FA components is to go along with intermediate 
examinations to assess the stress relaxation dy-
namics and to reveal damages (cracks, etc) in 
the most stressed regions of a sample. For this 
purpose, JSC “SSC RIAR” has developed equip-
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and to rotate the IR. The IR rotation angle and the two-axis table coordinates are controlled and 
displayed.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a)          b) 

 
Figure 5 – Layout (a) and view (b) of the inspection stand in the MIR reactor cooling pool  

а) 1 – skeleton; 2 - two-axis table; 3 - IR; 4- TV camera; 5 – driven carriage. 
 

3.2 Fuel rods ultrasonic purification facility 
The facility comprises an ultrasonic module and control board. The ultrasonic module 

consists of a case, removable filter to collect spots and examine their composition, piezoelectric 
transducers and cover. Figure 6 shows the ultrasonic facility layout.  
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Figure 5. Layout (a) and view (b) of the inspection stand in the MIR reactor cooling pool 
а) 1 – skeleton; 2 - two-axis table; 3 - IR; 4- TV camera; 5 – driven carriage.
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         a)         b) 
Figure 6 – Layout (a) and view (b) of the ultrasonic facility 

a) 1 – cover, 2 – case, 3 - ultrasonic facility, 4 – IR, 5 – filter; 
b) 1 – control board, 2 – ultrasonic module 

 
3.3 Relaxometer 
The intermediate examinations also reveal the effect of temperature and neutron flux density 

on changes in the mechanical properties of material under irradiation by measuring forces affecting 
a sample and characterizing the stress relaxation level. The measurement method does not provide 
the disassembling of a case with samples (Fig.2). The force is measured, with which the sample 
affects the case loading support. The design of relaxometer and case allows their operation in the 
hot cell and remote measurements. Figure 7 presents the layout of relaxometer to measure the 
sample counter force and scheme of force application.  

An important condition of the measurements is to provide the perpendicular alignment of the 
load force vector and a line tangent to the sample surface (Fig.7). To meet this condition, case 
supports are manufactured with different levels of load.  

A stepping motor provides the vertical movement of a loading prism via a ball-screw pair. 
The prism is equipped with a force gage. The sample is gradually loaded until it breaks away from 
the loading support. This force is recorded by the gage and displayed as a function of a loading 
prism movement coordinate in real time. The breakaway moment is defined on a diagram by a 
curve knee point. In this point, a force applied to the sample is equal to the one, with which a 
sample affects the loading support under the set strain. The measured force is used to determine the 
stress level in the sample.  

 

Figure 6. Layout (a) and view (b) of the ultrasonic facility
a) 1 – cover, 2 – case, 3 - ultrasonic facility, 4 – IR, 5 – filter;
b) 1 – control board, 2 – ultrasonic module

ment that include an inspection stand, ultrasonic 
purification facility, relaxometer to measure stress 
relaxation in irradiated flat samples and backup 
equipment and fittings. 

4.1. Inspection stand 

The MIR reactor cooling pool inspection stand is 
used for intermediate examinations of the state of 
irradiated fuel rods and FA components [1]. 

The inspection stand consists of:
 ● skeleton to install the stand into the reactor 

cooling pool;
 ● driven seat for the IR to be fixed and rotated;
 ● two-axis table to locate measurement equip-

ment and radiation-resistant camera;
 ● driven carriage to move the two-axis table 

along the IR vertical axis.
The radiation-resistant camera installed on the 

two-axis table is used to assess the state of the 
items surfaces and to reveal cracks. The minimal 
distance between the camera objective and the 
tested item makes up about 100mm. The cam-
era resolution allows revealing a generating crack 
50µm in size. 

Figure 5 shows the layout and view of the in-
spection stand in the MIR reactor cooling pool. 

Under-water stepping motors are used to 
move the two-axis table vertically and horizontally 
and to rotate the IR. The IR rotation angle and the 
two-axis table coordinates are controlled and dis-
played. 

4.2. Fuel rods ultrasonic purification facility

The facility comprises an ultrasonic module and 
control board. The ultrasonic module consists of a 
case, removable filter to collect spots and examine 
their composition, piezoelectric transducers and 
cover. Figure 6 shows the ultrasonic facility layout. 

