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Abstract

Construction of nuclear power plants involves large investments, much larger than for most alternatives
for large-scale energy production. This is in particular valid when compared with the capital needed for
building gas-fired power plants in areas or countries with an established infrastructure for distribution of
natural gas. On the other hand, the fuel costs for a nuclear power plant are very low compared to the costs for
natural gas and other alternatives, which means that the generation costs per kWhe of well performing nuclear
power plants can be fully competitive. To this end, nuclear power plant owners and operators have been
looking carefully at ways and means to achieve improvements with respect to power generation reliability and
costs by equipment modernisation and/or modified procedures. In some countries, this has resulted in signi-
ficant re-investments of revenues for modernisation programmes. In recent years, many such programmes have
slowed down or been postponed due to reduced revenues in the wake of dramatic drop in electricity prices
following deregulation. Typical areas of modernisation range from replacement of components or equipment
to modification of system arrangements and structures, as well as introduction of new I&C systems and
technology, for single functions or systems, or for the whole plant. Operating experience from well performing
plants is compiled by utility organisations such as WANO (World Association of Nuclear Operators), EPRI
(Electric Power Research Institute) and the EUR (European Utility Requirements) group, and also by the
different nuclear vendors to serve as input for modifications and improvements in operating plants, and also as
guidance for the design of new plants. A number of measures taken to overcome observed deficiencies and
difficulties, suggestions for future improvements, and also implementation of specific design features were
presented at the IAEA Technical Committee Meeting at Argonne National Laboratory (ANL), USA in
September 1997. (proceedings of this TCM are presented in IAEA-TECDOC-1054). Utility views and vendor
considerations are also reflected in the IAEA-TECDOC-968 "Status of advanced LWR designs, 1996". This
paper reviews some ideas presented in these TECDOCs - and at other activities of the International Working
Group on Advanced LWR technology (IWGALWR) - with respect to potential benefits for existing plants and
for future designs, supplemented by some practical examples from modernisation programmes and new design
development.

1 INTRODUCTION

In the 1970s, very ambitious nuclear power plant construction programmes were underway in
many countries, but in the wake of the TMI accident in 1979 ordering of new capacity has been at a
very low level. Orders for new plants have predominantly occurred in Asian countries, while quite a
number of plant projects in some Western countries have been cancelled, postponed, or shelved;
some operating plants have even been shut down.

Now, the reason for this negative trend in Western countries is not entirely due to the TMI
accident, but it has beyond doubt had significant impact, in particular with respect to the public's
perception of nuclear power. The accident also led to introduction of new safety requirements and
new safety reviews, as well as delays and disturbances for operating plants and plants under
construction.

Construction of a nuclear power plant represents a very large investment, and delays and
disturbances during construction, or after commissioning, involves significant cost increases, which
deteriorate the future economic viability. So, even though the TMI accident gave rise to reduced
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Legend: HP = Hydro power; NPP = Nuclear power; CF = Coal-fired plant;
GCC = combined-cycle gas-fired plant; GT = Gas-turbine

Figure 1. Schematic presentation of specific investment for some power plant types

public acceptance as well as anti-nuclear movements, the utility experience of cost increases and
reduced economics - in addition to the "practical" demonstration of the financial risk of severe
accidents - has been one major reason for being cautious about investments in nuclear power; another
reason would be a lack of need for additions of large power generation capacities.

Continuous operation of the existing fleet of nuclear power plants without significant accidents
or events, and at acceptable economics, will beyond doubt with time improve the nuclear power
image - and its acceptability - by the public. And this will also be of decisive importance for a utility
planning new generation capacity.

