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OPERATING EXPERIENCE WITH
PWR IN THE FRG

H.Cramer , NWK

GENERAL ASPECTS

Operating experience with PWR's in the FRG has been exclusively
with KWU turnkey power plants with U-tube steam generators. Such experience
started with the 345 MN Obrigheim plant in 1968 and includes the 670 MW Stade
plant, the 1200/1300 MW Biblis plants, the 900 MW Neckarwestheim and the 1300MW
Unterweser plants. These six plants, totalling 5700 MW have been operated for
around 220.000 hours.

The operational characteristics of

- frequency of malfunction
- dynamic behaviour
• long term material behaviour
- radiation level
- extent of maintenance as well as
- personnel reliability

are expressed by plant overall availability. This criterion is evidence for the
plants remarkably high quality and economic performance as well as for overall
safety including reactor safety. The overall availability of the six federal
German PWER amounts to 81%.

Figure 1 shows the distribution of the 19% non-availability.
On the primary side failures of the reactor vessel internals and components
of the main circulating pumps caused outages during the f irst two years after
commissioning . In addition, leaking valves and flange connections as well as
steam generator tube failure caused operational outages.

On the secondary side failures are spread equally over all
components. The operational and failure behaviour is very comparable with that
of fossil fired power plants. An exception is the erosion-corrosion damage
in tubes carrying wet steam.
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The refueling period varies from 4 to 8 weeks each year. The time required is
determined less by refueling than by the extent of maintenance work and
inservice inspection. It is the latter which determines increasingly the duration
of the yearly shutdown period. In the older plants like Obrigheim and Stade
retro-fit works are determining shut-down time.

The six power plants considered had 156 unplanned and 138 planned downs.
The extent of the outages and their frequency distribution is shown in figure 2.
103 of the 156 unscheduled shutdowns.lasted less than 2 hours.
The remaining 53 caused outage times of about loo hours . The average outage
time of all shutdowns scheduled and unscheduled in addition to the yearly
refueling period 1s 56 hours.

The size of the plants own staff and the number of external personnel to be
hired depends on the extent of the necessary maintenance, repair and inspection
work. An average of 190 men have been employed in the technical branch for
operating each of the six PWR plants in the F6R at the end of 1979. The opera-
tional team consists of engineers, qualified technicians,master workmen and
skilled workers. Master workmen and skilled workers especially have proved
successful on shift as shift leaders, operators and machinists.

For the performance of repair, maintenance and retro-fit work additional
external personnel are necessary , mainly during the yearly plant overhaul. In
some cases up to 1.000 additional people have been employed temporarily. The
qualification of these personnel are quite different because they are recruted
from neighbouring plants either nuclear or conventional, component suppliers,
main contractors and local firms.

Figure 3 show the duration of the yearly Stade plant shutdown period for
refueling and the corresponding personnel demand in mandays for the years
1973 to 1979. Less than 50 % of the personnel is engaged on the primary side
and It will be seen that the proportion of the health physics personnel 1s
remarkably high.

Amongst other things a large complement of skilled health physics personnel
Is necessary to reduce contamination and accelerate working under irradiation
thus avoiding unnecessary exposure.

If the extent of the Stade plant personnel demand 1s broken down Into
- maintenance
- repair
- retro fitting and
- Inspection
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We find that on the nuclear side there is less than five percent repair work,
is evidence for the high quality of the nuclear components (main and

auxiliary systems) as regards design layout and manufacturing. The large amount
of maintenance work is due to the philosophy that nearly all components receive
preventive maintenance on a four year cycle.

Two engineered systems may be applied to control actions on the critical path
for the refueling and overhaul period. One is by a computed critical path method
(cpm) and the other is by a blockschedule method. The latter needs the support
of about 28 detained plans but has advantages if people are not very familiar
with computing systems. This factor is of considerable importance if external
personnel are involved.

