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ABSTRACT 

In-Service Inspection of critical components of nuclear power plants is a key factor for continued safe plant 
operation. The determination of the equipment properties by Non Destructive Testing during periodic intervals is 
mandatory for the assessment of the remaining lifetime and licence renewal periods. 

The Tacis and Phare nuclear safety programmes are devoted to the improvement of the safety of Eastern 
European nuclear reactors in providing technology and safety culture transfer. The main parts of these programmes are 
related to the On-Site Assistance and to the Design Safety of VVVER and RBMK Nuclear power plants where Non 
Destructive Testing and In Service Inspection of the primary circuit components are addressed. 

This paper gives an overview of the Tacis and Phare projects dealing with Non Destructive Testing and In- 
Service Inspection of VVER and RBMK Nuclear Power Plants. It details the main objectives and the results obtained, 
assessing the achievements in the field of the On-Site Assistance and Design Safety Programmes and summarising the 
open issues like the qualification of in-service inspections. 

INTRODUCTION 

The Tacis and PHARE programs were established since 1991 along with other EU programs as support 
mechanisms through which projects could be identified and addressed satisfactorily. One priority for Tacis or PHARE 
funding is nuclear safety. In Nuclear Safety, the countries mainly concerned are Russia, Ukraine, Armenia, and 
Kazakhstan for and Bulgaria, Czech Republic, Hungary, Slovak Republic, Lithuania, Romania and Slovenia for the 
PHARE program. 
The Tacis and PHARE programs concerning the Nuclear Power Plants consist of: 

• On Site Assistance and Operational Safety, 
• Design Safety, 
• Regulatory Authorities, 
• Waste management, 

and are focused on reactor safety issues, contributing to the improvement in the safety of East European reactors and 
providing technology and safety culture transfer. 

As nuclear power plants age, in service inspection of key reactor components becomes a crucial consideration 
for continued safe plant operation. Decisions regarding the verification of design plant lifetime and potential license 
renewal periods involve a determination of the component and circuit condition. In-Service Inspection of mechanical 
components is an important aspect of the assessment of fitness-for-service and safe operation of nuclear power plants. 

In non-destructive examination and in service inspection for both VVER and RBMK NPPs, Tacis and PHARE 
funded several projects. Their objectives are detailed below as well as their results and the open issues, which ~could be 
addressed in new proposals. 

PHARE 4.1.2/93"IN-SERVICE INSPECTION" 

This project was devoted to the improvement of the ISI program and to the achievement of a level of quality 
and effectiveness of in-service inspection of VVER440-213 reactor pressure vessels equivalent to the level of European 
Union (E.U.) practice, under development through the ENIQ (European Network for Inspection Qualification). 

Within the framework of In-Service Inspection/Non Destructive Examination, the specific objective of this 
project was to provide the Beneficiaries with Contractor expertise in the needed managerial, technical and commercial 
aspects for: 

• evaluation of efficiency of NDE procedure able to be used for In-Service Inspection of Reactor 
Pressure Vessel (RPV) components, based on an improved ISI programme, 
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• definition of samples representative of RPV areas subject to ISI and of the rules to evaluate and later 
qualify NDE methods, materials and operators, 

• implementation of qualification facilities. 
The project consisted of several phases: 

• NDE procedures efficiency: identification and selection of the procedures to be evaluated, 
identification of the essential variables of those procedures, definition of the priorities within the areas 
or components subject to ISI programme, 

• samples definition:_definition of size and shape of the samples for each selected area, determination of 
the number, type, location, size, orientation of the flaws to be implanted, 

• rules for evaluation: establishment of the data for the exercises (type of flaws, blind test and or 
technical justification), method of evaluation (ratio of detection, false calls), complete knowledge of 
the samples in determining the actual flaws by destructive tests or partial investigation or quality 
assurance programme of the supplier and non destructive testing (NDT), 

• rules for qualification" definition of the qualification procedures, comparison of this procedure with 
E.U. rules, 

• implementation of the evaluation and qualification process: writing the specification to purchase test 
samples, purchasing of samples (qualification of suppliers of sample material and flaws) and 
implementation of the service (qualification of personnel required for evaluation of the results and 
survey, purchasing of hardware). 

PHARE PROJECT PH1.02/94 AND PH1.02/97 "IN-SERVICE INSPECTIONS OF PRIMARY CIRCUIT 
COMPONENTS" 

The project PH1.02/94 was a follow up to the previous PHARE project 4.1.2/93 for VVER 440-213 in-service 
inspection, which concerned specific parts of the reactor pressure vessel. 