2 COST COMPETITIVITY OF NUCLEAR POWER

A quick comparison of the investment needed for construction of different types of power
plants (cf. fig 1) indicates that there would be very little incitement for choosing the nuclear option.
The relationships between the fuel costs and other production-related costs (fig 2) show a quite
different picture, however. In reality, comparative energy assessments and experience bear evidence
that nuclear power plants can compete economically, provided that they are operated reliably and at
high energy utilisation. In other words, the better a nuclear power plant unit performs the better will
the earnings, and possibly the revenues, be. The relationships are further affected by political
decisions - with differences in taxes, and by inclusion of externalities (effects on the environment and
the society). Figure 3 illustrates the situation when current Swedish taxes are added, and a minimum
of external costs included. (The costs for externalities may rise rapidly in the future for the gas- and
coal-fired alternatives. On the other hand, the net costs for wind power will drop due to a "green"
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Legend: WP = Wind power; others as above. [The cost figures relate to a Swedish study by Vattenfatt; capital costs
are based on 5% interest rate and25yrs (NP) annuities]

Figure 2. Comparison between energy production costs for different power plant types

234



50 --

45 --

40

35

30

25 +

20

15

10 +

5

0

EO Externalities

• Taxes etc
EJProd. Cosl
• Capital cost

HPold NPPold HPnew NPPnew GCCnevv

Plant types

CFnew WP

Figure 3. Cost comparisons including taxes and costs for externalities

subsidy of 25 ore/kWh!)

As noted by many sources, eg. in the paper "Designing for nuclear power plant maintainability
and operability" presented at the ANL meeting [3], a proper plant design or configuration is a
necessary but not sufficient prerequisite for achieving reliable and safe operation; the management,
organisation and personnel of the plant owner/operator will be of paramount importance.

With respect to the possibilities for increased nuclear power deployment in the future attention
must also be paid to the cost and duration of plant construction and for getting into operation. In the
current economic "climate", investors clearly favour projects with low risk and rapid return on
investment, ie. gas turbines and combined-cycle gas-fired plants have been preferred choices in many
countries in recent years.

The nuclear industry, encompassing both designers/vendors and utilities, is working hard to
improve the situation, and the viability for the nuclear power option. Specific goals have been
formulated in the utility requirement documents that have been developed, eg. in the USA (by EPRI),
in Europe (by the EUR group), in Japan and the Republic of Korea. The major focus of these
documents is on operation and maintenance, but there are also requirements related to the initial cost,
such as a ceiling for specific fore costs (1600 US$/kWe is typical figure, yielding a capital cost
reduction of some 20% vs. the figures above) and a demand for shortened construction times (down
to about 48 months). A brief review of utility requirements is provided in the "Status of advanced
LWR designs, 1996" report [1] as background information with respect to design goals, and the plant
design descriptions of the report present designer/vendor interpretations and design solutions adopted
to meet the goals; the future will show whether these efforts will suffice to turn the tide.

3 DESIGN CHARACTERISTICS OF A WELL-PERFORMING PLANT

Trying to define a design configuration or structure that meets possible needs of a plant
operator or owner would require very detailed assessments including cost-benefit analyses. The
discussions of this paper will largely be limited to some of the characteristics described in the above-

235



mentioned paper "Designing for nuclear power plant maintainability and operability" from the ANL
TCM - with respect to possible application in new designs and modifications of existing plants.

The paper discusses design features of the ABB Atom BWR designs that contribute to the
reliable operation and short refuelling outages that have been recorded; in the context of this paper
focus will be on principles rather than detailed design features, however.

3.1 The reactor pressure vessel and ancillaries

The central - and largest - component in a BWR reactor plant is the reactor pressure vessel,
which contains the reactor core and a number of reactor internals. The advanced ABB Atom BWRs
are designed for "fast refuelling" - with no external pipe connections to the reactor vessel head.
Hence, it can be removed directly when the flange bolts have been loosened by means of a "multi-
stud tensioner" (an equipment that can handle a number of flange bolts [and nuts] simultaneously).
The internals are stacked onto each other without bolt connections, and they can be lifted out directly
when the vessel head has been removed.