To do this job a special organization for that period of shutdown is necessary.
There is the technical management which is responsible for the planning and
performing of all maintenance, repair and inspection work and there is the
operational shift which 1s responsible for maintaining operational safety, e.g.
redundancy of fuel storage cooling, recommissioning of cooling systems, electrical
disconnecting and connecting procedures etc. In addition there is the general
administration which 1s responsible for cartering admission control, medical
supply and general services.

Up to the present time all six power stations have been run at full load and
consequently we have almost no experience with frequent load changes. The
dynamic behaviour of the PWR during quick load changes due to component failures
has been proved to be very satisfactory . There 1s no case known of any load
excursion as a consequence of a control failure.
The control of the core by SPN-detectors and the ball-activating system has
proved to be very successful. Consequently we have experiences no fuel rod
failures due to operational overload hot spots.
Nearly 600.000 fuel rods have been inserted in the FRG,0,02 percent of which
have leaked. In the early 1970*s there have been hydriding defects due to
Matercontent in the pellets which have been avoided subsequently by manufacturing
Improvements.Beside statistical manufacturing faults there have been some serious
cladding defects due to fretting corrosion. When such fretting corrosion has
occured it has always taken place in the lowest spacer.
In order to avoid pellet-cladding-interactions (PCJ) defects in case of load
changes at high burn up rates before the steady state power level 1s reached
for the first time it has been proved useful to limit the gradients of load
Increase above 80 percent load.
Up to now In all plants the scheduled burn up rate has been reached.

Figure 5 shows the burn up distribution of the 383 fuel elements discharges up
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till now from the Stade power plant.
Sufficient operational reliability can only be achieved by maintaining the
quality of the various components. Amongst other things the control of the chemical
conditions Is of great Importance In both the primary and secondary part of the
plant In order to avoid corrosion.
The primary coolant 1s alkalized by lithium-7-hydroxide and dosing 2 to 4 ppm
hydrogen. By these means the corrosion rates of the components are well controlled
and the deposition of activated corrosion products in loops and steam generators
Is limited.
Nevertheless the activated corrosion-and erosion products (control rod fretting)
mainly Cobalt 58 and 60 which are associated with the Nickel content of the
vessels internals are the main source of radiation in the primary components
outside the reactor vessel Itself.

Figure 6 shows the increase of the radiation level in the Stade steam generator
chamber versus time. The effect of decontamination in 1980 from 42 rem/h to 25rem/h
high pressure (1.000 bar ) water cleaning is not satisfactory but such cleaning
prevents spreading contamination and producing waste.

In the secondary side all six PWR's use sodium phosphate to achieve alkalization
except for Obrigheim which uses all-volatile treatment (AVT) with success.
In the case of volatile treatment the leak tightness of the maincondenser is a
necessary condition in order to avoid chloride transfer into the steam generators.
This 1s achieved by either a precise and extensive condensate surveillance
during operation or the use of welded condensers (tube-plate housings) made of
stainless steel or titanium.
With the exception of Obrigheim the steam generators of all german PWR's are
tubed with Incoloy 800 which is less affected by inter granular corrosion.
Due to the phosphate dosing the tubes have suffered corrosion wastage and in
some cases the build up of local phosphoric salt concentration has led to
tube thinning on the hot leg of the steam generators This weakening has been
detected by eddy current inspection.
Figure 7 shows the corrosion wastage of a tube of the Stade power plant which
has reached 30 percent of the tube wall thickness. This tube was withdrawn last
year and has been Investigates in hot laboratories.

The accumulated irradiation doses of the staff in staff in most plants does not
exceed 400 rem per year. The exposure of staff could be reduced by technical
considerations. In the design of the 1300 MW plants the segregation of components
has proved to ba quite effective.
The activities connected with the highest Irradiation exposure are
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• inservice inspection of the primary loop,steam
generator both primary and secondary side, reactor
vessel and Main circulation pumps

- Maintenance work on the reactor internals and vessel
cover

• repair and retro-fitting work on both Main priMary
component and auxiliary systeMs.

