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The paper considers provision of strength and structural integrity for safety relevant passive NPP components - 
pipelines and equipment - in long-term operation of NPP units. The methods of determining the actual load parameters 
during equipment installation, adjustment and commissioning are considered. The application of the acoustoelasticity 
method, which provides measurement of mechanical stresses arising as a result of technological operations, will allow to 
identify implicit installation preloads and assess their impact on ensuring the design life of pipeline systems, including the 
equipment installed. Recommendations are given for application of the acoustoelasticity method on NPP units under 
construction as a fist priority. At the objects of application of the acoustoelasticity method for the construction of the Unit1 
of Kursk NPP-2, noted above (ECCS, CS, steam and feed water pipelines), at the present time, in accordance with the 
certified measurement procedure (CMP), it is possible to reveal implicit installation preloads only at temperatures not 
higher than 55ºC. Monitoring the actual load level in the "as built" state will be a reliable guarantee of safe operation of 
Kursk NPP-2 pipelines according to the criteria of strength and structural integrity. 
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1. Introduction 
Modern nuclear power plants (NPPs) of the Russian 

Federation with VVER-1200/1300 reactors belonging to 
generation III+ have a design life of at least 60 calendar 
years. Taking into account the fact that the performance of 
some of the passive elements of the NPP unit must be 
preserved in order to ensure the decommissioning of the 
power facility [1], the total service life is expected to be 
about 80 years. Current IAEA recommendations for NPP 
long-term operation (LTO) include development and 
implementation of special programs of lifetime 
management (LM) [2, 3]. 

The relationship between the processes of LM, aging 
management of NPP systems, structures and components 
(SSC) and ensuring or proof their structural integrity is 
shown schematically in Fig. 1 [4]. 

 
Fig. 1. The relationship between the processes of the life time 
management, SSC ageing management and proof of integrity 

for mechanical components 
 
Ensuring the structural integrity of safety relevant 

passive NPP components (equipment and pipelines) is a 
modern tool for safe and cost-effective NPP LTO [5] 

2. Ensuring SSC structural integrity 
The measures to ensure structural integrity of NPP 

pipelines in accordance with GOST R 58328-2018 [6] 
include actual load monitoring (the requirement of 
mandatory Annex A) in addition to ensuring the specified 

lower limit of material impact strength at the end of the 
service life (the requirement of paragraph 1.2). 

When selecting candidate piping systems the 
requirements of normative documents, for example, NP-
089-15 [7] are to be considered as well as , and the 
presence of characteristic aging degradation known from 
NPP operation experience as potential cause of piping 
break during LTO. It is also necessary to take into account 
the design characteristic features of SSC. 

Dissimilar metals welds (DMW) are objects that are 
characterized by increased complexity in analyzing 
structural integrity and performance during LTO. To date, 
international programs are being conducted to study the 
characteristics of DMW operational reliability [8], and 
some research programs are planned for the period of years 
2020-2025 [9]. 

Pipelines of pressure compensation systems (PCS) and 
emergency core cooling system (ECCS) adjacent to the 
VVER-1200/1300 reactor coolant circuit are made of 
austenitic steel and are connected to the circuit via DMW. 
To substantiate the integrity of these welded joints, it is 
necessary to know the actual load level of the PCS and 
ECCS pipelines. 

Steam and feed water pipelines may be considered as 
additional objects of load control on NPP units with 
VVER-1200/1300 reactors as well as similar secondary 
circuit piping of VVER-1000 reactors due to their 
susceptibility to damages by the mechanism of flow-
accelerated corrosion (FAC) [10]. 

Displacement control systems (DCS) are known as a 
tool to monitor the operational loads in pipeline systems. 
Effective DCS was implemented at unit 4 of the Kalinin 
NPP from the Unit commissioning. The same have been 
implemented at Units 3 and 4 of Rostov NPP and meets 
the requirements of paragraph 230 of NP-089-15 [7]. So 
DCS tested at the NPPs with VVER-1000 reactor can be 
recommended for use at the NPPs with VVER-1200/1300 
reactors. The use of low-inertia ultrasonic sensors in DCS 
for fixing pipeline displacements increases the possibility 
of simultaneous monitoring of low-frequency vibrations 
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and possible water hammer events (which differ from 
regular hydraulic tests according to NP-089-15), which 
can cause guillotine piping breaks, as known from NPP 
operation experience [11]. 

