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ABSTRACT

An extensive modernisation program upgrading two units of W E R 1000 type
of the nuclear power plant Temelin to meet the latest international safety standards is
presented. The program is based primarily on the combination of eastern and western

< technology and it has been implemented during plant construction. The adoption of
; western technology and practices for part of scope of supply has helped to solve a
i large number of IAEA safety issues related to design and operation of W E R 1000
; NPPs. Some details on the current Temelin design and on other related safety matters
\ are presented.

INTRODUCTION

The NPP Temelin is equipped with two VVER 1000 reactors, each with
thermal output of 3000 MWf The W E R 1000 represents the third generation of

pressurized water reactors developed in the former Soviet Union. The primary system
is of a four-loop design. The electrical output of a turbogenerator set is 981 MWE .

The decision for construction of 4 units, type W E R 1000 in the Temelin
location was made in 1980. In the year 1984, a contract for the supply of the Russian
Technical project was concluded. This project included the primary system, auxiliary
service building and diesel generator station, The initial project of the secondary
system and other parts of the NPP was processed by Energoprojekt Praha. In the year
1990, the government decided to complete only two 1000 MW units and substantially
upgrade the design and the operational safety and flexibility of the NPP Temelin.

The original project was already being improved by the Czech and Russian
experts prior to the year 1990. Hundreds of individual improvements ranging from
construction of pressure vessel nozzle to various minor modifications in the electrical
section were implemented. Certain measures were taken to ensure compliance of
components and construction with the ISO 9000 standards.

In the course of the years 1990 to 1992, international audits and expertises and
IAEA mission were carried out at the Temelin plant. The three phases of IAEA
mission focused on Temelin site safety, on the quality of construction, and preparation
of save operation, and on the evaluation of the design of reactor core and safety
systems. The audit of the US consulting company Halliburton NUS focused on the
NPP Temelin technical conception and verification whether the Temelin units would
qualify to obtain operational permit according to the standards of western countries.
The expertise of the Swiss company Colenco and German company Bayern focused on
the design of instrumentation and control systems. The conclusion of the IAEA
mission and international audit was that the international standards can be achieved
provided that the recommendations related to the Temelin safety are implemented.



Based on the conclusions of IAEA mission, Halliburton NUS audit,
recommendation of the Czech nuclear regulatory body and of the Czech experts a
modernisation program for NPP Temelin has been carried out. The program includes
the modernisation of all part of NPP Temelin, which could negatively influence the
plant safety, reliability and licence issue. The following innovations have been
implemented: —

- Modernisation and upgrading of the safety and control systems,
- New fuel design and modification of the reactor core,
- New diagnostic system,
- Innovations of some components and subsystems of the primary and the
secondary systems,
- Design and construction of a full scope simulator,
- The improvement of safety documentation, development of the Probabilistic
Safety Assessment.

The tenders for instrumentation and control system, nuclear fuel, diagnostic
system and radiation monitoring system were issued to the world-well known
suppliers. The US company Westinghouse Electric Corporation (WEC) was selected
to submit contract for the delivery of instrumentation and control system, primary side
diagnostic system and for the delivery of nuclear fuel including safety analyses.

INSTRUMENTATION AND CONTROL SYSTEM

The Instrumentation and Control System supplier WEC must preserve existing
plant components and rooms, their location and numbers. The requirements on initial
analog control system performance must be met or exceeded with the new digital
system. One of the area where design has been partially changed is Primary Reactor
Protection System design that meets both Czech and western countries licensing
requirements.
The instrumentation and control system upgrade include:

- Primary Reactor Protection System (PRPS),
- Diverse Protection System (DPS),
- Reactor Control and Limitation System (RCLS),
- Plant Control System (PCS),
- Turbine Control System (TCS),
- Post Accident Monitoring System (PAMS),
- Incore Instrumentation System (IIS),
- Unit Information System (UIS),
- Main Control Room (MCR), Emergency Control Room and Technical Support
Center (TSC).

From the nuclear safety point of view, instrument systems mentioned above are
being classified as safety related or non-safety related systems. The safety related
systems provide all necessary functions to bring the plant to a safe cold shut down
condition, if plant system failures occur. The functions required for normal plant
operation are processed by non-safety related systems. For safety related instrument
systems, and for the systems requiring high degree of reliability the WEC Eagle
Family microprocessor based system is applied. The instrument systems using Eagle
family include PRPS, RCLS and PAMS. The Westinghouse Diverse Protection
Equipment MOTOROLA microprocessor based system is used for safety related DPS.



The Westinghouse Distributed Processing Family INTEL microprocessor based system
is applied for other mentioned instrument systems that are non-safety related (PCS,
TCS, IIS, UIS). All of instrument systems are interconnected by a network of
communication data highways. Data from various Protection and Control Systems and
Subsystems throughout the plant are processed by Unit Information System and
integrated into a universal data set which can be accessed by any of its users.
Information is communicated from the Protection and CdTftrol Systems to the Unit
Information System over a high speed redundant Fiber Distributed Data Interface
highways WESTNET II, WESTNET III.