The Maintenance engineers and the workshop staff are those who receive the
highest radiation exposure.
In figure 8 you see the dose distribution of the Stade plants staff and
figure 9 shows the exposure distribution of the external personnel.

Safety of the plants

The aim of nuclear safety is to protect the personnel who are working in
the plants, to protect the rest of the population and the environment froo
any injurious effect of the plants operation. This applies to the release
of radioactivity in normal operation personnel accidents and to the failures
which have occurred. We always will have to live with failures but we have
to analyse then and as a result of operational experience reduce the source
of failures.
In the case of the six plants concerned the release of radioactivity to the
environment has always been well below the licensing figures.
Figure 10 shows the yearly iodine release of 4 plants since their commissioning.
Various calculation of the environmental radiation exposure based on emissions
like those of the Stade power plant in the early operational stage (1973) show
a negligible effect on the environment e.g. less than 0,5 mrem per year. Even
these very low figures for radioactity release could be reduced substantially
by improvements in the venting systems.
The enviroment of the power plants in the FRG is kept unde surveillance by
independent institutes and the result are issued yearly by the minister of
Internal affairs.
In Figure 11 you see the iodine peak caused by the fall out of a Chinese nuclear
bomb test as measured in the environment of Stade plant by the federal institute
for milk research. The effect of iodine release from the Stade plant was not dete£
table at all.

The amount of low-actigity waste comprises about 350 barrels per plant per
year. In some plants however the amount was notably higher depending on the
extent of decontamination work. So far the solidification in concrete of
both the solid and the liquid waste has proved to be the best method of disposal.
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The six PUR of the FR6 now in operation produce about 340 burnt up fuel elements
each year, these weigh about ISO tons and are transfered to the frenen reprocessing
plant at Cap la Hague after a decay period of one year.
In Cap la Hague 55 tons of Stade plant discharged fuel have been reprocessed
so far.

Details of all failures of coaponents in geraan power plants are collected
for statistical purposes. These are placed in 3 different categories of
iaportance and safety relevance. 366 .such events have been recorded up until
October 1979 i.e. an average of 24 rcportable failures per plant per year.
Figure 12 shows the cause and distribution of the events. The safety relevant
category A comprises 6 X and the catatory B. which is potentially safety
relevant, coaprises 7o X of all failures. The remaining 24 X belong to
category C. In this category » n reported all events which show a divergence,
from noraal operational parameters.

66 X of the failures happened on load 4o i of which were self aimounciating.
8o X of all events had no or only Minor effect on the plant and caused no
shutdown. In lo X of the cases the failures were associated with an unscheduled
release of radioactivity inside the plant. By no event has the environaent of
the plant been affected.

Our experience shows that the reactor safety concept which coaprises
• quality of the coaponents
- reactor safeguard systea and -
• safety equipaent

has been effective for all events. Even in those cases which involve human
error the different safety stages have remained efficient
Since Obrigheia the automation and mechanisation of the plants has increased
and therefore the actions required on the part of the operators have become
less obvious . At the same time the licensing procedure has required an
Increase in the instructions in the manual to exclude human error at any ope-
rational malfunction. Consequently the operators ability to make operational
corrections cannot be developed In the way which is desirable for safe
operation.
However we know that all operational failures do not follow exactly the model
analysed In the manual as discussed previously. After a periodo of automatic
quick acting preventive measure the operating personnel mist be prepared to
take the correct steps at the right time to minimize the extent of a failure.
Automatic controls are precise and reliable but only In a present manner;
human thinking is flexible enough to find the most effective of aiternativ
procedures.
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Personnel can only learn to be flexible if they are allowed to make mistakes
and observe the results of their actions. This chance is given only in con -
ventional power plants and» to a limited extent, in a plant simulator.
For this reason most of the leading shift staff have been shift leaders
previously in conventional power plants or have been trained there for some

years.
It is one of our most important tasks for the future to find ways in which the
flexibility of personnel can be preserved and developed and how many rules and
instructions can be issuedwithout destroying personnel motivation and sense of
responsibility.
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