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R1.02/94D, Replacement of 4 Feed-Water Control Valves in Balakovo NPP 

 

Nuclear power plant  Balakovo NPP, Russian Federation 

Project reference R1.02/94D 

Project name Replacement of 4 Feed-Water Control Valves in 
Balakovo NPP, Unit 4 

IAEA safety issue S11 Steam generator level control valves 

Safety rank I 

Budget year 1994 

Contract amount, Euro 403 460 

Contract status Completed 

EC endorsement of the contract 18.05.1998 

Supplier Siemens, Germany 

Current status of the project Completed 

Provisional acceptance certificate  signed 31.05.2000 

Final acceptance certificate signed 10.06.2002 

1. Safety impact of the project  

The original SG level control valves (full power control valve, start-up control valve) have 
the drawback of erosion damage leading due to high pressure differential across the 
valves. Moreover, the SG level control valves have a slow response and this negatively 
affects the possibility of maintaining the SG level during transients. The improper 
functioning of SG level control valves leads also to new initiating events in the form of 
transients.  

During plant operation, modifications and changes have improved the situation to some 
extent. PSA studies have indicated the importance of reliable SG level control.  

In Balakovo NPP the improvements were proposed in the frame of the Tacis OSA Project 
R1.02/94D, entitled ”Replacement of Four Feed-water Control Valves in Balakovo NPP”. To 
improve reliability of feed-water supply to the steam generators under different 
operational modes, the main level control valves of type 1097-400-E of the feed-water 
system were replaced by valves of type 1424-400-E. The bodies of these valves were 
manufactured by the Russian company Chekhov Electrical Machine Building Works in the 
frame of a joint venture with the German company Siemens in accordance with TD 37-013-
05015348-96. The electric drives were manufactured directly by Siemens according to 
German nuclear practice.  

The new feed-water control valves ensure, together with variable speed feed-water 
pumps, the control of the feed-water to the steam generators. This thereby controls the 
level in the steam generators. The valves are electrically driven by a control system which 
delivers a level/flow demand signal which is then translated into an equivalent position 
demand. The issue S11 has been thus resolved.  

The main safety and operational benefits of the project are: 

 The new control valves are able to accommodate a larger range of regulated flow 
(3-100% instead of 20-100% from maximal flow); 



 There is an improved response of the regulated valve at the de-energised actuator  

 The time of the actuator full stroke is improved, some 25 seconds compared with 
39 seconds of the former one and as result the quality of control is better; 

 The assigned running time of the new valve is four years (28,000 hours) instead 
10,000 hours; this means less frequent maintenance work. 

 

2. History of the project. 

Delivery and installation 

According to the initial project the valves were to be mounted in Unit 1 during the 
shutdown in the second half of 1999. The project was one of the best examples of a 
considerable involvement of Russian industry. The control valves were of joint design, 
manufactured by Chekhov Power and the motor driven actuators were delivered by 
Siemens AG. The equipment and the documentation were delivered to Balakovo NPP in 
May/June 1999, the necessary training of the plant personnel was performed and the 
components were ready for installation in unit 1.  

According to the contract of Siemens with REA, endorsed by Balakovo NPP and the EC, 
Siemens was obliged to supervise the installation and commissioning of the valves during 
the first outage after delivery. The outage of unit 1 started in the end of September and 
was to be finished in the end of December 1999. However, Balakovo NPP decided 
unilaterally 3 weeks before the planned installation to postpone the installation of the 
valves until the next outage in the end of 2000. After protests of Siemens and the EC the 
plant proposed to make the installation in unit No 4, which was to be shutdown for 
maintenance earlier. This change of plans was agreed. The valves were installed in 
Balakovo-4 unit during the outage in 2000, but with delay and without necessary analyses 
for thermal-hydraulic behaviour of the system after valve installation. In October 2000 
they were operating under warranty period. Unfortunately the valves had caused 
unexpected problems in the form of flow vibrations resulting in a couple of shutdowns of 
the unit.  