The BWR 75 and its successors are equipped with internal recirculation pumps with pump
impellers inside the RPV and wet motors in motor housings integrated with the RPV bottom. The
pump deck at the reactor vessel bottom and the cylindrical support of the moderator tank are welded
to the vessel. All other internals, including feedwater spargers and control rod guide tubes, are easily
removable. This makes the whole inside of the reactor vessel accessible for In-Service Inspection
(ISI) of welds.

The arrangement of the internals can not easily be implemented in an existing reactor, but the
multi-stud tensioner represents a practical alternative also for existing plants; it has been adopted by
many vendors.

The reactor vessel bottom of the BWR 75 was modified compared with previous designs to
reduce number of welds; in the new design the number of welds is reduced even further. This
decreases the amount of ISI work that is required during a refuelling outage, i.e., it shortens the outage
time with respect to inspections and reduces the associated radiation exposure.

An important advantage of the internal pumps with wet motors is the elimination of the shaft
seals; another the elimination of external recirculation loop piping. Shaft seals require inspection and
maintenance, and the piping calls for In-Service Inspection of welds; both activities that increase the
workload close to radioactive sources and often imply extra critical path working time during
maintenance periods.

The internal pumps and their static "variable frequency-variable voltage" power supplies are
advantageous with respect to operability; they permit rapid load following and power changes and
with a suitable over-capacity in recirculation flow rate enable improving fuel cycle costs by "spectral
shift" operation towards the end of the operating cycle. The built-in over-capacity and the arrange-
ment of the core inlet plenum serve another purpose, making it possible to continue power operation -
at up to 100% power, if one of the pumps should fail; a positive feature for ensuring operability even
though pumps and power supplies have proven to be very reliable.

In an ABB Atom BWR, the fine motion nut and screw control rod drives are hanging under the
reactor vessel bottom. The control rod drives are, as the recirculation pumps, supplied with a purge
flow of clean water to minimise contamination.
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1: Low Pressure Coolant Injection
2: Containment Vessel Spray System
3: Auxiliary Feedwater System

Figure 4. Emergency core cooling systems

Wet motor pumps, without shaft seals, are used also for the reactor shutdown cooling system,
reducing significantly inspection and maintenance needs; on the other hand, maintenance can be
carried out rapidly and efficiently, using a special servicing equipment, when maintenance is needed.

3.2 Safety systems arrangement

In the BWR 75, the 2 x 100% safety system configuration used earlier was replaced by a
4 x 50 % arrangement; i.e., the safety systems are generally divided into four separate subsystems,
each with a 50 % capacity with respect to the design basis event (cf. figure 4). A strict physical
separation of the four subsystems of each safety system was included. From the viewpoint of safety,
availability, maintenance and cost 4 x 50 % represents an optimal solution - with enhanced redun-
dancy and subsystem independence. The arrangement is in particular advantageous with respect to
plant maintainability, since sufficient system capability/capacity will remain even if:

• one subsystem is taken out of service for repair or maintenance; and
• another subsystem fails upon request; the single failure criterion.

As a consequence, testing and preventive maintenance may be carried out during plant opera-
tion - on one subsystem at a time. This gives the plant management flexibility in planning the main-
tenance activities in the most efficient way; the workload during the annual refuelling and main-
tenance outage can be significantly reduced.

Another advantage relates to "permitted repair time". If a failure is detected in a 4 x 50 %
safety system during normal plant operation, ample time is available for repair. As an example, the
Technical Specifications for the Forsmark 3/ Oskarshamn 3 BWR 75 units permit a delay of up to
one month for making the repair, without restrictions in plant operation. This means that the repair
work can be carried out at a suitable time.