The objective of the present project was to complete the ISI-programme for primary circuit components other 
than the reactor pressure vessel of VVER 440-213 NPPs and provide a level of quality and effectiveness of in-service 
inspection equivalent to the level of European Union practice. 

This project consisted in the improvement of ISI for the following selected inspection areas: 
• pressurizer pipe to main circulation pipe, 
• safety cooling pipe to main circulation pipe, 
• steam generator: transition weld, 
• steam generator: feed water nozzle transition weld, 
• main circulation pump inlet: circumferential weld. 

The present project is divided into several phases: 
• comparison and evaluation of ISI effectiveness, 
• supply of test blocks, of inspection equipment and of inspection procedures, 
• define training requirements, define and perform inspection qualification, 
• evaluation of the improved ISI effectiveness. 

The objective of the future PH1.02/97 is to continue the project PH1.02/94 and to complete the ISI-programme 
for VVER 440-213 primary circuit components of high safety concern. 

The project consists in the improvement of ISI for three additional inspection areas: 
• main circulation pump shell to elbow weld, 
• longitudinal weld of the main circulation pump elbow, 
• pressurizer nozzle to transition nozzle dissimilar weld. 

The project is proposed to be divided into the same phases as the original project to enable a sufficient level of 
integration: 

• evaluate ISI effectiveness for selected inspection area, 
• supply of test assemblies and calibration blocks, and of inspection procedures, 
• define inspection qualification for all the inspection areas, 
• perform inspection qualification for at least one inspection area and evaluate the improved ISI 

effectiveness. 



PHARE PROJECT PH1.02/95 "IN SERVICE INSPECTION OF STEAM GENERATOR COLLECTOR"  

Previous steps regarding ISI in PHARE 93 program have concerned reactor pressure vessel inspection 
procedures extended in PHARE 94 program to all parts of primary circuit. 

This next project relates to a part of Steam Generator (SG) ISI that is not included in 94 programme. The 
objective of the project is the improvement of the ISI programme of steam generator collector and achievement of a 
level of quality and effectiveness of in-service inspection equivalent to the level of European Union practice through 
Round Robin Test (RRT) and preparation of NDE qualification for this type of component. 

The project addressed the steam generator collector in-service inspections. Damage of steam generator 
collectors occurs in the shell and especially threaded flange region. The defects of corrosion type cracks are found there. 
These cracks are often branched. The scope of in-service inspections of interest is limited to the area of threaded flange 
and collector shell. 

This project is dedicated to the assessment of current inspection methodology used and included: 
• preparation of the RRT on SG collector representative of the different present situation and selection 

of available SG collector with real cracks, 
• preparation of SG collector for the RRT trials, determination of the acceptance criteria and 

preparation of the instructions for the RRT trials, 
• performance of RRT with international participation, assessment of RRT results, and comparison of 

different NDE methods and techniques used, 
• elaboration of procedures for the NDE qualification process for steam generator collector, and of 

drawings and specifications to purchase qualification test blocks. 

TACIS PROJECT R2.05/93"NON DESTRUCTIVE EXAMINATION AND IN-SERVICE INSPECTION" 

In connection with the projects dealing with the structural integrity with the VVER mechanical components, it 
is important to develop ISI programmes, to review the maintenance and upgrading of ISI equipment, and to address the 
transfer of technology which include an initial training, a knowledge follow-up and an upgrading of operators. 

The objectives of this R2.05/93 project were: 
• reception of information by Rosenergoatom in the field of NDT technique applied in the EU- 

countries, comparison with present techniques used in Russia; 
• elaboration of a methodology for the In-Service Inspection; 
• elaboration of improved and optimised instructions for In-Service Inspection; 
• budget elaboration of the subprojects of this project. 

This project had also the goal to implement the utility perspectives, experience and availability of feed-back 
from numerous In-Service Inspections, through support in the assessment of improved ISI methodology and 
programmes in Russia. 

The main steps of this project were the data collection, the elaboration of improved and optimised ISI 
programmes, the identification of ISI needed equipment and the assessment and elaboration of technical specifications 
for ISI equipment. 

TACIS PROJECTS R1 05/94A "IN SERVICE INSPECTION AND NDT OF FUEL CHANNEL AND 
PRIMARY CIRCUIT" AND R1.05/96BI  & B2 "SMOLENSK NPP: NDT OF NPP COMPONENTS -BLIND 
TEST SPECIMENS" 

These projects are dedicated to the NDT subjects for the in service inspection of RBMK fuel channels and 
primary circuit. 

The main objectives are to develop NDT automated methods and equipment based on ultrasonic and eddy 
current techniques to carry out the inspection of the primary circuit. 