From the safety and operation point of view the very important subsystems are
Primary Reactor Protection System and Reactor Control and Limitation System. The
PRPS performs the following functions:

- provide an automatic reactor trip when plant conditions reach safety limits,
- provide automatic actuation of the Engineered Safety Features (ESF) to prevent

or limit the consequences of any accident conditions,
- provide information to the PAMS and to the UIS,
- provide sensors input to the RCLS and DPS, so that it may perform required

flmction.
Several enhancements to the reactor protection system design are included in the WEC
system. The most significant of these are direct reactor coolant flow measurement and
improved hot leg temperature measurement.
The PRPS is divided into three safety divisions that are physically and electrically
separated from each other. The system is environmentally and setsmically qualified to
operate before, during, and after a seismic event.

Diverse Protection System is designed to provide in the event of PRPS
microprocessor system failure automatic protection in order to prevent core damage
such as core melt and to maintain the integrity of the reactor coolant system. DPS in
the same way as PRPS, performs reactor trip and engineered safety actuation
functions. However the hardware and software used in both systems are different. This
insures that a common mode failure of the PRPS will not effect the functionality of the
DPS.

Reactor Control and Limitation System is a high integrity system that is used to
maintain key process variables within a range about some nominal value. The
Limitation System must prevent the unnecessary reactor trips, it must automatically
maintain key process variables within a normal operating region well below safety
analyses limits. The LS directs the actions of the reactor control system in response to
a specified set of plant conditions, component failures, and electrical grid upsets. This
response is characterised by either a control bank withdrawal block, a controlled
insertion of the control rods in normal insertion sequence, dropping one bank of
control rods or dropping multiple banks of control rods.
The RCLS includes Control Coordinator and the following control subsystems:

- Reactor Power and Rod Speed Control,
- Pressurizer Pressure and Water Level Control,
- Atmospheric Steam Dump Control,
- Steam Generator Water Level Control,
- Feedwater Pump Speed Demand Control,
- Auxiliary Feedwater Control,
- Steam Dump Control,
- Feedwater Tank Pressure and Water Level Control,
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- Condenser Hotwell Level Control.
The purpose of the Control Coordinator is to manage operating modes of the

reactor, turbine and steam dump controllers to ensure stable plant operation from shut
down conditions to full power. The Control Coordinator is able to provide system
management in the event of the actuation of the Limitation System as well.

FUEL REPLACEMENT AND MODIFICATION OF THE REACTOR CORE

Modifications of the fuel and core design are based on IAEA recommendations
to improve the plant safety, cycle cost and overall economy including operational
flexibility enhancement. The contract for delivery of the fuel assemblies, absorber
clusters, core design, safety analyses, technology transfer and training, repair and
inspection equipment and associated services was awarded to WEC.

The Temelin fuel is based on WANTAGE 6 fuel assembly. WANTAGE 6 is
a new type of WEC fuel that was designed to meet operating needs of individual
W E R 440 and W E R 1000 reactors. The reactor core includes 163 fuel assemblies
and each fuel assembly consists of 3 ] 2 fuel rods in a hexagonal array. The fuel rods
consist of uranium dioxide ceramic pellets contained in Zircaloy-4 tubing. Zircaloy-4 is
zirconium alloy selected for its mechanical properties and low neutron absorption.
The main upgrading aspects of the fuel substitution follow:
- The upper structural component of the assembly (top nozzle) is removable. When it
is removed, direct access is provided for fuel rods examination and replacement.
- The use of mixing vanes. In comparison with original fuel there is a different number
of the grids, and different design of the grid assembly. Four types of grid assemblies
are used: inconel top grid, and the inconel bottom grid, six zircaloy midgrids with
mixing vanes and one zircaloy midgrid without mixing vanes. Mixing vanes are used to
increase coolant turbulence and promote flow intermixing. This provides a significant
increase in departure from nuclear boiling ratio (DNBR), which further enhances
operational flexibility.
- Zircaloy-4 application for the guide thimbles, inner grids, central guide tubes, and
fuel rod cladding instead of Inconel or stainless steel. Zircaloy absorbs fewer neutrons
than Inconel or stainless steel and thus significantly improves the neutron economy.
Another benefit of Zircaloy is that it contains virtually no cobalt.
- Application of Integral Fuel Burnable Absorber (IFBA). Two types of burnable
absorbers are used. The first is IFBA and the second involves conventional discrete
burnable absorbers rods. The IFBA is designed to bum out more efficiently and
completely than discrete burnable absorbers rods. It is added to the fuel in the central
section of a rod to improve the axial power distribution and to reduce the peaking
factor.
- Implementation of the axial blankets to reduce neutron leakage in the axial direction
and to improve fuel utilisation. The axial blankets consist of fuel pellets of depleted
uranium at each end of fuel rod pellet stack.

The nuclear design of the reactor core is performed using the PHOENIX-H and
Advanced Nodal Code (ANC-H) computer programs. The core thermal-hydraulic
design is performed with the VIPRE three-dimensional computer program.

