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Abstract 
 
Because Kozloduy NPP and Temelin NPP 
are both VVER 1000 plants of roughly the 
same vintage, they are very similar in 
design.  However, from the viewpoint of 
their I&C modernization projects, there are 
significant differences between these 
plants.  Some of these differences stem 
from the evolution of I&C technology over 
the relatively short period between the two 
projects.  Other differences arise from the 
fact that the Kozloduy project is a phased 
upgrade of the I&C systems in an oper-
ating plant while the Temelin project was a 
“one time” installation of the entire plant 
I&C system.  This paper discusses these 
differences as well as trends in the nuclear 
I&C field that will shape the industry in the 
future.  In addition to technology evolution, 
the comparative advent-ages or problems 
in phased upgrade versus “one time” 
installations are discussed.  Conclusions 
drawn provide insight for the planning of 
future I&C upgrades in VVERs and other 
types of nuclear power plants. 
 
Introduction 
 
Shortly after the collapse of the Soviet 
Union, the International Atomic Energy 
Agency conducted reviews of the nuclear 
power plants in operation and under con-
struction in Russia and Eastern Europe.  
Their concern was the safety of these 
units, largely due to the post-Chernobyl 
environment of concern over the ad-
equacy of soviet design practices.  
Included in these reviews were the latest 
Russia designs, the VVER-1000 plants 

such as those at Temelin NPP in the 
Czech Republic and Kozloduy Units 5 & 6 
in Bulgaria.  The conclusion of the IAEA 
was that this generation of plants was 
fundamentally consistent with western 
practice in their design for safety.  
Nevertheless, they did make recom-
mendations for improvement of the plants, 
including the upgrading of the I&C 
systems to the latest international design 
standards.  The owners of both Temelin 
NPP and Kozloduy NPP chose 
Westinghouse Electric Company to per-
form the I&C modernization projects for 
their plants.  Although the basic design of 
the plants is essentially the same, there 
are significant differences in the I&C mod-
ernization projects. 
 
The Temelin NPP I&C System 
 
The Temelin NPP I&C modernization 
project was conducted within the frame-
work of the completion of the plant 
construction that was temporarily halted at 
the time of the Soviet Union collapse.  
From the point of view of the I&C installa-
tion, this was a new construction plant 
allowing a fully integrated, whole plant I&C 
architecture to be implemented.  The plant 
took this opportunity to select the state-of-
the-art digital I&C based on the successful 
completion of the Sizewell B power plant 
construction in the United Kingdom.  The 
scope of the I&C covered the entire plant, 
including reactor building and turbine 
building instrumentation.  The safety sys-
tem and the important reactor control 
systems were based on the proven 
Westinghouse Eagle product line that had 
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been installed at Sizewell B for similar 
roles.  The balance of the control systems 
were made from the Westinghouse 
Distributed Processing Family that has 
many reference installations in both 
nuclear and fossil power generation 
plants.  The control room used a combin-
ation of fixed position controls and "soft 
controls" through the graphic displays.  
The control panels retained the overall 
size of other VVER plants, but the layout 
of the controls was redesigned to reflect 
the changes in the I&C systems.  
Interfaces to existing control systems were 
limited to the turbine electro-hydraulic 
controller and the control rod drive system, 
both of which were supplied by Skoda of 
the Czech Republic.  Because the plant 
safety analysis was also being redone, to 
support the supply of fuel by 
Westinghouse, the safety systems were 
allowed to take the functional design of 
western plants.  Although the architectural 
boundaries of the control systems were 
blended into the overall integrated I&C 
system architecture, the functionality of 
the previous VVER design was retained, 
including some advanced control co-
ordinator features that optimize the 
operational modes of reactor and turbine 
control.  The I&C architecture also 
includes advanced equipment monitoring 
and reactor core monitoring, to support 
engineering activities during plant opera-
tion, that are beyond the technology of the 
majority of western plants.  The project 
included the replacement of a majority of 
the process sensors, including qualified 
devices inside of the reactor containment 
to eliminate the problematic impulse line 
isolation valves found in other VVERs. 
 