This includes: 
• automated ultrasonic inspection equipment for steam drum separators, collectors and piping, 
• ISI equipment for reactor channels, 
• ISI for upper welds in reactor channels (TK welds), 
• design and procurement of adequate test specimens. 



The main steps of the projects are: 
• a feasibility study, an equipment specification to detail the requirements, a test specimen specification 

for the design of blocks, the management and preparation of materials supplied by Smolensk NPP, 
• indication assessment manual to be applied to indications exceeding acceptable limits, 
• equipment fabrication and acceptance tests, 
• definition of NDT procedures to be applied, and establishment of calibration block specifications, 
• validation of the NDT procedures, training and qualification of NDT operating personnel, 
• first ISI at Smolensk NPP using the equipment acquired and the procedures developed. 

TACIS PROJECT U1.01/93A "ROVNO NPP: EQUIPMENT FOR STEAM GENERATOR CONTROL (EDDY 
CURRENT)" 

This project consists of the supply of eddy current equipment for non destructive testing of tube bundles and 
collectors (steam generator) of VVER 1000 in Rovno NPP. 

TACIS PROJECT U1.02/92A & C "SOUTH UKRAINE NPP: REACTOR PRESSURE VESSEL IN SERVICE 
INSPECTION AND AUTOMATIC CONTROL OF PRIMARY CIRCUIT WELDS" 

The scope of this project included the NDT and ISI of the reactor pressure vessel and the primary circuit welds. 
The equipment used to perform the automatic ultrasonic inspection had serious limitations in terms of access to areas 
subject to inspection, repetitivity, accuracy and sensitivity. In addition, it was not possible to obtain permanent records 
of the acquired data; equipment used and operating characteristics imply high dose levels for the personnel performing 
the inspection. 

Hence, the scope of this project included a comparative study of the standards adopted in the Ukraine and 
intemationally (AIEA safety guides). A review was also conducted of the calculation methods used in component 
design. 

Results of both analysis were used to make a proposal for the definition of inspection programmes including 
the scope, frequency, test specimens, test methods and acceptance criteria. In addition, the specification for the 
automatic inspection equipment was prepared. 

TACIS PROJECT U2.02/93D"TRAINING OF SPECIALISTS ON METHODOLOGY,  ORGANISATION AND 
EXECUTION OF VVER-PRIMARY SYSTEM IN SERVICE INSPECTION" 

This project allowed to: 
• train several Ukrainian experts in methodology, organisation and implementation of RPV ISI, level II 

qualification in ultrasonic inspection, 
• train in eddy current techniques for steam generator tubes,. 
• analyse and compare ISI rules used in Russia, Ukraine and Westem countries, 
• provide technical assistance for RPV ISI of an Ukrainian NPP (on the job training completing the 

above theoretical training). 

TACIS PROJECT U1.04/97C "KHMELNITSKY NNP: RETROFITTING OF REACTOR PRESSURE VESSEL 
SK187 SURVEILLANCE SYSTEM" t 

The purpose of the SK- 187 system is to allow the ISI of VVER- 1000 reactor vessel extemal surfaces. 
The SK-187 system of the Khmelnitsky NPP has been developed in the seventies on the basis of components which 
existed at that time. Upgrading measures for this system are required because of deficiencies in the design options and 
other serious drawbacks. 

The object of these measures is to overcome existing deficiencies of the SK-187 system, as well as to upgrade 
its operating specifications. They are related with: 

• better sensitivity and reliability of ultrasonic inspection, especially for flaw detection in the welding 
area of the reactor vessel coating and main metal, 

• computerized acquisition and processing of ultrasonic inspection results, 
• computer control of the system, 



• size measurement of surface flaws during TV camera inspection of reactor vessel, 
• reliability of components and of the system as a whole, 
• reduction of inspection duration. 

The SK-187 system upgrading measures includes: 
• upgraded ultrasonic transducers for metal inspection (welds, main metal and fusion areas of coating 

and main metal) of reactor vessel bottom, cylindrical plain shell ring and nozzle-supporting shell ring, 
• upgrading of scanning devices for ultrasonic metal inspection of reactor vessel bottom, cylindrical 

plain shell ring and nozzle-supporting shell ring, including nozzles. Upgrading of tracking and reading 
devices, 

• providing the system with an up-to-date ultrasonic flax detector, as well as with control, display and 
inspection data processing equipment, 

• providing the system with a video inspection device and positive drives for TV cameras, 
• interfacing the retrofitted subsystems and hardware with mechanical components of the system 

existing in the Khmelnitsky NPP, 
• modification of the dummy samples existing in the Khmelnitsky NPP. Metrological qualification of 

these dummies, 
• overall testing and metrological qualification of the system. Training of staff members. The 

mechanical manipulator with a telescopic bar remains without essential changes. 
The main steps of the project are: 

• preparation of technical specifications 
• development of the modernization design (including software) 
• manufacturing of the modernised components 
• installation and testing of the manufactured components 
• preparation of technical documentation 
• personnel training for the use of the modernised SK 187 system. 