The BWR 75 design includes a certain redundancy also for non-safety-related systems, but
primarily not for maintainability reasons. Typical examples in the turbine plant are the condensate
and feedwater pumps and the circulating water pumps, with 3 x 5 0 % o r 4 x 3 3 % pumps operating
together on a common piping system, and providing a functional redundancy with respect to the
power operation impact of a malfunction of an active component, (cf. Figure 5) Similar arrangements
are utilised for service systems of the reactor plant, e.g., the primary and secondary cooling water
systems, but there are also cases where 2 x 100 % have been found most beneficial, e.g., for the
shutdown cooling system of the reactor.
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Figure 5. Simplified block diagram for cooling water systems in BWR 75

Anyhow, the main purpose of the functional redundancy in these systems is not to facilitate
maintenance but to improve the functional reliability by making the power plant process less sensitive
to component failures. The installed redundancy or over-capacity will involve an increase in the
initial plant cost, but taking into account the potential gains in operational reliability, the effect on the
total life-cycle cost will most likely be positive.

These ideas and principles can probably not be implemented fully in existing plants without
significant costs and difficulties, but they deserve being taken into consideration.

3.3 Layout and installations

The requirements on physical separation of the subdivisions of safety systems strongly affect
the layout and installation of components in the plant buildings. The design goal of high maintain-
ability and low radiation exposure also has considerable influence.

In order to attain high maintainability the equipment should be installed in such a way that it is
easily accessible for the maintenance personnel. Adequate communication routes should be provided
throughout the plant - both for personnel and for transports of equipment. Space for performing
hands-on operations, and for radiation shielding around components, is also important.

Some important ground rules and guidelines for planning of plant layout and equipment
installation are:

• Non-radioactive systems and components should be separated from pipes and components
containing radioactive substances, except when absolutely necessary for the function of the
radioactive systems

• In order to reduce maintenance doses, large radioactive components like filters, heat
exchangers, pumps, tanks, etc. should be either located in separate rooms or separated from
each other by radiation shields.

• Each room containing radioactive system parts should have its own entrance from a corridor or
communication area, where the radiation level is low. Corridors should be arranged so that
they can be used by the maintenance workers for preparing operations in the radioactive
environment and for use during short breaks or waiting periods.
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• Each radioactive component must be easily accessible and have a suitable working space for
maintenance and In-Service Inspection. The component orientation must as much as possible
facilitate maintenance.

• Adequate space shall be provided for necessary handling equipment and in some cases for
temporary radiation shields. Special tools, including remotely operated tools, may also require
additional space.

• (From the point of view of radiology it is sometimes beneficial to remove the component and
perform maintenance or repair in a better environment, e.g., in the active workshop. Therefore,
it must be possible to remove and re-install the component rapidly.)

• Radioactive pipes should have as short lengths as possible and be located at a distance from
other components. This is important, because in many rooms the main portion of the radiation
emanates from the pipes.

• Electrical components should to the extent practically possible be located in separate rooms.

3.4 Materials selection and water chemistry

Proper materials selection is a key to the successful operation of a nuclear power plant. The best
material is that which will be endurable, not crack, and not corrode significantly, i.e., that will
suppress the need for maintenance and/or repair. Low content of metals that will become strong
radiation sources, eg. cobalt, is of course also important.

3.5 Control equipment and power supply systems

Maintenance and operability aspects have also been taken into account in the design of the
instrumentation and control and auxiliary power supply systems.

The design of the control equipment is governed by a Swedish safety requirement, in use since
the early 1960s, that operator interventions shall not be needed within 30 minutes in the event of an
accident with respect to ensuring nuclear safety. In addition, there are supplementary general design
goals saying that a failure or malfunction of one component, or faulty calibration of a measuring
channel should not cause a plant trip, and that the degree of automation for major process systems -
with respect to keeping the plant in operation - should allow the operator some 10 minutes action
time.

In addition to the measures intended to keep the plant in operation, there are also features
aiming at reduced workload during maintenance and refuelling periods. Some specific features of the
control equipment and power supply systems may illustrate these design efforts.

In the early plants, inputs to the reactor protection system (RPS) were taken from local limit
switches, e.g., for temperature and pressure inside the containment. In the BWR 75, data are gene-
rated by transmitters located in instrumentation rooms outside the containment, which means that less
manhours are needed for work inside the containment for checking and calibration of limit switches.
The RPS input is generated by an electronic trip unit when the DC signal from the transmitter exceeds
a set value; the calibration of the trip function is easily checked during plant operation.