The Kozloduy 5&6 I&C System 
 
In contrast to the Temelin I&C moderniza-
tion project, the project for Kozloduy Units 
5&6 is characterized by its phased 
approach, being conducted over a number 
of plant outages.  Under this program, 

Westinghouse has been responsible for 
the Radiation Monitoring System and the 
Plant Computer System upgrades, that 
have already been commissioned, and is 
currently installing the controls for the 
turbine and associated systems (ASUT).  
In future outages, the remainder of the 
plant controls (UKTS) will be upgraded, 
both non-safety and safety related func-
tions (the non-safety portions of the UKTS 
are currently in the design stage, however, 
the contract for the safety scope has not 
yet been awarded.)  Upgrades of the 
reactor protection and control systems will 
be done in the future, but will most likely 
be the responsibility of Russian vendors to 
retain the original design basis.  In addi-
tion to these upgrades, other vendors are 
upgrading portions of the plant including 
electrical distribution and HVAC.  In the 
control room, the plant computer displays 
have been upgraded, however, with the 
exception of the conversion of a few ASUT 
controls to the soft variety, the control 
panels are left mainly intact.  The existing 
process sensors remain in place, with the 
new equipment having to interface to the 
Russian standard signal levels. 
 
A consequence of the phased upgrade 
approach is that as each phase system is 
installed, it must include interfaces to the 
existing equipment that has not yet been 
upgraded.  In many cases, these inter-
faces are later removed when the other 
system is upgraded.  This approach can 
lead to a non-optimum design.  Architec-
tural boundaries are retained between 
legacy systems (such as ASUT and 
UKTS) and are dictated by the limitations 
of the previous technology.  As an 
example, signal voltage levels required for 
reliable operation of relay based systems 
are still present even though they are not 
required by, and in some cases are detri-
mental to, digital technology.  This lack of 
interface optimization also occurs as a 
result of division of the upgrade project 
among multiple vendors who must agree 
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on the interface boundaries.  Upgrade 
scopes are defined by what presently 
exists rather than from an integrated vision 
of the future I&C system. 
 
I&C Technology Evolution 
 
It is a well established fact that the pace of 
evolution of I&C technology has been 
increasing at an exponential rate.  
Although the Temelin project was started 
before the commercial operation of the 
Sizewell B plant, on which its I&C tech-
nology was based, it already had to deal 
with the obsolescence of the Intel 286 
microprocessor and its replacement by the 
Intel 486.  The plant information highway 
at Temelin is the industry standard Fiber 
Distributed Data Interface (FDDI) rather 
than the proprietary, and much slower, 
protocol used at Sizewell B.  The operator 
workstations at Temelin are based on 
standard commercial product rather than 
on purpose built computer graphic 
systems.  Fortunately, the evolutionary 
direction of I&C development has been 
towards standardization of equipment and 
interfaces across many industries, 
lessening the impact of obsolescence.   
 
The Kozloduy I&C systems have several 
technology advances over those of the 
Temelin plant.  The control processors are 
based on the Intel Pentium chip.  The 
plant information highway is based on the 
newer Fast Ethernet rather than on the 
FDDI protocol previously mentioned.  This 
new protocol retains the high bandwidth of 
its predecessor, but provides a more open 
architecture and offers a wider supply 
base of the communications equipment 
needed to install the networks in the plant.  
Operator workstations are also a later 
generation with higher performance.   
 
An offshoot of this rapid technology evolu-
tion is that, for a phased upgrade project 
such as Kozloduy, it becomes a challenge 

to maintain consistency between the 
systems of the various phases. 
 
The Role of In-Country Engineering 
 
A characteristic difference between the 
Temelin and Kozloduy power plants is the 
degree of involvement of local engineering 
organizations in the design and imple-
mentation activities.  In the Czech 
Republic, the original design of the 
Temelin plant had already been strongly 
influenced by Energo-Project of Prague.  
During the plant construction completion, 
Skoda played a lead role in the design of 
the plant systems and structures.  The 
result of this was that detailed design 
information was readily available to the 
I&C engineers as they performed the 
systems engineering effort on the upgrade 
equipment.  The operating utility, CEZ, 
also played a significant role during the 
design phases to ensure that the plant 
operations were adequately addressed by 
the system design.  The result of this 
cooperative effort is an integrated digital 
I&C system that incorporates some ad-
vanced functional capabilities, making use 
of the benefits of the digital technology.   
 