TACIS PROJECT U1.04/97B "KHMELNITSKY NNP: DEVELOPMENT AND IMPLEMENTATION OF 
EDDY-CURRENT-TECHNIQUE FOR INSPECTION OF THREADED HOLES ON VESSEL FLANGES" 

The eddy-current equipment and technique will be used for the inspection of threaded holes in the main flanges 
of reactor vessel, main coolant pumps and steam generator headers in order to detect cracks in thread and adjacent base 
metal. 

To avoid a manual cleaning before inspection, a special device for thread preparation will be included in the 
equipment supply. 

The results of the inspection will be automatically processed with a computer and stored in a database for 
further analysis. 

The main steps of the projects are: 
• preparation of a technical specification for the thread preparation device and for the eddy-current 

inspection equipment usable on VVER-1000, 
• manufacturing and testing of the above system, 
• preparation of system documentation, including supply of suitable computer and database, 
• personnel training for the use of the system. 

TACIS PROJECT U2.01/97 "ESTABLISHING OF THE CENTRE FOR TRAINING, QUALIFICATION AND 
CERTIFICATION OF PERSONNEL OF THE UKRAINIAN NUCLEAR POWER INDUSTRY NDT 
(INCLUDING TESTING SAMPLES)" 

The project U2.02/93D constituted the first step in the field of knowledge transfer on NDT during which it was 
carried out the training of a limited number of NDT specialists on methodologies and techniques related to reactor 
vessel and steam generator tube in service inspection. 

The present project concerns the second step consisting in the organisation in Ukraine of a specialised centre 
for training, qualification and certification of all personnel in charge of Nuclear Power Plant ISI. 

This centre will be organised in order to perform any activity related to training, qualification and certification, 
concerning all types of NDT methods applied in Nuclear Power Industry. 



This concerns not only basic theoretical and practical training, qualification and certification of personnel in 
NDT, but also qualifications related to the application at the Nuclear Power Plants of specific NDT procedures (for 
example : Reactor Vessel inspection, Steam Generator inspection, etc...). 

The present project concerns the definition of the structure of the Centre and will provide the centre with 
programs, necessary documentation and basic equipment related to the most commonly applied NDT : Ultrasonic 
Testing, Eddy Current Testing, Radiography, Penetrant Testing, Magnetic Testing and Visual Testing. 

The training and qualification will focus on primary circuit equipment and piping ISI. 
This includes: 

assistance to write the Centre Quality Assurance programme (the assistance will focus on QA aspects 
specifically related to the organisation of a Qualification Centre), 

• training programmes for basic qualification in NDT: theoretical courses, practical exercises, 
examination of candidates; in accordance with EN 473 (specific for Nuclear Power Plant) and with 
appropriate Ukrainian Regulatory documents, 

• appropriate material for examination of candidates: procedure, questionnaires, examination cards 
(confidential sets of questions for final evaluation), description of practical trials, evaluation and 
grading system), 

• appropriate training and methodology materials and manuals, computerised teaching programmes 
(hardware and software), 

• equipment for training laboratories, samples with built in defects, 
• training for personnel running the Centre, constitution of the certification system. 

CONCLUSIONS 

The Tacis/PHARE programmes in Nuclear Safety have recognized the importance of Non Destructive Testing 
and In Service Inspection issues for VVER and RBMK NPPs, and the main achievements have been detailed in this 
paper. 

Despite the efforts, which were devoted to solve the problems, there is the need to improve in-service 
inspection in VVER and RBMK reactors. 

The main generic issues are the establishment of qualification of the Non Destructive Testing (NDT) and In 
Service Inspection (ISI), and the reliability assessment of NDT and ISI applied to VVER and RBMK components. 

Future projects should address not only the genetic issues but also the specific problems such as to develop an 
effective ISI of VVER steam generator tubes, the implementation of reliable ultrasonic inspection of VVER primary 
piping components, and the improvement of the ISI of large diameter piping in RBMKs. 


	Title Screen
	Chairman's Message
	Conference Organization
	Main Menu
	Table of Contents
	Search CD-ROM
	Search Results
	Print

	SMiRT logo: 
	Conference: 
	Paper: Paper # 2046
	Transactions: Transactions,