4.3. Relaxometer

The intermediate examinations also reveal the ef-
fect of temperature and neutron flux density on 
changes in the mechanical properties of material 
under irradiation by measuring forces affecting a 
sample and characterizing the stress relaxation 
level. The measurement method does not provide 
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Figure 7 – Relaxometer layout: 
1 – stepping motor; 2 – force gage; 3 – loading prism; 

4 – case with samples; 5 – support 
 
Taking into account that this method gives an insignificant excess strain of a sample (no 

higher than 10µ), it still can be used to measure the sample load force in the elastic strain region 
(stress in the unirradiated state < σ0,2). As for the region of initial inelastic strain (stress in the 
unirradiated state < σ0,2), each next measurement may result in higher sample strain thus affecting 
the measurement results.  

When developing the technique, a methodical experiment was done to confirm the correctness 
of the design selection and to tryout the test modes. There was developed and manufactured an IR 
comprising a block of purposely fabricated samples and a heater to provide the required test 
temperature (Fig.1a). Taking into account that it was impossible to fix a thermocouple just on the 
sample to control its temperature, the coolant temperature at the IR top was recorded while the 
sample temperature was calculated by the ANSYS software [8]. The calculation was done for one 
moment of time (reference point) selected during the test. A change in the coolant temperature 
recorded by the thermocouple during the methodical experiment as well as calculated temperature 
of coolant and samples in the reference point are shown in Figure 8.  
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Figure 7. Relaxometer layout:
1 – stepping motor; 2 – force gage; 3 – loading prism;
4 – case with samples; 5 – support

the disassembling of a case with samples (Fig.2). 
The force is measured, with which the sample af-
fects the case loading support. The design of relax-
ometer and case allows their operation in the hot 
cell and remote measurements. Figure 7 presents 
the layout of relaxometer to measure the sample 
counter force and scheme of force application. 

An important condition of the measurements is 
to provide the perpendicular alignment of the load 
force vector and a line tangent to the sample sur-
face (Fig.7). To meet this condition, case supports 
are manufactured with different levels of load. 

A stepping motor provides the vertical move-
ment of a loading prism via a ball-screw pair. The 
prism is equipped with a force gage. The sample 
is gradually loaded until it breaks away from the 
loading support. This force is recorded by the gage 
and displayed as a function of a loading prism 
movement coordinate in real time. The breakaway 
moment is defined on a diagram by a curve knee 
point. In this point, a force applied to the sample 
is equal to the one, with which a sample affects 
the loading support under the set strain. The mea-
sured force is used to determine the stress level in 
the sample. 

Taking into account that this method gives an 
insignificant excess strain of a sample (no higher 

than 10µ), it still can be used to measure the sam-
ple load force in the elastic strain region (stress 
in the unirradiated state < σ0,2). As for the region 
of initial inelastic strain (stress in the unirradiated 
state < σ0,2), each next measurement may result in 
higher sample strain thus affecting the measure-
ment results. 

When developing the technique, a methodi-
cal experiment was done to confirm the correct-
ness of the design selection and to tryout the test 
modes. There was developed and manufactured 
an IR comprising a block of purposely fabricated 
samples and a heater to provide the required test 
temperature (Fig.1a). Taking into account that it 
was impossible to fix a thermocouple just on the 
sample to control its temperature, the coolant 
temperature at the IR top was recorded while the 
sample temperature was calculated by the ANSYS 
software [8]. The calculation was done for one mo-
ment of time (reference point) selected during the 
test. A change in the coolant temperature recorded 
by the thermocouple during the methodical experi-
ment as well as calculated temperature of coolant 
and samples in the reference point are shown in 
Figure 8. 

The modeling results show that the coolant 
temperature in the referen ce point differs from the 
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Figure 8 – Change in the coolant temperature during the methodical experiment (a) and calculated 
temperature of coolant and samples in the reference point (b) 

 
The modeling results show that the coolant temperature in the reference point differs from the 

calculated one by less than 1 degree. Besides, the coolant temperature measured with a 
thermocouple differs from the sample surface one by no more than 2 degrees.  