3. Construction preloading monitoring  
However, the DCS can not detect the presence of 

additional loads in the pipeline system caused by 
preloading due to construction and equipment installation. 
Additional stresses due to preloading can be effectively 
revealed at the stage of construction of the NPP unit and 
installation of equipment. Taking into account the plans 
for the construction of NPPs in the Russian Federation, the 
nearest objects for monitoring the post-installation 
preloads during commissioning are candidate pipelines of 
ECCS, CS, steam and feed water at Unit 1 of Kursk 
NPP-2. 

To control the post-installation stress-strained state 
(SSS) of NPP pipelines made of low-carbon and austenitic 
steels, the acoustoelasticity method can be used [12] in 
accordance with the CMP [13] approved for use at NPPs. 
The possibilities of the acoustoelasticity method 
application for monitoring stresses caused by installation 
preloads in order to ensure the alignment of NPP pipelines 
during welding are discussed in the papers [14, 15]. The 
use of the acoustoelasticity method for monitoring the 
post-installation NPP pipeline SSS at Units under 
construction was supported in the scientific and technical 
council protocols of design organizations as early as 2013-
2014 years. 

The acoustoelasticity method is the only non-
destructive method that allows measuring the values of 
axial and circumferential elastic stresses averaged over the 
wall thickness of the material in pipelines and thin-walled 
vessel shells [16]. This advantage is compromised by the 
fact that plastic deformations, internal defects, and other 
"imperfections" can distort the signal received during 
measurement. Therefore, both CMP [13] and GOST [17] 
explicitly indicate that measurements can only be made in 
the elastic region in the absence of plastic deformations. 
This restriction is a significant one. Usually component 
failures occurs after plastic deformation, and technical 
diagnostics in this area of deformations is of fundamental 
interest to the industry. Special technology is needed to 
reveal parts of the signal associated with such factors as: 

- initial anisotropy of the material, 
- mechanical stresses, 
- plastic deformations, 
- presence of defects inside the material. 
Acoustoelasticity measurements are performed at a 

point. Ideally, when the pipe is loaded only by the tensile/ 
compressive axial forces, one point of measurement is 
sufficient. When a bend occurs, at least two diametrically 
opposite points in the plane of action of the bending 
moment are required. If the bending planes and the 
location of the points do not match, the measurement 
requires at least three evenly spaced points along the 
perimeter of the pipe, which allows you to restore the law 
of distribution of axial stresses. 

However, this is suitable for the ideal case of 
absolutely accurate positioning of the measuring 

instrument and its zero error. The article [18] presents the 
results of measurements that indicate a significant 
dispersion of experimental data. Four measurement points 
are unrepresentative and can lead to large errors if there 
are defective metal zones or if one of the sensors fails. The 
optimal value should be recognized as six to eight 
measurement points located evenly along the perimeter of 
the pipe. 

For a controlled cross-section (knowing at each point 
the measured stress value, wall thickness and, in addition, 
the perimeter of the pipe), it is possible to determine the 
axial force and components of the bending moment. In the 
simplest case of a straight section of the pipeline, when 
measuring in two extreme sections and there are no 
intermediate points of external force application 
(intermediate supports, tees, etc.), it is possible to restore 
the values of the components of the cutting force, i.e. the 
distribution of the bending moment along the pipe. The 
torque cannot be determined. On non-straight sections of 
the pipeline, measurements must be made in at least in 
three sections. These arguments are also suitable for areas 
with complex spatial geometry. Finally, only the 
mathematical expressions of the equilibrium equation 
become more complex. 

If the conditions of applicability of the CMP [13] and 
GOST [17] are met, the acoustoelasticity method can be 
considered as an effective addition to section 5 of Annex 
3 of the regulatory document PNAE G-7-002-86 [19], 
where the methods used in nuclear power engineering for 
experimental SSS determination of pipelines and 
equipment are described. The most widely used method of 
strain gauge measurement in the nuclear power industry 
makes it possible to measure SSS parameters only on the 
outer surface of pipelines and equipment. 

The results of SSS measurements by acoustoelasticity 
method at the stages of installation and commissioning 
should be archived in the so-called information safety 
passport of the pipeline system, which should be further 
supplemented at the stages of operation, service life 
extension and decommissioning. 

