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In the Federal Republic of Germany we
can look back on more than 25 years
of light water reactor experience.
At present there are 10 PWRs in ope-
ration, most of them built on turn-
key basis by KWU. Four of these PWR's,
namely STADE, UNTERWESER, GROHNDE
and BROKDORF, are operated by Preussen
Elektra.

Preussen Elektra is a utility in
the north of the FRG and supplies
33 % of the area of West Germany
with electric power. The electrical
output of its plants in 1986 was
46,500 GWh of which 66 % came from
nuclear plants. In 1972, the 662 MW
PWR STADE went into operation; from
start of commercial operation until
the end of 1986 this plant achieved
a cumulative time availability of
86,5 a.

The 4 loop 662MW STADE plant is based
on the same design concept as the
1300 MW KWU-PWRs. Therefore, the
experience gained in operation and
maintenance could directly be trans-
ferred to the 1300 MW UNTERWESER
plant which has been in operation
for 8 years achieving an availability
of 86,8 % on average since start
of commercial operation.

The operational and technological
knowledge obtained from these Preussen
Elektra plants and the other 8 PWRs
built by KWU in Europe, has influen-
ced the layout of the BROKDORF plant
which started commercial operation
in 1986.

The availability of these PWR plants
is an expression of the main criteria
applied to the design and construc-
tion, that is quality, economic per-
formance and safety.

Dipl.-Ing. Eberhard Schomer (KWU)
Hammerbacherstr. 12 + 14
8520 Erlangen, Germany
Tel.: 0913I/18-2422

Figure 1 shows the availability fac-
tors of all KWU-PWR power plants du-
ring the last 10 years and, in com-
parison, those of the Preussen Elektra
plants, STADE, UNTERWESER and GROHNDE.

The availability of West German PWRs
amounted to 84,7 % on average for the
period from 1982 - 86.
Figure 2 shows a breakdown of the non-
availability of 15,3 %. On the primary
side, for example, failures of reactor
pressure vessel internals and of com-
ponents of the reactor coolant pumps
caused outages during the first two
years after commissioning. On the se-
condary side, there were no components
specifically prone to failure. The
main portion of non-availability was
due to planned outages for refueling
and inspection of the plant and its
components.

The refueling period varies from 4 to
6 weeks each year. The time required
is governed not so much by the refue-
ling operations but by the extent of
the maintenance work and inservice in-
spections, with the duration of the
latter being increasingly determined
by regulatory requirements.

At the older plants, for instance at
STADE, retrofitting determines the
outage time in some years.

The good operating results are attri-
butable to the following:

1. Sophisticated design & layout of
the plant with good accessibility
to the primary system even during
operation; in contrast to PWR
designs of other vendors nearly
all primary system components can
be inspected during operation for
a limited length of time either
directly or, where inaccessible by
portable remote monitoring cameras.
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2. Reliable performance of plant and
components as result of extensive
quality assurance.

3. \\el 1 -organized and highly qualified
operating personnel.

4. Inservice inspection and preventive
maintenance performed during tight-
ly scheduled inspection outages.

5. Information feedback system inclu-
ding the plant operators, KWU and
component manufacturers.

For forming the personnel organiza-
tion for operational management it
has to be considered that overlaps
of operational tasks and competence
are avoided and that the responsi-
bilities are clearly allocated. The
high specialisation of the several
branches means a high degree of dele-
gation of tasks to lower organiza-
tion levels. The plant manager has
to rely on the capability and res-
ponsibility of his staff. He himself
is responsible for the entire plant,
establishing the task goals which
enable his staff to take over the
responsibility for their jobs to be
performed. The main principle is

- delegation of decision and
responsibility

and in consequence the "four eyes-
principle"

- controlling of planning,
performance and result of
the job

thus creating a high degree of moti-
vation and identification of each
employee with his work and the plant.

Considering only the technical side,
the organization in general is split
into four technical departments which
is shown in Figure 3 with the aid
of the NPP-organization of a typical
Preussen Elektra plant.

The operational department is the
biggest one, big in the sense of nu-
merous and big to the extent of per-
sonnel training and retraining. When
the power plant is running, the ope-
rational manager and his crew are
responsible for safe and efficient
plant operation and for coordinating
all work which may affect the plant
ooeration.

In this group the programmes for reac-
tor operation and testing are estab-
lished and all decisions are made con-
cerning the operation. For the purpose
of coordination, detailed operational
procedures in the form of a time sche-
dule are established currently listing
all operational activities which nave
to be performed simultaneously at a
certain time.

The duties of the surveillance sector
cover the fields of chemistry and wa-
ter treatment, reactor physics and
personnel protection against radiation.
By this the role of the health physics
staff is of great importance with res-
pect to the undisturbed performance
of work under radiological conditions.