Licensing within 2+2 approach 

The licensing activities were done partially under 2+2 approach, covered by the licensing 
project RF/TS/31, which included also licensing of a similar project in Kalinin NPP, namely 
R1.03/97B Kalinin NPP: Feed-water control valves. 

Initially the safety review activities were concentrated on Balakovo NPP due to the 
availability of sufficient licensing related documentation in Russian as well as in English. 
When the RF/TS/31 was started, the project for Balakovo was in a late state, because the 
feed-water control valves had been already installed and commissioning tests were 
performed in June 2000.  

Generally RF TSO experts concluded that the tests of the unit scheduled under the 
reviewed Stage 9/10: Program of the Complex Dynamic Tests of Feed-water Control Valves 
are representative and sufficient in scope.  

The EU TSO experts identified missing information needed as a prerequisite for the formal 
licensing process. In technical fields they addressed the vibrations in the feed-water line, 
inconsistency in the stress analysis and temperature measurements in the valve 
arrangement with respect to thermal stratification. They supported the RF TSO’s 
recommendation to replace the feed-water control valves in the other units of Balakovo 
NPP, too. 

In reviewing all provided documentation it was found that the replacement of the control 
valves does not impact on protection provided by the safety system. The experts indicated 
need for several additional analyses, for example a reliability analysis of the control of the 
steam generator water level and an analysis to demonstrate improved performance, 



compared with the existing valves. The RF experts observed also, that the piping vibration-
strength calculations were not available. 

Technical and engineering evidence had provided justification that an improved level of 
safety was achieved. The new control valves installed in the feed-water system provided 
flow corresponding to the requirements for maintaining the water level in the steam 
generators in the range of normal operation, including transient conditions. Safety 
enhancement for plant operation and maintenance was achieved due to the better 
characteristics of the valves.  

Difficulties in the course of implementation  

An increased vibration in the feed-water lines was found after the valve replacement. The 
vibration was within permissible limits, but further analyses were to be performed by the 
plant. TSO experts addressed this point in their opinion, but the new valves were installed 
without previous calculations of vibrations. The vibration was apparent in the by-pass line. 
The support system in this region was adjusted to be in compliance with the design. Thus, 
the pulsations of the flow were revealed (frequency of 2 – 20 Hz with an amplitude of 150 
t/hr at 1400 t/hr). The vibrations depended on the pressure drop in the valve. The design 
pressure drop is in the region 7 to 15 kg/cm2. The vibration is in acceptable limits if the 

pressure drop is equal to  5 kg/cm2 .  

Possible origins were presented by the plant. Further investigations were made by the 
plant with the valve designer and manufacturer. In the meantime the pressure drop in the 
valve was reduced below the design value to minimise the pulsation as well as the 
vibration. This measure was effective until the needed design corrections were introduced.  

Gosatomnadzor RF refused to finalise the formal licensing process until the problem with 
the flow induced vibration was solved and asked Riskaudit to contact the contracting 
authority for support of the continuation of the work for that OSA project in order to 
assess the resolution of the problem with the flow induced vibrations.  

Resolution of the problem of vibrations 

At the request of the plant OKB Gidropress made the calculations and indicated the 
needed corrections to be introduced to eliminate pipe vibrations. The mitigating measures 
were introduced and the gathered experience was proved to be valuable for further tasks 
of this type. 

This example demonstrates that the cooperation of the competent design organisation is 
necessary, and the financial means for it must be provided. As the operator is ultimately 
responsible for safety, it is the position of the EC that such analysis should be paid for and 
provided by the plant.  

On the other hand, in the terms of the contract there is a statement that the equipment 
supplier is responsible for providing safety documentation for the regulatory authority. 
Thus the plant could expect that the necessary safety analyses will be provided by the 
supplier.  

Lesson learned: TACIS contracts should very precisely specify the extent of work each of 
the partners must do within the contract.  

Present Status: Project completed. 
 



 

Feedwater control valves supplied by Siemens with cooperation of Chekhov Power Zavod, 
RF.  

 

 

Four feed water control valve for Balakovo NPP for unit 1 project 94D, 403 k€  