As a part of fuel supply is the BEACON Core Monitoring System. It is used to
provide support for plant operation. BEACON functions can be divided into three
groups: core monitoring, core measurement analysis and core prediction. The heart of
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BEACON is fast 3-D nodal code that uses the same neutronic solution as the ANC-H
reload core design code.

COMPONENT BACKFITTING AND REPLACEMENT

In comparison with original design, some of NPP Temelin components and
subsystems were significantly modified. The most important modifications follow:
Two important substitutions were in the field of fuel handling and storage. The original
spent fuel storage rack was replaced by a contact storage rack with a higher capacity.
The new storage rack, manufactured by Skoda JS will allow storage of spent fuel from
12 year operation of NPP Temelin in case of a four year cycle. The original Evig
control system of the refuelling machine has been replaced by Ansaldo control system,
which has large memory, better reliability and operational safety.

Some components of NPP Temelin primary system have been enhanced.
Original set of pressurizer safety valves has been substituted by more advanced design
of two safety valves and one relieve valve. The overall upgrade of control rod cluster
drive mechanism was provided. New advanced design developed by Skoda JS
increases tractive forces and improves reliability. Some originally Russian primary
system pumps were replaced by the Sulzer Weise pumps. It was complicated to
procure the pumps in the former Soviet Union.

The selected control valves were replaced to achieve higher reliability and
better flow characteristics. Originally proposed Babcock main steam isolation valves
were substituted by Edward valves . These valves ensure fast isolation of the steam
generator in case of either normal or abnormal conditions.

The upgrading of secondary system components includes above all the
replacement of the condensers tubes. Original brass tubes of the main turbine
condensers as well as brass tubes of the condensers of turbine driven feed water pumps
were substituted by titanium tubes. This substitution gives a possibility to use higher
pH value of the feedwater and in such a way to increase the lifetime of steam
generators, condensers, and of the feedwater pipeline system.

At present, steam generator secondary side is under reconstruction. Original
design of the feedwater distribution and blowdown inside the steam generator are
modified in order to optimise secondary water chemistry around the collectors and to
decrease the concentration of impurities.

During NPP Temelin design and construction period, enhancement of electrical
system has been made. After the decision to build only two units it was necessary to
build an additional backup power system. Some of electrical auxilliary equipment were
replaced to achieve higher reliability and better operational properties. Currently the
cables according to IEC standard are used for safety systems The rules for cable
laying are changed to cover the demand for protection of control cables against
interference.

One of the IAEA recommended project changes was the replacement of the
original Russian designed Remote Radiation Monitoring System (RRMS). The
consortium Westinghouse Energy System Europe and Sorento Electronic was selected
to deliver more advanced substitute system.
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FULL RANGE SIMULATOR

The full range simulator to Temelin NPP is being designed and assembled by
the Czech company ORGREZ as. in collaboration with the American company
General Physic International. The Silicon Graphic International production units are
used for primary system simulation and the WEC production units for control and
information system simulation. The simulator control room boards and panels are part
of WEC supply.

The simulator will be located directly on the Temelin NPP site. It will be used
mainly for operating personnel training e.g. for basic training, revision training,
training for change in the working activity, and for non-standard training. It is planned
that the basic training will start 6 months before the fuel loading of the Temelin Unit 1.

SAFETY DOCUMENTATION

Following Halliburton NUS recommendation and license requirements, a
special attention is devoted to the quality of technical documentation. Preliminary
Safety Analysis Report is prepared in accordance with State Office for Nuclear Safety
regulatory guides. The chapters of the Safety Analysis report concerning control
system, fuel, and accident analysis are prepared by WEC. The list of accidents analysed
in the Safety Analysis Report has been determined in accordance with international
standard and for each category of accidents the acceptance criteria have been defined.
The results of analyses of complete spectrum of plant conditions and accident
scenarios demonstrate that reactor protection system keeps the plant safe. On the basis
of safety analyses the limiting conditions for operating requirements and the protection
system setpoints are determined.

Following IAEA mission recommendation PSA Level 1 and 2 have been
prepared. Halliburton NUS has been chosen to perform this work.

CONCLUSION

At the request of the Government of the Czech Republic, the IAEA conducted,
in March 1996, a mission to review the response of Temelin to the safety issues
identified by the IAEA for W E R 1000/ 320 NPPs. The mission assessed the current
Temelin design, including proposed modification and plans for operations at Temelin,
in the light of IAEA recommendations for each relevant issue. The mission has
recognised the effort of Temelin NPP to ensure that all the safety issues identified by
the IAEA have been addressed. The general conclusion has been that this effort has
been successful. The scope of international participation in the Temelin design,
manufacturing and construction has had a positive impact on solving several technical
and safety problems. The adoption of western technology and practices for part of the
scope of supply has helped to solve a large number of safety issues identified by the
IAEA for WER 1000/320 NPPs. The potential compatibility problems of the
combination of eastern and western technology and practices have been carefully
considered at Temelin.
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