The task-structure of the two engi-
neering divisions, the mechanical &
electrical ones are quite similar,
there are engineers who give special
advice to the shift and who are res-
ponsible for keeping the different
components and functional systems in
good condition for safe operation.
There are workshops integrated in the
divisions for performing necessary
maintenance and repair work.

With the aim of keeping the failures
of components and in consequence un-
foreseen outages low, the plant has
to be maintained in a perfect condition
of technical safety by preventive main-
tenance. This requires comprehensive
knowledge of the respective state of
the plant and its components, and the
willingness to spend considerable
amounts of money each year for inser-
vice inspections and performing pre-
ventive measurements. These are mainly
carried out during every refueling
period. Preventive maintenance means
that we do not wait for a fault to
occur first, but decide to replace
individual components in good time
as deemed advisable on account of the
results of inservice inspections.

As we have previously seen, the main
portion of non-availability is caused
by the extensive inspections and main-
tenance work during the shutdown period
for refueling and inspection. In con-
sequence the mechanical division holds
a special maintenance engineering
group for planning and preparation
of all jobs and activities to be done
in that period.
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Fig. 3: Proposal for Nuclear Cooperation with the People's Republic of China Preussen Elektra
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Figure 3 Organization of technical staff

Nearly 6 months before the yearly
shutdown, up to 30 detailed timetables
are in the drafting phase, they are
the backbone of all planning & co-
ordination of personnel action and
the performance of all activities.

Figure 4 shows the main activities
of a normal inspection period which
define the critical path. A "normal"
inspection does not include the in-
service inspection of the pressure
vessel and additional retrofitting
work. The time scheduling is based
on hours with a working time round
the clock. The inspection normally
is scheduled for 28 days, during
which up to 700 additional people
are employed temporarily.

According to the philosophy of pre-
ventive maintenance, all components
and systems are inspected regularly,
some every year and some every 2 or 4
years depending on their operational
importance.

Part of these inspections is done with
the help of the KWU service group-of
which use is made for all activities
which need extensive equipment and
which arise periodically.
Sharing the investmert costs with
other utilities enables us to apply
steadily advanced and more time saving
machine tools, this means also reduc-
tion of inspection time and radiation
exposure.

Use is made of following KWU routine
services.

- RPV and primary loop inspection and
ultrasonic test

- steam generator inspection, eddy-
current examination of SC-tubes,
sealing and plugging of tubes, tube
sheet lancing

- fuel element inspection & repair
- revision and maintenance of turbine
and generator

- measurements with loose parts and
vibration monitoring systems
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Figure 4 ) ff MW
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Figure 4 Time-Schedule of PWR-Revision

With these systems, KWU services
maintenance know—how is transferred
from one customer to an other.
Additionally operational know-how
is fed back to KWU which is the
basis for further plant and component
development.

One part of the overhaul procedure
demanding a great deal of time and
effort is valve inspection, calling
at most nuclear power plants for
deployment of 60 or more specialists
for 25 to 30 days; the number of
valves to be overhauled per year
fluctuates between 300 and 1200.
Thus, a valve servicing system is
necessary which at all times has
at its disposal up-to-date information
on the operational performance of
all valves on which the safety and
reliability of the plant depend.
These valves must undergo regular
preventive maintenance in a pattern
geared to individual working con-

ditions and requirements. The other
are tested and repaired when the need
arises and can then, likewise, be
made part of a repair cycle. The diag-
nostics system must enable full assess-
ment of the valves without them having
to be opened and must provide infor-
mation on parameters such as leak
tightness, friction performance or
surface quality of the stem, friction
performance of gate valves, possible
erosion corrosion or foreign bodies
inside the valve, plus, of course,
information on electrical actuators
and the associated position indicators
and running time monitoring equipment.

Inspection can call upon proven de-
vices such as ultrasonic leak tight-
ness detectors and adjusting devices;
all results can be recorded on a mo-
bile data acquisition system during
the overhaul. This record is then
stored in a central service data bank
and is thus at all times accessible
both in the power plant concerned
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and in a central maintenance system
for all the power plants of a
given owner/operator. The objective
of this servicing system is to
set up a diagnostics cycle catering
to the needs of the individual
valve while minimizing time and
effort.

Following the developmental stages,
nuclear power plant engineering
has now entered a third phase
in which economic efficiency and
operational reliability in the
long term must be demonstrated.
High capability automated inspec-
tion systems can play a decisive
part in reducing maintenance
costs and the overhaul period.
Meeting these requirements will
call for much preliminary work
by the power plant manufacturer
in terms of development, equip-
ment procurement and personnel
training; but this will put him
in a position to work with the
owner/operator on a partnership
basis, not merely applying the
technique or operating an appliance
in a purely specialized manner,
but capable of helping to take
care of all aspects of a problem,
such as adapting equipment to
special situations, or analyzing
defects and assessing their signi-
ficance to safety, or immediately
initiating repairs. Only partnership
thinking of this type will make
it possible to achieve maximum
economic efficiency of every plant.
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