Each of the parameters used for the RPS is supervised by four redundant measuring channels,
and the process computer is routinely monitoring the proper function by comparing the signals of the
four channels; a defective channel is detected rapidly and can then be disconnected and repaired at a
convenient time. The RPS is built up with a general "two-out-of-four" coincidence logic, and
disconnecting one channel results in a transfer to "two-out-of-three" which is a fully acceptable
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Figure 6. Integrated control system with separated safety and non-safety sections

situation from both safety and plant availability point of view. The RPS logic is built with electronic
modules, without relays, which means that testing can be performed during operation, reducing the
amount of work needed during the refuelling and maintenance periods.

In the new design, the control equipment for process communication, process monitoring and
control, as well as for man-machine communication will largely be based on programmable equip-
ment, including digital controllers for the major control systems, (cf. figure 6) Improved operator
communication is one of the advantages offered by the new control equipment; human factors
engineering can be incorporated in the design activities. Another advantage is the possibilities for
introduction of new control functions without "disturbing" the normal operation of the plant, and
automatic test procedures for safety systems, etc. The new equipment is advantageous also in the
longer term; when the "computers" become "obsolete" after some ten years, they can without too
much impact on the plant be replaced by new generations, since most of the software can be
maintained for the new equipment.

The division into four subdivisions (mainly of the safety-related portions) means that loss of
one subdivision will have only limited effects on plant operation. Maintenance work can therefore to
a great extent be performed at a convenient time during normal plant operation. Examples on such
maintenance work are checking and tightening bolted joints in busbar systems, checking of relay
protections, and testing of batteries.

With respect to the testing of batteries, it may be noted that a battery arrangement with two
"50 %" halves, each provided with its own rectifier, was introduced in Forsmark 3/Oskarshamn 3. In
this way, the batteries could be tested thoroughly during plant operation, including deep discharge
tests, without affecting the plant operation. The only distinguishable effect is that the battery capacity,
of the system and subdivision being tested, temporarily is reduced to about 50 %, to " 1 hour" capacity.
This arrangement was found well motivated for the Forsmark 3 and Oskarshamn 3 plants since they
have DC distributions at 110 V, 48 V and 24 V, i.e., the number of batteries and distributions is large.

In the new design, there is distribution of battery-backed AC to local converters, instead of
using central DC systems. The converters of the battery-backed AC system are provided with
automatic switching devices for supply from the diesel-backed AC system instead which permits
testing and maintenance to be carried out also during plant operation. This simplification and the
reduced number of batteries, as well as DC distributions, yield a considerable reduction in main-
tenance work.
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Figure 7. Power generation costs at Forsmark

4 ORGANISATION AND PROCEDURES OF PLANT OWNER/OPERATOR

Forsmark's Kraftgrupp operates three ABB Atom BWR units with a total electrical power of
3200 MWe. A competition-oriented culture has developed in the organisation from the start-up of the
first unit in 1980; the listings in international media of capability factors have been a positive driver
that has influenced the organisation's safety and economy. Capacity factors have in recent years been
more than 90 %, reaching 93,3 % in 1998.

The need for efficient outages became obvious early, to improve both capacity factor and O&M
economy. Outages have been under 20 days since 1983. There has been a full refuelling outage of
only 10 days at Forsmark 1, and a less than 100 hour breaker-to-breaker outage at Forsmark 3 to
change two fuel assemblies. This serves as indicators of the possibilities for reducing outages. The
Forsmark achievements are illustrated by the diagram in Figure 7 over the power generation
production costs during the last decade

The management of the three units is separated since 1982 and costs such as O&M are
allocated directly, ie. it promotes competition between the units. The transition to deregulation has
made it necessary to focus on the total production costs, and the company has developed into a
"market-oriented economy". The electricity prices have dropped well below the predicted "bottom"
level, and this obviously affects the owners and the power plant organisations.