This local engineering involvment is in 
contrast to the Kozloduy project where the 
original plant designers, the Russians, are 
not directly involved in the project, making 
the access to design basis information 
more difficult.  A result of this is a 
tendency to simply replicate the functional 
design of the I&C equipment "verbatim" 
rather than attempting any functional 
improvements. 
 
On the other hand, the fact that the plant 
systems and structures at Temlin were still 
undergoing final design changes during 
the course of the I&C design effort 
presented some complications to the I&C 
system design process.  Frequent 
changes in the design basis documenta-
tion had to be accommodated by the I&C 
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system deginers.  On small scope up-
grade projects, change management is a 
relatively tractable issue.  On very large 
scale projects, it is both challenging and 
essential to the successful completion of 
the project.  On Temelin, change manage-
ment became the most significant part of 
the project manager's function.  
 
Installation Experiences 
 
Because Kozloduy is an operating plant, 
the opportunity to perform upgrades on 
I&C equipment, that could potentially 
impact that operation, is limited to the 
scheduled outages of the plant.  The 
timing of these outages is dictated by the 
refueling cycle and seasonal variations in 
the demand for the plant's output.  There-
fore, meeting the installation schedule 
becomes the most important aspect of 
such an upgrade project.  Reducing 
scheduler risk involves minimizing the 
activities to be performed on site placing a 
greater reliance on the factory test 
program to prove the correctness of the 
design prior to beginning the installation 
effort. 
 
On Temelin, the nature of the project 
schedule was not characterized by its 
short duration, rather it was the coordina-
tion between the I&C installation activities 
and those of the construction of the 
buildings and readiness of the fluid 
systems that set the bounding constraints.  
At times, the I&C installation was forced to 
wait until the rooms that would receive the 
equipment were ready and the access 
paths to the rooms were clear.  At other 
times, the I&C schedule was pushed up to 
support the testing of the fluid systems to 
support the overall plant commissioning 
schedule.  This, coupled with the extent of 
the design changes to the I&C throughout 
the installation phase, meant that the final 
integration testing of the system could not 
be done until the equipment was fully 
installed at the plant.  The physical 

separation of the design engineers from 
the equipment during this integration 
phase became an issue that was 
addressed by an effective on-site team 
that planned and performed the installa-
tion activities, augmented by the presence 
of a few design engineers on site, on 
rotational assignments, to resolve testing 
issues in a timely manner.  Additionally, 
the effective use of modern global 
computer based communications reduced 
the time and distance gaps between the 
site and design offices.  Also, close 
coordination between the I&C installation 
team and those responsible for the 
commissioning of the fluid systems was 
implemented through daily status and 
planning meetings. 
 
Regulatory Aspects of the Upgrades 
 
Because the scope of the I&C upgrade at 
the Kozloduy plant has thus far been 
limited to "non-safety" systems, the 
interaction with the Bulgarian regulatory 
agency has been limited.  When the safety 
systems are addressed in future phases of 
the project, the regulatory aspects will 
largely follow the original Russian stan-
dards that were in place when the plant 
was first built.  One area where some 
modern concepts are being applied is in 
the classification of I&C functions and 
equipment that are important to safety.  
These classification concepts were first 
established by the International Atomic 
Energy Agency for the plant systems in 
general, and were then made more pre-
cise for the I&C equipment by the 
standard IEC 61226 which was first pub-
lished in 1993.  In this standard, some 
equipment that historically had been con-
sidered as "non-safety" is recognized for 
its potential impact on the plant safety, 
and is hence given a higher degree of 
design assurance as to its quality.  The 
ASUT upgrade phase of the Kozloduy 
plant includes some of these "Category B" 
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functions that are given special consider-
ation for their reliability. 
 