The method of acoustoelasticity does not allow to fix 
torques and cutting (lateral) forces near the closing (final) 
joint, so in the spatial system of pipelines, it is necessary 
to additionally monitor the value of those sections where 
additional bending moments can be detected from the 
cutting forces applied during welding of the closing (final) 
joint. Comparison of experimental data obtained at the 
stages of installation and commissioning of pipelines and 
NPP equipment with the results of design calculations will 
allow to correct the design calculation models and clarify 
the life time design estimates. Corrected calculation 
models and results of acoustoelasticity measurements 
must be archived in the pipeline system information safety 
passport. 

4. Results of field actual load monitoring  
For the period of years 2012-2015, the method of 

acoustoelasticity in accordance with the CMP [13] was 
applied on full-scale NPP elements only for the zones of 
the reactor coolant collector connection to the steam 



generator nozzle – “so called weld No.111” - at the NPPs 
with VVER-1000/1200 reactors. [20]. 

There was no experience of using the acoustoelasticity 
method in accordance with the CMP [13] during the same 
period of time for the control of mounting preloads during 
welding of the closing welded joints of NPP pipelines on 
the NPP units under construction. 

Therefore, the success of the experience of applying 
the acoustoelasticity method in accordance with the CMP 
[13] at Russian NPPs can only be judged by the results of 
the work presented in article [20]. 

The article [20] analyzes the results of applying the 
acoustoelasticity method to reveal the causes weld 
No.111. Acoustoelasticity measurements were performed 
in the zone of weld No.111 (Fig. 2) [20, 21]. 

 
Fig.2. Zone of weld №111: (a) Junction of the collector with 
steam generator PGV-1000 nozzle; (b) Section of nozzle to 
collector zone for measuring by acoustoelasticity method 

(marked by red). 
 
The paper [22] provided comments on the 

measurements reported in article [20]. It was noted that the 
zone (Fig.2) belong to a class of three-dimensional 
structures (Fig.3), in which the most problematic zone 

marked by red at Fig. 2 b) does not correspond to flat stress 
state conditions required for applying the calculation 
formulas used in CMP [13]. 

Therefore, it can be argued that the measurements 
made in the area indicated in Figure 2 (b) [20] can be 
treated only as expert estimates since they are obtained 
outside the scope of the conditions prescribed in the CMP 
[13]. The temperature range for performing measurements 
in the hydraulic test mode described in article [20] also 
does not correspond to the conditions for performing 
measurements in accordance with the CMP [13]. The error 
of measurements made with parameters outside the scope 
of the CMP certification [13] may significantly exceed the 
values recorded in the documents confirming the CMP 
certification. 

5. Relevance of the CMP revision 
The author’s statement in article [20] that the results of 

the additional checks show that design features of the zone 
(Fig.2) and conditions of acoustoelasticity measurements 
(such as preliminary plastic deformation, preliminary 
cyclic loading, the quality of the back surface within the 
manufacturing tolerance of the steam generator, the 
presence of oxide films at the back surface, work in high 
temperatures) do not lead to exceeding the limits of error 
of measurement stated in CMP seems to be not valid 
enough. So official changes in the text of the CMP [13] or 
issuing of another document clarifying conditions of 
acousoelasticity method application to measurements at 
NPPs is evidently needed before its further application at 
the NPP. 

 
 
 

 
Fig.3. Steam Generator PGV-1000M 



 
However, the CMP adjustment [13] has not been 

performed to date, as evidenced by the CMP text published 
on the procurement website on the application of the 
acoustoelasticity method in the weld No.111 at Unit 2 of 
the Leningrad NPP-2 in the spring of 2020 year. 

The latest achievements in the field of acoustic 
methods for measuring stresses in welded joints are 
reflected in patents [23-26], which creates the basis for the 
development in the coming years of appropriate CMPs 
suitable for use at NPPs during LTO. 

6. Conclusion 
At the objects of application of the acoustoelasticity 

method for the construction of the Unit1 of Kursk NPP-2, 
noted above (ECCS, CS, steam and feed water pipelines), 
at the present time, in accordance with the CMP [13], it is 
possible to reveal implicit installation preloads only at 
temperatures not higher than 55ºC. 

Therefore, one of the immediate goals of improving the 
CMP [13] is to confirm the values of the acousto-elastic 
coupling coefficients for the temperature range of 
hydraulic tests, i.e. up to 130ºС. 

Monitoring the actual load level in the "as built" state 
will be a reliable guarantee of safe operation of Kursk 
NPP-2 pipelines according to the criteria of strength and 
structural integrity. 
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