Continuing to improve performance is a challenge, and Forsmark has identified five areas
focusing on improvement and change. These are process performance improvement; balanced score
card; plant renewal programme; competence development; and general cost control. Process perfor-
mance improvement began in earnest in 1997 when a "strategic change focus" was defined. This
required sustainable and competitive production; improved and measurable safety; world-class
maintenance; and management focus on the main business. More than 100 people are now involved
in process improvement teams. A "balanced score card" was developed for performance communi-
cation, with identification of critical figures setting of targets; one group of scores considers earning
power; production; production cost; and net present value.
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The technical condition of the plant is being developed in an R&D project in co-operation with
Norwegian offshore industry and the University of Trondheim, Norway. Methods for "competence
management" are under development; the programme begins by studying the work task based on the
"business concept", and explores the task in depth, down to "individual development talks". As part
of this programme, plant personnel is also given opportunities to visit other utilities and work with
them for a certain period of time - to get ideas and inputs for the future and to improve the knowledge
of foreign language and thinking. (Cf. the WANO programmes)

The Forsmark story illustrates the importance of management determination to have a well
performing plant, and the importance of creating a competitive environment inside the organisation
and "team" feelings. It also underlines the importance of long-term planning with respect to moder-
nisation and renewals; the new year will see the start of a programme, which aims at establishing the
needs for keeping the plant units in shape and operating economically for more than 40 years, to 2020
and beyond.

5 PREVENTIVE MAINTENANCE / REPAIR AND REPLACEMENTS

The merits of preventive maintenance are now well understood throughout the industry, but
there is still need for more knowledge and information to enable proper "planning" of such activities,
without too wide "safety margins". Instrumentation systems for supervision of equipment status etc.
may be an area for very cost-effective investments, when looking in a longer-term perspective.

Proper planning of maintenance activities should include assessment of real need, since "jobs
not performed cause no doses and take no time." This and other truisms were cited by David Miller
from the University of Illinois in his presentation at the ANL meeting of an OECD study on work
management practices that reduce dose and improve efficiency.

A specific concern in this context relates to the risk of failure of major components during an
operation period; sometimes it could become very expensive to postpone replacement of essential
components. The failure of some reactor internals in the middle of the operation season of a plant in
Sweden resulted in an outage of several months. If the plant owner had decided to replace the com-
ponents in a planned action earlier, the replacement could have been made at a marginal extension of
a refuelling outage and at a much lower direct cost (possibly also at better quality).

Revitalisation of Quality Assurance (QA) is often needed for improving maintenance and
repair activities. As noted by Frank Hawkins from U.S. DOE at the ANL meeting, we must
remember that "QA is not perfection; it starts at the top but is everybody's responsibility. It is not
achieved by chance, and it can only be achieved by people, not programs."

6 INTRODUCTION OF NEW TECHNOLOGIES AND NEW FUNCTIONALITIES

The introduction of programmable control equipment is quite natural for a new plant design,
but it is of interest also for operating plants; significant modernisation programmes are under way at
the nuclear power plants in both Finland and Sweden. It may be noted that these programmes do not
involve an "abrupt" change of all equipment on one occasion during a long plant shutdown, but are
based on step-wise implementation during normal outages in accordance with a pre-determined plan -
to achieve a desired final structure. This strategy is strongly recommended by ABB Atom, and it
corresponds fully with the concluding recommendations of the IAEA-TECDOC-1016 on
"Modernization of instrumentation and control" [2]. The utilities note that the increased computing
capacities enable more efficient and flexible operation and saves money, e.g., by reducing start-up
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times after outages by some hours, and the impact of the investment on the life-cycle-cost is small and
may even be positive.

The new technology is not applied only to I&C equipment proper; the improved computing
capabilities have also resulted in a modified power supply for the internal recirculation pumps. The
original design included a capacitor bank between rectifier and converter to provide an energy storage
that could prevent too rapid runback of the pump speed. In the new design, a motor-driven flywheel
provides energy storage for a pair of converters. The energy storage function is much improved and
brings increased margins for the nuclear fuel in the core.