The IEC classification standard had not 
yet been published at the beginning of the 
Temelin I&C project.  Furthermore, since 
the Czech regulators had taken the deci-
sion to base their review on the standard 
review plan of the US Nuclear Regulatory 
Commission, it was decided to apply a 
classical "western" approach of 1E and 
non-1E classification of the I&C systems.  
This black and white, safety vs. non-safety 
approach presented some unique prob-
lems when applied to the VVER plant 
design.  First, the original Russian design 
considered that most equipment in the 
reactor building is safety related in some 
regard.  The layout of the building struc-
tures and rooms, and the cable routing 
and raceway design provided for very 
good separation between the three safety 
divisions.  It became necessary to adapt 
the architecture of the "non-safety" scope 
of the I&C system to fit into this frame-
work.  This lead to the separation of parts 
of the non-safety equipment into a division 
based architecture.  Another consequence 
of the safety vs. non-safety classification is 
that the major primary control systems , 
although they were classified as non-1E, 
were specified to be manufactured from 
the same hardware platform, following the 
same design and manufacturing proc-
esses, as the safety system.  Thus these 
important systems were given the recog-
nition of being related to the safety of the 
plant without the formality of a graded 
classification scheme. 
 
From the beginning of the Temelin I&C 
modernization program, the Czech State 
Office of Nuclear Safety had to deal with 
adopting new regulatory practices, those 
of the US Nuclear Regulatory Commis-
sion, and with becoming familiar with new 
technologies.  Frequent exchanges of 
information, both in written form and as 
oral presentations, were conducted to 

enhance the understanding of both 
parties, ultimately leading to the accept-
ance of the safety system design by the 
regulators.  As an initial conservatism, 
largely due to uncertainty with the new 
digital technology being applied to the 
safety systems, the Czech regulators 
required that a diverse protection system 
be installed on the plant.  Newer designs 
are more likely to rely on the "defense-in- 
depth" features existing within the 
protection and control systems, rather 
than on explicit backup systems.  This will 
lead to design simplification over the 
Temelin I&C architecture and is a result of 
the growing acceptance of digital tech-
nology in the industry. 
 
Conclusions 
 
The I&C modernization programs at 
Temelin and Kozloduy are at the same 
time similar in nature and yet very differ-
ent. Digital I&C technology will continue to 
evolve.  Any modernization projects that 
start at different times will, because of this 
evolution, be somewhat different in the 
performance capabilities of the equipment 
they apply.  This is a particularly important 
issue for phased upgrade projects, such 
as at Kozloduy, where conflicting forces to 
maintain consistency across the entire 
plant while at the same time addressing 
component availability issues throughout 
the time span of the various phases need 
to be considered.  Careful planning of the 
entire modernization program life cycle is 
important at the beginning. 
 
Phased I&C modernization programs 
require careful planning and attention to 
the details of interfaces and logistics.  The 
sum of the effort across all of the phases 
is likely to be greater than that required to 
perform a one-time integrated I&C 
replacement.  Furthermore, the benefits of 
modernizing the I&C, such as reduced 
maintenance and higher performance, 
may not be fully realized until the end of 
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the last phase.  This has the potential to 
create negative "economics of upgrading" 
while dual technologies have to be main-
tained.  Also, the constraints of scope 
boundaries between systems upgraded in 
different phases, or between different 
vendors, may prevent optimizing the I&C 
system design to gain all of the benefits of 
digital technology. 
 
Large scale, integrated modernization 
projects potentially offer the greatest 
benefit of advanced I&C, but have their 
own problems.  The extended outages 
required for installation and commission-
ing of entire plant control networks will 
often overwhelm the economics of the 
modernization, unless the outage can be 
combined with other major refurbishment 
or plant completion activities.  The capital 
investment of a plant wide I&C moderni-
zation, while potentially less than the sum 
of the phases for a stepwise approach, 
may be more than can be justified as a 
single lump sum in the operating budget of 
a plant that near the mid-point of its life. 
  
Whether a modernization project is 
implemented as a number of short outage 
upgrades or as one long duration project, 
the competency of the site team is 
important to managing the risk involved 
with scheduler constraints and coping with 
design changes.  For international 
projects, including local staff as a 
substantial component of  the team facili-
tates project communications and the 
transfer of knowledge to the operating 
staff of the plant.  Planning the entire 
campaign, rather than the individual 
phases, is of the utmost value to the 
shared success of the utility and the 
supplier. 
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