The examination program provided for the periodical measurements of the breakaway force to 
study the stress relaxation vs. neutron fluence. Before irradiation, the required stress levels were 
created in the samples (Section 2) and the breakaway force was measured with the relaxometer 
(Subsection 3.3) during the reactor outage. Figure 9 presents an example of the diagram describing 
the force applied by a sample on the gage vs. the coordinate of the loading prism displacement. In 
addition, Figure 9 shows a point corresponding to the force, at which a sample breaks away from 
the case loading support.  
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Figure 9 - Force applied by a sample on the gage vs. the coordinate of the loading prism 
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The measured force characterizes the level of mechanical stress created in a sample at a 
certain moment of time. The stress level is calculated by formula: 
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where Р – measured sample pressure force on a gage; b and h – sample width and thickness, 

respectively; a – distance between the inner and outer supports (Fig.2). 
Figure 10 shows an example of the change dependency between the residual stress level in a 

structural material sample relative the unirradiated one and neutron fluence (E>1MeV).  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 10 – Change dependency between the residual stress level in a structural material sample 
relative the unirradiated one and neutron fluence (E>1MeV) 

CONCLUSION  
The development and implementation of new design, methodical and engineering solutions 

allows enlarging the capabilities in testing structural materials and FA components of water-cooled 
reactors to justify their performance and to get experimental data to verify and certify calculation 
codes. 

In particular, the developed equipment and methodical approaches to the testing of structural 
materials and FA components of water-cooled reactors in the MIR reactor LF allow data to be 
obtained on the kinetics of changes in the mechanical properties of structural materials under 
irradiation. Moreover, a possibility to adjust and control the coolant water chemistry during 
irradiation and to provide the required neutronic and thermo-hydraulic parameters allow for a more 
full compliance to the testing conditions of structural materials and FA full-size components. 
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calculated one by less than 1 degree. Besides, the 
coolant temperature measured with a thermocou-
ple differs from the sample surface one by no more 
than 2 degrees. 

The examination program provided for the 
periodical measurements of the breakaway force 
to study the stress relaxation vs. neutron fluence. 
Before irradiation, the required stress levels were 
created in the samples (Section 2) and the break-
away force was measured with the relaxometer 
(Subsection 3.3) during the reactor outage. Figure 
9 presents an example of the diagram describing 
the force applied by a sample on the gage vs. the 
coordinate of the loading prism displacement. In 
addition, Figure 9 shows a point corresponding to 
the force, at which a sample breaks away from the 
case loading support. 

The measured force characterizes the level of 
mechanical stress created in a sample at a certain 
moment of time. The stress level is calculated by 
formula:
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The measured force characterizes the level of mechanical stress created in a sample at a 
certain moment of time. The stress level is calculated by formula: 
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where Р – measured sample pressure force on a gage; b and h – sample width and thickness, 

respectively; a – distance between the inner and outer supports (Fig.2). 
Figure 10 shows an example of the change dependency between the residual stress level in a 

structural material sample relative the unirradiated one and neutron fluence (E>1MeV).  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 10 – Change dependency between the residual stress level in a structural material sample 
relative the unirradiated one and neutron fluence (E>1MeV) 
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reactors to justify their performance and to get experimental data to verify and certify calculation 
codes. 

In particular, the developed equipment and methodical approaches to the testing of structural 
materials and FA components of water-cooled reactors in the MIR reactor LF allow data to be 
obtained on the kinetics of changes in the mechanical properties of structural materials under 
irradiation. Moreover, a possibility to adjust and control the coolant water chemistry during 
irradiation and to provide the required neutronic and thermo-hydraulic parameters allow for a more 
full compliance to the testing conditions of structural materials and FA full-size components. 
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where Р – measured sample pressure force 
on a gage; b and h – sample width and thickness, 
respectively; a – distance between the inner and 
outer supports (Fig.2).

Figure 10 shows an example of the change 
dependency between the residual stress level in a 
structural material sample relative the unirradiated 
one and neutron fluence (E>1MeV). 

5. Conclusion 

The development and implementation of new de-
sign, methodical and engineering solutions allows 
enlarging the capabilities in testing structural ma-
terials and FA components of water-cooled reac-
tors to justify their performance and to get experi-
mental data to verify and certify calculation codes.

In particular, the developed equipment and 
methodical approaches to the testing of structural 
materials and FA components of water-cooled re-
actors in the MIR reactor LF allow data to be ob-
tained on the kinetics of changes in the mechanical 

properties of structural materials under irradiation. 
Moreover, a possibility to adjust and control the 
coolant water chemistry during irradiation and to 
provide the required neutronic and thermo-hydrau-
lic parameters allow for a more full compliance to 
the testing conditions of structural materials and 
FA full-size components.
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