Adopting digital control equipment yields a number of advantages with respect to accuracy,
flexibility and reliability. It also opens for introduction of new functionalities, in particular related to
testing and supervision, and to recordings and reports.

One example of such applications was reported at the ANL meeting by Mark Bowman from
Tennessee Valley Authority. He described a computer-based data acquisition system for diesel
generators, which enables them to record and subsequently assess/verify the performance in an
accurate and reliable manner with very little manpower needed. The Tech. Specs, for the TVA
nuclear units requires that tests be performed at each start-up (after refuelling) to prove compliance
with U.S. NRC Reg. Guide 1.9 [Susquehanna was built before 1.9 and has no reference to it], and
verification was previously accomplished by evaluation of graphs from printers - with obvious
limitations in accuracy. This testing and evaluation method was costly and time consuming; about
400 hours per outage. The new data acquisition system is a 2 MHz, 16 bits system with 40 times
over-sampling, which uses "raw" voltage and current waveforms; typical accuracy values are:
±0.15% in Vrms, ±0.25% in Irms, and ±0.045% in frequency. This way powers, speed, and recovery
times can easily be deducted, and it has reduced work hours to less than 5 percent.

The new technologies also open for enhanced diagnostics systems, which can be simple or
sophisticated. The management at Forsmark and other nuclear power plants in Sweden has indicated
an interest in a "computer-based" start-up instructions "tool", but not one limited to just an electronic
presentation of the start-up procedures. Today, operators are relying on written "start-up procedures"
and oral/written confirmation of established conditions. Start-up involves many steps and one point
or two can easily be overlooked, but that is not too critical; if the operator jumps one or more pages,
the situation may become quite critical. So, there is a wish for a system in which the start-up
procedures are integrated with a data base incorporating component statuses, records of tests of safety
systems etc; such a system would save a lot of time and man power for each plant start-up.

At the ANL meeting, Ralph Singer, ANL presented a model for power plant surveillance and
fault detection, as well as applications to an LWR and a fast reactor. It is based on a non-linear state
estimation technique coupled with a probabilistically-based statistical hypothesis test (checking in real
time that all variables that in some way or other are "connected" in the process, vary together in a
reasonable way). Departures from correct operation can often be detected long before the deviation
leads to a trip, i.e. the system can effectively help improve the availability of the plant.

There was also a paper by Dal Vernon Reising from University of Illinois, which described an
approach to generating "direct perception" displays to support operator actions during start-up etc. of
complicated systems and processes. He claimed that such graphic representation of operating
procedures and Tech. Specs, would make life easier for the operator while at the same time reducing
the risk of erroneous actions, ie., it is a way to improve plant availability.
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Michael DeVerno, AECL (from the small research centre in Fredericks) presented a model for
equipment status monitoring - for plant configuration management during operation, an electronic
unit that integrates operational flow sheets, equipment data bases, engineering and work management
systems, and computerised procedures to assess, plan, execute, track and record changes to the plant's
configuration. This system significantly simplifies the Operating Orders procedures, including
controlling that erroneous actions are not taken, and that the final state reached is correct.

7 CONCLUSIONS

Energy production costs are becoming more and more important as the electricity markets are
getting deregulated; all plants must get their costs under control, and improve as much as possible
their operational flexibility and reliability.

In this context, experience from operating nuclear power plants represents important input to
the design of new plants, but it also offers openings for re-evaluating system configurations and
arrangements in existing plants, with respect to operation procedures, and to equipment installation
and maintainability.

A number of ideas and principles used for new plant designs might also be applied, fully or
partly, at existing plants. It seems that the plant owners must be prepared to look carefully at all
options and not discard any alternative or idea without evaluating pros and cons.

If the nuclear industry can manage to develop mechanisms that take full advantage of all
positive operation experience, this may well become the turning point for nuclear power and its future
deployment.
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